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XXXVIII Congresso Brasileiro de Vácuo na Indústria e na Ciência 

III Workshop de Tratamento e Modificação de Superfícies 
 

 

É com grande satisfação que anunciamos a 38ª edição do Congresso Brasileiro de Vácuo na 

Indústria e na Ciência – CBRAVIC, a ser realizado nas dependências do Instituto Nacional de 

Pesquisas Espaciais (INPE), em São José dos Campos, entre os dias 21 a 25 de agosto de 2017, 

mantendo a tradição do Instituto em sediar renomados eventos científicos.  

A comissão organizadora envidará todos os esforços para propiciar um ambiente oportuno 

para ricas discussões e debates entre pesquisadores, professores e estudantes de pós-graduação e de 

graduação, público alvo deste evento, contando com excelente infraestrutura de auditórios e salões 

para a realização de palestras convidadas, palestras técnicas de empresas expositoras, sessões orais, 

apresentação de pôsteres e para exposição de empresas. Ademais, o Congresso contará com 

minicursos, abordando temas relevantes nas áreas de pesquisa e desenvolvimento em Ciência e 

Tecnologia de Vácuo, visita técnica ao Laboratório de Integração e Testes (LIT/INPE) e eventos 

sociais. 

Palestrantes nacionais e internacionais apresentarão os últimos desenvolvimentos científicos e 

tendências futuras, englobando as áreas de Engenharias, Física, Química, Ciência dos Materiais e 

assuntos interdisciplinares. 

É nosso maior objetivo que o CBRAVIC ofereça a oportunidade a seus participantes de 

apresentar e discutir seus trabalhos e que seja instrumento para estimular novas e frutíferas 

colaborações. 

Esperamos encontrá-lo em breve em São José dos Campos, uma cidade rica em parques e 

atividades culturais e com povo muito hospitaleiro. 

 

 

      

Dr. Rogério Moraes de Oliveira    Prof. Dr. Rogério Pinto Mota 

Presidente do CBRAVIC2017   Presidente da SBV 
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TEMAS DO CONGRESSO  
 

 
a. Aplicações de Vácuo na Indústria;  

 

 b. Biomateriais;  

 

 c. Ciência Atômica e Molecular;  

 

 d. Ciência e Tecnologia dos Materiais;  

 

 e. Ciência e Tecnologia de Plasmas;  

 

 f. Ciência e Tecnologia de Sensores e Dispositivos;  

 

 g. Ciência e Tecnologia de Vácuo;  

 

 h. Ciência e Tecnologia Aeroespacial;  

 

 i. Energia: Fontes renováveis e tecnologia;  

 

 j. Instrumentação e Metrologia;  

 

 k. Nanociência, Nanotecnologia e Nanomateriais;  

 

 l. Superfícies, Interfaces e Filmes Finos;  

 

 m. Tratamento e Modificações de Superfícies.  

 

 n. Semicondutores 

 

 

 

 

TEMAS DOS MINICURSOS 

  

 

1. Plasma Assisted Surface Modification  

 

2. Filmes Finos: Deposição, Caracterização e Aplicações  

 

3. Ciência e Tecnologia do Vácuo  

 

4. Aprendizagem Ativa: Uma Abordagem que Faz Pensar 
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PROGRAMAÇÃO 

 
 

PALESTRAS CONVIDADAS 

 

DATA PALESTRANTE TÍTULO 
22/08 

9h30 
 Odylio Denys Aguiar LIGO and its impressive vacuum system 

22/08 

11h45 
Fiorenza Fanelli  

Surface engineering and functionalization at atmospheric 

pressure using dielectric barrier discharges 

22/08 

14h00  
 Alexandre Tallaire 

Controlling defects during the growth of large size diamond 

single crystals by plasma assisted chemical vapour deposition 

23/08 

8h30 
 Ronny Brandenburg 

Dielectric barrier discharges: known since 160 years, but still 

a lot of potential for innovations 

23/08 

11h45 
 Luc Pichon 

Understanding the behavior of nickel-based superalloys 

during low temperature plasma immersion nitriding 

23/08 

14h00 
 Michael Stueber 

DLC and carbon based nanostructured composite coatings – 

an overview of thin film design and process approaches 
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towards high performance engineering applications 

24/08 

8h30 
 José Alexandre Diniz Ultra-thin and thin films for nano and micro technologies 

24/08 

11h45 

 Maria Cecilia 

Salvadori 

Surface modification by ion implantation and plasma 

treatment 

24/08 

14h00 
 José Sérgio Almeida 

INPE-LIT thermal-vacuum testing facilities for spacecraft 

qualification 

 

APRESENTAÇÕES ORAIS 

 
DATA PALESTRANTE TÍTULO 
22/08 

10h45 

Aline Capella de 

Oliveira 
ID136: 300 maraging steel welded by plasma process 

22/08 

11h05 
Silvia Sizuka Oishi 

ID73: Deposition of micro and ultrananocrystalline diamond 

on reticulated vitreous carbon for use in the nitrate 

electroreduction 

22/08 

11h25  

Mauricio Antonio 

Algatti 

ID167: Optical absorption spectra of vanadium modified 

barium zirconium titanate and zirconium-doped calcium 

copper titanate powders 

22/08 

14h45 

Milena Kowalczuk 

Manosso Amorim 

ID177: Optical and chemical characterization of a-

C:H:Si:O:Cl thin films obtained by plasma enhanced 

chemical vapor deposition 

22/08 

15h05 
Nilson C. Cruz 

ID170: Growth of hydroxyapatite coatings on tantalum by 

plasma electrolytic oxidation 

22/08 

15h25  

Vladimir Jesus Trava 

Airoldi 

ID140: An overview of modified PECVD technique for DLC 

growth and its new areas of research and application 

23/08 

9h15 
Gelson Biscaia de Souza 

ID63: H-Implantation changes stoichiometry and 

hydroxylation states of nitride titanium surfaces 

23/08 

9h35 
José Leonardo Ferreira 

ID180: Study Development and Qualification Tests of 

Permanent Magnet Hall Thrusters for Future Brazilian Space 

Missions 

23/08 

9h55 

Adriana de Oliveira 

Delgado Silva 

ID156: Deposition of HMDSO-based films on etched 

cellulose for creation of superhydrophobic surfaces 

23/08 

10h45  
Deivison Daros Paim 

ID114: The effects of cycling the atmosphere nitriding ability 

on the structure of the nitride region of an AISI 1015 steel 

plasma nitrided 

23/08 

11h05 
Ing Hwie Tan 

ID78: Construction of a photoelectron beam for calibration of 

space plasma electrostatic analyzers 

23/08 

11h25 

Konstantin Georgiev 

Kostov 

ID31: Development of cold atmospheric pressure plasmas 

jets for surface modification and medical applications 

23/08 

14h45 

Anaftália Felismino 

Moraes 

ID111: Partially tri-sulfated chitosan films using sodium 

sulfate salt and cytotoxicity evaluation on human neutrophils 

23/08 

15h05 

Elidiane Cipriano 

Rangel da Cruz 

ID120: Tailoring surface properties of polyamide 6 by 

plasma processes 

24/08 

9h15 

Pedro Augusto de Paula 

Nascente 

ID 116: Influence of the 316L stainless steel substrate 

roughness on the magnetron sputter deposition of Ti-Nb 

coatings 
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24/08 

9h35 
Rafael Parra Ribeiro 

ID127: Effect of plasma treatment on the corrosion resistance 

of carbon steel 

24/08 

9h55 

Adriano Gonçalvez dos 

Reis 

ID37: Microstructural evaluation of maraging 300 steel laser 

treated 

24/08 

10h45 
Camili Ambrosio 

ID179: High vacuum brazing and microstructural analysis of 

junction CuAG/Cu with SN100C alloy 

24/08 

11h05 
Evaldo José Corat 

ID147: CVD diamond and carbon nanotubes nanocomposites 

production and applications 

24/08 

11h25 
Mario Ueda 

ID25: Experiments on high current, low voltage, hollow 

cathode discharges for plasma immersion ion implantation 

(and deposition) inside Ti6Al4V 1.1 cm∅ tube 

 

APRESENTAÇÕES DE PÔSTERES 
 

ID TÍTULO 

4 
INCREASE OF ELECTRICAL CONDUCTIVITY BY METAL DEPOSITION IN BRAZILIAN 

ACTIVATED CARBON FELT 

6 

ELECTROCHEMICAL AND STRUCTURAL CHARACTERIZATION OF AA5052 

ALUMINIUM ALLOY TREATED BY PLASMA ANODIZATION USING BORAX 

ELECTROLYTE 

6_1 

CORROSION BEHAVIOR OF AA5052 ALUMINIUM ALLOY TREATED BY PLASMA 

ELECTROLYTIC OXIDATION IN SILICATE AND PHOSPHATE-CONTAINING 

SOLUTION 

7 
THERMAL STABILITY OF THE γN PHASE PRODUCED IN SUPERDUPLEX STAINLESS 

STEEL THROUGH PLASMA BASED NITRIDING 

11 
Influence of zirconia nanoparticles suspensions on tribological properties of Diamond Like 

Carbon films produced by DC-PECVD. 

11_1 

INFLUENCE OF THERMALLY FUNCIONALIZED NANODIAMOND SUSPENSIONS ON 

HYDROGEN CONTENT OF DIAMOND LIKE CARBON FILMS PRODUCED BY DC-

PECVD WITH ACTIVE SCREEN 

13 
COMPARATIVE STUDY OF SHIELD MASK TECHNIQUES KAPTON® TAPE AND TIO2 

FOR THIN FILM THICKNESS MEASUREMENT 

13_1 THIN FILM THICKNESS MEASUREMENT USING TAPER SECTIONING METHOD 

16 
DEVELOPMENT OF A HYBRID CORONA-DIELECTRIC BARRIER DISCHARGE FOR 

SURFACE PROPERTIES MODIFICATION OF TEXTILES 

19 LANGMUIR PROBE DIAGNOSTICS OF A DC GLOW DISCHARGE USED AT INPE 

26 Structural and morphological characterization of the foam powder 

29 
Scratch and corrosion morphology studies in NiTi 60 and Ti6Al4V alloys with coating diamond-

like carbon after immersed in synthetic urine 

33 AA7050-T7451 aluminum alloy characterization: microstructure and fatigue behavior 

34 

COMPARISON OF NITROGEN AND ARGON PLASMA IMMERSION ION 

IMPLANTATION (AND DEPOSITION) INSIDE AND OUTSIDE STAINLESS STEEL 304 

TUBES 

38 
STUDY OF THE RELATIONSHIP BETWEEN PLASTIC DEFORMATION AND 

CORROSION RESISTANCE 

39 
Obtaining niobium nitride for reentrant niobium cavities via plasma Immersion Implantation and 

HiPIMS 

40 Investigation of wc-co hardmetal surfaces prepared by boriding processes 

41 
TIO2 FILMS OBTAINED FROM HEAT TREATMENT OF TI FILMS DEPOSITED ON 

SODA-LIME GLASS SUBSTRATE 

43 TREATMENT OF MAIZE BIOMASS SURFACE PLASMA FOR LIGNIN BREAKING 

44 TRIBOLOGICAL BEHAVIOR OF NIOBIUM TREATED BY HIGH TEMPERATURE 
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NITROGEN PLASMA BASED ION IMPLANTATION 

45 MECHANICAL CHARACTARIZATION OF NITRIDE LAYERS ON NITI SUBSTRATE 

46 INFLUENCES OF PLASMA JET PARAMETERS ON SEEDS TREATMENT 

49 REAL AND VIRTUAL LEAKS IN VACUUM SYSTEMS 

54 
SO3 formation from the irradiation of SO2 ice by X-rays: Experiments and investigations in 

theoretical Chemistry 

55 316L STEEL TRIBOCORROSION PROPERTIES WITH SIC 

56 
DEVELOPMENT OF A NOVEL THERMAL PLASMA PROCESS FOR THE DEPOSITION 

OF HIGH PERFORMANCE OVERLAY COATINGS 

57 
EFFECT OF NITROGEN PLASMA IMMERSION ION IMPLANTATION ON SURFACE 

DISCHARGE BREAKDOWN VOLTAGE OF ALUMINIZED POLYIMIDE 

58 HOLLOW CATHODE DESIGN FOR A BRAZILIAN ION THRUSTER 

59 
Electrical properties of TiOx thin films deposited by triode magnetron sputtering for application 

as transparent and conductive oxide 

60 FRICCION AND WEAR BEHAVIOR OF TI-W PVD COATING ON STEEL AISI 316L 

60_1 
INFLUENCE OF TiW INTERLAYER IN ADHESION OF THE DLC COATINGS ONTO AISI 

316L STAINLESS STEEL 

62 
SURFACE CHARACTERIZATION OF HMDSO FILMS DEPOSITED BY ATMOSPHERIC 

PRESSURE PLASMA JET ON SAE 1020 STEEL 

65 
EVALUATION OF THE PHYSICAL-MECHANICAL PROPERTIES OF CEMENT-BASED 

COMPOSITES REINFORCED WITH SURFACE-MODIFIED CELLULOSE PULP 

67 
HYPERSPHERICAL COORDINATE POTENTIAL ENERGY SURFACE FOR THE Rg3 

COMPLEX, WITH Rg=Ne, Ar, Kr AND Xe 

67_1 POSSIBLE PATHWAYS IN THE FORMATION OF FORMYL RADICAL HCO 

69 

EVALUATION OF Cr-N THIN FILMS DEPOSITED BY REACTIVE PLASMA IMMERSION 

ION IMPLANTATION AND DEPOSITION (PIII&D) AND HOLLOW CATHODE 

DISCHARGE 

72 
PRODUCTION OF CARBON FIBER/REDUCED GRAPHENE OXIDE/NICKEL OXIDE 

COMPOSITE FOR ELECTROCHEMICAL APPLICATIONS 

72_1 
GROWTH AND CHARACTERIZATION OF BDD/CF1000 AND BDD/CF2000 MODIFIED 

WITH TIO2 TO IMPROVE THEIR PHOTOCATALYTIC RESPONSES 

74 
 DEVELOPMENT OF A REACTOR FOR MEASUREMENTS OF PHOTOCATALYTIC 

ACTIVITY OF THIN FILMS 

76 MORPHOLOGICAL CHARACTERIZATION OF S-DOPED TiO2 THIN FILMS 

77 MORPHOLOGY OF THE PLASMA NITROCARBURIZED LAYER ON DIN 100Cr6 STEEL 

79 
APPROACH TO DEPOSITION OF FILMS OBTAINED FROM HYDROCARBONS AND 

HEXAMETHYLDISILOXANE BY PLASMA 

81 
USE OF LOW COST SENSORS ARRAY AND SMALL DEVICES NOT ONLY ON 

RESEARCH BUT ALSO FOR TEACHING 

82 
ACTIVE SCREEN PLASMA SYSTEM: FLOATING POTENTIAL AS A FUNCTION OF 

SCREEN OPEN AREA 

83 
MODELING AND EXPERIMENTAL ANALYSIS OF THE SUBSTRATE TEMPERATURE 

INFLUENCE ON THE REACTIVE MAGNETRON SPUTTER DEPOSITION 

84 
STUDY OF THE REDISTRIBUTION OF SOLUTE IN EUTECTIC LEAD-TIN ALLOYS 

SOLIDIFIED UNDER HIGH ACCELERATION 

85 
EXPERIMENTAL DETERMINATION OF THE PERMITTIVITY AND PERMEABILITY OF 

AN ARRAY OF SPLIT-RING RESONATORS IN A X-BAND WAVEGUIDE 

86 Carbon fiber preparation for metal matrix application 

87 
EFFECT IN THE CREEP BEHAVIOR OF Ti-6Al-4V ALLOY BY THE MODIFICATION OF 

THERMAL BARRIER COATING WITH LASER REMELTING TREATMENT 

89 
WETTABILITY AND SURFACE ENERGY OF TiOx FILMS DEPOSITED BY REACTIVE 

MAGNETRON SPUTTERING 

90 
INFLUENCE OF THE SYNTHESIS METHOD ON THE MORPHOLOGICAL AND 

ELECTROCHEMICAL PROPERTIES OF PANI / CARBON FIBER COMPOSITE 
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91 
EFFECT OF STRESS CONCENTRATIONS ON THE FATIGUE STRENGTH OF AISI 4140 

STEEL USED IN OIL AND GAS COMPANY 

95 
CARBON FIBERS FUNCTIONALIZATION THROUGH N2-H2 PLASMA AS A 

PRETREATMENT FOR POLYANILINE POLYMERIZATION 

96 
PROJECT, MODELING AND CONSTRUCTION OF VACUUM OVEN WITH 

CONTROLLED TEMPERATURE 

101 

INFLUENCE OF THE SILICON INTERLAYER DEPOSITION PROCESS IN THE 

ADHESION OF THE DLC COATINGS DEPOSITED ON NITRIDED MARTESNITIC 

STAINLESS STEEL 

102 
POROSITY AND MORPHOLOGY OF HVOF SPRAYED WC-12CO-4CR COATINGS 

USING DIGITAL IMAGE PROCESSING 

103 
THEORETICAL STUDIES OF THE REACTIONS OF H2 + CN: COMPETITION BETWEEN 

H-ABSTRACTION IN H + HCN/HNC CHANNELS. 

103_1 
THEORETICAL STUDY OF THE KINETICS AND MECHANISM OF THE CH3CH2OH + 

H2O REACTION 

104 
POTENTIAL ENERGY SURFACES FOR INTERACTIONS OF H2...HX AND H2...X2 

SYSTEMS, USING A (HYPER)SPHERICAL HARMONICS REPRESENTATION 

105 REACTION RATE OF H+HOC = H2+CO 

108 
HFCVD DIAMOND PARAMETERS GROWTED ON TOOL STEEL APLAING VANADIUM 

CARBIDE INTERMEDIATE LAYER 

110 GROWTH OF DLC FILM IN A METALLIC TUBE WITH HIGH ASPECT RATIO 

112 
TI-6AL-4V ALLOY FATIGUE BEHAVIOR SUBJECTED TO SHOT PEENING AND 

PLASMA IMMERSION ION IMPLATATION (PIII) TREATMENTS 

113 
THE INFLUENCE OF CONTROLLED THERMAL OXIDATION ON THE MORPHOLOGY 

AND PHOTOLUMINESCENCE OF POROUS SILICON 

117 
MICROHARDNESS ANALYSIS NI NI35TI50CU15 BY POWDER METALLURGY 

MODIFIED BY PLASMA IMMERSION ION IMPLANTATION TECHNIQUE 

119 
COMPOSITE FILMS OF BARIUM-STRONTIUM TITANATE / SILVER DEPOSITED BY 

RF SPUTTERING: NEW SYSTEM TEST 

122 
ELECTROCHEMICAL BEHAVIOR OF HMDSO POLYMER FILM DEPOSITED BY 

ATMOSPHERIC PRESSURE PLASMA JET 

123 Effects of Plasma Immersion Ion Implantation On Fatigue Properties of Titanium Alloy Surfaces 

124 
SiC/Cr THIN FILMS DEPOSITED BY HiPIMS ON Ti-6Al-4V USED AS PROTECTIVE 

COATING IN CREEP TESTS 

128 ATMOSPHERIC PLASMA TREATMENT FOR PCB ADHESION ENHANCEMENT 

130 
STUDY OF ALUMINOS REFRACTORY MICROSTRUCTURE AFTER USE IN RACE 

CHANNEL 

132 

PLASMA POLYMERIZATION OF AMINE-CONTAINING THIN FILMS IN LOW 

PRESSURE ATMOSPHERES OF ETHYLENEDIAMINE (EDA) / ACETYLENE (C2H2) 

MIXTURE 

135 DRY TRIBOLOGICAL BEHAVIOR OF LASER TEXTURED 4340 STEEL 

138 
RELATION BETWEEN SUBSTRATE FLOATING POTENTIAL AND GRID-TO-TARGET 

DISTANCE IN GRID ASSISTED MAGNETRON SPUTTERING 

139 

PRODUCTION OF LOW COST COMPOSITE BASED IN ATIVATED CARBON FIBER 

PARTICULATES APPLIED IN RADIATION ABSORBING MATERIALS IN X BAND 

FREQUENCY 

139_1 
RADAR ABSORPTION MATERIAL BY POROUS CARBON PARTICULATE IN 

POLYMERIC MATRIX  

141 
CRYOGENIC UHV FAST-ENTRY CHAMBERS AT THE BRAZILIAN SYNCHROTRON 

LIGHT LABORATORY/LNLS 

142 
PLASMA POLYMERIZED HMDSO THIN FILMS INCORPORATED WITH 

CHLOREXIDINE FOR DRUG RELEASE 

143 

STRUCTURAL AND MORPHOLOGICAL CHARACTERIZATION OF DLC FILMS 

DEPOSITED BY PLASMA IMMERSION ION IMPLANTATION AND DEPOSITION 

(PIII&D) WITH MAGNETIC FIELD INSIDE TUBES 
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145 
DEPOSITION AND CHARACTERIZATION OF THIN FILMS BY ATMOSPHERIC 

PLASMA MICRO DISCHARGE 

148 
WEAR RESISTANCE ANALYSIS NI50,8TI SMA BY POWDER METALLURGY 

MODIFIED BY PLASMA IMMERSION ION IMPLANTATION TECHNIQUE 

151 CARBON NANOTUBE FUNCTIONALIZATION BY RF PLASMA 

152 
DYNAMIC FRICTION COEFFICIENT MEASUREMENT AND CONSTRUCTION OF A 

TRIBOMETER ROTARY WITH AGAINST SPHERICAL BODY 

155 
CORROSION MORPHOLOGY STUDY OF DENTAL RESINS IMMERSED IN 

REFRIGERANTS COLA TYPE 

160 ALOE VERA INCORPORATION INTO ELECTROSPUN NANOFIBERS 

162 
SYNTHESIS OF N-DOPED TiO2 THIN FILMS BY MOCVD AND ITS 

CHARACTERIZATION 

164 CHARATERISTICS OF DOUBLE GAS INJECTION NEEDLE MICRO DISCHARGES 

164_1 
INTEGRATED LIGHT EMISSION STUDY ON ATMOSPHERIC NEEDLE PLASMA 

DISCHARGES 

165 
SILICON INTERLAYER INFLUENCE IN ADHESION OF DLC FILM DEPOSITED ON AA 

7075 SUBSTRATE USING A MODIFIED PULSED-DC PECVD TECHNIQUE 

169 
THE EFFECT OF VOLTAGE AND TIME ON THE FABRICATION OF TIO2 NANOTUBE 

ON TI-30TA ALLOY BY ANODIC OXIDATION 

171 
EFFECT OF THE TEMPERATURE ON CORROSION BEHAVIOR OF PLASMA-

ANODIZED ALUMINIUM ALLOY 

175 ANALYSIS OF GRANITE POWDER USING SEM 

176 
INFLUENCE OF THE PROCESS AGENT ON THE HIGH ENERGY OF 7075T6 

ALUMINUM ALLOY CHIPS. 

184 A fully automated bakeout system for the new SIRIUS synchrotron 
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LIGO AND ITS IMPRESSIVE VACUUM SYSTEM 

 
Odylio Denys Aguiar 

Divisão de Astrofísica - DAS, Coordenação Geral de Ciências Espaciais e Atmosféricas - CEA, Instituto 

Nacional de Pesquisas Espaciais - INPE 

 

LIGO's advanced twin detectors performed a third detection of gravitational waves on January 4, 

2017, at 8:11 am: 58.6 Brazilian summer time, with a signal-to-noise ratio of the order of 13 and a false-

alarm less than 1 in 70,000 years, demonstrating that a new window in astronomy has been firmly opened. 

As in the case of the first two detections, gravitational waves were generated when two black holes collided 

to form a larger black hole. The new black hole, formed by the fusion of two black holes with masses of ~ 

31.2 M⊙ and ~ 19.4 M⊙, respectively, has a mass of about 49 times that of our Sun. This fills a gap 

between the masses of the two previously formed black holes detected by the LIGO, with solar masses of 62 

(first detection) and 21 (second detection), confirming a population of black holes with masses larger than 

those observed in binary X-ray emitting systems. The recent detection appears to be the furthest from Earth, 

with black holes located about 3 billion light-years away (redshift ~ 0.18) (black holes on the first and 

second detection were located at 1.3 e 1.4 billion light-years away, respectively). In the GW170104 event 

detected, at least one of the black holes appears to be out of alignment compared to the orbital motion, which 

favors the model that these black holes have latched together late into a dense star cluster. No evidence of 

wave dispersion was found, and a maximum limit was established for the graviton mass ~ 36% less than the 

threshold given by previous detections. In all cases, it has been found that GW170104 is consistent with 

general relativity [1] [2] [3]. 

 

This fantastic scientific achievement has only been achieved thanks to the impressive performance of 

the Advanced LIGO detectors, which circulate high-power laser beams (hundreds of kWatts) over 16 km of 

arms, several times round trips, thanks to a vacuum of the order of 10-9 Torr, maintained in a total volume of 

about 18 thousand cubic meters [4]. “The world's largest precision optical instruments and the world's 

second-largest vacuum systems, LIGO is a marvel of engineering and human ingenuity” [5]. “It took 1100 

hours (40 days) of constant pumpdown to evacuate the chambers to their optimal operating pressure. “[6] 

Maintaining this vacuum requires sophisticated monitors and controls as well as the constant operation of ion 

pumps that extract molecules outgassing from the tubes and other structures inside the vacuum systems. 

Stray water molecules are also removed by continuously operating liquid nitrogen cryopumps”[6]. A strict 

control of the materials and their quantities that can be used in the LIGO guarantee the maintenance of the 

vacuum necessary for the performance of the detectors [7]. LIGO is one of the greatest examples of the use 

of man-made artificial vacuum for the development of sciences. This presentation will cover not only the 

part of the gravitational wave detections but also the impressive vacuum system of LIGO. 

 

[1] http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.061102 

[2] http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.241103 

[3] https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.221101 

[4] http://iestjournal.org/doi/abs/10.17764/jiet.1.32.6.v237n70970288926?journalCode=jiet.1 

[5] https://www.ligo.caltech.edu/page/facts 

[6] https://www.ligo.caltech.edu/page/vacuum 

[7] https://dcc.ligo.org/E960050/public 
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USING DIELECTRIC BARRIER DISCHARGES  
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2Department of Chemistry, University of Bari “Aldo Moro”, Bari, Italy  

 
1. Introduction  

Over the last two decades there have been considerable advances in the utilization of atmospheric 
pressure cold plasmas for the surface modification of materials.   In particular, dielectric barrier discharges 
(DBDs) have attracted much interest and, in recent years, efforts have been directed toward the development 
of a large variety of processes which exploit different DBD electrode geometries for the direct and remote 
processing of materials [1-2].  In this contribution, a brief overview of our recent advances in surface 
processing using DBDs will be presented with particular focus on the aerosol-assisted deposition of hybrid 
multifunctional coatings, the surface modification of three-dimensional (3D) porous materials and the plasma 
jet deposition of thin films containing carboxylic acid groups. 

 
2. Experimental  
 Different atmospheric pressure reactors with DBD electrode configuration have been utilized for the 
direct and remote surface modification of materials.  Plasma-treated surfaces have been characterized by 
various techniques such as X-ray photoelectron spectroscopy (XPS), Fourier-transform infrared spectroscopy 
(FTIR),  scanning electron microscopy (SEM), transmission scanning electron microscopy (TSEM), atomic 
force microscopy (AFM), water contact angle (WCA) goniometry, etc..   
 
3. Results and Discussions  
 First, our study of the growth and structure of hybrid organic/inorganic nanocomposite coatings 
deposited by using an aerosol-assisted process will be briefly reviewed.   Specifically, hydrocarbon 
polymer/ZnO nanoparticles nanocomposite coatings have been deposited by DBDs fed with helium and the 
aerosol of a dispersion of oleate-capped ZnO NPs in hydrocarbon solvents [3-4]. The coatings show 
multifunctional behavior due to the combination at the nanoscale level  of the specific properties of the 
organic and inorganic components [5]. Then, representative results about the modification of both the outer 
and inner surfaces of open-cell polyurethane foams  will be reported; examples will include the plasma-
enhanced chemical vapor deposition (PECVD) of fluorocarbon coatings [6] and the plasma treatment 
through chemical grafting of oxygen-containing functional groups and variation of the surface roughness. 
Finally, the DBD jet deposition of thin films containing carboxylic acid groups will be presented  with 
special focus on the improvement of the chemical and morphological stability of the coatings upon 
immersion in water [7]. 
 
4. References   
[1] F. Massines, C. Sarra-Bournet, F. Fanelli, N. Naudé, N. Gherardi, Plasma Process. Polym., 9, 1041-1073, 
(2012). 
[2] F. Fanelli, F. Fracassi, Surf. Coat. Technol., 322, 174-201, (2017). 
[3] F. Fanelli, F. Fracassi, Plasma Chem.Plasma Process., 34, 473-487, (2014). 
[4] F. Fanelli, A. M. Mastrangelo, F. Fracassi, Langmuir, 30, 857-865, (2014). 
[5] F. Fanelli, A. M. Mastrangelo, N. De Vietro, F. Fracassi, Nanosci. Nanotechnol. Lett., 7, 84-88, (2015). 
[6] F. Fanelli, F. Fracassi, Plasma Process. Polym., 13, 470-479, (2016). 
[7] P. Bosso, F. Fanelli, F. Fracassi,  Plasma Process. Polym., 13, 217-226, (2016). 
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CONTROLLING DEFECTS DURING THE GROWTH OF LARGE SIZE DIAMOND SINGLE 

CRYSTALS BY PLASMA ASSISTED CHEMICAL VAPOUR DEPOSITION 

 
Alexandre Tallaire 

Laboratoire des Sciences des Procédés et des Matériaux, CNRS, Université Paris 13, Paris, France 

 

The synthesis of large-size high-quality diamond single crystals still remains an important challenge. 

Indeed, due to its wide band-gap, high thermal conductivity, high carrier mobilities and good chemical 

stability, diamond is foreseen as the ultimate material for power devices operating at very high voltages and 

currents, under harsh environments. More recently, there has also been an increasing interest surrounding 

luminescent defects in diamond such as the nitrogen-vacancy centers that can be manipulated through optical 

and microwave fields, and that are holding a great promise for the development of quantum technologies. 

The plasma assisted chemical vapour deposition technique (PACVD) has witnessed tremendous 

progresses over the last decade. Diamond growth rates can now reach up to several tens of micrometers per 

hour while the crystalline quality of the material produced is starting to be compatible with electronic 

applications [1]. The past few years have thus seen the introduction of thick CVD diamond material into the 

market although its availability remains limited. 

Nevertheless diamond has yet not been widely adopted as a semiconductor material for active 

electronic applications. In fact, the available area is usually limited to a few mm² which complicates the 

processing steps of the material. Point and extended defects are also difficult to control especially to the high 

level of purity required by electronic applications. In this presentation the growth of thick single crystal 

diamond films by PACVD will be detailed particularly in the light of the remaining challenges. Strategies 

aiming at controlling defects will be presented. 

 

[1] A. Tallaire, J. Achard, F. Silva, O. Brinza, A. Gicquel, Growth of large size diamond single 

crystals by plasma assisted chemical vapour deposition: Recent achievements and remaining challenges. 

Comptes Rendus Physique, 14 (2013) 169-184. 
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DIELECTRIC BARRIER DISCHARGES: KNOWN SINCE 160 YEARS, BUT STILL A LOT OF 

POTENTIAL FOR INNOVATIONS 

 
Ronny Brandenburg 

Leibniz Institute for Plasma Science and Technology - INP - Greifswald, Germany 

 

160 years ago, the inventions of the Dielectric Barrier Discharge (DBD) for the generation of ozone 

by Werner Siemens started the development of nonthermal plasma chemistry. Up until know the DBD is a 

plasma source with high technological relevance as well as the subject of fundamental studies. DBDs are 

generated in configurations with an insulating (dielectric) material between the electrodes. The dielectric 

barriers are responsible for the self-pulsing operation and the generation of a nonthermal atmospheric 

pressure plasma. Besides the generation of ozone, they have opened up many other fields of application, e.g. 

lighting, exhaust gas treatment, flow control or analytical devices. 

The presentation will give a review on the progress in the development of DBD arrangements and on 

the understanding of its physical mechanisms within about the last two decades. Therefore, the main 

principles and different modes of discharge generation are summarized. Then a selected collection of known 

as well as special electrode configurations and reactor designs, e.g. for the treatment of gases, liquids, 

complex bodies or for life science applications will be presented and demonstrate the broad possibilities of 

this discharge type. The progress on the investigation of different aspects of breakdown and plasma 

formation will be discussed in the third part of the presentation. In particular, the recent new insights on the 

elementary volume and surface memory mechanisms in filamentary DBDs will be discussed. 
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UNDERSTANDING THE BEHAVIOR OF NICKEL-BASED SUPERALLOYS DURING LOW 

TEMPERATURE PLASMA IMMERSION NITRIDING 

 
L. Pichon, J.B. Dubois, S. Chollet, J. Cormier, P. Villechaise, C. Templier  

Institut P’, UPR 3346 CNRS, Université de Poitiers, ISAE-ENSMA, France 

 

Widely employed in aeronautics and energy industry, nickel-based superalloys are materials 

developed to resist to harsh thermal, chemical and mechanical solicitations. As with other metallic alloys 

(Fe-based alloys for instance), surface treatments may enable to improve some properties of the bulk alloys, 

like fatigue-fretting, wear or erosion resistance for instance. Performed with various plasma or ion assisted 

process, low temperature nitriding was already shown to be particularly efficient on austenitic stainless steels 

(ASS) thanks to the formation of an “expanded N” phase [1]. The N phase is formed by insertion of 

nitrogen in the octahedral sites of the initial  phase, a FCC Fe-cell with various alloying elements (Cr, Ni) in 

substitution solid solution. As the matrix of many nickel-based superalloys has the same  structure (with 

FCC Ni-cell and Cr as main alloying element), it was pertinent to determine whether nitriding may bring 

them similar interesting improvements. Various nickel-based superalloys were then nitrided for few hours by 

low temperature plasma immersion at moderate temperature (350-400°C) and a similar N phase was 

observed on few micrometers [2]. However, in the nickel-based superalloys, an intermediary phase close to 

Ni4N seems to precede the N formation. Moreover, if the N phase is highly stable in ASS as long as the 

temperature remains lower than 450°C, it tends to decompose – even at 400°C – in nitrides (CrN) and a 

released  phase poorer in Cr. Another difference of many nickel-based superalloys with the solid-solution 

strengthened ASS is the presence of various strengthening precipitates dispersed in the  matrix, aiming to 

improve the bulk alloy mechanical properties. They are obtained by adjunction of specific alloying elements 

(Al, Ti, Ta, Nb…) and specific heat and metallurgical treatments. The main kind of these precipitates is 

composed of the ’ Ni3(Al, Ti) phase, corresponding to the L12 cubic Ni3Al, with various level of 

substitution of Al by Ti, Ta or even Nb. Interestingly the behavior of these ’ precipitates was shown to be 

significantly different from one alloy to another one: some exhibit similar nitrogen content than the 

surrounding N phase (25-30 at%) whereas others do not incorporate any nitrogen [2,3]. Several reasons 

were studied to explain this scattering behavior: size of precipitates, coherency of the /’ interface, 

anisotropic effect in single crystal superalloys and chemical composition. This last one was shown to be in 

fact the determinant characteristics; however additional experiments enable to conclude that the nitrogen 

incorporation is not controlled by thermodynamics stability variation with the ’ precipitates composition, 

but by composition controlled kinetics limitations of the nitrogen diffusion in the ’ phase. 

 

[1] H. Dong, S‐phase surface engineering of Fe‐Cr, Co‐Cr and Ni‐Cr alloys, Int. Mater. Rev. 55 

(2010) 65–98. doi:10.1179/095066009X12572530170589. 

[2] S. Chollet, L. Pichon, J. Cormier, J.B. Dubois, P. Villechaise, M. Drouet, A. Declemy, C. 

Templier, Plasma assisted nitriding of Ni-based superalloys with various microstructures, Surf. Coat. 

Technol. 235 (2013) 318–325. doi:10.1016/j.surfcoat.2013.07.060. 

[3] L. Pichon, J. Cormier, A. Declemy, S. Chollet, P. Villechaise, J.B. Dubois, C. Templier, Plasma 

nitriding response at 400 degrees C of the single crystalline Ni-based superalloy MC2, J. Mater. Sci. 48 

(2013) 1585–1592. doi:10.1007/s10853-012-6915-z. 
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DLC AND CARBON BASED NANOSTRUCTURED COMPOSITE COATINGS – AN OVERVIEW 

OF THIN FILM DESIGN AND PROCESS APPROACHES TOWARDS HIGH PERFORMANCE 

ENGINEERING APPLICATIONS 

 
Michael Stueber 

Karlsruhe Institute of Technology (KIT), Institute for Applied Materials (IAM), Hermann von Helmholtz-

Platz 1, D-76344 Eggenstein-Leopoldshafen, Germany 

 

Diamond like carbon coatings have nowadays reached high quality standards and are widely used in 

various industries. However, steadily increasing demands for advanced surface functionalities in high 

performance engineering applications require permanent progress in both thin films design and properties 

and related deposition techniques. Besides the enormous achievements made on amorphous carbon and DLC 

coatings enormous know-how and expertise has been collected on the new class of carbon-based 

nanostructured composites. In a fundamental view, these materials are at least two-phase composites, 

containing a nanocrystalline transition metal carbide and an amorphous carbon phase. Depending on their 

microstructural design (i.e. volume fractions of the crystalline and amorphous phases, grain size of the 

carbide phase, nature of the carbon phase, e.g. hydrogenated or non-hydrogenated) these new coating 

materials exhibit interesting multifunctional properties, making them promising candidates for various 

applications. Until today, these materials have been considered for and tested in selective technical 

environments only. In this presentation, major phases and achievements of the development of such 

materials will be discussed. The latest state-of-the-art and new developments in the field of both DLC and 

carbon based composite thin films will be addressed, with a focus on wear and friction applications. 

Fundamental materials science issues as well as thin film design concepts, tribological performances, 

deposition techniques and scale-up measures will be considered. 
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1School of Electrical and Computer Engineering (FEEC) and Center for Semiconductor Components and 
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1. Introduction  

This work presents the formation and characterization of different films (Pt, TiN, TaN, TiAlO, TiAlON, 

SiNx, SiO2 and SiON), which were obtained using different vacuum systems, such as: Sputtering, Electron 

Cyclotron Resonance (ECR)-Chemical Vapor Depositon (CVD), Electron Beam Evaporator (EBE) , Focused 

Ion Beam (FIB) and Electron Beam Lithography (EBL). These films can be ultra-thin and thin, with 

thickness values, respectively, between 1.5 nm and 20 nm, and thicker than 20 nm up to 300 nm. 

Furthermore, these films are used to obtain electronic devices based on MOS (Metal-Oxide-Semiconductor), 

HBT (Heterojunction Bipolar Transistor) and Graphene technologies, with nano and micron dimensions. It is 

important to notice that, these technologies and facilities are developed and installed, respectively, at 

University of Campinas in Brazil. 

Today, the MOS transistors, which are used in actual high performance integrated circuit, have three 

crystalline planes of conduction channel into the silicon nano wires (SiNW) and are named 3D MOS 

transistors. In this work,  to define the SiNWs, FIB milling of Si substrate is used. Thus, we can fabricate two 

kinds of 3D MOS transistors, JunctionLess (JL) and FinFETs (Fin Field Effect Transistors). The metals, 

which are used in these devices for drain, source and gate electrodes, are Pt (100 nm), deposited by FIB, TiN 

(20 nm) and Al (100 nm), deposited by sputtering. The gate dielectrics are the traditional SiO2, obtained by 

FIB deposition and thermal oxidation of Si, and high-k insulators, such as SiON (3 nm), obtained by plasma 

oxynitrdation in ECR system, and TiAlON (8nm), obtained by Ti (0.7nm)/Al (0.3nm) deposition using EBE 

with additional plasma oxynitridation in ECR system. HBT devices are used for high frequency (> 10 GHz) 

applications. To get the high performance for these frequencies, the surface passivation, mainly, between 

emitter and base regions, allows the leakage current reduction, which results the current gain. Our HBTs are 

based on III-V semiconductors (InGaP/GaAs) and the passivation layer (60nm) is SiNx, obtained by ECR-

CVD. FET devices with Graphene conduction channel (GraFETs) are fabricated using Graphenes obtained 

by CVD and TiN (100 nm) or TaN (100 nm) electrodes  for source and drain contacts, deposited by 

Sputtering.The structural characteristics of all films are extracted from SEM (Scanning Electron Microscopy) 

and  OM (Optical Microscopy), for surface analysis. The electrical characteristics of all devices  are 

extracted from Current versus Voltage (I-V) curves. 

 

2. Experimental  

2a.3D MOS devices-JunctionLess (JL) 3D nMOS transistors (Figure 1) were fabricated on SOI substrates 

using 30 keV Ga+ FIB system for Si milling to define SiNWs and for depositions of 10-nm-thick SiO2 (as 

gate dielectric) and 100 nm-thick Pt layers (as gate, drain and source electrodes). Width, length and height 

dimensions of SiNWs were about 100 nm, 4 µm and 50-80 nm, respectively (Figure 1(a))  

Using 30 keV Ga+ FIB system for Si milling to define SiNWs (width of 50nm), different FinFETs were 

fabricated with different 3D MOS structures, such as Al/TiN/SiO2/Si (Figure 2(a)), Al/TiN/SiON/Si (Figure 

2(b)) and Al/TiN/TiAlON/Si (Fig.2(c)). 

2b. HBT devices-HBTs were fabricated on  InGaP/GaAs substrate (Fig.3) and the passivation layer (60nm) 

is SiNx, obtained by ECR-CVD, with low process pressure of 2 mTorr and ECR power of 250 W (both 

parameters leads to low surface bombardment) to active a N2/Ar/SiH4 plasma.  

2c. GraFETs- Field effect transistors  (Fig.4) based on CVD  monolayer graphene (GraFET) deposited 

between source and drain TaN metal electrodes. In our devices, graphene lays on top of  TaOx gate dielectric 

deposited on n+ Si substrate, which is used as the back gate electrode. 

 

3. Results and Discussions  

Some structural analyses, such as SEM and OM, are presented in Figures 1,2,3 and 4. Other analyses  will 

present in CBRAVIC event. Figures 5 (a), (b), (c), (d), (e) and (f) present I-V curves of the JL, FinFET with 

Al/TiN/SiO2/Si, FinFET with Al/TiN/SiON/Si, FinFET with Al/TiN/TiAlON/Si, HBT and GraFET devices, 

respectively, which indicate that the devices are working. JL, FinFETs and GraFET are Field Effect 

Transistors, which are controlled by gate voltages (Vgs). This behavior occurs in the drain current (Id) x 

drain voltage (Vds) curves (for different Vgs values) presented in Figures 5 (a), (b), (c), (d) and (f), 
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respectively. However, only IdxVds curves (Fig. 5(b), 5(c) and 5(d)) for FinFETs present similar behavior of 

traditional planar MOS transistor. The curves (Fig. 5(a) and (f)) for JL and GraFET devices  present the 

inappropriate  inclination, which can be due to the  high Pt and TaN source and drain contact resistances, 

respectively. These inclinations can be reduced using a longer time of contact sintering process. Finally, our 

fabrication method using FIB process steps can be used to obtain prototypes of  JL and FinFET devices. 

Furthermore, Fig.5(e) presents the curves of collector current (Ic) x voltage between collector and emitter 

(Vce), with different values of voltage between base and emitter (Vbe), for HBTs with (passivated device - 

black line) and without (unpassivated device - red line) SiNx passivation layer. These curves indicate that the 

distortions in saturation region occurred for unpassivated device,  which are from leakage current between 

base and emitter for this device. 

 

 

 

 

Fig. 1. SEM analyses of JL Transistor: in (a) SiNW with 

SiO2 as gate dielectric; in (b) JL transistor after Pt 

deposition. 

 Fig. 2. SEM analyses of FinFETs with different 3D 

MOS structures; in (a)Al/TiN/SiO2/Si (top view); in 

(b)Al/TiN/SiON/Si(cross-section); and in 

(c)Al/TiN/TiAlON/Si(cross-section). 

 

 

  

 
 

Fig. 3. HBT: in (a) Schematic; in (b) Optical Microscopy 

Images (Emitter area of 20 x 6µm2). 
 Fig. 4. SEM analyses of GraFET: in (a) and (c) show 

the CVD graphene region and TaN electrodes; (b) 

GraFET arrays. 

 

 

 

Fig. 5. I-V curves of nMOS JL in (a)[1], FinFET with Al/TiN/SiO2/Si in (b)[1], FinFET with Al/TiN/SiON/Si in 

(c)[2],  FinFET with Al/TiN/TiAlON/Si in (d)[2], HBTs (passivated (black line) and unpassivated (red line) devices) 

in (e)[3], and  GraFET in (f)[4]. 

 

4. Conclusions 

This work presented the applications of different thin films for 3D MOS, HBT and Graphene Technologies. 

Traditional and alternative, such as FIB steps to define the SiNWs, processes were carried out to fabricate the 

devices. Thus, it can be concluded: (i) our fabrication method using FIB process steps can be used to obtain 

prototypes of  JL and FinFET devices; (ii) SiNx passivation layer in HBTs improves the device performance; 

(iii) our fabrication method for GraFETs must be improved, however, allows that the devices work. It is 

important to notice that these nano and micron technologies, which are in improvement, are developing in 

CCSNano at Unicamp, Brazil.  
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SURFACE MODIFICATION BY ION IMPLANTATION AND PLASMA TREATMENT 

 
 Maria Cecilia Salvadori 

Institute of Physics, University of São Paulo, São Paulo, Brazil 

 

In this work, plasma treatment and ion implantation are presented as techniques for surface 

modification. 

Metal ion implantation was performed in different substrates for surface modification, where the 

implanted metal self-assembles into nanoparticles. During the implantation, the excess of metal atom 

concentration above the solubility limit leads to nucleation and growth of metal nanoparticles [1]. The 

nanoparticles nucleate near the maximum of the implantation depth profile (projected range) that was 

estimated by computer simulation using TRIDYN code [2, 3]. This program is a Monte Carlo simulation 

based on the TRIM code (Transport and Range of Ions in Matter); though TRIDYN takes into account 

compositional changes in the substrate due to two factors: previously implanted dopant atoms, and sputtering 

of the substrate surface. Our study suggests that the nanoparticles form a bidimensional array buried few 

nanometers below the substrate surface. More specifically we have studied the systems Au/PMMA 

(polymethylmethacrylate) [4-7], Pt / PMMA [8], Au /DLC [9], Au / alumina [10], Ti / alumina [11,12] and 

Ag / SU-8 (epoxy photoresist) [13]. 

Two examples can be mentioned for the nanocomposites formed by ion implantation. The first one 

refers to the ability in fabricating high-voltage insulators, controlling the surface resistivity (sheet resistance) 

of the material [14]. And the second example is to obtain obtained tailored SERS (surface-enhanced Raman 

spectroscopy) substrates [15]. 

Plasma treatment was proceeded on diamond and DLC (hydrogen free diamond-like carbon) for 

surface modification. DLC is an amorphous carbon material with high content of sp3 bonds, providing 

properties similar to diamond [16]. 

In diamond surfaces, we formed adjacent regions with different terminations. Initially diamond films 

were deposited by microwave plasma-assisted chemical vapor deposition, generating surface with hydrogen 

terminations. Following the surface was masked using lithographed electron-resist and then an oxygen 

plasma treatment was performed, using a small hollow-cathode plasma gun [17]. Kelvin Probe Force 

Microscopy (KPFM) showed an electrical potential difference of about hundred millivolts between the two 

different regions [18]. 

The DLC samples were deposited by Metal Plasma Immersion Ion Implantation and Deposition 

(MePIIID) and, posteriorly, treated with oxygen plasma and sulfur hexafluoride (SF6) plasma, in separate 

samples, generating surfaces with oxygen terminations (DLC-O) and fluorine terminations (DLC-F). 

Cell growth was performed on diamond and DLC surfaces and modified surfaces. In both cases, the 

surface with oxygen terminations presented better results [13, 19]. 
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INPE-LIT THERMAL-VACUUM TESTING FACILITIES FOR SPACECRAFT QUALIFICATION  

 

Almeida, Jose Sergio 
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Integration and Testing Laboratory - LIT 

São Jose dos Campos, SP 

Brazil 

 

The Integration and Testing Laboratory - LIT, from the National Institute for Space Research - 

INPE, located in the campus of Sao Jose dos Campos, SP, was built back in 1987 when it was primarily 

equipped with four (4) thermal-vacuum chambers, all of them aiming to support the testing campaigns of 

Brazilian and of international cooperation programs of satellites in terms of reproducing the harsh 

environment found in Earth orbit, including high vacuum and at the same time the extremes of high and low 

temperatures. These were accomplished by dedicated horizontal cylindrical vessels, being a 3m dia. x 3m 

long chamber, a 1m dia. x 1m long chamber and two 250-liter chambers. All of them are rated to the same 

vacuum level, typically in the 10-6mbar range, and practically the same temperature range such as from  

-180°C to +150°C. Fitted with cryogenic and turbomolecular pumps in the high-vacuum department aiming 

to minimize chances of chemical contamination, all four chambers are still in good operational condition up 

to this day. Giving support to this Laboratory, helium leak detectors, mass spectrometers and quartz crystal 

microbalances are included in these testing facilities. 

 From the year 2008 onwards a large Space Simulator was added to this Thermal-Vacuum 

Laboratory bringing new capabilities in terms of size and mass of spacecraft to be space qualified, but also 

including new philosophy of multi temperature zones in the thermal shroud, that provides significant 

advantages on the development of thermal tests of spacecraft. This large thermal-vacuum chamber, built in a 

mailbox shape and with internal dimensions of 6m wide by 8m long by 7,5m of height is also fitted with 

cryogenic and a turbomolecular pump for the high-vacuum conditioning, system that is able to take the 

volume to the 10-7 mbar range, and with the same temperature range of the smaller ones. 

All these testing facilities successfully provided and continues to positively support space programs 

such as the first generation of the Brazilian satellites - the SCD (Data Collecting Satellite) program, the 

SACI (Scientific Satellite) and SATEC (Technological Satellite) projects, the current Amazonia-1 project, 

but also the international undertakings such as the CBERS (China-Brazil Earth Resources Satellite) program 

with the Popular Republic of China and the SAC (Scientific Application Satellites) series of spacecraft with 

Argentina and with the USA/NASA. 

This presentation will provide some technical details about all these thermal-vacuum chambers, 

including some notes of their performance, and the proper use INPE programs are making from these testing 

facilities. 

 

 

Figure 1: LIT-INPE Thermal-Vacuum Chambers 
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1. Introduction

Activated carbon fibers from polyacrylonitrile (PAN) have a variety of applications in industry and 

have been increasingly studied to exploit their various characteristics. Because of their high specific surface 

area, chemical and thermal stability, pore size distribution and conductivity is largely used in energy storage 

devices [1]. Recent studies show that is possible to increase the conductivity of carbon materials with a 

deposition of metals [2]. The aim of this work is to deposit various metals to improve electric conductivity of 

an activated carbon fiber obtained from polyacrylonitrile textile. 

2. Experimental

The activated carbon felt were immersed in deionized water with a solution of AgNO3, Cu(NO3)2, 

Fe(NO3)3, NiSO46H2O and PdCl2 for 24 hours. After the spontaneous process of deposition, the samples 

were washed and dried in a vacuum oven at 100 ºC for 2 hours. The composite obtained of activated carbon 

felt and the metals (ACF, ACF + Ag, ACF + Cu, ACF + Fe, ACF + Ni and ACF + Pd) were characterized by 

Field Emission Gum (FEG), thermal gravimetric analysis (TGA) curves, x-ray photoelectron 

spectroscopy (XPS) and DC electrical resistivity. 

3. Results and Discussions

After the deposition of metals on activated carbon felt, the surface changed significantly, in some 

cases forming a film that covered the entire surface of the fiber filaments and in other cases metallic particles 

of various sizes are distributed homogenously. The TGA analyses show that the amount adsorbed on the 

surface of the ACF was low, less than 10 %. On the other hand, this quantity of metal adsorbed on the 

surface was enough to change the structure of the material in question and in all cases increased the felt 

conductivity, how is it possible observer in Tab. 1. XPS analyses showed that the way the metals were 

deposited varied in each case, made of metallic particles (silver sample) and oxides films.  

Tab. 1. Data from resistance, resistivity and conductivity of samples 

obtained by DC electrical resistivity. 

Sample RS (Ω) Resistivity (Ω.m) Conductivity (S/cm) 

ACF 2.434 2.07 10-03 4.83 

ACF + Ag 1.127 9.58 10-04 10.44 

ACF + Cu 1.641 1.39 10-03 7.17 

ACF + Fe 1.341 1.14 10-03 8.77 

ACF + Ni 2.131 1.81 10-03 5.52 

ACF + Pd 1.183 1.01 10-03 9.94 

The sample that showed significant conductivity improvement was ACF + Ag. In Fig. 1a is possible view the 

metal clusters on the surface of the ACF. This sample presents the greater quantity of metallic particles and 

few in oxide form, which possibly explains their significant improvement of conductivity. 
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a) b) 

Fig. 1. a) Activated carbon felt and b) activated carbon felt with particles of silver 
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1. Introduction

Plasma electrolytic oxidation (PEO) is a novel method for anodizing valve metals. It is performed at 

high voltage (hundred to thousand volts), short time and alkaline solutions [1]. PEO layers present excellent 

properties, but they are strongly dependent on combination of the electrolytic parameters, such as voltage, 

current, temperature, process time, electrolyte and alloy composition [1]. When PEO is accomplished for 

treatment of aluminium alloys, the grown oxide layer is alumina (Al2O3) and it can be a barrier coating 

against corrosion and wear [2]. This work evaluated the corrosion performance of AA5052 aluminium alloy 

treated by PEO feed by DC power supply.  

2. Experimental

Polished substrates of AA 5052 aluminium alloy (20 mm x 20 mm x 2 mm) were washed with 

isopropyl alcohol in ultrasonic bath. Then, they were anodized by PEO in alkaline solution prepared with 6.0 

g of trisodium phosphate (Na3PO4), 15 g of sodium silicate (Na2SiO3) and 1000 ml of distilled water. PEO 

process was performed for 8.0 min under both currents of 0.5 and 1.0 A, and temperature below 40°C. The 

deposition rate of the oxide layers was evaluated by mass measurements made in analytical balance (0.0001 

g). The corrosion behavior of the treated samples was investigated by exposure to NaCl solution (3.5 wt%), 

in electrochemical cell composed by a Pt counter-electrode and Ag/AgCl reference-electrode.  

3. Results and Discussions

PEO performed in 1.0 A current promoted a deposition rate trifold than the produced in 0.5 A 

process, which is explained by electric charge (Q = i t) involved in the process electrochemical reactions. 

Fig. 1 shows Tafel curves obtained from corrosion tests. Both PEO processes increased the corrosion 

resistance of the anodized samples relative to untreated AA5052 Al alloy (Ecor = -0.78 V and Icor = 4 x 10-8 

A/cm2), but the higher current PEO process led to most noble corrosion potential, Ecor = -0,20 V, and lower 

corrosion current density, Icor = 3 x 10-10 A/cm2. This is interpreted as effect of a stable crystalline structure of 

the alumina deposited in the adopted parameters. 
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1. Introduction

Corrosion of metallic materials deserves attention due to damages in their physical integrity and 

durability. Because of this, surface treatments are commonly performed for protection to the corrosion, such 

as the anodizing applied in aluminium alloys. The conventional anodizing involves some steps and acid 

electrolytes, such as sulfuric, phosphoric, nitric or chromic acids [1]. A novel anodizing, called plasma 

anodizing or plasma electrolytic oxidation (PEO), is sustained by high power source, being performed in a 

single step and employing alkaline electrolytes [2]. This work shows the results about the plasma anodizing 

of AA5052 aluminium alloy, using borax (sodium tetraborate – Na2B4O7.10 H2O) as electrolyte.  

2. Experimental

Substrates (20 mm x 20 mm) were prepared from 2 mm-sheet of AA5052 aluminium alloy, being 

properly washed and polished. The anodizing was performed in a stain steel cell connected to power source 

(20 kW DC) as cathode. The electrolytic solution was prepared in distilled water using 10 g/l of borax. The 

anodizing was carried out in different currents, varying from 0.5 A to 2.5 A, and 10 min of process time. The 

effect of the treatments on the electrochemical behavior of the samples was evaluated via open circuit 

potential (OCP) and polarization curves (PC) essays, using NaCl solution (3.5% w/w). Besides, structural 

characterization of the samples was performed by X-ray diffraction (XRD). 

3. Results and Discussions

XRD analysis revealed that oxide layers are composed by -Al2O3 e -Al2O3. Diffraction peaks of 

those crystalline structures were intensified as anodizing current increased, which is interpreted as the growth 

of the layers. Measurements of the sample mass, before and after the anodizing, confirm the increase of 

deposition rate. The anodized alloy samples showed higher corrosion resistance compared to the standard 

aluminium alloy, except the sample treated at 2.5 A. The corrosion potentials, showed in Fig. 1, increased 

from – 0.79 V up to – 0.20 V related to the AA 5052 alloy and the sample treated at 1.0 A, respectively. The 

corrosion current density decreased from 5 x 10-8 A/cm2 for untreated sample up to 7 x 10-10 A/cm2 for the 

sample treated at 1.0 A. These results show that current beyond 1.0 A does not promote better corrosion 

behavior, probably duo to increase of temperature that promote defect points through the oxide layers. 
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1. Introduction

The stainless steels applicability is wide, as they present excellent wear properties, corrosion 

resistance and hardness [1, 2]. Super duplex stainless steel (SDSS) is composed by ferrite and austenite in 

balanced proportions, being suitable for the oil and gas exploration. It is known that nitrogen in solid solution 

increases the surface corrosion resistance of these materials [3,4]. Nitrogen was implanted on SDSS through 

a high-voltage pulsed plasma system or “Plasma Based Ion Implantation” (PBII), which was compared with 

the plasma nitriding or glow discharge process (GD). In the work reported here, changes in the nitrogen-

expanded austenite phase after tempering the nitrided SDSS were investigated. The phase decay after a short 

period at 400 ºC were noticeable, and correlated with thermodynamic conditions running on both austenite 

and ferrite phases. The careful study of the expanded austenite formation using X-ray diffraction (XRD) is 

been carried out [4,5,6]. However, this metastable phase decay is also of interest to help explaining the 

formation of layers during nitriding. Here, a high energy process was compared with a low energy one, 

aiming at geting insights which could be valid for other nitriding processes as well.  

