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Equipamentos Resultados
Linhas de pesquisa

Materiais: Energia e sustentabilidade:
1. Filmes finos processados a plasma: 5. Desenvolvimento de tochas de plasmas
DLC, SiC, TiO,, Al,O4 para tratamento de detritos.
6. Vitrificacao de cinzas por plasmas

2. Sintese e estudo de materiais
nanoestruturados:
» Aplicacédo de nanoparticulas em filmes
de DLC e a-SiC:H;
» Recobrimentos / microeletronica.
3. Tribologia e nanotribologia de
superficies.

térmicos.

7. Desenvolvimento de células
fotoeletroquimicas para geracéo de H,
por fotoeletrolise da agua;

8. Células solares de 32 geracao.

Engenharia biomédica:

4. Desenvolvimento de plasmas
atmosféricos para area
medica/biologica;

5. Aplicacao de plasmas na biologia:

« Esterilizacao de superficies;

» Tratamento de superficies bioldgicas;

» Estudo do efeito do plasma em Células solares
superficies biologicas. sensibilizadas com corante




D TR Resultados

(PECVD) — pulsed DC (PEALD) — RF
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Resultados
___Equ

Plasma at atmospheric pressure for treating biological surfaces

60-200 kHz

conductor

gas gas

Gases: Ar and/or O2

Low flow rate: 1 L/min

Low temperature: < 38°C

Low power consumption: 4 W plasma jet



Resultados

Molecular Beam Mass Spectrometry

- Chemical analysis of
atmosferic plasma

- Interactions between
Plasma, surfaces and powders
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Modelo HPR-60, marca Hidden.



P NossoGrupo 4 Resultados

PECVD Diamond-like carbon coatings in tools

2800 4 Tempo em Minutos
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Effect of deposition time in chemical

structure of the film

—> Application: reduction in wear of cutting tools



Deposition of diamond-like carbon with
silver by PECVD

8000
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1—T3
—A16

Methane . silver 6000 - '1\
and arg electrode :
plasma ' '
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1350cm” 1580cm”’
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T T T T T T
800 1000 1200 1400 1600 1800 2000

Intensitdade (u.a.)

Substrate is inside of
hollow cathode electrode.

2000

Deslocamento Raman (Cm'1)

—>Applications: - biomedical implants;
- 0Xygen etching resistance aerospace devices.



Development of a TiO2-based photoelectrochemical cell
for photo-electrolysis of water 2 H2 generation

H2 02

[ [ Photo-anode is based in TiO2 nanostructured films;:
foto-anodo J-l |-L

TiO2 fi_Irﬁ from degussa powder -

(filme TiO2 ou TiOxNy)
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seletiva TiO2 nanotubes produced by
electroanodization process




Plasma pre-treatment process of sugarcane bagasse in liquid

Glucose (g/L)

80

Time (h)

288.7 nm

144 .4 nm

0.0 nm




P NossoGrupo Resultados

Inactivation of the candida albicans fungus

-

e

Diluted inoculum without plasma treatment

Diluted inoculum with plasma treatment

Candida Albicans



IMPROVING THE GROWTH OF "LENTIL” AND LEUCAENA BY IRRADIATION OF
YOUR SEED BY ATMOSPHERIC ARGON PLASMA

gas gas

D=4,0cm
semente
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ESTUDO DO EFEITO DA COMPOSICAO
DOS FILMES DE DLC EM SUA
RESISTENCIA A TRIBOCORROSAO
VISANDO APLICACAO EM PROTESES.

Polyana
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- Conclusions

Results

Introduction Experimental

Tribocorrosion

Chemical and
Electrochemical
interactions with

environment

Friction,

Lubrication and
Wear

14



Introduction Experimental Results Conclusions

T— T— ——

I Examples Systems Exposed to Corrosion

« .\"F o

Biomedical Implants 15



Introduction Experimental Results Conclusions

T — — — R —— _— R —

I Examples Systems Exposed to Corrosion

—

Proteses de joelho
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Introduction Experimental Results - Conclusions

I Motivation

Biocompatible
i ——

Corrosion Resistant

Corrosion Protection
A

Antlbacte rial

17



Results Conclusions
I Film Deposition

» TI6AI4V plate — substrate;
» PECVD;

» Pressure: 8x10-2 Torr;

» 3 pm thickness;

