https://doi.org/10.17563/cbravic_2020

ANALIS - CBrAVIC 2020

XLI CONGRESSO BRASILEIRO
DE APL’ICA(;()ES DE VACUO NA
INDUSTRIA E NA CIENCIA

Nazir Monteiro dos Santos
sbvdiretoria@gmail.com

Foz do Iguacu/PR

Copyright 2020
Congresso Brasileiro de Aplica¢des do Vacuo na Industria e na Ciéncia
Todos os direitos reservados.




2

SUMARIO

APRESENTACAO

PROGRAMACAO
RESUMO DAS PALESTRAS

Perspectives of modified PECVD technique of DLC growth for new R&D&I demands
Vladimir Jesus Trava-Airoldi

Asymmetricbipolarpulsedplasma: anewapproachfor cold plasma densification and process control
Luis César Fontana

Thermochemical treatments of stainless steels

Rodrigo P. Cardoso, Cristiano J. Scheuer, Fernando I. Zanetti, Igor G. Zanella, Leonardo L. Santos, Lauro M.
Ferreira, Adriano D. dos Anjos, Carlos E. A. Feitosa, Aércio F. Mendes, Laércio Malfatti, Jodo F. F. Lima, Tarciana
D. Toscano, Silvio F. Brunatto

Nanostructural characterization of 3-Ti-Nb-Zr ternary alloy coatings produced by magnetron
Co-sputtering

E. David Gonzalez, Angelo Luiz Gobbi, Conrado R. M. Afonso, Pedro Augusto de Paula Nascente

RESUMO DOS TRABALHOS PREMIADOS

A global model study of argon plasma chemistry used as propellant of a gridded ion thruster
Bernardo Vieira Magaldi, Rodrigo Savio Pessoa, Argemiro Soares da Silva Sobrinho

Development of a methodology for measuring the evolution of duplex stainless steel
low- temperature plasma nitrided phases expantion using confocal laser scanning microscopy

Carlos Eduardo Alves Feitosa, Rodrigo Perito Cardoso, Silvio Francisco Brunatto

Effect of manganese on the mechanical properties of Ti-15Mo-Mn alloys

Giovana Collombaro Cardoso, Mariana Luna Lourenco, Carlos Roberto Grandini

RESUMO DOS TRABALHOS APRESENTADOS

Estimation of layer thickness of plasma nitrided martensitic stainless steels with machine
learning techniques

Giovanni Corsetti Silva

Carbon nanotubes functionalization through electrical discharge across a mixed of
nanotubes with solid chemical compounds

Teresa Tromm Steffen, Daniela Becker, Luis César Fontana, Peter Hammer

ANAIS CBrAvIC 2020

05

12

17

18

19

21

23

29

31

33

35



Development and test in pilot-scale of a thermal plasma reactor for the production of
carbonaceous materials from coal tar pitch

Eduardo Petraconi Prado, Felipe De Souza Miranda, Gisele Amaral Labat, Gilberto Petraconi, Mauricio Ribeiro Baldan

A global model for DC magnetron sputtering

Julia Karnopp, Julio César Sagas

Effects of oxygen addition on atmospheric pressure plasma jet parameters

Fellype do Nascimento, Kleber Petroski, Ananias Alves Barbosa, Konstantin Kostov

Evaluation of the aggregation of sugarcane bagasse residue in the manufacture of soil-cement bricks..

Samyra De Oliveira Figueira Da Silva, F. M. T. Sampaio, Anténio Renato Bigansolli

Development of algorithm to study troposphere and low stratosphere instabilities from
radiosonde observations

Elson de Campos, Marco Antonio Ridenti, Marisa Roberto, Alysson Brhian de Souza Muniz Silva, José Ricardo
Abalde Guedes, Alessandro José de Abreu

Synthesis of graphene on nickel oxide by PECVD

Larissa Solano de Aimeida, Andressa L. O. Pinto, Marcos D. Manfrinato, Luciana Sgarbi Rossino

Study of the added nitrogen effect on the diamond-like carbon film in the film electric characteristic..

Mateus da Silva Pereira, Larissa Solano de Almeida, Marcos Dorigao Manfrinato, Luciana Sgarbi Rossino

Cold plasma jet improve tissue repair in wounds infected by multispecies biofilms

Maria Alcioneia Carvalho de Oliveira, Aline da Graga Sampaio, Thalita Mayumi Castadelli Nishime, Kostantin
Georgiev Kostov, Cristiane Yumi Koga-Ito

Effect of the interlayer on duplex treatments properties

Miguel Rubira Danelon, Marcos Dorigdo Manfrinato, Luciana Sgarbi Rossino

Association of atmospheric pressure cold plasma and nystatin on Candida albicans biofilms..

Lady Daiane Pereira Leite, Maria Alcioneia Carvalho de Oliveira, Thalita Mayumi Castaldelli Nishime, Konstantin
Georgiev Kostov, Cristiane Yumi Koga-Ito

Nitrided austenitic stainless steel: the importance of characterizing the submicrometrical region..

Danilo Olzon-Dionysio, Solange de Souza, Sylvio D. de Souza, Maristela Olzon-Dionysio

Effects of cold atmospheric plasma on the healing process of dermal ulcers infected by
multispecies biofilms

Maria Alcionéia Carvalho de Oliveira, Aline da Graca Sampaio, Thalita Mayumi Castaldelli Nishime, Konstantin
Georgiev Kostov, Cristiane Yumi Koga-Ito

Analysis of epoxy/granite composites using FTIR

Jorge Luiz Siqueira-Costa-Neto, Guilherme Soares Damasceno, Anténio Renato Bigansolli, Belmira Benedita
de Lima-Kuhn

Study of the corrosion resistance of DLC film with multilayers of organosilicone and silicon
oxide

César A. A. Junior, Marcos Dorigao Manfrinato, Luciana Sgarbi Rossino

37

39

41

43

45

47

49

51

53

55

57

59

61

63

ANAIS CBrAvIC 2020

3



4

Global model of argon ICP discharge: effects of reaction set on collisional energy

Julia Karnopp, Rodrigo Savio Pessoa, Julio César Sagas

Microestrutura de filmes Ti(1-x)Al(x)N obtidos no modo metalico e no modo composto via
magnetron sputtering

Abel André Candido Recco

Mechanical spectroscopy of hot-rolled Ti-Zr-Mo-Ag alloys

Renata Carolina Araujo de Camargo, Diego R. N. Correga, Jhuliene Elen Torrento, Carlos Roberto Grandini

Hallow cathode effect caused by sample-support arrangement on plasma immersion ion
implantation of nickel aluminum bronze AMPCO M,

Bruna C. E. S. Kurelo, Gelson B. de Souza, Silvio Francisco Brunatto

ASTM CA6NM martensitic stainless steel plasma assisted hybrid heat-thermochemical
treatment: first results for carbon-expanded austenite surfaces