2. Experimental Procedure

Samples of super duplex stainless steels UNS S32750 (or SD2507), labelled as F3 bt and GD bt 

(where bt stands for “before tempering”) were nitrided under conditions summarized in Table 1, which 

preparation was detailed by Oliveira [7]. 
Table 1. Nitriding conditions for the samples in study 

Implantation 

method 
Voltage (V) Current (A) Pressure(Pa) Temperature (ºC) 

F3 bt PBII 9849 ± 60 0.74 ± 0.01 1.91 ± 0.03 351 ± 4.7 

GD bt GD 428 ± 7 0.127 ± 0.01 473 ± 20 352 ± 4 

Nitridings were carried out under 50%N2 and 50%H2 atmosphere for 3 hours. Samples were then cut and one 

of the halves submitted to the tempering process in argon atmosphere for 4 hours at 400ºC,  (a temperature 

high enough to the formation of chrom nitride [2,3]), creating the F3 at, and GD samples (where at means 

“after treatment”). Such heating aims at simulate extreme working conditions for the nitrided steel. The 

crystalline structure were investigated through XRD using CuKα radiation (0.15406 nm) in the Bragg-

Brentano geometry, scanning the 35º-75º range in 0,02º steps during 6s.  

3. Results and Discussions

X-rays diffractograms of nitrided samples before and after tempering are shown in Fig. 1. Before 

heat treatments, the expanded phase gamma-N was identified in either PBII or GD samples. Such phase may 

lay in austenite and ferrite grains, as discussed elsewhere [7]. The nitride phases  and ´were more evident 

in the GD bt sample, which precipitated preferentially in ferrite grains [7]. Expanded ferrite (alpha-N) may 

have been formed in ferrite grains, but this was not evident and needs further investigation. 

An increase in γN peaks after tempering was clearly observed on F3 at and GD at, notably in the expanded 

austenite associated with the (200) plane, since, in this position, neither CrN nor Cr2N contribute with the 

diffractogram. In addition, the gamma-N peaks shifted to higher diffraction angles, approaching the γ peak. 

The tempering causes the nitrogen on the surface to diffuse deeper into the substrate, decreasing its 

concentration, shifting the gamma-N peak closer to the gamma peak due to a smaller lattice expansion [8,9]. 

This effect gives rise to an expanded austenite with lower nitrogen content. Such smaller lattice expansion 

results in very different corrosion properties, worse than that with high nitrogen content [6]. Both samples 

(Fig. 1 and Fig.2) presents similar γN peak shifts, but the sample nitrided with lower energy (GD at) was 

more susceptible to the formation of CrN and Cr2N.  

When the nitrogen supply from the plasma to the surface is very high, as in the GD sample case 

compared to the F3 one, the transport of all nitrogen to inside the bulk is compromised due to a temperature-

limited material diffusivity [6]. Hence, the amount of nitrogen entering the GD surface is larger than that 

which diffuses into the material. This causes a nitrogen supersaturation [10], eventually leading to the fast 

formation of CrN and Cr2N (Fig. 2).  
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  It is possible to observe an additional peak at approximately 36 ° in the diffractograms of the F3 at 

and GD at samples. This peak may be iron oxide or chromium oxide, although the oxide stoichiometry was 

not indubitably indexed. It may have been formed by small flow of argon inside the quartz tube (where the 

treatments were made).  

The in situ XRD analyzes during heating are planned as a continuation of the present study. 
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Fig. 1.   X-ray diffractograms of the F3 bt and F3-2 at 

samples. Nomenclature:  is austenite,  is ferrite, N is 

expanded austenite; ´ is Fe4N;  is Fe2-3N and the 

possible N phase. Lines are only guides to the eyes. 

 Fig. 2. X-ray diffractograms of the GD-2 bt and GD-2 

at samples. Nomenclature:  is austenite,  is ferrite, 

N is expanded austenite; ´ is Fe4N;  is Fe2-3 N and 

the possible N phase. Lines are only guides to the 

eyes. 
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1. Introduction

Research and development of Diamond-like Carbon (DLC) films with nanostructures is a new field 

for applications on different industries as automotive, aerospace, biomedical and electronic. DLC films have 

attracted attention due to their low friction coefficient, chemical inertness, high hardness and 

biocompatibility [1]. Some authors have reported better properties for DLC films when they are doped with 

nanoparticles [2]–[4]. However, they have produced films with heterogeneous mixtures although without 

stability during the synthesis process [4]. DLC films do not have good adherence on metallic surfaces due to 

a relatively high internal compressive stress in the films and also by the difference in the thermal dilatation 

coefficient values between substrates and films. Nanoparticles are materials with very good properties that 

could help to improve the DLC films properties, not only with decrease of stress and friction coefficient but 

with increase of hardness, biocompatibility and adhesion [5]–[9].     

2. Experimental

Thermal functionalization for nanodiamond particles (Sigma-Aldrich, size particle 3-5 nm) was 

made in a closed oven at 420°C for oxidizing surface functional groups to carboxyl group (-COOH). Fourier 

Transform Infra-Red (FTIR) technique was employed for finding superficial functional groups and analyzing 

their changes before and after of functionalization process. Suspensions made from nanodiamond detonation 

in different solvents as hexane and methanol were obtained by agitation with ultrasound (Vibra-Cell 750®, 

amplitude 60%). Times from 15 to 60 minutes were used. Some films were deposited on flat polish silicon 

(100) substrates from drops of the suspensions obtained and solvent evaporation in air. Particle sizes on the 

films were measured using a High Resolution Field Emission SEM (TESCAN) and image digital treatment 

with software (MIRA3®, TESCAN) for making histograms as showed in figure 1. An amorphous silicon 

interlayer was synthesized using gas silane (SiH4) as precursor in order to improve the film adhesion. DLC 

films doped with nanoparticles were deposited using a pulsed-DC Plasma Enhancement Chemical Vapor 

Deposition (PECVD) system with an active screen as additional cathode [1], [10] and nanodiamond 

suspensions. Hydrogen content and total compressive stress in the films were determined by Raman 

spectroscopy (LabRam HR evolution) and Stones equation (Optical perfilometer), respectively. Coefficient 

of friction (COF) in DLC films was determined employing a CETR UMT2 tribometer with the ball on disc 

technique in linear reciprocated mode with a ZrO2 ball. A constant force of 10N was applied on the samples 

at room temperature and under 40% relative humidity. The adhesion test were made using a CETR UMT-2 

tribometer with a Rockwell C indenter with a 200 μm which increased over time from 0 to 50N, while 

maintaining a constant displacement rate of 0.1 mm/s. The critical load was determined as the value of the 

applied load at which film began to be pulled from the substrate. 

3. Results and Discussions

Ultrasound process helped to improve the deagglomeration process in functionalized nanodiamond. 

Infrared results suggested changes in functional groups on the nanoparticle surface to a preferential carboxyl 

group (-COOH) because an oxidation process was observed. Thermal treatment allowed decreasing particle 

size in nanodiamond. It would be possible because there were changes in electrical forces in the suspension. 

These electrical forces are the responsible for agglomeration process. DLC films with nanoparticles showed 

good friction coefficient (around 0.08), low hydrogen content (13-15%) and small total compressive stress of 

around 0.7 GPa. 
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Fig. 1. Histogram for nanodiamond after suspension 

process. 
 Fig. 2. Infrared analysis before and after of thermal 

functionalization process. 
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1. Introduction

Research and development of Diamond Like Carbon films (DLC) with nanostructures is a new field 

for applications on different industries as automotive, aerospace, biomedical and electronic. DLC´s films 

have attracted attention due to their low friction coefficient, chemical inertness, high hardness and 

biocompatibility [1]. Zirconia is one of the most corrosion resistant and refractory oxides, having become a 

material used for thermal barrier coatings, gas sensors [2], [3] and also in applications for biocompatibility. 

Lastly, the use of nanoparticles for new applications has increased, especially in DLC films [3]–[6].  

However, the use of zirconia nanoparticles in colloidal chemistry with dispersant is not very clear [5]. These 

nanoparticles are materials with very good properties which could help to improve the DLC films properties, 

not only decreasing the friction coefficient and stress but increasing the hardness, and biocompatibility [6]–

[10]. In these research suspensions with zirconia nanoparticles and hexane and methanol as solvents were 

made. After DLC films by PECVD were obtained and characterized finding low hydrogen content and good 

tribological properties.   

2. Experimental

Thermal functionalization for zirconia nanoparticles (Sigma-Aldrich, size particle <100 nm) was 

made in a closed oven at 420°C for oxidizing surface functional groups to carboxyl group (-COOH). Fourier 

Transform Infra-Red (FTIR) technique was employed to find superficial functional groups and analyzing 

their changes before and after of functionalization process. Suspensions made from zirconia nanoparticles in 

different solvents as hexane and methanol were obtained by agitation with ultrasound (Vibra-Cell 750®, 

amplitude 60%). Times from 15 to 60 minutes were used. Some films were deposited on a flat polish silicon 

(100) substrates from drops of the suspensions obtained and solvent evaporation in air. Particle sizes on the 

films were measured using a High Resolution Field Emission SEM (TESCAN) and image digital treatment 

with software (MIRA3®, TESCAN) for making histograms as show in figure 1. An amorphous silicon 

interlayer was synthesized using gas silane (SiH4) as precursor in order to improve the film adhesion. DLC 

films doped with nanoparticles were deposited using a pulsed-DC Plasma Enhancement Chemical Vapor 

Deposition (PECVD) system with an active screen as additional cathode [1], [11] and zirconia nanoparticles 

suspensions. Hydrogen content and total compressive stress in the films were determined by Raman 

spectroscopy (LabRam HR evolution) and Stones equation (Optical perfilometer), respectively. Coefficient 

of friction (COF) in DLC films was determined employing a CETR UMT2 tribometer with the ball on disc 

technique in linear reciprocated mode with a ZrO2 ball. A constant force of 10N was applied on the samples 

at room temperature and under 40% relative humidity. The adhesion test was made using a CETR UMT-2 

tribometer with a Rockwell C indenter with a 200 μm which increased over time from 0 to 50N, while 

maintaining a constant displacement rate of 0.1 mm/s. The critical load was determined as the value of the 

applied load at which film began to be pulled from the substrate. 

3. Results and Discussions

Ultrasound helped to improve the deagglomeration process in zirconia nanoparticles. There were no 

changes in the superficial organic groups, fact corroborated by the analysis of these nanoparticles with FTIR. 

Time suspension is important for obtaining DLC film with better properties. In this paper only 60 minutes as 

ultrasound time was found is able to deagglomerate and stabilize the suspension. Suspensions showed 

decrease in size particle after ultrasound treatment as it is observed in fig 2. There was a decreasing in 

particle size to 20 nm. It would be possible because there were changes in electrical forces in the suspension. 

These electrical forces are responsible for agglomeration process. DLC films obtained with nanoparticles 

showed good friction coefficient (around 0.07), low hydrogen content (15-17%), good adhesion (Lc1=22 N) 
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and small total compressive stress around 0.6 GPa. These tribological properties, compared with a DLC film 

with crystalline diamond obtained by Marciano et al. [12], are better, despite their low hydrogen content. In 

contrast, total compressive stress was higher. The DLC film found show good adhesion compared with the 

result obtained by Ramirez et al [11]. This is the first research has been done with zirconia nanoparticles 

which showing interesting results compared with DLC films obtained with silver, and diamond nanoparticles 

[8], [10], [12].     

 

 

 

 

  

 
Fig. 1. Histogram for zirconia nanoparticles after 60 

minutes suspension process. 
 Fig. 2. SEM image 200-Kx obtained after 60 minutes 

suspension process. 
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1. Introduction
Thickness of thin films is an important characteristic and using the correct technique is crucial to

guarantee an accurate measurement. In some cases of very thin film layers it is quit difficult to measure using
optical microscopy. An alternative method for conventionals in using scanning electron microscopy (SEM)
for thin films it is a simple techniques called sample taper sectioning developed by L. E. Samuels [1, 2]. In
this technique, the sample is placed at an angle to the plane of examination where the layer width is enlarged
when examined in an optical microscope. This work will demonstrate the use of taper sectioning used for a
duplex treatment on AISI 1045 carbon steel which was treated with plasma physical vapor deposition (PVD)
using a cathodic cage. 

2. Experimental
A sample of AISI 1045 was mechanically ground, polished with alumina 0.3 μm and cleaned with

acetone before treatment. Firstly, the sample was carbonitrided at 420º C during 5 h, vacuum pressure at 2
torr  and gas flow with 80 cm3/min  N2 e 200 cm3/min  H2 and 4 cm3/min CH4 using a stainless steel
cathodic cage. After that was deposited with a TiN coating at 240º C during 5h, a vacuum pressure of 0,98
torr and gas flow of 310 cm3/min H2  and 100 cm3/min N2 using a titanium cathodic cage. The sample was
left into the reactor over vacuum after finishing deposition to room temperature. After this time, the sample
was mounted using taper sectioning method as indicated in figure 1, resined, mechanically ground, polished
with alumina 0.3 μm and 0.1μm and finally etched with Nital.  The sample microstructure was observed
using the confocal microscope in bright field.  

3. Results and Discussions
According to figure 1(a), the true coating thickness (A) can be determined by calculating using the

thickness  measured (B) using an optical  microscope.  In  figure  2(b)  has  shown the thickness tapered as
mounted in figure 1(b). The average thickness coating values measured (B) obtained from figure 2 using
confocal microscope is 7,05µm with 0,94µm standard deviation. The average calculated coating thickness
(A) is 4,99µm with a standard deviation of 0,67µm in a taper angle of 45º according to figure 1(b). Figure
2(a) shows the sample microstructure without taper sectioning in which is not possible to identify the coating
thickness with accuracy comparing with figure 2(b). Using taper sectioning amplify thickness visualization
at  optical  microscope making easy the measuring.  Another positive point  of  taper sectioning is  that  the
sample preparation is quicker and with good edge retention than conventional sectioning method.

Fig. 1.  (a)Taper section with taper angle  α in which the
true coating thickness A can be calculated by measuring
B in optical microscope [2]. (b) Sample taper section as
mounted.

Fig.  2. (a)  sample  micrography  without  taper
mounting after etching and (b) sample micrography
with taper mounting after etching (500x). 
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1. Introduction
The thin film thickness is an important characteristic and the accurate determination is required in

research studies and also for coating quality control. Several techniques were already studied by thickness
measurements of thin films[1]. The most commons techniques are using profilometer or optical devices to
measure thin film deposited over substrates [1, 2, 3]. However, getting a sharp and clean coating edge plays
an important  role  in  reaching precision on thickness measurement  [1].  Masking is  a usual  technique to
produce a step between substrate and coating. The most usual devices used for masking is a metal sheet,
thermal resistant tapes or solvent cast polymer [2]. For all those techniques the mask should be lifted off
from the coating to get access to step and measure its height. Nevertheless, lifting off any device can damage
by cracking or removing some parts of coating edge. Using tapes or polymers are temperature limited for
depositions process over 400º C. According to DuPont Kapton® data sheet, the majority characteristics are
available between 20 to 200º C and there are no complete data available extreme condition. Some studies at
IFES  Surface  Treatment  and  Tribology  Laboratory  were  performed  using  Kapton®  tape  for  coating
thickness measurement which. But, this tape was not suitably stable during a deposition over 250 ºC in
which it had reacted and caused causing shadows and coating accumulation in most point in edge line. Some
interference by Kapton tape on coating is observed due to minor gas bubbles present in deposition close edge
line  which  should  be  investigated  in  near  future.This  study demonstrates  that  using  TiO2  diluted  with
isopropanol [1] is a suitable device for masking deposition substrate avoiding Kapton® tape handicaps.

2. Experimental
 Two samples of AISI 304 stainless were mechanically ground and polished with alumina 0.3 μm. A

painting coat  of  TiO2 dilued in isopropanol  was applied in one extremity of the samples  and the other
extremity was applied a piece of Kapton tape. A coating of TiN was deposited on one side of samples
employing  pulsed  glow  discharge  (PGD)  process  using  the  cathodic  cage  in  titanium  with  following
regulations: 310 cm3/min H2 and 100 cm3/min N2 mass flow, a pressure of 0,92 torr, temperature of 250ºC.
Cathodic cage is a device used in surface treatment to eliminate edge effect and overheating which occurs
during PVD with plasma [9]. Samples were left into the reactor over vacuum after finishing deposition to
room temperature. After this time, Kapton tape was removed by lift-off and tape glue was cleaned using
acetone. The TiO2 painting was removed by dissolution with deionized water simply but, carefully, to avoid
coating scratches. Thickness measurement and of coating edge conditions were analyzed with Leica DCM
3D confocal microscope. 

3. Results and Discussions
Figure 1 shows coating using Kapton tape and figure 2 using TiO2 painting. Comparing both figures

is evident that TiO2 painting mask gives a cleaning and straight edge line. Also, it is possible to observe at
figure  1  fringes  with  different  colors  which  indicate  that  Kapton  tape  reacts  with  TiN coating  during
deposition. Thickness were 107 nm average with 7,7 nn Std for TiO2 painting side and 243 nm average with
13,1 nm Std for Kapton tape side.

Fig. 1.  Sample extremity which used Kapton tape. Fig. 2.  Sample extremity which used TiO2 painting.
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1. Introduction

A critical aspect in the development of polyamide textiles is the surface properties modification to 

enhance the dyes absorption processes, quality and functionality. The aim of this work is to develop a hybrid 

corona-dielectric barrier discharge for surface properties modification of textiles.  Initially the raw material 

initially chosen for plasma treatment was the mesh fabric composed of 6.6 polyamide due to its physical and 

chemical properties, and variety of applications. In order to analyze the increment of functional groups for 

using in technical and medical textiles and optimize the beneficiation process by reducing the consumption 

of dyes, water and energy, the fabrics will be exposed to the plasma generated in a hybrid corona-dielectric 

barrier discharge operating at atmospheric pressure with a controlled environment using different gases, 

power, electrodes gaps and exposure times. Tests to determine static and dynamic contact angle will be 

performed to check the moisture absorption, dyeing kinetics and colorimetry to enhance the efficiency 

process and manufacturing costs. For characterizing the surface morphological properties and roughness will 

be used Atomic Force Microscopy and Scanning Electron Microscopy techniques. The FTIR (Fourier 

Transform Infrared spectroscopy) and XPS (X-ray Photoemission Spectroscopy) techniques will be used to 

evaluate the increment of functional groups on the plasma treated surfaces and mark out the development of 

a kinetic/chemical model for plasma/surface interaction. 

Among the surface modification techniques applied in the industry to improve adhesion, plasma 

treatment is widely used. Several studies have been carried out, especially in the last decade, analyzing 

textile articles of different fibers regarding performance and applications. Today, so-called Technical 

Textiles have emerged considerably. The number of scientific papers and industrial application of these 

materials is in constant increasing [1]. Technical fabrics are defined as textile materials produced mainly for 

their technical applications due to its performance and functional properties, rather than their aesthetic or 

decorative features [2]. The technical textiles sector is generally segmented in several areas depending on the 

specific applications [3]:  

 Indutech: filters and insulation for aviation;

 Clothtech: Functional components for footwear and clothing;

 Geotech: Geotextiles and civil engineering;

 Medtech: Hygiene and medicine;

 Sporttech: Components for sport and leisure.

With the use of plasmas generated by electric discharges operating at atmospheric pressure, the 

surface properties of textile substrates can be modified, increasing their hydrophilicity and ability to dye, 

reducing the temperature in the dyeing process, generating more intense colors, more solid and with different 

shades [4]. The raw material chosen initially for the surface treatment of plasma was Polyamide 6.6, a 

polymer with wide application versatility (aeronautical industry, medical textiles, and fabrics for high 

performance). In this scope, the main motivation of this work is to characterize the plasma treatment of mesh 

fabrics made from polyamide 6.6, in order to provide greater functionality in the surface properties 

(absorption, adhesion, protection against ultraviolet radiation, resistance and elongation), and to reduce the 

dye concentration and water consumption during the manufacturing process. The modification of surface 

properties creates unlimited possibilities for the development of new products for the textile industry, 

especially in the area of technical and medical textiles. 
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2. Experimental model 

 

 The objective of this research was to develop a reactor of plasma, under the concept of corona 

discharge using a dielectric barrier operating in air at atmospheric pressure aiming the treatment of textile 

substrates - see figure 1. This equipment allows to modify the surface properties of textile substrates to 

provide improvements in the functional properties for application in technical and medical textiles. In 

addition, the reactor improves the tissue processing by reducing the consumption of dyes, water and energy. 

Furthermore, is intended to investigate the operating windows of the plasma reactor dedicated to the surface 

treatment process of textile substrates, mainly polyamide, which are characterized by to have high tensile 

strength, elasticity, toughness and abrasion resistance. Thus, is possible to evaluate the increase of functional 

groups on surfaces treated with plasma and the development of a kinetic-chemical interaction model for 

plasma / surface and surface / dye. The laboratory plasma system for surface treatment of polyamide fabric 

consists basically of a process chamber, a power system, a sample handling system and a gas injection 

system (see Figure 2). 

 

 

 

 
Figure 1. (a) Dielectric barrier discharge and (b) 

corona discharge. 

 

Figure 2. Schematic proposal of the plasma system. 

            The importance of this work lies in the study of the modification of the surfaces of textile substrates 

by plasma treatment, to replace the conventional processes of preparation of fabrics, which use chemical 

agents that attack the textile effluents and generate several substances harmful to the environment. Plasma is 

proposed as a pre-treatment of the material without action of such agents, being exclusively a physical 

treatment, reducing the water consumption. Also, this process is clean and faster than other used currently. 
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1. Introduction

Langmuir probe is one of the simplest ways to measure plasma parameters. Basically, it consists of a 

thin wire that is inserted into the plasma. Once in contact with the plasma, the current in the wire is measured 

at different applied voltages. Based on current and voltage measurements, the I x V characteristic curve is 

obtained and the plasma parameters may be calculated from the coordinates and slopes from the curve. 

Plasma immersion ion implantation (PIII) is a relatively novel plasma treatment used at INPE to modify the 

surface of different types of materials and components. In our laboratory, the most common source of plasma 

for PIII is the DC glow discharge (GD). In this discharge, there is a fixed cathode and a fixed anode. 

Electrons are accelerated from the cathode to the anode acquiring more and more energy during their 

pathway. Collisions among electrons and ions and neutral particles occur and provide more ionized particles 

and electrons as the free electrons can transfer energy to bonded electrons during the collisions. If the electric 

field strength is high enough, the energy transfer can reach a certain level and an avalanche breakdown will 

happen in the gas inside the chamber. The avalanche breakdown multiplies de electrons and ions inside the 

chamber leading to a gas full of positive, negative ions and electrons. This state is called plasma where there 

is an assemblage of free positively and negatively charged particles and neutrals, and the negative and 

positive charges nearly balance each other at the macroscopic level. The plasma is usually characterized by 

the ions and electron densities and ions and electron energies or temperature. Other important parameters to 

be known are the plasma potential and the floating potential, that is respectively, the plasma potential relative 

to the walls of the chamber and the potential developed at a surface in contact with a plasma when 

electrically isolated from the ground.  

2. Experimental

In this work, the Langmuir probe from Impedans Ltd was used to perform the diagnostic of a DC 

glow discharge formed in the 3IP-CE treatment system at INPE. The plasma conditions were those usually 

used during the PIII treatments. The DC voltage was 300 V and the current was 2.0 A. The gas used was 

Nitrogen with a working pressure of 4.3 x 10
-3

 mbar. The diagnostics of this GD were performed using 

simple and double Langmuir probes.  

3. Results and Discussions

Diagnostic using simple probe has shown no good results as the plasma potential is relatively high 

due to the high DC voltage applied by the DC power supply. The diagnostic using double probe has shown 

better results. In this case, it was possible to determine some plasma parameters. Preliminary measurements 

have indicated that the glow discharge operating in the conditions above presents an electron temperature of 

around 12 eV, an ion density of 1.6 x 10
9
 cm

-3
 and a current density of 1.2 A/m

2
. The setup of the new 

Impedans Langmuir probe is still going on and much work needs to be done to adapt the probe to the other 

PIII treatment systems of our laboratory. 
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1. Introduction
Hollow cathode discharges are receiving much attention recently because they are quite versatile and 

powerful plasma sources for diverse applications as in Plasma Immersion Ion Implantation and Deposition 
(PIII&D) inside metallic tubes, powerful light sources for spectroscopy and lasers, plasma propulsion, 
Atomic Layer Deposition (ALD), rocket nozzle, gun barrel, and so on. Titanium alloy tubes are important 
components for fuel transporting/feeding and also as refrigeration components in aerospace systems. In 
particular, ½ an inch tubes (1.3 cm OD tubes) are most suitable ones for those purposes given their 
convenient size, weight  and ductility. The objective of this work was to improve the surface properties of 
the Titanium alloy tube internal wall for different space applications. 

2. Experimental
Newly acquired high power high voltage pulser RUP-6 (maximum of 17 kV, 100 A and 13 kW) was 

utilized to drive a small diameter Ti6Al4V (TAV) tube of 1.5 cm∅ OD and 15 cm length, with a thickness of 
2mm. High density nitrogen plasma was produced (high light emission, large nitrogen uptake, reached 
temperature of the tube as high as 900ºC) and used as a source for the PIII and PIII&D treatments of the 
internal walls of the TAV tube and of the samples placed there as monitors. Used samples were SS304, 
Ti6Al4V and Si, all prepared and cleaned adequately for ion implantation, sputtering and deposition studies. 

3. Results and Discussions
In one experiment, the PIII&D system was operated for 1 hour at 5.6 kV, 20 A, at a frequency of 

500Hz, 30 µs pulse length and working nitrogen pressure of 7x10-2 mbar. A total of 1600W of power was 
distributed to the ballast resistors (250Ω) and the plasma (100Ω) as 1000W and 600W, respectively, with 
about 600V peak voltage applied to the tube. The tube temperature during the nitrogen PIII&D was limited 
to 900 ºC to avoid excessive heating of the viewing window. An entire Si wafer (4 inch diameter) was placed 
in front of the tube mouth to map the film deposition profile due to the plasma flowing out the tube. This 
measurement could assist us to confirm a simple model for PIII&D inside metallic tubes using hollow 
cathode plasmas. Large nitrogen implantation, followed by thermal diffusion, resulted in a thick TiN layer on 
the TAV sample, as seen by XRD pattern shown below (Fig.1). Other results of surface analysis of the 
samples used for post-mortem diagnostics (FEG, cof, nanoindentation, roughness) will be shown and a 
general discussion of the results on the obtained hollow cathode discharges will be given at the conference. 
When the nitrogen PIII&D treatment was finished, and the pulser was turned-off after 1 h of treatment, the 
TAV tube with 900ºC glowed intensely, as shown in Fig.2. Results of other treatments but different PIII&D 
conditions will also be presented for comparison purposes. 

Fig. 1. XRD patterns for untreated and PIII treated TAV 
samples inside the tube.  

 Fig. 2. Picture of the glowing hollow cathode tube 
side view after plasma turn-off. Half circle behind is 
a reflection from a flange inside the chamber. 

Acknowledgments: Work supported by MCTIC, CNPq and CAPES 
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1. Introduction

Porous carbon materials are products that have a wide application in the market, as they are easily found in 

several items of our daily life as the waste generated in Kraft pulping of the pulp and paper industry. This 

residue is rich in lignin, which can be easily worked to generate porous materials [1]. In this work, the 

structural and morphological characterization of porous carbon foams of a sustainable origin was performed 

aiming at their use as an attenuating material for electromagnetic radiation in aeronautical and aerospace 

environments. 

2. Experimental

The materials will be prepared via chemical synthesis by modifying the methodology described in the 

literature [2] aiming at the integral use of the pulp and paper industry waste with a "polymerized resin". The 

acrylic polymer PMMA will be used in the medium in different granulometries for the development of 

porosity. The materials produced will be crushed and characterized via Raman and scanning electron 

microscopy and the electric will be performed through the network vector analysis combined with a 

waveguide in the microwaves range. 

3. Results and Discussions

Figure 1 shows the structure of the generated material. It is formed by hemispheres with different 

orientations. In Figure 2, Rama spectroscopy reveals the presence of carbon, with two bands at 1356 cm
-1

 

and 1608 cm
-1

. The second order does not show peaks that define a crystallinity, so it reveals that the 

structure is amorphous. This amorphism allied to the hemispheres of the order of micro-particles suggests 

that this material can be used as a microwave radiation attenuator.  

Fig. 1. Electron microscopy of porous carbon. Fig. 2. Raman porous carbon. 
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1. Introduction
On Earth, the natural system provides everything we need, such as air, water and all other conditions that 
sustain life. In space, these functions must be done by artificial means. For this, there is a system called 
"Environmental Control and Life Support System" (ECLSS). One of the most important actions for support 
life in space is to provide potable water for consumption, food preparation and hygiene uses. Solutions to 
reduce friction, wear, and energy consumption and increase the life of the ECLSS equipment are relevant 
issue for the aerospace industry [1]. Nitinol (NiTi60) are widely used in space devices because it high wear 
and corrosion resistance [2-3]. Diamond-Like carbon (DLC) coatings are used in many industrial 
applications that requires low coefficient of friction, high wear resistance, adhesion and thermal stability [4]. 
In this work, DLC films were deposited by Plasma Enhanced Chemical Vapor Deposition System (PECVD) 
system according to the methodology previously described by Capote et al [5]. Their chemical properties 
were analyzed using Raman spectroscopy. These films were analyzed by scratching tests, the tribocorrosion 
was analyzed in synthetic urine. After tribocorrosion test, the corrosion morphology was analyzed by using 
Scanning Electron Microscopy (SEM). The samples studied were NiTi60 and NiTi60 thermal treated 
(NiTi60T).  
2. Methodology
NiTi60 and NiTi60T were sanded with different sand paper grit sizes (80 to 2000) followed by a polishing 
with diamond paste. The samples were cleaned in an ultrasonic bath for 15 minutes: 99.5% acetone, 10% 
detergent in distilled water, distilled water and isopropyl alcohol, respectively. NiTi60 and NiTi60T samples 
were coated with DLC using the parameters described in Table 1.  

Table 1. Deposition parameters and their steps for obtaining a film 
After film deposition the films were analyzed by scratching test using progressive load from 0-50 N with a 
Rockwell C diamond tip, following the norm C1624-05 standard. The tribocorrosion tests were performed in 
synthetic urine using Al2O3 ball (ϕ= 4.76 mm) under 5N. The track distance was 2 mm under frequency of 
2.5 Hz. The open circuit potential (OCP) was measured for 60 minutes in static mode, 30 minutes in dynamic 
mode and 60 minutes in static mode. All tests were performed in triplicate. The corrosion morphology 
images were obtained after tribocorrosion tests using SEM technique. 
3. Results and Discussions

3.1 Scratching test 
Table 2 presents the results of scratching test. The critical load (LcN) was evaluated according to the type of 
damage observed on scratch track, which were categorized according to ASTM C1624-05 [6]. The first 
critical normal load (Lc1), is related to the first damages or cracks on the films and are evidenced by the rise 
in the acoustic emission; The second critical load (Lc2), is related with the complete coating failure [7-8]. 
The treated NiTi60 sample showed no exposure to the substrate (Lc2), indicating a high resistance to scratch 
due thermal treatment. The imagens from scratching tracks are presented in Fig. 2, where we can identify the 
critical loads for each film/substrate. 

Table 2. Scratching test results for DLC on NiTi60 and NiTi60T. 
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Figure 2. Scratching test results for (a) NiTi60 and (b)NiTi60T showing Normal Load (Fz, N), friction coefficient 
(COF) versus time (s). The arrows and circles in yellow are indicating the places were critical loads occurred.  

3.2 Corrosion morphology analyses 
The substrates with DLC film were submitted to a tribocorrosion test immersed in synthetic urine to simulate 
a urine processor environment. Fig. 3 (a) shows the friction coefficient from DLC over NiTi60T and bare 
NiTi60T, which demonstrates the effectiveness of the DLC film reducing the friction coefficient in 25.6%. 
Fig. 3 (b) shows the OCP of the NiTi60 alloy with and without DLC coating, showing that the DLC did not 
change the corrosion potential of the sample but reduced the friction coefficient. Fig. 3 (c) shows SEM 
images from tribocorrosion track where can be observed some cracks in the film and some corrosion pits. 
Fig. 3 (d) show a magnification from image 3 (c) up to 2.50k times, highlighting the pits morphology like 
plates. This king of corrosion is common in metal alloys. 

 
Figure 3. Comparison of coefficients of friction coefficients (a) tribocorrosion test (b) the SEM imagens with 200 times 
magnification on the treated NiTi60 substrate (c) image magnification (c) up to 2.5 thousand times, and identification of 
the formed corrosion. 
Acknowledgments 
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1. Introduction

The cold atmospheric pressure plasma jets (APPJs) were first reported in nineteen-nineties and since 

then they have been subject of intense research and development. For instance, over the last decade the 

number of publications on plasma jets in the literature has grown exponentially [1]. Also, various high 

impact journals published special issues and review papers dedicated on APPJs. A distinguishable feature of 

cold plasma jets is that they can be operated in air and provide enhanced chemistry via production of reactive 

species (radicals, photons and charged particles) while the gas temperature is maintained sufficiently low for 

processing of organic and biological components. Nowadays, plasma jets are routinely used in material 

processing for surface cleaning and deposition, etching, surface activation of polymers, decontamination of 

surfaces etc. [1]. Recently, application of non-thermal plasma jets in living tissues has been extensively 

studied giving the origin of so-called plasma medicine [1, 2]. 

2. Experimental

In most plasma jets barrier discharge is excited in a noble gas that flows through a thin dielectric 

tube and the resulting plasma is projected into the surrounding ambient forming a several cm-long plasma 

plume. An important issue for the operation of a plasma jet is its geometry, which together with dielectric 

properties of the substrate, strongly influences the shape and the extension of generated plasma plume. 

Therefore, depending on the intended application many different plasma jet configurations have been 

investigated. Here, we report several plasma jet devices developed in our laboratory for specific applications. 

3. Results and Discussions

The exit geometry of a plasma jet device directly affects its gas flow dynamic and electric properties. 

Here we study the effect of a horn-like jet nozzle, which allows extending plasma over larger area of the 

sample. This jet configuration was used for adhesion improvement of Al alloys and also for treatment of 

seeds.  

A three-electrode plasma jet configuration (one powered electrode and two grounded) was especially 

designed for deposition of polymer films at atmospheric pressure. Argon was employed as working gas for 

plasma generation. Mixtures of air with acetylene or hexamethyldisiloxane (HMDSO) were used as 

polymerizing agents. The films were deposited on glass substrates placed on an auxiliary grounded electrode 

and can be used as biocompatible coating or for corrosion protection. 

A crucial question in plasma medicine is how to deliver active plasma species to tissues or organs 

inside human body. Most commercially available plasma sources are too big and rigid for this purpose. Here, 

we report a method that allows generation of cold plasma jet at the end of long (up to few meters), flexible, 

plastic tube. The tube can be held with hand without risk of electric shock and the plasma jet can be easily 

handled and directed to a target. Here, we will describe the method and present some results of surface 

modification of polymers. Also, in-vitro experiments for microbial inactivation using APPJs at the end of 

plastic tube will be presented. Special attention will be given to plasma treatment of biofilms that represent 

major infection risk for medical gear in hospitals. 

Finally, we will report some results of in-vivo tests performed on the tongues of laboratory rats that 

were experimentally infected with C. albicans. 
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1. Introduction

When a material is developed in aerospace industry, mechanical properties evaluation is very 

important. Structural components, such as landing gear are subjected to cyclic loads during take-off, fligh and 

landing and, therefore, fatigue properties are taken into account. Aerospace industry applies the aluminum 

alloy 7000 series due to its high mechanical strength, high strength to weight ratio, and low cost. However, 

these alloys need surface treatments to withstand corrosion and work temperatures higher than room 

temperature. The microstructural characterization and statistical analyzes make possible the mechanical 

behavior understanding of this alloy. The AA7050-T7451 alloy is subjected to aging and surface treatments 

that can reach temperatures capable of modifying the original microstructure, typical of these alloys (with 

micro and nanometric precipitates). Therefore, the aim of this study was to characterize the AA7050-T7451 

alloy microstructurally and to analyze its behavior under cyclic load. This work is part of a larger study that 

modifies aluminum alloy through surface treatments to increase structural components life. The previous 

characterization of the alloy without surface treatment will allow a real understanding of its contribution to the 

mechanical behavior of these alloys.¹ ² 

2. Experimental or Theory

AA7050-T7451 aluminum alloy was prepared following the usual metallographic characterization. 

The rotating bending fatigue tests were performed using INSTRON ® R.R.Moore model. The fatigue tests 

were conducted until fracture, with loading ratio R= -1. Fifteen (15) test pieces were used to obtain the SxN 

curve. The aluminum alloy were characterized by Vickers microhardness; optical microscopy (grain size and 

coarse precipitates quantification); SEM and XRD. Fatigue results were analyzed with Log – Normal and 

Weibull models.  

3. Results and Discussions (bold face Times New Roman 11 pt)

The results obtained will be correlated with fatigue behavior. Figures 1 and 2 presents double aged 

aluminum alloy. According to ANTUNES (2017) and MAZZER (2013) who studied the AA7050 

microstructure, the dark points identified by red arrows are intermetallic particles and showed composition 

equal to Al7Cu2Fe and Mg2Si. After chemical attack, Figure 2 shows that the precipitates are located in the 

grain boundaries. The microstructure is homogeneous with a distribution of varied grain sizes that, through the 

ImageJ software, were found values of average grain size, fine and coarse particles percentage and particles 

per area (Table 1). 

Fig. 1. AA7050-T7451 alloy optical microscopy: grain 

morphology and the presence of intermetallic particles 

(20x). No chemical attack. 

Fig. 2. AA7050-T7451 alloy optical microscopy:grain 

morphology and the presence of intermetallic particles 

(50x). Chemical attack - Keller. 

The fine and coarse grains were circulated providing a good observation how the grains are arranged 

throughout the sample area (Figures 3 and 4). SEM analysis shows the intermetallic particles. XRD technique 

was used to identify the phases, corresponding to Al (FCC), which represents about 89.6% of the mass 

composition (MINTO, 2016). 
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Fig. 3. AA7050-T7451 alloy optical microscopy: fine 

grains distribution. 
 Fig. 4. AA7050-T7451 alloy optical microscopy: 

coarse grains distribution. 
   

 

 

 
Fig. 5. SEM of AA7050-T7451 alloy: distribution and 

morphology of intermetallic particles and grains. 

Chemical attack -  Keller 

 Fig. 6. AA7050-T7451 alloy DRX: Al (FCC).. 

   
Fatigue tests performed at stresses ranging from 50% to 70% of yield strength. 

 

 

 

 
 

Fig. 7. Fatigue test results: Alloy AA7050-T7451  Table. 1. Fine, coarse grains and intermetallic 

particles per area values. 

   

The formation of metallic particles observed in the micrographs shows a common feature of the aluminum 

alloys of the 7000 series in the condition T7451 observed in the work of ANTUNES (2017), which can increase 

the mechanical strength of the material.  
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1. Introduction

Hollow cathode discharge has been employed in a wide variety of applications:  plasma immersion 

ion implantation in tubes, surface modification and deposition of thin film, space propulsion, basic plasma 

research, nitriding, among others [1]. Recently, surface treatments have been carried out using hollow 

cathode discharges as a plasma source due to the better plasma confinement and its higher density [2]. 

In this work, a comparison of nitrogen and argon plasma immersion ion implantation in tubes of 

stainless steel 304 was carried out, in order to investigate the influence of working gas in the treatment. 

2. Experimental

For the present PIII processing, hollow cathode configurations were chosen for the experiments 

using stainless steel 304 tubes with 11.0 and 4.0 cm diameter and 20.0 cm of length. In these configurations, 

a sample support (ss) placed at 10.0 cm distance from the tube was used. Samples of stainless steel 304 and 

silicon wafer were placed inside and on the top of tube, as well as and on the ss.  

Argon ion bombardment was used previous to the treatment of the samples surface for their cleaning, 

during 10 minutes and then, the nitrogen or argon implantation was carried out for up to 120 minutes. 

3. Results and Discussions

The analyses of elemental depth profiles obtained after the treatment using the ss placed at 10.0 cm 

of distance from the tube (11.0 cm diameter) allowed to verify that the maximum depth of nitrogen ion 

implantation was 43.0 nm with nitrogen peak at 26.0  at.% in silicon sample placed at the ss, as shown in 

Fig. 1. However, residual oxygen can be observed in large amount on the surface of the Si sample. When 

there is such an elevated percentage of oxygen present on the surface of SS304 during the N-PIII, strong 

segregation of nickel should occur [3]. Indeed, that phenomenon can be verified in this case. In the standard 

stainless steel samples, the elements composing it show stoichiometric iron compared with other elements 

that are Cr, Ni, Mn, Si and C. Due to this fact, it was verified by a TRIM simulation code that the sputtering 

rate will also follow the stoichiometric ratio.  

Figure 2 shows the depth profiles in silicon sample treated by Ar-PIII, and it can be observed a great 

percentage of iron (35.0 at.%) but the atomic percentage of chromium is around zero whereas that of nickel 

is 14.0 at.%. Using the argon as working gas, the nickel segregation was not observed any more, although a 

high oxygen concentration was measured on the surface of silicon sample. It was observed that chromium 

was present in low atomic percentage instead (chromium segregation).  

Fig. 1. Elemental depth profile obtained by Auger 

Electron Spectroscopy (AES) of silicon sample treated 

with N-PIII.  

Fig. 2. Elemental depth profile obtained by Auger 

Electron Spectroscopy (AES) of silicon sample treated 

with Ar-PIII.  
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The X-Ray Diffraction data obtained allow us to verify the formation of expanded austenite in 

sample treated with N-PIII. On the other hand, in the samples treated by Ar-PIII, it was observed the 

formation of FeO. These phase and compound formations were observed only in the samples placed inside 

the tube. In the samples placed on the top of the tube and at the ss no phase or compounds were formed. 

  Results obtained in other tube diameter, will be presented at the conference with results of XRD, 

FEG, EDS, among others. 
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1. Introduction

Maraging steels are Ni-Co-Mo-Ti alloys of ultra-high resistance and spread application, since 

defense and nuclear industry until aeronautic components, pressure vessels and sports industry. Maraging 

steels have been investigated by a number of steel producers, mainly for nuclear and aerospace applications, 

due to high mechanical resistance allied to an excellent tenacity, behavior that are required to reduce weight 

and increase safety [1]. These steels are part of the priority list of advanced materials to the Brazil’s 

technological development and are proposed to replace the current 300M in some parts of Brazilian satellite 

launcher [2,3]. Maraging steels are composed by a metastable martensitic microstructure. Some research 

show that they revert to austenite when heated at intermediate temperatures, close to the aging temperature, 

becoming worst when increasing temperature and time of exposure [1]. This work aims to evaluate the 

microstructural behavior of a maraging 300 steel after superficial laser treatment to reduce the oxygen 

permeability in the structure, increasing the mechanical resistance at elevated temperatures. Microstructural 

characterization will be done by scanning electron microscopy (SEM), X-ray diffraction and roughness by 

profilometry. 

2. Experimental

The maraging steel used in this study was a 300-grade solution treated at 820 °C— 1 h in a Brasimet 

Koe 40/25/65 furnace. Samples of 20 x 20 mm and 3 mm in thickness was grinded by using 200# and 600# 

SiC paper and then cleaned with acetone in a ultrasonic bath for 20 min. Laser surface treatment was carried 

out using a Rofin DY 033 Nd:YAG continuous laser, which was operated at a wavelength of 1064nm. The 

focus laser spot size had a diameter of 0.5 mm, and the treatment was performed under a nitrogen flow rate 

of 20 l/min. The energy and the sample speed were set at 675 W and 100 mm/s, respectively. The focal 

length of the lens used equaled 120 mm. Following laser surface treatment, the surface was characterized by 

scanning electron microscopy (SEM), X-ray diffraction and profilometry.  

3. Results and Discussions

Fig. 1 is a SEM micrograph showing the surface of the laser treated maraging 300 steel. We clearly 

see the laser path, each track typically 500 µm wide. 

Fig. 1. Micrograph maraging 300 steel surface treated with magnification of (a) 50x and (b) 150x. 
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Fig. 2 is the 2D and 3D profilometry of the laser treated material. Surface roughness results: Ra = 634 ± 160 

nm; Rq = 789 ± 185 nm and Rt = 8,2 ± 3,2 nm. 

 

 

 

 
Fig. 2. 2D (a) and 3D (b) optical profilometry images of maraging 300 steel laser treated. 

 

The XRD pattern in the 2θ ranging from 30–100º of maraging 300 steel with and without laser treatment are 

shown in Figure 3. Both samples exhibit diffraction peaks due to the martensitic phase α’-Fe, but laser 

treated sample exhibit additional diffraction peaks related to austenite phase (γ-Fe) at 50.7° and related to 

Fe2N/Fe3N at 40.2°. Austenite phase formation can be associated to the overaging caused by laser heating 

[1,4], and the iron nitrides are probably associated to the nitrogen gas added during the laser treatment. 
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Fig. 3. X-ray diffraction pattern of maraging 300 steel (a) 

without laser treatment and (b) laser treated. 

 

Creep tests will be performed to evaluate the effect of microstructural change by laser treatment in the 

mechanical resistance at elevated temperatures. 

 

4. References 

[1] W. Sha and Z. Guo, “Maraging steels: modelling of microstructure, properties and applications”, 

Woodhead Publishing, USA, (2009). 

[2] F. C. R. Assunção, “Materiais avançados: 2010-2022”. Centro de Gestão e Estudos Estratégicos, 

Brasília, (2010). 

[3] D. R. Santos, Otimização dos parâmetros de tratamento térmico e soldagem do aço maraging 18Ni 300. 

2001. 118 f. Dissertação (Mestrado em Engenharia Mecânica) - Universidade Estadual Paulista Julio de 

Mesquita Filho, Faculdade de Engenharia de Guaratinguetá. 

[4] A. G. Reis, D. A. P. Reis, A. J. Abdalla, J. Otubo, Mater. Charact., 107, 350-357, (2015). 

 

Acknowledgments 

This work was supported by CNPq (Proc.nº 403070/2016-3) and FAPESP. 

47



XXXVIII CBRAVIC/III WTMS – INPE, São José dos Campos, SP, 21 a 25 de agosto de 2017 

*Corresponding author: marianaeng@uol.com.br

ID 38: STUDY OF THE RELATIONSHIP BETWEEN PLASTIC DEFORMATION AND 

CORROSION RESISTANCE 

Mariana Cristina de Oliveira1*, Maximiliano Pressiani 2 Heloísa Andrea Acciari1, Eduardo Norberto Codaro1

1Universidade Estadual Júlio de Mesquita Filho, Guaratingueta, Brazil 

 2Universidad Tecnológica Nacional, Santa Fe, Argentina 

1. Introduction

The steel API 5L X65 is commonly used to manufacture pipelines for oil and gas transport and 

extraction. In order to improve the mechanical properties these pipeline are fabricated through TMCR 

processing [1]. The lower strength microalloyed steels are less susceptible to generate and propagate cracks 

under stress within sour environments (containing H2S) [2]. 

The working environment is under high internal pressures [1]. Internal pressures cause hoop stress wich should 

be evaluated in order to keep the structural integrity of a dented pipeline containing a curvature change without 

a reduction in wall thickness [3]. Moreover these pipeline can be damaged by plastic deformation by outside 

forces such as ground subsidence, ground liquefaction, cold bending and mechanical damage. These damages 

modify the mechanical properties such as tensile strength, yield strength and fracture toughness [4]. Corrosion 

processes are responsible for 50% of the failures such as: fractures, ruptures, contaminations, explosions in 

pipelines These failures can present tragic and even fatal consequences. Thus understanding the principles of 

corrosion as well as avoiding it has been a major challenge in the engineering field. In addition to the 

environmental and social impacts caused by these failures, there are economic impacts because the damages 

caused by the corrosion generate extremely high costs to repair or replace the pipe in question [5]. Therfore 

the pipeline deformed should be evaluated about load bearing capacity and resistance corrosion in order to 

establish the integrity of pipeline. 

2. Experimental

The specimens were cut from the tube in the transverse direction by oxyfuel in a weld-free region. A 

traction machine was used to deform the samples plastically by 2.5%. For the microscopic analyzes the samples 

were mechanically sanded in an electric polishing machine with sandpaper of 120 to 2500 granules, polished 

with cloth and alumina (particles of 1μm), rinsed in ultrasonic bath with propan-2-ol for 15 minutes. The 

chemical attack was done with Nital 2%. An optical microscope was used with 500-fold magnifications to 

analyze the microstructure of the specimens. The Icc3 Camera connected to the microscope and the 

AxionVision Release 4.9.1 SP3 software (08-2013) were used to capture the images of the microstructures. 

To perform the electrochemical tests the samples were mechanically sanded (granules 120 to 2500), rinsed in 

a propan-2-ol ultrasonic bath and dried with a cold air jet. Five replicates were made for the deformation 

condition and the standard condition (0% deformation) for all electrochemical assays. At each repetition the 

surface was renewed to ensure that in all the experiments the specimens were in the same conditions. All 

electrochemical measurements were performed on an Autolab PGSTAT302 potentiostat, equipped with 

Autolab NOVA 1.10 software for data collection and analysis. The experimental arrangement were: an 

electrochemical cell for flat samples (PAR) containing a solution of 236.5 grams of water, 12.5 grams of 

sodium chloride and 1.25 grams of acetic acid (NACE 177A ), an reference electrode of Ag / AgCl and a silver 

wire counter electrode. The electrochemical tests were done in depleted environment bubbling N2 gas for 30 

minutes before starting the experiment and during the experiment time. Firstly, the open circuit potential (OCP) 
was monitored for 3 h, the value at the end of this period being recorded and taken as a reference to obtain the 

Tafel curves (at a rate of 0.166 mV s -1, starting the scan To -250 mV of the OCP and continuously following 

up to +250 mV of OCP). 

3. Results and Discussions

The microstructures of the samples in the standard condition (Figure 1) and plastic deformation 

condition 2.5% (Figure 2) are shown below. It is possible to observe a ferritic matrix with perlite points. 

Fig. 1. Image obtained by optical microscopy of API 5L 

X65 steel for standard condition. 

Fig. 2. Image obtained by optical microscopy of API 

5L X65 steel for 2,5% plastic deformation condition. 
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It is also possible to observe a gentle extension of the grains as the deformation of the steel increases. 

All curves of the electrochemical tests were obtained for the first replicate of each deformation condition. The 

potential in open circuit (Figure 3) does not present significant variation, reaching in all conditions a near 

steady state. The relative stability of the open circuit potential indicates that there is no significant change in 

the anodic and cathodic reactions during corrosion. Figure 4 represents the Tafel polarization curves. It is 

possible to observe that the corrosive process is controlled by activation under all conditions, since there is a 

constant increase of the anodic and cathodic current with the increase of potential [6]. Under all conditions, 

the curves have similar profiles and velocities. 

 

 

 
Fig. 3. Open circuit curves of the API 5L X65 steel under 

different conditions of plastic deformation obtained in a 

standard acid medium (NACE 177). 

 Fig. 4. Tafel curves of the API 5L X65 steel under 

different conditions of plastic deformation obtained 

in a standard acid medium (NACE 177). 

 

The values of the polarization resistance (Rp) were calculated from the Tafel plots for all the replicates of each 

condition, it was verified that the standard condition showed less dispersion than deformed. As shown in the 

scatter diagram below: 

 
Fig. 5. Dispersion diagrams of the Rp values calculated from the Tafel curves. 

 

Even though there is a dispersion between the values, it is not possible to observe a significant variation 

between Rp values and the increase in deformation. 

The next step of the work is to analyze other deformation conditions (0.5%, 1.0%, 1.5% and 2.0%) and perform 

electrochemical impedance experiments for all conditions for a statistical and comparative analysis between 

The electrochemical methods. 
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1. Introduction

Reentrant niobium cavities are used in the Mario Schenberg gravitational wave detector, operating in 

DAS / INPE, playing the role of parametric transducers. They are part of a system designed to convert 

mechanical vibrations from a solid Al-Cu sphere of the detector into electrical signals. Nitrogen plasma 

immersion ion implantation (PIII) and High Power Impulse Magnetron Sputtering (HiPIMS) have been 

evaluated to treat these cavities in order to increase its respective quality factors (Q).  

The first method is devoted to implant nitrogen ions into the near surface of niobium, since it was 

reported recently [1] that the presence of interstitial nitrogen into the crystal lattice of Nb has the effect of 

increasing such Q-values. The second method is devoted to deposit stoichiometric niobium nitride (NbN), 

another successful method reported in the literature [2,3] to attain this goal. 

There is a vast investigation [4,5,6,7] being carried out by the international community in order to 

increase the quality factor of niobium superconducting resonant cavities, which also have application in High 

Energy Physics, specifically in particle accelerators [8,9].  

One of the most promising studies regarding the improvement of Q, makes use of thermal treatment 

for the insertion of nitrogen on the surface of niobium [10,11]. These results present good convergence with 

recent experimental data attained by the PIII / LAP group at INPE [1]. 

A set of characterization results will be presented for samples treated by both methods, including 

profilometry, X-ray diffraction, scanning electron microscopy (field emission gun), X-ray photoelectron 

spectroscopy and atomic force microscopy. 

2. Description of Techniques

A variation of conventional PIII has been used herein in order to heat the substrate during nitrogen 

ion implantation. In the current experiments it has been performed High Temperature PIII (HTPIII). The 

heating of the substrates facilitates the diffusion of the nitrogen ions implanted into niobium and it is an 

efficient tool to control de depth of the implantation and respective atomic concentration.  

This controlled process can lead to the formation of nitrides and also the implantation of nitrogen in 

interstitial spaces of the crystal lattice of niobium. Concerning HiPIMS, in the process, a niobium target of 

high purity is sputtered in reactive glow discharge, mixing argon and nitrogen. The aim is to partially ionize 

Nb particles due to the high peak power density applied to the targed; thus it is expected the implantation and 

deposition of niobium and nitrogen into/onto the surfaces of Nb samples. 

3. Expected Results

After evaluating the set of characterization methods for Nb samples treated by HTPIII and HiPIMS, 

some experimental conditions previously used will be repeated for the treatment of the cavities in order to 

search for a correlation between the respective operation parameters of these processes and the Q-factors. 
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1. Introduction

Regarding to industrial performance, tools having higher hardnesses and toughness are those that 

will deliver better results and longer lifespan, what made hard metal tools widely used. Looking for 

enhancing this properties chemical vapor deposition (CVD) diamond coatings are quite promising candidates 

[1]. However the most used type of hard metal, tungsten carbide (WC-Co) tools, have Cobalt as binder 

metal, this element has catalyst function on the formation of graphite, and causes poor film adhesion during 

CVD diamond deposition process [2]. This promoves intense search for methods to mitigate or neutralize its 

negative influence, one of them is the formation of a blocking boride barrier through controlled reactions 

between boron and the constituent elements of the substrate, such as Carbon, Tungsten and the process main 

target, Cobalt, previously achieved by reactive thermodiffusion [3]. This work aims the development of a 

boriding process through activation by hot filament assisted chemical vapor deposition (HFCVD). Finally 

samples were analyzed by Energy-dispersive X-Ray Spectrometry (EDS) and X-Ray Diffraction (XRD). 

2. Experimental

Tungsten carbide samples with 9% Cobalt metal binder were introduced into the reaction chamber 

and exposed to a pretreatment with reagent gas mixtures of H2 and H2 as carrier gas for a heated solution of 

Boron trioxide (B2O3) in methanol with or without CH4 as Carbon source. Gas mixtures, time and sample 

temperature of process were as described in Table 1: 

Sample H2 (sccm) H2+boron solution (sccm) CH4 (sccm) Temperature (°C) Time (h) 

I 99 1 0 720 5 

II 98 1 1 830 5 

3. Results and Discussions

EDS and DRX spectra of Sample I and II were closely the same and shown high Cobalt 

concentration if compared to sample’s starting 9%, as a consequence of the long time period exposed to high 

themperature, Cobalt present in deeper levels of the samples tended to migrate to surface, increasing 

considerably its concentration at this point and low Boron element concentration. Little or none Boron 

compound was identified by XRD,  since its formation could be impaired by low concentration at final gas 

mixture or preferential reaction with other gas specimens, such as the Oxigen present in its own source 

molecule. 

Fig. 1. Sample I EDS spectra. Fig. 2. Sample I DRX Spectra. 
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1. Introduction (bold face Times New Roman 11 pt)

The increase in pollution results in increased dirt and degradation of materials such as glass, 

especially in building [1]. Self-cleaning materials have attracted interest due to the ease and reduction of 

maintenance costs, since they are great in applications that are difficult to access and that make cleaning 

difficult [2]. Self-cleaning glasses can be made through various types of surface coatings by improving or 

adding some characteristics of the glass. 