» 40 — 200 nm Silver
Nanoparticles

. Precursor Time Self-bias (V)
I Cleaning Argon 30 min 700
Silicon Interlayer Silicon 10 min 700
DLC Growth Hexane 2 hours 400
DLC Ag Growth HNe;r?;Se"\\//vgrh 2 hours 400

18



Results Conclusions
I Scratching Test
(a

AE Fz Atrito
0 : 0.25
044 | -
0.3{ ™
Load o024 ]
Acoustic ]
1 Emission  |-10-
l Sensor 014 |
A 0.0
' —_—
- Track distance
Load 2-50 N
Track Distance 10 mm
Sliding Distance 0.1 mm/s ASTM C1624
Load Rate 0.5 N/s 19




I TribocorrosionTest

Tribological system

Introduction Experimental Results Conclusions

0.

Counter
electrode (CE) Fn l
ED
—
Reference
clectrode (RE)
| sample
Working
electrode (WE)

N

Potentiostat

Tribocorrosion system

Contact zone
Tribology: Evolution of Friction coefficients
Corrosion: Current or potential

changes

M. T. Mathew, P. Srinivasa Pai, R. Pourzal, A. Fischer, and M. A. Wimmer, “Significance of
Tribocorrosion in Biomedical Applications: Overview and Current Status,” Advances in Tribology, vol.
2009, Article ID 250986, 12 pages, 2009. doi:10.1155/2009/250986 20
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Mounting 7

_ » % Cell
Screw
2 Connector\\
® Base Plate ™™
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Track Distance
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Conclusions
I ScratchingTest:DLC
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p__Introduction > _Experimental _SiRESUIE N CLTICCICIES
| ScratchingTest: DLC-Ag

Wit
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|
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LC2 33,27
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I Open Circuit Potential Measurements
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Introduction SCEUINENEIP S Conclusions

I Electrochemical Polarization-No-Wear

Alloy Ti6Al4V Ti-DLC Ti-DLC-Ag
Electrochemical Polarization-with-\Wear

Alloy Ti6AI4V Ti-DLC Ti-DLC-Ag




Introduction SCEUINENEIP S Conclusions

I Wear1V-Cathodic
Alloy TiBAI4V Ti-DLC Ti-DLC-Ag
Tribocorrosion

Alloy Ti6AI4V Ti-DLC Ti-DLC-Ag



Introduction SEENERCIE ESN S Conclusions
— — a ——

Il Titanium Alloy - Electrochemical Polarization-with-Wear

K 0,33

I — == (‘IVWF
152,32 um3
E j
|
a |
o Y




p Introduction > Experimental SEEEResults @ ANEIH R
I Titanium Alloy - Wear 1V-Cathodic

- M A |
A4 N 113,84 um3 Mr" — W: 0,40

EHT = 2000 kY Sigral A = SE1 Data 20 Mar 2012
Wi = 8.5 mmn Pholo Mo, = TEE8 Time 155752

200 pm EHT = 20,00 kv Sigral A = SE1 Diaba ;20 Mar 2012
|—| WD = 0.5 mm Pheds Me, = 7987 Timw :16:54.47

29



Introduction Experimental 2SS SResylts = SN e E )
e -~ T —

I Titanium Alloy - Tribocorrosion
¥ s ;
P |

104,08 um?® |
A\
| %wwﬂ(

T
]

K 0,32

30




Introduction SOLEGINERICIIp EHD e Conclusions

I DLC- Electrochemical Polarization-with-Wear

L-I-.-I..I-l.

711 w: 0,09

.---"’..'-F'“-’-I
N
©
N
o)
6§
c
3

w
H“'-I.

™S

{
\
\

]

| 20 EHT = 20,00 kv Signal A = SEY Crate =20 Mar 2012 PEINY
| 1 WD = 8.0 mm Phota Na. = THE8 Tieng 170612 I

200 pm EHT = 20 00 &y Signal & = SET Ciate 20 Mar 2042
WD = BEmm Phiots b, = 7087 Tome 170322
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-:mniz- Conclusions
I DLC-Wear1V-Cathodic

15

-
in [=]