Felipe Jedyn, Rodrigo Perito Cardoso, Silvio Francisco Brunatto

Structure proposed to lead with data sensor based

Leandro Colevati dos Santos, Sebastido Gomes dos Santos Filho, Maria LUcia Pereira da Silva

On the polymerization processes of 2-metil-2-oxazoline plasma polymer (pp-oxazoline) ...
Pedro William Paiva Moreira Junior, Felipe Vicente de Paula Kodaira, Rogério Pinto Mota

Cariogenic multispecies biofilms were inhibited by cold atmospheric plasma

Leandro Figueira, Maria Alcioneia Carvalho de Oliveira, Marcia Hiromi Tanaka, Thalita Mayumi Castadelli Nishime,
Konstantin Kostov, Cristiane Koga-Ito

Cold atmospheric plasma inhibits Escherichia coli biofilms formed on PVC specimens .
Ellen Rodrigues de Souza Reis, Konstantin Georgiev Kostoy, Cristiane Yumi Koga Ito

Chemical and mechanical characterization of Ti-25Ta-70Zr Alloy

Edriely de Oliveira Saraiva, Pedro Akira Bazaglia Kuroda, Carlos Roberto Grandini

Preparation and characterization of Ti-10mo-5mn-1ag

Melissa Daniela de Aimeida Nespeque, Mariana Luna Lourenco, Carlos Roberto Grandini

Development of Ti-, Mo- and Zr-based alloy for biomedical applications
Israel Ramos Rodrigues, Renan Eduardo de Lima Lopes, Carlos Roberto Grandini

Structural and microstructural characterization of the Ti-10Mo-40Zr alloy

Renan Eduardo de Lima Lopes, Israel Ramos Rodrigues, Carlos Roberto Grandini

Failure analysis of stiffened composite panels obtained by different adhesively bonding
techniques and submitted to axial compression tests

Rita de Cassia Mendonca Sales, Geraldo Mauricio Candido, Mauricio Vicente Donadon

Physical-chemical characterization of poly(methyloctadecylsiloxane) immobilized on titanized

silica as a sorbent for solid-phase extraction
José Matheus Cardoso Santa Brigida, Carla Grazieli Azevedo da Silva

AGRADECIMENTOS

65

63

68

70

71

73

75

77

79

80

82

84

86

88

90

92

ANAIS CBrAvIC 2020



APRESENTACAO

A Sociedade Brasileira de Vacuo (SBV), a Universidade Federal da Integracdo
Latino-Americana (UNILA) e o Comité Organizador da XLI Congresso Brasileiro de
Aplica¢Bes de Vacuo na Industria e na Ciéncia (CBrAVIC) convidaram a comunidade
mundial de ciéncias, tecnologia e inovacdo a participar do CBrAVIC 2020, que
ocorreu online no periodo de 09 a 11 de dezembro de 2020.

Desde 1979, pesquisadores e instituicGes que atuam na area de Ciéncia,
Tecnologia e Engenharia vém organizando, anualmente, o Congresso Brasileiro de
Aplica¢Bes de Vacuo na Industria e na Ciéncia. Esse importante e tradicional evento
conta com o apoio de universidades e instituicdes de pesquisa que congregam 0S
principais segmentos da comunidade cientifica.

Em busca de complementar as capacidades nacionais por meio de atividades e
projetos de cooperacdo, colabora¢8es internacionais foram associadas ao evento
através da “International Union for Vaccum Science, Technique and Applications
(IUVSTA)", e da “Nanosmat Society”.

A IUVSTA (Unido Internacional para Ciéncia, Técnica e AplicacBes do Vacuo) é
uma unido de 33 sociedades internacionais de ciéncia e tecnologia cujo papel
é estimular a colaboragdo internacional nos campos da ciéncia, técnica e aplicacdes
do vacuo, e topicos multidisciplinares relacionados. Através desta colaboracdo, o
CBrAVIC aproximou ciéncia e tecnologia para satisfazer interesses académicos e
industriais.

Dra. Nazir Monteiro dos Santos Dr. Alvaro Damigo
Coordenadora do evento Presidente da SBV
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Fontes de Indexacdo:
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Os artigos publicados na Revista Brasileira de AplicacBes de Vacuo (RBAV) sdo
indexados por:
CAS - Chemical Abstracts; LATINDEX; CSA - Materials Research Database e

METADEX; CSA - Technology Research Database; Periddica - indice de Revistas

Latinoamericanas en Ciencias.

A Revista é qualificada pela Capes como:

B3 nas areas de Engenharias Il e Interdisciplinar,
B4 nas areas Engenharias lll e Materiais, e
B5 nas areas de Medicina Il e Engenharias IV.

Contato
Dra. Maria Lucia Pereira da Silva - USP/EP | E-mail: malu@Isi.usp,br
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PROGRAMACAO GERAL

PROGRAMAGAO GERAL - CBrAVIC 2020

Quarta-feira Quinta-feira Sexta-feira
09/12/2020 10/12/2020 11/12/2020
Abertura do evento
Dr. Alvaro Damido
(Presidente da SBV)
Dr. Gleisson Alisson P. Brito Chair

8h30 (Reitor/UNILA)

Dr. Jian Pires Frigo
(Diretor/UNILA/ILATIT)

Dr. César Winter de Mello
(CITI/UNILA)

Prof. Dr. Rogério Pinto Mota
(FEG-UNESP)

Palestra online
“Perspectives of Modified PECVD Technique of DLC
Growth for New R&D&I Demands”

Prof. Dr. Vladimir Trava-Airold
(INPE-SJC)

9h00

9h10 1238
9h15 1204
9h20 1255

Palestra online

“Asymmetric Bipolar Pulsed Plasma: a new

approach for cold plasma densification and process

control

11h05 1229
11h10 T197
11h15 1217
11h20 1242

Prof. Dr. Luis César Fontana

(UDESC/Joinville-SC)

1250

1251

1212

1236

1247

T192

T194

T244

Chair
Profa. Dra. Rita de Céssia Mendonga Sales Contini
(FATEC SJO)

Palestra online
“Missdo do 1° Nanosatélite Cientifico Brasileiro
(Nanosat C-BR1) e Empreendorismo”

Marcelo Essado
(Presidente da Alianga das Startups Espaciais
Brasileiras-ASB)

Chair: Prof. Dr. Giuseppe Pintaube (UTFPR)

Palestra online
“Tratamento Termoquimico de Agos Inoxidaveis”

Prof. Dr. Rodrigo Perito Cardoso
(UFSC-Florianépolis)

13h30
~13h35 Chair: Prof. Dr. Mério Ueda
" 13h40 (INPE - SJC)

13h45

13h50 .