2. Results and Discussions

Titanium and titanium oxide films were deposited on glass substrates, through triode magnetron 

sputtering technique. The influence of the working atmosphere (controlled proportions of argon and oxygen) 

during the thin films deposition and post annealing treatment on the transparency and the self-cleaning 

properties of films were studied. After the deposition of the films, a set of samples was heat treated, in 

atmosphere and ambient pressure, at temperatures of 500°C for one hour, with subsequent slow cooling in 

ambient atmosphere. Results indicate that the contact angle, between water drop and TiO2 films, reduces 

after annealing treatment. It was  also  observed  a  decrease  in  the  contact  angle  after UV irradiation on 

film surface, that is a well-known characteristic of TiO2. Before the film oxidation through heat treatment, 

the contact angle was 40°. However, it reduces to around 10° after the heat treatment. Moreover, after UV 

radiation on the samples, during 24 hours, the contact angle diminished to less than 10° that is a 

characteristic of super hydrophilic material. 

3. References

[1] PARAMÉS, J.; BRITO, J. Teoria e Prática na Engenharia Civil, n.15, p.55-62, Abril, 2010. 

[2] YUANHAO, WANG; LU, LIN; YANG, HONGXING; CHE, QUANDE. Journal of Nanoparticle 

Research, 2013: 15:1384. 

54



XXXVIII CBRAVIC/III WTMS – INPE, São José dos Campos, SP, 21 a 25 de agosto de 2017 

*Lucas A. Manfroi: lucas.manfroi@univap.br

ID 43: PLASMA TREATMENT OF MAIZE BIOMASS SURFACE FOR LIGNIN BREAKING 

Lucas A. Manfroi1*, Polyana A. Radi1,2, Lucia Vieira1 
1Universidade do Vale do Paraíba - IP&D, São José dos Campos – SP 

2Instituto Tecnológico de Aeronáutica – LPP, São José dos Campos – SP 

1. Introduction

Brazilian’s agricultural production is among the most prosperous of the planet, and maize is one of 

the most important products of this sector [1]. With the large maize production there is a large amount of 

waste, such as maize cob [2]. This maize cob posses high percentages of cellulose, hemicellulose and lignin 

in its composition [3]. Studies using plasma treatment in a DBD (Dielectric Barrier Discharge) reactor, can 

cause the lignin to detach from the lignocellulosic material [4]. This treatment can be used to remove lignin 

from lignocellulosic materials, which could be discarded, and with the removal of lignin the cellulose is free 

to be used to obtain various types of sugars. In this paper  we are presenting the use of plasma treatment in 

liquids to treat maize and check the amount of lignin extracted. 

2. Experimental

Maize lignocellulosic material was properly cleaned and separated in two groups which were 

immersed in an alkaline solution (pH ~12), for 40 minutes, one group was submitted to plasma treatment and 

the other group passed by the same temperature conditions, however, without the interaction of the plasma. 

After the treatment, the solutions were filtered under vacuum. They were separated in liquid and solid part, 

the liquid part was used for color analysis and UV-Vis, in the solid part the analysis of FTIR. 

3. Results and Discussions

In Figure 1 presents a picture with two bottles of solution containing solubilized lignin from the 

extraction by plasma treatment (Figure 1-A) and the control (Figure 1-B). The control solution presented 

more soft and translucent coloration. This coloration is due to the solubilized lignin, which is darker in 

solution with more solubilized lignin, representing a higher extraction rate. 

Fig. 1. Image of solubilized lignin extracted from corn, A 

being treated with plasma and B with control treatment. 

The lignin absorbs in the UV region due to the π * ← π transition of its C = C bonds [5]. There are 

some differences in UV spectra of different lignins, with a maximum absorption between 280 nm and 350 

nm, due to different structures [6-7]. Figure 2 shows the results of the UV-Vis spectroscopy performed on 

the solution after treatment, the plasma treated results are presented in the black curve from this curve it is 

possible to see a higher absorbance compared to the red curve and this difference in absorbance was 53% 

higher, indicating a higher concentration of extracted lignin in the plasma treated sample. In the region of 

390 nm and 450 nm, there is a small absorption in the visible region of the violet, the yellow color being 

complementary to the violet, the yellow color is seen in the solution. 

The phenolic compounds that constitute lignin are the guaiacyl and syringyl nuclei [8], which can be 

observed in Figure 3, which shows the results of the Raman spectra in 1121 cm-1 and 1263 cm-1 guaiacyl and 

1215 cm-1 of syringyl on the red curve of the untreated sample, whereas the plasma-treated, black curve 

sample does not contain such lignin constituents. 

55



XXXVIII CBRAVIC/III WTMS – INPE, São José dos Campos, SP, 21 a 25 de agosto de 2017 

*Lucas A. Manfroi: lucas.manfroi@univap.br 

 

 

Fig. 2. UV-Vis spectrogram of extracted lignin. Fig. 3. FTIR spectrogram of maize cob with and without 

treatment. 

 

4. Conclusions 

Plasma treatment presents promising results, showing a extraction of lignin around 53%, this process 

improves the release of cellulose and consequently sugars production could be improved. 
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1. Introduction

Niobium is a refractory metal that exhibits excellent properties such as high melting point 

(2468ºC), high electrical conductivity, good corrosion resistance, malleability, high hardness and low density 

in comparison to other refractory metals and a wide variety of applications, such as in components of nuclear 

reactors, rockets, missiles, space systems engineering [1]. A major disadvantage of niobium is that in its pure 

state, it promptly oxidizes at high temperatures (above 400ºC) in the presence of oxygen. Nevertheless, the 

incorporation of nitrogen to its surface may have the effect of improving the oxidation resistance of the bulk 

and improve its mechanical and tribological properties [2]. In this work, niobium was treated by high 

temperature nitrogen plasma based ion implantation (HTPBII), in order to produce a thick niobium nitride 

layer on its surface. The modified surface layer was characterized in relation to its tribological properties. 

2. Experimental

The niobium samples (99.4% purity) were cut in discs with 13 mm in diameter and 3mm in 

thickness. These samples were polished until a mirror like surface finish had been obtained. After polished 

the samples were cleaned by ultrasound bath with acetone for 10 minutes. Before treatment they were 

cleaned by argon sputtering for approximately 10 minutes. Nitrogen PBII was run at a working pressure of 6 

x 10-3 mbar, and high voltage pulses of 7kV/30μs/500Hz were applied in two different conditions, for 4 and 

8 hours. For both cases the samples were heated up to 1200ºC during treatments. 

Dry friction coefficient measurements were accomplished in pin-on-disk tribometer using a 3mm 

diameter Al2O3 ball, which was loaded by the force of 2 N against the rotating flat niobium surface with 5 

cm/s of linear speed and 2.06 mm of wear track radius. The worn tracks were examined by scanning electron 

microscopy (SEM) and the volume loss and wear rate were calculated according to ASTM G-99. 

3. Results and Discussions

 The pin-on-disc test revealed that the samples treated by HTPBII presented lower coefficients of 

friction (CoF) in relation to untreated sample, as shown in Figure 1. The measurements were monitored up to 

8,000 revolutions and, for this case, slightly lower CoF values were attained for the sample treated during 4 

hours. The worn tracks of all the samples were examined by SEM, as shown in Figure 2. The width of the 

tracks (D) was measured at five different points, revealing a significant reduction of respective mean values 

in favor of the treated samples. In fact, while D ~ 1430 µm for untreated sample, a tenfold reduction was 

measured for the sample treated during 4 h (D ~171 µm). For the sample treated during 8 h, D ~ 95 µm, 

almost half the value measured by the sample treated during 4 h. The respective volume loss (V) was 

calculated taking into account the mean width of worn tracks, sliding distance and number of revolutions. 

Once again, the longer treatment time led to very significant reduction of V. In fact, V ~ 2,27 mm3 for 

untreated sample, 3,60E-3 mm3 for 4 hours sample and 6,17E-4 mm3 for 8 hours sample. It seems that thicker 

modified layers attained by the treatments performed for longer times are the main responsible for additional 

improvement of tribological behavior of untreated samples. 

Further analysis will be carried out, as the comparative study of tribological performance by 

increasing the number of revolutions during pin-on-disk tests. Additionally, EDS analysis will be also 

performed to evaluate nitrogen peaks present on the worn tracks. 
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Fig. 1. Coefficient of friction for untreated and treated 

samples. 
 Fig. 2. Worn tracks viewed by SEM for (1) untreated 

sample, (2) 4 hours treated and (3) 8 hours treated. 
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1. Introduction

The NiTi alloy is a typical shape memory material, which also demonstrate pseudo-elastic properties. 

These characteristics are result of a reversible martensite transformation when the material is deformed 

beyond its elastic limit, either by heating (SME) or by the applied load release (SE). In temperatures above 

the austenite starting point (As), the austenite phase (A - body centered cubic) is stable under low stresses 

and temperatures under the martensite starting point (Ms); under high stress conditions, the martensite phase 

(M - monoclinic or tetragonal) become stable. Despite the  interesting features, as the low elastic modulus 

and high corrosion resistance, in situations where the Ni release by tribo-corrosion occurs make the NiTi 

alloy unsuitable for use in orthopedic devices [1-2]. 

The plasma immersion ion implantation (PIII) is a satisfactory technique for  the NiTi surface modification, 

improving hardness and corrosion resistance, eventually reduction of nickel ions release in the biological 

environment [3]. 

Instrumented indentation and the analytical Oliver-Pharr methodology [4], are the most adopted methods to 

characterize the mechanical properties of modified surfaces . However, the phase transformations in the NiTi 

alloy during loading results in a coexistence of two phases with different moduli in the volume of 

deformation. Hence, the direct application of the Oliver-Pharr method is inadequate in such a situation. The 

proper study of the nitride layer formed over NiTi, ruling out the substrate influences, demands to consider 

the phase transition under loading, as well as the reverse transformation during unloading [5]. 

The objective of the work reported here was the study of mechanical properties of nitride layers formed on 

NiTi substrates by PIII, also considering the phase transformation induced in the bulk during indentation. 

2. Experimental

The NiTi alloy was annealed at 1000 °C with subsequent water quenching at 0 ºC. The homogenized 

samples were submitted to PIII. The power supply applied a voltage of 8 kV with current of 10 A. The pulse 

width was 30 μs. The pressure of the N2 atmosphere was kept constant at 7.3 kPa. The samples heating was 

attained with a hot filament adjusting the desired treatment temperatures to 600, 700 and 800 °C. To obtain 

substrates with similar features as those found in the nitrided samples, additional samples, not nitrided, were 

heat treated in a furnace, using argon atmosphere to simulate the PIII thermal conditions. 

The structural changes were characterized by X-ray diffraction in the range 20°–60°, using Cu-Kα radiation. 

Additional grazing incidence XRD (GI-XRD) with fixed incidence angle of 2° were also carried out. The 

morphology of the modified surfaces was analyzed by scanning electron microscopy (SEM). The 

instrumented indentation was performed in two different batches: 

 those samples submitted only to thermal treatment were indented using a spherical punch (R

= 20 µm) under single loadings  to estimate the elastic modulus; subsequently, a Berkovich

indenter was employed for hardness.

 the nitrided samples were submitted to the quasi-continuous stiffness measurement (QCSM)

method with a Berkovich indenter.

3. Results and Discussions

3.1 Heat Treatment 

3.1.1 Structural Characterization 

The diffractograms of the thermally treated samples indicated an M+A+precipitates bulk 

composition. There was an increase in the of TiNi3 precipitate contribution as compared to the reference 

(only solubilized) substrate. The 600 ° C sample presented the most significant increase. In the 700-800 °C 

samples, there was a decrease in the TiNi3 peaks in comparison with the 600 ºC case, indicating that a re-

homogenization occurred at those temperatures. The Ti2Ni compound was also identified on samples after 

heat treatment. It precipitated in the NiTi alloy due to stoichiometrically unbalanced Ni/Ti ratio caused by 

the TiNi3 precipitation, which provided more available Ti atoms to nucleate new Ti-rich precipitates, as 

Ti2Ni.  

59



XXXVIII CBRAVIC/III WTMS – INPE, São José dos Campos, SP, 21 a 25 de agosto de 2017 

e-mail: silvio0rk@gmail.com 

  
3.1.2 Mechanical Properties  

In instrumented indentation tests, loads were applied individually to avoid that the induced 

martensite from the previous loading interfered in the next cycle. The A+M+precipitates elastic modulus (E) 

was obtained by adjusting the loading curve with the Hertz equation, provided that the maximum 

displacement / indenter radius where lower than  0.001 [5].  The calculated values for the NiTi bulks ranged 

from 50-70 GPa. 

To determine hardness avoiding pile-up effects during loading, the Cheng-Cheng [6] method was employed. 

The reference sample (NiTi just solubilized) presented the highest value (5.4 GPa). In all the heat treated 

samples, there was an important hardness decrease with the increasing load due to the larger induction of 

martensite in the volume of interaction, since the M phase presents inferior hardness than the A phase [6]. 

 

3.2 Nitrided Samples 

3.2.1 Structural Characterization 

The nitride layer thicknesses were 240 nm, 340 nm, and 560 nm for the treatment temperatures 600, 

700 and 800 °C, respectively. The TiN compound was produced in all the nitrided surfaces, most 

significantly in the 800 °C treatment. Regarding the bulk precipitates,  the Ti2Ni content notably increased, in 

accordance with [6]. It was concluded that the temperature-modified NiTi matrices reproduced quite well the 

thermal conditions found in the nitriding process, inducing the precipitation of compounds of the same 

stoichiometry (TiNi3 and Ti2Ni) with equivalent temperature dependence. Therefore, the mechanical 

properties measured in the thermal treated samples do represent the bulk properties of the nitride ones, as 

seen next.  

  

3.2.2Mechanical characterization  

The effective elastic modulus of the nitride layers produced on TiNi, discounting the substrate 

effects, were inferred through the model proposed by Hay-Crawford [8]. It demands the knowledge of the 

substrate and the layer elastic modulus E and the Poisson´s ratios, as well as the layer thickness. The nitride 

layers formed at the three nitriding temperatures presented  elastic modulus between 110 and 130 GPa. 

The effective hardness of the nitride layers on NiTi substrates were calculated through the method proposed 

by Bhattacharya and Nix [9], using the hard layers on soft substrates equation. It demands the knowledge of 

the effective elastic modulus, calculated above with the Hay-Crawford method. The nitrided layers promoted 

a surface hardening to NiTi up to 4 times higher than the values found for the corresponding thermally 

treated substrates.  
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1. Introduction

In the last decade, atmospheric pressure plasmas have been attracting the researchers attention, due 

to their wide application range, especially in the field of biology and medicine [1].  One of the main 

advantages of plasma processing is that it does not generate hazardous by-products, thus it is environment 

friendly. Application of plasma in agriculture is considered as one of its newest applications. Due to vast 

differences between type of seeds and plasma setups, the effects of plasma on seeds are not fully 

comprehended, yet [2]. Therefore, in this work we present a study of the plasma jet parameters that influence 

on the power of the plasma to be used on seeds. 

2. Experimental

A plasma jet terminating with a wide (horn-like) nozzle was employed in this study. Argon plasma 

was excited by an AC power supply generating an amplitude-modulated sinewave with 25 kHz frequency 

and 24.0 kVp-p amplitude. To verify the influence of the parameters on the applied power, the flow rate and 

number of cycles of voltage signal were varied. Afterwards, different types of seeds (eggplant and lentil) 

were treated to observe the surface modifications and differences in the seeds germination. 

3. Results and Discussions
In Fig. 1 is shown the influence of the number of active voltage cycles on the power. As can be seen, 

when the number of cycles is incremented the applied power increases. In Fig. 2 is exhibited the power 

dependence on the gas flow. The discharge power scale up with both variables, showing how important each 

parameter is. Furthermore, after plasma treatment of seeds it was observed that high values of power and 

long exposure times could damage seeds and prevent their germination. 
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Fig. 1. Discharge power versus number of voltage active 

cycles. (Flow Rate = 1.2 L/min). 

Fig. 2. Power dependence on gas flow rate 
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1. Introduction

In order to achieve low pressures in high vacuum or ultra-high vacuum regimes, several molecules 

sources must be taking into account such as molecules from the volume, molecules adsorbed in the surface of 

the material, water vapors and residual oils from the diffusion or mechanical pumps, for example. Other 

important factor to reach very low pressure is the selection of the materials used in the construction of the 

vacuum system. Although the previous information are important for achieving low pressures, special attention 

should be given to sealing techniques in order to avoid general leaks. The most important leaks found in 

vacuum systems are real and virtual leaks. Real leaks are easier to find, since they can be located using helium 

leak detectors, on the other hand virtual leaks cannot be detected with these devices [1]. Virtual leaks are 

created when small volumes of gas, inside vacuum systems, are connect to the main volume by very high 

impedance connections. In this situation, the air inside this small volume is evacuated following an exponential 

law depending on the cavity volume, the connection impedance and the pump speed. This kind of leak must 

be avoided in any case in vacuum systems, since it can result in very long times to reach the working pressure. 

In this work, it was studied the pressure decay as a function of time in a standard vacuum chamber with a real 

leak, no leak and with a virtual leak. Also, as part of this work, a procedure to measure metal outgassing is 

being developed [2].     

2. Theory and Experimental setup

The pressure decay as a function of time, in a normal vacuum system, is well known and is given by 

equation (1) [3], where Po is the initial pressure, S the pump speed, V the volume of the system and Pres the 

residual pressure due mainly by the material outgassing.  

𝑃 (𝑡) = 𝑃𝑜 𝑒
−(

𝑆

𝑉
)𝑡

+ 𝑃𝑟𝑒𝑠   (1)

Real leak in vacuum systems is represented by the following equation [3]: 

𝑃𝑟 =
𝐶𝑟 𝑃𝑎𝑡𝑚

𝑆
  (2)

where Patm is the Atmospheric pressure and Cr the hole conductance, responsible for the leak. 

On the other hand, the residual pressure as a function of time, in a system with virtual leaks, is 

described by equation (3) [3]. 

𝑃𝑟 =
𝐶𝑣𝑃0

𝑆
𝑒

−(
𝐶𝑣
𝑉𝑐

)𝑡
   (3) 

where Vc is the volume of a very small cavity, connected to the main vacuum system by a very low 

conductance, represented by Cv. 

The leak experiments were performed using a vacuum system composed of a standard chamber, a 

130 l/s diffusion pump, a Bayard-Alpert gauge, and a system composed of a needle valve and two Hoke valves 

used to simulate the leaks. In Figure 1, the experimental setup is shown.  Initially, the vacuum system was 

pumped down to a pressure around 2.0 x 10-6 Torr. The needle valve was opened to simulate a real leak, then 

the pressure achieved a higher pressure value. At this point, the Hoke valve was suddenly closed. While the 

valve was being closed, the Bayard-Alpert gauge controller was recorded at a 30 fps rate creating a movie 

from which was taken the pressures and times used to study pressure variation. 

In order to study the virtual leak decay, the same experimental setup was used. In this case, after the 

pressure reach the residual pressure, around 2.0 x 10-6 Torr. The Hoke valve was opened in order to fill the 

cavity with Atmospheric pressure. The Hoke valve was closed and the needle valve as gently opened, in order 

to create a hole with very high impedance. At this point, the other Hoke valve, placed on the other side of the 

vacuum chamber, was open to allow the rising of the pressure to around 10-3 Torr and then this valve was 

suddenly closed. The same procedure was adopted to record the pressure variation. 
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3. Results and Discussions 

            The obtained results for real leaks, as shown in Figure 2, suggest that special attention should be given 

to sealing techniques in order to avoid general leaks and, specially, to avoid the occurrence of virtual leaks. 

This procedures together with a careful selection of materials e.g: a vacuum chamber made of a low 

degasification rate metal [2], should allow a faster achievement of high vacuum.      

 

 

 

  

 

 
Fig. 1. Schematic drawing of the vacuum system used for 

the analysis of the pressure as a function of time for 

simulated real and virtual leaks. The vacuum system is 

composed by a main vacuum chamber, a diffusion pump, a 

needle valve and two Hoke valves and a Bayard-Alpert 

gauge. 

 Fig. 2. Example of pressure values as a function of 

time in two different situations: with no leak and with 

a real leak. The discontinuity in the dada points is 

due to the need of changing manually the scale of the 

Bayard-Alpert gauge.   

 

Another very important issue to obtain very low pressures in vacuum system is the choice of the materials, 

since the outgassing is the major source of molecules in low-pressure regimes [2]. To study outgassing of 

several materials, small boards of aluminum, brass, copper, stainless steel, and other metals and non-metal 

materials are being prepared. All these materials will be placed in a high vacuum chamber of the new beam 

line of the São Paulo Pelletron accelerator [4]. The high vacuum in the main chamber of this beam line is 

achieved with a 400 l/s turbo-molecular pump. With this system it will be possible to study the outgassing of 

several materials as a function of time and also as a function of the temperature. 
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1. Introduction

Sulfur dioxide (SO2) and its related ions, radicals and fragmentation products are important reagents 

to prebiotic synthesis, since they can lead to the production of sulfur-containing amino acids. SO2 is also an 

important constituent of Jupiter moon Io and is also present at other astrophysical environments. This work 

presents an experimental and theoretical research on the formation of SO3 molecule during the photolysis of 

a pure SO2 ice sample by synchrotron radiation (mainly soft X-rays) at 12 K. 

2. Experimental / Theory

Experiments have been performed at the National Synchrotron Light Laboratory (LNLS), in 

Campinas, Brazil, under ultra-high vacuum conditions (Pressure below 3 x 10
-8

 mbar). In situ analysis was 

performed using an infrared Fourier transform spectrometer (FTIR) at different fluences, just as described in 

details in the experimental work of Pilling and Bergantini [1].  The experimental results led to studies in 

Theoretical Chemistry. Calculations were performed at MP2 theory level with cc-pVTZ basis set, which is 

consistent with the studied systems size [2]. All chemical species had the equilibrium geometry confirmed 

and the enthalpy value obtained at 12 K by applying standard statistical thermodynamics equations. 

Computations were carried out initially in the gaseous phase and then the solid (SO2 ice). For calculations in 

the solid phase, the Polarized Continuum Model (PCM) has been chosen [3]. 

3. Results and Discussions

FTIR spectra of the irradiated SO2 sample have presented formation of SO3, a new chemical species. 

Consequently, it is important to gather information about the SO2 molecule fragmentation pattern and the 

SO3 formation channels at the experimental conditions. Through the calculation of reaction enthalpies with 

or without the solvent influence, one may infer that the presence of the solid SO2, as described by its 

dielectric constant, decreases the reactivity of the O
+
 species regarding the formation of SO3. However, it

should be noted that all the intermediate species assumed to take place in the SO3 production, as SO, O
+
, O2,

and O are products from a previous SO2 dissociation, and therefore their participation as intermediates is 

coupled to this first step. In order to give an overview of the calculations results, it was produced an 

illustrative scheme with the most favorable chemical reactions for the combined process of SO2 photolysis 

and SO3 formation (Fig. 1). From this schematic network, it is clear the channel involving oxygen atom has 

the advantage of requiring only one photodissociation process, totalizing two elementary reactions for the 

trioxide formation. Additionally, activation barriers calculations for the most important reactions are in 

progress. The theoretically identified reaction channels in this study may provide a better understanding for 

the chemical evolution of SO2-rich ices, which is relevant to both Astrochemistry and Astrobiology. 

Fig. 1. Diagram for thermochemically favored SO3 formation routes (in SO2 ice), as indicated from this work 

calculations. The asterisks in SO2* indicate the chemical species participates as an excited state at the referred 

chemical reaction [4], as emphasized by the orange squares. 
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1. Introduction

AISI 316L is one of the most popular materials used as a raw material for orthopedic prosthesis due 

to its low cost, manufacturability and reasonable corrosion resistance [1]. Prosthesis in dynamic contact with 
body fluids induces bio- and tribo-corrosion process. AISI 316L contains cobalt, chromium and nickel, 

which are carcinogenic elements. These chemical elements  produces a processes of inhibition and repair of 

damaged DNA [2]. These elements are also aggressive for biological environment when applied for a long 
time releasing harmful particles, that can increase wear and  metallosis as observed by Waterhouse and Lamb 

[3]. Coatings with high hardness and biocompatibility are essential for steel wear and corrosion protection 

[4]. SiC films have been studied in biomedical applications, due to its properties, such as high hardness, 

biocompatibility, corrosion resistance and others physicochemical properties [5]. These films can be 
obtained several methods as Physical Vapor Deposition (PVD), Chemical Vapor Deposition (CVD) [6] and 

laser cladding [7]. The laser cladding process has been a promising technique, due to having a faster, 

automated and versatile process in comparison with conventional techniques and could be carried out in an 
atmospheric environment [7]. Furthermore, the addition of TiO2 in SiC films can increase the protection of 

the steel. In this work, we examined the tribocorrosion behavior of AISI 316 L stainless steel with SiC 

coating, also with and without TiO2 nanoparticles in comparison with uncoated steel. 

2. Experimental

Prior films deposition, the AISI 316L samples with dimensions of 20.0x20.0x4.5 mm were polished 

with different sandpaper grit size (280, 400 and 600, respectively). Then they were cleaned using an 
ultrasonic bath for 15 minutes using: water with 10% detergent, distilled water and acetone, respectively. 

Carbon Dioxide laser was used as a radiation source for laser cladding under output power of 125 W and 

laser beam diameter of 180 μm. Nitrogen flow (5L/min) was used to provide environmental purging to avoid 
surface oxidation. The SiC or SiC + TiO2 powder was sprayed on the AISI 316L substrate surface using a 

pneumatic gun in order to prepare the samples for laser irradiation. The samples were then irradiated with 

four steps: on first step the laser parameters was 30 % of laser power and 500 mm/s; following three steps 
100 % of laser power and 500 mm/s. After step 3, the samples were sanded with sandpaper number 600 to 

remove loose powder. The powder was again pulverized and a further laser irradiation was carried out again. 

The irradiation by laser in each step takes about 0.8 seconds for the whole sample. 

The films were analyzed by confocal Raman microscope Horiba model Lab Ram HR evolution with 
ionic argon laser wavelength (λ = 514nm) under backscattering geometry. Tribocorrosion analyses were 

performed in Ringer's solution, to simulate extracellular fluids, on static and dynamic modes and the 

corrosion protection effect of SiC and SiC + TiO2 films were evaluated. For these tests, the samples were 
placed in an electrochemical cell according to ASTM G119, using a silver/silver chloride reference electrode 

(Ag/AgCl), and a platinum counter electrode. The working electrode was the sample.  

The tribocorrosion tests were performed using an Al2O3 ball (ϕ= 4.76 mm) under 1.5N. The track 

distance was 2 mm under frequency of 2.5 Hz. The open circuit potential (OCP) was measured for 30 
minutes in static mode, 30 minutes in dynamic mode and finally for a further 30 minutes in static mode. All 

tests were performed in triplicate. 

3. Results and Discussions

Fig.1. shows the Raman spectra of films: SiC film was presented in (green line) and SiC+TiO2 (blue 

line) and SiC powder in (red line), and TiO2 powder in (black line). Is it possible to see that TiO2 in anatase 
phase presented 4 peaks centered in 144 cm-1 (Eg), 398 cm-1 (b1g), 519 cm-1 (a1g), 639 cm-1 (Eg) these peaks 

are according just the characteristics peak centered in 788 cm-1 was not observed according to the literature 

[8]. The SiC film presented characteristic peaks of amorphous silicon in the regions of 200-600 cm-1 for Si-Si 

vibration mode and 1300-1600 cm-1 for C-C vibration mode according to the literature [9]. Peaks centered at 
1368 cm-1 and 1590 cm-1 also indicate the formation of microcrystalline graphite according to the literature 

[10]. From SiC films also is possible to observe the peaks 778 cm-1, 978 cm-1, the intensity of these peaks 

decreased after the laser irradiation when compared with  SiC powder ( in red line), which was already 
observed in literature after thermal treatment effects [11]. From the SiC+TiO2 film was observed SiC peaks 
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(in blue line) remained in the same position after irradiation when compared with SiC powder (in red line). 

In addition, TiO2 powder peaks were observed in black line, the plot with SiC+TiO2 (in blue line) also 

indicated that this mixture avoids SiC amorphization. Fig. 2 shows the Open Circuit Potential (OCP) curves 
before, during and after the tribocorrosion test. In the static mode, the AISI 316L presented OCP higher than 

SiC and SiC+TiO2. These results indicate a lower corrosion potential for the sample without film. After 

1800s the sliding starts and the OCP of AISI 316L shows an abrupt drop for around -0.3 V due to the 
removal of the passive layer from its surface [12]. For the samples coated with SiC + TiO2 film mixture, the 

OCP was -0.1 V during the static period. The OCP decreased slightly to -0.2 V in the sliding region (from 

1800 to 3600 seconds) and then stabilized around -0.13 V. When sliding test finished the OCP increased to -

0.11 V. For the sample covered with SiC film the OCP started with -0.15V in the static phase and decreased 
in the sliding region slightly stabilizing around -0.17 V. The OCP increased and stabilized region around -

0.16V, after sliding movement. The oscillations in the potential values in red line are attributed to the 

mechanical and electrochemical repassivation [13]. The tribocorrosion tests showed that both coatings 
improved the tribocorrosion behavior of the surfaces. The protection provided by SiC + TiO2 films can 

contribute to increase the life time of manufactured prosthesis for knee, shoulder and hip implants avoiding 

early replacement surgeries. Thus, SiC and SiC + TiO2 films, can be produced rapidly and inexpensively by 

laser cladding. The films show to be promising as a coating protection of prosthesis due to improving 
prosthesis material tribocorrosion resistance. 

 

 
Fig. 1. Raman spectra of obtained films 

from SiC and SiC + TiO2 and of SiC 
and TiO2 anatase powders. 

 

 
Fig.2. Open circuit potential (OCP vs Ag/AgCl) values before, during 

and after tribocorrosion tests and wear. 
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1. Introduction

Thermal Spray (TS) is a key technology used on several industrial sectors such as transport, energy, 

materials processing, biomedical and electronic application, with a global market estimated of USD 8 billion 

[1,2]. To meet the increased market requirements and expand the TS application, innovative approach needs 

to be developed. In this sense, a novel TS process called High Velocity Plasma Spray (HVPS) is herein 

described. The core of HVPS process is a plasma torch with a novel design [3].  

2. Experimental Procedures

The HVPS process is based on a novel plasma torch that operates with a low arc voltage fluctuation, 

axial injection of feedstock and operation under supersonic regime. According to the Figure 1, this process is 

composed of the plasma torch, a powder feeder that injects the feedstock into the rear part of the plasma 

torch, and a sample holder that controls the rotational speed of the samples along with on-line monitoring of 

the sample temperature. In-flight particle characteristics, such as particle velocity (vp) and temperature (Tp), 

was monitored using an infrared pyrometer (DPV-2000), and at least 3000 particles data were gathered. 

Fig.1. Experimental setup of HVPS process for coating 

depositions 

Fig.2. In-flight particle analysis of HVPS process 

A Thermal Barrier Coating (TBC) coating was deposited using a bond coat of CoNiCralY (22-45 m) and a 

top coat made of 7%YSZ (5-22 m). The metallic and ceramic coatings were analyzed using SEM, XRD, 

mechanical profilometry and instrumented indentation test. 

3. Results and Discussions

The results of DPV-2000 showed that the HVPS process sprayed the metallic powder at a vp of 500 

m/s and a Tp of 2440°C. The range of particle velocity and temperatures for the ceramic powder 7% YSZ is 

491-683 m/s and 2535-2636°C, respectively. Following the Nusselt (Nu) number (Equation 1) calculated 

from the thermal and kinetic characteristics of the plasma jet, the estimated calculation showed that, on the 

HVPS process, the heat transfer coefficient (h) can be up to 270% higher than the conventional plasma spray 

process [4]. 

Equation 1 

where g is the thermal conductivity, Re is the Reynolds number and Pr is the Prandtl number of the plasma 

jet. 
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Due to the particular vp and Tp characteristics provided by the HVPS process, it was observed that both 

metallic and ceramic coatings possess low roughness and defects, elevated hardness and modulus of 

elasticity, and deposition of high temperature stable phases, i.e., close to nanostructured coatings reported in 

the literature [5]. Therefore, it was demonstrated that the HVPS is a new cost-saving process that promotes 

the deposition of low defect coatings, with superior mechanical properties using 1/3 of total input power in 

comparison to coatings produced by APS [6]. 

 

 

 Bond coat Top coat 

Properties CoNiCrAlY 7%YSZ 

Surface Roughness  

(Ra, m) 
5.8  0.2 2.8  0.4 

Coating thickness (m) 50 130 

Porosity (%) 0.8  0.3 0.25  0.09 

Oxide content (%) 3.8  0.7 - 

Main phases 
, Co-Ni-Cr 

, (Co,Ni)Al 
t’, c 

Hardness (GPa) 6.1  1.6 14.3  1.1 

Elastic Modulus (GPa) 155  21 208  9 

Interface Toughness 

(MPa.m
1/2

) 
2.4 - 

Table.1. Main properties of bond coat and top coat 

deposited by HVPS process 

Fig.3. SEM cross section image of the TBC coating  

 

4. References  

[1] Espallargas, Nuria. 2015. Introduction to Thermal Spray Coatings. In Future Development of Thermal 

Spray Coatings, edited by Nuria Espallargas, 1–15, ed. Elsevier. 

[2] Vaßen, Robert, Maria Ophelia Jarligo, Tanja Steinke, Daniel Emil Mack, and Detlev Stöver. 2010. 

Overview on Advanced Thermal Barrier Coatings. Surface and Coatings Technology 205 (4). Elsevier B.V.: 

938–942. 

[3] Caliari, F.R., F.S. Miranda, D.A.P. Reis, G.P. Filho, L.I. Charakhovski, and A. Essiptchouk. 2016. 

Plasma Torch for Supersonic Plasma Spray at Atmospheric Pressure. Journal of Materials Processing 

Technology 237, 351-360. 

[4] Xiong, Hong Bing, Li Li Zheng, Li Li, and Anirudha Vaidya. 2005. ―Melting and Oxidation Behavior 

of in-Flight Particles in Plasma Spray Process. International Journal of Heat and Mass Transfer, 48 (25–26): 

5121–5133.  

[5] Fauchais, P, G Montavon, R S Lima, and B R Marple. 2011. ―Engineering a New Class of Thermal 

Spray NanoBased Microstructures from Agglomerated Nanostructured Particles, Suspensions and Solutions: 

An Invited Review. Journal of Physics D: Applied Physics 44 (9), 53p. 

[6] G. Mauer, D. Sebold, R. Vaßen, E. Hejrani, D. Naumenko, W.J. Quadakkers. Impact of Processing 

Conditions and Feedstock Characteristics on Thermally Sprayed MCrAlY Bondcoat Properties. Surface and 

Coatings Technology, 318, 114-121. 

 

Acknowledgments  

The authors acknowledge financial support from FAPESP (Grant No. 2012/24851-7), CNPq, and 

CAPES. 

Bond coat 

Top coat 

69



XXXVIII CBRAVIC/III WTMS – INPE, São José dos Campos, SP, 21 a 25 de agosto de 2017 

*andre.marcondes@inpe.br

ID 57: EFFECT OF NITROGEN PLASMA IMMERSION ION IMPLANTATION ON 
SURFACE DISCHARGE BREAKDOWN VOLTAGE OF ALUMINIZED POLYIMIDE 

Marcondes A.R.*, Rossi J.O., Ueda M.  
Laboratório Associado de Plasma, Instituto Nacional de Pesquisas Espaciais 

1. Introduction

Kapton (trademark from DuPont) is the most known polyimide film. Kapton is a polymer that has 
been used for many years in a great variety of applications due to its outstanding and unique properties. The 
combination of its properties makes Kapton ideal for use in harsh environments, especially in space. In space 
technology, thermal blankets are vital for regulating the temperature of most of the spacecrafts. The blankets 
usually consist of many layers of thin sheets with aluminized Kapton as the outer layer. Aluminized Kapton 
film is used to absorb/reflect the solar energy in order to avoid overheating and overcooling in the interior of 
the spacecraft. Kapton is a material widely used in thermal blankets due to its high strength-to-weight ratio, 
good mechanical properties, excellent thermal stability, chemical inertness and suitable thermal optical 
properties [1]. However, in space, Kapton is subject to several aggressive agents, including atomic oxygen, 
UV radiation, outgassing, energetic particle radiation, and meteoroids and debris. Prolonged exposure of the 
Kapton surface to those agents can significantly degrade Kapton, affecting the thermal control performance 
and resulting in premature failure of the mission. The multiple aggressive agents in space environment affect 
Kapton in different ways. Energetic charged particles are present throughout the Earth magnetosphere [2]. 
Energetic particles, particularly from the radiation belts and from solar particle events, cause radiation 
damage to spacecrafts. Many satellites have been lost and others have had significant operational anomalies 
due to spacecraft charging caused by the charge accumulation provided by the impact of energetic charged 
particles [3]. The energetic charged particles that impact the surface of Kapton cause both surface charging 
and internal charging in the bulk of the material. The charge accumulation can be damaging to the Kapton 
and compromises the thermal blanket function. Potential differences appear on the surface of the Kapton due 
to energetic charged particle impacts. When the potential difference exceeds a certain threshold, surface 
discharge happens [4]. The breakdown discharge on the surface of the Kapton causes damages in its structure 
and can affect other components of the spacecraft as antennas and on-board electronics. So, it is desirable to 
improve the flashover characteristic of the aluminized Kapton to turn the polymer less susceptible to surface 
breakdown discharges. It is well known that the polyimides can be strongly modified by ion implantation [5]. 
Plasma immersion ion implantation (PIII) is an evolving technique that has been used for a long time to 
promote surface modification in a wide variety of materials. In the last decades, several researchers have 
concentrated their attention on the surface modification of polymers using PIII. This technique has been used 
to improve different properties of many kinds of polymers [6,7], including Kapton [8]. In this work, we use 
PIII technique to improve the flashover characteristic of aluminized polyimide, that is, to increase the 
polymer surface breakdown voltage.   

2. Experimental

Kapton used in this study was produced by DuPont as a thin film. The film was 25μm in thickness 
and metallized with a very thin layer (around 70nm) of aluminum in one side. The DuPont film sheet was cut 
in samples of two sizes (80mm x 130mm and 50mm x 360mm) which were then treated by nitrogen PIII 
using the same processing parameters. The samples were put inside the plasma using two sample holders. 
One sample holder was an aluminum cylinder in which the Kapton samples were wrapped around it, and the 
other one was a 4-inches diameter stainless steel tube in which the Kapton samples were put on its inner side. 
In both cases, the samples were treated with and without a stainless steel metallic grid placed over the 
samples. The use of the metallic grid is a well-known technique used to avoid charge accumulation when 
dielectric samples are treated by PIII. Some samples placed inside the tube were treated with the use of 
magnetic field which was applied to create a denser plasma around the sample. The surface breakdown 
voltages of the untreated and treated samples were measured using the experimental apparatus depicted in 
Figure 1. The apparatus is composed by a DC power supply to charge a high-voltage capacitor and two 
ignition coils used to elevate the discharge capacitor voltage. The samples were placed between two 
electrodes separated by a distance previously known. The voltage in the DC power supply was step by step 
increased up to the electric breakdown on the Kapton surface. After the capacitor charging at a value set 
previously, the closure of a manual switch allowed that pulsed voltages were applied to the samples to cause 
the dielectric breakdown discharge. The voltages across the two coils were measured by means of a digital 
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oscilloscope as shown in Figure 2. The breakdown voltage is given by the peak to peak differential 
measurement on the voltage waveforms. 
 
3. Results and Discussions  
  

The dielectric strengths were obtained dividing the breakdown voltages by the linear distance 
between the electrodes. As a probability distribution of failure for each sample test was used, a minimum of 
five measurements was required for the statistic method The obtained data were treated using the Weibull 
distribution and failure analysis. The results indicate that nitrogen PIII of aluminized Kapton can be 
advantageous to improve its dielectric strength, especially when the sample is treated without the use of the 
metallic grid and inside the tube. In this case, the increase in the dielectric strength reached circa of 59% 
compared to the untreated sample. A significant increase of 42% was also obtained in the same case when 
Kapton samples were treated with cylindrical sample holder. The treatments using metallic grid have shown 
no good results, regardless the type of holder. The treatments using magnetic field have provided an increase 
in the dielectric strengths, but not as relevant as in the case without the magnetic field. 

 

 

 

 

Fig. 1. Experimental apparatus used for the measurement 
of the surface dielectric strength of the untreated and 
treated samples. 

 Fig. 2.Waveform of the pulsed voltage applied to the 
Kapton sample. The abrupt fall on the waveform 
indicates the dielectric breakdown and the peak-to-
peak value gives the surface breakdown voltage. 
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1. Introduction
The INPE Associated Plasma Laboratory is carrying out the development of ion thrusters to 

be used in the attitude control of geostacionary satellites. Current research activities includes the 
performance tests of an electron bombardment ion thruster of a 5mN thrust with employs xenon as 
propellant. This constraint is posed by the low power capability of the remote sensing sattelite. Two 
hollow cathodes will be used in the present thruster to generate the plasma  and to neutralized ion 
beam. A great deal of attention has been devoted to the need for a thermal and mechanical design, 
aimed at minimising the total power input for startint and for steady state operation. At the 
cathodes, the requiriments is to attain the operation tip temperature rapidly and then to maintain it 
after discharge initiation.  With sufficiently low heat loss from the cathode, the energy dissipated in 
the cathode discharge is sufficient to maintain the tip temperature, and hence the discharge, without 
operation of the heater. It is important to ensure that the tip temperature by electron bombardment is 
not excessive (~ 900 o C), minimizing loss of barium. A (Ba, Sr, Ca)CO3 suspension was used for 
coating of tantalum spiral inserts wich after breakdown thermal process is ready for used in hollow 
cathodes.  We report on the performance of a hollow cathode emission parameters. Measures have 
been taken of the emission current as function of cathode temperature and anode voltage. Good 
capability of this cathode has been demonstrated and forthcoming data will be used to stablish life 
endurance models relevant to ion thrusters applications. 

2. Experimental

In the Associated Plasma Laboratory (LAP), ion thrusters started running with tungsten 
filaments, which were replaced by oxide cathodes, and presently they are equipped with rolled-
tantalum-oxide-foil hollow cathodes. All these cathodes were entirely developed and built at LAP. 
The present hollow cathode consists of a 5-mm diameter by 40-mm long, 0.3-mm-wall thickness 
tantalum tube, with a cold-pressed 1-mm diameter orifice tungsten tip. The insert consists of a 5-
turns rolled tantalum foil painted with a thin layer of mixed carbonates, (Ca, Ba, Sr)CO3, which are 
converted to oxides by heating the insert up to 900 oC. The cathode heater comprises a boron nitride 
body machined in the shape of a revolver cylinder, in which holes a coiled tungsten filament is 
passed through. This heater expends 90 W to heat the cathode up the carbonate to oxide conversion 
temperature. As there are no commercial standard pipe fittings for 5 mm-diameter tubes, both the 
connector and the ferrules must be developed and machined specially for sealing the cathode body. 
The present hollow cathode full assembly is shown in Fig.1.  

3. Results and Discussions

The preliminary experimental tests have revealed that this hollow cathode can operate at 
currents in the range of 3 to 10 A for long time periods, and at 18 A for short time periods. This 
cathode is still under investigation aiming both at its complete performance characterization and 
performance enhancement. 
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Figure 1. Rolled-tantalum-oxide-foil hollow cathode: heater cartridge fully assembled. 
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1. Introduction

The development of transparent and conductive oxides (TCOs) enabled the description of a new 

optoelectronic scenario by means of touchscreen displays and light-emitting diodes. In the solar industry, it 

was possible to improve the general properties of dye sensitized solar cells [1, 2]. The most used TCOs are 

ITO (Sn:In2O3) and FTO (F:SnO2), where ITO has the highest conductivity. However, due to its higher cost, 

other materials are under research. Among many candidates, titanium dioxide (TiO2) is the promising one. 

Although this material present optical transmittance near to glass, its electrical resistivity is near to an 

insulator. To improve the electrical conductivity, several methods have been suggested, where the most 

simple is the deposition of TiOx (with x < 2) [3, 4]. This structure is a transparent semiconductor with 

electrical resistivity below to 10
-2

 Ω.cm [5, 6]. For application of the TiOx as TCO in solar cells, it is

important to know the influence of the solar radiation in the sheet resistance. The most energetic part of the 

solar spectrum is composed by UV and it represents about 7% of the total radiation reaching the earth’s 

surface. Thus, this paper investigates the sheet resistance of TiOx under UV exposition for films deposited in 

several experimental methods. For data comparison and evaluation, the sheet resistances of commercial 

TCOs were also measured. 

2. Experimental

TixOy thin films were deposited on microscope slides (cleaned with Extran MA 02) by triode 

magnetron sputtering technique. The chamber was evacuated to a base pressure of 1×10
-4

 Torr (~ 1.3×10
-2

 

Pa) by a pumping system composed by mechanical (Edwards E25) and turbo molecular (Pfeiffer HICUBE 

80 eco) pumps. Films were deposited with a DC Pinnacle Plus power supply at several powers (340, 370, 

400, 430 and 460 W) where the deposition time was kept in 10 minutes. Before each deposition, the 

hysteresis curve was taken to know the target poisoning point. All depositions were made before this point, 

where were possible to deposit suboxides. The deposition pressure was maintained between 3 and 3.5 mTorr 

with the argon flow rate kept in 1.7 sccm. The oxygen flow rates ranged from 3.4 to 4.8 sccm, according to 

the power applied in the target. The temperature of the substrate remained between 49 and 56
o
C for all 

depositions. All films produced have colorations between blue and green. The electrical properties of the 

samples were analyzed by 4-point probe (feed by a Keithley source meter model 2400) under UV exposition 

with 254.7 nm wavelength [7, 8]. 

3. Results and Discussions

Figure 1 shows the sheet resistance of the films as function of the exposition time of UV light for the 

commercial TCOs and deposited films. Results show that UV light does not have any influence in electrical 

properties of the commercial TCOs; on the other hand, the sheet resistance of the deposited films decreases 

as the exposition time increases. Note that films deposited with 400, 430 and 460 W present sheet resistances 

of only one order higher than that presented by the commercial TCOs. 

The decrease of the resistivity of the nonstoichiometric film may be explained through Fermi level 

[9]. For a stoichiometric TiO2 the Fermi level is located near the valence band, where the electrons have low 

mobility, explaining why this material presents high sheet resistance. When the film is doped with a metal, as 

in the case of the commercial TCOs, the Fermi level is shifted into the conduction band (phenomenon known 

as Burstein-Moss effect) and, then, the sheet resistance is poorly affected by UV. For a nonstoichiometric 

TiO2, the Fermi level is located near the bottom of the conduction band; thus, the electron mobility is 

affected under UV/Vis/NIR exposition due to the existence of mid-gap states. 
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 Fig. 1. Sheet resistance of the films as function of the exposition time to UV. 
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1. Introduction

With the most effective balance of carbon, chromium, nickel and molybdenum for corrosion 

resistance, AISI 316L austenitic stainless steel is widely used for high temperature, aggressively corrosive 

conditions and nuclear reactor applications. However, with a low hardness (200 HV) and an austenitic 

structure which cannot be hardened by heat treatment, there is no easy way to improve its wear resistance 

[1]. 

The PVD has aroused considerable interest in recent years since it permits the deposition of dense and 

compact coatings, leading to improved chemical and mechanical properties. This technique produces a wide 

range of coatings with high wear and chemical resistance at relatively low cost and through easy coating 

procedures [2]. In order to improve their surface properties, different types of coatings such as oxides, 

nitrides, carbides and “Diamond Like Carbon” (DLC) can be deposited trough this technique in order to 

improve wear properties [3], [4]. 

The aim of this study was to investigate Ti-W coating on AISI 316L by PVD in order to improve the sliding 

wear resistance of stainless steel 316L. 

2. Experimental

Sample of AISI 316L stainless steel (0.03 C wt%, 16.7 Cr wt%, 9.5 Ni wt%, 2.9 Mo wt%, and Fe 

balance) with sizes 1.5 cm x 1.5 cm x 0.6 cm was used as substrate. The substrate was prepared 

metallographically and cleaned ultrasonically in an acetone bath for 15 minutes before of deposition. A R.F. 

magnetron sputtering system (13.56 MHz) and target Ti10W90 (99.99% pure) were employed to TiW 

interlayer deposition. The coating was synthesized using a pressure in the chamber of 0.19 Pa and applying 

power of 200 W, while Ar was used as precursor gas for plasma with flow of 20 sccm. The deposition times 

was selected in order to obtain a thickness of 300 nm. 

The crystal structure was determined by X-ray diffraction (XRD) using an X-pert Pro Panalytical 

device operating in beam mode at 5°, with monochromatic line Kα of copper (1.540998 Å) working at 45 kV 

and 40 mA. The chemical composition of the interlayer was determined via energy-dispersive X-ray 

spectroscopy (EDX) with energy of 4 kV to 6 kV using a SEM MIRA3. Tribological studies were carried out 

using ball on disc method on the CSM instrument tribometer at a load of 1N, linear speed of 16 cm/s and 

sliding distance of 3m. Prior to wearing test, the coating and ball were ultrasonically cleaned in isopropyl 

alcohol for 3 min and then dried in the air. Stainless steel AISI 316 ball of 4 mm in diameter was chosen as 

the counterpart. Tribology experiment were conducted in ambient atmospheric condition at room 

temperature. 

After the wear test, the 2D profile, 3D profile and wear loss of track on sample was measured by a 

Bruker Contour GT-K vertical scanning interferometer. The surface morphology of the coating was analyzed 

using a scanning electron microscope (SEM, Tescan/mira 3), operating at a voltage of 15 kV. Energy 

dispersive X-ray spectroscopy (EDS, X-MAX 50/Oxford Instruments) was used for elemental analysis of 

wear track. 

3. Results and Discussions

The evolution of coefficient of friction (COF) on Ti-W coating and 316L substrate during the ball on 

disc tribological test at room temperature is summarized in Fig. 1. The COF of the Ti-W coating was lower 

than of the 316L substrate. Friction coefficient of the sliding system Ti-W/316 is 0,16 which increases to 0,4 

while de sliding system of substrate has a significantly higher value in the range 0,5-1,5. The friction curve is 

unstable in case of substrate sliding system. This instability appears due to the large deformation occurring 

during sliding according to Fig. 6. The Ti-W coating presented a better anti wear properties with lower COF 
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value than 316L substrate, however, it increased during wear stage, which could be attributed to an 

accumulation of wear products (debris) in the contact zone. 

 

 

 

 
Fig. 1. Friction coefficient of  the Ti-W coating and 

316L substrate 
 Fig. 2. Wear rate of  the Ti-W coating and 316L 

substrate 

 

The wear rate (mm3/Nm) of the coating and substrate against sliding distance was calculated by the 

formulae used in literature [5],[6]. The results shown in Fig. 2. indicated that the wear rate of the Ti-W 

coating was higher than substrate. 2D wear profiles cross the sliding direction were obtained on the wear 

scars of the substrate and coating, under normal load of 1N the maximum wear depth of the Ti-W coating 

was approximately 0,03µm, much smaller than that of the 316L substrate approximately 5µm. This 

suggesting that the substrate under this normal load suffered a much severe wear. The drx shows the 

presence of two phases Ti y W, there is not formation of new peak indicating the absence of a new phase. 

The calculated network parameter for Ti and W was 0.28954 nm and 0.31137 nm respectively.  
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1. Introduction

Diamond-like carbon (DLC) films have attracted attention in the last years because of their 

properties, such as low friction coefficient, high hardness, high elastic modulus, chemical inertness, 

biocompatibility, and high degree of wear resistance [1]. Nevertheless, the DLC coatings not have good 

adherence on metallic substrates. This behavior is basically due to difference of the coefficients of thermal 

expansion between the coatings and the substrates (0.8x10-6 <α<4.5x10-6 K-1, for 293,15<T<1073,15 K for 

diamond, and approximately 11x10-6 K-1 for steels) [2]. On the other hands, carbon presents a very large 

solubility in most ferrous materials and the Fe vapour pressure affects the plasma [3]. Due to this fact, 

several researches have been made to increase the adherence of DLC coatings onto metallic surfaces. The 

most common process is to place an interlayer between the substrate and the DLC film [1, 2, 4-7].  

Another authors have studied as influenced the diffusion in the adhesion [8], [9]. They calculated 

the diffusion of diverse materials in the Fe and it was suggested that the interlayer should serve as a diffusive 

barrier between carbon and iron with a mutual diffusion with the substrate. Spinnewyn et al. [8] concluded 

that is better to use W, Ta, and Cr as interlayer due to their excellent diffusion barriers for the iron from the 

steel substrates. They obtained that Si and Ti would require very thick layers and they decided to use W and 

Mo as interlayers, but low adhesion was observed. On the other hands, another authors [9] ensured that Fe 

has a low diffusion in Cr, Ta, and W; average in Cu, Au, and Ag; and high in Ti. Therefore, a good adhesion 

was expected between the steel substrate and the titanium interlayer. From that point of view, the interlayer 

of Ti does not seem to be adequate in comparison to W interlayer. However, at the beginning of diamond 

growth the formation of TiC and diamond nucleation can form quickly and if the deposition temperature is 

low, the carbon diffusion may be reduced. Thus, they selected titanium as an interlayer material getting good 

adhesion. 

In order to reduce the coefficient of thermal expansion gradually multi-layers were deposited by 

several authors [10], [11], but the use of the interlayers made with alloys are not been reported. For this 

reason, in this work an alloy of TiW was used as interlayer in order to improve adhesion of the DLC coatings 

onto AISI 316L stainless steel substrates. The influence of the interlayer thickness was studied, using 100, 

200, and 300 nm. The TiW interlayers were deposited via R.F. magnetron sputtering, while the DLC 

coatings using a modified pulsed-DC PECVD system with an additional cathode.  

2. Experimental

Samples of AISI 316L stainless steel (0.03 C wt%, 16.7 Cr wt%, 9.5 Ni wt%, 2.9 Mo wt%, and Fe 

balance) with sizes 1.5 cm x 1.5 cm x 0.6 cm was used as substrate. The substrates were prepared 

metallographically and cleaned ultrasonically in an acetone bath for 15 minutes before of deposition. A R.F. 

magnetron sputtering system (13.56 MHz) and Ti10W90 target (99.99% pure) were employed to TiW 

interlayer deposition. The interlayers were synthesized using a pressure in the chamber of 0.19 Pa (1,9X10-3 

mbar) and applying power of 200 W, while Ar was used as precursor gas for plasma with flow of 20 sccm. 

The deposition times were selected in order to obtain thicknesses of 100 nm, 200 nm, and 300 nm, 

respectively (see figure 1). After the interlayer deposition, the substrates were put into a pulsed-DC PECVD 

reactor with an asymmetrical bipolar pulsed-DC power supply and an active screen for the DLC coating 

depositions. Before DLC film deposition, the substrates were sputter cleaned in an argon atmosphere for 15 

minutes in order to remove any contamination on the surface. DLC films were deposited using methane as 

precursor gas, a pressure of 5 Pa (gas flow of 5 sccm), and applying a negative voltage of -700 V for 3 hours.  

The crystal structure was determined by X-ray diffraction (XRD) using an X-pert Pro Panalytical 

device operating in beam mode at 5°, with monochromatic line Kα of copper (1.540998 Å) working at 45 kV 

and 40 mA. The surface morphology was observed using a high-vacuum FEI QUANTA 200 scanning 
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electron microscope (SEM), operating at a voltage of 30 kV. The chemical composition of the interlayer was 

determined via energy-dispersive X-ray spectroscopy (EDX) with energy of 4 kV to 6 kV using a SEM 

MIRA3. Raman spectroscopy allowed determining the microstructure of the DLC films using a HR 

Evolution spectrometer and a laser of 514 nm. Scratch test was employed to calculate the critical load using a 

Rockwell C indenter and varying the applied force, also test of indentation was used. 

 

 
 

Fig. 1. Interlayer scheme. 

3. Results and Discussions 

A TixWy interlayer was deposited on AISI 316L substrates in order to improve DLC coating 

adhesion. The composition of the interlayer’s were 56 W wt% and 44 Ti wt% for the film with 300 nm of 

thinness, while in the film with 100 nm 49.7 W wt%, 41.7 Ti wt%, and 8.6 Fe wt% were determined. Surface 

morphology showed that the coatings did not grow homogeneously, observing zones with high content of W 

and Ti. X-ray diffractograms are shown in figure 2, presenting of two phases Ti y W, there is not formation 

of new peak indicating the absence of a new phase. The calculated network parameter for Ti and W was 

0.28954 nm and 0.31137 nm respectively. A change of the preferential direction for the different thicknesses 

was detected. Raman spectra showed that DLC coatings with a content of hydrogen between 20 and 30% 

were deposited. The adhesion strength did not change significantly when different interlayer thicknesses 

were used, showing a critical load of about 30 N. This preliminary work allowed the deposition of DLC 

films with good adhesion on surfaces of AISI 316L substrates. Other investigations are being carried out in 

order to grow these coatings using lower pressures (less than 1 Pa) and other interlayer’s.   

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. X-ray diffractograms. 
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1. Introduction

Deposition of polymer films by plasma has emerged as an alternative approach because it is 

environmentally friendly, promoting enhancement of adhesion to metallic substrates and protection from 

corrosion [1, 2]. The most studies of plasma polymers are performed at low pressure, which requires 

expensive vacuum systems [1]. In contrast, plasma processing at atmospheric pressure for obtaining polymer 

films is economically favorable because does not require such apparatus. The aim of this work is to study the 

surface properties of polymer films obtained by Atmospheric Pressure Plasma Jet (APPJ) on SAE 1020 steel. 