70,64 um3 u: 0,25

8 3 2 a e

T T T T T T T r T T i
[k ] =1 2e ) [a1="a) Qs 1.00

o
2

- = L . . H \".1‘:1'4'{'351'*"_;.-:'1'
3 pm EHT = 20,00 KW Signal A = SE1

Diabe ;20 Mar 2012
WD = 5.0 mm Photo No. = 8000 Time 17:21:11

00 EHT = 20000 KW Signal & = SE1 Dabe ;20 Mar 2012
| |_| WD = B0 mm Photo Ho. = TESE Tirme [17:18:52 32




Introduction SEENERCIE ESN S Conclusions

I DLC-Tribocorrosion

] 94,48 ums3

200 m EHT = 20000 kv Signal & = SE1 Coaba 20 Mar 2012 W

WD= B0mm Photo Mo, = 8001 Time 172502

EHT = 20,00 kv
WD = BSmm

aal]

W 0,32

- mm— - »: A i y " o
Signal & = 5E1 Duaba 20 Mar 2012
Phota Mo, = 8002 Time 17:27 03 |
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p_Introduction > Experimental S RESUIES S €I RLE
I DLC-Ag: Electrochemical Polarization-with-Wear

0,32 um?

K 0,07
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Introduction SOLGINEREIY  CEHiE»  Conclusions
— T—

I DLC-Ag: Wear 1V-Cathodic

2.00 um?3

K 0,08
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Introduction Conclusions )
— L TTSS— —

Il DLC-Ag: Tribocorrosion

e : 0,08
. 0,4 um?3 H

AT
%5 3
o e

s T
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I Conclusions —WearVolume

T3: Electrochemical
Polarization-with-Wear 300 -

-2,5- 2,5V 250 17
17
T4: Wear 1V-Cathodic ~ 2°°
150 -
100 -
T5: Tribocorrosion £0 -
A
0] |
; Titanium DLC DLC-Ag
Titanium DLC DLC-Ag
13 152,32 294,88 0,32
T4 113,84 70,64 2
T5 104,08 94,48 0,4

Introduction Experimental Y SResults " SSCORCINSIORSIN

mT3
L WA
L
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p__Introduction > Experimental 37 Results SuCONCIUSIONE SN
I Conclusions —Protective efficiency

filme

v
Ef(%) = [1 — (i’;””)‘ x100

substrato
m Filme PE PE+A
i DLC 15 2
DLC-Ag 19 2

38



Introduction Experimental

— —_—

I Aplicagao

Protese de estoque W. Lorenz

Protese Customizada -
TMJ Concept

39



Introduction Experimental

I Aplicaciommssssmms

50 AMOSTRAS (Ti6Al4V)

15 COMDLC | 10 mm Largura Aﬂ mm de altura
15 DLC-Ag
20 CONTROLES

2 furos para fixacao

15 dias |

A) Amostra posicionada no 0sso na regido do angulo mandibular do
coelho; e B) Amostra fixada.




Introduction Experimental " Conclusions

I Neoformacao ossea

Corados em azul de toluidina,
mostrando linha verde delimitando
area total da interface o0sso-
amostra e linha branca
contornando areas de neoformacao
0ssea. Aumento original de 10x.

%

100

80

60 -

40 -

204

.

—
——

1 154
L] 904

o

T
DLC

T T
DLC+Ag TiAlY

FR

41




Thanks for your Attention an Interest...



http://www.fapesp.br/index.php

Experimental _\ Resultados _\ Conclusoes
Tribocorrosao e Sinergia

e Nem potencial e nem corrente
sao aplicados

ocCr

Polarizagao e Varredura entre duas tensoes
Eletroquimica determinadas

e Varredura entre duas tensoes +

PE + desgaste atrito

—

e Atrito com protecao catodica

* Atrito sem aplicacao de
potencial

Tribocorrosao

43



Experimental =  Resultados ~  Conclusdes
Corrosao

1.2 A
1§ Regido | Ramo Anddico
1 Transpassiva
0.8 \
0.6 ;
0 43/ Zo
= B o Ramo Catadico
<0.21{ Regiao
W1 Passiva ‘
0 Josvwnwwmesmss N O . v
02] NE
5 Regido Ativa
-0.4 1
0.6 ——————— ———
-10 -9 -8 -7 -6 -5
loglil (A/cm?)