14h00 Palestra online
T14h05 “Calibragdo de Cameras para Busca e Resgate”
~14h10 Prof. Dr. Alvaro Damido

1420 (DCTA-IEAV)

15h00
_15h40  Chair: Profa. Dra. Luciana Sgarbi Rossino (FATEC
_ 15h50 Sorocaba)

Palestra online
“Ligas de Ti-Nb para aplicages biomédicas:
15h50 passado, presente e futuro”

Prof. Dr. Carlos Roberto Grandini
(UNESP Bauru)

Chair: Prof. Dr. Gustavo George Verdieri Nuernberg

Palestra online
“Atmospheric pressure jets for surface modification
and biomedical applications”

Prof. Dr. George Konstantin Kostov
(FEG/UNESP)

Chair: Profa. Dra. Liliane Cristina Battirola (UNILA)

Palestra online
“Nanostructural Characterization of
B-Ti-Nb-Zr Ternary Alloy Coatings Produced By
Magnetron Co-Sputtering”

Prof. Dr. Pedro A. P. Nascente
(UFSCar S&o Carlos)

1227

1230

1235

1224

1222

1202

Premiacdo dos melhores trabalhos
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PROGRAMACAO

09/12/20

Dia 9/12/2020 - 8h30
Local: https://meet.google.com/gbh-zuha-dbo

Abertura do evento

8h30 - 9h00 Dr. Alvaro Dami&o (Presidente da SBV), Prof. Dr. Luis Evélio Garcia Azevedo (Vice-Reitor/UNILA),
Prof. Dr. Jian Pires Frigo (Diretor/UNILA/ILATIT) e Prof. Dr. César Winter de Mello (CITI/UNILA)
Abertura das apresentagdes dos trabalhos
9h00 Profa. Dra. Nazir Monteiro dos Santos (UNILA/ILATIT)
Coordenadora do evento
APRESENTA(;T\O ORAL DOS TRABALHOS
Horério N. Titulo Autor
9h10 1238 ON THE POLYMERIZATION PROCESSES OF 2-METIL-2-OXAZOLINE Rogério pinto Mota
PLASMA POLYMER (pp-OXAZOLINE) (FEG/UNESP)
9h1s 7204 SYNTHESIS OF GRAPHENE ON NICKEL OXIDE BY PECVD Larissa S‘(’L'JE’F”S%aDS Almeida
9h20 1255 A GLOBAL MODEL STUDY OF ARGON PLASMA CHEMISTRY USED AS PROPELLANT OF A GRIDDED Bernardo Vieira Magaldi
ION THRUSTER (DCTA-ITA)
9h40 1254 FAILURE ANALYSIS OF STIFFENED COMPOSITE PANELS OBTAINED BY DIFFERENT ADHESIVELY Rita De Cassé%mierﬂdonga Sales
BONDING TECHNIQUES AND SUBMITTED TO AXIAL COMPRESSION TESTS
(FATEC SJC)
oh4s T245 COLD ATMOSPHERIC PLASMA INHIBIT ESCHERICHIA COLI BIOFILMS FORMED ON PVC Mariana Raquel Da Cruz Vegian
SPECIMENS (ICT-UNESP)
9h50 T198 EFFECTS OF OXYGEN ADDITION ON ATMOSPHERIC PRESSURE PLASMA JET PARAMETERS Fe”yp(EE%‘fUN,\j’égL")‘e”w
ohs5 1208 STUDY OF THE ADDED NITROGEN EFFECT ON THE DLC FILM IN THE FILM ELETRIC Mateus Da Silva Pereira
CARACTERISTIC (FATEC-Sorocaba)
10h00 1231 STUDY OF THE CORROSION RESISTANCE OF DLC FILM WITH MULTILAYERS OF Cesar Augusto Antonio Junior
ORGANOSILICONE AND SILICON OXIDE (FATEC-Sorocaba)
Miguel Rubira Danelon
10h20 T215 EFFECT OF THE INTERLAYER ON DUPLEX TREATMENTS PROPERTIES (FATEC -Sorocaba)
10h25 1203 PROCESSING AND PROPERTIES OF Ti-15Zr-15Mo-(1-3)Ag ALLOYS FOR APPLICATIONS AS Jhuliene Elen Torrento
BIOFUNCTIONAL MATERIALS (UNESP Bauru)
10h35 Intervalo
11h00 T193 CARBON NANOTUBES FUNCTIONALIZATION THROUGH ELECTRICAL DISCHARGE ACROSS A Teresa Tromm Steffen
MIXED OF NANOTUBES WITH SOLID CHEMICAL COMPOUNDS (UDESC Joinville)
11h05 1229 GLOBAL MODEL OF ARGON ICP DISCHARGE: EFFECTS OF REACTION SET ON COLLISIONAL Julia Karnopp
ENERGY (DCTA-ITA)
Julia Karnopp
11h10 T197 A GLOBAL MODEL FOR DC MAGNETRON SPUTTERING (DCTA-ITA)
11h15 ™17 ASSOCIATION OF ATMOSPHERIC PRESSURE COLD PLASMA AND NYSTATIN Lady Daiane Pereira Leite
ON CANDIDA ALBICANS BIOFILMS (ICT-UNESP)
11h20 To42 EFFECTS OF VACUUM EXPOSURE ON MECHANICAL PROPERTIES OF THERMOPLASTICS Tiago Rodrigues Dos Santos
MATERIALS (UnB)
DEVELOPMENT OF A METHODOLOGY FOR MEASURING THE EVOLUTION OF DUPLEX STAINLESS STEEL Carlos Eduardo Alves Feitosa
11h40 T243 LOW-TEMPERATURE PLASMA NITRIDED PHASES EXPANTION USING CONFOCAL LASER SCANNING
(UFPR)
MICROSCOPY
11h50 1228 DURABILITY OF FUNCTIONALIZATION USING PLASMA IN Larissa Maciel Do Nascimento
POLYAMIDE 6.6 TREATMENTS IN OPERATION CYCLES (DCTA-ITA)
12h00 Almogo

13h30 - 18h00

Chairs: Prof. Dr. Mario Ueda (INPE - SJC)
Profa. Dra. Luciana Sgarbi Rossino (FATEC Sorocaba)

13h30 - 14h20

Palestra online
“Calibragdo de Cameras para Busca e Resgate”
Prof. Dr. Alvaro Damido (DCTA-IEAv)

14h40

Intervalo

15h00 - 15h50

Palestra online

“Ligas de Ti-Nb para aplicagdes biomédicas: passado, presente e futuro”

Prof. Dr. Carlos Roberto Grandini (UNESP Bauru)