2. Experimental

     The substrates used in this work were SAE 1020 steel discs. The plasma jet system consists of a 18.0-

mm-diam Pyrex tube terminating with a horn-like nozzle, a HV electrode placed inside it and a grounded 

electrode covered by glass table that is placed beneath the tube. Plasma was excited by an AC power supply 

operating at 19.0 kHz and voltage amplitude of 15.0 kVp-p. The device was flushed with 1.0 L/min argon 

flow resulting in an approximately 10-mm-long plasma plume, which was extracted from the tube exit. In 

order to deposit polymer film a mixture of air/monomer at flow rate of 0.1 and 0.05 L/min was introduced 

into the discharge. Samples were exposed to the plasma jet for 10 and 20 min. using a nozzle-to-sample 

distance of 2.0 to 6.0 mm. First, open circuit potential curves were obtained to optimize the experimental 

conditions and after this, the polarization analyses, contact angle, and scanning electron microscopy were 

carried out in the best condition for obtaining the HMDSO films. 

3. Results and Discussions

A decrease of the water contact angle from 98° up to 28° was observed for the samples without and with

deposited film, respectively. As evidenced by SEM, the HMDSO films exhibited non homogeneous surface 

morphology as evidenced by two different regions in the figure 1, a rougher (R1) and a smoother (R2). 

Figure 2 presents a magnification of the R2 region. The cauliflower structure can also influence the surface 

wettability. The results of electrochemical measurements presented a slight improvement of the corrosion 

potential and corrosion current density of SAE 1020 steel after the HMDSO film deposition. 

Fig. 1. SEM images of HMDSO films (t=10 min, 

gap=6mm): 200X. 

Fig. 2. SEM images of HMDSO films (t=10 min, 

gap=6mm): 10,000X 
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1. Introduction
As versatile materials, titanium and titanium-based devices are often exposed to challenging situations, 

which can compromise their mechanical integrity. In super-hydrophilic films, fuel cells, fusion reactor walls 
or tritium storage targets, the surface interacts with hydrogen in varied degrees of severity, which can 
eventually lead the material to undergo embrittlement mediated by the precipitation of hydrides [1]. A nitride 
layer produced, e.g., by plasma-based methods, operate as a barrier for the hydrogen diffusion into the bulk 
[2]. On the one hand, the hydrogen interaction with nitrides at near surface is not yet completely understood; 
on the other hand, the controlled irradiation of TiN and the native surface oxides can lead to interesting 
modifications due to the charge balance in the surface. These issues were investigated here.   

2. Experimental
Titanium samples were plasma nitrided in a conventional glow discharge chamber at 600 ºC, and 

subsequently hydrogen-implanted through plasma immersion ion implantation, using ion energies from 1.2 
keV to 5.0 keV. The surfaces were analyzed by scanning electron microscopy, instrumented indentation, X-
ray diffraction, micro-Raman spectroscopy, X-ray photoelectron spectroscopy (XPS) and Fourier-transform 
infrared spectroscopy (FTIR). 

3. Results and Discussions
The plasma nitrided surfaces consisted in hardened (40% higher hardness than substrate) and stiffer 

(200% higher elastic modulus) layers constituted of Ti2N and TiN. Differently from the intense plasma-based 
hydrogenation, described elsewhere [3], the H-implantation were restricted to very shallow depths on the 
nitrided surfaces, producing no assessable changes in the crystalline structure, mechanical properties or 
morphology. Such features corroborated with the H-barrier effect provided by the nitrides layer. 
The Ti2p doublet, N1s and O1s XPS analyses disclosed that the TiN amount reduced with the rising H-
implantation, as the TiO2 contribution to the spectra increased. From the photoelectron detection theory [4], 
and assuming a stratified TiO2 + TiNxOy + TiN layer on the top surface, it was demonstrated that  

ln ���
����

= ln �
,��
�
,���

+ ln 1 − exp �− �
λ ��� ���  (1) 

is directly proportional to the increase of the oxide layer and decrease of the TiN one, which correlated in a 
linear-like fashion with the H-implantation energy, as shown in Fig. 1. In the equation above, I are integrated 
intensities of Ti2p XPS peaks ascribed to the layer (lay) and the oxide (ox), where the index 0 denotes values 
calculated for photoelectron beams emerging from “infinitely thick” materials. θ is the take-off angle from the 
surface, d the layer thickness, and λ the inelastic mean free path.  

Fig. 1. Correlations of the H-implanted ion energies with 
features of the nitrided surfaces. Open symbols are 
ascribed to Equation 1 and addressed to the left side axis. 
The close symbols address to the right side axis, which 
were calculated through Equation 2. Lines are only guides 
for the eyes. 

Fig. 2. FTIR spectra of titanium and nitrided titanium 
surfaces, prior and after the H-implantation with ion 
energies 2.5 keV and 5.0 keV. 
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Also linear with the H-implantation energies were the N/Ti atomic ratio, inferred for the TiN compound from 
Raman spectra by [5] 
�
�� ∝ � !"�#!

� $"�#$
.                                                                                                                                                      (2) 

In this relation, the integrated peak intensities I stands for first-order transversal and longitudinal optic (TO, 
LO) and acoustical (TA, LA) scattering modes. Differently from equation (1), the N/Ti ratio was nearly 
inversely proportional to the H-implantation energy, as also shown in Fig. 1. The evolutions of equations (1) 
and (2) with respect to the H-implantation energy were indicatives of the surface denitriding. This phenomenon 
is probably a conjunction of physical and chemical effects, promoted by momentum transfer from the energetic 
ions and the environmental chemical conditions.  
Fig. 2 presents FTIR spectra of titanium and nitrided titanium, prior and after the H-implantation. A strong and 
narrow line at 668 cm-1 was produced on the H-implanted titanium. It was also observed in the plasma nitrided 
samples, which persisted after hydrogenation, although with lower absorbance intensities. These peaks are 
ascribed to Ti-OH stretching in the OTi(OH)2 molecule bonded in the surface [6]. It was produced on titanium 
through changes in the hydroxylation states of native oxides by the energetic H-bombardment. On nitrided 
titanium surfaces, the formation mechanism possibly involved photocatalysis in air atmosphere, enhanced by 
the presence of oxinitrides. The subsequent H-implantation changed the oxinitrides stoichiometry, as seen in 
Fig. 1, with consequences to the hydroxylation states of the nitrided surface. Perhaps, some photocatalysis 
controlling can be attained by the H-irradiation on titanium and nitrided titanium.  
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1. Introduction

Cement matrices, without addition of fibers, tend to crack when subjected to mechanical tensile 

testing. Fibers can be introduced into these matrices aiming at improvements in their traction resistance. 

Asbestos fibers were widely used for this purpose, but because of problems related to the health of those who 

manipulated them and because of legislation of several countries converged to prohibit and ban the use of 

this mineral, this kind of fibers have been replaced [1, 2]. Synthetic fibers as wood, sisal, jute and hemp were 

first tested and, in spite of their good results, its use entails a high cost final product [3,4]. The use of 

reinforcements of vegetable origin appears as an interesting alternative because it is economically viable, 

ecologically correct and it is possible to modify the surface of them to avoid any obstacles that limit its use 

into cement-based composites [5]. 

2. Experimental

In this work, the physical-mechanical properties of extruded cement-based composites produced  

with cellulose pulps superficially modified with silicone was evaluated. The experimental design for the 

superficial chemical modification of the cellulose was based on the evaluation of silicone in concentrations 

of 0, 5, 10, 15, 20 and 25% in relation to the dry mass of pulp. The treatments that presented satisfactory 

surface modification were used to produce cement-based composites, by the extrusion method. The 

formulation used in the production of the composites was 5% cellulose, 60% Portland cement CPV-ARI, 

33% ground agricultural limestone, 1% HPMC (Hydroxypropylene Methylcellulose) and 1% ADVA 

(Polyether carboxylic additive), with final water / cement ratio of 0.4. 

3. Results and Discussions

The cement-based composites had their physical-mechanical properties analyzed by physical tests of 

apparent density, water absorption and apparent porosity and by mechanical tests of static bending for 

determination of proportionality limit, modulus of rupture, modulus of elasticity and toughness. The 

composites that presented satisfactory results for the analyzes to verify the efficiency of adhesion between 

pulp and cement were those elaborated with increment of pulp cellulosic with concentrations of silicone 

varying between 10 and 20% in relation to the dry mass of pulp. 
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1. Introduction

The interest in the reaction between the CO molecule and the H atom comes from its relevant processes 

in atmospheric chemistry [1, 2]. In particular, one of the products of this reaction, formyl radical HCO, is a 

very important molecule in many fields as atmospheric chemistry [2], combustion science [3] and interstellar 

space [4]. The nature of the interaction between H atoms and CO has been investigated through studies of 

collisions between these species [5]. As the second most abundant molecule in the universe, carbon monoxide, 

CO, is observed in star-forming regions and protoplanetary disks, and in external galaxies. It is commonly 

used as an indicator of the physical conditions in the regions where CO infrared emission is observed [6]. To 

extract astrophysical parameters from the observed spectral lines, it is not appropriate to assume local 

thermodynamic equilibrium in the dilute gas of astronomical sources [6]. 

In this work we investigate the possible pathways for the reaction of the carbon monoxide with 

hydrogen. Initial equilibrium geometries of the reactions, intermediate reactions, transition states, and product 

were optimized at G3 method for all species involved in the reaction. The rate constants were calculated using 

transition state theory and master equation software package MESMER [7], at low pressure written in the 

Arrhenius and alternatives forms. The first pathway is the well studied HCO addition and the respective 

dissociation in the reverse pathway as one can see bellow 

H + CO
⟶𝑘1

⟵𝑘−1

𝑃𝑅𝐶1

𝑀
⟷
𝑘2

HCO (R1) 

The second one is the alternative pathway pointed out by our intrinsic reaction coordinate (IRC) 

calculations visualized as the following: 

H + CO
𝑘3

⇄
𝑘−3

𝑃𝑅𝐶2

𝑘4

⇄
𝑘−4

HOC
𝑀
⟷
𝑘5

HCO    (R2)

R2 is basically composed by a reversible reaction towards the complex PRC2, which in turns with the 

aid of a “third body M” collision is stabilized towards HOC, and finally (by means of an isomerization) 

produces HCO. Our findings in the determination of the rate constant for the addition showed that this pathway 

is very unlikely. However, we found more likely the HCO dissociation along this pathway. For this reason, we 

calculate the rate constant for the HCO dissociation along this pathway. Assuming quasistationary 

concentrations for the highly unstable complexes, the rate constants for the reactions are given by: 

𝑘𝑃𝑊1 =
𝑘1𝑘2[𝑀]

𝑘−1 + 𝑘2[𝑀]
 (1) 

𝑘𝑃𝑊2 =
𝑘3𝑘4𝑘5[𝑀]

𝑘−3𝑘−4 + 𝑘−3𝑘5[𝑀] + 𝑘4𝑘5[𝑀]2
 (2) 

2. Computational Methods

The G3 Method, in Gaussian 09 program, was employed to optimize the geometries, vibrational 

frequencies and energies of the reactant, intermediate complexes, transition states, and products of the H + CO 

reactive process. To confirm that the transition state really connects to designated intermediates along the 

reaction path, the intrinsic reaction coordinate (IRC) calculations were performed. Also the IRC calculations 

were used to confirm the connection between the designated transition states and the reactants or products.  

The rate constants were calculated taking into account the potential energy surface (PES) with the aid 

of the Master Equation Solver for Multi Energy Well Reactions (MESMER) open source program [7]. The 

MESMER approach uses a stochastic energy grained master equation (EGME) to model phenomenological 

kinetics, for which the energy transfer due to an external bath is relevant. The bath gas M used during all the 

calculations is the non-reacting He gas. As mentioned elsewhere, our IRC calculations showed energy barriers 

in the formation of the several products for the addition and dissociation (reverse pathway) reactions displayed 

in Figure 1 represented by R1 and R2. 
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3. Results and Discussions  

 Along the pathway on the reactive potential energy surface, first the H-atom attacks the CO molecule, 

forming the HCO molecule H+CO  PRC1  TS1  HCO (R1). The second pathway is PRC2  TS2  HOC  

 TS3  HCO (R2). The energies (relative to the reactant total energy set zero) of all species involved are 

summarized in Figure 1. In particular, the formation of HOC has been little investigated theoretically, and, no 

experimental data are available about this radical. The geometry parameters, energies E, relative to H + CO, 

and the imaginary frequencies of the saddle points (in parentheses) are calculated using the G3 method and are 

visualized in Figure 1. Our results are in relative good agreement with other studies. 

In Figure 2, we display our simple RRKM result for the addition reaction R1 for a range of 

temperatures 298 – 1000 K. For comparison with well known results we chose <E>d = 160 cm-1 and 40 cm-1 

for the grain size. In order to solve the master equation for this bimolecular reaction, MESMER models the 

pseudo-first order bimolecular source defining an excess of reactant and a deficient reactant. In this case the 

concentration of the excess of reactant is due to the CO molecule and we set 5.8 × 1016 mol cm3. The first part 

of reaction occurs without any barrier and the MesmerILT was used with A = 0.2 × 10-14 cm3 molecule-1 s-1, 

n = 0.6, T = 300 K and E = 0. For a fixed temperature, the resulting second order rate constant kPW1 can be 

calculated using Eq. (1), which in turn is divided by the bath concentration, [He], to obtain the respective rate 

constant. In Figure 3, is shown the dissociation path, equation (2) in the range of temperatures 600 – 2500 K. 

For the alternative pathway R2 the reaction takes place through the TS2 and TS3 barriers as indicated in Figure 

1. For this reaction we used a value of <E>d = 180 (T = 300 K) 0.25 cm-1 and 95 cm-1 for the grain size. In 

this case we used the MesmerILT ag with A = 3.5 ×10-14 cm3 molecule-1 s-1, n = 1.0, T = 300 K and 

E = 3.7 kJ mol-1. In addition, we used the Eckart tunneling correction for both barriers due to the fact that 

there is a low mass (H) atom transfer involved, and resulted very important to calculate the overall rate constant 

in this case. 

 

 

 

Fig 1: Potential energy diagram for H + CO  

HCO reaction using G3 Method. 

  
Fig 2: Association rate  

 
Fig 3: Dissociation rate  
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1. Introduction

Since the appearing of first work on He3 in 1972[1], several theoretical papers have been published using 

different methods: Monte Carlo [2, 3], specific functions [4] and hyperspherical coordinates [5]. Nevertheless, 

unfortunately, an analytic form of the PES simple enough to be used for all the purposes were missing. On a 

previous paper [6], we had fill out the above gap by furnishing a very simple and accurate analytical expression 

of the PES for the He3 and now we apply it for all the rare gas series. In the hyperspherical coordinate system, 

we define the hyperradial coordinate  that provides a measure of the size of the system, in addition to a set of 

hyperangle,  and . In the literature we can find different approach to different systems, as variational 

approach, which uses atom pair coordinates and a distributed Gaussian function (DGF) basis set. For the 

heavier rare gases as Krypton and Xenon littler information about the PES is found in the literature. 

2. Theoretical and Computational Details

The coordinate system is made by three variable, the hyperradius ( > 0) and two hyperangles (0 ≤  ≤ /4) 

and 0 ≤  ≤ /3). The hyperangle  represents the area of the triangle and the hyperangle  is related with the 

shape of it, the hyperradius, , is the vector pointed out from the center-of-mass (CM) of the system, see Fig.1. 

Fig. 1 Definition of the hyperspherical coordinates (,,). The 

vector ri (xi; yi; zi) (i = 1; 2 and 3) representing the internuclear 

distances of the rare gas atoms,  is the vector with representing 

the distance between the center-of-mass of the molecule system. 

In this figure, the vectors ri (xi; yi; zi) (i = 1; 2 and 3) representing the interatomic distances in space. We have 

obtained the PES using the mass unscaled hyperspherical coordinates. Note that the ranges of  and  are 

lower than their standard values. Symmetry restrictions are, indeed, needed to account for the exchange of 

identical particles. The definition of the hyperradius and hyperangles can be find in our previous work [6]. 

Using the coordinates system, presented in Fig.1, the PES can be expanded into a series of angular 

functions multiplied by radial coefficients (expansion moments): 

𝑉(𝜌, Θ, Φ) = ∑ 𝜐𝑚(𝜌)𝐹𝑚(Θ, Φ)𝑚        (1)

where the 𝜐𝑚(𝜌) coefficients are the expansion moments depending on the  coordinate and 𝐹𝑚(Θ, Φ) are

angular functions which can be written as the real Wigner D-functions [7] with the  angle equal to zero, where 

the D-function is given by: 𝐷𝑚,𝑛
𝑙 (Θ, Φ, 𝛾) = 𝑒−𝑖𝑚Θ𝑑𝑚,𝑛

𝑙 (Φ)𝑒−𝑖𝑚γ, and 𝑑𝑚,𝑛
𝑙 (Φ) is tabulated function. In that,

way the term 𝐹𝑚(Θ, Φ) can be written as:

𝐹𝑚,𝑛
𝑙 (Θ, Φ, 𝛾) = √

8𝜋2

2(2𝑙+1)
(𝐷𝑚,𝑛

𝑙 (Θ, Φ, 𝛾) + 𝜖𝐷−𝑚,−𝑛
𝑙 (Θ, Φ, 𝛾)) (2) 

Truncating equation (1) at m = 1, which is enough to represent a three-body system, we have: 

𝑉(ρ, Θ, Φ) = √2{𝜐0,0(𝜌)𝑑0,0
0 (4Φ) + 𝜐0,1(𝜌)[𝑑0,0

1 (4Φ) + 𝑑0,1
1 (4Φ)]

+ 𝜐1,1(𝜌)cos (6Θ)[𝑑1,0
1 (4Φ) + 𝑑1,1

1 (4Φ)]}                                                         (3)

This shows that three not dependent radial functions are needed for 𝑉(ρ, Θ, Φ), thus we considered three 

different arrangements (leading configurations) of the Rg3 complex: the linear disposition, the equilateral 

triangle and a scalene triangle. The expansion moments are, then, obtained by a linear combination of the 

potential profiles calculated for the leading configurations. The moments 𝜐𝑚,𝑛(𝜌) are related to the potentials

of the leading configurations by: 

𝑉𝑒𝑞(𝜌) = √2 (𝜐0,0(𝜌) − 𝜐0,1(𝜌))

𝑉𝑠𝑐(𝜌) = √2𝜐0,0(𝜌) +
1

2
(√3 − √2)𝜐0,1(𝜌) (4) 

𝑉𝑙𝑖𝑛(𝜌) = √2 (𝜐0,0(𝜌) + 𝜐0,1(𝜌) + 𝜐1,1(𝜌))
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Solving the above system of equations for 𝜐0,0(𝜌), 𝜐0,1(𝜌) and 𝜐1,1(𝜌), gives: 

𝜐0,0(𝜌) = (√
3

2
− 1) ((√3 − √2)𝑉𝑒𝑞(𝜌) + 2√2𝑉𝑠𝑐(𝜌)) 

𝜐0,𝑞(𝜌) = −√2(√6 − 2) (𝑉𝑒𝑞(𝜌) + 𝑉𝑠𝑐(𝜌))     (5) 

𝜐1,1(𝜌) = (4√3 −
9√2

2
) 𝑉𝑒𝑞(𝜌) + 4(√2 − √3)𝑉𝑠𝑐(𝜌) +

√2

2
𝑉𝑙𝑖𝑛(𝜌) 

Therefore, by substituting eq. (5) into eq. (4), the full potential is obtained provided analytical expressions for 

𝑉𝑙𝑖𝑛(𝜌), 𝑉𝑒𝑞(𝜌) and 𝑉𝑠𝑐(𝜌) are available. To get U(𝜌), where 𝑈(𝜌) = 𝑉𝑠𝑐(𝜌), 𝑉𝑠𝑐(𝜌), 𝑉𝑠𝑐(𝜌); we have computed 

the energies of 151 points having different values of  for each of the three leading configurations, then we 

have fitted the energies vs  by means of a nonlinear least-square procedure, using a fifth degree generalized 

Rydberg potential as the fitting function. The complex energy is expressed as: 𝐸𝑖𝑛𝑡 = 𝐸𝑅𝑔3
− 3𝐸𝑅𝑔. 

 

3. Results and Discussions  

The ab initio calculations were carried out by using the Molpro2010 program. The CCSD(T)/aug-cc-

pVQZ for all Rg3 system, except for Xe3 where the basis set aug-cc-pvQZ-PP was used. First, a simple 

optimization and frequency calculation for all dimers and trimers were carried out to determine the equilibrium 

configuration. It will be used as a guide for the PES calculation. For all trimers, we have computed 151 energies 

to different values of distance, while for the dimers we calculated 101 energies. A nonlinear least-squares 

procedure was used to obtain the values of the adjustable parameters that minimize the differences between 

the analytical energies obtained with the fifth degree generalized Rydberg function.  

Fig.2 compared the PES for the dimers. The optimized data are, also, included in this figure, with the 

reference data. It is possible to observe that our optimized data are in good agreement with the reference data. 

The biggest error in the ab initio fitting is for the Xenon dimer, with a rms of 0.033252 cm-1. 

Fig.3 present the ab initio and the Rydberg fitting for leading configuration of each rare gas trimer. 

The smallest and biggest rms among all the fittings are 0.006707 and 0.158722 cm-1 for the scalene Xe3 and 

equilateral Kr3, respectively. 

 
Fig. 2: Dimers potential energy surface, [A] J. Chem. 

Phys. 1972, 56, 5801, [B] J. Chem. Phys. 1976, 65, 3242, 

[C] J. Mol. Spectr. 1973, 46, 454, [D] J. Chem. Phys. 

1974, 61, 3081, [E] J. Chem. Phys. 1974, 61, 4880 
 

Fig. 3 Rg3 leading configurations 
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1. Introduction

The magnetron sputtering (MS) deposition of thin films allows depositing different materials on 

various substrates. Nevertheless, the small fraction of ions and the great variety of directions in the sputtered 

particles trajectory turns the deposition difficult to control [1]. The iPVD processes are alternatives to increase 

the ions fraction and control particles direction during film’s growth. In this work, chromium nitride deposition 

was performed by the association of the DC reactive magnetron sputtering, hollow cathode secondary 

discharge and plasma immersion ion implantation and deposition. Chromium nitride coatings have high 

hardness and good wear, corrosion and oxidation resistances at high temperature. Studies show that its 

composition is generally dominated by two phases: CrN and Cr2N with different mechanical properties, as 

well as hardness, elastic modulus, wear resistance and coefficient of friction [2]. The CrN and Cr2N phases’ 

formation in the chromium nitride coatings are associated to the used nitrogen flow in the precursor gas mixture 

[2]. Each coating was deposited with a different nitrogen ratio in order to evaluate its influence on chemical 

composition, surface defect density, morphology and wear resistance. 

2. Experimental

A high purity chromium target was used as the metallic source in MS. Negative high voltage pulses 

were applied in a metal tube positioned between the target and the substrate, generating a high density plasma 

inside it. Part of the sputtered particles that pass through the high-density plasma are ionized. The high voltage 

pulses were applied simultaneously to the carbon steel substrate, resulting in ion implantation. Voltage, 

frequency and width of the pulses were kept constant for all experiments. For comparison, two experiments 

were performed without the secondary discharge. The amount of nitrogen in the gas mixture was 33, 50, 66, 

75 and 100%, with argon in balance. The substrate and target surfaces were cleaned with argon bombardment 

for 10 minutes before the film growth. The growth process took 60 minutes and the working pressure during 

the experiments was maintained at 3,5×10-2mbar. 

3. Results and Discussions

In comparison to the deposited films by reactive magnetron sputtering without secondary discharge, 

the proposed system with DCMS, IIIP and hollow cathode discharge resulted in coatings with better adhesion 

to the substrate, higher wear resistance and lower surface defect density. The low stress between coating and 

substrate, caused by ion implantation during the deposition may be one of the reasons for the better quality 

presented by these films. Both CrN and Cr2N phases were identified in the coatings by XPS analysis, but the 

presence of CrN phase was affected by the amount of nitrogen into the chamber until a certain extent. The 

grown film with 66% of nitrogen in the gas mixture presented lower friction coefficient, although the grown 

film with 33% of nitrogen presented higher wear resistance. The complete results obtained by characterizations 

in these coatings deposited with and without secondary discharge and variation of nitrogen flow will be 

presented at the conference. 
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1. Introduction

Titanium dioxide (TiO2) has been focused on its photocatalyst properties associated with its strong 

oxidizing power [1]. Boron doped diamond (BDD) also presents singular electrochemical properties such as 

low and stable background current and wide potential window, which allow it to reach a high anode potential 

to generate the hydroxyl radical (OH•) [2]. Thus, the deposition of TiO2 associated with the BDD deposition 

has been used in investigation of improvements in electrodes applied for organic compounds degradation, 

due to their electrochemical properties [3]. In this context, carbon fiber (CF) also appears as an interesting 

substrate to grow BDD films to obtain a three-dimensional material by exhibiting high surface area as well as 

high active site density in a homogeneous porosity distribution. Thus, this work shows the production and 

characterization of ternary TiO2/BDD/CF composites using CF substrates obtained at two different 

temperatures of 1000 and 2000 °C pointing out the CF structural organization effects on the composite 

photoelectrochemical responses.  

2. Experimental

CF substrates were obtained from polyacrylonitrile (PAN) precursor heat treated at two different 

temperatures of 1000 and 2000 °C at nitrogen atmosphere and were cut 10 x 10 mm
2
. BDD films were 

grown on CF1000 and CF2000 substrates by hot filament chemical vapor deposition the following growth 

parameters: 750 °C, 30 Torr, 8h and gas mixture of 2/198 % CH4/H2. Boron source was obtained by an 

additional hydrogen line passing through a bubbler containing B2O3 dissolved in methanol with B/C ratio of 

15000 ppm in solution. TiO2 depositions on BDD/CF1000 and BDD/CF2000 substrates was obtained by 

anodic hydrolysis of TiCl3 under potentiostatic mode, at a fixed potential of 0.75 V for 60 min in a 5 

mmol.L
-1

 TiCl3 + 0.1 mol.L
-1

 KCl (pH = 2) aqueous solution. All the electrochemical experiments were

performed in a conventional three-electrode glass cell, using a platinum wire as a counter electrode and 

Ag/AgCl/KCl(sat) as the reference electrode. Both composite materials were characterized by field emission 

gun-scanning electron microscopy (FEG-SEM) images, Raman spectroscopy analyses, and 

photoelectrochemical responses, using a mercury/xenon lamp model 69920-450 W Tectraphysics in 0.1 mol 

L
-1

 KCl at scan rate of 20 mV s
-1

. 

3. Results and Discussions

Fig. 1 shows FEG-SEM images for TiO2/BDD/CF1000. Images demonstrate that CF1000 were 

completely covered by a diamond polycrystalline film and the rougher TiO2 film texture is dominant and 

homogenous covering all diamond grains. The morphology of TiO2 deposits in BDD/CF2000 were similar 

the TiO2/BDD/CF1000 composite. The photoelectrochemical activities of all electrodes were measured by 

linear sweep voltammetry, under intermittent UV irradiation. As an example, the TiO2/BDD/CF1000 

electrode photoelectrochemical response considering the dark current (Id) and the photocurrent (Iph) densities 

are shown in the Fig 2 for TiO2 deposition time of 60 min. No significant photoanodic current was verified 

for BDD/CF1000 sample in the same experimental conditions. Therefore, this photoanodic current density is 

certainly associated to the TiO2 presence on the electrode surface. The results showed that anodic hydrolysis 

of TiCl3 under potentiostatic mode was a suitable procedure to produce ternary composites on both BDD/CF 

samples. As expected, both ternary composites depicted similar photoelectrochemical responses. Slight 

differences in photocurrent values may be related to CF conductivity as well as to electrode surface area 

which are directly related to CF structural organization. 

In summary, we have obtained preliminary results with success. The relationship among CF 

properties, BDD quality and morphology not to mention TiO2 deposition on BDD surface are complex 

parameters and this work is exploring a systematic study also correlating the TiO2 photocatalytic responses 

with all of them.  
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Fig. 1. FEG-SEM images of TiO2/BDD/CF1000 

composite. 
 Fig. 2. Photoelectrochemical responses of TiO2/BDD/CF1000 

in 0.1 mol L
−1

 KCl solution at scan rate of 20 mV s
−1

. 
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1. Introduction

The increasing demand for sustainable energy has driven intensive research efforts on the development of 

energy storage systems such as supercapacitors, which have a greater power density and longer cycle life than 

batteries [1]. Graphene Oxide (GO) / Metal Oxide composites have been extensively studied as electrodes for 

supercapacitores [2-6]. Thus, this work is focused in the production and characterization of nickel oxide 

(NiO)/reduced graphene oxide (RGO)/ carbon fiber (CF) ternary composite aiming its electrochemical application 

for supercapacitors. CF substrate was chosen due to its high surface area in addition to its RGO synergism .The 

constituent materials as well as the composite were characterized by field emission gun-scanning electron 

microscopy (FEG-SEM), Raman spectroscopy and cyclic voltammetry (CV). 

2. Experimental

GO was obtained following the modified Hummers method according to the synthesis described by X. Li 

[7]. Graphite (3 g) was mixed with 120 mL of sulfuric acid (95%) in a 1000 mL flask. The mixture was stirred for 

30 min in an ice bath. In the continuous vigorous stirring for 4 h, potassium permanganate (15 g) was added to the 

suspension, controlling the reaction temperature lower than 20 °C. Afterwards, the mixture was stirred for 12 h at 

room temperature. Then, 400 mL of deionized water was slowly added to the mixture with vigorous agitation and 

the color of the suspension changed to brown. The diluted suspension was stirred for more 30 min. Then, 10 mL of 

30% hydrogen peroxide was added to the mixture and the color turned into bright yellow. For purification, the 

mixture was washed by 5% hydrochloric acid followed by deionized water for several times. GO was obtained after 

drying this mixture at 120 °C under vacuum.  The binary electrodes were firstly prepared by electrochemical GO 

reduction (RGO) on CF using cronoamperometry technique at -1.25 V vs Ag/AgCl for 300 s using a conventional 

electrochemical cell. Finally, the ternary composite was also obtained by electrochemical method using 30 mL of 

0.1 M de Ni(NO3)2 solution at -1.25 V vs Ag/AgCl for 300 s on the binary RGO/CF electrode. 

3. Results and Discussions

Raman spectra for CF, RGO/CF, and NiO/RGO/CF are shown in the figure 1, which depict two major 

peaks of 1350 cm
-1

 (the D-band) and 1580 cm
-1

 (the G-band) in all of them. These peaks are characteristic of 

carbon materials as CF and/or RGO. Nonetheless, RGO/CF binary composite also show a second order peaks, 

related to carbon material improvement with the appearance of the 2700 cm
-1

 peak. For the ternary composite, 

characteristic peaks of NiO, at around 730, 1000 e 1100 cm
-1

, confirmed the success in the NiO deposition.   Figure 

2 shows VC curves for CF, RGO/CF, and NiO/RGO/CF in 0.5 M de H2SO4  at scan rate of 100 mV/s. The results 

showed the current intensity increase for binary and ternary composites. Besides,  mainly for NiO/RGO/CF, this 

square curve shape is typical for supercapacitor response and is directly related with the charge/discharge capability 

of this electrode [8]. 

In summary, the production and characterization of binary and ternary composites using carbon fiber as substrate 

were obtained with success from electrochemical methods demonstrating the synergism among these constituent 

materials. While the Raman spectra confirmed the composite structures, the CV curves results showed that the 

combination of NiO/RGO presented the best performance for supercapacitor electrode. 
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Figure 1. Raman spectra of the materials used in the different 

steps of this study. 
Figure 2. CV curves of the materials used in the different 

steps of this study. 
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1. Introduction

Boron doped diamond (BDD) electrodes have been extensively used due to their higher 

electrochemical performance compared to vitreous carbon, graphite and platinum. The diamond growth by 

chemical vapor deposition (CVD) allows obtaining micro, nano and ultrananocrystalline films on various 

substrates depending on the gas mixture [1]. Currently, studies on nano and ultrananodiamond started to be 

more explored since they have been highlighted because of their excellent electrical, mechanical, thermal 

and biocompatible properties [2-4]. The combination of diamond and carbon substrate may produce a 

particular composite with good electrical conductivity depending on the carbon heat treatment temperature 

(HTT) as well as the diamond doping process. In this work, reticulated vitreous carbon (RVC) heat treated at 

1000 and 2000 °C were used as carbon substrate for micro and ultrananocrystalline diamond growth and the 

nitrate electroreduction ability of these composites were demonstrated.  

2. Experimental

RVC was processed using polyurethane foams with 70 pores per inch as a matrix for the 

poly(furfuryl alcohol) (PFA) resin impregnation. The impregnated foams were cured in an oven until 130 °C 

and then were heat treated at 1000 °C and 2000 °C (named RVC1000 and RVC2000). Micro and 

ultrananocrystalline diamond films were grown by hot filament chemical vapor deposition (HFCVD) 

technique for 18h under the pressure of 4 kPa, using 5 filaments of tungsten with 125 µm diameter and 

placed at 6 mm of sample top. Before diamond deposition, the RVC samples were prepared using seeding 

pretreatment to improve the diamond growth process. The substrates were immersed in a solution containing 

0.25 µm of diamond particles dispersed in hexane solvent, followed by ultrasonic agitation for 2 h. 

Microcrystalline diamond films were grown on RVC1000 and RVC2000 with a gas mixture composed by 

99.0 % H2 and 1 % CH4 and substrate temperature of about 800 °C. Ultrananocrystalline diamond were also 

grown on RVC1000 and RVC2000 with a gas mixture composed by 70.8% Ar, 28.3% H2 and 0.88% CH4 

and substrate temperature kept at 680 °C. The boron doping was performed by an additional hydrogen line 

passing through a bubbler containing B2O3 dissolved in CH3OH. The solution was prepared with a 

concentration of B2O3 dissolved in CH3OH that correspond to B/C ratio of 30,000 ppm. The films were 

characterized by field emission scanning electron microscopy (FESEM), Raman spectroscopy and X-ray 

diffraction. All electrochemical experiments were performed in a conventional three-electrode cell, using the 

BDD/RVC and BDUND/RVC as working electrode, a Pt screen as the counter electrode and Ag/AgCl 

electrode as reference.  

3. Results and Discussions

Micro and ultrananocrystalline diamond were grown with success on RVC stems. Figure 1 shows the 

XRD patterns of BDD and BDUND films grown on RVC heat treated at 1000 and 2000 °C. All samples 

present the carbon band (002) and diamond peaks (111), (220) and (311). The diamond peak (111) is more 

evident in BDD films due to its higher crystallite size while for BDUND film this peak is much broader. 

Figure 2 presents the Raman spectra of BDD and BDUND films which depict similar features to those 

obtained on the literature [2,5]. The characteristic bands for BDD films are the diamond peak at 1332 cm-1 in 

addition to the 500 and 1200 cm-1 bands related to the boron doping. The characteristic bands for BDUND 

films are the diamond peak shifted to lower wavenumbers (at around 1320 cm-1) overlapped by the D band at 

1350 cm-1; the bands at 1150 and 1490 cm-1 related to the transpolyacetylene segments at the grain 

boundaries of the ultrananocrystalline diamond surface; the band at 1550 cm-1 assigned to G band; and the 

bands at 500 and 1220 cm-1, related to the boron doping.   

The electrochemical response of RVC, BDD/RVC and BDUND/RVC to nitrate was studied by cyclic 

voltammetry (CV) in 0.1 mol L-1 K2SO4 solution containing 0.01 mol L-1 KNO3 as shown in Figure 3 and 4. 
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Fig. 1. XRD patterns of BDD/RVC and BDUND/RVC 

composites  
 Fig. 2. Raman spectra of BDD/RVC and BDUND/RVC 

composites.  

 

A comparison among RVC1000, BDD/RVC1000 and BDUND/RVC1000 electrodes for nitrate reduction 

(Figure 3) shows that in the presence of 0.01 mol L-1 KNO3, the nitrate reduction clearly appears from -1.0 V 

for RVC1000, -0.65 V for BDD/RVC1000 and -0.75 V for BDUND/RVC1000 and they follow increasing 

the current when compared to the blank solution. Figure 4 presents the nitrate reduction for RVC2000, 

BDD/RVC2000 and BDUND/RVC2000 electrodes. The onset of the cathodic current in the presence of 0.01 

mol L-1 KNO3 appears at -0.85 V for RVC2000, -0.65 V for BDD/RVC2000 and -0.8 V for 

BDUND/RVC2000. These results indicate that both BDD and BDUND films improve the nitrate 

electroredution in comparison to RVC electrode, however, the BDD films are slightly better than BDUND 

films.   
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Fig. 3. Cyclic voltammetries of RVC1000, 

BDD/RVC1000 and BDUND/RVC1000 in 0.1 mol L-1 

K2SO4 (dotted line) and in presence of 0.01 mol L-1 

KNO3 (full line). 

 Fig. 4. Cyclic voltammetries of RVC2000, 

BDD/RVC2000 and BDUND/RVC2000 in 0.1 mol L-1 

K2SO4 (dotted line) and in presence of 0.01 mol L-1 

KNO3 (full line). 
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1. Introduction

Self-cleaning materials have attracted interest due to the ease and reduction of maintenance costs, 

since they are great in applications that are difficult to access and that make cleaning difficult [1]. Some 

materials act as catalysts in the presence of light, presenting what we call photocatalytic activity. This 

property can be used for the decomposition of organic matter [2]. The photocatalytic activity presented by 

materials such as titanium dioxide (TiO2) is due to its semiconductor character. When radiation with energy 

equal to or greater than the bandwidth energy is incident on the material, there is the promotion of electrons 

from the valence band (BV) to the conduction band (BC) forming an electron-gap pair. The gap can promote 

reactions with H2O and OH molecules that can react with organic matter mineralizing (degrading) it. 

2. Experimental

Among the variables that generate interference on photocatalysis, the following are highlighted: [1]: 

the temperature, the pH of the solution, the molecular oxygen dissolved in the solution and the concentration 

of the organic matter. In this work a photocatalytic activity reactor was developed [3]. The objective is to 

determine how these variables affect the photocatalytic activity, to propose an assembly that presents greater 

sensitivity and easiness to perform such measurements 
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1. Introduction

Heterogeneous photocatalysis is an oxidative process that uses the radiant energy (visible or 

ultraviolet) absorbed by a catalyst to mineralize organic compounds [1,2]. Titanium dioxide (TiO2) is a 

semiconductor capable of acting as a photocatalyst, producing hydroxyl radicals in order to degrade 

pollutants released into the water and effluents [3,4]. However, the TiO2 band gap energy corresponds to 

3.2 eV and the photocatalytic activity is observed only for UV light with λ < 380 nm [5]. Sulfur doping 

reduces the band gap, making the material active in the region of the spectrum of light visible. The objective 

of this research consists on the growth of TiO2 thin films, their sulfur doping and morphological analysis of 

the grown films, by means of the Atomic Force Microscopy (AFM) technique, for the purpose of showing 

the preliminary results of the present study. 

2. Experimental

The TiO2 thin films were deposited on borosilicate substrates, by means of the technique of metal-

organic chemical vapor deposition (MOCVD), in a conventional horizontal reactor. The growth of the films 

was carried out using Titanium Tetraisopropoxide (TTiP) as precursor of titanium and oxygen, under 

pressure of 50 mbar at 400°C, with a growth time of 31 minutes. The films obtained were doped with sulfur 

through a thermochemical treatment realized in a tubular furnace under H2 / 2 wt.% H2S atmosphere at 

temperatures of 100ºC and 150ºC, for 1h. The AFM Tapping Mode technique was used to characterize the 

roughness and mean grain size, employing a SPM Bruker equipment, model NanoScope IIIA. 

3. Results and Discussions

The morphology and grain size influence the TiO2 films photocatalytic efficiency [6,7]. Through the 

images obtained by AFM (Fig. 1), it can be observed that the surface of the titanium dioxide films presents 

defined grains and of rounded morphology, distributed on the substrate surface in a homogeneous way. 

Fig. 1. AFM images of thin films grown at 400°C: (a) non-doped TiO2; Sulfur 

doped TiO2 at (b) 100°C and (c) 150°C. 
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The RMS (Root Mean Square) roughness expresses the values of a roughness profile that moves away from 

the midline, in other words, it is the standard deviation of the mean height Z [8,9], being mathematically 

expressed as: 

 

      (1) 

 

where N is the number of peaks; Zn is the height of each peaks; and Z is the mean height of the N peaks. The 

RMS values of TiO2 thin films varied around 19 nm, roughness considered favorable for photocatalytic 

applications [10]. A high value of roughness facilitates the contact of the adsorbed substances with the film, 

increasing its photocatalytic efficiency [11]. 

The mean grain size values, presented in Table 1, were obtained from the adjustment of the Gaussian curve 

generated by the equipment software. 

 
Table 1 – Mean grain size and RMS (Root Mean Square) roughness for TiO2 thin films doped at different temperatures. 

Doped temperature Mean Grain Size 

(nm) 

RMS roughness 

(nm) 

- 96.5 19.1 

100ºC 119.2 19.3 

150ºC 110.8 19.2 

 

Analyzing the results, it is possible to note the MOCVD technique efficiency, reproducing TiO2 thin films 

with high homogeneity, without cracks or pores. No evidences were observed about influence of the doping 

process on the morphology of TiO2 thin films. 
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1. Introduction

The surface treatments of metal alloys improve the surface properties by the deposition of another 

material or by surface modification, producing coatings. The nitrocarburizing, considered one of the most 

important thermochemical treatments, involves the simultaneous diffusion of N and C into the surface.  

Understanding and controlling the formation of the nitrocarburized layer, as well as understanding the 

formation of the micro-porosity layer, have considerable industrial interest due to the improvements regarding 

wear, fatigue, and corrosion resistances on the metals and their alloys. 

2. Experimental

In this work, it was performed the surface modification on DIN 100Cr6 steel by plasma 

nitrocarburizing process with pulsed dc luminescent discharge using a MP-250 equipment, where the chemical 

composition of the samples was: C in the range of 0.98 to 1.10; Cr in the range of 1.30 to 1.60; Mn in the 

range of 0.25 to 0.45; Si in the range of 0.15 to 0.35; balance Fe.  

It was investigated the treatment temperature (550°C and 600°C) and the CH4 concentration in the gas 

mixture composition, whereas for the only nitrided samples an atmosphere containing H2-75% N2 was used, 

and for nitrocarburized samples, an atmosphere containing H2-74% N2 and concentrations of CH4 of 1, 1.5, 

and 2.0%. The treatment time was 2h. Scanning electron microscopy and energy dispersive spectroscopy 

(SEM/EDS) were used to evaluate the chemical composition, compound layer and diffusion zone thicknesses, 

as well the micro-porosity layer. 

3. Results and Discussions

The chemical composition profile of the elements C and N (figure 1 and figure 2) shows that there is a 

small amount of carbon and a large amount of nitrogen at the compound layer, indicating the presence of the 

-Fe3N and '-Fe4N phases, for samples nitrocarburizing at both temperatures. The low amount of carbon is a 

consequence of a high nitrogen concentration, due to the higher thermodynamic stability of the nitrites in 

relation to the carbides [1]. At the diffusion zone, there is a greater amount of carbon and a smaller amount of 

nitrogen, but both contents decrease along the chemical composition line until reaching the chemical 

composition of the sample core. 

Figure 1. Chemical composition line for 550°C. Figure 2. Chemical composition line for 600°C. 
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From the results shown in figures 1 and 2 yet, it is evident that the increase of the temperature 

nitrocarburizing increases the compound layer and diffusion zone thicknesses. According to the Arrhenius 

equation (equation 1), the diffusion coefficient of the elements increases exponentially with increasing 

temperature, therefore, for higher temperatures, higher diffusion and consequently thicker the layer formed. 

 

Equation 1 

 

 

All the nitrocarburized samples showed the formation of a porous surface layer (figure 3 and figure 4). 

For atmospheres with 0% CH4, the micro-porosity layers were larger, as well as for nitrocarburized samples at 

higher temperatures. The high nitrogen concentrations, as well as the high process temperatures, promotes the 

higher absorption of nitrogen in the surface layer [2, 3], favoring consequently the production of the micro-

porosity layer. 

 

 

 

 
Figure 3. Micro-porosity layer formed.  Figure 4. Detail of the micro-porosity layer. 
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1. Introduction

Space plasmas differ in many aspects from plasmas created in laboratories. Typical spatial lengths 

are obviously much larger, background pressures, plasma densities and beam fluxes are much lower than in 

typical plasma reactors. For this reason electrostatic energy analyzers in space operate with channel electron 

multiplier detectors (channeltrons) in counting mode, giving the number of electrons (or ions) per detection 

period instead of measuring an electrical current. The entrance aperture dimensions of these analyzers are 

also designed according to the fluxes to be measured and can be up to 1-2 cm
2
 in area. The electron energies 

involved are typically from 0.1 eV to 50 keV. 

 The calibration of these analyzers therefore requires their exposure to an electron beam of very low 

intensity with diameters sufficiently large to illuminate the whole entrance area. This can be achieved using a 

cathode made of a thin gold film deposited over a fused silica substrate that is illuminated from the back with 

ultra-violet radiation. The UV photon energies are sufficient to produce photoelectrons in a large area of the 

thin film which are then accelerated to the desired energy. 

In this work an electron beam system constructed for the calibration of a cylindrical electrostatic 

energy analyzer (project ELISA) to be launched in a scientific satellite (EQUARS mission) will be 

described. 

2. Experimental

The electron beam was constructed with a photocathode comprised of a 21cm diameter gold thin 

film in a fused silica disk. Several UV radiation sources were tested and the HG2 Cathodeon mercury vapor 

lamp was selected. For controlling the radiation intensity, and consequently the beam intensity, thin metallic 

film filters, a radiation diffusing scheme and a third control grid were tested and will be described. The beam 

intensity is measured with a special picoampmeter set up, since the photocathode is kept in negative high 

voltages, and stray currents must be avoided. 

The beam profile is measured using a channeltron detector scanned through its cross sectional area, 

and the measurements are integrated to be compared to the total current measured by the picoampmeter. 

A two axis rotation structure (gimbal) supports the ELISA analyzer to vary the incidence angles 

between the beam and the entrance aperture axis. The detector´s response (number of counts) is measured for 

varying incidence angles and beam energies and is stored together with all parameters in a computer 

controlled data acquisition system.  

3. Results

The beam intensity can be controlled by the three methods mentioned, but the diffusing system is not 

reproducible and the control grid presents difficulties in the picoampmeter electronic circuit. So thin metallic 

filters will be used. 

The beam profile characterization was made using the gimbal system and a linear actuator system for 

radial displacement of the channeltron detector. The electrostatic analyzer was also used to certify that the 

electrons detected are the ones accelerated to the beam´s nominal energy and not secondary or reflected 

electrons that can be produced at the beam´s operating energy range.  

The geometric factor (GF) of the electrostatic analyzer, determined by dividing the counting rates 

measured by the incident electron flux, will be presented. Counting rates are integrated over all angles of 

incidence and energies for each one of the 16 energy bands (from 1 to 27 keV) of the analyzer. Although the 

GF should depend only on the geometry of the device, the efficiency of the channeltron detector depends on 

energy. 

The results are compared with numerical simulations made in an earlier work [1]. 

4. References
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1. Introduction
Low energy and temperature plasmas from gases and/or organic vapors were widely used for

the  production  of  low-thickness  materials  at  atmospheric  and  low  pressure  discharges.  These
materials,  usually  in  the  form  of  thin  films  and/or  powders,  present  chemical  and  physical
characteristics  that  make  them  attractive  to  the  optical,  electro-electronic,  biomaterial  coating
industries and others [1-3].

2. Experimental
For  the  deposition  of  the  films  we  have  used  metallic  and  pyrex  glass  reactors  with

cylindrical  configurations  excited  by  radiofrequency  in  the  inductive  and  capacitive  modes
operating in powers from 0 to 300 W and pressure between 0.1 and 20.0 Pa. For depositions at
atmospheric pressure we used reactors in the jet configuration and/or dielectric barrier excited by
high  voltage  and  frequency  that  can  be  variable  from  a  few  Hz  to  hundreds  of  Hz.  The
characterization of the samples passed mainly through the molecular structure (FTIR) and surface
characteristics by measurements of contact angle and profilometric microscopy.

3. Results and Discussions
Thin films deposited at low pressure from 1.3 to 15.0 Pa, at different radiofrequency applied

powers  between  1.0  and  50.0  W obtained  from  hydrocarbon  monomers  preserved  their  main
absorption bands for whatever the deposition parameters, power or pressure. However the densities
of chemical bonds observed by infrared spectroscopy showed changes in molecular structures of the
samples. Moreover, non-existent vibrational modes in the monomers were observed in the films.
Similar result also occurred for the depositions made with the hexamethyldisiloxane monomer. The
energies involved in the process and the fact that the growth mechanism of the films is governed by
free radicals contributed to this.  The depositions of the films at atmospheric pressure using the
same monomers produced similar  materials  to  the previous  ones,  but  with deposition rates  very
different. Normally, by increasing the power during deposition, the deposition rate of the films also
increases  for  both  low pressures  and  atmospheric  pressure.  Independently  of  the  pressure,  the
molecular structures of the films tend to be more similar to the structures of the monomers for
depositions at very low powers. This fact can be credited with fewer collisions in the plasma state
and consequently fewer monomer fragments, preserving more molecular structure of the monomer
in the film. In both methods of deposition, the films from hydrocarbons are hydrophilic and those
obtained from hexamethyldisiloxane presented hydrophobic character. The surfaces of the samples
did not preserve the topography of the substrates surfaces in both methods.

4. References
[1] Kodaira F.V.P., Ricci Castro A.H., Prysiazhnyi V., Mota R.P., Quade A., Kostov K.G., Surface & Coatings
Technology, 312, 117-122, (2017).
[2] Friedrich, J., Plasma Processes Polym., 8: 783–802, (2011)
[3] H. Biederman “Plasma Polymer Films”, 1st edition, World Scientific, USA, (2004)
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1. Introduction
In Brazil, the use of research equipment on laboratorial classes is common on graduation courses but 

not with high school student. Moreover, development of low cost equipment that could help on research and 
teaching simultaneously is rare. Nonetheless, with the new development tools available on the market several 
new approaches should be tested [1]. An iconic example could be environment issues that usually require an 
interdisciplinary viewpoint. Therefore this work aimed the development of low cost sensors and respective 
miniaturized device for volatile organic compounds (VOC) concentration and detection 

2. Experimental
A team, formed by professors, PhD, undergraduate and high school students, was settled. This group 

makes use of a geographical advantage since both, the high school and the faculty, were at the same campus. 
Whereas PhD students took care of electronic equipment, materials professor and undergraduate students 
watched the development of miniaturized devices; finally high school pupils used it on tests of VOCs. This 
work used methodology for electronic development and testing, chemical characterization and environmental 
correct reactants. 

3. Results and Discussions
Regarding electronic equipment (see Figure 1), it comprises 10 sensors (TGS 2620, Figaro, Japan), 

individually maintained in a mini holder, power supply and one ADC with proprietary software installed. 
The system was designed to be highly flexible; therefore, the distance between sensors and ADC can achieve 
up to 5 m. Moreover, due to the simple electronic involved on sensors power and signal connection, the 
sample holder has reduced dimensions, in order of 3 cm x 2 cm x 2 cm. the obtained answer is am excel table 
with the main information: sensors response, time of measurement , etc. After the electronic equipment was 
certified by the PhD. student, it was used by undergraduate during reactor development. 
Fixed bed mini reactor were developed using PAN fibers [2] and medical suppliers´ connections; reactors 
manufacturing required only few steps: the cut of felt fibers, impregnation with tetraethoxysilane, on neutral, 
acid or basic environment, which provided surface modification able to concentrate polar or non polar VOCs 
species, respectively, and sealing using caps. However, impregnation step has some tricks since the organic 
silicon compound can be dropped directly on felt surface but the change on pH environment required volatile 
acid and basic reactants, i.e., hydrochloric acid and ammonium hydroxide. In this way, the polymerization is 
catalyzed but the velocity is low enough to permit the formation of small particles, as shown by optical 
microscopy, on the fiber surface. Raman analysis proved Si-O-C bonds were hydrolyzed since it was 
observed not but carbon - from fiber felt -  after treatment (Figure 2).  
The mini reactor is placed in a small holder in order to fix collinearly sensor, reactor and a three way valve. 
Thus, if needed, reactants/samples can be inserted using in a carrier gas; another possibility is the use of one 
miniaturized oven, to heat the reactor up to 80ºC, which means desorption can be accelerated from the felt 
(Figures 3 A an B, respectively). 
Tests were primarily developed by graduate students to certify that the reactors could be used for 
concentration and/or analysis of VOCs (Figure 3C). After that, high school students were invited to test the 
same setup and explain the results. Although they are no able to fully understanding such proposal they were 
capable of operate it and also explained properly the most important phenomena observed.  
Therefore, there is plenty of room to develop small, low cost equipment involving such heterogeneous group 
and this work showed some roadmaps in order to do so. 

4. References
[1] J. West, N. Vadiee, A. McMahon, K. Lake, B. Ray, T. Billie, IEEE Integrated STEM Education 
Conference, 88-95, (2017). 
[2] J. S. Marcuzzo, A. Cuña, N. Tancredi, E. Mendez, H. H. Bernardi, M. R. Baldan, Rev. Bras. 
Apl. Vac., 35 (2), 58-63 (2016) 
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Fig. 1. Electronic equipment. 
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Fig. 2. Fixed bed mini reactor: (A) parts and pieces;(B) Raman before and (C) after polymerization and (D) particles 
on fiber 
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Fig. 3. Mini reactor: (A) holders and (B) oven. Electronic equipment: (C) typical result. 
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1. Introduction

Active Screen Plasma System (ASPS) was primarily used for plasma nitriding, then named 

Active Screen Plasma Nitriding (ASPN). The active screen plasma method has been applied for 
treatment of a wide variety of materials, mainly, different kinds of steel. In recent years, it has been also used 

for treatment of polymeric materials and even functionalization of carbon fibers [1-4]. The main advantage 
of ASPS is that the workpiece is not the cathode of discharge, that is, the plasma is not produced 

directly on their surfaces, therefore it is not subjected to a high cathodic potential [5-6]. As a result, 
the “edge effect” on the pieces do not occur, the treatment is more homogeneous even though the 

workpieces have complicated geometry.  The workpiece is placed into the cage and the cathode is 
the metal screen that surrounds the workpiece, therefore, the component to be treated stays under 
floating potential. In this work it was investigated the effect of the screen’s open area ratio on the 

floating potential inside the cage.  

2. Experimental
A schematic diagram of experimental setup used in the current study is shown in Fig. 1, which 

consists of a stainless steel grounded base with a glass chamber on top. The gas entry is also grounded and, 
as so, acts as anode, along with the base. The cage acts as cathode and a probe inside it is connected to an 
oscilloscope for  measurement of the floating potential.  

Four ~ 11 cm diameter ~ 11 cm high screen cages were made from four different mesh sizes, as 
indicated in Table 1. For each screen type, it was carried out experiments in Ar plasma.   The pressure ranged 
from 0,3 Torr to 1,5 Torr, whilst the mean potential applied was between -100V and -200V,  voltage pulse 
frequency of 100 kHz with an off  pulse time of 4.0 µs.  

Mesh Size Open Area (%) Sample 

5 74 C5 

10 60 C10 

16 55 C16 

35 42 C35 

Fig. 1. Schematic diagram of experimental setup   Table 1. Open area of each mesh size used 

3. Results and Discussions
Fig. 2 and Fig. 3 show the negative mean floating potential inside the cage for different pressures and 

negative plasma voltage, respectively, for each cage geometry. The cage C5 shows a less intense negative 
floating potential for every condition, which is expected in an active screen setup. On the other hand, the 
cage with the smallest open area, C35, shows a different behavior, and, for every condition, it was observed 
very intense  negative floating potential.  A hypothesis for this phenomenon is the confinement of the 
electrons inside the cage due to the great electrical barrier produced on the cage walls.  Secondary electrons 
generated on the wire of the cathode (screen) are accelerated away from the negative screen surface and are 
trapped inside the cage, where the probe was placed.  
Depending on the value of the working gas pressure or the cathodic voltage in the screen, the floating 
potential may be similar to those of the luminescent region of the plasma (order of tens of volts) or very 
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negative values of the order of hundreds of volts. This transition occurs abruptly as soon as the barrier 
between the plasma glow and the floating potential inside the cage is broken up. This "break up" occurs 
commonly through formation of hollow cathode in the holes of the grid.  
 

 

 

 

 
Fig. 2. Floating potential inside the cages as a function of 

argon pressure. 

 Fig. 3. Floating potential as a function of plasma 

discharge voltage. . 
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1. Introduction

The reactive magnetron sputter deposition is one of the most used methods for compound film 

deposition.  In this process, a reactive gas is inserted into the chamber and reacts with deposited metal atoms. 

These reactions occur also in cathode surface (target), causing the poisoning. The reactive gas consumption 

dependence on surface compound fraction leads to the hysteresis in process curves (pressure, voltage, etc.) as 

a function of reactive gas flow and making the process unstable. The hysteresis curves are characterized by 

two critical points: the first, corresponding to target poisoning (increasing the gas flow) and the second 

corresponding to de-poisoning (decreasing the gas flow). 