MORONA, M. T. Ensaios Eletroguimicos e Influéncia da Nitretacdo a. Plasma na

Resisténcia a corrosdo do Aco Inoxidavel 1ISO 5832-1. 2007. 111 f. 44



Experimental ) Resultados ) Conclusoes
Exirapolacdao da curva de Tafel

Ramo Anddico Eficiéncia protetiva do filme:

Inclinacao de Tafel: [,

iCGTT
Ef(%) = |1— (<" )[x100

ICGTT
""""""""""""""" Ecnrr
i, €io  &a densidade de
corrente de corrosao do filme e do
Inclinagdo de Tafel: £. substrato

Ramo Catodico

Alberti, E.L. Desenvolvimento de técnicas de diagnostico da corroséo de pés de
torres de linhas de transmisséo, por meio de aplicacdo de técnicas eletroquimicas.
Curitiba-PR, UFPR, 2004. 94p. 45



Introduction N Results Conclusions

Flm D Ifi
diamante i =
©

o~ ~
= grafite A >
© =
~ %2]
— D G c 35 at.%
B fite Z
n c-gra
cC 2 =
Q : c
= carbono vitreo I
c 3
g | sputtered a-C % 25 3t %
x

e _—__/Mf{o__

ta-C 18 at.%

806 3000 + Roo T 2000 800 1000 1200 1400 1600 1800 2000
Raman Shift (cm-1) Raman Shift (cm-?)

SILVA, S.R.P.,, ROBERTSON, J., MILNE, W.I., and AMARATUNGA, G.A.]. Deposition mechanism of diamond-
like carbon. In: Amorphous Carbon: State of the Art. World Scientific Publishing, Singapore, 32-45.

BONETTI, L. F. Otimizacao das propriedades mecanicas e tribologicas de filmes de DLC crescidos
sobre substratos metalicos objetivando aplicacoes espaciais e industriais. Tese (Doutorado em 46
Ciéncias). Instituto Tecnoldgico de Aeronautica, Sao José dos Campos, 2008.



Introduction SOLGINEREIY  CEHiE»  Conclusions

I Raman Analyses

DLC DLC - Ag
16000 14000 : —
{—Hexane | —— Hexane - Ag 5
14000 4 —— Hexane (T1/T2) 1592 08 12000 — Hexane - Ag T1/T2 A
| Hexane (T3) | —— Hexane - Ag T3 : 1 1583 40
. 12000 ——Hexane (T4) 10000 —— Hexane - Ag T4 i :
> 1—— Hexane (T5) ] Hexane - Ag T5 X
@ 100004 2000 l A
= 1360.27 .
2 8000 ot o _ 136941
v . i
S 6000- 1306.23~_/ 2000 | AT
.E ] I
— 40004 4000 :
I 152870
2000 - 2000+ :
= 0 T T T T T T T T T T T T T 0 T T T T T T — T -: :| T T T
I 600 800 1000 1200 1400 1600 1800 2000 600 800 1000 1200 1400 1600 1800 2000

Raman Shift (cm™)
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_ Resultados Conclusoes

Efeito da Composicao do Filme
Resisténcia a corrosdo

12000
| —— Metano
= 10000 - Hexano
3 Hexano-Ag
Filme Hidrogenagéo

[ ]
© 8000 Metano 28%
g 1 [Hexano 37%
e 8000 4 [Hexano-Ag 36%
<]
U
9]
T 4000 -
[7}]
— 4
9
c 2000 4

0 4

I ' 1 !
1000 1500 2000

Comprimento de onda (cm™)

(b) -
150000
100000 4
C
- A\
A0000 4 s
Al
Ag
6 1t 2 3 4 % & 1t 8§ 8 10
Full Scae 11601 cts Oursor 10 844 (734 cis) .
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_ Resultados ConclusoOes

Efeito da Composicao do Filme
Resisiéncia a corrosdo

LC;:10,15 N

o ok 2 2 e » Syes
DLCPH(ME) it _ ye
0.16 20 i" — &
0.42 304 g T A .
0.08 20 ' R e .
o.o: :: L L i At AN M Mv'“\ '"\' "’. Mwu ‘\1 ;

23 Time,sec

 LCy1431 N LC,:27.81 N

! = a— RSOSSN 3T
l

it
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03F 0 i 0
02 o yyl “. 1
H e ——————— et el e ' - £y
013 sef i S'I H l\‘ “v.‘, i ,f m,z
H ! | MNLEPEEY
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2886 Ylmonc
A267
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Conclusoes

Efeito da Composicdo do Filme
Resisténcia a corrosdo - OCP

Tensao (V)

0,4

0,2 -

0,0 -

-0,2

-0.4

Titanio
1 DLCPH(Me)
DLCMH(He)
DLC-Ag
T T T T ¥ T L r J I '
0 100 200 300 400 500 600
Tempo (s)