16h00 - 18h00

Minicurso (2h00)
“Vacuo para iniciantes”
Prof. Dr. Alvaro Damido (DCTA-IEAv)
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PROGRAMA(;AO
10/12/20

Dia 10/12/2020
Local: https://meet.google.com/iaf-zkey-xeb

Abertura das apresentagdes dos trabalhos
Profa. Dra. Nazir Monteiro dos Santos (UNILA/ILATIT)
Coordenadora do evento

Chairs: Prof. Dr. Rogério Pinto Mota (FEG-UNESP)
Dr. André Ricardo Marcondes (INPE-S)C)

Palestra online

8h30 - 9h20 “Perspectives of Modified PECVD Technique of DLC Growth for New R&D&I Demands”
Prof. Dr. Vladimir Trava-Airold (INPE-SJC)
Horario N. Titulo Autor
) - X Melissa Daniela de A. Nespeque
9h40 T249 Preparation and characterization of Ti-10Mo-5Mn-1Ag (UNESP Bauru)
oh4s 1220 NITRIDED AUSTENITIC STAINLESS STEEL: THE IMPORTANCE OF CHARACTERIZING THE SUB Danilo Olzon Dionysio De Souza
MICROMETRICAL REGION (UFVJM)
9h50 1237 STRUCTURE PROPOSED TO LEAD WITH DATA SENSOR BASED Leandro Co'(fJ"sag; Dos Santos
9hs5 233 MECHANICAL SPECTROSCOPY OF HOT-ROLLED TI-ZR-MO-AG ALLOYS Renata Carolina Araujo De Camargo
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ABSTRACT

Diamond-like carbon (DLC) films (a-C:H) have been a choice of protective coatings for many years, for many
applications, due to their set of superior mechanical, chemical, tribological and biological properties such as: high
hardness, high-wear resistance, low coefficient of friction, high chemical inertness, good biocompatibility, and
bactericide. However, in order to improve the adhesion between the DLC and the different metals substrates,
a huge modification of a pulsed DC plasma-enhanced chemical vapor deposition (PECVD) technique has been
obtained introducing, at the first time, an additional cathode working as electron and ion confinement. With
these modifications, pressure as low as 10-3 mbar allows operating in collisionless regime improving not only
the adhesion, but also a set of DLC properties already cited. In this work, we present studies concerning more
improvement properties of the DLC films as a function of ions confinement parameters in a plasma discharge by
using argon as an ignitor gas for the interlayer precursor and keeping it during all the process of DLC deposition.
In this case, the best condition of collisionless operation was reached at pressure as low as 3.10-4 mbar. Basically,
due to the condition of operating in very low pressure, this technique allows to grow the DLC film with very good
uniformity and higher hardness, higher adhesion, lower coefficient of friction, less porosity and, also, provides to
be able to get a DLC deposition in the form of multilayer like thicker films, promoting less residual stress. More
specifically, studies of the DLC film properties as a function of the argon buffer gas density and as a function of
bias voltage will be presented. Raman scattering spectroscopy, Rockwell indentation, nanoindentation, FEG, and
tribological analyses are discussed. Also, the operating parameters as a scaling up studies will be presented as an
important part of this work.

KEYWORDS: a-C:H films, PECVD, lon confinement, Adhesion, Mechanical and tribological properties, Argon ignitor.
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ABSTRACT

The waveform voltage has played a crucial role to generate and to control cold plasma processes. Different
configurations of waveform voltage as direct current (DC), pulsed, and radio frequency (RF) have been developed
over a wide range of frequencies and power. The influence of voltage waveform on the plasma generation is a
well-known issue, so different power suppliers have been developed over time. The present paper shows the results
of an asymmetric pulsed bipolar power supply named ABiPPS, developed at Universidade do Estado de Santa
Catarina (UDESC), Santa Catarina, Brazil. The ABIPPS supply can be adjusted according to the following parameters:
frequency, amplitude, pulse width, and number of pulses. Results show that, when the voltage waveform presents
short period positive pulses (nanosecond scale) between longer negative pulses, it can increase greatly the
secondary electron emission from the electrodes and, consequently, the plasma ionization rate. The kind of plasma
generated in this way is free of electric arc and can be kept stable within a broader range of operating parameters,
mainly the voltage and the working gas pressure. This paper presents the plasma ABIPPS working principles and
some promising application results, such as: graphene production, nanoparticles deposition on fabric through
underwater discharge, plasma oxidation, and plasma nitriding.

KEYWORDS: Plasma density, Secondary electrons, Voltage waveform, Plasma source.
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Thermochemical treatments of stainless steels

Rodrigo P. Cardoso'?*, Cristiano J. Scheuer?, Fernando I. Zanetti?, Igor G. Zanella?, Leonardo L. Santos?, Lauro M.
Ferreira?, Adriano D. dos Anjos?, Carlos E. A. Feitosa?, Aércio F. Mendes?, Laércio Malfatti?, Jodo F. F. Lima?, Tarciana
D. Toscano?, Silvio F. Brunatto?

1. Universidade Federal de Santa Catarina - Laboratério de Materiais - Departamento de Engenharia Mecanica - Floriandpolis (SC), Brazil.

2. Universidade Federal do Parana - Departamento de Engenharia Mecanica - Grupo de Tecnologia de Fabricagdo Assistida por

Plasma e Metalurgia do Pé - Curitiba (PR), Brazil.

*Correspondence author: rodrigo.perito@labmat.ufsc.br

INTRODUCTION

Stainless steels (SSs) are mainly applied in situations in which high corrosion resistance is required. Sometimes
in such applications, SSs components are also subjected to wear. Being the wear resistance of SSs relatively low,
thermochemical treatments can be applied to enhance the component wear performance.

THEORY

Thermochemical treatments have the objective of modifying the chemical composition and, consequently, the
properties of components surface. But, thinking about the thermochemical treatment of SSs, special attention must
be paid to the fact that the treatment must not reduce the component corrosion resistance. This limitation makes
thermochemical treatments of SSs considerably different in terms of the treatment design.

Contrarily from other steels, in which nitrides can contribute to the surface hardening and are desired, in SSs,
since the most thermodynamically favorable nitrides to precipitate are chromium nitrides, when these nitrides
precipitate, reduction in the Cr-content of the steel matrix's solid solution is observed, decreasing the material
corrosion resistance. So, to overcome this problem, thermochemical treatments of SSs are conducted at low
temperature, in paraequilibrium, being the treated surface mainly interstitially hardened. As SSs present different
subclasses, the treatment parameters are strongly related to the steel type. Treatment parameters also depend on
the thermochemical treatment type. More details about these treatments can be found in Cardoso et al.”