The compound formation on substrate occurs through gas chemisorption. This process can be 

described by Langmuir [1] and Kisliuk [1,2] models. The chemisorption rate is calculated by the product of 

reactive gas flux to the surface and the sticking coefficient. For Langmuir model, the sticking coefficient is an 

increasing function of temperature 

αL(Ts, θc) = α00exp(
−Eads
kTs

) (1 − θc) (1) 

where k is the Boltzmann constant, Ts the substrate (collecting area) temperature, θcthe compound fraction of

collecting area (substrate and chamber walls), Eads the activation energy of adsorption and α00 is the pre-

exponential factor. 

For the Kisliuk model, the sticking coefficient is 

αK(Ts, θc) =
1

1 +
Kdes
Kads

exp (
Eads − Edes

kTs
)

1

(1 +
θc

1 − θc
K)  (2) 

where  Kdes and  Kads are the frequency factor of desorption and adsorption, respectively, Edes the activation

energy of desorption and K is the Kisliuk factor.  

The non-dissociative Langmuir model considers only molecular chemisorption on surface. On the 

other hand, in Kisliuk model the molecules physisorb in a precursor state and can move to another site. From 

this precursor state, the molecules can chemisorb or desorb.  

Several parameters affect the hysteresis curves, the most part being included in the so-called Berg 

model [3]. This model simulates qualitatively the reactive sputter deposition process in the steady state using 

balance equations for reactive gas atoms on substrate and target surface. However, this model does not include 

explicitly the substrate temperature, parameter usually varied in experiments. The substrate temperature drives 

the surface diffusion of deposited atoms. Therefore, the main goal of the work is include the substrate 

temperature in Berg model and analyze qualitatively the effects caused by this parameter in reactive deposition, 

comparing the simulated results with experimental curves.  

2. Methodology

To verify the effects caused by substrate temperature, the equations of Berg model was rewritten using 

the Langmuir model and, after, the Kisliuk model for adsorption. In these models, the substrate temperature 

dependence appears on sticking coefficient. The sticking coefficient for each model has been replaced in 

balance equation of substrate and in reactive gas flow equation of Berg model [3]. For Kisliuk model, the 

factor K was kept constant equal 1, keeping the same compound fraction dependence of sticking coefficient 

presented by Langmuir model.   

After the modifications, hysteresis curves were simulated for different substrate temperatures. In these 

simulations, it was also varied the ratio between frequency factor of desorption and adsorption present on 

Kisliuk model (equation 2). The simulations results were compared with experimental hysteresis curves. The 

experiments were carried out in a triode magnetron sputtering with titanium target (99.5%) in argon and 

nitrogen atmosphere. The argon pressure was 0.40 Pa and the current was maintained constant at 1.00 A.  
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3. Results and Discussions 

 Experimentally, it is observed that increasing the substrate temperature the first critical point is shifted 

for lower values of reactive gas flow, while the second critical point is not affected. Including the sticking 

coefficient of Langmuir model in Berg equations is not possible to obtain the experimental behavior. The 

hysteresis curve moves to the opposite side, i.e, for higher values of gas flow. This is due to the increase in 

sticking coefficient with temperature (equation 1). Increasing the temperature, the gas consumption in 

collecting area grows, thus the first critical point is shifted for higher gas flow rates, once that the first critical 

point corresponds to the maximum consumption of reactive gas by collection area. 

 Once that the Langmuir model is not adequate to describe the temperature dependence, it was also 

used the Kisliuk model. The hysteresis curves for this model are compatible with experimental curves. The 

first critical point is moved to lower flow rates when the temperature is increased. This occurs because 

increasing the temperature the sticking coefficient decreases (equation 2), reducing the gas consumption on 

substrate, due to the growing desorption. The second critical point is not affected by the temperature, because 

it depends mainly of sputtering yield. 

 Figure 1 shows the compound fraction on collecting area as a function of temperature and reactive gas 

partial pressure using the Kisliuk model. The frequency factor represents the probability of a molecule adsorbs 

or desorbs. The greater the ratio between frequency factors of desorption and adsorption, higher is the 

desorption probability, decreasing the chemisorption rate. Therefore, for a same pressure and temperature, the 

compound fraction decreases with increased ratio. For higher ratio values and high substrate temperature (Fig. 

1b), it is needed a higher partial pressure to cover all surface with compound.  
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Fig. 1. Compound fraction as a function of temperature and partial pressure. Ratio between frequency factor of 

desorption and adsorption equal 10 (a) and 1000 (b). 

   

 It is noted that raising the substrate temperature the compound fraction is reduced due to the lowered 

chemisorption rate. For temperatures lower than 200 K, the ratio between frequency factors and the 

temperature have a little effect in compound formation. For these temperatures, the sticking coefficient is 

practically constant and near one, making the surface be covered with compound even at low reactive gas 

pressure.    
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1. Introduction

The study of materials processed in centrifuges improves the understanding on influence of acceleration 

and convection in materials processing. Large centrifuges are expensive and rarely available for crystal growth 

and solidification experiments. To overcome this difficulty, a small centrifuge with an electric tubular furnace 

was designed and built at LAS/INPE, which provides an acceleration ranging from 1 to 10 times the earth 

gravity [1,2]. The scope of this work is to study the influence of the high gravity in the redistribution of solute 

due to effects of the buoyancy-driven convection and sedimentation. The samples were analyzed by 

densitometry and energy dispersive spectrometry (EDS). The PbSn eutectic alloy is a material that provides 

convenient physical properties such as low melting point (183C), low vapor pressure, and does not react with 

the surface of the quartz ampoule, making it an ideal material for solidification studies of regular eutectic alloys 

[3]. 

2. Experimental

The solidification experiments were carried out in a furnace attached to the centrifuge (Figure 1). A 

mass of 20g of the Pb38.1Sn61.9 (wt%) eutectic alloy was prepared from 99.9999% purity elements and sealed 

under vacuum (5.10
6

 Torr) in an 8 mm diameter and 100 mm length quartz ampoule (Figure 2). Solidification

experiments were perfomed with both the furnace standing at 1g and rotating at 6g with the same thermal 

parameters, where g is the gravity acceleration on earth (9.81 m/s
2
). In the second experiment, after heating the

furnace up to a temperature of 200°C for 1 hour, the temperature controller was disconnected and the motor 

turned on at 92 rpm and kept running at constant speed during the whole solidification process. 

Fig. 1. Centrifuge (with furnace at the right side) of LAS/INPE. 

    Fig. 2.  PbSn eutectic alloy sealed in a quartz ampoule. 

3. Results and Discussions

Figure 3(a) shows the average lead composition profile along axial direction measured by density 

measurements. It is observed that at the beginning of the both samples (at the tip of the quartz ampoule) there is 

a solute (Pb) accumulation caused by both convection and sedimentation due to density differences between Pb 

(11.34g/cm
3
) and Sn (7.31g/cm

3
). On the other hand, the samples analyzed by EDS, Figure 3(b), shows a 

smaller difference between both profiles because that in this case only the surface composition of each sliced 
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sample was took into account. It was expected that higher gravity levels would cause a larger composition 

gradient along sample axial direction.   

 

 
Fig. 3.  Lead composition profile for 1g and 6g PbSn eutectic alloy analyzed by densitometry (a); energy dispersive 

spectrometry (EDS) (b). 

 

4. Conclusion 

PbSn eutectic alloys were solidified by centrifuge under high acceleration, and the average composition 

profile obtained at 6g level presents a smaller axial density gradient than that obtained under 1g earth gravity. 

The centrifuge can be used to control the solute redistribution by the effects of the buoyancy-driven convection 

and sedimentation. 
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1 Introduction 
Experiments on the propagation and transmission of electromagnetic waves in waveguides loaded with anisotropic 

magnetic metamaterials (as for example, periodic arrangements of split-ring resonators, called SRRs) have enabled 
the development of waveguides of subwavelength, resonators, filters, etc. [1-5]. In this work, we use magnetic probes 
to excite the loaded waveguide and to study the effects of weak and strong coupling between the SRR array and the 
probe through a retrieval procedure of constitutive parameters ε and μ, as well as the transmission parameters, namely, 
the refractive index and the wave impedance. Detailed knowledge of the constitutive properties of such artificial 
materials becomes relevant for microwave applications, as for instance, antennas, dephasers, and absorbers. All 
experiments were implemented by loading a rectangular waveguide with a periodic arrangement of six SRRs, with 
dimensions and physical features detailed in [6]. The array is placed in the plane of symmetry of a X-band waveguide 
(WR90) having a cross-sectional area 2.29 x 1.02 cm2 and cutoff frequency 6.55 GHz (Fig. 1). 

Fig. 1. (a) WR90 waveguide loaded with six SRRs. (b) Set-up to measure scattering parameters in the X-band waveguide loaded 
with the SRR array using waveguide coaxial adapters. 

2. Experimental Results and Discussion

First the waveguide loaded with the SRR array is symmetrically connected on both ends to identical X-band waveguide-to-
coaxial adapters, by means of which the input and output signals have been injected and detected by an Agilent N5230C vector 
network analyzer [6]. The results presented in Fig. 2(a) show that the first passband is left-handed in nature and occurs around f ~ 
3.45 GHz, but the transmission is very weak (S21~ − 45 dB). 
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Fig. 2 (a) The transmission band for the waveguide loaded with a periodic array of six SRRs measured with coaxial-waveguide 
adapters.(b)  Magnitudes of reflection (S11) and transmission (S21) scattering parameters. Measurements were made by using 
magnetic probes.  

To enhance the transmission band resulting from the effect of magnetic resonance, a pair of magnetic probes is used 
to excite and detect the propagating signal, as described in [6]. The magnitudes and phases of reflection and 
transmission coefficients, respectively, S11 and S21, are obtained for two cases: a) weak coupling between the probe 
and the SRRs; b) strong coupling between the probe and the SRRs, as displayed in Fig. 2(b). 
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It is observed that in the case of weak coupling, the maximum transmission intensity (S21 ~ 0,22) is obtained at f ~ 
3.32 GHz, while in the case of strong coupling the resonant frequency is slightly reduced (f ~ 3.28 GHz) and the 
transmission band is wider, with S21 reaching ~ 0.56.The refractive index retrieved, according to a method described 
in [7], is shown in Fig. 3(a). In the case of strong coupling the real part of the index is negative in all the range studied 
(f ∼ 3.0 − 3.8 GHz), indicating negative refraction, with values varying in the range −1.3 ≲ 𝑛𝑛𝑟𝑟 ≲ −0.25 , whereas in 
the weak-coupling case the real part of the refractive index is negative only for frequencies 𝑓𝑓 ≲ 3.32 GHz and takes 
values in the range −1.25 ≲ 𝑛𝑛𝑟𝑟 ≲ 0.67. The imaginary parts of the refractive index show that the strong coupling 
leads to a much lower energy dissipation level. In Fig. 3(b) the retrieved magnetic permeability shows a real part 
which is negative in almost all the range of frequencies, in both cases of weak and strong couplings. Although in the 
case of weak coupling, Re{µ} has larger negative values in the frequency range between 3.0 and 3.2 GHz, in practice 
it means nothing since the transmission in this frequency range is negligible (see fig. 2(b)). Note that in the region of 
stronger transmission, between 3.2 and 3.4 GHz, both permeabilities are approximately the same, indicating that the 
permeability nearly independent of the incident magnetic field. The electric permittivity εr of the SRR periodic array 
is negative only in the region around the magnetic resonance frequency (𝑓𝑓~3.2− 3.3 ) GHz and is larger in the case 
of weak coupling, as shown in Fig. 3(c). In the frequency range 3.3 ≤ 𝑓𝑓 ≤ 3.65 GHz we have obtained εr > 0 for both 
the strong and weak coupling cases. 
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Fig. 3. (a)Refractive index extracted from scattering parameters S measured in loaded waveguide. The solid lines refer to the real 
part nr and the dotted lines to imaginary part ni. The minima of ni spectrum correspond to largest transmission, as would be 
hoped. (b) Magnetic permeability extracted from measured S -parameters. The solid lines refer to the real part and the dotted 
lines to imaginary part. (c) Relative Electric permittivity extracted from scattering parameters (S) measured. ( sc=strong 
coupling, wc= weak coupling) 

The permeability and permittivity of an arrangement of resonant rings inserted in a X-band rectangular waveguide 
have been experimentally determined in the range of frequencies 3.0 ~ 3.8 GHz, which exhibits magnetic resonance 
below the cutoff frequency of the empty waveguide (6.55 GHz). It was noted that the excitation by using magnetic 
probe has intensified the transmission LH (left-handed) and that, depending on the intensity of the coupling, 
transmission can be equivalent to that of a balanced CRLH line (weak coupling) or a purely LH line (strong coupling). 
We also observed a negative refraction even in the range of frequencies over which the electric permittivity is 
positive. A reverse procedure (not explained in the text), retrieves all the original parameters (S parameters) using the 
permeability and permittivity extracted, fully validating the accuracy of the retrieved constitutive parameters.  
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1. Introduction

Metal matrix composites (MMC’s) have been used, especially in the aerospace industry, because of 

its high resistance and work temperature. In general, these composites are manufactured using as 

reinforcement fibers, such as carbon fibers [1, 2]. 

Carbon fibers are more expensive than other fibers used as reinforcement in composites, however 

they present better performance in structural applications. Fiber distribution influences uniformity or 

homogeneity of the composite: the more uniform it is, the more homogeneous is the reinforcement and the 

lower the chances of failure [3, 4]. 

Even et. al. (2008) prepared a metallic matrix metal composite based on carbon fiber reinforced 

titanium. The authors developed a technique that involves powder metallurgy and techniques used to process 

ceramic and polymer composites. They conclude that this method allows to process titanium (reactive at high 

temperatures) at lower temperatures, reducing their interaction and subsequent degradation of the 

reinforcement (carbon fibers). However, tensile tests showed that the presence of the reinforcement in 

different volumetric fractions caused a reduction in the stiffness and mechanical strength of the composite 

material [5].  

The global demand for carbon fiber composites can reach 140.000 ton per year by 2020. As a result, 

waste generation during processing also grows [6]. Thinking about that, this research is being made using 

residual carbon fiber in a way to contribute with the environment, focused in the carbon fiber 

characterization for posterior application in metal matrix composite. 

2. Experimental

The plain weave manufactured with 3000 filaments is being used. Carbon fibers Hexcel® AS4 GP 

were used. This is a continuous fiber, classified as high strength and high strain.  

The fibers were separated and cut into smaller pieces to help with the grind. Milling was performed 

with 95% isopropyl alcohol for 1 hours. Scanning electron microscopy (SEM), X-ray diffraction (XRD) and 

energy dispersive X-ray spectroscopy (EDS) analyses were carried out to verify contamination during the 

milling, phases and morphology of carbon fibers.  

3. Results and Discussions

Before milling process and after carbon fibers have been cut, they were analyzed by light 

microscopy to determine the mean fibers diameter. The mean diameter was calculated using ImageJ 

software, the result was 6.24 μm. 

In the first attempt, dry milling was performed for 2 hours, and the fiber was not ground, only 

agglomerated. Thus, it was decided to perform wet milling with 95% isopropyl alcohol for 2 hours. The fiber 

was ground excessively and became powder, as can be seen in Figure 1. Finally, the milling last for 1 hour. 

Figure 2 shows carbon fiber after wet milling for 1 hour, which kept the fiber aspect (did not turn it into 

powder).  

Fig. 1. Carbon fiber after wet milling for 2 hours. Fig. 2. Carbon fiber after wet milling for 1 hour 
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Analyzes by SEM, XRD and EDS showed a contamination due to the balls in the grinding jar. Figure 

3 shows the fiber after sieving to reduce contamination. Even after drying, the alcohol, used in the grinding, 

agglomerated the fibers, making it difficult to separate them.  

 Therefore, the fibers were manually separated and cut with scissors without going through milling 

process (Figure 4). 

 

 
Fig. 3. Carbon fiber after sieving. 

 

 
Fig. 4. Carbon fiber without passing through milling 

process. 
   

At first, it was believed that, due to the high hardness of the carbon fiber, it would be necessary to 

seek a means to facilitate its separation for insertion into the metal matrix. The option found was the milling, 

in an attempt to obtain a smaller size of fiber, to provide a homogeneous distribution through the matrix, and 

avoid strain concentration, damaging the mechanical properties of the material [7]. Manual separation results 

in relatively larger sizes compared to the obtained one by milling. It demands special attention, since 

reinforcement size and fiber distribution influence mechanical properties [8].   

There is a lack of detailed information on how to process carbon fiber. Carbon fiber grinding 

requires to be wet, due to its hardness, and keeps fiber morphology if it is done in a controlled way. 

However, the use of this technique is not efficient for the purposes of this research, because the resulting 

material agglomerates. Due to the use of mills and spheres already used in other processes, contamination 

can occur, and sifting can help minimize this situation.  
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1. Introduction
Thermal  barrier  coating  (TBC)  processed  by  air  plasma  spray  (APS)  has  been  widely  used  in

components operating at high temperatures, such as gas turbine blades [1].  The TBC laser remelted is a
technique that have been studied to improve the coating quality  by increasing the isothermal and cyclic
oxidation resistance,  a higher hardness by the densification of the surface,  a reduction of oxidation and
corrosion phenomena and thermal shock resistance were enhanced around fourfold [2-5]. A comparative
study of creep resistance was carried out of the Ti-6Al-4V alloy without treatment, as-sprayed TBC and the
laser remelted TBC.

2. Experimental
The Ti-6Al-4V specimens used and the TBC deposition is described in [6].  The specimens were

prepared in Rolls-Royce Company (São Bernardo do Campo, Brazil) using the same procedure for turbine
blade coating. For TBC laser remelted was used a continuous CO2 laser with beam diameter of 0.2 mm. The
treatment  was conducted with two different  steps  with their  respective electric  power  (P)  and scanning
velocity (V): 1) P = 37.5 W and V = 800 mm/s; 2) P = 50 W and V = 500 mm/s. It was performed in the air
with laser beam overlapping of 50%.

Constant load creep tests were conducted on a standard creep machine following the same procedure and
equipment used in [6]. A comparison of creep behavior of the specimens was made for Ti-6Al-4V without
treatment, as-sprayed TBC and laser remelted TBC at a temperature of 600 ºC and at stress levels of 125, 250
and 319 MPa.

3. Results and Discussions
Figures 1 to 3 show the creep curves at 600 °C and 125 to 319 MPa. A typical creep curves are

observed in  all  conditions  with most  of  the  creep life  dominated by a  constant  creep rate,  that  can be
associated with a stable dislocation configuration due to recovery and hardening process.

Fig. 4 shows the stress dependence of the steady-state creep rate. By standard regression techniques, the
results can be described in terms of power-law creep equation:

εs = B σn (1)

where εs is steady-state creep rate; B is structure-dependent constant, σ is the applied stress and n is the stress
exponent from secondary creep.

Fig. 1. Creep curves at 600 ºC and 125 MPa. Fig. 2. Creep curves at 600 ºC and 250 MPa.

*filipe.estevao@gmail.com
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Fig. 3. Creep curves at 600 ºC and 319 MPa. Fig. 4. Stress dependence of the steady-state creep rate
of Ti-6Al-4V without  treatment,  as-sprayed and laser
remelted TBC at 600 ºC.

The creep mechanism can be estimated based on the stress exponent from secondary creep rate (n), that are
very similar for each treatment (3.43 to 3.88), which suggests the dislocation climb as dominant mechanism
in all cases.

Results from the creep tests at 600 ºC are summarized in Tab. 1, where tr is the time to rupture. The reduction
of εs and higher values of tr demonstrate a higher creep resistance in the laser remelted TBC compared to the
Ti-6Al-4V without treatment. This occurred due to an improvement in the thermal barrier provided by the
coating. However, comparing with the as-sprayed TBC, the creep behavior was worse in the laser treated.
This  fact  can  be  related  to  the  coating  embrittlement  and  delamination  of  the  top  layer  during  creep
elongation, as can be seen in Fig. 5.

The TBC increased the Ti-6Al-4V creep resistance because it acts as a thermal insulation and a barrier for
inward oxygen diffusion into the alloy. The conditions used for the laser remelted treatment of TBC were not
effective in  improving creep  behavior  at  600 °C and 125 to 319 MPa compared to  as-sprayed coating
probably because of the TBC delamination during creep elongation.

Tab. 1. Creep data at 600 ºC.

Treatment σ (MPa) εs (h-1) tr (h)

Ti-6Al-4V
without

treatment

125 0.0410 5.58

250 0.4030 0.35

319 1.2703 0.09

As-sprayed
TBC

125 0.0118 11.20

250 0.1317 0.83

319 0.4966 0.21

Laser remelted
TBC

125 0.0237 8.37

250 0.3023 0.48

319 0.5507 0.16

Fig. 5. Photo of the fractured specimen after creep test.
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REACTIVE MAGNETRON SPUTTERING 

Thais Macedo Vieira*, Julio César Sagás 

Laboratory of Plasmas, Films and Surfaces, Universidade do Estado de Santa Catarina, Joinville-SC 

1. Introduction

Titanium oxide films have a wide range of applications, specially the titanium dioxide (TiO2) due to 

its photocatalytic properties [1]. However, many titanium suboxides (TiOx) are also of technological 

relevance due to their higher electrical conductivity when compared to TiO2 [2]. Among the interesting 

properties of TiO2 is the photoinduced hydrophilicity. When exposed to UV radiation, the formation of 

electron-hole pairs in the material promotes a reduction of water contact angle, i.e. an increase in wettability 

[3]. The increased wettability implies in a higher surface energy. The photoinduced hydrophilicity is an 

important property for applications like photocatalysis and self-cleaning windows. The deposition 

temperature is a crucial parameter to cristallinity and phase formation in sputter deposition, thus it is a way to 

tune the wettability of the films by controlling their structure. In this work, TiOx films deposited by reactive 

magnetron sputtering at different substrate temperatures are analyzed for their wettability and surface energy 

by contact angle measurements.  

2. Experimental

The films were deposited onto glass substrates in a triode magnetron sputtering system in five 

different conditions of substrate heating: no heating, 100°C, 200°C, 300°C and 400°C. Even without external 

heating, the sample reaches a temperature of 94 oC at the end of deposition. All depositions were performed 

at a total pressure of 0.40 Pa in an atmosphere of argon (Ar) and oxygen (O2) during 30 min. The O2 flow 

rate was adjusted to avoid target poisoning, i.e. the O2 partial pressure is close to zero. The titanium target 

(99.5 %) has 100 mm in diameter. The grid-to-target and the target-to-substrate distances were fixed to 2.0 

cm and 6.0 cm, respectively. The discharge power was set up to 470 W. The samples were biased by a 

bipolar asymmetrical power supply at – 200 V, frequency of 5 kHz and reverse time of 4.0 s. In an earlier 

work [4], the films were characterized by X-ray diffraction, indicating a mixture of TiO2 and suboxides, 

where Ti2O3 is the principal phase. Increasing the temperature there is an improvement in cristallinity and in 

the formation of Ti2O3. The contact angles were measured using an automated goniometer Ramé- Hart, 

model 590. The drop volume was set up to 0.83 μL and the measurements were made with deionized water, 

diiodomethane and glycerol, before and after UV exposure. The measurements were made in several 

different points of each sample, being ten measurements in each point with a time step of 1.0 s. The UV 

radiation source is a mercury lamp with 4 W and maximum intensity in the wavelength of 253.7 nm. The 

samples were irradiated during 24 h in a dark box before the measurements. The surface energy was 

determined using the multi-liquids method [5] from the linearization of equation (1) 

(1 + cosθ)
𝛾𝐿

2(𝛾𝐿𝑑)
1
2⁄
= (𝛾S

𝑑)
1
2⁄ + (𝛾S

𝑝)
1
2⁄ (

𝛾𝐿
𝑝

𝛾L𝑑
)
1
2⁄ (1) 

 where  is the contact angle, L is the surface free energy of the liquids and S is the surface energy of the 

film. The indices p and d refer to the polar and dispersive components of the surface energy.  

3. Results and Discussions

The contact angle has the same behavior as a function of deposition temperature for all the liquids, 

but the UV effect is more pronounced for deionized water. In figure 1, the water contact angle is shown, 

before and after UV exposure. It is observed that the photoinduced hydrophilicity is enhanced when the 

substrate temperature is raised, i.e. when the film cristallinity (and suboxide formation) is improved. It must 

be noted that the behavior of contact angle as a function of deposition temperature is changed after the UV 

exposure. The contact angle increases with temperature before UV, but decreases after UV. This result 

indicates a possible modification of surface chemistry with UV. In fact, the model for photoinduced 

hydrophilicity of TiO2 [3] is based on the creation of oxygen vacancies in TiO2 surface due to the break of 

chemical bonds between oxygen and titanium atoms after the generation of electron-hole pairs by UV 

absorption. It is expected that the suboxide films already have some oxygen vacancies. 
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The multi-liquids analysis shows a great uncertainty in the absolute values of surface energy. This is 

caused by a deviation from equation (1) due to the small number of liquids tested. The multi-liquids method 

is as good as higher the number of different liquids used. This is also the reason why the “standard” two-

liquid method be strongly dependent of the liquid pair used.  

Despite this, the analysis shows that the reduction in contact angle caused by UV radiation is due to 

the raising of the polar component of surface energy, which explains the higher contact angle variation for 

water than for the other liquids, once that water is the most polar of the test liquids. The dispersive 

component also increases with UV, but the raise is not as strong as for the polar component.  The growing of 

both components obviously implies in an increase of total surface energy as expected from the contact angle 

measurements. 

It can be noted that the polar component drops with increased temperature before UV exposure, but 

it grows after UV exposure, the same behavior of contact angle. This behavior can be related to the 

formation of oxygen vacancies in film surface, but more detailed analyses are necessary to confirm this 

hypothesis.  
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Fig. 1. Water contact angle as a function of substrate 

radiation before and after UV exposure.  
 Fig. 2. Polar component of surface energy as a function 

of deposition temperature  before and after UV 

exposure.  
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CARBON FIBER COMPOSITE  

Dalva A. de Lima. Almeida1*, Lilian Mieko da Silva1, Andréa Boldarini Couto1, Neidenei Gomes Ferreira1 
1 Instituto Nacional de Pesquisas Espaciais - INPE 

1. Introduction

Conducting polymers represent an interesting class of electrode materials for supercapacitors, due to 

their high kinetics of the electrochemical charge-discharge processes. Among them, polyaniline (PAni) has 

been the subject of intense research as flexible electrode for solid-state because of its, low cost, electrical 

conductivity, mechanical properties and high capacitance [1]. The charge is stored throughout the volume of 

the polymer material. Other material that has singular properties is the carbon fiber (CF) like large surface 

area, high conductivity, temperature stability and percolated pore structure [2]. Hence, CF is an excellent 

substrate, which acts as a template for PAni synthesis. In this context, the aim of this work was to evaluate 

the influence of two different synthesis methods to obtain PAni on the CF substrate. Emphasis was given in 

the morphological and electrochemical properties of the PAni/CF composites obtained. 

2. Experimental

PAni chemical synthesis was performed using CF (1x1 cm) fixed in a platinum wire and placed in 

reaction medium containing distilled aniline (12.6 mmol L-1) and 1.0 mol L-1 HCl, 3.0 mol L-1 NaCl. Then, 

the oxidizing agent solution (ammonium persulfate) was slowly dripped in the reaction medium, with 30 min 

of the deposition times at -10 oC with vigorous stirring. For electrochemical synthesis, the PAni was 

electrodeposited on CF electrode under galvanostatic mode using 5 mA cm-2 current density for 10 min in 

0.5 mol L-1 H2SO4 aqueous containing 0.1 mol L-1 aniline. It was denominated PAni/CF_C the composite 

obtained for chemical synthesis and PAni /CF_E for prepared by the electrochemical synthesis. 

3. Results and Discussions

The SEM images (Fig. 1(a) and (b)) showed heterogeneous PAni layer with small sponge-like 

agglomerates in the PAni/CF_C, while the PAni/CF_E presented homogeneous PAni layer. The cyclic 

voltammetry (CV) curves were carried out from −0.2 to 0.8 V at scan rate 25 mV s-1. It was observed a pair 

of peaks well defined, which are attributed to the transition between leucoesmeraldina and emeraldine phase, 

besides a capacitive profile for both composites obtained. Based on the initial observations, both electrodes 

have potential of charge storage. However, the electrochemical synthesis appear as an interesting route to 

PAni/CF production because it spends less time, with a lower cost not to mention the minimum sludge. In 

this preliminary study, the electrochemical synthesis was the most suitable, but a more careful analysis will 

be required to test the efficiency of these electrodes, whose purpose will be to test them on devices energy 

storage.  

Fig. 1. PAni/CF images: (a) PAni/CF_C obtained for chemical 

synthesis and (b) PAni/CF_E by electrochemical synthesis 
 Fig. 2. CV curves of PAni/CF obtained by both 

methods at a scan rate 25 mV s-1. 
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1Department of Mechanics, Sao Paulo State University, Guaratingueta, Brazil 

1. Introduction

The Oil and Gas companies use studs to join flanges or equipment connector in a marine 

environment, where fluctuations in the tensile stress occur in the studs due to the variation of the internal 

pressure in oil wells or due to the movement of sea waves. Cyclic loads of constant or variable amplitude 

may be responsible for the fracture mechanism known as fatigue of materials. An important characteristic of 

this mechanism is that fatigue failures occur at stresses below the yield strength of the material. Although 

fatigue occurs within the elastic regime, localized microscopic plastic deformations generate intrusions and 

extrusions, which act as microscopic scale stress concentrators.  

The factors that may influence the fatigue life of the studs for petrochemical industries applications 

are the corrosive environment, anticorrosive coatings, and the stress concentrations in the screw threads. To 

prevent the material from corrosion, frequently the studs undergo an electrodeposition process with 

cadmium, which may reduce the fatigue life due to hydrogen embrittlement [1]. The existence of 

irregularities or discontinuities, such as the threads of the studs, increases the theoretical stresses near of this 

discontinuity, which decreases the fatigue life of the component [2, 3]. Since fatigue failures generally 

initiate at notches or discontinuities, the study of stress concentrations influence in the studs made of AISI 

4140 steel is very significant to Oil and Gas industries.  

2. Experimental

Table 1 shows the chemical composition of AISI 4140 steel used. The mechanical properties of the 

material are: (28-32) HRC, yield strength of 860 MPa, ultimate tensile of 978 MPa, and modulus of elasticity 

of 202 GPa. These properties were obtained by means of quenching (900°C for 3 hours, cooling in oil to 

81°C) and double tempering (620°C for 3 hours, cooling in calm air). The thread was manufactured by 

rolling process. The specimens were tested in axial fatigue tests with fatigue ratio R=0.1 at frequency of 10 

Hz and room temperature.  Specimens without thread according to ASTM E466 (Fig. 1) and the studs were 

tested. Fig. 2 shows the device used to perform the axial fatigue tests in the studs, where the sleeves were 

fixed to the testing rig.  

Table 1. Chemical composition of AISI 4140 steel (wt. %) 

C Mn P S Si Cr Mo V B Fe 

0.38 0.75/1.00 <0.035 <0,04 0.15/0.35 0.8/1.10 0.15/0.25 <0.05 0.0005 Base 

Fig. 1. Specimen according to ASTM E466 (Dimensions 

in millimeters). 

Fig. 2. Testing Device (dimensions in millimeters, 

except thread). 

3. Results and Discussions

Fig. 3 shows the S-N curves for the specimens according to ASTM E466 standard and to the studs. 

The significant decrease in fatigue life of studs compared to the standard specimens is due to stress 

concentration that occurs near the threads, where the nucleation of the cracks occurs. For example, for a 

maximum stress of 700 MPa, while the specimens without threads would withstand 106 fatigue cycles, the 

studs would fracture after about 2×104 cycles. 

Fig. 3 displays the stress concentrations effects for a larger number of cycles. The explanation for 

this behavior is that although the stress concentrations reduce significantly the number of cycles during the 

nucleation stage, they do not have a big influence on the number of cycles during the fatigue crack 

propagation. Therefore, at lower stress levels, when the fatigue life during the crack initiation stage is longer, 
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the influence of the effect of stress concentrations in the threads is more significant than at higher stress 

levels, when the number of cycles for the crack to initiate is smaller. 

 Considering the applications of the AISI 4140 steel in the Oil and Gas industries, the studs are pre-

loaded by torque application to withstand an internal pressure of up to about 155 MPa (22,500 psi) and avoid 

leakage on nuts. The pre-load provides tensile stresses of about 362 MPa that may reach up to 600 MPa in 

operation. At a stress level of 600 MPa, while for the specimens according to ASTM E466 the stress is lower 

than the fatigue limit, for the studs, the fatigue life would be about 6×104 cycles. 

 

 
 
Fig. 3. S-N curves for specimens according to ASTM E466 and studs 
 

 The effect of the stress concentrations in the studs made of AISI 4140 steel is very important to Oil 

and Gas industries since the stresses in operation could overcome the fatigue limit of the studs depending on 

the variation of the internal pressure of the oil wells or due to other influences such as the movement of sea 

waves. Stress concentrations significantly reduced the fatigue life of the thread, an effect that is even more 

relevant for high cycle fatigue. 

 

4. References  

[1] H. J. C. Voorwald, I. M. Miguel, M. P. Peres, and M. O. H. J. Cioffi. Journal of Materials Engineering 

and Performance, 14, 249-257, (2005). 

[2] C. P. Siqueira, C. P. M. Pereira, M. P. Nascimento, H. J. C. Voorwald, and R. C. Souza, SAE Technical 

Paper Series, 1, 177-182, (2001). 

[3] V. Chaves, C. Madrigal, A. Navarro, Theoretical and Applied Fracture Mechanics, 87, 11-20, (2017). 

 

Acknowledgments 

The authors gratefully acknowledge all support from São Paulo State University (FEG/UNESP), and 

Onesubsea, Prec-Tech and CPF companies for the donated specimens. 

121



XXXVIII CBRAVIC/III WTMS – INPE, São José dos Campos, SP, 21 a 25 de agosto de 2017 

*Corresponding author: thay.ceregatti@gmail.com

ID 95: CARBON FIBERS FUNCTIONALIZATION THROUGH N2-H2 PLASMA AS A 

PRETREATMENT FOR POLYANILINE POLYMERIZATION 
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1Universidade do Estado de Santa Catarina, Centro de Ciências Tecnológicas, UDESC, Joinville-SC, Brazil 

1. Introduction

Carbon fibers (CFs) are used for reinforcements in polymer matrix composites. It exhibits high 

specific strength and stiffness, thermal stability, and corrosion resistance [1]. When combined with 

conductive polymers, they can be attractive materials for many applications, for example for supercapacitor. 

Polyaniline (Pani) is a representative conductive polymer for supercapacitance research because the entire 

volume of Pani can conduct the redox reaction and energy storage to obtain high capacitance [2]. Some 

researchers proposed a combination of carbon materials, such as porous carbon, carbon nanotubes (CNTs), 

carbon nanofibers (CNFs) and graphene, to improve the capacitance performance of Polyaniline (Pani)[3]. A 

large number of techniques have been reported to modify the surface of carbon fiber in order to improve its 

electrochemical characteristics and Pani deposition [1]. In the last years, non-thermal plasma has emerged as 

a method of surface modification, convenient for the incorporation of functional groups on the substrate 

surface. Recently, a successful method of Pani polymerization has been reported through the pretreatment of 

FCs by plasma [3]. The interaction between the active species generated in the plasma and the carbon surface 

indicates the type of functionalization. Active Screen Plasma System (ASPS) is a technology that may 

produce surfaces activation, with minimum damage due to ion bombardment [1]. By choosing the gas 

composition, functional groups can be selectively introduced onto the substrate surface. In recent years, the 

ASPS technique was used to functionalize with N2, H2 plasmas [4]. Since the plasma mechanism involves 

atomic processes a variety of species including free radicals or reactive sites may be present on the surface of 

the substrate, which in turn, in contact with the aniline monomer, can initiates polymerization thereof.  

2. Experimental

The clean and dry carbon fibers mesh (PWB-3/Stackpole – USA) were cut into short segments (2 x 2 

centimeters) and used as received. The plasma treatments were conducted inside of a plasma reactor, which 

consists of a stainless steel grounded base with a glass chamber on top. The cathodic mesh of the ASPS setup 

was made of stainless steel, with 74% open area. The samples were fixed on one of glass disk and were 

placed on an insulated work table, which was left at floating potential during the plasma treatment. The 

vacuum chamber was evacuated to a base pressure below 0,1 Torr, at which point a gas mixture consisting of 

75% H2 and 25% N2 was fed into the chamber. The glow discharge was ignited between the mesh of the 

ASPS set-up, which acts as cathode, and the gas entry, which was also grounded, acts as anode. The gas 

pressure selected for the treatments was 0,22 Torr, the applied potential was 200 V, the current was varied 

between 0.5 and 0.3 A, and the treatment time ranged from 5 to 20 min. For comparison, it was treated 

samples in the glow discharge plasma at floating potential. After plasma treatment, the plasma treated 

samples were sent to contact angle analysis. 

3. Results and Discussions

Contact angle measurements were obtained in an automated goniometer, using the sessile droplet 

method with deionized (DI) water. Figure 1 shows the water droplets on carbon fiber mesh treated under 

different conditions. The untreated carbon fiber exhibited a high contact angle with deionized water, which is 

characteristic of hydrophobic surfaces. After the ASPS plasma treatment (200V for 5 min, 10 min e 20 min), 

the contact angle decreased as shown in Table 1. Increased wettability was obtained in all cases, but the most 

significant changes were observed on those samples which were plasma treated for 20 minutes, indicating 

that a large number of radicals were generated on the surface of the fiber by breaking the C-C bonds, and to 

the introduction of several N and N-H groups in the surface, which turned the samples more hydrophilic. 

Table 1. Summary of goniometer results obtained from carbon fibers 

Samples Time of treatment (minutes) Mean Contact angle 

A 0 131,8º 

B 5 98,9 º 

C 10 93,3 º 

d 20 75,4º 
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Fig. 1. Droplets on carbon fiber without plasma treatment and after ASPS plasma treatments. 

 

Functionalization of carbon fibers with the active screen plasma technology is promising. The active screen 

plasma treatment also produced reduction in the contact angle of the carbon surfaces, indicating a possible 

presence of functional groups and increasing the hydrophilicity of the carbon fiber. Therefore, knowing the 

pre-existence of these groups, it is possible to expand the studies for the polymerization of polyaniline using 

plasma-treated carbon fiber. 
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1. Introduction

This scientific work aims at the construction of a vacuum oven with controlled temperature for the 

treatment of thin carbon films. We present the project, modeling and development of the thermal control 

system. The process of propagation of heat in controlled vacuum environment will be obtained by applying 

current to the resistance of the oven. Through this oven it will be possible to reach temperatures of ~ 1273 K 

in a small time intervals. It will be used mainly for the treatment of carbon films, produced by the sputtering 

technique [1], in order to provide adequate crystallinity that guarantees the production of graphite and/or 

graphene. 

2. Theory

The mechanical assembly of the oven consists of stainless steel 304L  machined parts, standard DIN 

912 bolts, dimensioned ceramic tubes and a tungsten helical resistor. The assembly can be seen in figure 1. 

The oven itself is also composed of other components such as: temperature control components and 

vacuum chamber, with the heat exchanges inherent to the vacuum oven. 

Through electromagnetic waves released by the resistance, the heating of the sample door part 

occurs, since these waves propagate in the perfect vacuum (radiation). The phenomenon of radiation in the 

system is described by the next mathematical model[2].  

𝜌𝑖𝑛𝑜𝑥 . 𝑉𝑒𝑣𝑒𝑛𝑐𝑖𝑛𝑜𝑥 .
𝑑𝑇𝐶(𝑡)

𝑑𝑡
=  𝑃𝑒𝑙é −  𝜎 . ε .  As

i  {TC(t)4 − Tamb
4}

3. Results and Discussions

Electrical circuit tests proved to be effective, with heating occurring. From the results obtained is 

possible to corroborate the physico-mathematical model and perform the first temperature measurements at 

time T = TC (t). 

The results indicate that the system is capable of operating. It is necessary to test the model obtained 

in the vacuum chamber under the working conditions for the treatment of thin films of carbon. 

The high vacuum system shown in figure 2 is operational and reaching the pressure of 10-5 mbar [3]. 

Heating tests performed. Applying power of 7 W it was found that the heating was commensurate 

with the model, getting 463K in 15 minutes. The model proposes the application of 35 W to obtain 1273 K in 

2 min. For the final test, a thermal insulation is being constructed to avoid damage to the turbo drag vacuum 

pump with high radiated power. 

Fig. 1. Vacuum electric oven mechanical assembly. Fig. 2.  Vacuum set-up diagram. 
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1. Introduction

The DLC coatings are characterized by good wear resistance, low friction coefficient and chemical 

inertness [1]. However, they have adhesion problems when they are deposited on metallic substrates. For this 

reason, a thin interlayer of different materials, such as silicon, is deposited previous to the coating in order to 

improve the adhesion. There are a few studies about the influence of the conditions of the silicon interlayer 

deposition on adhesion or properties of the coatings [2,3].  In this work, the adhesion of DLC coatings 

deposited on nitrided and non-nitrided martensitic stainless steel, modifying the silicon interlayer bias 

potential deposition, is studied.  

2. Experimental

AISI 420 martensitic stainless steel was used as base material. The samples were nitrided in a DC 

pulsed discharge for 10 h at a temperature of 390°C using a gas mixture composed of 20% N2 and 80% H2. 

The DLC (Diamond Like Carbon) coatings were deposited by means of a modified PACVD (Plasma 

Assisted Chemical Vapor Deposition) process at INPE (Brazil) [4], using acetylene as precursor gas at 150 

°C for 50 minutes. The total gas pressure was 6.10
4

 Torr. Prior to the coating deposition, an amorphous 

silicon layer was deposited using silane gas for 10 minutes and different bias voltages: 5 kV, 8 kV and 

10 kV. The coatings and interlayers were deposited on nitrided and non-nitrided stainless steel (named 

Duplex and Coated samples, respectively). The DLC coatings were characterized by means of EDS and 

Raman spectroscopy. The microstructure was analyzed by OM, SEM-FIB, and XRD. Adhesion was 

evaluated by means Scratch test using 10 N, 15 N and 20 N loads and Indentation Rockwell C.  

3. Results and Discussion

The Raman spectra for DLC films presented two overlapping bands known as the D and G bands. 

The positions and intensity ratio of the D and G bands (ID/IG), FWHM G band for different samples are 

shown in table 1. Taking ID/IG ratio and the G band position into account, the percentage C–C sp
3 

bonds

should be about 20% according to the three stage model proposed by Ferrari [5]. The hydrogen content was 

about 20%, which was calculated from the slope of the fitted line to the base of the original Raman spectrum. 

It can be indicated that the growth voltage variations of the silicon interlayer did not affect the D and G 

bands position, FWHM or ID/IG ratio (Table 1). 

Table 1. Summary of Raman results for different samples 

Samples Bias Voltage 

(-kV) 

D Band 

(cm
1

) 

G Band 

(cm
1

) 

FWHM (G) 

(cm
1

) 

ID/IG 

Coated 5 1388.70 1545.38 171.50 0.69 

8 1387.66 1541.20 176.26 0.66 

10 1385.96 1550.36 169.67 0.74 

Duplex 5 1382.59 1548.17 174.92 0.69 

8 1389.34 1547.49 176.88 0.65 

10 1392.00 1551.76 166.84 0.75 

The DLC coatings thickness was of about 1 µm with a well-defined interphase with the substrate. The 

nitrided layer thickness of 10 µm. The expanded martensite peaks, i.e. nitrogen expanded martensite, were 

detected by XRD in the duplex sample because the film is amorphous, transparent to x-ray radiation.  

With respect to the adhesion, the duplex sample had better adhesion than the only coated sample as it could 

be observed in SEM image indentation Rockwell C (Figure 1, 2, 3 and 4). 
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Fig. 1. SEM image of Indentation Rockwell C in 

duplex sample for -10 kV bias potential silicon 

interlayer. 

 Fig. 2. SEM image of Indentation Rockwell C in 

coated sample for -10 kV bias potential silicon 

interlayer. 

 

 
Fig. 3. SEM image of Indentation Rockwell C in 

coated sample for -5 kV bias potential silicon 

interlayer. 

 

 
Fig. 4. SEM image of Indentation Rockwell C in 

coated sample for -5 kV bias potential silicon 

interlayer. 

 

The same results were obtained in the Scratch Test where the coating detached with 10 N load in the coated 

sample. However, the coating is broken with 20 N load in the duplex sample. The improved adhesion for the 

duplex sample is attributed not only to the gradual transition interface between the coating and the substrate 

provided by the nitrided layer, but also to the affinity chemical between silicon of the interlayer and the 

nitrogen of the nitrided layer which can produces a chemical bonding Si-N as it was reported by some of the 

authors [6].  

Moreover, the adhesion improved when the interlayer was deposited with higher bias voltage. The best 

adhesion was reached when the interlayer was deposited using 10 kV as it can be seen in Figure 1. With the 

bias voltage increase during silicon interlayer deposition, the ion bombardment energy increases and the 

adhesion improves as it was reported by some of the authors [4].  
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1. Introduction

The high-velocity oxygen-fuel (HVOF) process efficiently uses high kinetic energy and controlled 

thermal output to produce low porosity coatings that are homogeneous in structure. The coatings can operate 

under harsh service conditions, because they are characterized by higher durability and higher wear and 

corrosion resistance [1]. In this work, the ImageJ Macro language (IJM) was used to performed spray 

coating porosity values by digital image processing [2].  

2. Experimental

Martensitic stainless steel (ASTM A743 CA-6NM) samples were machined, blasted, preheated and 

WC-12Co-4Cr coated (0.1 mm – sample S1 and 0.2 mm – S2 and S3) using by HVOF technique. The 

samples were sectioned using diamond cutting disc with 3 mm/s and 4000 rpm rotation. A solution made of 

OPU, diluted with water in ratio 1:2, was used as final polishing. Images were obtained by using light 

microscope NIKON EPIPHOT Model 200, coupled to a digital camera Spot Insight QE. The pore 

segmentation was performed by histogram analysis according to steps shown in figures 1-4 and applied to 

S1, S2 and S3 samples. The porous segmentation was performed by histogram analysis. The total sampled 

field of view was determined by statistical stability of porous fraction value average.  

3. Results and Discussions

Table 1 shows the digital image processing results. According to standard deviation values, the 

sprayed layers analyzed (0.1 or 0.2 mm) not showed statistically significant differences on porosity values. 

The usual samples porous morphology was showed in Figure 4.  

Fig. 1 Original image (example of S1) Fig. 3 brightness distribution 

Fig. 2 Remove background and gray scale (8 bit) Fig. 4 Image after threshold 

Tab. 1 results after digital image processing 

Sample Porosity (%) Porous number (average) Circularity Feret’s diameter (µm) 

S1 1.06 ± 0.83 619 ± 368 0.80 ± 0.05 0.59 ± 0.15 

S2 1.92 ± 0.64 520 ± 116 0.77 ± 0.06 1.41 ± 0.83 

S3 1.91 ± 0.53 677 ± 270 0.78 ± 0.06 1.64 ± 0.33 
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1. Introduction

Reactions involving [H,C,N] systems are of wide interest in several chemical processes that occur in 

flames, comets, lasers and planetary atmospheres.  Hydrogen cyanide (HCN) and its isomer, hydrogen 

isocyanide (HNC), have been detected in such diverse molecular astrophysical environments as diffuse 

interstellar clouds, prestellar disks, outflowing circumstellar envelopes, Titan’s atmosphere and planetary 

nebulae. There are studies that show the importance of the nitriles/isonitriles compounds in prebiotic 

chemistry as possible precursors of molecules of biological interest. There is a variety of theoretical studies 

on the mechanisms of reactions that lead to the formation of the HCN/HNC radicals. In most of these 

studies, the  HNC formation mechanism occur via HCNH
+
 + e, H2CN

+
 + e

-
,H2C + N, H2N + C, CH + NH

and H + HCN[1]. 

Thus a complete understanding of the HNC/HCN abundance ratio requires, in addition to some 

explanation for the low temperature enhanced abundance of the metastable HNC, a further explanation for 

the disappearance of this species with increasing temperature.  Like, at present moment, there is no record of 

the location of any transition structure for hydrogen abstraction converting H2 + CN to H + HNC; in this 

work, we propose investigate the production of HCN/HNC via neutral H2 + CN  reaction, with a linear 

configurations, leading to the formation of the H + HCN 

𝐻2 + 𝐶𝑁 → 𝐻 + 𝐻𝐶𝑁  ∆𝐻𝑓 = −21.58 𝑘𝑐𝑎𝑙/𝑚𝑜𝑙

and H + HNC 

𝐻2 + 𝐶𝑁 → 𝐻 + 𝐻𝑁𝐶  ∆𝐻𝑓 = −6.68 𝑘𝑐𝑎𝑙/𝑚𝑜𝑙

channels. 

2. Theory Methods

The G3 Method were employed in our work to determine the potential energy surface (PES), 

geometries, vibrational frequencies and energies of the reactants, transition states and products of the H2+CN 

reactive process. Vibrational frequencies were used to characterize the stationary points as minimum or 

transition states, the number of imaginary frequencies (0 or 1) indicate whether a minimum or a transition 

state has been located. To confirm that the transition state really connects reactants and products, the intrinsic 

reaction coordinate (IRC) calculations were performed. All calculations were performed with Gaussian 09 

program. The rate constants for the present simple reactions have been calculated by conventional transition 

state theory (TST) and canonical variational transition state theory (CVT) with the APUAMA program [2]. 

The quantum effect corrections for the CVT rate constants have been made by zero-curvature tunneling 

(ZCT) and small-curvature tunneling (SCT) calculations. The results of these calculations will be compared 

later with experimental data and theoretical results.  

3. Results and Discussions

For the H2 + CN reaction system, the two product channels, as alluded to in the introduction, have 

been considered: H-atom abstraction processes by the carbon of the CN molecule H2 + CN  H + HCN and 

H-atom abstraction processes by the nitrogen of the CN molecule H2 + CN H + HNC. The optimized 

geometries of the reactants, transition states, products and relative energies, E, (in parentheses) are 

calculated using G3 method can be seen in Fig. 1. 

The schematic potential energy surfaces for the reaction between H2 and CN are plotted in Fig. 1 

with the following products: H + HCN and H + HNC. Note that energy of reactants is set to be zero as 

reference. To H + HCN channel, we found a barrier among the transition state TS1 of the 3.40 kcal mol
-1

 that

is close to the value found by Horst et al. of the 3.2 kcal mol
-1

 [3]. To H + HNC channel, the barrier height of 

the transition state TS2 is 13.37 kcal mol
-1

. At present moment, there is no record of the location of any

transition structure for hydrogen abstraction converting H2 + CN to H + HNC. The product energy goes from 

–22.83 kcal mol
-1

, for H + HCN channel to –8.18 kcal mol
-1

 for H + HNC channel. The rate constants,

calculated as conventional, Wigner correction tunneling and CVT to H2 + CN  H + HCN and H2 + CN  

H + HNC reactions, are presented in Fig. 2 and 3, respectively. The branching ratios as a function of 
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temperature for channel 1 and 2 are displayed in Fig. 4. These results show that H+HCN product is the most 

important in range of temperature of 300–1700 K, with a probability of 100% of the total reaction, at 300 K. 

While, the H+HNC product is more favorable to high temperatures (T > 1700 K), with a probability of 100% 

of the total reaction, at 3000 K. 

   

 
Fig. 1: The profile of the doublet Potential Energy Surface 

of the H2+CN H+HCN/HNC reactions with optimized 

geometries calculated at G3 Method, with ZPE correction.  

 

Fig. 2: Comparison of the present thermal rate constants 

for the H2+CN H+HCN reaction as a function of 

temperature (solid lines with symbols) are reported 

together with the corresponding values of references 

(symbols only). 

 
Fig. 3: Thermal rate constants for the H2+CN H+HNC 

reaction as a function of temperature. 

 

Fig. 4: The branching ratios of the H2+CN H+HCN 

and H2+CN H+HNC reactions, at temperature range 

of 300-3000 K 
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1. Introduction

Ethanol has been used as fuel additives to reduce automobile emissions of hydrocarbons. It is 

currently one of the most important renewable energy sources and an important green fuel. In Brazil, it has 

been used as a substitute for gasoline for decades. Flex fuel vehicles have been developed that operate on 

varying composition mixtures of ethanol and gasoline. Nevertheless, flex fuel vehicles in Brazil mean 

something very different from those being developed in much of the rest of the world. In Brazil, flex fuel 

vehicles are designed to operate using fuels that range from gasohol (in Brazil 20–25% anhydrous ethanol in 

gasoline) to hydrous ethanol approximately 95.5% ethanol with the rest being water), and any mixture of 

these fuels.[1] 

The research on ethanol is relevant because molecular systems bound by hydrogen bonds are widely 

studied in many areas such as physics, chemistry and biochemistry. For example, they are the basis to 

explain, at a molecular level, the formation of molecular clusters such as those formed by the ethanol–water 

azeotrope (96% of ethanol and 4% of water). This azeotrope has received a lot of attention due to the use of 

anhydrous ethanol as additive in gasoline, which requires a high degree of separation of the ethanol-water 

mixture. Acetaldehyde and ethanol increase in vehicle emissions and nitrogen oxides (NOx) may increase 

when ethanol fuels are used. Both CH3CHO and NOx are very important contributors to photochemical air 

pollution and ozone (O3) formation.  

In this paper, we study alternative mechanisms of the CH3CH2OH + H2O reaction to explain the 

origin of high reactivity and the formation of radicals and/or molecules with significant impacts on 

atmospheric pollution and, consequently, on the destruction of the ozone shell. The potential energy surface 

of the reaction of CH3CH2OH + H2O was study through of the eight possible. 

2. Computational Methods

An extensive quantum chemical study of the potential energy surface for the different pathways of 

the reactions of CH3CH2OH + H2O has been studied. We investigated eight possible pathways, with a 

detailed mapping of the PES of the system; used CBS-QB3 Method to all species (reactants, transition states 

and products) involved in the CH3CH2OH + H2O reaction, and are show in the Figure 1. Vibrational 

frequencies calculated at CBS–QB3 level were used for characterization of stationary points as minimum 

and saddle points. The equilibrium structures possess all real frequencies, whereas transition states possess 

one and only one imaginary frequency indicates whether a transition state has been located. To confirm that 

the transition state really connects with designated intermediates along the reaction path, the intrinsic 

reaction coordinate (IRC) calculations were performed. All quantum chemistry calculations were conducted 

using Gaussian 09 program. The rate constants for the present simple mathematical reactions have been 

calculated by conventional transition state theory (TST) and canonical variational transition state theory 

(CVT) with the APUAMA program [2]. The quantum effect corrections for the CVT rate constants have 

been made by zero-curvature tunneling (ZCT) and small-curvature tunneling (SCT) calculations and the 

results are compared with reference data, when available. 

3. Results and Discussions

The all geometrical parameters, as well as, frequencies, were obtained at the B3LYP/6-311G(2d,d,p) 

level, internal of CBS-QB3 method. The transition state found for the channel 1 (TS1) was obtained from the 

abstraction of hydrogen from CH3 group and the abstraction of OH from CH2 group in the CH3CH2OH 

molecule. For the channel 2, the breaking of CH bound in the CH2 group to form CH3CHO + H2O + H2. 

formed the transition state. While for channel 3 (TS3), the transition state was formed by abstraction of 

hydrogen from CH2 group and break CC bond in the CH3CH2OH to form CH4 + H2OH2CO. The 

configuration of the TS4, of the channel 4, is similar to configuration of the TS1 however; we have the 

formation of the two H2O molecules and CH3CH instead of C2H4. As to transition state of the channel 5 

(TS5), occur by breaking the HC bond (in CH2 group) by water as products, we have CH4 + HCOHOH2. In 

channel 6, there was the breaking of the CC bound, forming the CH4 and the forming of CO bound forming 

CH2(OH)2. Channel 7 was formed the abstraction of oxygen by the H2O, forming H2O2 and C2H6. Finally, 
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the channel 8, the transition state was formed by abstractions of hydrogen-atoms from OH groups in the 

CH3CH2OH and H2O to form CH3CH2OOH + H2 (TS8).  

 We calculated the zero-point energy corrections, inertial moment, and vibrational frequencies of 

all geometries of the reactants, transition states and products at B3LYP/6-311G(2d,d,p). The relative energies 

(RE) of species involved in the eight channels of the reaction are calculated at the CBS–QB3 with zero-point 

energy correction are visualized in Fig. 1. The schematic potential energy surfaces for the reaction between 

CH3CH2OH and H2O are plotted in Fig. 1 with the following products: C2H4 + (H2O)2, CH3CHO + H2O + 

H2, CH4 + H2OH2CO, CH3CH + (H2O)2, CH4 + HCOHOH2, CH4 + CH2(OH)2, C2H6 + H2O2, 

CH3CH2OOH + H2. Note that energy of reactants is set to be zero as reference. The barrier among all 

transition state are TS1 < TS2 < TS3 < TS4 < TS5 < TS6 < TS7 < TS8. The lower barrier is 53.9 kcal mol
-1

and 

the higher is 121.9 kcal mol
-1

. The product energy goes from 1.5 kcal mol
-1

, for channel 6 to 74.0 kcal mol
-1

 

for channel 4. The rate constant, calculated as CVT, are presented in Fig. 4. In the low temperature region 

the rate constant are according the barrier, k1 > k2 > k3 > k4 > k5 > k6 > k7 > k8. However, in the higher 

temperature region there are an inversion for k4 and k7. For temperature of 1000 K k4 > k3, for T=1800 K, 

k4 > k2 and for T=3200 K, k4 > k1. In the case of channel 7, this inversion occurs for temperature of 2600, 

3100 and 4000 K, for k6, k5 and k3, respectively.  

   

 
Fig. 1: Representation of the Potential Energy Surface of 

the CH3CH2OH+H2O reactions using CBS–QB3 level, 

with ZPE correction. 