50



Resultados Conclusoes
Efeito da Composicao do Filme
Resisténcia a corrosdo

Polarizacéo Eletroquimica

DLCPH(ME) DLCMH(HE) DLC-Ag



) Resultados Conclusoes
Efeito da Composicao do Filme

Resisténcia a corrosdo
Atrito com Potencial Cte (+1 V)

L . j
DLCPH(ME) DLCMH(HE) DCL-Ag

Tribocorrosao

DLCPH(ME) DLCMH(HE) DLC-Ag



Conclusoes

Efeito da Composicao do Filme
Resisiéncia a corrosdo

Polarizac&o Eletroquimica

DLC-Ag

DLCMH(He)

DLCPH({Me)

Titénio

- o - " o v
a a1 02 0.3 04 05
Icorr (Alem?)

Polarizac&o Eletroquimica + Atrito

DLC-Ag

DLCMH{He)

DLCPH(Me)

Titénio

a . . . e . i . o
0384 0396 0,388 0.4 0402 0404 0408 0408 041
lcorr (Alem?)

DLC-Ag

DLCMH{He)

DLCPH{Me)

Titanio

0 20 40 60 80 100 120 -140
Ecorr (mV)

DLCMH{He)

DLC-Ag *

DLCPH{Me)

Titanio

- - - +
V] =20 -40 -B0 -B0 =100 =120 =140 -160

Ecorr (mV)




Conclusoes

Efeito da Composicao do Filme

Resisténcia a corrosdo

Polarizac&o Eletroquimica

Polarizac&o Eletroquimica + Atrito

/ Filme Eficiéncia Protetiva (%)\
DLCPH(Me) 17
DLCMH(He) 15

\_ DLC-Ag 19 /

/ Filme Eficiéncia Protetiva (%)\
DLCPH(Me) 0
DLCMH(He) 2

\_ DLC-Ag 2 J

o4



Conclusdes

Efeito da Composicao do Filme
Resisténcia a corrosdo

08

: 08
Titanio PE + Atrito | Titanio Atrito (+1V)
o) DLCPH(Me) DLCPH{Me)
£ 06 4 _E 064 kAL |
z DLC- Aq Z
® @
2 " iy WWA :
€ P o
& .. -
) 024 @
o =
00 v T v ' T T T T ) 1 - ! "
0 500 1000 0 200 400 B00 BOO 1000
Tempo (s) Tempo (s)
08
{ ano  Tribocorroséo

2 06+ :-.LH'

Z | DLC-Ag

o

E ﬂ.4-‘h‘ " it i ._t{,

5 Mt et g

‘% 0,2 -

=]

0,0 —— e
0

zﬁu.dﬁu.ﬁﬁn.aﬁn'mnu
Tempo (s) 55



_ Resultados ConclusoOes

Efeito da Composicao do Filme
Resisténcia a corrosdo

Taxa de Desgaste - Titanio (x10° mm?)

Tribocorrosao
Atrito
+ Protegdo Catddica
Polarizagdo Eletroquimica
+Atrito ] |
i .-' ""_. .."_.' P - -'/.
0,000 40,000 80,000 120,000 160,000

Taxa de Desgaste — DLCPH(Me) (x10° mm?)

--/| |
——

Atrito
+ Protecdo Catddica

Polarizacio Eletroguimica
+Atrito | 1

o

0,000 0,020 0,040 0,060 0,080

Taxa de Desgaste — DLCMH(He) (x10* mm?)

Tribocorrosdo

Atrito
+ Protecio Catédica

Polarizagdo Eletroquimica |
+Alrito | ] |
- ,-/. . 4 - 2

A0,000

0,000 B0,000 120,000

-
-

160,000

Taxa de Desgaste — DLC-Ag(x10= mm?)
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50 AMOSTRAS DE LIGA DE TITANIO (Ti6Al4V)

15 COM RECOBRIMENTO DE DLCMH

15 COM RECOBRIMENTO DLCMH-Ag
20 CONTROLES SEM RECOBRIMENTO

2 furos para fixacdo

S7



Figura 4. Procedimento cirirgico. A) Amostra posicionada no osso na regido do angulo
mandibular do coelho usando afastadores de Sean Miller; e B) Amostra fixada.
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Figura 29.- Grifico de colunas (média + dp) dos valores de neoformagiio dssea, segundo
as condigdes experimentais estabelecidas pelo tipo de amostra ¢ o periodo.