RESULTS AND DISCUSSION

Most studies in SSs thermochemical treatments are related to nitriding and carburizing of austenitic SSs. In such
steels, nitriding is typically carried out below 430°C for about 20 h, and the treated layer, composed of N-expanded
austenite, presents hardness around 1,200 HV. On the other hand, carburizing is usually carried out below 540°C
for about 20 h, and the treated layer, composed of C-expanded austenite, presents hardness around 1,000 HV.

In the case of martensitic SSs, due to its different structures, treatments are carried out in relatively lower
temperatures and shorter times. Nitriding is typically carried out below 400°C for about 12 h, and the treated layer,
composed of N-expanded martensite and complex nitrides, presents hardness around 1,500 HV. Carburizing is
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carried out below 450°C for about 12 h, and the treated layer, composed of C-expanded martensite and complex
carbides, presents hardness around 1,000 HV. Other SSs classes have also been studied, but information is limited
if compared to that of the austenite and martensitic SSs classes.

Concerning the performance of SSs thermochemically treated surfaces, in most cases, and for all SSs types,
they present significant improvements in sliding wear, abrasive wear, and cavitation erosion wear resistances.
Additionally, in most studied cases, reduction in the friction coefficient is also observed. Concerning corrosion
resistance, if the treatment parameters are accordingly set, it is not significantly altered. However, some studies
have reported significant improvements of corrosion resistance of SSs treated surfaces, including generalized,
pitting and crevice corrosion resistance.

Despite the well stablished processes, new treatment strategies are in development, as for example a novel kind
of thermochemical treatment that can be applied for some martensitic SSs, as presented in Toscano et al.2.
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INTRODUCTION

Titanium and its alloys have been the most studied metallic materials for their use in the production of biomedical
implants due to their mechanical properties, low density, biocompatibility, and wear and corrosion resistance in
biological environment’. The Ti-Nb-Zr system is one of the most promising metallic biomaterials since Nb and Zr are
non-toxic and non-allergenic elements, and their addition to Ti helps to stabilize the 3 (body centered cubic - BCC)
phase and causes decrease in the elastic modulus, a shape memory effect, and superelastic characteristic, favoring
the mechanical compatibility between the bone and the material>.. Magnetron sputtering has been successfully
employed for depositing Ti-Nb alloy coatings*>.

EXPERIMENTAL

The Ti-Nb-Zr coatings were deposited on AISI 316L stainless steel substrate at 200°C by an AJA Orion 8 Phase I
J magnetron sputtering system. Five compositions were produced: Ti80ONb20, Ti75Nb20Zr5, Ti6ONb20Zr20,
Ti50Nb20Zr30, and Ti40Nb20Zr40 (at.%). X-ray diffraction (XRD) data were acquired by a Bruker diffractometer,
model D8 Advance ECO, in Bragg-Brentano grazing incidence mode (GIXRD). The transmission electron microscopy
(TEM) and scanning transmission electron microscopy (STEM) analyses were conducted using a FEI Tecnai G2 F20
200 kV microscope equipped with a field emission gun (FEG), an energy-dispersive detector (EDS), and an ASTARTM
NanoMegas automatic crystallography orientation mapping (ACOM) system.

RESULTS AND DISCUSSION

The XRD analysis identified only the 3 phase with lattice parameters ranging from 3.2945 A, for the coating without
Zr,t0 3.3628 A, for 40 at.% of Zr. ACOM is a technique that provides information of ultrafine features due to its very
high spatial resolution (approximately 2 nm), and it showed that the coating with no Zr presents a characteristic
growth of the zone Il of the SZD with a {111} texture for the 3 phase. In this case, the growth processes are mainly
dominated by the Nb species, favoring the growth in the most compact directions and on the most strained planes
for this type of alloy>*. With the increase in the Zr content, the coating texture changes from a growth on the {111}
plane orientation to a preferential growth on the densest {101} plane. TEM micrograph for the Ti75Nb20Zr5 coating
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obtained with the dark field (DF) mode revealed nanometric precipitates of the w phase. Magnetron sputtering is a
non-equilibrium process that leads to the formation of metastable phases due to abrupt changes in the energetic
conditions of the system. These phenomena are correlated to the film morphology changes during growth that
influences the coating structural evolution.

The addition of Zr in Ti-Nb-based alloy coatings influenced the phase formation, morphology, texture, and film
growth. For low Zr content (5 at.%), two phases were formed: predominantly the 3 phase and, in a lesser degree,
the nanoscale metastable w phase. For higher Zr content (20, 30, and 40 at.%), only the B phase was stabilized.
The coating morphology was affected by the increasing addition of Zr, from a growth characteristic of the zone |
to a growth characteristic of the zone T of the SZD diagram. The increase in the Zr amount directly influenced the
texture, going from {111} to {101} for the direction of the film growth, due to the increase in the strain energy and
the total mass of the species in the plasma.
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INTRODUCTION

The growing demand for data transmission with greater speed and capacity has proved to be a major challenge
facing humanity today. Many of these obstacles can be solved by space systems composed of an infrastructure of
small constellations of nanosatellites in low orbits. Frequent orbit adjustments are necessary for the disposition
of these satellites, which results in increased propellant consumption and, consequently, the need for a small
propulsion system. Electric propulsion systems feature ion exhaustion at high speed, reducing the mass of the
propellant and allowing long mission times. Electric thrusters can be classified according to the method used to
accelerate and produce the respective thrust. Electrostatic thrusters use the stationary electric field to accelerate
ions, and gridded ion thrusters (GIT) have been widely used since the 1960s'2.

The physics associated with electrostatic thrusters is better defined than that of other types of engines, enabling
a more in-depth initial study to optimize the efficiency of these thrusters. Global model, or zero-dimensional
modeling, was developed based on fluid theory, used in the transport equations obtained from the Boltzmann
equation, in order to request a low computational resource, but it can be applied for chemically complex discharges
of the types of propellants used??.

This study aimed to evaluate the zero-dimensional modeling of argon plasma chemistry for a cylindrical ion
propellant based on inductively coupled plasma (ICP) whose output has a polarized grid system. The neutral
propellant (argon gas) is injected at a fixed gas flow into the thruster chamber, and an ICP is generated by circulating
a radio frequency current in an inductive coil that surrounds the cylinder. Neutral and excited species are ejected
out of the chamber by drift, while ionized species are accelerated due to the electric field generated by the pair of
polarized grids in direct current.

The global model developed is based on the particle and energy balance equations, in which the latter considers
both charged species and neutral species. Thus, the model allows the determination of the temperature of the
neutral gas. Finally, the model considers the effect of single and multi-stage ionization, as well as the effect of the
electron energy distribution function (EEDF)**.

The option for the use of argon is due to the fact that it is economically more interesting, since its commercial and
maintenance cost is very low compared to other inert gases with greater atomic mass.