 
Fig. 2: Optimized geometries of the reactants and 

products computed at the B3LYP/6-311G(2d,d,p) level. 

The units for the bonds lengths and bonds angles are Å 

and degrees, respectively. 

 
Fig. 3: Optimized geometries of the transition states 

computed at the B3LYP/6-311G(2d,d,p) level. The units 

for the bonds lengths and bonds angles are Å and degrees, 

respectively. 

 
Fig. 4: Potential energy diagram for the 

CH3CH2OH+H2O reaction at the CBS–QB3 level with 

ZPE corrections. 
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1. Introduction

The characterization of the intermolecular potential energy surfaces (PES’s) of pairs of simple 

molecular systems and their compact representation through suitable analytic functions is an essential 

requirement for applications of classical, semiclassical, and quantum-mechanical approaches to molecular 

spectroscopy and dynamics. We report (i) the results of quantum-chemical ab initio calculations on a series 

of interactions between diatomic molecules, specifically, H2X2 and H2HX, where X = H, F, Cl, Br; (ii) 

their use to assemble full dimensional intermolecular PES’s in the framework of a spherical-harmonics 

expansion, and (iii) the optimized global minimum configuration. 

2. Theory

The construction of the global intermolecular potential energy surface based on ab initio calculations 

of potential energy profiles for a series of leading configurations for H2X2 and H2HX systems, with X = 

H, F, Cl and Br atoms, are defined by a spherical-harmonics expansion of the neutral-neutral molecular 

interaction [1, 2]. These ab initio calculations were performed at CCSD(T)/aug-cc-pVQZ level with 

counterpoise-corrected interaction energies, using the MOLPRO code [3]. The functional form depends on a 

radial coordinate R between centers-of-mass of the two molecules and the polar and dihedral angles (1, 2, 

) and the moments of the spherical-harmonics expansion are determined by choosing a certain number of 

representative configurations (leading configurations) based on geometrical and symmetry considerations, 

which allow the solution of a system of linear equations. Figure 1 define the coordinate system used in this 

case, see reference 1 and 2 (and reference cited in this papers) for more details about the leading 

configurations and potential development. Then, we adjust the points found with Pirani potential function [4, 

5] and, also, the generalized Rydberg function [6], which allows us to explore important parameters

contained in the molecular interaction, generating efficient and simplified models for both the isotropic term 

and the additional anisotropic terms derived from electrostatic contributions or charge-transfer. The PES was 

minimized in order to find the global minimum representing the least energy point. After that, we select the 

most stable principal configuration and calculate the energy considering floppy diatoms where the length of 

their chemical bonds could vary and we compare the results obtained. 

Fig.1: The mutual position of the H2 and X2 or HX 

molecules is expressed by four coordinates in the 

Cartesian coordinate framework x,y,z. The radial 

coordinate R is defined as the distance between the 

center of mass of H2, CM1, and the center of mass of 

X2 or HX, CM2, θ1 and θ2 are the angles between the 

HH bound and y axes and XX or XH bound and y 

axes, respectively, and they vary between 0 and π, φ 

is the dihedral angle, and its value varies between 0 

and π.  

3. Results and Discussions

Accurate results for this system have a high computational cost. Here, we show that the calculation 

of a small number of selected geometry allows the precise construction of the PES. We can verify that the 

rotor-rigid methodology can be considered in these cases of non-reactive systems with van der Waals type 

bonds, since the presented results differ minimally from one another. Nevertheless, it must be rethought 

when the system has a reactive character, since it presents values with considerable differences. 

Table 1 compared the global minimum of the PES with the minimization calculation. It can be seen 

that the center of mass distance of H2X2 systems decreases by 99.63%, while for the H2HX systems this 
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distance increases by 82.43%, on average. The energy increases by 99.72 and 99.31% for the H2X2 and 

H2HX systems, respectively.  

 

Table 1: Minimum distance and energy among the H2X2 and H2HX systems when compared the PES 

and the minimized calculation 

System 
Tb for H2X2 and 

Tc for H2HX 
Minimized 

H2…H2 3.380 -35.258 3.366 -35.526 

H2…F2 3.497 -99.587 3.484 -99.615 

H2…Cl2 4.019 -191.877 4.004 -191.801 

H2…Br2 4.229 -226.098 4.215 -226.975 

H2…HF 2.477 -359.349 3.576 -361.299 

H2…HCl 2.983 -201.380 3.400 -202.538 

H2…HBr 3.160 -168.674 3.500 -170.271 

 

Figure 2 and Figure 3 show the minimum configuration of the H2X2 and H2HX systems. One can see 

that the T configuration are the minimum configuration for all the systems. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Tb configuration of H2X2 system, where (a) 

X=H (b) X=F (c) X=Cl and (d) X=Br. 
 Fig. 3. Tc configuration of H2X system, where (a) 

X=F (b) X=Cl and (c) X=Br. 
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1. Introduction

Formyl radical HCO is a very important molecule in many fields as atmospheric chemistry [1], com-

bustion science [2] and interstellar space [3], but its isomer HOC is not well studied, and it is stable only at 

high temperature. To understand the complete dissociation of HOC and the possible products formation of 

reaction H+HOC, consequently, H+HCO, that is well studied in the literature, a complete analyzes of potential 

energy surface (PES) is necessary. This work presents the rate constant for the reaction H+HOC = H2+CO. 

2. Theory

This study aims to obtain the reaction rate of H+HOC = H2+CO, applying the tunneling correction of 

Wigner, Eckart and small curvature transmission coefficient [4, 5], which is presented in the Arrhenius’ form. 

First of all a base set study was carried out in order to choose the best calculation level to conduct the rate 

constant calculation, that was determined using the APUAMA code [6]. 
The geometry are optimizes at MP2/aug-cc-pVDZ and MP2/aug-cc-pVTZ, and the frequencies are 

determined in the same level, while the energies are, also, calculated at CCSD(T)/aug-cc-pVQZ, in the 

GAUSSIAN09 program. 

3. Results and Discussions

In table 1, we compare the forward and reverses barrier energies without the inclusion of rovibrational 

levels [7, 8] and the heat of reaction obtained in all bases set studies here. For comparison we included the heat 

of reaction obtained based in the experimental heat of formation of the reactant and products. One can see that 

the smallest error among the heat of reaction is given for the MP2/aug-cc-pVTZ, and it will be the basis set 

used in these studies. 

Tab. 1. Comparison of barriers in the forward and reverse direction and the heat of reaction (in kcal mol-1) 

base Barrier Forward Barrier Reverse H 

MP2/aug-cc-pVDZ 80.78695 165.3715 -84.5846 

MP2/aug-cc-pVTZ 79.27936 166.453 -87.1737 

CCSD(T)/aug-cc-pVQZ 48.32118 151.5706 -103.249 

Exp9   -89.7822 
Experimental data based in the heat of formation of the reactant and products 

We can observe a barrier of 79.3 kcal mol-1 in the forward direction versus 166.4 kcal mol-1 in the 

reverse direction, we can include rovibrational levels of products the reverse barrier decrease, as well as, the 

heat of reaction, according to the rovibrational levels included. For the CO we used 10 vibrational and 2 

rotational level, while for the H2, we use 5 vibrational and rotational level. In this case, the reverse barrier 

decreases from 166.4 kcal mol-1 to 60 kcal mol-1. 
Figure 1 shows the most important variable of the intrinsic reaction coordinate (IRC) calculation, the 

bond HC increases while the bond HH decreases, showing the breaking of the HC bond in the HOC and the 

formation of HH bonding in the H2. 

Fig. 1: IRC results for reaction HOC+H=H2+CO, 

calculated at MP2/aug-pVTZ 
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Figure 2 compares the rate constant using the tunneling correction, as mentioned previous, for products 

in the rovibrational level (10,2) for CO and (5,5) for H2. As we are working the hydrogen, one can expect a 

bigger tunneling effect, as present by Eckart correction. Figure 3 compares MEP (minimum energy path) and 

Va
G (zero point correction) for the title reaction using the rovibrational level, as mentioned. The rate constant 

in the  Arrhenius’ form is given by 𝑘𝑇𝑆𝑇0,0 = 5.68 × 109𝑇1.364exp(−80.59 𝑅𝑇⁄ ), 𝑘𝑇𝑆𝑇(10,2)(5,5) = 5.68 ×

109𝑇1.364exp(−80.58 𝑅𝑇⁄ ) and 𝑘𝐸(10,2)(5,5) = 2.69 × 10−17𝑇8.47exp(−30.77 𝑅𝑇⁄ ). 

 

 

 

 
Fig. 2: Reaction rate for H+HCO=H2+CO with 

rovibrational level (10,2) for CO and (5,5) for H2 
 Fig. 3: MEP and Va

G for H+HCO=H2+CO with 

rovibrational level (10,2) for CO and (5,5) for H2 
   

Figures 4 and 5 compares the enthalpy and entropy, respectively, for species H, HCO, H2 and CO. 
 

 

  

 
Fig. 4:  Comparison of enthalpy of reaction for all 

species 
 Fig. 5:  Comparison of entropy of reaction for all species 
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1. Introduction

An intermediate material to growth diamond on steel substrate had been studied by many researchers 

[1].  The ideal interlayer have to full fill three requirements: reduce thermal residual compressive stress after 

cooling; block the iron diffusion from substrate to material surface; and block the carbon diffusion from gas 

phase to substrate during HFCVD diamond growth. The vanadium carbide (VC) interlayer was proposed by 

Barquete et al [2] as a great solution to CVD diamond deposition. The mismatch between diamond 

coefficient thermal expansion (CTE) (0.8x10
-6

K
-1

) and steel (11.6x10
-6

K
-1

) after cooling causes a

high compressive stress in the diamond film. The VC CET around 6.06x10
-6

K
-1

 [3], intermediate,

can mitigate the residual stress. Also, the VC layer has elevate mechanicals properties (2600-

3200HV) [4] and can act as an efficient diffusional barrier[5]. Iron in the diamond growth reactive 

region acts as catalyze for graphite formation (sp
2
 bond) and the presence of graphite at the material

surface reduces adhesion and diamond film quality[6]. 
Adherent and continuous diamond coatings on steel substrates with VC interlayers is determined by 

several parameters such as: surface morphology; interlayer thickness; substrate temperature; chamber 

pressure; total gas flow; work distance; CH4 concentration and diamond deposition time. In this work a 

detailed study is carried out to probe the effect of some these parameters on diamond nucleation and growth 

over VC coating.  The VC layer deposited on AISI O1 tool steel substrates and the HFCVD diamond film 

were characterized by scanning electron microscopy (SEM-EDS), X-ray diffraction and Raman 

spectoscropy. The results showed that VC layer has a strong bond with both materials: diamond and 

principally steel substrate. A well adherent diamond film with high quality and purity could be grouted on 

the VC interlayer. 

2. Experimental Procedures

Thermo reactive diffusion is a deposition process which carbide coating using a borax bath grows 

onto carbon-containing substrates, through the combination of the carbide-forming element atoms in the bath 

with carbon atoms supplied from the substrates[7]–[9]. In this experiment the salt bath composition was 

borax (Na2B4O7.10H2O), vanadium pentoxide (V2O5) and boron carbide (B4C) mixture in a melting pot, 

which is heated at 1050°C for 3h of TD-VC deposition time. After vanadium carbide deposition the samples 

are cleaned in boiling water and in the ultrasonic acetone bath.  

The thermodiffused samples are submitted to diamond seeding process to improve diamond 

nucleation and the growth rate in the HFCVD reactor. Once introduced in the HFCVD reactor, the diamond 

deposition was conducted with the following parameters: 1-3% of CH4; total flux of 100sccm; 50 torr; work 

distance of 5mm; substrate temperature at 650°C - 750°C; and deposition time of 3h. 

3. Results and Discussions

A continuous and homogeneous vanadium carbide film was obtained on the AISI O1 tool steel and 

the carbide covered the entire samples surface with 16-18µm thickness (Fig.2). The film showed the 

formation of the phase VC, it can be happening as function of borax concentration. The borax acts reducing 

the melting point and give freedom to the salt bath elements to combine forming the VC phase (Fig.1). An 

EDS semi quantitative characterization on the vanadium carbide surface showed a residual iron 

concentration below 3%, it probe the efficiency of the VC diffusional barrier. In large proportions the iron 

catalyzes the CVD diamond reaction forming sp
2
 bonds characteristics of graphite. However, on a small 

scale it acts as an accelerator, increasing the nucleation and CVD diamond growth. 

We noted that as the temperature was increased the higher was the rate of the growth. However, under some 

conditions with elevate temperature, a high graphite formation was seeing in some sites. With 1% of 

methane a high quality of the diamond crystals was reached (Fig.4). The hydrogen was more reactive with 

this gas mixture controlling better the graphite formation. Increasing the methane concentration up 2% and 

3% the quality of the film was reduced. On the other hand, the adhesion of diamond film to the VC surface 
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increases, reducing cracks and the residual thermal stress after cooling. The Raman spectrum obtained with 

2% of methane at 700°C showed a peak centered around 1341 cm
-1

 (Fig. 3.).  

 

 

 

 

 

 

 

 

 

 

 

 

 

  

   
Fig. 1. Vanadium carbide phase. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 3. HFCVD diamond Raman spectrum. 

 Fig. 2. Vanadium carbide thickness. 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Fig. 4. HFCVD diamond morphology. 

   

   

4. References 

[1] M. Chandran and A. Hoffman, “Diamond film deposition on WC – Co and steel substrates with a 

CrN interlayer for tribological applications,” J. Phys. D. Appl. Phys., vol. 213002, p. 213002. 

[2] D. M. Barquete, E. J. Corat, R. a. Campos, C. Moura Neto, and V. J. Trava-Airoldi, “Thermodiffused 

vanadium carbide interface for diamond films on steel and cemented carbides substrates,” Surf. Eng., 

vol. 26, no. 7, pp. 506–510, 2010. 

[3] A. Krajewski, L. D’Alessio, and G. De Maria, “Physiso-chemical and thermophysical properties of 

cubic binary carbides,” Cryst. Res. Technol., vol. 33, pp. 341–374, 1997. 

[4] L. Wu, T. Yao, Y. Wang, J. Zhang, F. Xiao, and B. Liao, “Understanding the mechanical properties 

of vanadium carbides: Nano-indentation measurement and first-principles calculations,” J. Alloys 

Compd., vol. 548, pp. 60–64, 2013. 

[5] K. F. Almeida et al., “Thickness study of vanadium carbide interface for deposition of dlc films,” 

RBAV, vol. 35, pp. 47–52, 2016. 

[6] A. Contin, G. De Vasconcelos, D. M. I. Barquete, R. A. Campos, V. J. Trava-Airoldi, and E. J. Corat, 

“Laser cladding of SiC multilayers for diamond deposition on steel substrates,” Diam. Relat. Mater., 

vol. 65, pp. 105–114, 2016. 

[7] T. Arai and S. Moriyama, “Growth behavior of chromium carbide and niobium carbide layers on steel 

substrate, obtained by salt bath immersion coating process,” Thin Solid Films, vol. 259, no. 2, pp. 

174–180, 1995. 

[8] B. Chicco, W. E. Borbidge, and E. Summerville, “Experimental study of vanadium carbide and 

carbonitride coatings,” Mater. Sci. Eng. A, vol. 266, no. 1–2, pp. 62–72, 1999. 

[9] D. KONG and C. ZHOU, “the Surface and Interface Properties of Vanadium Carbide Coating 

Prepared By Thermal Diffusion Process,” J. Adv. Manuf. Syst., vol. 10, no. 1, pp. 183–190, 2011. 

 
Acknowledgments 

  

 
 

137



XXXVIII CBRAVIC/III WTMS – INPE, São José dos Campos, SP, 21 a 25 de agosto de 2017 

*Corresponding author: djoilled.damm@hotmail.com 

The authors wish to Foundation Support to the São Paulo State Research (FAPESP), Federal 

University of São Paulo (UNIFESP), the National Institute for Space Research (INPE) and Associated 

Laboratory of Sensors and Materials (LAS) for supporting this scientific research. 

138



XXXVIII CBRAVIC/III WTMS – INPE, São José dos Campos, SP, 21 a 25 de agosto de 2017 

* mitma.elver@gmail.com

ID 110: GROWTH OF DLC FILM IN A METALLIC TUBE WITH HIGH ASPECT 

RATIO E. J. D. M, Pillaca*
1
, Jesus Manuel Gutierrez Bernal

2 
and Vladimir J. Trava-

Airoldi
1
 

1
Sensor and Materials Associated Laboratory, National Institute for Space Research, S. J. Campos, São 

Paulo, Brazil 
2
Universidad Nacional de Colombia, Facultad de Ingeniería, Colombia. 

1. Introduction
PECVD is a well-established method for the growth of DLC films on substrates with complex 

shapes, in a fast and efficient way [1]. By this technique, thick layers of DLC are coated on the surfaces of 
mechanical components. However, it was pointed out in the literature that plasma-based treatments inside 
pieces with hollow cylindrical geometry, such as pipes or tubes result quite difficult to be performed [2]. On 
the other hand, plasma-based coatings on the tube interior are usually restricted to be performed inside of a 
vacuum chamber. This limit the treatment of tubes with long length, considering that a vacuum chamber with 
higher dimension than the tube itself is required; in practice, it becomes expensive from the economic 
viewpoint. This situation has led to the use of the tube as a deposition chamber. Under this idea, the system 
shown in Fig. 1 was constructed aiming the use of a Stainless Steel (AISI 304) tube with high aspect ratio 
(200 cm in length and 10 cm in diameter) as a deposition chamber. So, in this work is reported the results of 
the study of the longitudinal distribution of DLC film coated on the inner surface of the tube. Issues such as 
current discharge, gas flow and temperature were studied too.  

2. Experimental
For the characterization of the surface coated, five samples of AISI 304 were longitudinally 

distributed on the inner surface of the tube. The coating was performed by using the Plasma enhanced 
Chemical Vapor Deposition (PECVD) process and the acetylene gas, as precursor. The system was pumped 
down to a base pressure of the order of 10

-4 
Torr by a set of mechanical and diffusion pump. The discharge is 

carried out by a bipolar pulsed voltage feed. The pulse width, the repetition rate, the voltage and the working 
pressure were kept constant during all experiments at 15 μs, 21 kHz, 500 V and 70 mTorr, respectively. 

3. Results and Discussions
Our measurements of current have shown the presence of a low discharge current. This result, in 

particular, it is interesting for DLC growth (thermal viewpoint) due that the ion impact on the inner wall of 
the tube has caused temperatures less than 50 

o
C. Growth of DLC film was carried out on the inner wall of 

the tube. Amorphous carbon hydrogenated (a-C:H) films were obtained. Raman analysis performed on the 
coated surface confirmed the presence of DLC film with good quality. However, it was not uniform along its 
longitudinal distribution.  

Fig. 1. Photograph of the system used as a deposition 

chamber for the growth of DLC film. The numbers 

in the circle indicate the components of the system; 

1. Mass flow controller; 2. Gas line; 3. Pirani gauge;

4. Diffusion pumps; 5. Mechanical pump; 6. Electric

control module; 7. Vacuum measurement; 8. Flow 

control module; 9. High voltage source; 10. Gas 

inlet; 11. Baratron; 12. Tube; 13. Oscilloscope. The 

typographic sign #1, #2, #3, #4 and #5 indicate the 

location of samples inside of the tube. 
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1. Introduction

Medical devices of blood contact can induce thrombus formation and restenosis after implant. One 

strategy to avoid these drawbacks is surface coating with hemocompatible polymers. Scientists have interest 

in sulfated chitosan study due it present biocompatible properties [1]. However, the acid used in the sulfation 

reaction has some disadvantages, such as care with manipulation and chemical degradation of polymer. In 

addition, the use of anhydrous medium brings more costs for the final product. This work proposes to 

synthesize sulfated chitosan using the sodium sulfate salt as a sulfating agent in order to obtain thin films of 

partially tri-sulfated chitosan with chemical characteristics similar to those of sulfated chitosan obtained by 

conventional sulfating agents (chlorosulphonic acid) and non-toxic properties for human neutrophils, 

presenting potential for future coating applications in the blood devices, however, at lower cost. 

2. Experimental

2.1 Characterization and film preparation of sulfated chitosan using sodium sulfate salt (SSC) 
SSC was prepared from mix of 4% NaSO4

2+
 solution (w/v) and 2% chitosan solution (3% acetic acid,

w/v) under stirring at room temperature (25 °C). For comparison purposes, it was used 2% natural chitosan 

solution (w/v) (NC) and sulfated chitosan obtained by chlorosulphonic acid (SC) according to [2]. To obtain 

the film, SSC solution was dispersed in polystyrene dish and keep at room temperature (25 °C) until drying. 

The chemical analysis of NC, SC and SSC was performed by elemental analysis and solid state 
13

C Nuclear 

Magnetic Resonance spectra (
13

C-NMR). 

2.2 Cytotoxicity evaluation of human neutrophil 

Neutrophils were isolated according to the method described by [3] and suspended in Hanks balanced 

salt solution (HBSS) containing 0.1% gelatin (HBSS-gel). The evaluation of cytotoxicity of NC, SC, SSC 

and triton X100 (cytotoxic standard) was performed by determination of lactate dehydrogenase (LDH) 

activity. In the control group, the cells were incubated with the vehicle (0.5% acetic acid neutralized with 2M 

NaOH), while the untreated group the cells were exposed only to the culture medium, HBSS. The analyses 

were performed according to the method described by the manufacturer (Labtest, Brazil). 

3. Results and Discussions

The chemical modification was evidenced by the appearance of sulfur (S) in the elemental 

composition of chitosan (TABLE 1), showing that the SSC developed in this study reached % S equivalent 

to half of the SC prepared according to the method described above, which has a higher cost and risk during 

the preparation. However, it should be noted that the degree of sulfation (DS) found in the SSC, reach the 

proposed objective. 

Table 1 – Elemental analysis of NC, SC and SSC. 

A transparent and thin film was obtained and can be seen in the Figure 1. Through the 
13

C-NMR 

spectrum (FIGURE 2), it was observed chemical shifts of carbons indicating a partial 2, N-3,6, O-sulfated 

chitosan (tri-sulfated). 

POLYMERS %C %H %N %S DS 

NC 38.9 7.1 2.9 - - 

SC 21.6 4.5 4.1 12.9 1.19 

SSC 22.8 4.3 3.6 6.8 0.82 
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The Figure 3 showed the effect of NC, SC and SSC (1-100 μg/mL) on the viability of human 

neutrophils. The vehicle (control group) not interfered significantly in the cell viability in relation to the 

HBSS group. The concentrations of SSC evaluated not increase the LDH activity significantly in the 

extracellular medium and similar results were observed for the NC and SC groups, relative to the control 

group. On the other hand, Triton X-100 (cytotoxic standard) significantly increased LDH activity. LDH is a 

cytosolic enzyme, and only is released for extracellular medium when occur damage of membrane integrity. 

Thus, the results suggest that the new sulfated chitosan (SSC), like the others, NC and SC, are non-toxic to 

the plasma membrane of human neutrophil. 

The results obtained in this study indicated that it was possible to obtain a sulfated chitosan (SSC) in a 

simpler way and at a lower cost than the previous sulfation method (SC) used by our laboratory. In addition, 

the SSC showed physical-chemical characteristics proving the sulfation and non-cytotoxicity in human 

neutrophil. Thus, the SSC showed potential for future biomedical applications. 
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Fig. 1. Visual image of SSC film.  Fig. 2. Solid 
13

C-NMR spectra of NC and SSC 

   

Fig. 3. LDH effect of NC and SSC in human neutrophils. 
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1. Introduction

Ti-6Al-4V alloy is used in aeronautical and biomedical fields due to its high strength/weight ratio, 

high biocompatibility, high corrosion resistance, low density, and superior heat resistance [1, 2, 3, 4]. However, 

its tribological properties are poor (low wear and friction resistances) [1]. Therefore, this alloy is usually 

submitted to surface treatments, in order to enhance its tribological properties.  

In this research, Ti-6Al-4V alloy was submitted to shot peening (SP) and PIII treatments in order to increase 

its fatigue life. 

Shot peening is a cold working process, which high-speed shots hit the piece surface, inducing compressive 

residual stress (CRS). The CRS can inhibit fatigue crack growth, increasing material’s fatigue life [5]. Shot 

peening can also reduce the grain size of material surface, improving its fatigue strength. However, this 

treatment also increases material’s roughness, which can induce stress concentration, resulting in crack 

initiation under cyclic loading [6]. 

Plasma Immersion Ion Implantation is a surface treatment, which consists in a three-dimensional ion 

implantation in complex shape pieces. PIII is used in order to enhance wear resistance and reduce friction 

coefficient. [7].  

2. Experimental

The objective of this research is to compare the microstructure and fatigue behavior of Ti-6Al-4V alloy 

as received, treated by shot peening, and treated by PIII.  

The SP intensity used was 0,41-0,49A, and the coverage was 100%. It was used steel balls S230 with 

diameter of 0,7 mm. The treatment was carried out according to ASM 2430, and the ball granulometry 

according to SAE J444. 

The PIII parameters were: tension 9,5KV; frequency 1,5KHz; pressure 6,5 x 10-3 mbar, intensity of 

110 mA. 

The samples were observed using the optical microscope Nikon Epiphot 200. They were also observed 

using the Scanning Electron Microscopy (SEM) Leo device model 1450-VP. 

Vickers microhardness measures were carried out on the top surface and cross-section of samples in 

each condition, using the device Shimadzu HMV-2T. 
Profilometry was conducted to obtain arithmetic average roughness (Ra) in each condition. It was used 

the profilometer model Leica DCM 3D. 

The samples were submitted to axial fatigue tests in the Instron 8801 machine, in order to obtain the 

fatigue strength in each condition. 

3. Results and Discussions

According to the images obtained using Optical Microscopy and SEM, it was observed the presence 

of both phases (α-Ti and β-Ti) in the microstructure of Ti-6Al-4V, which can be seen in figures 1 and 2. It is 

possible to notice the grain refinement of the specimen treated by SP (Fig.1) compared to the sample submitted 

to PIII process (Fig.2).  

The Vickers microhardness measures obtained on the surface region of the sample in SP condition 

were about 7% higher than the values obtained on the surface region in as received condition. However, in the 

middle of the samples, no significant difference was noticed, which has been already expected, since SP just 

change the material surface. 

By analyzing profilometry results, it was observed that the specimen treated by SP had an increase in 

more than 500% in roughness, compared to non-treated sample. PIII treatment increased in about 25% the 

roughness compared to as received material. Therefore, it is important to notice that both treatments increase 

material’s roughness; however, SP process increases it more than PIII treatment, which can be explained by 

the fact that the ion implantation of PIII causes almost no dimensional change, inducing less roughness increase 

compared to SP condition. 

Surface roughness may induce stress concentration, which can result in crack nucleation under fatigue 

loading, reducing material’s fatigue life. However, in case of the samples treated by SP, the compressive 
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residual stress induced in the surface layer of the material (which can be noticed in the increase of residual 

microhardness) improves its fatigue strength.  

Considering fatigue tests for stress level of 950 MPa, the following results were obtained: 30537 cycles 

(as received condition), 8666 cycles (PIII condition) and 110000 cycles (SP condition). It is possible to notice 

the fatigue life increase in the specimen submitted to SP treatment, and a decrease in fatigue life of the sample 

treated by PIII process, both compared to as received condition. 

Due to the superior grain refinement and microhardness of SP specimen, the fatigue life of the sample 

in SP condition is superior to the fatigue life of the specimen in PIII condition. 

 

 
 

 

 

Fig. 1. Ti-6Al-4V + SP , 50x magnification  Fig. 2. Ti-6Al-4V + PIII, 50x magnification 
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1. Introduction
Porous silicon (PSi) is a peculiar material with structural characteristics that provides study to 

develop many technological applications. The photoluminescence (PL) emission at room temperature is a 
feature of the PSi defined by its porous structure, which is the most investigated property from both views: 
theoretical and experimental. The PL property is also influenced by the oxidation process that creates a 
surface “shell” around the silicon (Si) core and changes the surface species, which is passivated [1]. This 
work was to analyses the influence of thermal oxidation controlled process on the morphological and 
photoluminescence emission of the PSi layer before and after the oxidation process and verify the viability of 
the formed structures for potential applications in sensors.  

2. Experimental
PSi samples were produced from the electrochemical etching of p-type boron-doped monocrystalline 

silicon wafer <100>, resistivity between 0.01 and 0.02 Ωcm, using different anodizing parameters. A 
detailed sequence for the fabrication of PSi samples is published in reference [2]. The thermal oxidation 
procedure used an open-quartz tube furnace with digital temperature control set at 800 °C. The samples were 
annealing during 1 hour in air dry by an Edwards diaphragm pump, model D-Lab 10-100. This technique 
was chosen because it is a simple and widely used technique in surface passivation studies for the native 
oxidation control of PSi. For the PL measurements, it was developed a system capable to measure, in high 
resolution, the emission of the PSi samples at room temperature. The system uses a 365nm LED as an 
excitation source and a monochromator Shamrock SR-303i connected into a CCD camera iDUO DU-401A 
for the detection of the spectrum. High resolution images of the PSi structures were obtained by Field 
Emission Scanning Electron Microscopy (FESEM) by Shimadzu, model Mira LM. Other techniques as a 
Raman and X-ray Spectroscopy were used to verify and compare morphologies and PL characteristics of PSi 
samples. 

3. Results and Discussions
Analyzing the controlled thermal oxidation, it was verified that there were variations of the original 

structures of the PSi because of the SiO2 layer formed during the oxidation process. This change was 
observed in the several characterizations performed when compared to the characteristics of the non-oxidized 
PSi samples. The way in which these changes were made led to changes the optical, chemical and 
morphological properties of PSi, such as PL, which appeared in several samples when nonexistent (Fig 1). 
The field emission scanning electron microscopy (FESEM) analysis of oxidized porous structures does not 
reveal any considerable changes compared to the non-oxidized PSi samples. Otherwise, the imagens of 
surface structure show some physical changes that could be responsible for the morphology changes as pore 
size and surface area (Fig.2). 

Fig. 1. Photoluminescence spectrum of PSi Sample before 
and after oxidation. 

Fig. 2. FESEM images of PSi Surface A before B 
after oxidation process. Magnification: 500kX. 

A 

B 
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Another important fact that came after the oxidation process was the passivation of the porous layer, which 
inhibits the continuous oxidation and guarantees the characteristics of the formed oxide [3]. Using other 
techniques, it also has observed the variation of the refractive indexes of PSi, which favors for applications in 
optical systems. The results show that the non-oxidized samples have a higher refractive index than the 
thermally oxidized samples. A curious point in this analysis was the finding that the oxidized samples lost 
the structural properties of the crystalline silicon which, unlike the non-oxidized samples, suffered different 
deformations, due to the temperature and the structural difference between the porous and substrate layers. 
This study allowed to prove the effectiveness of the use of the methods of analysis developed, as it enabled a 
detailed assessment of the changes occurred in the structures caused by the influence of oxidation.  
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1. Introduction

The nitriding structure of plain carbon steels is highly dependent on nitriding potential (i.e., the 

actual nitrogen flux, arc discharge voltage and current density, among others), treatment temperature and 

exposure time. Those steels are commonly nitrided at temperatures around 500°C, for periods typically as 

long as 20 h. The exposure of the steel to such demanding combination of high temperature and long 

treatment time induces excessive softening at the core region of the steel. 

Processes for inducing improved nitrogen diffusivity inside the steel structure have been developed, 

with the aim of restraining both the nitriding temperature and time. One of those processes consists on 

refining the steel surface structure up to the nanometer length, through of nanocrystallization [1]. In this 

contribution, we report the nitriding treatment of a steel which surface was severely work-hardened. Thus, 

thick nitriding layers were obtained at a nitriding temperature as low as 350°C. 

This contribution deals with the plasma nitriding treatment of an AISI 1015 steel, which was 

previously work-hardened at the near surface region. Several nitriding treatments, all of them with a total 

processing time of 3h were studied, having as parameter the nitrogen fraction of the gas atmosphere. The aim 

of this research was to assess the effects of cycling the nitrogen gas fraction in the nitriding atmosphere on 

the structure of the nitrided region of the aforementioned steel. 

2. Experimental

Test samples of the AISI 1015 low carbon steel were obtained from the head of bolts with 12mm in 

diameter, which presented severe plastic deformation at the near surface region. Six different sets of samples 

were plasma nitrided at 350°C, with a total processing time of 3h, under H2+N2+Ar gas atmospheres, 

containing variable fractions of the N2 gas, as depicted in Table 1. The atmosphere composition was 

modified during the treatment: a nitriding step and a diffusion step. The nitriding step was carried out in the 

presence of N2 gas in the atmosphere, while the diffusion step was carried out with no N2 gas (Table 1). For 

comparison, two samples (so-called S5 and S6 in Table 1) were obtained with conventional nitriding 

treatments, which were comprised of just the nitriding step. 

Sample Nitriding step Diffusion step Sample Nitriding step Diffusion step 

S1 3 x 1,0h: 20% N2 + 80% H2 3 x :1,0h: 20% Ar + 80% H2 S4 6 x 0,5 h: 80% N2 + 20% H2 6 x 0,5h: 80% Ar + 20% H2 

S2 6 x 0,5h: 20% N2 + 80% H2 6 x 0,5h: 20% Ar+ 80% H2 S5 1 x 3,0h: 20% N2 + 80% H2 - 

S3 3 x 1,0h: 80% N2 + 20% H2 3 x 1,0h: 80% Ar+ 20% H2 S6 1 x 3,0h: 80% N2 + 20% H2 - 

Tab. 1. Atmosphere composition at the nitriding step and the diffusion step during the cycling nitriding experiments. 

3. Results and Discussions

Figure 1 shows the appearance of the microstructure observed in the scanning electron microscope 

(SEM). The transversal section of the samples prepared by conventional metallographic techniques is shown 

in Fig. 1. An uppermost region containing the compound layer can be observed in all samples, disregarding 

the actual cycling treatment. However, the thickness and the morphology of such region are dependent on the 

actual cycling treatment, as well as the total thickness of the nitrided region. The low temperature of 

treatment and lack of alloy elements in the chemical composition of steel promotes the compound layer 

formation [2]. The compound layer and total nitrided region thickness are listed in Table 2.  

Samples (S5 and S6) obtained with conventional nitriding treatments show a homogeneous thickness 

of the compound layer. Between the specimens treated with cycling atmosphere nitriding, only the S3 sample 

shows the same morphology. All other specimens show the compound layer growth in form of needles. 

However, only S4 sample emphasizes well the nitrogen diffusion throughout the grain boundary, as depicted 

in Figure 1(d). 

The nitriding step (H2+N2) contributes to the growth of compound layer, delaying the development 

of the nitrided region (diffusion zone) [3]. Specimens treated with higher nitrogen fraction in the gas mixture 

show a thicker of compound layer, as depicted in Table 2.  

The cycling between nitriding step and diffusion step contributes as an additional mechanism beyond 

of nanocrystallization, increasing the nitrogen diffusion. The diffusion step cycle (H2+Ar) doesn’t promote 
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the compounds layer formation. However, it aids to increase the nitrided region through of nitrogen 

redistribution incorporated in the compound layer, in other words, the use of diffusion step cycle during the 

treatment allows that the compound layer be “dissolved” and the nitrogen be redistributed towards of core 

region of the steel through of nitrogen concentration gradient on the surface. This characteristic is 

emphasized well for S1 sample, where nitrided region thickness is around three times higher than S5 sample, 

both nitrided with 20% N2, obtaining values near the S3 and S4 samples, both nitrided with 80%N2, as 

depicted in Table 2. Samples S3 and S4 show the same behavior in comparison with the S6 sample.  

The compound layer thickness between specimens treated with the same nitrogen fraction is smaller 

with the presence of diffusion step cycle. The use of diffusion step cycle allows that the compound layer 

contributes more effectively to the growth of the nitrided region. 

Nitrogen fraction of the gas atmosphere shows influence on the nitrides formation in the compound 

layer. A nitrogen fraction with 20% N2 inhibits the formation of ε-Fe2-3N nitrides [3]. The samples treated 

with the nitrogen fraction of 80%N2 show two phases: the ε-Fe2-3N phase in an uppermost region followed of 

γ´-Fe4N just below (figure 1). 

 

 

   

 
 

 

 

 

 

 
Fig. 1. SEM photomicrographs (a) S1, (b) S2, (c) S3, (d) S4, (e) S5 and (f) S6. The γ’-Fe4N and ε-Fe2-3N phases in 

compound layer (full line arrow) with small needles projections ahead of compound layer growth as well as diffusion of 

nitrogen in the grain boundaries in samples 0.5h treatment cycles (dashed arrow). 

 

 

Sample Nitrided region Compound layer  Sample Nitrided region Compound layer  Sample Nitrided region Compound layer 

S1 170 ± 10 µm 1,5 ± 0,4 µm  S3 180 ± 10 µm 4,0 ± 0,4 µm  S5 50 ± 10 µm 2,5 ± 0,2 µm 

S2 110 ± 10 µm 1,5 ± 0,4 µm  S4 180 ± 10 µm 4,0 ± 0,4 µm  S6 100 ± 10 µm 4,3 ± 0,4 µm 

Tab. 2. Results obtained through of microhardness profiles as DIN 50190. 
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1. Introduction
Titanium alloys are employed as orthopedic and dental implants. Niobium has been shown to be a 

nontoxic -stabilizing agent, and -Ti-Nb (body centered cubic structure) alloys have been reported to be 
promising for biomedical applications [1]. However, the cost of Ti-Nb implants is much higher than most of 
the metallic biomaterials, such as the 316L stainless steel (SS), although the later alloy do not have 
biocompatible characteristics as good as the ones presented by -Ti-Nb. Thus, coating the SS implant with a 
Ti-Nb thin film would be an interesting option. A coating with adequate composition and thickness would 
enhance the material biocompatibility [2-4]. In the present study, Ti-Nb coatings were deposited on 316L SS 
substrates by magnetron sputtering. The substrates were polished and part of them was submitted to a 
chemical treatment with nitric acid. The changes in roughness and composition of the coatings were 
analyzed by atomic force microscopy (AFM), scanning electron microscopy (SEM), and X-ray photoelectron 
spectroscopy (XPS). 

2. Experimental
A 316L SS bar having a diameter 15 mm was cut in disks with a thickness 2 mm for producing the 

substrates. The substrates were fine-ground with SiC sandpaper and then polished with diamond paste. Half 
of them was treated with a 10% nitric acid solution at 60°C for 20 minutes. The Ti-Nb coatings were 
deposited using an AJA Orion 8 Phase II J magnetron sputtering system, while the substrate temperature was 
kept at 200°C. The power applied to the Ti target was 300 W, and 56 and 100 W to the Nb target, producing 
coatings with two compositions: Ti85Nb15 (Ti-26 wt% Nb) and Ti70Nb30 (Ti-45 wt% Nb). The AFM, SEM, 
and XPS analyses were carried out using a Bruker NanoScope V, a FEI Inspect S 50, and a Thermo 
Scientific K-Alpha instruments, respectively. 

3. Results and Discussions
AFM micrographs showed that the chemically treated substrates were flatter than the non-treated 

ones. SEM micrographs informed that the thickness was 800 nm for all Ti-Nb coatings. These relatively 
thick coatings presented similar morphologies, indicating that they were not influenced by the differences in 
the substrate roughness. The Ti 2p XPS spectra were fitted with components associated to TiO2 and Ti. The 
Nb 3d XPS spectra for the Ti85Nb15 and Ti70Nb30 coatings revealed at least three chemical states: Nb2O5, 
Nb2O3, and Nb. After Ar+ sputtering, most of the oxide surface layer was removed for both coatings 
deposited on either non-treated and chemically treated 316L SS substrates. 
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1. Introduction
The NiTiCu SMA produced by powder metallurgy (PM) is a promising material due to variety of 

advantages in practical use.  The addition of cooper (Cu), as ternary element, in NiTi SMA Increases the 
characteristic temperatures of the martensitic transformation, cause good stability of characteristic 
temperature, good corrosion resistance and reduces of Ti3Ni4 precipitation [1-5]. 

When this type of alloy is utilized as biomedical material, such as implants, can be occurs the 
rejection on the human body. One possibility is the surface modification by Nitrogen Plasma Immersion Ion 
Implantation (N-PIII) technique. 

The hardness measure in SMA is important properties because it is a strong indicator of mechanical 
performance. It is interesting to note that for in NiTiCu SMA the evaluating hardness depends on 
temperature since the mechanical properties of SMAs are temperature dependent [5]. 

2. Experimental
For production of the Ni35Ti50Cu15 alloy by powder metallurgy were used as starting material 

elemental powders Ni, Ti and Cu. The powders were mixed in pharmaceutical mixer for 150 minutes. The 
sample was compressed in uniaxial press at 250 MPa in cylindrical form with 9 mm in diameter and 2 mm in 
thickness and after cold isostatic pressed at 450 MPa. The sintering was performed at 1000 ºC for 60 
minutes. The N-PIII technique was realized at 770 ºC for 60 minutes.  

The microstructure of as cast and implanted by PBII samples were observed with scanning electron 
microscope. The phase’s identification and structural parameters were established using the X ray 
diffraction. The microhardness test were made in the as cast sample and the surface modified sample by N-
PIII using a micro Vickers indenter and a 100 g load at room temperature. 

3. Results and Discussions
The morphology in surface sample before N-PIII sintered at 1000 ºC for 60 minutes showed 

significant pores sizes and their distribution can be observed. The porous in surface are randomly distributes, 
rarely interconnected and has an irregular shape. The diffratogram of the sample presented Ti2Ni and CuTi 
stables phases, the metastable phaseTiCu3 that disappears with the increase of sintering temperature and 
intermetallic NiTi phase important for shape memory effect.  

Fig. 1. Hardness in Ni35Ti50Cu15 sample sintered in 
1000 C and for 120 minutes after N-PIII at 770 C for 
60 minutes  

Fig. 2. Hardness Ni35Ti50Cu15 sample sintered in 
1000 º C and for 120 minutes and  after N-PIII at 
770 C for 60 minutes 
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After surface modification by N-PIII at 770 ºC for 60 minutes, the implanted surface showed less 
quantified of porous and no presented residual particles inside. The surface demonstrated apparently 
roughness compared to surface sample before ion implantation (N-PIII). The diffratogram presented the TiN 
peaks demonstrating the surface modification occurs in the samples. However there is still the metastable 
phases Cu3Ti and stable phases Ti2Ni and Cu2Ti affecting the mechanical properties. 
In the microhardness test demonstrated that sample before surface implantation showed hardness near to 
274HV and the N-PIII sample 406 HV, showed in figure 1 and 2 respectively. 
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1. Introduction

Barium-strontium titanate is a high dielectric constant material and used in many technological 

applications, where these dielectric properties are required. In our proposal, the composite silver / barium 

strontium can be very useful in view of the bactericidal properties of silver and therefore the interest of this 

work. 

2. Experimental

We use a sputtering deposition system with targets in a confocal arrangement. A silver target was 

prepared with Barium-Strontium Titanate tablets placed with silver metallic adhesive. The 5 mm diameter 

tablets were arranged in an annular array to better utilize the 200 W RF discharge applied between the target 

and the substrate. For test purposes, the substrate used was a microscope slide. 

3. Results and Discussions

This first film produced was made on a silver target with Barium- Strontium Titanate tablets. As the 

number of tablets was small, the RF deposition system of 200W during 15 min, privileged the deposition of 

silver in detriment of  Barium- Strontium Titanate, as can be seen in the image of Figure 2. An interesting 

fact that will deserve later a deeper analysis is the amount of white light emitted during the deposition, which 

is significantly greater than any deposition of a material in a sputtering system.. 

Fig. 1. In the corner of this image, the arrangement of 

Bario / Strontium Titanate tablets glued to the silver 

target is shown. In the larger image, the RF discharge 

with argon gas. There is a great luminosity throughout the 

deposition chamber. 

Fig. 2. In the corner of this image, the composite 

film deposited on to the glass microscope slide. In 

the larger image, X-rays diffractometry analyze 

using Search Math software. Silver peaks are  more 

significant as Titanate Barium strontium That do not 

appear in this diffractogram. 

 Silver and Titanate Barium strontium has very different rates deposition, and the area covered by 

titanate was very small, favoring the growth of the silver film. Other configurations will be tested for 

obtaining these composites, for example Barium- Strontium Titanate target with silver plates or use of a 

Barium- Strontium Titanate target (RF deposition)  with another silver target (DC deposition). 
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1. Introduction

A method largely employed to tailor the surface properties of polymers is the delineation of patterns 

on their surfaces. Patterned surfaces are of interest in designing sensors, for microfluidics, electronic and 

optical devices. Different and sophisticate approaches are normally associated to micro/nano-patterning a 

surface, attaining complexity and high costs to the process. In this work, integrated plasma methodologies 

are used for production of surfaces with regularly and randomly distributed patterns on the surface of the 

polyamide 6, PA-6, a widely diffused engineering thermoplastic.  

2. Experimental

Commercial PA-6 pieces were submitted to different and sequential low pressure plasma treatments. 

Firstly, it was treated in radiofrequency (13.56 MHz, 150 W) Plasma Enhanced Chemical Vapor Deposition, 

PECVD, using hexamethyldisiloxane, HMDSO (70%), Ar (15%) and Oxygen (15%) mixtures. In a second 

methodology, samples were exposed to ablation in reactive oxygen plasma (13.56 MHz, 100 W) and 

subsequently to fluorination in SF6 (13.56 MHz, 70 W) plasma. In a third procedure, PA was exposed to 

ablation in oxygen plasma but now using masks (60 µm X 60 µm opening) to remove material only from 

specific regions of the surface . In the last procedure describe here, PA was exposed to the PECVD process 

in HMDSO and Ar atmospheres using the same mask to selectively deposit the film on the surface. It was 

investigated the effect of these four different treatments on the surface chemical composition (EDS), 

molecular structure (IR), morphology (SEM), topography (AFM) and wettability () of the samples.    

3. Results and Discussions

Films deposited on the PA surface were characterized as organosilicon (50% C, 25% O and 25% of 

Si) containing Si-O, Si(CH3)x and C-H groups. They changed morphology and topography of PA-6, attaining 

a hydrophobic character (100°) to the initially hydrophilic (64°) material. On the other hand, surfaces as 

hydrophobic as Teflon (~120°) were created as PA surface was ablated in oxygen plasma and aged in air 

(Fig.1). Upon fluorination contact angle further increased reaching around 154°. Surface morphology and 

topography are greatly changed by oxygen ablation but only slightly changed in the fluorination process. 

Patterns in the form of tanks and pillars were regularly defined on the surface of PA-6 by oxygen ablation 

and organosilicon film deposition, respectively, with the aid of masks. Structures height, surface topography 

and morphology were dependent on the plasma excitation parameters. Possible applications for the surfaces 

prepared here are proposed.  

Fig. 1. Secondary electrons micrographs of the PA-6 

samples exposed to oxygen ablation using different 

plasma pressures. Bar scale in the micrographs are 2 µm 

long. 

Fig. 2. EDS spectra (a) and C (b), O (c) and Si (d) 

mapping of the as-received and organosilicon plasma 

deposited PA with the aid of masks. Mask opening 60 µm 

X 60 µm. 
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1. Introduction

Nowadays there exist several methods to protect metallic surfaces from corrosion, such as, cathodic

protection, paintings, anodization, film deposition, etc. Among these, polymer films are widely used in 

different industries because they are applied as adhesion promoted layers, barriers and also protection 
coatings [1]. The polymer films obtained by plasma processing possess great advantage compared to the 

painting layers, since do not require use of solvents and cure time for its application [2]. On the other hand 

the anodization process produces toxic sub-products to the environment. In this context, the aim of this work 
is to investigate electrochemical behavior of hexamethyldisiloxane (HMDSO) film obtained by Atmospheric 

Pressure Plasma Jet (APPJ) on SAE 1020 steel for the corrosion protection. 

2. Experimental

     The substrates used in this work were SAE 1020 steel discs. The plasma jet system consists of a 18.0-

mm-diam Pyrex tube terminating with a horn-like nozzle, a HV electrode placed inside it and a grounded 

electrode covered by glass table that is placed beneath the tube. Plasma was excited by an AC power supply 
operating at 19.0 kHz and voltage amplitude of 15.0 kVp-p. The device was flushed with 1.0 L/min argon 

flow resulting in an approximately 10-mm-long plasma plume, which was extracted from the tube exit. In 

order to deposit polymer film a mixture of air/HMDSO at flow rate of 1.0 and 1.5 L/min was introduced into 
the discharge. Samples were exposed to the plasma jet for 5.0, 10 and 15 min using a nozzle-to-sample 

distance of 6.0 mm. The samples were characterized by electrochemical tests such as open circuit potential 

(OCP), impedance electrochemical spectroscopy (EIS) and polarization curves. These measurements were 
carried on an Autolab 302 N potenciostat using a conventional three-electrode glass cell. The reference and 

auxiliary electrodes were Ag/AgCl and Pt rod electrodes, respectively. All electrochemical experiments were 

conducted in 3.5% NaCl solution at room temperature. 

3. Results and Discussions

      Results of OCP as a function of the time showed similar constant potential behavior with the time for all 

samples. However, OCP values of coated samples are more positive (noble) when compared to the uncoated 
sample, which potential is around -0.65 V.  

     After OCP measurements, the Electrochemical Impedance Spectroscopy analysis was conducted and the 

capacitance of HMDSO film on the SAE 1020 steel substrate was calculated. According to some authors [3] 

the coating capacitance (Cc) reflects the electrolyte permeation in the coating. The smaller the diameter of the 
first semi-circle in the Nyquist diagram, the higher will be the solution permeation in the coating, which 

means that it will have higher values of Cc.  On the other hand, when the first semi-circle diameter is larger, 

the solution permeation on the coating will be diminished and the Cc value will be smaller. Coated samples 
obtained smaller Cc values, thus it can be inferred that the HMDSO coating on SAE 1020 steel samples had 

lower electrolyte permeation when compared to the uncoated sample (1.4x10
-5

 F/cm
2
). After EIS 

measurements, polarization curves were obtained and the corrosion potential (Ecorr) and current density (icorr) 
were found. It is possible to see that, the HMDSO film on the SAE 1020 steel provided a decrease of the icorr 

and an increase of Ecorr when compared to the uncoated sample of 4.10
-7 

A/cm
2
 and -0.67 V, respectively. It

means that, the HMDSO coating on the substrate has a higher corrosion resistance. 
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1. Introduction
Lightweight materials capable to withstand high temperatures with friction and/or oxidation are a 

demand imposed by several transportation and power generation systems, as in high speed aircrafts and 

engines, respectively. In order to comply with such requirements, the improvement of surface properties of 

these materials is essential, as well as the understanding of the links among their composition, processing 

method, microstructure and properties [1]. In addition, high temperature resistant alloys must combine two 

major requirements when thermal cycles are applied: low scale growth rate and adequate scale adherence [2]. 

Materials such as stainless steels, refractory metals and alloys, and superalloys are especially creep-resilient 

and commonly employed in high temperature service applications [3]. Nevertheless, modern surface 

functionalization is often applied. Ion implantation and its variants are still rarely commercially used for 

metal alloys – while they are state-of-the-art and indispensable for semiconductor applications. Especially 

the poor tribological properties of titanium alloys had hampered the increase of their technological 

applications [4], while PIII has been very effective in improving their tribological properties [5], and 

consequently in increasing their lifetime. PIII is especially promising because it allows the transference of 

laboratory processes to industrial applications. Three-dimensional characteristic is one of the reason for such 

possibility, i.e. the entire surface of parts with complex shapes can be treated without changing their masses 

[6]. Independent temperature control is another advantage, since simultaneous heating of the substrate is 

crucial for the treatment of Ti alloys to promote diffusion of the implanted ions [7] In this work, 

nanoindentation tests were employed to study the mechanical fatigue properties of titanium alloys (sintered 

Ti-Si-B and commercial Ti-6Al-4V) surface modified by HTPIII. The results after the plasma treatment are 

correlated with reciprocating wear tests and elemental depth profiles obtained by secondary ion mass 

spectroscopy (SIMS). 

2. Experimental
High-purity elemental powders - Ti, Si and B - were used in this work to prepare four different 

powder mixtures: Ti-5.5Si-20.5B, Ti-7.5Si-22.5B, Ti-16Si-4B and Ti-18Si-6B. The milling process was 

carried out at room temperature in a Fritsch planetary ball mill under an argon atmosphere using rotary speed 

of 240-300 rpm, a ball-to-powder weight ratio of 10:1 and stainless steel vials (225 ml) and balls. The 

mechanically alloyed powders were uniaxially pressed for 2 minutes at 110 MPa and then isostatically 

pressed for 1 minute at 300 MPa, both operations being performed at room temperature. Subsequently, these 

green compacts were hot-pressed with 30 MPa and 1100oC for 20 minutes into a graphite die under argon 

atmosphere. Before HTPIII treatment, the samples were grounded on SiC papers and polished with colloidal 

silica suspension. Additional Ti-6Al-4V sample discs of 15-mm diameter and 3-mm thickness were also 

grounded, polished and cleaned in ultrasound acetone bath. For the present experiments, each titanium alloy 

sample was connected to a tungsten wire that in turn was fixed on a stainless steel rod playing the role of the 

discharge anode. This assembly was positively polarized to + 700 VDC in relation to the grounded chamber 

wall and simultaneously by negative HV pulses of -7 kV (length of 30 s and repetition rate of 400 Hz). 

This process was operated in vacuum environment in nitrogen atmosphere at a working pressure of 10-3 Torr 

for 60 min. A thermionic oxide cathode generates primary electrons to ignite the glow discharge and to heat 

the substrate up to 800oC. The implantation of nitrogen ions takes place when the high negative voltage 

pulses are applied. The nitrogen depth profiles implanted into Ti alloys were measured using time-of-flight 

secondary ion mass spectrometry (ToF-SIMS). Tribological evaluations of the sample surfaces were 

conducted with a CSM tribometer with measurements of the dry friction coefficient accomplished in an 

oscillating ball-on-disk tribometer. The following parameters were used: load of 1 N with a 4.76-mm 

diameter alumina ball as a counterpart material, maximum speed of 10 cm/s and total track length of 2 mm. 

The afflicted surfaces after the wear test were examined using a scanning electron microscope employing the 
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secondary electron detector mode to find out more information about the wear mechanisms. Roughness and 

surface profiles after wear test were measured with an optical profilometer. Additionally, dynamic 

nanoindentation was employed for surface characterization with conventional nanohardness being measured 

using a quasi-continuous stiffness measurement (QCSM). The employed indenter was a Berkovich three-

sided pyramidal diamond. An average of 10 single measurements was used to determine the average 

hardness. Furthermore, the nanofatigue tests were conducted in the same nanoindentation equipment, 

however now with a spherical diamond indenter (tip radius of 10 µm). The samples were subjected to cyclic 

contact tests by repeatedly indenting the same area at maximum loads of 100-750 mN with minimum loads 

of 1.0-7.5 mN, respectively. A larger number of cycles were performed at the same position by repeating this 

300-cycle experiment several times. Using the same spherical indenter, nanowear experiments were 

performed with loads of 10, 50 and 100 mN to make tracks with 80-µm length. 

 

3. Results and Discussions 

 For the Ti-6Al-4V sample after HTPIII the SIMS experiments identify a nitrogen-rich layer with a 

thickness of about 1 µm. The untreated samples show a barely visible nitrogen signal below the surface 

oxide, indicating a large nitrogen uptake and retention during the HTPIII process. The roughness (Ra) is 

always increased after nitrogen implantation: for the commercial Ti alloy from 40 nm to up to 220 nm, as 

verified by optical profilometry. The sintered Ti-16Si-4B alloys present higher roughness in untreated 

condition (around 110 nm) and the HTPIII further increases this value to around 160 nm. Reducing the 

lengthscale of the experiments, nanowear experiments with a diamond tip also confirm that the HTPIII 

treatment significantly increased the wear resistance of the Ti-6Al-4V surface. Thus, a combination of 

resistance to plastic deformation (i.e. higher hardness) and resilience (increased wear resistance) can be 

inferred for both HTPIII treatments and Ti-Si-B alloys.The nitrogen implantation increased the hardness of 

the Ti-6Al-4V alloy three times, which is evidence of the presence of a titanium nitride phase in this surface 

region. However, the Ti-Si-B alloys had almost no increase of such property as the original hardness is 

already similar to the hardness of the nitrided Ti-6Al-4V alloy. It is concluded the process of nitrogen plasma 

immersion ion implantation at high temperature generates a surface layer rich in nitrogen that reduces the 

coefficient of friction and wear rate of a conventional Ti-6Al-4V alloy. This treatment also increases 

hardness, whilst it decreases the fatigue resistance due to surface embrittlement. In sintered Ti-Si-B alloys 

has a much smaller effect as a lower nitrogen amount is retained than in the commercial Ti-6Al-4V alloy, 

since in such alloy there are phases of high hardness and oxidation resistance, making difficult the 

implantation  of the nitrogen at similar temperatures. These new alloys already present high hardness and 

wear resistance, but they also show low fatigue resistance, even without nitrogen addition at the surface. The 

results indicated that both HTPIII treated alloys showed improvements. 
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1. Introduction

Ti-6Al-4V alloy is the most widely titanium alloy used in the aerospace industry due to its excellent 

properties such as high mechanical strength, corrosion and creep resistance. However one of the major 

factors limiting the life of titanium alloys in service is their degradation particularly in environments 

containing oxygen at elevated temperatures during long-term use causing oxidation and reducing creep 

resistance and consequently the lifetime [1,2]. In order to associate these two techniques (heating and surface 

treatments) and evaluate the Ti-6Al-4V creep behavior, SiC film was chosen like surface coating. SiC 

properties like good mechanical resistance, high hardness, high thermal conductivity and very high thermal 

stability make it attractive coating [3]. These SiC coatings can be used from protective layer against the 

corrosion of steel to microelectronic devices, and from X-ray mask materials to the protection of 

thermonuclear reactor walls, among others [4]. Costa et al. carried out an investigation of SiC films 

deposited by RF magnetron sputtering, with the aim of developing a material for applications as 

metallurgical and protective coatings. The results showed that films with hardness values larger than that of 

crystalline SiC can be produced, provided that Si and C sputtered atoms can reach the surface of the growing 

film with sufficient high energy and low deposition rates, ensuring a high surface mobility [5]. Thus, in this 

paper we carried out an investigation of SiC/Cr films deposited by HiPIMS on Ti-6Al-4V alloy with 

Widmanstätten microstructure in creep tests, aiming developing a material as protective coating. SiC/Cr film 

mechanical properties were evaluated through scratching test, SEM, STEM, EDS and creep test. 