However, this study also aimed to evaluate the chemical properties of argon plasma, due to the generation of
excited species in several metastable states. These metastables significantly affect the EEDF and, consequently, all
reaction rates that involve electrons, thus reducing the energy cost to sustain the ion density in the thruster=.
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THEORY

For this study, a plasma composed of three interactions of mutual fluids was considered: neutral atoms, positive
ion with a single charge, and electrons. Particle balance differential equation takes into account species production
and loss through many processes: reactions between electrons and gas species, reactions between two-gas species,
recombination of neutral species on chamber walls, ion neutralization positive in the chamber walls, extinction of
metastable states in the chamber walls, and the pumping of gas species into and out of the chamber all neutral
and positive ions*.

For each species, there is a particle balance equation, given by Eq. 1.

dn(X)
dt - .R(X) production,i — ‘R(X) loss, i» (1)
' i

In which:
21 R production” the sum of all reaction rates that contribute to the production of X species;
2R 1055 - the sum of all reaction rates that contribute to the loss of X species.

Electron density is obtained through charge neutrality (Eq. 2)°.

n, =n", 2

Since collisions among charged and neutral particles lead to significant gas heating, the neutral energy balance
equation to calculate the gas temperature (7,) is given by the collision terms (Eq. 3)°.

d
(W) =G+ G = Ly = L= Ly 3)

The neutral energy density (in J/m?) is given by W, = (3/2)nk,T, , the gains are associated to gas heating due to
electron-neutral elastic collisions, G, = 3(m /M)k,(T,- T )n n K, and to ion-neutral collision heating, G, =(1/49M n n.K, .
With the losses given by the heat flow to the walls, Lp, =K (Tg— TgO/AO) A/V by the heat conduction by thermal diffusion
to the walls, which are at a fixed temperature, T, by the thermal loss due to ionization collisions, , and finally by the
thermal loss due to the collisions ion-neutral, L, = (3/4)k, (T, - T) n,n K, . The electron neutral moment transfer rate
and neutral ion are given by K = o, v, with v, = (8k, T _/um > ./

The electron power balance closes the set of differential equations. It can be written as Eq. 4%.

d (Pabs - Ploss)
_ = 4
- W) v , (4)

In which:

We: = (3/2)en,T, the electron energy density (in J/m?);
P, the power absorbed by the plasma;

P, the loss power;

V: the volume of the discharge chamber.
The most general form to the power loss equation is given by Eq. 5°.

Ploss=PiW+Pew+Pev' (5)

With the power lost by the positive ions on the walls gived by P, = eAe, n, u,, in which n,_is the ion density in plasma

sheath region and u, is the average Bohm velocity and assuming a Maxwellian distribution for the electron energy,
¢, =(T/2)+ V. is the average kinetic energy lost by the ions to the walls, for which T7,/2 is the energy gained by the ion
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on entering the plasma sheath, and V, = (7./2)In (M./2um ) is the potential drop in the sheath formed on the walls of
the reactor'; P, = eAe, n.u,is the power lost by electrons on the chamber walls, in which Ais the chamber's internal
area, g,, = 27T is the mean kinetic energy per electron lost, and n, is the electron density at the sheath edge; and,
P, =enVy k.n.k.is the power lost due to electron-particle reactions.

From the four main variables of the model: the density of the plasma n, the density of the neutral gas (atom)
n, the electron’s temperature 7, and the temperature of the neutral gas T,. These four variables are calculated by

numerically integrating the four first order nonlinear differential equations (1-4, until the steady state is reached.

RESULTS AND DISCUSSION

A special region near the walls of the propellant chamber due to the electrical properties of the particles that
advance to the grids creates the so-called Child-Langmuir sheath, changing the balance of the particles, their density
in the plasma, and their potential’. The most common form of Child-Langmuir's law is given by Eq. 6.

(6)

4 (26)0.5 Vgridl.s
M

]i=§€
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In which:

J: the current density;

&, the permissiveness of the free space;

s: the distance between the grids, also known as Child-Langmuir's length?.

The Child-Langmuir's sheath that accelerates the ions to high energy and reflects the electrons varies in proportion
to the mass of the ions, needing to be adjusted the distance between the grids according to each propellant used.
For the setting of V,,, = 1,000 V and s = 1 mm, the maximum ion current density extracted by the grids is given
when is equal to the Child-Langmuir's limit*. Child-Langmuir’s limit for the current density of extracted ions was
Jo = 273.4 A/m?, which is obtained at P,. = 665.5 W, as Fig. 1, corresponding to |, = 5.23 A. However, the thruster
parameters can be adapted, in order to achieve a better result for specific chosen propellant and the demand that
the mission will present, therefore the same parameters used by Chabert et al.* will be adopted in order to analyze
the plasma chemistry of argon and from these results analyze the other parameters in future studies.

Figure 1: Current density in the thruster chamber as a function of the radio frequency power.

The gas chemistry model used in this article includes six species: argon in the fundamental state (Ar), positive argon
ion (Ar*), metastable argon atoms (Ar, ), resonant argon atoms (Ar ), atoms in the state 4p (Arp), and electrons (g). Ar
includes the two metastable states *P; and °P,, and Ar_includes two resonant states 'P, and *P,. The excited state
4p has 10 energy levels in the range of 12.9-13.5 eV. The two metastable levels are combined in the calculations:
the radioactive and 4p levels.
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Figure 2 shows the densities of the argon plasma species (Ar, Ar', Ar_, Ar,, Arp, and electrons) as a function of the
radio frequency power. Argon produces an electropositive plasma, i.e., it has no negative ions, and low pressure has
only one ionized species. The ionization energy grows as the atomic mass of the noble gases decreases, giving argon
a high ionization energy. However, the high concentration of metastable species facilitates multiple steps ionization,
thus reducing the energy cost to sustain the discharge, increasing the electron density, and consequently reducing
the electron temperature, as in Fig. 3. Despite having considered the limit of the ionic density current, it is possible
to perceive that for slightly higher powers the temperature of the electrons tends to increase in order to stabilize
the formation of ions despite the tendency to deplete the densities of neutral species.

Figure 2: Densities of neutral and charged species inside the thruster as a function of radio frequency (RF) power.

Figure 3: Electron temperature as a function of the radio frequency (RF) power.

In Fig. 4, the neutral gas heating increases with the discharge power, maintaining this growth because the drop
in the density of the neutral gas is too small to change the heating rate. The gas pressure is a function of the gas
flow entering the chamber, so that the density of neutral gas is not varying as a function of pressure, but rather as
a function of the reaction rate that varies with the radio frequency power. A deeper analysis of the influence of the
collisional loss terms given in the Eqg. 3 shows that the thermal loss terms due to ionization collisions (L) and the
thermal loss due to ion-neutral (L, ) collisions have a great influence on the gas temperature, since the presence of
both terms shows how the gas loses much of its temperature through these collisions, even reaching 40 K above
the temperature in Fig. 4. The gas temperature is extremely mattering for a thermal study of the propellant, since
the propellant and many of its components have low efficiency, or even loss of certain properties required for the
application in a real mission, like the propeller coils, which are made of copper, which has a melting point of 1,085°C.
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Figure 4: Neutral gas temperature as a function of the radio frequency (RF) power.