2. Experimental

SiC thin film and Cr interlayer were deposited by HiPIMS on Ti-6Al-4V surfaces samples. Initially, 

the depositions were made in blank samples for subsequent microstructural and tribological Si/Cr film 

characterization. After this first stage, SiC/Cr coatings were deposited on the creep tests samples surface. The 

coatings were deposited using a home-made stainless steel cylindrical reactor. An argon plasma was used to 

sputter high purity 4.00" targets of (99.95%) SiC and (99.95%) Cr. 

3. Results and Discussions

Figure 1 show SEM images of SiC film deposited on Ti-6Al-4V alloy with Cr interlayer. From the 

images 1B and 1C, it can be observed that the thin films grow in a columnar shape and the surface is very 

compact and homogeneous. Spherical shaped small nodules were observed on the surface Fig.1A. A similar 

morphology with larger nodules also was observed on coatings grown at low Si target power, regardless of 

temperature for the SiCxNy coatings by Pettersson et al [6]. 

Fig. 1. SiC film deposited on Ti-6Al-4V alloy with Cr interlayer, image obtained by SEM. (A) Overview, (B) Magnified 

overview and (C) Detailed layers view. 
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Figure 2 presents creep curves at 600 °C and 250 MPa for Widmanstätten microstructure Ti-6Al-4V 

sample [7] and the Ti-6Al-4V sample with Widmanstätten microstructure and SiC film. It can be seen for the 

specimen with SiC film lifetime was higher, indicating a longer life in creep relative to the specimen without 

the SiC film. It is also observed that the creep rate in stationary stage is lower for SiC film specimen and the 

curve slope is lower than in specimen without SiC film curve, showing once more increasing creep resistance 

for the alloy with SiC film application. The improvement in steady state creep rate and time to fracture is 

attributed to the SiC coating presence, which is oxidation resistant. It can be concluded preliminarily by 

comparing the curves and creep parameters between the alloy with and without SiC film, that the SiC film 

was effective in protecting against oxidation of Ti-6Al-4V.  
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Fig. 2. Creep curves at 600 ° C and 250 MPa of Widmanstätten microstructure Ti-6Al-4V sample [7] and 

Widmanstätten microstructure with SiC/Cr film Ti-6Al4V sample. 
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1. Introduction

Due to its excellent mechanical properties, weldability and low cost [1], carbon steel is a widely used 

material in a wide range of segments, such as civil construction, tools, transportation and household 

appliances. However, carbon steel is readily oxidized when exposed to the environment. To avoid this 

problem, some works suggest the development of protective coatings, using the plasma deposition technique 

based on HMDSO compound. Altering the plasma parameters, it is possible to deposit films with 

characteristics ranging from organic to oxide. Silicon oxide films are more resistant to corrosion than the 

organosilicon ones, however its physical stability is lower, which affect its efficiency and therefore its 

practical application. Aiming to associate the favorable properties of both, this work investigated the 

possibility of coating carbon steel with SiOxCyHz/SiO2 bilayer systems that have improved barrier properties 

by combining deposition and oxidation methodologies in low pressure plasmas.  

2. Experimental

SiOxCyHz film was deposited for 1800 s by PECVD in an atmosphere composed by HMDSO (14 

Pa), O2 (4 Pa) and Ar (2 Pa). The total pressure of the gases was 20 Pa. The plasma was generated by 

applying radiofrequency signal (13.56 MHz, 150 W) to the sample holder. After deposition, the coating was 

treated by immersion in O2 plasma (3.33 Pa, 13.56 MHz, 3600 s) in order to create a silica-type layer. It was 

investigated the effects of excitation power of the O2 plasma (10-300 W) on the properties of the films. EIS 

were used to evaluate the layer protection against corrosion. The thickness of the films was measured by 

profilometry while the morphology and roughness was determined by AFM. The molecular structure and 

chemical composition of the samples were analyzed by FTIR. SEM and EDS were allied in this work to 

determine the surface morphology and elemental composition of samples prepared on carbon steel. Finally, 

the surface chemical composition and the chemical state of the detected elements were investigated by XPS. 

3. Results and Discussions

The analysis of the molecular structure of the samples by FTIR allowed to verify the organosilicone 

nature of the starting material with degree of crosslinking greater than that found in conventional 

polydimethylsiloxane. The treatment with oxygen plasma has oxidative action on the layer when it removes 

methyl groups and incorporates oxygen and hydroxyl in the sites where initially methyl groups were found. 
Considering the results of XPS, it is noted that the as-deposited film has 47% C, 24% O and 29% Si. 

Conventional silicone ideally has a composition of 50% C, 25% O and 25% Si. With the treatment in oxygen 

plasma, the loss of C and the increase in the proportion of O and Si are noted. The thickness of the as-

deposited film is around 1.5 μm. For treatments conducted on low power plasmas (<50W) no significant 

variations in thickness are observed. However, a clear downward trend appears for treatments with potencies 

above 25 W. These behaviors are due to the process of removal of species from the layer by the plasma 

being dependent on the excitation power of the O2 plasma. In general, analysis of the morphology and 

topography of the samples showed that there is a clear reduction in the grain boundaries that constitute the 

organosilicone structure after the oxidation treatment, resulting in a more continuous surface than the 

untreated one. The analyzes obtained by EIS showed improvements in the performance of the system against 

corrosion by the deposition of the organosilicone layer. The oxidation process did not bring extra advantages 

when carried out under conditions of low (10 to 25 W) and high (100 to 300 W) energies. However, under 

conditions of moderate energy (50 W), the results point to the creation of a bilayer system with higher 

resistance to electrochemical attack than the organosilicone layer, even having a lower thickness than this 

one. 
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1. Introduction

Plasma produced by electric discharges in gases at atmospheric pressure has been intensively 

investigated for new technologies and industrial applications. On printed circuit board (PCB) and electronic 

assembly industry this is a dry and environmental friendly technique for removing residue (desmearing) left 

behind by laser drilling of vias and activate the material surface so strongly that it becomes receptive to all 

coating, printing or adhesive bonding process [1].The goal of the present project is to study how atmospheric 

plasma treatment can enhance the PCB manufacture process, by analyzing the contact angle of different 

substrates for PCB before and after plasma treatment and, later on, testing the adhesion of the metallization 

on the surface and in plated through hole. 

2. Experimental

The device used is shown in Figure 1. It consists in a hollow-cathode electrode made with a needle 

and a borosilicate capillary in which argon gas flows through 0.75 l/min. The discharge is generated by a 

switching power supply in conjunction with a pulse transformer cascade, which supplies 5.5 kV peak-to-

peak for dielectric breakdown. 

The plasma jet is used to treat phenolic and fiberglass substrate samples cleaned with deionized 

water in the ultrasonic cleaner for 10 minutes. The major parameters are: plasma treatment time, varying 

from 1 second to 120 seconds and distance between plasma jet and surface (0 mm and 5 mm). The contact 

angle of the samples is measured and compared to the angle of an untreated control substrate sample. 

3. Results and Discussions

As shown in Figure 2, the contact angle decays with the increase of the treatment time and 

increases with the distance between the sample surface and the plasma jet, just as expected. This decrease in 

contact angle shows that the surface has become more hydrophilic. 

Therefore, the next step is to test different metallization methods, such as electrolysis and plasma 

deposition, in treated and untreated samples and to verify the adhesion force between the copper layer and 

the substrate. 

Fig. 1. Schematic of the atmospheric plasma device used 

on surface treatment. 

Fig. 2. Contact angle with varying treatment time 

for different distances between jet and sample. 
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1. Introduction

A ceramic is considered to be refractory when it withstands temperatures above 1500 ° C, without 

suffering any deformation or softening. Refractory materials have high melting point, are resistant to 

corrosion when subjected to severe environments with the presence of metals and slag [1]. For this reason 

they are present in several segments, such as civil construction in use in grills, and in the industry used as 

thermal insulation.      

According to Lobato [2], the metallurgical industry is the main responsible for the consumption of 

refractories, in 2008 reached a level of 500 thousand tons mostly consumed by the steel mills. This number 

should reduce following a national and international trend, this is due to the technological advances occurred 

in the improvement and development of new materials. 

The blast furnaces reach an internal temperature of 1500 ° C, for which thermal insulation is used with 

refractory bricks, in each region a type of refractory is used according to working temperature. The leakage 

of the furnace takes place in the race room through a hole that is subsequently buffered with a refractory 

mass responsible for the sealing of this hole. The iron leaks through a channel to the car torpedo, the 

temperature of the iron reaches 1600 ° C, the wear of this channel is due to thermal shock, iron abrasion in 

the refractory, with this there is a need to exchange this one every 150 thousand Tonnes of pig iron produced. 

2. Experimental

2.1 X-Ray Diffraction 

X-ray diffraction (XRD) is used to show the phases and the crystalline structure of the compounds 

present in the refractory if they are in the form of oxides or compounds. Therefore, the XRD technique is 

widely used to determine the phases present in the refractory after operation and, consequently, to determine 

the mechanism of failure in the scorification conditions [3]. The XRD analysis was performed using a 

MiniFlex II diffractometer using Cu-ka radiation (1.541870 A). 

2.2 Infrared Fourier Transform Spectroscopy 

. The alumina refractory sample was analyzed in the Brunker Vertex FT-IR ATR (Attenuated 

Total Reflectance). The analysis range was 500-4000 cm-¹. 

3. Results and Discussions

3.1 DRX 

Fig. 1. X-ray diffractogram of alumina refractory brick.     

3.2 FTIR 

Fig. 2.  Spectrum of alumina refractory brick. 
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The mineralogical phases identified were mullite, 

quartz, and silimanite. Mullite is rarely found in 

nature, it is artificially obtained from silica and 

alumina. One of the ways of obtaining the mullite is 

by heating the silimanite that turns into mullite with 

liberation of silica, are found very pure, with only 

1% of iron oxide and a little titanium. These 

impurities bind the liberated silica and the lumina to 

form the vitreous phase the quartz, their proportion 

will depend on the content of impurities and the 

temperature of the burning.  

 

In the spectrum of the alumina refractory were 

identified at bands 1109 to 1062 cm -1 and at 

813 and 653 cm -1. According to Low and 

MoPherson (1989, apud BONZANO, 1991, 

P.97) [5] the first bands are related to the 

vibrations and stretching of Si-O bonds and the 

other two are results of vibration        e 

      , respectively. 
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1. Introduction

Plasma polymers containing amine functionalized groups have been taken attention in the science 

and industry of biomedical applications. The main characteristic of this kind of materials is the capacity of 

improve the human cell attachment on its surface. In most cases their surfaces are hydrophilic and non-

fouling. These key qualities lead to applications like implant coating, drug delivery and enzyme electrodes 

production [1]. The plasma polymerization process is a good way to manufacture these materials since it is a 

dry one-way step process, does not release any harmful waste by-products into the environment, it is solvent 

free and the polymerization can occur in a wide variety of substrates. Monomers like cyclopropylamine, 

allylamine, ethylenediamine (EDA), oxazoline among others, have been used as precursors of amine 

functionalized plasma polymers [2]. The EDA presents the same amount of nitrogen and carbon in its 

molecule, being a suitable candidate for this process. Nevertheless, one was observed that plasma polymers 

of EDA (ppEDA) present high solubility in water. In this work, the discharges of the mixture acetylene 

(C2H2)/EDA were performed to polymerize amine-containing thin films with low solubility. 

2. Experimental

The thin films were generated in a stainless-steel plasma reactor chamber. The discharges were 

excited by an rf-power supply, RF-300 model – Tokyo Hy-Power, at 13.56 MHz and the applied power was 

varied from 5 to 30 W. The chamber was evacuated by a mechanical pump, M-18 model – Edwards, while 

the pressure was monitored by Penning™ and Pirani™ gauges. The discharges were performed at 100 and 

200 mTorr of total pressure. It was utilized the EDA/C2H2 ratio of 3:7 to produce the thin films. To 

analyze the plasmas the actinometric optical emission spectroscopy (AOES) technique, argon was utilized as 

actnometer, it was performed by an Avantes USL 2048x64 device. The thin films were studied by Fourier 

transform infrared spectroscopy (FTIR), where the Perking Elmer FTIR Spectrometer Spectrum 100™ was 

utilized and the water contact angle (WCA) technique was carried out by a Ramé-Hart 300-F1™ goniometer. 

3. Results and Discussions

The WCA measurements show that all thin films present hydrophilic character being around 56 

degrees for the 5 W conditions and 66 degrees for the films produced at 30 W. The FTIR analyses reveal that 

the amount of NH (3300 - 3200 cm
-1

 stretching) and imine C=N (1690 - 1650 cm
-1

) increase compared with 

C-C (1000 - 900 cm
-1

 stretching) and CH (1465 - 1375 cm
-1

) bonds when the applied power rises. The main 

species analyzed by AOES were NH (336.0 nm A
3
Σ → X

3
Σ), CN (382 - 388 nm B

2
Σ

+
 → X

2
Σ

+
) and CH 

(431.3 nm A
2
Δ → X

2
Π). It was observed an increase in the ratios CN/CH and NH/CH when the applied 

power increases from 5 to 30 W. These results are in agreement with those observed in the FTIR analysis. It 

was noticed that the coatings produced at lower power conditions are less soluble in aqueous environments 

and it was assigned to the proportion of NH bonds in the molecular structure of the thin films when 

compared with C-C and CH bonds. 

4. References

[1] H. Testrich, H. Rebl, B. Finke, F. Hempel, B. Nebe and J. Meichsner, Mat. Sci. and Eng. C, 33, 3875-

3880, (2013). 

[2] J. Ryssy, E. Prioste-Amaral, D. F. N. Assuncao, N. Rogers, G. T. S. Kirby, L. E. Smith and A. 

Michelmore, Phys.Chem.Chem.Phys., 18, 4496, (2016). 

Acknowledgments 

The authors would like to acknowledge CAPES for the financial support. 

163

mailto:pedro_kcond28@hotmail.com


XXXVIII CBRAVIC/III WTMS – INPE, São José dos Campos, SP, 21 a 25 de agosto de 2017 

ID 135: DRY TRIBOLOGICAL BEHAVIOR OF LASER TEXTURED 4340 STEEL 

Mansur, R.A.F.1,3*, Ribeiro, E.M.2, Simões, J.G.A.B.1,3, Jardim, V.R3, Vasconcelos, G.1,3, Lima, M.S.F.1,3 
1Instituto Tecnológico da Aeronáutica, São José dos Campos - SP 

2Instituto Alpha Lumen, São José dos Campos - SP 
3Instituto de Estudos Avançados, São José dos Campos - SP 

1. Introduction

The study of tribological properties is very important, since the majority of the mechanical 

components, such as car brakes, pistons and landing gears are submitted to constant friction forces 

during their work. An effective way to control the wear is the modification of the topology of the pieces with 

the use of lasers [1]. This work intends to analyze the effects of laser texturing in 4340 steel samples submitted 

to dry wear.   

2. Experimental

In this work has used four samples of 4340 steel with a diameter of 25 mm and thickness of 5mm.  
The samples A, B and C were textured by a Nd:YAG pulsed laser, where the amount of passes and overlap 

varied as follows: A- overlap of 50% and  6 runs, B- overlap of 75% and 4 runs and sample C – overlap of 

87,5% and  3 runs. For comparison, one sample (pattern) was not textured.  

3. Results and Discussions

Pin on disc test was performed on all samples with a load of 1N, alumina sphere of diameter 6 mm, 

track diameter of 3 mm and 5000 laps (Fig. 1). For the samples A and B, the friction coefficient increased 

after one thousand laps, when compared to the untreated sample. Sample C presented an increase of the 

friction coefficient after 4000 laps. A thin oxide layer with low friction coefficient was formed in the 

textured surface samples, although after a certain number of laps, this layer was torn away, justifying the 

increase of the friction coefficient. The optical profilemeter showed an increase of 100% of roughness 

Ra of sample A, and 120% increase in the samples B and C. The SEM-FEG images (Fig.2) showed that 

for the sample A, the wear behaved in an abrasive manner, because the textured surface can be observed on 

the track, while for samples B and C the wear was adhesive because it was not possible to observe the surface 

below the non-textured layer. 

Fig. 1. Behavior wear pin-on-disk Fig. 2. Wear track images samples A,B,C and not 

texturized (pattern)  
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1. Introduction
Maraging steels present good weldability and mechanical properties higher than those other ultra-

high strength steels. These steels have a Fe-Ni array, having as mechanism of hardening, precipitation of 
intermetallic compounds by adequate aging heat treatment [1]. However, this process also can provide partial 
reversal of the martensite to austenite (austenite reversed), with reduction in mechanical strength and 
increased ductility of the material, making it unfit for use [2]. 

Once its mechanical properties are influenced by the heat treatment cycle employed, the heat 
generated by the welding process can change the final mechanical behavior of thermally treated alloy. In 
general, the welding of maraging steels presents, besides the fusion zone, three heat affected zones (HAZ), 
with distinct micro-structural changes [1]. In the cooling of the alloy, after the welding process, the structure 
of the fusion zone and thermally affected areas are soft. Moreover, the melting zone microstructure of 
maraging steels aged consists of dendrítes of martensite, with islands of austenite (γ) on the intersections of 
the edges [2], generating sharp decline of hardness in this region, when compared to the metal base (BM). 
The austenite located in this region is rich in Ni, Ti and Mo, while cells dendritic martensítes are poor of 
these elements. Therefore, the microstructural characterization and the mechanical properties of weld after 
post welding heat treatment is of importance for future technological application of this material. 

In this context, welds in 300 maraging steel were produced by plasma arc welding process. The main 
objective of this work is to evaluate the microstructural and mechanical behavior of the alloy after the 
welding process. 

2. Experimental
300 maraging steel sheets (solubilized to 820° C by 1h), with 3.3 mm x 600 mm x 100 mm, were 

used for this study. As filler metal was used the wire 300 SEA, with 0.89 mm of diameter. Initially all the 
samples were blasted sanded and cleaned with acetone. Plasma welding using filler metal was carried out 
with direct current, at room temperature, in the flat position and toward the transverse direction to the sense 
of the lamination plate. The welding parameters considered were: current and voltage of 222 A and 31.8 V, 
welding speed 500.0 mm/min, filler addition speed 700.0 mm/min, plasma and shielding gases of 1.0 L/min 
and 20.0 L/min, and distance torch-piece 3.5 mm.  

After welding process, the joints had their microstructures characterized. For this purpose, samples 
were taken from the welded areas and their cross sections embedded in bakelite. After then, were sanded by 
water sandpapers with particles size of 180, 320, 600, and 1200 respectively, and polished with colloidal 
silica. Finally, the area was attacked with the 3% Nital (HNO3). A light microscope (ZEISS AXIO IMAGER 
model) was used for analysis and processing of images. In order, to quantify the austenite, we used the 
software IMAGE J. In this, the image obtained via optical microscopy was converted to grayscale, 
calculating the percentage of black areas against the white regions of the modified image.  

The mechanical behavior of welded joints was analyzed by means of uniaxial tensile tests and 
hardness tests. For this, were conducted tests of Vickers microhardness (HV) mapping (EMCO TEST, 
DuraScan model), whereas constant load of 0.5 kgf. 

3. Results and Discussions
Figure 1 shows the cross-section of the weld bead obtained in welding condition. Different regions 

of interaction in the material were obtained in the process of welding. In the molten zone (MZ) was observed 
the formation of dendrites oriented to the center of the weld bead, with two subsequent regions with larger 
grain size (Heat Affected Zones, HAZ 1 and HAZ 2). Then a third region, more darkened (averaging, HAZ 
3) was obtained with martensitic microstructure with thin scattering of reversed austenite and stable.

In the fusion zone, the formation of dendrites oriented to the center of the strand, with two 
subsequent regions with larger grain size, which correspond to the Heat Affected Zones, HAZ1 and HAZ2. 
Then, the HAZ3, darker region, which features martensitic microstructure with a thin scattering of reversed 
austenite and stable. This region features characteristic of the phenomenon of averaging, promoted by heat 
involved during welding. Finally, the base metal (BM), where there occurs any microstructural 
transformation relative to the original aspect of the material. In relation to the melting zone (MZ), 
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microstructural variation was observed. It was observed the typical aspect of the melting zone microstructure 
of 300 maraging steels, with the formation of dendrites. As Lang and Kenyon, the austenite islands are not 
visible when tested on wending condition (Figure 2). 

 

 
 

 

 

Fig. 1. Morphology of the weld bead without subsequent 
heat treatment.  

 Fig. 2. Microstructural aspect of the melting zone 
(MZ). 

 
The phenomenon of reversal of the martensite to austenite could be observed in heat affected zone 

(HAZ3), after welding process. It was observed an increase in hardness at HAZ3, resulting from 
precipitation of intermetallic compounds promoted by heating suffered during the welding process. The 
maximum hardness value found was 500 HV. As expected, the MZ presented a decrease of hardness with 
value 310 HV. 
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1. Introduction
The magnetron sputter deposition is one of the most versatile techniques for film deposition. The

technique is based on the sputtering of a cathode by ions generated in magnetically confined plasma. Among
a great number of different configurations, it can be highlighted the triode magnetron sputtering [1-4], also
called grid-assisted magnetron sputtering (GAMS) [5]. In this configuration, a grid is inserted between the
target and the substrate, acting as an auxiliary anode when grounded. In reactive depositions, the grid reduces
the hysteresis of process parameters (like pressure and voltage) as a function of reactive gas flow rate [2,4].
Previous works also show that the grounded grid improves the plasma confinement and change the current-
voltage relations [3,5]. Using such configuration, the plasma is confined between the target and the grid. In
this way the distance between plasma and substrate can be changed without modifying the target-to-substrate
distance.  It  means that  is  possible  to modify the charged particles flux to the  substrate  without  change
significantly  the  average  energy of  deposited  atoms.  The  increase  in  the  distance  between plasma  and
substrate can be used for deposition in thermally sensitive substrates [6], once the charged particles flux is
reduced. 

However, to date, there is a lack of information about how fundamental parameters are affected by
the  introduction  of  the  grid  and  the  variation  of  grid-to-target  distance.  For  example,  there  are  no
measurements about the substrate floating potential in such system. The deposition in floating substrates is
usual in magnetron sputter deposition, in particular when using dielectric substrates. Modifications in the
floating potential indicate variations not only in the charged particles flux, but also in the potential profile
and in the electronic temperature.

The main purpose of this work is to investigate the relation between the substrate floating potential
and the grid-to-target distance in grid-assisted magnetron sputtering. Once the floating potential is related
with the energy transfer to the substrate, the deposition of stainless steel films was chosen for this study due
to the technological interest in such films and the dependence of their properties with the energy flux.

2. Experimental
The measurements  were  carried  out  in  a  grid  assisted  magnetron  sputtering  chamber  described

elsewhere [3]. A 316L stainless steel target with 100 mm in diameter was used. The grid is a rectangular
mesh (11.8 cm x 16.0 cm) with spacing of 2.0 mm between the wires and it  was kept grounded in all
measurements. The substrate has a diameter of 100 mm and it is located around 6.0 cm from the target. The
base pressure was below 10-2 Pa. Argon (99.999% purity) was used as working gas and the flow rate was
adjusted using a thermal mass flow controller. The working pressure was fixed to 0.40 Pa in all experiments
and it was measured by a capacitive gauge. The plasma was powered with a DC power supply operating in
constant power mode. The discharge power was varied in the range 200-1240 W. The choice for this range is
based on previous studies about stainless steel film deposition [7]. The grid-to-target distance was varied
between  1.5  cm and  4.0  cm.  For  comparison,  measurements  without  the  grid  were  made  in  the  same
discharge power range.

3. Results and Discussions
From the measurements of substrate floating potential as a function of discharge power for different

grid-to-target  distances  and  without  the  grid  (figure  1),  it  is  possible  to  see  that  the  floating  potential
increases almost linearly when the discharge power is raised in the range 200-1240 W. Increasing the power
both discharge voltage and current grow. Thus, it is expected a raise in the electron density. In the case
without the grid, if the plasma potential remains constant during the power increasing, the raise in floating
potential indicates a decrease in electron temperature in the vicinity of the substrate. However, it is unlikely
that the plasma potential remains unchanged, thus further careful measurements are needed.  It must be
pointed also that in grid-assisted magnetron sputtering there is no plasma between the grid and the substrate.

Another feature observed is that moving away the grid from the target, the floating potential drops
(becomes more negative) approaching the same level of the conventional system (without the grid). It must
be highlighted that for a grid-to-target distance of 1.5 cm the floating potential is positive, i.e. more positive 
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Fig. 1. Substrate floating potential as a function of
discharge  power  for  different  grid-to-target
distances. The measurements without grid are also
shown for comparison.

Fig. 2. Behavior of substrate floating potential as a
function  of  grid-to-target  distance  for  different
discharge powers.

 than the anode (grounded). The same is observed for 2.0 cm, but only for powers higher than 1000 W. This
behavior is  explained by the fact  that  the grounded grid drains  electrons from the plasma reducing the
electron flux to the substrate. The reduction in electron flux is greater for larger distances between plasma
and substrate, i.e. small grid-to-target distances. It is expected that the ion flux is less affected by the grid,
which leads the substrate floating potential to increase with decreased grid-to-target distance. It  must be
pointed out, however, that a complete understanding of the charged particles flux to the substrate is possible
only with measurements of plasma potential. 

4. References 

[1] L. C. Fontana, J. L. R. Muzart. Surf. Coat. Technol., 107, 24–30, (1998)

[2] L. C. Fontana, J. L. R. Muzart. Surf. Coat. Technol. 114, 7–12, (1999)

[3] J. C. Sagás, L. C. Fontana, H. S. Maciel. Vacuum 85, 705–710, (2011)

[4] J. C. Sagás, D. A. Duarte, D. R. Irala, L. C. Fontana, T. R. Rosa. Surf. Coat. Technol. 206, 1765–1770,
(2011)

[5] J. C. Sagás, D. A. Duarte, L. C. Fontana. J. Phy. D: Appl. Phys. 45, 505204, (2012)

[6] D. A. Duarte, J. C. Sagás, L. C. Fontana, A. S. da Silva Sobrinho, M. J. Cinelli. Eur. Phys. J. Appl. Phys.
52, 31001 (2010). 

[7]  M.  V. F. Schroeder.  Obtenção  e  caracterização  de  filmes  de  aço  inoxidável  AISI  316  obtidos  por
pulverização catódica. Dissertação em Ciência e Engenharia de Materiais. Joinville, CCT/UDESC, (2017).

*rfroisfisica@gmail.com
168



XXXVIII CBRAVIC/III WTMS – INPE, São José dos Campos, SP, 21 a 25 de agosto de 2017 

*Corresponding author: brauliohkl@gmail.com

ID 139-1: RADAR ABSORPTION MATERIAL BY POROUS CARBON PARTICULATE IN 

POLYMERIC MATRIX  

B. H. K. Lopes1*, R. C. Portes2,3, A. S. Monteiro2,3, M. A. Amaral Jr 2, J. S. Marcuzzo2,4, G. Amaral-Labat 5, 

E. S. Gonçalves1, S. F. Quirino3, M. R. Baldan1,2  

1Instituto Tecnológico de Aeronáutica, São José dos Campos, SP, Brazil,  
2Instituto Nacional de Pesquisas Aeroespaciais, São José dos Campos, SP, Brazil,  

3ETEP Faculdades, São José dos Campos, SP, Brazil,  
4Faculdade de Tecnologia Professor Jessen Vidal, São José dos Campos, SP, Brazil, 

5Universidade de São Paulo, Escola Politécnica, São Paulo, SP, Brazil.

1. Introduction

Radar absorption materials are very common on aerospace industry because they are responsible to 

protect internal components on the satellites from external interferences. There are many studies that use 

carbon materials in polymeric matrix to add electromagnetic properties for electromagnetic shielding 

application [1]. The aim of this work is to perform electromagnetic characterization, by waveguide method, 

of a porous carbon particulate (PCP) synthesized by chemical polymerization of crude black liquor in 

alkaline medium [2].  

2. Experimental

The materials will be prepared via chemical synthesis by modifying the methodology described in 

the literature [2] aiming at the integral use of the pulp and paper industry waste with a "polymerized resin". 

The acrylic polymer PMMA will be used in the medium in different granulometries in order to change the 

porosity. The materials produced will be crushed and the electric characterize will be performed through a 

network vector analysis combined with a waveguide in the microwave range. 

3. Results and Discussions

Through reflectivity measurements it was possible to observe that there is no influence of 

granulometry of the samples in the attenuation of the incident wave. It was noticed that low porosities of the 

surface of the samples presented meaningfull improvement of the attenuation. According to Figures 1 and 2, 

it can be seen that the increase of the PCP concentration results in the increase of the attenuation. Similarly 

for all granulometry and porosity values, the attenuations for samples with 1% PCP were about 10.4% over 

the whole frequency range, whereas the samples with 5% and 10% PCP showed a non-linear behavior. The 

sample with 5% PCP presented a minimum attenuation of 9.7% in 8.2GHz and a maximum of 24.2% in 

11.38GHz, while the 10% PCP showed a maximum attenuation of 30.1% in 8.2GHz and a minimum 

attenuation of 18.2% in 11.85 GHz. 

Fig. 1.  Reflectivity of the samples of 1%, 5% and 10% 

PCP with Granulometry less than 250 µm and pore less 

than 420µm 
Fig. 2.  Reflectivity of the samples of 1%, 5% and 

10% PCP with Granulometry less than 250 µm and 

pore greater than 420 µm 
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1. Introduction

Nowadays, radiation absorber materials (RAM) have received great attention from the industries and 

academic research centers, due to their applications in the most diverse areas, such as military, aeronautics, 

aerospace and telecommunications [1]. In aeronautical and military areas the RAMs have been extensively 

studied in the frequency bands of 8-12 GHz, known as X-Band [2]. Materials such as carbon, ceramic 

oxides, ferromagnetic and conductive polymers are traditionally applied to RAM and are thus used as 

absorber centers of unwanted radiation [3]. In particular, carbon is traditionally applied as RAM in the GHz 

frequency band because it is an excellent reflector of electromagnetic radiation [4]. Therefore, many 

researchers on this frequency were carried out with carbon in its different allotropic forms such as: activated 

carbon fibers [5], carbon fiber felt screens with rectangular shapes [6], particulates dispersed in a matrix [7] 

and cobalt oxide deposit [8].  
Therefore, in this study the main objective was to produce a composite based on carbon fiber (CF) 

and activated carbon fiber (ACF) particulates, which is able to attenuate electromagnetic radiation in the 

frequency range of 8-12GHz. In order to perform the measurements a guided wave method coupled to a 

vector network analyzer (VNA) was used. Besides,  a structural characterization of the fibers was performed 

using a Raman spectroscopy technique, in order to verify possible defects in carbon structure of the fibers. 

2. Experimental

Textile PAN was used to produce CF, due to its low cost compared with other raw materials. The 

carbonization was performed in argon atmosphere at a final temperature of 1000°C by using a heating rate of 

30°C/min. complete the carbonization process. The process time at maximum temperature was set in 20 min 

to complete the carbonization process. After the carbonization, the activation of the fibers is performed using 

two activation methods, the physical and chemical activation. The physical activation was carry out at the 

temperature of 1000°C in carbon oxide atmosphere for 50 minutes. Already the chemical activation was 

performed in KOH solution, the FC was impregnated with a 6 molar KOH solution, and then was placed in 

the furnace in an argon atmosphere. The heating ramp was 5 °C/min until reaching 600°C and remained for 1 

hour. After the production process of the materials, the samples were produced to perform the 

electromagnetic measurements in a VNA. The samples of CF, ACF and ACF by KOH etching were 

powdered, and separated into particulates size between 25-53μm. After that, the samples were employed in a 

paraffin matrix, with thicknesses of 1.5mm with dimensions of 10.16x22.86mm. 

3. Results and Discussions

Through Raman spectroscopy it was possible to observe that the samples of CF and ACF presented 

disorganization in the graphite structure due to the presence of peak D in the spectrum (Figure 1). However, 

peak G showed greater intensity in both cases. Although the Raman spectra were similar, it was observed 

that the FWHM of the ACF samples decreased, which is related to the decrease in the presence of 

heteroatoms on the surface of the fiber due to activation process. This result influenced the reflectivity of the 

material, causing an attenuation of approximately 50% of the incident radiation in the ACF sample, as 

showed in Figure 2. However, the chemical activation with KOH in the CF sample did not show attenuation 

of the radiation. 
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Fig. 1.  Raman spectra of CF and ACF. 

 

  

Fig. 2.  Reflectivity of the samples of CF, ACF and 

ACF (KOH) 
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1. Introduction

DLC as an amorphous hydrogenated carbon (a-C:H) films have been used as protective coatings in many 

applications due to their superior properties such as: low coefficient of friction, high chemical inertness, high 

hardness, high wear resistance, biocompatibility, and bactericide (1). However, a very big challenge is to 

overcome the residual stresses that form during the growth process and to obtain high adhesion between the 

DLC and the different substrate materials, especially of metal. The PECVD technique modified with the 

addition of a cathode with the function of promoting confinement of electrons and ions in a plasma discharge 

was shown to be feasible for studies of the reduction of residual stresses that form inside of the DLC films 

structure, as well as showed, too, to be a prosperous technique to achieve high adhesion of DLC film on the 

most metal substrate surface besides being able to get harder films with less porosity and with lower friction 

coefficients.  This technique proved to be, also, very promising for DLC deposition in the form of 

multilayers of thicker films. These results refer this technique to other areas of applications, enabling it to the 

applications in the space, aeronautic, and automotive area, besides to stand out in medical and dentistry 

areas. 

2. Experimental

Basically, due to the possibility of operating at very low pressure (< 10-3 Torr) (2), this technique 

allows to grow DLC film in three dimensions in collision less regime. The operating parameters can 

be well controlled and allow easily scale studies. In this work will be presented a brief description 

of the operating principle, as shown in Fig. 1, where in a collision less regime, energy of ions 

generated in the plasma discharge is all used to the ion sub implantation process, and being 

primarily responsible for the high adhesion of DLC in most accessed metal substrates. 

3. Results and Discussions

Due to the ease of control of adhesion and growth parameters of DLC films obtained by this 

technique allows to obtain very thick films in multilayer form, as shown in Fig. 2. These multilayers 

are responsible for low residual stress of the film, in spite of very thick. The thickness of the DLC 

film as high as to 10 microns correspond to an alternation of the film of amorphous silicon with the 

DLC film where the thickness of each layer, as well as, the concentration of silicon and carbon are 

well controlled. A summary of the studies that led to this DLC films growth technique optimization, 

not only thin films, but also thick films is an important area of new studies and new applications 

will be an important part of this work. 

173



XXXVIII CBRAVIC/III WTMS – INPE, São José dos Campos, SP, 21 a 25 de agosto de 2017 

*vladimir.airoldi@inpe.br 

 
Figure 1. Collisions regime of operation 
 
 

 
Figure 2. Multilayer DLC films on 316 SS  
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1. Introduction

The Brazilian Synchrotron Light Laboratory, LNLS at Campinas, SP, provides the user community 

with several X-rays based experimental techniques that can be applied in the field of basic research and 

materials science. Among those techniques, those dealing with photons between 100 and 2000 eV are 

particularly sensitive to the sample surface. This spectral range is called soft X-rays, and its surface 

sensitivity makes it particularly suited to study surfaces and some interfaces of materials. On the other hand, 

to preserve the surface quality of the samples, these techniques have very stringent vacuum requirements, 

normally in the region of 10-9 mbar or better. Furthermore, at the LNLS we provide the users with some in-

situ thin films growth facilities, which also operate in UHV conditions. For both experimental station and 

sample growth instrument, one must use load lock chambers to introduce the samples or substrates from air 

to the UHV chamber. The time needed to pump down these load locks to a suitable pressure level changes 

from system to system, but is not unusual for the user to wait around 6 hours prior to be able to introduce the 

sample in the UHV system. Also, some characterization instruments are not directly connected to the sample 

growth system. In these cases, the sample must be transferred inside a small UHV chamber that can be 

attached to both sample preparation and characterization systems without exposing the film to the 

atmosphere. This device is known as a vacuum suit case. Most of the time, transferring between chambers 

involved connecting the suit case through a small vacuum section that must be pumped and baked. Such 

procedure can take several hours what is not affordable in most of the synchrotron based experiments. Here 

we describe the development and first commissioning results of a fast entry based on a liquid nitrogen (LN2) 

trap that acts as a cryo-pump. Such cryo-pumping precludes the need of baking in the case of vacuum suit 

cases and can reduce drastically the time needed to pump down the load locks. 

2. Experimental

For the initial tests, we attached an existing LN2 trap to a small volume chamber similar to the usual 

vacuum load locks we used in our instruments. The main components are numbered in figure 1 as: 1) main 

load lock chamber; 2) turbo pump; 3) vacuum gauge; 4) LN2 trap. The system is initially pumped down with 

the aid of the turbo and backing pump to low 10-6 mbar. This initial pump down takes around 20 minutes. 

Then the LN2 trap is filled and its walls act as a cryo pump. Our characterization involved to follow the 

variation of the internal load lock pressure as function of the time after filling the LN2 trap. In this proof of 

concept test, after filling a 300 ml cold trap with LN2, the pressure dropped by almost two orders of 

magnitude after one hour.   

Fig. 1. The experimental setup used during the 

proof of concept tests. The chamber 1 has a volume 

similar (5 liters) to what we expect for the fast 

entry. The system was pumped by a Pfeiffer HiPace 

80 turbo molecular pump (2) and the pressure 

measured with a Pfeiffer PKR-261 full range gauge 

(3). The cryogenic pumping was obtained filling a 

300 ml LN2 trap (4).  
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Fig. 2. Diagram of a typical use of the fast entry. The 

components are described in the text. 
 Fig. 3. 3D CAD drawing of the fast entry coupled 

with a load lock. In this case we don’t use the V1 

gate valve indicated in Fig. 1. More details in the 

text. 

 

3. Results and Discussions 

The results obtained so far were good enough to allow us to develop further the idea. Figure 2 shows 

the vacuum diagram of the proposed experimental system. Figure 3 shows a CAD drawing of the final 

system under development. In this next version, we will address three main points that can be improved 

compared with our proof of concept experiments: 

a) To introduce or take out samples from the main UHV chamber, the fast entry must be quick to drop 

the pressure but also to warm it up and vent. One can not afford to wait for the LN2 to evaporate. 

Thus, instead of a reservoir, we will use a LN2 circulating system. 

b) Stainless steel is a very poor thermal conductor. We will use instead a cooper block. 

c) The cylindrical reservoir has a limited surface to adsorb gases. For the final version we will mount 

several copper fins, directly brazed on the copper cooling block to increase the surface area of the 

cold trap. 

 

In our contribution, we will present the results obtained with these improvements. We expect to reduce 

drastically the time needed to reduce the pressure to its final value after cooling. Furthermore, giving the 

more efficient heat exchange and greater trap surface, the final obtained pressure should also get in the 10-9 

mbar range. 

 

In any case, even the proof of concept used so far already allow us to reduce the time between sample 

transfers from several to around one hour. This reflects in a better use of the beam time of the synchrotron 

source. 
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1. Introduction

Plasma polymers are known for its unique properties in comparison with the chemical polymerized 

ones, such as a high crosslinked structure, resistance to corrosion in mild acidic and basic media and 

adhesion to many kinds of substrates. [1] The plasma polymerization technique is also more environmentally 

friendly than the conventional chemical polymerization for it leaves no wastes and require no solvents in the 

process. The plasma polymerization of hexamethyldisiloxane (HMDSO) have been studied for many years 

and, despite its hydrophobicity, it is reported to be insoluble in water and non-cytotoxic, those characteristics 

makes it suitable for biomedical uses. [2], [3] One of the uses of a thin film is drug release, where a medicine 

is incorporated in the film and is released to the body with controlled time or condition. One possible drug is 

the chlorhexidine, a known antiseptic largely used in the pharmaceutical industry, it might be incorporated in 

the thin film to prevent infections in a period. In this work HMDSO was polymerized by plasma in a 

stablished condition and the chlorhexidine was incorporated to it. The FTIR and water contact angle (WCA) 

to evaluate the drug incorporation and release. 

2. Experimental

The films were deposited inside a stainless-steel parallel plates reactor fed by a RF power supply at 

15W, inside the chamber, a mixture HMDSO/Ar was admitted in the ratio of 9:1, the total pressure during 

the deposition was 100 mTorr, maintained by two mechanical vacuum pumps. The deposition process lasted 

30 minutes. Two kinds of substrates were utilized, glass slices, for WCA measurements and aluminum foil 

for FTIR analyzes. For the medicine incorporation, a 2% chlorhexidine solution was used and three 

conditions were studied: a) the chlorhexidine was incorporated to the substrate and the film deposited on it; 

b) the chlorhexidine was incorporated on the deposited film; c) the chlorhexidine was incorporated between

two layers of the film. The medicine incorporation was done by bathing the film in the solution for 30 

minutes and then flushed with compressed air and dried for 24 hours. The FTIR was performed by a 

PerkinElmer Spectrum 100 spectrometer and the WCA by a Ramè-Hart 300-F1 goniometer. After those 

measurements, the samples were bathed in water for one hour and the measurements were performed again 

in order to verify if the drug was released. 

3. Results and Discussions

For all the WCA measurements the samples maintained their hydrophobic character, with angles 

around 100 degrees, even after they were water washed. In the FTIR analysis, changes in functional groups 

related to the chlorhexidine were observed essentially in C-C (1450-1512 cm-1), C=N (1600-1670 cm-1) and 

phenyl group (1550 cm-1). After the water washing, the FTIR of the sample where the medicine was put on 

the film showed only trace elements of the chlorhexidine functional groups, meaning that they were washed 

away. The same behavior was observed for the sample where the drug was put between layers of HMDSO 

film, as the HMDSO film is hydrophobic, the chlorhexidine might have been flushed away after the 

incorporation. In the case where the chlorhexidine was put on the substrate, an slightly decrease was 

observed in the peaks relative to the drug, it was probably diffused to the water bath being released. 
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1. Introduction

For the purpose of coating the inner side of metallic tubes, a magnetic field enhanced PIII&D 

process was used. A set of silicon-p type (100) samples were put inside a substrate steel (AISI 304) tube (150 

mm length and 110 mm diameter), prior to the investigation of the PIII&D process affected by ExB drift. The 

structural analysis of the DLC as-coated samples were performed in order to observe the effects of the 

magnetic field on the properties of the obtained DLC film. In our previous work, hollow cathode discharges 

with argon, nitrogen, methane and acetylene plasmas were studied as regard to their I versus V characteristic 

curves, in the presence of the magnetic field [1]. As a continuation to that, the main objective of this work is 

to provide useful information about the molecular structure of the carbon bonds of DLC films, as well as, on 

their morphology along the inside of the tube, which are changed as the magnetic field is applied. 

2. Experimental

Silicon wafers (15 mm x 15 mm) were fixed in the bottom of the tube, at its inner wall. Their 

positions were numbered from #1 to #4, from the left (back of the chamber) to the right (front of the 

chamber). For the two experiments, the substrate tubes were biased to 4 kV, with 20 µs of pulse width and 

500 Hz of repetition rate, and at a working pressure of 4.5 Pa which was kept constant. The DLC growing 

steps were as follows: 15 min Ar PIII + 60 min N2 PIII + 30 min CH4 PIII + 30 min C2H2 deposition. Two 

experimental procedures were taken to compare the effectiveness of the magnetic field for the deposition. 

First, a standard discharge mode without magnetic field (0 G) was used with the four DLC growing steps. 

Later, a magnetic field of 22.5 G was applied during the whole PIII&D treatment. Then, Raman 

spectroscopy was used to analyze the structural arrangement of carbon bonds. The morphologies of the 

surfaces of DLC films were analyzed by SEM and optical profilometry. 

3. Results and Discussions

In general, when the magnetic field is applied, the intensity of D band is greatly reduced and the G 

peak position is shifted to lower wavenumbers in comparison with the DLC films deposited without 

magnetic field (0 G). Also, a significant decrease in ID/IG ratio was observed for the second experiment. The 

ID/IG ratio decreased from 0.875 to 0.475 as we moved from the back samples towards the front ones of the 

tube. This result is ascribed to a disordering of carbon bonding structure and can be an indicative of hardness 

improvement in such films [2]. As regard to their hydrogenation, the same trend was observed for both 

experiments: the DLC as-coated samples placed on the edges of the tube showed higher at.% H, about 28 

at.% H for deposition without magnetic field (0 G) and about 20 at.% H for DLC deposited with 22 G. For 

both experimental cases, the samples from the middle of the tube showed DLC films with the lowest values 

of hydrogen content. DLC films deposited using magnetically confined plasmas showed defect-free 

morphology on the surface. For the same sample position, the roughness was clearly reduced in the DLC 

films deposited in PIII&D with magnetic field. 
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1.Introduction

   Ionic beams, cathodic erosion, cathodic arc and Plasma Enhanced Chemical Vapor Deposition 

(PECVD) are some methods used for the deposition of thin films; but currently the most used in laboratory is 

the PECVD, a technique that stands out due to the following factors: it is a dry, clean, speedy, inexpensive 

process easy to perform and with properties completely linked to the parameters of deposition, allowing the 

obtaining of uniform, homogeneous materials with low defects[1]. This technique is based on the deposition 

of thin films using non-thermal plasma and can be generated by radio frequency (RF), direct current (DC) or 

microwave (MW) applied to the precursor gas. In the present work, depositions will be performed using 

atmospheric plasma microchips, with the monomer Hexamethyldisiloxane (HMDSO), the precursor gas, 

which will be deposited on the glass substrate followed by the characterization of the same. 

2. Experimental

        The PECVD deposition technique was performed by means of a device, constructed in brass and 

polyacetal in cylindrical format connected to a flow valve, an Erlenmeyer and a voltage supply, shown in 

Figure 1. The DBD discharge occurs between a needle and grounded ring, insulated by a borosilicate 

capillary tube, at a frequency of 37 KHZ, voltage of maximum 5.5 KV peak-to-peak and gas flow 0.3 L / 

min and 0.15 L / min. The needle (anode) is connected to a brass body through which the gas flows[2]. The 

gas used was argon (Ar). Four samples of glass were cut in the following dimension 20x25 mm passing 

through a cleaning process. The depositions using the monomer HMDSO were characterized by contact 

angle measurements and Fourier Transform Infrared Spectroscopy (FTIR). 

3. Results and Discussions

         The wettability revealed that the films formed on the surfaces of the substrates in question exhibit a 

hydrophobic character. The angle of contact of the films were 90° in the central region of the deposition, and 

at the peripheral region was about 64º. Fourier transform infrared spectroscopy (FTIR) showed the presence 

of molecular groups present in the films formed by the HMDSO. 

. 

Fig.1. Atmospheric pressure plasma plume device. Fig. 2. Spectrogram of the films formed by PECVD 

through micro-jets of atmospheric plasma. 
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1. Introduction

CVD diamond deposition on carbon nanotubes (CNT) has been studied for nearly 10 years, to gain 

synergy between both excellent materials properties. Most alternatives get a relevant synergy, but fail to 

preserve CNT nanometric structure. In this work, we show nanocomposites that preserve the original CNT 

structure to produce superior results, both in porous boron doped diamond (p-BDD) electrodes for 

electrochemistry and in electrons field emission [1]. 

2. Experimental

A modified Electrostatic Self Assembly (ESA) method provided the CNT seeding with nanodiamond 

(ND) particles. In this ESA method CNT oxidation introduced polar groups on its surface giving an anionic 

character to attract ND particles that have a cationic character. ND particles dispersed in a KCl solution, 

which supernatant was further diluted 10 times, produced the right amount for a subtle ND seeding of CNT 

upon submersion of oxidized CNT for few seconds. Short CVD diamond growth periods in Hot Filament 

Chemical Vapor Deposition (HFCVD) produced porous diamond surfaces closely resembling CNT 

morphology. BDD growth followed by bubbling hydrogen in a solution of boron oxide in methanol to mix to 

a CH4/H2 gas mixture. Nitrogen doped diamond (NDD) growth replaces to urea in the methanol solution. 

Nanocomposites characterization involved field emission gun scanning electron microscopy (FEG-SEM) and 

Raman scattering spectroscopy (RSS). p-BDD electrodes were tested by cyclic voltammetry, electrochemical 

impedance spectroscopy and flow injection analysis. The NDD/CNT samples were tested for field emission.  

3. Results and Discussions

Figure 1 shows the morphology of p-BDD electrode which resembles closely the original CNT 

morphology. CNT are covered by a thin diamond layer. p-BDD results show a surface area up to 400 times 

larger than an equivalent flat BDD electrode. Besides its viability as a large area electrode, its high 

sensitivity was shown by flow injection analysis. The field emission from NDD/CNT shows a threshold 

electron field as low as 0.75 V/µm, much lower than the best results in literature. 

Figure1. p-BDD diamond from the growth of boron doped diamond on carbon nanotubes. 
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1. Introduction
The shape memory alloys have been application in some areas such as: naval, aeronautic, 

automobilist. This is a promissor material in biomedical areas due to shape memory effect and superelasticity 
proprieties. Actually, the porous alloys have been very interesting for utilized as biomaterial mainly for a 
hard bone tissue substitution by has structural characteristics similar the body bone. The shape memory 
alloys (SMA) porous produced by powder metallurgy has shape memory effect and shown better 
microstructure homogeneity, excellent finishing surface and controlled porosity this aspects improvement of 
the osteointegration and loss elastic modulus. However, studies indicate possibility nickel release that can be 
occurs toxic reactions and rejection as when used in form of prosthesis [1-4]. 

The Nitrogen Plasma Immersion Ion Implantation (N-PIII) technique is a possibility for reduction 
the nickel release and improves the tribological proprieties through of the modification structural and 
chemical that the change the growth oxides and nitrates rates in implanted alloys [3]. 

2. Experimental
For production of the Ni50,8Ti  alloy by powder metallurgy were used as starting material elemental 

powders Ni (size 62 µm) and Ti (size 250 µm). The powders were manual mixed in 20 minutes. The sample 
was compressed  varying the applied pressure between 50 MPa  and 250 MPa in the cylindrical form with 10 
mm in diameter and 2 mm in thickness .The sintering was performed at 900 ºC for 120 minutes. The N-PIII 
technique was realized at 770 ºC for 60 minutes.  

The microstructure of as cast and implanted by PBII samples were observed with scanning electron 
microscope. The phase’s identification and structural parameters were established using the X ray 
diffraction. The measurements of friction coefficient were accomplished in a CSM Instruments Pin-on-disc-
Tribometer, computer controlled, SN 18-393, with 5 cm/s of linear speed, applied load of 1N, 3.18 mm of 
wear track radius, stopping at 5.000 revolutions at room temperature in air. Alumina ball-3 mm-diameter, 
supplied by CSM-Instruments was used. Disk volume loss and wear rate were calculated according to 
equations in the ASM G-99 norm. 

3. Results and Discussions
The microstructure before N-PIII shows low heterogeneity and high porosity with open porous and 

interconnected.  In XRD analysis, the difratogram demonstrated stable phase, NiTi3 and NiTi2 peaks and 
NiTi intermetalic phases, important for shape memory effect in these alloys. The microstructure of the 
sample after the N-PIII has less quantity of the porous in the surface. Furthmore it presented aleatory phases 
rich in Ni. 

The wear resistance before and after plasma implantation were analyzed and the friction coefficient 
for the implanted sample presented an average around 0.2, showing low coefficient compared with as-cast 
sample which has coefficient close to 0.9.  
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1. Introduction

Carbon nanotubes (CNTs) are nanoparticles with high electrical, thermal and mechanical properties, 

therefore are widely used as reinforcement in nanocomposites. However to efficiently act at matrices they 

need to have a good dispersion and interaction with the matrix, what could be reached by functionalization 

[1,2]. Radio frequency (RF) plasma is a fast and free of solvent process that can promote a wide variety of 

chemical modification in CNTs [3]. Therefore, the aim of this work is to functionalize carbon nanotubes by 

RF plasma, in way to promote the bond of functional groups in CNTs surface to improve the dispersion and 

interaction with nanocomposite matrices in further applications. 

2. Experimental

Multi-walled carbon nanotubes (MWCNT) used in this work were purchased from Chengdu Organic 

Chemicals Co. Ltd (TNIM4), with 88% of purity, an external diameter range of 10-30. The plasma reactor, 

shown in Fig. 1, has 7 cm³ of internal volume and operate at 13,56 MHz. When the reactor reached 10
-2

 Torr, 

argon, oxygen and nitrogen gases were placed at the chamber to functionalize MWCNT, with power inputs 

of 40 and 20 W. The treatment time was 60 minutes. Table 1 shows the samples obtained. 

SAMPLE Power Ar O2 N2 

CNT/pristine - - - - 

CNT/40 40W 24sccm 6sccm - 

CNT/20 20W 24sccm 6sccm - 

CNT/N2/40 40W 12sccm 6sccm 9sccm 

CNT/N2/20 20W 12sccm 6sccm 9sccm 

Fig. 1. Plasma reactor utilized In MWCNT 

functionalization. 
Table. 1. Samples conditions. 

3. Results and Discussions

FTIR spectra for all MWCNT samples treated by RF plasma are shown in Fig. 2. The peak at 3440 

and 1435cm
-1

 can be assigned to the (O-H) stretch from (O=C-OH) and (C-OH). The infrared absorption at 

2920, 2850 and 830cm
-1

 can be attributed to symmetric and asymmetric vibrations mode of (C-H) groups. 

The band in 1635cm
-1

 is associated to conjugated (C=C) stretching. The peaks 1210, 1090 and 1045cm
-1

 can 

be assigned to the (C-O) vibrations [4,5]. The presence of these bands including in MWCNT pristine is 

resulted from either atmospheric moisture of the raw material or oxidation during purification [6-8]. For all 

the samples treated in plasma there are a lightly peak at 1740cm
-1

 region (signed by vertical line) specially 

when the power supply is 20 W and nitrogen is present at the chamber. This peak can be attributed to (C=O) 

vibration mode of carboxylic groups [6,8-10]. The Raman spectra, shown in Fig. 3, indicates that for all the 

samples treated in plasma, there was an increase in D band, associated to increase of impurities and 

amorphous carbon, carbon nanotube oxidation and/or insertion of functional groups [11,12]. Besides that, the 

ID/IG ratio for samples treated had an increase in comparison with CNT/pristine. This increase, especially 

higher for CNT/N2/40 sample, indicates the presence of defects in CNT surface and can be associated to an 

amorphous region [12] that can be seen in Fig. 4 provided by MET high-resolution image. XPS spectra show 

that the amount of oxygen increase in MWCNT for all samples treated in plasma. The sample CNT/40 

present the higher amount in C-O functional group (~14% against ~7% of CNT/pristine sample) and the 

sample CNT/N2/40 present the higher amount in O-C=O functional group (~4,6% against ~1,9% of 

CNT/pristine sample). This result show that the higher the power supply the higher the insert of oxygen 

functional groups in MWCNT surface. For sample CNT/N2/20 was also found an atomic concentration of 

0.1% of nitrogen and the presence of C-N bound, as shown in Fig. 5. The presence of this element, although 
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small, indicates the capability of RF plasma in insert atomic nitrogen at MWCNT surface. Therefore, this 

work shows that RF plasma is an efficient tool to functionalize CNTs. The increase in oxygen and nitrogen 

amount in MWCNTs surface indicates that these nanoparticles can be further utilized to synthesize 

nanocomposites. 

 

 

 

 

Fig. 2. FTIR spectra showing a new peak around 1740cm
-

1
 associated to (C=O) vibration mode of carboxylic 

groups 

 Fig. 3. Raman spectra and ID/IG ratio for all 

samples of MWCNT  

 

 

  

 
Fig. 4. MET high resolution image, showing an 

amorphous region at CNT surface in CNT/N2/40 

sample 

 Fig. 5. XPS spectra of CNT/N2/20 sample, indicating 

nitrogen presence in MWCNT surface 
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1. Introduction

Nowadays, the studies of tribology bring together knowledge acquired in physics, chemistry, 

mechanics, and material science to explain and predict the behavior of mechanical systems. These studies 

can be applied in several areas such as automotive, aerospace, electronics, biomedical and optics. There are 

estimates of reduced spending in these areas reducing wear loss [1]. The environmental aspect is also very 

important in the overall analysis of the losses due to wear, since it corresponds to an expressive reduction of 

CO2 emitted into the atmosphere. Additionally, the discovery and existence of new materials, with surfaces 

previously prepared for a specific function, has required that efforts have to be made in characterizing them 

physically [2]. Thus, in this work a tribometer rotary with spherical body against was constructed (Fig. 1) to 

determine the coefficient of dynamic friction and to characterize some pairs of materials. 

2. Experimental

To measure the coefficient of dynamic friction a tribometer was constructed with some 

characteristics to meet our needs (Fig. 1). The body against is spherical (diameter of 10 mm) and the sample 

is fixed to a chestnut. The system for measuring tangential or friction force is a force sensor (FS) Pasco, 

which will be in contact with a rod. Because of the relative motion between the sample and body against, 

there will be the dynamic frictional force (FFRICTION) that is transmitted to this rod in contact with the FS. 

Through an interface, a FS and a specific program from PASCO, one can register this force (FS) in function 

of time (t). The measurement of this force can be accomplished within a time interval of 60 minutes. Distinct 

normal forces (N) are applied by the body against on the surface of the sample by gravity by changing the 

weights respective.  For each pair of materials (stainless steel 304 with Teflon or Titanium) the curve of the 

coefficient of dynamic friction (COF or μ) as a function of time is determined. In this case it is possible to 

define the relation: NfFNF CSFRICTION  . The parameter fC is the calibration factor. 

3. Results and Discussions

As a first evaluation of the tribometer, the measurements of dynamic friction presented a good result. 

The COF versus time values is in agreement with the literature for all tested pairs. These facts open the 

possibility of characterization of new materials and future studies focused on tribology and tribocorrosion. 
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Fig. 1. (a) Tribometer: (1) Rotary moviment sensor 

(RMS); (2) Base with the axis of rotation engine, 

belts, pulleys and nuts for fastening the specimen; 

(3) base of force sensor (FS) with rod, body against, 

weights and table XY. (b) Details of the chestnut for 

fixing the sample, body against and weights. (c) 

Details of force sensor and rod. 

Fig. 2. Results of dynamic friction coefficient to stainless steel 

304 and titanium or Teflon. 
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1. Introduction

Dental restorative materials, like resins, have been used in human teeth. They were developed in 

order to copy the teeth optical properties, not only the tooth color, but also their degree of translucency [1], 

but the mechanical and corrosion resistance are also important. Dental corrosion is defined as the progressive 

loss of dental hard tissue caused by acid and others erosive chemical substances, without bacteria 

involvement. This corrosion can be related to diets, especially in the consumption of acid from juice fruits 

and soft drinks and medicines (vitamin C, aspirin, hydrochloric acid) [2,3,4]. The diet is the most common 

acids source related to oral biodegradation. Hydroxyapatite crystals are calcium phosphate form present in 

inorganic portion of tooth constitution and any acid substance with low pH can improves corrosion in enamel 

and dentin. [6,7]. The dissolution of Hydroxyapatite crystals may occur depending on calcium concentration 

ions, saliva phosphate ions and starch availability[5]. Among the components of the diet with greater erosive 

capacity the pH value is below 5.5.  

Fruit juices that has phosphoric acid could influence the pH. The phosphoric acid attack leads to an 

irreversible point of dental loss tissue duct, which is accompanied by progressive surface softening [8]. Some 

studies evaluates the erosive capacity of these drinks, not only pH measurement, but also the buffer acid 

effect, for ionic acid dissociation, calcium, phosphor, and fluorine concentration[9]. 

Studies published by United States General Academy of Dentistry alerts that the habit of consume 

energetic and isotonic drinks can cause an irreversible damage on the enamel tooth. The study explains the 

acid levels found on these types of drinks can originate, in some cases, the corrosive effect over the enamel 

after five days of consume[10]. 

2. Methods and Experiments

In this study were used two types of resins (Filtek z250 xt A3 and Filtek z350 A3E, both from 3M 

ESPE). These resins were prepared by a photopolymerizer and were immersed by seven days in coke soft 

drink and diet coke. After the immersion, the resins were stored in a stove at 37ºC without washing to check 

if the material has suffered some kind of waste. They were metalized by plasma using a thin golden layer to 

improves images contrast of phase. The resin morphology were analyzed using Scanning Electron 

Microscopy(SEM) to find differences. The resins samples were separated in three groups: Resins immersed 

in coke soft drink, diet coke and resins that weren’t immersed in any liquid. 

3. Results and Discussions

Figure 1 and 2 shows two images from resin Filtek z250 XT A3 and resin Filtek z350 XT A3E 

obtained by SEM. These resins weren’t immersed in any liquid. From these images is possible to see that 

both resins presents porous.  

Fig. 1: The resin Filtek z250 XT A3.                                    Fig. 2: The resin Filtek z350 XT A3E. 

Image with increasing of 2.00K.                                                  Image with increasing of 2.00K. 

Figure 3 and 4 shows two images from resin Filtek z250 XT A3 and resin Filtek z350 XT A3E 

obtained by SEM. Both resins were immersed in regular coke soda, and from this figure is possible to 

identify a layer with some cracks covering resin surface. The conclusion about this layer is concerned of 

sugar layer, since the resins weren’t washed before being metallized. 

10µm 10µm 
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Figure 5 and 6 shows two images from resin Filtek z250 XT A3 and resin Filtek z350 XT A3E 

obtained by SEM. Analyzing these images, it’s possible to see a little layer of sugar, since the diet coke has 

smaller amount of sugar. 

  

 

 

 

 

 

 

 

 

 

4. Conclusions 

Diet coke presented bigger porous than coke soda. The regular coke soft drink was responsible to 

improve a deposit of minerals on both studied resins. The minerals deposited in resins are provenient of 

sugars and others isotonic chemical constituents in soft drinks. 

 

5. References  

[1] Campos MIC,Campos CN,Vitral RWF. O uso de dentes bovinos como substitutos de dentes humanos em 

pesquisas odontológicas: uma revisão da literatura. Pesq Bras Odontopediatria Clín Integr. 2008;8: 

[2] ECCLES, J. D. Dental erosion of nonindustrial origin. A clinical survey and classification. J Prosth Dent, 

Dec. 1979. 

[3] GRANDO,J. L.;GABILAN,N. H.; PENTRY,A. et al. Erosão dental: estudo in vitro da erosão causada 

por refrigerantes e suco de limão no esmalte de dentes decíduos humanos. Análises bioquímicas. Ver 

Odontoped, v. 4, n 1,p. 1-10, jan./fev./mar./ 1995. 

[4] LEVITCH, L. C.; BADER, J.D.; SHUGARS, D. A. et al. Non-carious cervical lesions. J Dent,v. 22, n. 

4, p. 195-207,Aug. 1994. 

[5]Gandara BK, Truelove EL, Diagnosis and management of dental erosion. J Contemp Dent Pract. 

1999;15;16-23 

[6]Grippo JO,Simring M, Schereiner S. Attrition, abrasion, corrosion and abfraction revisted: a new 

perspective on tooth  surface lesions. J Am Dent Assoc.2004;135:1109-18; quiz 63-5. 

[7] Barron RP, Carmichael RP, Marcon MA, Sandor GK. Dental erosion in gastroesophageal reflux disease. 

J Can Dent Assoc.2003;69;84-9. 

[8] Stafne EC, Lovstedt SA, Rochester M. Dissolution of tooth substance by lemon juice, acid beverages ans 

acids some other sources. J Am Dent Assoc. 1947 May;34(9):586-92. 

[9] Lussi, A.; Jaeggi, L.T.;Jaeggi-Scharer,S. The influence of different factors on in vitro enamel erosion. 

[10] http://unieroradiologia.com.br/consumo-excessivo-de-energeticos-pode-prejudicar-o-esmalte-dentario/ 

 

Acknowledgments  

IP&D Univap, Nanotecplasma Group and CNPQ for the financial incentive. 

 

 

 

 

 

 

 

 

 

Fig. 3: The resin Filtek z250 XT A3 immersed in 

coke soft drink. Image with increasing of 2.00K. 

 

 

  
 

 
 
 
 
 
 
Fig. 4: The resin Filtek z350 XT A3E immersed in 

coke soft drink. Image with increasing of 2.00K. 

 

Fig. 5: The resin Filtek z250 XT A3 immersed in 

diet coke. Image   with increasing of 2.00K. 

 

 Fig. 6: The resin Filtek z350 XT A3E immersed in 

diet coke. Image with increasing of 2.00K. 
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1. Introduction

Several studies have been developed with the purpose of modifying the wettability characteristic of 

the cellulose, in order to make it superhydrophobic, which property depends on the combination of an 

adequate surface morphology and a low surface energy [1]. Thus, in this work, films based on 

hexamethyldisiloxane (HMDSO) were deposited on the etched cellulose surface to obtain the 

superhydrophobicity on surface material. 

2. Experimental

Pulp kraft cellulose sheets (20 x 10 mm) were firstly exposed to the plasma etching with oxygen at a 

pressure of 13 Pa and exciting power of 150 W for 60 minutes, to create of adequate surface topography. 

Then, the treated samples were submitted to the PECVD (Plasma Enhanced Chemical Vapor Deposition) 

process, in which a film was deposited on the surface from the precursor HMDSO in the presence of argon, 

in a ratio of 70 and 30%, respectively. The deposition time was varied from 5 to 30 minutes to obtain films 

of different thickness, in order to verify the effect of the thickness of the deposited films on the modification 

of the morphology created by the etching process. The samples were analyzed by Scanning Electron 

Microscopy (SEM), profilometry, Energy Dispersive Spectroscopy (EDS), Fourier Transform Infrared 

Spectroscopy (FTIR), static contact angle measurements and hysteresis and sliding angle measurements.   

3. Results and Discussions

The previous etching step provided an accentuated removal of material from the substrate, evidenced 

by the presence of grooves in the cellulose fibers and addition of nanoscale structures on its surface [2] (as 

shown in Fig. 1b), in contrast with non-treated cellulose in Fig. 1a), that presents fibers with a smooth 

surface. The second step promoted the deposition of films with organosilicon character, with thicknesses 

varying between 160 and 910 nm, on the surface. For the higher thicknesses, the films promoted a 

"smoothing effect" on the created morphology, in which the nanostructures are covered by the film, as shown 

in Fig. 1e) and 1f). However, for the thinner films, the topography previously created by the ablation process 

is not suppressed (Fig. 1c). According to the results obtained by the EDS analysis, presented in Fig. 2, was 

verified that for the oxygen element (O), the intensity of the detected photons in relation to the carbon (C) 

peak remains practically constant, independent of the thickness of the deposited films. However, for the 

chemical element silicon (Si), the same trend is not observed. The relative intensity is constant for films up 

to 403 nm of thickness while for the film with thickness of 910 nm, there is a significant increase in the 

intensity of detected photons of Si in relation to C, compared to the other conditions. The FTIR analysis (in 

Fig. 3) showed that for thicker films, the intensity of the absorption bands related to methylsilyl groups 

(located at 1255, 838 and 792 cm-1) is higher than the others. In addition, it is possible to observe that for this 

film, when compared to the others, the band at 792 cm-1 becomes more intense than the band at 838 cm-1, 

which indicates an increase in the proportion of di-substituted methyl groups. The increase of these groups, 

combined with the higher Si presence in film composition (as detected by the EDS analysis) indicates 

crosslinked chains and, consequently, the formation of a film with higher density. This behavior can also be 

confirmed by displacement of absorption band located at 1020 cm-1, which suggests changes in the degree of 

substitution of the methyl radical, since the di-substituted radicals favor the polymerization of longer chains, 

modifying their arrangement on the surface of the material [3]. The combination of chemical results with 

topological characteristic led to the optimal contact angle results for surface coated with the thinner films, 

with θ = 150° for water and θ ~ 120° for diiodomethane (non-polar liquid). Besides, the low values obtained 

for hysteresis (7°) and sliding angle (~10°) confirm the creation of a superhydrophobic “roll-off” surface.  
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Fig. 2. Intensity of the detected photons of the oxygen 

(O) and silicon (Si) elements on the surface of glass 

sheets covered with HMDSO-based film in relation to 

the peak of carbon (C), for films with different 

thicknesses. 

 

Fig. 1. Secondary electrons micrographs of the 

cellulose surface a) as received, b) sample submitted to 

the etching process for 60 minutes; and covered with 

HMDSO-based film with thicknesses of c) 160 nm, d) 

340 nm, e) 403 nm and f) 910 nm, after etching step. 

 

  Fig. 3. Infrared spectra of organosilicon films with 

different thickness deposited on mirror glass. 
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1. Introduction

Electrospinning is a very simple, versatile and economic technique used for generating polymeric 

nanofibers in different fields. Polymeric nanofiber produced by electrospinning finds applications in several 

fields [1]. Tissue engineering, drug delivery and biomedical applications are the main fields where 

nanofibers have been extensively studied [2]. Considering nanoengineered tissues for biomedical 

therapeutics, the incorporation of aloe vera in nanofibers allows to obtain antibacterial, antifungal, antiviral, 

antidiabetic, antiinflammatory, and wound healing activities [3]. Different polymers and polymer 

combinations have been used with aloe vera (commercial powders, gel solutions) to obtain electrospun 

nanofiber mats [4-8]. Therefore this work aims the production and test the nanofiber mats with aloe vera 

incorporated.  

2. Experimental

The precursor solutions were prepared with 2 g of polyvinylpirrolidone K90, commercial, dissolved in 

10 mL of 3 different types of solvents: aloe vera juice, aloe vera and 2-propanol (IPA) and aloe vera with 

water. All solutions were stirred during 12h at room temperature, until complete polymer dissolution. The 

electrospinning process were conducted in an apparatus consisting in an DC high power supply (Gamma 

High Voltage Research Inc. 0-30 kV), a 3 mL syringe with a hypodermic needle 22G1 and a metal plate. The 

positive terminal of the power supply was connected to the needle and the ground terminal was connected to 

the metal plate where the sample is placed. The fibers were electrospun over silicon substrate from the three 

different precursor solutions. The needle was kept at 15 cm from the sample and a 15 kV was applied to the 

needle. The samples were analyzed by FTIRS and Raman microscopy in order to evaluate the interaction 

between the polymer, the aloe vera and the solvents. SEM analysis was performed aiming at verify the 

influence of the solvent in the fibers morphology. The solutions viscosity was measured in a Brookfield 

viscometer RVDVII with the small sample adapter. 

3. Results and Discussions

The viscosity and conductivity of the precursor solution was evaluated in order to study the polymer solvent 

interactions. Also, the interest is to confirm if there is a strong interaction between the aloe vera and the 

polymer aiming the incorporation of the aloe vera in the fiber after electrospinning process. Table I resumes 

the viscosity values obtained for each solution studied.  

Table I: Precursor solutions viscosity values 

Aloe Vera/ Water/ IPA (ml) Viscosity (MPa) 

10 / 0 / 0 1356,7 

5 / 5 / 0 1382,7 

5 / 0 / 5 5591,7 

Table II: Precursor solutions conductivity values 

Aloe Vera /IPA /water (mL) Condutivity (µS/cm) 

10/0/0 1378 

5/0/5 949 

5/5/0 114 

0/0/10 51,6 

0/10/0 1,40 

Table III: FTIRS absorption bands 

Sample 

Species 

CHn 
C=O 

cyclic 
1948 OH/C=O CH2 CN 

Aloe Vera -- 2669 -- --- -- -- 

Aloe Vera 

+ IPA 
-- 2553 interaction -- -- -- 

Aloe Vera 

+ Water 
2954 2553 interaction 1674 1431 1288 

The viscosity is five times higher for the solutions prepared with the mixture of aloe vera and 2-propanol 

confirming the influence of the solvent in the viscosity. However, the viscosity of the solutions prepared with 

pure aloe vera juice and a mixture of aloe vera and water is quite the same. Since that the extract of aloe vera 

has high concentration of water the measured values of viscosity for both solutions are similar. This result 
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suggests that the interaction between the polymer and the solvent is mainly made by hydrogen bridge. The 

presence of this kind of chemical interaction prevents the polymer entanglement in the solution, lowering the 

viscosity. 

The precursor solution conductivity was also evaluated. The conductivity is an important parameter for the 

electrospinning process, thus the higher the conductivity of the solution the more uniform are the fibers. The 

high conductivity of aloe vera extract is mainly due to the presence of dissolved salts, so in the table II is 

observed that the conductivity of the solutions decreases as the concentration of aloe vera decreases. Also, 

the values decrease as the amount of isopropyl alcohol increases.  

The interaction between the polymer and the solvent was studied by FTIR and Raman. The Raman analysis 

did not show any significant variation between the solutions and FTIRS spectra are shown in Figure 1. 
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Fig. 1. FTIRS Spectra from the fibers electrospun from 

solutions with different solvents and aloe vera.  

 Fig. 2. Illustrative model aloe vera polymer 

interaction in different solvents.  

 

The main characteristic bands of FTIRS, Figure 1, is depicted in Table III. The aloe vera spectrum shows 

only one prominent of the aloe vera absorption bands, the 2669 cm-1, due to C=O cyclic species. On the other 

hand, aloe vera dispersed with water shows the main species due to PVP polymer that indicates low 

interaction among polymer and aloe vera components, which is also consistent with the low increase in 

viscosity. However, 2-propanol sample shows no bands at all, and considering the high increment on 

viscosity, is a good indication of high interaction among polymer/aloe vera components. Nevertheless, the 

most important appearance is the highly intense 1948 cm-1 band. Such value can be encountered in C=O 

bonds present in resonant structures of anhydrides, especially cyclic. Therefore, a most probable explanation 

for the interaction among polymer and aloe vera components is based in hydrogen bridge formation, which 

allows the existence of COH ….C=O … big structures, as shown in Figure 2. The main difference from 

water to 2-propanol interactions probably is that the small molecule, water, prevents this big structure to be 

done more efficiently, which permits to measure other bands on fiber spectrum. Due to conductivity and 

viscosity values, SEM analysis show that the fibers from solution with aloe vera and polymer has the thinner 

diameter  

Based on the proposed model there are two different composed fibers to be tested on future works.  
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1. Introduction

Most of the metallic materials used in modern technology require certain properties of the alloy, and 

a different set of properties of the surface. The requirements for the alloy are toughness, tensile strength, 

among others, while those for the surface are resistance to oxidation, wear, erosion, etc. [1,2]. It is rare that 

this combination can be presented by a single material, hence the need for the use of coatings, which have 

the advantage of not altering the mechanical and microstructural properties of the alloys. A variety of 

techniques are available for deposition of thin films, such as ion implantation [3], sputtering [4], chemical 

vapor deposition (CVD) [5], sol gel [6], and metallorganic chemical vapor deposition (MOCVD) [7,8]. 

Titanium dioxide is a biologically and chemically inert material [9], nontoxic, exhibits photostability, 

good mechanical and corrosion resistance [7], and significant photocatalytic activity. It is used as dielectric 

material, anti-reflective coatings, anti-corrosive barriers [6,7], solar cells, biomaterials [10], and in optical 

devices [10]. The interest in Ti-N-O films has increased in recent years because the presence and control of 

oxygen in titanium nitride leads to the formation of gradient coatings ranging from TiO2 to TiN, and where 

resistivity varies as a function of the N/O ratio [11]. Similarly, the increase of the nitrogen content 

incorporated into TiO2 alters functional properties such as refractive index, electrical conductivity, hardness, 

and modulus of elasticity of the original oxide film because the metal-nitrogen bonds are less polar than the 

substituted metal-oxygen bonds [12]. 

This work reports the growth of TiO2 and N-doped TiO2 thin films at 500° C by MOCVD on 

stainless steel substrate. X-ray diffraction diagrams and XPS analysis of N-doped TiO2 are presented and 

discussed in relation to the undoped TiO2. 

2. Experimental

Samples of AISI 316 stainless steel with 20x20x5 mm were used as substrate for the deposition of 

TiO2 films and N-doped TiO2 via MOCVD process. The samples were grounded with SiC abrasive discs up 

to 600 grit and polished with diamond paste until 3 μm. Substrates were ultrasonically cleaned in acetone, in 

ethanol, and rinsed in deionized water in abundance. They were then dried in nitrogen and immediately 

inserted into the reactor. 

Titanium isopropoxide IV was used both as titanium and oxygen sources to obtain TiO2. For the 

production of N-doped TiO2 NH3 was added in the reactor. Both reagents were introduced into the system 

simultaneously, and were mixed before reaching the reaction chamber. The growth parameters used were: 

nitrogen and ammonia flow 0.5 slm, titanium precursor temperature 39°C, chamber pressure 50 mbar, 

deposition temperature 500°C. The thickness of the films is close to 300 nm. 

The samples were characterized by X-ray diffractometry (XRD) in a Rigaku equipament with 

incident angle of 3°, and by X-ray photoelectrons spectroscopy (XPS) in a thermoscientific equipment, 

model k-alpha. 

3. Results and Discussions

XRD analysis, Figure 1, indicates that in the non-doped TiO2 film anatase was formed, whereas N-

doped TiO2 sample presents the rutile phase. This fact suggests that nitrogen induces the anatase-rutile phase 

transformation. No peak relative to nitrogen-containing phases was observed. Similar results were obtained 

by F.Peng [13] and M. Sathish [14]. The XPS spectrum is shown in Figure 2. On the survey, it can be seen 

that the doped film is composed of Ti, O, and C as contaminant [13,15], in addition to nitrogen, which was 

incorporated in the ratio of 8.29 at%. N 1s linkage energy was detected at 396.9 eV resulting from the 

nitrogen substitution of the TiO2 lattice. According to other researchers that agree on that N 1s peak at 396-

397.5 eV is responsible for nitrogen atoms substitutionally doped into the TiO2 lattice as characteristic peak 

of Ti-N-Ti linkages [14-17]. Further analyses are under way. 
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Fig. 1.. XRD diagram of samples. 

 

 

 
Fig.2. XPS spectrum of N-doped TiO2 film. 

 

TiO2 and N-doped TiO2 films depositions were performed in a single step by using the MOCVD 

technique. Titanium isopropoxide IV was used as a precursor of both titanium and oxygen, and NH3 as a 

source of nitrogen. The growth was carried out at 500°C and the films presented about 300 nm of thickness. 

The nitrogen content incorporated into the film was 8.3 at%. Results of XRD indicate the formation of the 

anatase phase for the non-doped film, and rutile for the nitrogen-doped film, suggesting that the nitrogen 

induces the transformation of the anatase to rutile phase. 
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1.Introduction

        The atmospheric plasmas have been used in the Science and industry in fields associated to material 

surface treatment. It has been used in medical field for treatments and sterilizations. In present work, we 

report the investigation of the measurements of integrated light emission by a micro plasma used for surface 

treatment and film deposition. 

2. Experimental

The Fig.1 shows the schematic view of the experiment.  The discharge device had two independent 

entrances for the gas with flow controlled by needle valves. The applied voltage had sinusoidal waveform 

with 5.8 kV peak-to-peak and frequency of 37 kHz. The voltage is applied between the needle and an 

external brass ring. The borosilicate capillary is located between them and a filamentary discharge type 

evolves at the site [1]. The light emitted by the filaments and the plume is collected by an optical cable with 

1.0 mm diameter with polished surface. This system was also positioned side on to collect only the light 

emission of the plume. The cable was positioned on axis, 6 mm from the end of the capillary. Optical filters 

on red, green and blue was used to select different bands of the spectrum. The light is conducted thru the 

fiber and ends at the  slit at entrance of the photomultiplier housing. The photomultiplier was the Hamamatsu 

model R374 with output coupled to an amplifying circuit.  

3. Results and Discussions

         The l signal photomultiplier signal is dominated by sequential fast spikes during the half-cycle of the 

applied voltage. The signal was numerically integrated assuming zero intensity at beginning of the half-

cycle. Discharges were investigated for argon and helium at various flow rates. A typical result is shown in 

Fig. 2 The light intensity is higher for positive half-cycles due to the different mechanism involved on the 

discharges with positive and negative voltages. The intensity also rises with the flow rate in the needle. The 

helium gas at primary discharge site has shown higher integrated light intensity than discharges with argon. 

Fig.1 – Schematic view of the experiment Fig.2 – Integrated light intensity during 

positive  (+HC) and negative (-HC) half-cycles 

of applied voltage 
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1.Introduction

Micro plasmas are plasmas generated at atmospheric pressure  where at least one dimension is less 

than 1 mm. They have high electron temperature,  higher than the counterparts with large dimension. These 

high power density plasmas are  appropriate to be used in  application such as deposition process where 

molecular fragmentation by electron impact plays a major role. One architecture  used to produce such 

micro-discharge is the arrangement of a surgical needle with capillary and an external ring. The dielectric-

barrier-discharge (DBD) between the electrodes generates a plasma plume from the needle end that expands 

downstream the gas flow to  the exit of capillary. The variation of the power of the discharge for various 

flow rates of argon and helium along the needle and in DBD zone is reported in the present work.  

2. Experimental

        The microdischarge is generated at the tip of the needle as shown in the Fig,1. It is promoted by a 

dielectric barrier discharge (DBD) between the body of the needle and an external electrode [1]. The 

dielectric is a borosilicate capillary. The needle has 0.7 mm outer diameter and the capillary  1.0 mm inner 

diameter. The applied voltage is a sinusoidal signal with 5 kV peak-to-peak and frequency of 37 kHz. The 

gases feed independently at DBD zone and   the needle. Combined argon and helium gases were used in 

these lines. The mean power p was calculated according to the product voltage-current vi , integrated in time 

over one period of the signal. The voltage was measured with Tektronix 1000x probe and the current by the 

voltage drop on a 47 ohm resistor in series with the discharge. 

3. Results and Discussions

.      Fig.2 shows the variation of the power with the flow rate at DBD zone, calculated over 4480 values for 

each point. The flux in the needle was kept constant at 1,2 L/min.The mean value over 4480 values of p is 

shown in Fig.2. The increase of the power with flow rate suggests an augment of the filamentary discharges 

along the needle with the gas flow. The plume generated from the end of the needle extinguish at high flow 

rate. Once outside the capillary the plume shows reduction on the light emission due to the interaction with 

surrounding ambient gas. The investigation shows that the combination of both gases  appropriate to produce 

high power plumes. 

. 

Fig.1 –  Diagram of the experimental arrangement. Fig.2 – Variation of the power with argon 

flow in DBD region and the needle. 
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1. Introduction
Aluminum and aluminum alloys have been widely used as structural materials in the aerospace and 

automotive industries because of their low density, good machinability and high mechanical strength-to-
weight ratio [1, 2]. 

The choice for the AA 7075 aluminum alloy is due to its use in the space, aeronautics, automotive, 
biomedical and mainly because it is one of the most used alloys in the CBERS (China-Brazil Earth-
Resources Satellite) family of the National Institute of Space Research (INPE). However, its low surface 
hardness as well as properties of low resistance to wear and corrosion reduces its lifetime in tribological 
contacts through wear and friction damage, limiting its application in several areas of surface engineering 
[3]. DLC (Diamond Like Carbon) is a metastable form of amorphous carbon with significant amount of sp3 
bonds with high mechanical hardness, chemical inertia, optical transparency in addition to being a broadband 
semiconductor [4]. 

The focus of this study ison the silicon interlayer, seeking an interface with intermediary mechanical 
properties between substrate AA 7075 and DLC film, but with strong chemical bonds ensuring high 
adhesion. 

2. Experimental
The deposition of DLC and Silicon interlayer films was made using a modified pulsed-DC 

PECVD technique (additional cathod) [5]. The applied self-bias voltage was -2 kV, -4 kV, -6kV, -8 kV and -
10 kV, for Silicon interlayer growth. In order to increase the plasma densification of the technique an 
additional cathod was used [5]. All fifteen depositions was made using the same parameters as described in 
Table 1, the only changing parameter was the voltage for the Silicon deposition. 

The film's atomic arrangements were analyzed by Raman Spectroscopy, and film adhesion was 
evaluated by Rockwell C Indentation with reference to VDI 3198 test (500, 1000, and 1500 N). DLC film 
and interlayer thickness was measured by Scanning Electron Microscopy (SEM / FEG) and Glow Discharge 
Optical Emission Spectroscopy (GDOES). 

Tab. 1: Process parameters for all depositions. 

ACTIVITIES 
TIME PRESSURE VOLTAGE FLOW 
(min) (Torr) (V) (sccm) 

Sample cleaning (Argon) 25 8,0x 10 -4 -600 10,0 
Silicon deposition (SiH 4) 15 1,5 x 10 -4 variable 3,6 

SiH 4 + C2H2 2 1,0 x 10 -4 -800 3,6 / 9,8 
SiH 4 + C2H2 3 1,0 x 10 -4 -800 2,0 / 9,8 

DLC deposition (C2H2) 40 8,0 x 10 -4 -750 9,8 

3. Results and Discussions

The growth in thickness of the silicon interlayer, measured by GDOES and SEM (Fig. 1, a and b, 
respectively), showed a near linear behavior as a function of the increase on the applied voltage. The 
thickness obtained by SEM showed smaller values but with the same (near) linearity. The thickness 
measurements of the films by SEM / FEG were made for films grown on Silicon [100] monocrystal 
substrate, and not on AA 7075, as it was made for GDOES. This is because when we cut the AA 
7075 sample with DLC film, it was always observed a deformation of the metal above the film. 
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Fig. 1a. Silicon thickness (GDOES) versus applied self-
bias voltage. 

Fig. 1b. Silicon thickness (SEM/FEG) versus applied self-
bias voltage. 

  
 The spectrum obtained through Raman spectroscopy for all processed samples is typically of a 
hydrogenated amorphous carbon (a-C: H) film, as it can be seen on Fig.2 for sample 23. 
 

Fig.2. Raman spectra with deconvoluted curves for sample 23. 
 

The adhesion results for the DLC films were satisfactory for all self-bias voltages applied in the 
silicon interlayer (VDI standard 3198). Fig. 4 shows the results of sample 13 -6 kV) for 1500 N. 

 
Fig.3. Rockwell C indentation for the sample with sel-bias voltage of -6 kV. 
 
 It can be concluded that, with the applied film growth methodology, it was possible to obtain high 
adherent DLC films on AA 7075 substrate, and that the silicon interlayer thickness did not affect the 
adhesion of the DLC film in the substrate. 
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1. Introduction

Barium titanate based materials are of great interest for a large range of applications in electronic 

devices. In addition, solid solutions of barium titanate with other perovskite-type materials, as vanadium 

modified barium zirconium titanate (BZT), offer a large range of possible modification of the dielectric 

properties [1]. By other hand another perovskite-type material in which has been observed an intense 

photoluminescence emission is the Zr-doped calcium copper titanate powders (CCTO)[2]. In these 

perovskite-type materials is important to study their optical properties which are related to their optical 

energy band gap. By using Photoacoustic Spectroscopy the optical absorption spectra of vanadium modified 

BZT and zirconium-doped CCTO powders were obtained. 

2. Experimental
The optical absorption spectra of the samples were obtained in the range of 300 nm to 800 nm by 

using a homemade photoacoustic (PA) spectrometer. The experimental setup consisted of a 1000 W xenon 

lamp, a variable frequency mechanical chopper, set at 17 Hz, a monochromator, and an air-filled brass cell 

with a condenser microphone. The PA signal from the microphone provided the input to the signal channel 

of a lock-in amplifier which is interfaced to a personal computer, displaying the wavelength-dependent 

signal amplitude and phase simultaneously. In order to take into account the Xe lamp emission spectrum, the 

PA signal was normalized to the signal obtained from charcoal powder [3]. 

3. Results and Discussions
Figure 1 shows the optical absorption spectrum of CCTO, with 15% Zr, in this spectrum it is 

possible to observe two absorption bands. By other hand Figure 2 shows the optical absorption spectrum of 

vanadium modified BZT, with 0,5% V, in this case it is possible to observe a strong optical absorption 

band mainly in the UV region.  
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Fig. 1. Optical absorption spectrum of CCTO w/ 15% Zr Fig. 2. Optical absorption spectrum of BZT w/ 0.5% 
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1. Introduction

The ideal biomaterial specifically used for dental implants must exhibit biocompatibility, elastic 

modulus similar to natural bone, high strength, corrosion and wear resistance, high fatigue and ductility [1]. 

Current approaches for enhancing biomaterial osseointegration include topographical and biofunctional 

surface modifications [2]. Several studies have shown that by modifying the surface at a nanoscale or a 

microscale it can alter cellular response [3]. In this study, the self-ordered formation of nanotubular oxide 

layers on Ti–30Ta alloy was investigated. 

2. Experimental

The Ti-30Ta alloy (Ti with 35wt% of Ta) was fabricated by mixing Titanium (grade 4) and 

Tantalum (99.9% purity). These metals were combined using a melting process in a high purity argon 

atmosphere. The resulting ingots were homogenized and then cold -worked by a rotary swaging process. The 

anodization process was performed using a electrolyte solution containing hydrofluoric acid (HF) + sulfuric 

acid (H2SO4) (1:9) + 5% dimethylsulfoxide (DMSO) on two different time and voltage.  In the group A the 

samples was anodized at 12V for 20 min and group B applied 35V during 40 min. The nanotube layer was 

annealed in an oxygen ambient furnace at 530 ºC (5º C/min) for 3 hours to group A and B. All the surfaces 

were investigated using scanning electron microscopy (SEM), contact angle measurement and X-ray 

diffractometer (XRD). 

3. Results and Discussions

The results indicated that the anodization process on Ti-30Ta alloy was highly influenced by time 

duration and voltage of the anodization process. SEM images  confirm results of a parameter-driven surface 

topography. Ti-30Ta substrates anodized at 25 V for 20 min show a completely irregular surface layer 

covered with small cracking wells (see Figure 1 (a, b and c)). Figures 2 (a and b) shows Ti-30Ta substrates 

anodized with 35 V during 40 min with first signs of nanotube formation at lower and medium 

magnification. When the surface was analyzed in higher magnification clearly show irregular nanotube 

formation(see Figure 2 (c)). Figure 1 shows group A with the surface whitout nanotube and Figure 1B) we 

can see nanotube formation.  

In order to obtain information on composition and structure of the different surface after anodization 

process, XRD was carried out using the samples before and after surface treatment. Figure 3 shows the XRD 

patterns , before (as-formed) and after annealing at 530 ◦C for 3h. Before annealing, all surface of the sample 

show an amorphous structure. After annealing all are transformed to crystalline phases. After annealing have 

been formed on all the surface of group A and B with anatase. 

Figure 4 shows contact angle measurements on group A and B with hydrofilic interface which is 

preferable for eliciting a favorable environment for cellular interaction.The materials for biomedical 

application need to be more hydrophilic since they have higher surface energy which is desirable for 

biological interaction. 

200



XXXVIII CBRAVIC/III WTMS – INPE, São José dos Campos, SP, 21 a 25 de agosto de 2017 

 

 

 

 

 

Fig. 1. FE-SEM images of Ti-30Ta alloy surfaces after anodization in HF +H2SO4 (1:9) + 5% DMSO at  12V during 

20  min (Group A). The anodized surface is shown in lower magnification (a), medium (b) and in higher magnification 

(c). All samples were annealed in an oxygen ambient furnace at 530 ºC for 3 hours. 

 

 
 
 

 

Fig. 2. FE-SEM images of Ti-30Ta alloy surfaces after anodization in HF +H2SO4 (1:9) + 5% DMSO at  35V during  

40 min (Group B). The anodized surface is shown in lower magnification (a), medium (b) and in higher magnification 

(c). All samples were annealed in an oxygen ambient furnace at 530 ºC for 3 hours. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3.  XRD spectra of the oxide nanotubes formed on Ti-30Ta alloy surfaces after anodization in HF +H2SO4 (1:9) + 

5% DMSO at  12V during 20  min (Group A) and 35V during 40 min (Group B). 
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Fig. 4. Contact angle measurements of the oxide nanotubes formed on Ti-30Ta alloy surfaces after anodization in HF 

+H2SO4 (1:9) + 5% DMSO at  12V during 20  min (Group A) and 35V during 40 min (Group B). 
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1. Introduction

Plasma electrolytic oxidation (PEO) is a technique that allows the production of ceramic surfaces 

with adjustable morphology and chemical composition. Owing to that, PEO is a very promising technique 

for the treatment of biomaterials. With such technique it is possible to produce porous surfaces containing 

calcium, phosphorous and other chemical species to stimulate cell adherence and proliferation. 

2. Experimental

The treatments have been performed using water solution of disodium glycerophosphate and 

calcium acetate as electrolyte and it has been evaluated the influence of exposure time, which 

ranged from 60 to 600 s, on the chemical and structural characteristics of the coatings. Surface 

morphology, chemical and phase composition of oxide coatings were investigated by X-ray 

diffractometry (XRD), scanning electron microscopy (SEM), energy dispersive X-ray spectroscopy 

(EDS) and Fourier transform infrared spectroscopy (FTIR). 

3. Results and Discussions

It has been observed that the characteristics of the surfaces are strongly influenced by the process 

parameters. For instance, as shown in figures 1 and 2, while treatments performed using 350 V 

resulted in a flat and porous surface, more complex structures have been formed when using 500 V. 

furthermore, varying the treatment time, it was possible to produce coatings predominantly 

composed by calcium and tantalum oxide or containing up to 84% of crystalline hydroxyapatite. 

Fig. 1. Scanning electron micrograph of a tantalum 

sample treated by PEO for 300 s at 350 V. 

Fig. 2. Scanning electron micrograph of a tantalum 

sample treated by PEO for 300 s at 500 V. 
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1. Introduction
Plasma electrolytic oxidation (PEO) is an electrochemical process that promotes the anodizing of 

valve metals by application of high voltage, which promotes the plasma breakdown [1]. Like conventional 
anodizing, the properties of PEO layers depend on chemical and electrical parameters, such as voltage, 
current, temperature, electrolyte, alloy composition, among others [1,2]. This work evaluated the effect of 
PEO temperature on corrosion resistance of plasma-anodized 5052 Al alloy. 

2. Experimental
Electrolytic system is comprising a high-voltage DC power supply (20 kW) and a stainless-steel 

container (2000 ml) equipped with a mechanical stirrer and a cooling system. The container walls were used 
as cathode. Aqueous electrolytic solutions were prepared with 15 g/l sodium silicate (Na2SiO3) and 2 g/l 
sodium phosphate (Na3PO4). The anodizing treatments were performed in galvanostatic mode for 5 min at 10 
A/dm2 current density.  

Corrosion tests were carried out in a conventional glass cell with three electrodes: Al samples (20 
mm x 20 mm) as work-electrode, Pt wire as counter-electrode and Ag/AgCl (in KClsat) as reference-
electrode. The corrosion electrolyte was NaCl solution (3.5 wt%).  

3. Results and Discussions
In process A, the solution temperature increased from 25 to 40 °C and, in process B, the temperature 

increased from 20 to 30 °C, as can be seen in Fig.1. Fig. 2 shows the polarization curves obtained from 
corrosion tests. Process A led to higher corrosion potential and lower corrosion current density (Ecor =  0.29 
V; Icor = 1.0 x 10-11 Adm-2) compared to process B (Ecor =  0.39 V; Icor = 1.5 x 10-10 Adm-2). Both processes 
improved the corrosion behavior of 5052 Al alloy (Ecor =  0.79 V; Icor = 3.5 x 10-8 Adm-2). Temperature is 
responsible by diffusion of ions and contribute to electrochemical reactions which form the oxide layer. 
Besides, temperature elevation promotes the phase transformation of ceramic crystals and, consequently, 
improves the properties of the oxide layers [2]. Therefore, the results confirm that the process performed at 
highest temperature contributed to the best corrosion resistance of anodized 5052 Al alloy. 
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Fig. 1. Solution temperature in function of plasma 
anodizing time.  

Fig. 2. Potentiodynamic polarization curves of PA 5052 
Al alloy in different temperatures.  

4. References
[1] A. Fattah-Alhosseini et al. Acta Metall. Sin. (Engl. Lett.), 2016, 29(3), 274–28. 
[2] V. Dehnavi et al. Surface & Coatings Technology 251 (2014) 106–114. 

Acknowledgments  
The authors thank to FAPESP for financial support. 

204



XXXVIII CBRAVIC/III WTMS – INPE, São José dos Campos, SP, 21 a 25 de agosto de 2017 

*Corresponding author: bigansolli.arb@gmail.com

ID 175: ANALYSIS OF GRANITE POWDER USING SEM 

G. S. Damasceno
1
, H. P. Gonçalves

1
, A. D. Golanda

2
, D. M. Carmo

1
, A. R Bigansolli

1,
*, B. B. Lima-Kühn

1
 

1
UFRRJ – Universidade Federal Rural do Rio de Janeiro.  

Rodovia BR 465, Km 7, Seropédica, RJ, 23851-970, Brazil. 

²EEL/USP – Escola de Engenharia de Lorena, Universidade de São Paulo. 

 Estrada Municipal do Campinho, s/n, Lorena, SP, 12600-000, Brazil. 

1. Introduction

Brazil, besides having large reserves of ornamental stones is one of the main exporters of stones in 

the world. Linked to this production, it is observed the generation of a significant amount of waste from the 

cutting and processing of the rocks, which entails great environmental impacts. In this way, the great 

challenge of the ornamental stone sector is the rational use of this waste, making them an economically 

viable by-product for commercialization. The polymer industry, on the other hand, uses the incorporation of 

fillers to improve the thermo-mechanical properties, alter the surface appearance and, in particular, reduce 

the costs of the polymer composition. Thus, the knowledge of the characteristics of the load element and its 

influence on the polymer matrix is necessary [1]. The objective of the present work is to characterize the 

granite powder prepared by conventional milling that will used as reinforcing load on the thermo-mechanical 

properties of the epoxy resin. 

2. Experimental

Granite sample was crushed to obtain a powder size less than 53 µm and characterized by 

backscattered electron (BSE) images. Sample micrographs were obtained in a Scanning Electron Microscopy 

(SEM) and the elements were identified through electron microanalysis using energy dispersive spectrometry 

(EDS). The microanalysis was then obtained using a Hitachi TM3000 model SEM, with an EDS Swift 

ED3000 system from Oxford Instruments. 

3. Results and Discussions

Figures 1 and 2 show the BSE images for the granite powder, figure 2 presenting particles of 

different sizes, irregular and faceted morphology. Although the particles have very heterogeneous 

dimensions, the image shows that they are smaller than 100 μm. The results of EDS (O - 63.29 at%, Na – 

1.53 at.%, Al – 6.00 at.%, Si – 26.00 at.%, K – 2.54 at.%, Ca – 0.68 at.%) show the high Si and O contents 

that indicates the presence of quartz in the analyzed granite. 

Fig. 1. BSE images for the granite powder. Fig. 2. BSE images for the granite powder. 
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1. Introduction

Powder metallurgy is a promising route widely used to produce high strength to manufacture parts 

with complex shapes with less material and residues(SCHAFFER; SERCOMBE; LUMLEY, 2001). 

 The powder through collisions between the ball-powder-ball and ball-powder-jar systems causing 

severe plastic deformation, repeated fracturing and cold welding of the particles leading to a decrease in 

particles (SURYANARAYANA, 2001). One of the great problems of high energy grinding and cold welding 

where the particles of powders are joined together during the collisions, a way to avoid this phenomenon and 

the use of process controlling agents (SURYANARAYANA, 2001). The objective of this study to assess the 

effect of the agent in the milling process controller chip of aluminum 7075T6, performing a comparison of 

two control agents stearic acid and methanol. 

2. Experimental

For the comparison of the ACPs, the parameters used in the survey were used; and other researchers, 

methanol with 3.2ml and stearic acid with 3% by weight of aluminum, using stainless steel balls of diameter 

21mm and 12mm and jar of stainless steel under argon gas, with 10g of aluminum, with the time 10 hours , 

250rpm, ratio 1:10 and without carbide. The choice of PCA to be used is related to the smaller particle size 

obtained. The raw material characterization involves the determination of size, particle distribution, and 

morphology of aluminium powder that was characterized by SEM,  

3. Results and Discussions

The results of the comparison can be observed in table 1 where we can observe that the methanol 

process controller showed a better reduction in the part size of about 50%, in the D50 being also smaller in 

all the cumulative distributions: D10, D50, D95 Where this means that D10 means that 10% of the sample 

has particles of size smaller than this value, thus successively for D50 and D90. 

Table 1 Result particle size. 

 Size (µm) 

A.C.P D10 D50 D95 

Methanol 18,41 284 1795 

Stearic Acid 374,6 1697 1955 

The results of the comparison can be observed in table 1 where we can observe that the methanol 

process controller showed a better reduction in the part size of about 50%, in the D50 being also smaller in 

all the cumulative distributions: D10, D50, D95 Where this means that D10 means that 10% of the sample 

has particles of size smaller than this value, thus successively for D50 and D90. 

The SEM analysis of figure 1 confirms the difference in the size of the powders when the methanol 

was used, we can also observe the irregular morphology of the powders of both conditions with the presence 

of agglomerations. Both conditions have particles larger than 100 microns and particles smaller than 5 

microns. 

According to research by RAMEZANI; Neitzert, (2012), methanol presents a better control of the 

process and, in its researches, the experiment that used methanol as controller of the process obtained the 

smallest particle size. Figure 1 Micrograph of the Figures of Position A as Methanol and Figure B with 

Stearic Acid. 

Figure 1 Micrograph of the post A figures as Methanol and Figure B with Stearic Acid. 

A B 
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1. Introduction

Plasma deposition of hydrogenated chlorinated amorphous carbon films in cold plasmas has received 

relatively little attention [1-3]. The interesting optical properties of these films need to be better understood 

and may have novel applications. Chlorinated films have been successfully produced using mixtures of 

acetylene, chloroform and argon, where Cl:C ratios close to one (1.0) were achieved [1]. Plasmas of 

propanol, chloroform and argon mixtures produced films with up to 8 at. % Cl [2]. Besides CHCl3, C4Cl6 and 

C2H2Cl4 have been used in atmospheric plasmas [3]. The use of HMDSO in PECVD is well established. 

Here, plasmas of HMDSO, O2 e CHCl3 were studied. 

2. Experimental

For depositions, a cylindrical, steel reactor equipped with parallel-plate electrodes was used, with the 

upper electrode connected to a 13.56 MHz RF source. Thin films of the a-C:H:Si:O:Cl type were produced 

by PECVD, using HMDSO and O2 at constant pressures of 42 mTorr and 8 mTorr, respectively, varying 

CHCl3 pressure from 0 to 60 mTorr. All depositions were performed at 60 W. Film thicknesses were 

measured using profilometry. Contact angle measurements were made using the sessile drop method. 

Chemical characterizations of the films were carried out using IRS and EDS. Optical parameters (refractive 

index and optical gap) were obtained from Ultraviolet-visible Near Infrared spectral data. 

3. Results and Discussions

The presence of chorine increased the wettability of the films. Deposition rates between 71 and 147 

nm/min were obtained. For the pressures of HMDSO and oxygen used in this study, the presence of 

chloroform stabilized film structure. Transmission IR spectra of the films deposited at different percentages 

of CHCl3 in the plasma feed are shown in Fig.1. Bands at around 780 cm-1 are attributed to (Si-(CH3)2) 

groups, and those at around 1262 cm-1 and 1410 cm-1 are due to SiCH3. The absorptions at 1120 and 1050 are 

due to Si-O-Si, while those centered at 2960 and 1716 cm-1, are due, respectively, to C-H and C=O. Optical 

gaps of a few eV were observed. 

Fig. 1. Infrared spectra of films deposited at different 

partial pressures of CHCl3 in the plasma feed 
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1. Introduction

The Brazilian Synchrotron Light Laboratory (LNLS) is in charge of designing and developing a new 

light source: Sirius, a circular electrons accelerator which has ultra-high vacuum chamber that delimits the 

transit region of the electrons and allow the beam remains stored in an unobstructed environment, as 

explained by CNPEM [1].  

Sirius has operating characteristics which requires that the storage ring vacuum chambers will be 

manufactured with a copper and silver alloy. These chambers will dissipate the heat generated into them by 

water cooling channels. Intended to provide better heat transfer between the channels and chambers, the 

union of these components will be obtained from brazing in high vacuum environment, using SN100C alloy 

as the metal addition since it has low melting point (227ºC) when compared to the melting point of the 

chamber (1083ºC), which is made of copper and silver alloy. 

2. Experimental

For the brazing was used a horizontal high vacuum furnace available at the laboratory of the 

Materials Group of LNLS-CNPEM as shown at Fig.1. All the materials were conducted to a specific 

cleaning process before assembly them for the brazing procedure. 

Fig. 1 Horizontal high vacuum furnace of Material’s Group at LNLS - CNPEM. 

The Fig.2 shows a special device that was used to gather the tubes and the metal alloy to guarantee 

the mechanical alignment before the sample being brazed inside the vacuum furnace. This procedure was 

made to achieve the best capillarity as possible and then reaching a quality brazing. 

Fig. 2 Detail of the assembly of the vacuum chamber, refrigeration tube and metal addition with the special device 

before brazing procedure. 
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Using the vacuum furnace with a pressure of 10-7 mbar, it started the process of ramping the 

temperature with three heat rate until reach 260ºC at the center of the sample. After this treatment, the 

furnace was cooled under nitrogen flux until the room temperature. All this process lasted about five hours. 

The microstructure of the sample after brazed was analyzed by metallography and scanning electron 

microscopy (SEM). For metallography was used a Zeiss microscopy from the Materials group at LNLS 

while the SEM was performed with the experimental station of FEI Quanta at the electronic microscopy 

laboratory (LME) at Brazilian Nanotechnology National Laboratory (LNNano) at CNPEM using a 1500x 

magnification and, for EDS, X-Max detector with 10 keV of energy range. 

 

3. Results and Discussions 

 After brazing, the samples were subjected to a first test: a visual inspection where were approved 

with satisfactory brazing due to the homogeneity observed in the brazed area along the length of the tubes. 

Then, a cross section of the brazed sample was analyzed by metallography, as shown at Fig. 3. A 

complementary study was at the microscope image of the brazed joint (Fig. 4) where it is possible to 

visualize at least two distinct phases (indicated as 1 and 2 at Fig. 4) in the region of the addition metal 

(region B), that are probably the intermetallic compound formation. 

  

 
Fig. 3 Metallographic cross section of brazed sample 

CuAg/Cu with SN100C alloy. 
 Fig. 4 Microscopy image of the brazed joint. (A) 

Refrigeration tube (Cu), (B) Filler metal, (C) Vacuum 

Chamber (CuAg). 
   

In this contribution, we will detail the metallurgical results and it its implications to the vacuum 

performance of the system. 
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1. INTRODUCTION

The Plasma Physics Laboratory(PPL) of UnB has been developing a Permanent Magnet

Hall Thruster (PHALL) for the UNIESPAÇO program, part of the Space Activities

Program conducted by the Brazilian Space Agency (AEB) since 2004. Electric

propulsion is now a very successful method for spacecraft propulsion systems that

required high specific impulse. It is essential for several existing geostationary satellite

station keeping systems and for deep space long duration solar system missions, where

the thrust system can be designed to be used on orbit transfer maneuvering and/or for

satellite attitude control in long term space missions. Applications of compact versions of

Permanent Magnet Hall Thrusters on future Brazilian space missions are needed and

foreseen for the coming years beginning with the use of small Divergent Cusp Field Hall

(DCFH) Thrusters on CUBESATS (5-10 kg, 1-5 W power consumption) and on

Microsatellites (50-100 kg, 10-100W). Brazilian (AEB) and German (DLR) space

agencies and research institutions are developing a new rocket dedicated to small satellite

launching known as the VLM - Microsatellite Launch Vehicle. The development of more

compact versions of PHALL can also be very important for the recently proposed SBG

system for a future Brazilian geostationary satellite that is presently being developed by

international consortium of Brazilian and foreign space industries.

2. EXPERIMENT:

This work shows the study, development and qualification test planning of  Permanent

Magnets Hall Thrusters (PHALL IIa and PHALL IIb). Emphasis is given on the

development and planning of compact electrical propulsion engines like Ambipolar

Thrusters and DCFH PHALL III version. A new large vaccum chamber ( Diam=1,5m ,

L= 3,0 m) is now being assembly at PPL, It was designed to perform life time and space

qualification tests for Plasma Thrusters operating in the 20mN to 100 mN range. In order

to perform these tests a new   vacuum pumping system with higher capabilities is been

developed. It contains a mechanical dry pump, a mechanical roots booster pump with 250

m
3
/h velocity and turbo molecular pumping system within four pumps within  13.000 l/s

as total and maximum pumping velocity. Several plasma diagnostics and PHALL

parameters measuring systems are been developed at PPL. An interferometric laser beam

system for ion velocity and specific impulse  measurement and a thrust balance system

for direct thrust measurements are been planned for the near future.
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3. RESULTS: 

We will show design and computer simulations results of PHALL IIa and IIb and a 

Compact Hall Thruster,.PHALL III, which is being designed with divergent cusped 

magnetic field  principles for possible use on future Nanosatellites and   Microsatellites 

space missions.  We will also show possible applications of Permanent Magnet Hall 

Thrusters on  geostationary satellites, planned to be applied on orbit and attitude control 

systems and on deep space missions spacecrafts used for low thrust trajectory mission 

maneuvering in  the solar system.  

 

 A particular new permanent magnetic field design for PHALL III is going to be shown 

together with new computer simulations results using a particle-in-cell methodology, that 

predicts thrust performance characteristics and erosion lifetime. We will describe the 

expectations foreseen for these types of Hall thrusters, which were also used in the design 

process of this newly proposed cusped magnet field Hall Thruster. Based on our first 

calculated results we believe PHALL III will allow improvement of spacecraft 

performance on long duration space missions. We also foreseen applications of PHALL 

III on small size spacecraft’s with limited or low electric power source consumption.  

 

 

. 
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1. Introduction

The bakeout procedure in ultra high vacuum (UHV) systems consists in heating the chamber ideally 

well above room temperature to speed up the desorption of gases that ultimately would limit the final 

pressure in the vessel. One can say that it is almost impossible to attain real UHV conditions without such 

bakeout procedure. There is several approaches to heat a vacuum chamber during the bakeout. In most of the 

cases one uses heating tapes to deliver the heat and thermal sensors to control the final temperature. There 

exist several commercial solutions that can use a closed control loop in order to maintain the temperature 

during the bakeout. Here we introduce a prototype of the solution to be adopted at the new synchrotron 

SIRIUS from LNLS. In this case we have a PLC (Programmable Logic Controller) based system, capable of 

controlling 4 loops of bakeout, and monitoring another 4 temperature sensors. The system is remotely 

controlled via Ethernet.  

2. Experimental

Figure 1 shows the design of the system. It is mounted on a standard 19 inch electronics rack. It’s 

interior is shared by the two main parts of the electronics: i) the low power, PLC based controller and 

associated circuitry; ii) the high power, based on solid state relays that effectively delivers power to the 

heating elements.  

The system is based on a Siemens 1510SP-1 PN CLP [1] which has most of the logic to interface 

with the user and extra boards needed to read the temperature and actuate on power controllers. In total the 

system can control up to 4 independent power channels, each one fed by a solid state relay able to deliver up 

to 1500 W under 220V operation. All PID (Proportional-Integral-Derivative) control is done by the PLC, 

with different values of PID constants for each channel. The temperature reading can programmatically 

select between K type thermocouples (TC) or PT100 resistive sensors. Besides the 4 control channels, each 

with its TC or PT100 reading, there is another 4 temperature inputs for monitoring.  

The system as built has no user interface other than an ON/OFF, reset and emergency switches. All 

the control is meant to be done via Ethernet communication between the PLC and a central control system. 

As this is the prototype of a system to be adopted at the new synchrotron machine SIRIUS, the bakeout 

controller is integrated in EPICS (Experimental Physics and Industrial Control System), the software 

framework used to control all machine and beam line hardware at the LNLS [2]. This allows to full 

flexibility in terms of operation of the bakeout controller. For example, a user graphical interface has been 

developed to interact with the controller, allowing to load different PID`s for different UHV systems, 

temperature ramp and bakeout time control. This same interface can be trigged by any of the four extra 

temperature monitors to stop the bakeout in case of over-heating. This is particularly important for intricated 

UHV chambers with large temperature lag among sections due to the thermal inertia. In any case, it is the 

PLC controller who is effectively in charge of bakeout process, and even if it loses the communication with 

the host computer, it can be set to keep the procedure until the communication is reestablished or switch off 

the bakeout altogheter until an external intervention takes place. 

The bakeout controller is fitted with a second Ethernet port that can be used to connect it to a 

Human-Machine Interface (HMI) which is basically a touchscreen system. In this case, the bakeout 

controller can be operated in a fully stand alone mode.  

For beam line operation, the remote computer operation is advantageous for the following reasons: 

a) One has full versatility on the program of temperatures, ramps and bakeout duration;

b) It is possible to log the temperature for almost any amount of time and correlate with the UHV

chamber pressure. This can give a benchmark of the vacuum behavior of the chamber, which can

be used as diagnostics of the vacuum system;

c) The system can be operated remotely;

d) More complex procedures can be automated like flashing ion pumps or degassing filaments in

the system.
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Fig. 1. Front view of one of the two prototypes of the 

bakeout controllers mounted at the LNLS/CNPEM. 

Behind the plexiglass front one can see the rails with the 

CLP modules at the bottom, and the power part, with 

breakers and solid state relays at the top. On the front one 

can see the ON/OFF and reset switches, besides the 

Ethernet port (lower left). 

 Fig. 2. Distribution box or patch panel, permanently 

located close to the system to be baked out. The 

tapes and temperature sensors are connected to the 

bakeout controller using specific made cables. 

 

When mounted on smaller, wheeled racks, the bake out controller is quite portable and intended to be used at 

several places at the LNLS experimental hall. For the sake of safety, it is connected to the UHV system via 

cables that run from sockets located at the rear of its rack, to sockets found at distribution boxes (patch 

panels) located at each UHV chamber or beam line section. These boxes are then duly wired to the heating 

tapes and temperature sensors, which are permanently fixed at the UHV system (see figure 2). 

 

3. Results and Discussions  

 We have assembled two prototype systems. Bench tests using the Siemens proprietary software to 

communicate with the controller showed that it performs as expected for the basic operations, like 

temperature reading and switching on and off the solid state relays. At present we are finishing the user 

interface to the controller and performing the first bakeout tests on UHV systems. 

In this contribution we will detail the operation of the system, its capabilities and limitations, and discuss the 

impressions of its first months of operation. 
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