Further study of the chemistry of argon plasma has already allowed factors such as gas temperature to be
influenced by the terms of heat exchange and electron temperature to interfere with species densities, so that
the number of species closest to reality has a direct influence in the ionization rate. Although it does not interfere
much in the density of ions, it ends up leaving a higher rate of ion replacement, which is extremely important for a
propellant that uses the acceleration of ions to gain thrust and specific impulse.

From this significant study of the plasma parameters, it is possible to determine a series of factors that will assist
in @ more realistic analysis of the numerical development of the GIT model ICP. When developing a more detailed
study of the collisional terms in the neutral gas energy balance, in view of a deepening in the quantity of metastable
species, it was comprehended that the greater number of reactions and species close to physical reality better
approximates the characteristic properties to that of models experimental, making argon a viable propellant, even
though it is a noble gas with atomic mass three times smaller than that of xenon, and with high ionization potential.

Another perception is that the variation in the geometry of the propellant has a direct influence on the yield of
the plasma chemistry output parameters, and it can be better evaluated in a second moment, after the predefined
plasma parameters depending on the type of propellant used. This geometry control can be a solution to the
demands of new specific space missions and conditions.
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INTRODUCTION

The low-temperature plasma nitriding is a technology used for modifying the properties of stainless steels
surfaces, frequently resulting in an increase of both hardness' and corrosion resistance? without necessarily
modifying these properties in the substrate bulk. The low-temperature plasma nitriding technology is applied to
stainless steels aiming to avoid that the chromium solved in the matrix solid solution leaves this condition to form
stable nitride precipitates.

It has been seenin the literature that such phases are deleterious®, and they appear under very specific conditions,
such as high temperature or high exposure time to relatively low temperatures* However, in the technical-scientific
literature, two competing factors, influencing the surface topology modification, take place during plasma nitriding:
the sputtering®; and the matrix phases expansion by the action of nitrogen®.

Sputtering is the ejection of atoms into the glow region by the high-energy ions’bombardment. Then, it is expected
that, due to this effect, the surface of the samples exposed to the plasma tends to be eroded along nitriding, similar
to the verified from a wear effect. On the other hand, the expansion of phases by the surface enrichment from
nitrogen atoms is expected to occur by increasing the lattice parameter, thus implying in the elevation of the sample
surface.

Some recently published works have shown the growth of the nitrided layer as a function of the nitriding
temperature or time’?, but the quantitative techniques available to measure such a layer are almost always
destructive. It is worth mentioning that, at least from the authors knowledge, no study has been developed up to
the moment aiming to characterize if the real nitrided layer evolution leads the sample geometry to be swelled (as a
result of the net layer growth to the plasma direction), or, differently, to be shrunk (as a result of the net layer growth
into the substrate bulk). In the specific case of duplex stainless steel, which presents ferrite and austenite phases'
balanced microstructure, one has the advantage of studying the action of nitriding on both phases simultaneously.
However, due to the lack of an efficient and reliable method of measuring the sample height, before and after
nitriding, reports available in the literature are mostly qualitative.

Thus, a methodology was developed to follow grains before and after nitriding, as well as to monitor the height
of the nitride phases to clearly determine which of these effects prevails, in net way, in the present treatment. The
main characteristic of this method is that it is non-invasive, but also quantitative.
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EXPERIMENTAL

Duplex stainless steel 20 x 20 x 3 mm3 samples presenting chemical composition of Fe-25.5Cr-6.6Ni-4.1Mo, in
wt.%, were ground with sandpaper and polished to 0.020 + 0.004 pm Sa roughness. Vickers indentation marks
were then made on the polished surface to make easier to locate the grains under the confocal laser scanning
microscope (CLSM) observation. For this purpose, an Olympus OLS4100® equipment was used. One indentation
of 1 kg load was made in the center of the sample to make ease the marks location afterwards, by using an optical
microscope. The whole procedure was constituted of making eight other smaller indentations (with 0.1 kg load),
arranged in three different squares from which the vertices were separated 500 pm one each other, as shown
schematically in Fig. 1. In the sequence, a stainless-steel plate of = 100 pm thickness was welded to a region of the
polished surface in such a way to prevent the area below it to be thermochemically treated. This procedure was
necessary to determine a zero-level reference for the height measurements to be carried out after the nitriding
treatment. The plate was welded by the point welding process, in which a 10,000-pF electrolytic capacitor was
charged with a 20-V power supply, being discharged into the stainless steel plate already positioned to partially
cover the indentation marks, as shown in the schematic Fig. 2.

Figure 1: Schematic of the duplex stainless-steel sample with Vickers indentations
on the polished surfaces.

Figure 2: Schematic showing the spot welding of the stainless-steel blade
on the sample surface to partially cover the Vickers indentations.

ANAIS CBrAvIC 2020



Effect of manganese on the mechanical
properties of Ti-1i5Mo-Mn alloys

Giovana Collombaro Cardoso' (2, Mariana Luna Lourenco’ (), Carlos Roberto Grandini’

1. Universidade Estadual Paulista “Julio de Mesquita Filho" - Laboratério de Anelasticidade e

Biomateriais - Bauru (SP), Brazil.

*Correspondence author: giovana.collombaro@unesp.br

INTRODUCTION

Nowadays, the requirement for new hard tissue replacement instruments, such as the femur and hip prostheses,
is growing because of the increase of accidents and the growth of the elderly population as the increase in life
expectancy’. Due to its excellent properties, such as high mechanical strength and good biocompatibility, Ti and
its alloys are widely used for making implants?. Mo and Mn are two (3-stabilizing alloy elements that improve Ti's
mechanical properties and corrosion resistance and are not cytotoxic®. Hence, they are two elements studied in
the development of new Ti alloys with low elastic modulus. This study's objective was to analyze the influence of
substitutional elements on the mechanical properties of the Ti-15Mo-xMn (x = 2.5 and 5.0 wt%) alloys.

EXPERIMENTAL

The ingots were prepared by arc-melting in an inert argon atmosphere to avoid contamination. Later, a
homogenization heat treatment was made for 24 h at 1,000°C in a vacuum of 10 Torr and cooled at a rate of
10°C/min to relieve the stresses from the melting process. Then, the ingots were hot-rolled at 1,000°C to obtain
a regular format for future analysis. The samples were subject to a chemical analysis of elements by inductively
coupled plasma optical emission spectrometry (ICP-OES), and the density measurements using the Archimedes'
method. The alloys' structure and microstructure were analyzed using X-ray diffraction measurements, optical and
scanning electron microscopy. Mechanical properties were study by microhardness and Young's modulus tests.

RESULTS AND DISCUSSION

Results showed that the alloys have low density and gradual increase, according to the increase in manganese
concentration. It is important to keep Ti alloy density low because high-density implants can cause pain and
discomfort. The microstructure presented only the Ti 3 phase. The alloys hardness remained above, and Young's
modulus remained below the cp-Ti, as shown in Figs. 1 and 2. A significant difference between the bone and the
implant elasticity modulus can cause bone density loss due to the lack of mechanical stress applied to the bone.
Then, the studied alloys have some excellent properties to be used as a biomaterial.
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Figure 1: Studied alloys hardness compared to cp-Ti and other alloys.

Figure 2: Studied alloys Young's modulus compared to cp-Ti and other alloys.

ACKNOWLEDGMENTS

The authors thank Coordenacdo de Aperfeicoamento de Pessoal de Nivel Superior (CAPES), Conselho Nacional
de Desenvolvimento Cientifico e Tecnoldgico (CNPg), and Fundacdo de Amparo a Pesquisa do Estado de Sdo Paulo
(FAPESP) for financial support, PosMat, and the laboratory's colleagues who collaborate with the research.

REFERENCES

1. Li P, MaX Tong T, Wang Y. Microstructural and mechanical properties of B-type Ti-Mo-Nb biomedical alloys
with low elastic modulus. J Alloys Compd. 2020;815;152412. https://doi.org/10.1016/}.jallcom.2019.152412

2. Ehtemam-Haghighi S, Attar H, Dargusch MS, Kent D. Microstructure, phase composition and mechanical
properties of new, low cost Ti-Mn-Nb alloys for biomedical applications. J Alloys Compd. 2019;787:570-7.
https://doi.org/10.1016/j jallcom.2019.02.116

3. Ho WF, Ju CP, Lin JH. Structure and properties of cast binary Ti-Mo alloys. Biomaterials. 1999;20(22):2115-22.
https://doi.org/10.1016/s0142-9612(99)00114-3

ANAIS CBrAvIC 2020



RESUMO DOS TRABALHOS
APRESENTADOS

Estimation of layer thickness of plasma nitrided martensitic

stainless steels with machine learning techniques

Giovanni Corsetti Silva'*

1. Universidade Federal do Parana - Undergraduate Department of Mechanical Engineering - Curitiba (PR), Brazil.

Correspondence author: corsetti@ufpr.br

INTRODUCTION

The estimation of layer thickness in plasma nitriding processes of martensitic stainless steels has vital importance
in several industrial applications. However, due to the considerable complexity associated with the layer parameters,
which affect the thickness, few models were developed to estimate it, typically relying solely on a limited set of
parameters'. The author proposed to employ machine learning techniques to develop a more robust and reliable
model for layer thickness prediction of plasma nitrided martensitic stainless steels.

THEORY

A survey on the scientific literature was carried out in order to gather points of plasma nitrided martensitic
stainless steels at different treatment conditions. The total number of points collected was equal to 70. Since the
treatment temperature, time, gas mixture and pressure are virtually the most relevant parameters?, they were
considered as the only inputs of the model, although for future works more parameters will be taken into account.

A regression gradient boosting algorithm was built using the sklearn python library, in which the only parameter
changed to 1,000 was the number of boosting stages, mainly because gradient boosting algorithms are sufficiently robust
against overfitting, but not to underfit. All the other parameters were left as default. To assess the model's performance,
a leave-one-out cross-validation (LOOCV) was carried out, and the predicted values were compared to the real ones.

RESULTS AND DISCUSSION

Figure 1 illustrates the model predictive power on the given data. As expected, up to 40 ym the model tends to
perform with superior accuracy, mainly because more available points in the mentioned range enable the algorithm
to comprehend how the layer thickness behaves for low treatment temperature or time, for instance. The significant
R? value obtained (83.8%) suggests that machine learning approaches can be successfully employed for plasma
nitriding processes with great accuracy for ordinary treatment conditions and may be useful to obtain an estimative
of treatments performed under extraordinary treatment conditions.

Figure 1: Comparison between predicted and real values.
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INTRODUCTION

Modification of carbon nanotubes (CNT) has been subject of several researches, once their properties and
interaction with other materials are considerably improved after chemical modifications, i.e., functionalization.
It can be achieved through plasma treatment, which involves parameters as voltage pulses waveform, reactor
geometry and even the way the functionalization agents are inserted in the chamber'. Regarding to this last

parameter, we proposed an insertion of chemical compounds as solid, mixed with CNT.

EXPERIMENTAL

Two chemical compounds, maleic anhydride (MA) and urea (U), were mixed in solid form with CNT, following
the procedure described in our previous work? Samples were treated in a plasma homemade reactor,
configured as capacitively coupled plasma (CCP). The electrical discharge through the mixed powder was
provided by an ABBiPS power supply?, and the treatment time lasted 30 minutes. After plasma treatment, the
samples were washed with methanol, as described previously?, aiming to remove the non-reacted chemical
groups. Samples were named as CNT (CNT pristine sample), CNT MA (sample mixed with MA and treated by
plasma) and CNT U (sample mixed with urea and treated by plasma).

RESULTS AND DISCUSSION

XPS results enabled to evaluate atomic percent contribution of chemical groups in each sample. Figure 1
presents these results, indicating CNT functionalization by the increase of oxygen and nitrogen groups (in
urea case). Total chemical groups contribution increases more than 50% for CNT_U sample, regarding to
CNT sample. Plasma treatment was more effective for CNT U sample, which can be associated to the urea
lower ionization energy (eV), regarding to MA. Important to conserve CNT properties, nanoparticles integrity
was preserved after plasma treatment, as ID/IG ratio indicates, provided from Raman results (Fig. 2). Even
for CNT MA sample, to which In/Ic was the highest, CNT walls were preserved, as corroborates transmission
electron microscopy (TEM) image (Fig. 2). Results indicated plasma functionalization of CNT from chemical

compounds in solid form.
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CNT: carbon nanotubes; CNT_MA: sample mixed with MA and treated by plasma; CNT_U: sample mixed with urea and treated by plasma.
Figure 1: Atomic percent contribution of oxygen and nitrogen groups in samples composition. Data provided from C Is XPS spectra.

CNT: carbon nanotubes; CNT_MA: sample mixed with MA and treated by plasma; CNT_U: sample mixed with urea and treated by plasma.

Figure 2: Raman spectra indicating CNT integrity. Transmission electron microscopy image corroborates pointing regular walls
to CNT MA sample, the one with the highest i)z value.
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