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ABSTRACT: The work aims to prepare DLC film on the surface of 304 stainless steel and investigate the friction and wear
behavior of the film in 1 mol/L NaOH, 3.5%NaCl, and 1 mol/L H,SO4 solution. DLC film was prepared by unbalanced
magnetron sputtering device (UPD650). The microstructure and wear scars of DLC film were characterized by scanning electron

microscopy and Raman spectroscopy. The adhesion strength, hardness and modulus of elasticity of the DLC film were tested by
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scratch tester and nano-indenter. The wetting angle of 1 mol/L NaOH, 3.5%NaCl, 1 mol/L H,SO, solution, and deionized water

on the surface of 304 stainless steel and DLC film were tested by contact angle meter. The friction and wear behavior of 304

stainless steel and DLC film were studied by CSM friction tester. The corrosion resistance of 304 stainless steel and DLC film

were evaluated by potentiodynamic polarization. The thickness of DLC film prepared on the surface of 304 stainless steel was

around 1.95 pum, the bonding force was about 37 N, and the hardness and elastic modulus were about 14.7 GPa and 191.1 GPa,

respectively. Surprisingly, the coefficient of friction of the DLC film in 1 mol/L NaOH solution was as high as 0.17, while the

friction coefficients in 3.5%NaCl, 1 mol/L H,SO4 solution, and deionized water were about 0.05. The wear rates of DLC film in

1 mol/L NaOH, 3.5%NaCl, and 1 mol/L H,SO, solution were 2, 3 orders of magnitude smaller than that of 304 stainless steel.

The result of polarization test showed that the order of corrosion current density was: 1 mol/L H,S04<3.5%NaCl<] mol/L

NaOH. Therefore, the deposited DLC film processes excellent mechanical properties and corrosion resistance, which improves

the wear properties of 304 stainless steel in 1 mol/L NaOH, 3.5%NacCl, and 1 mol/L H,SO, solution.

KEY WORDS: 304 stainless steel; DLC film; corrosive media; friction and wear; corrosion resistance
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Tab.1 Deposition parameters of DLC film

. Bias Ctarget  Cr target Lasting
Material voltage/V current/A  current/A time/s
Clean 500 0.2 0.2 1800
substrate
Crinterlayer 100 0 3.0 300
DLC film 70 3.5 0 14 400




<174 - * wm #H R

1.2 WXELH

I BOE % K R 532 nm ) HR800 Hi 8 15X AE
600~2000 cm " FH7E B P RAF IR GORZ5 44 . TR
i EL 08 G 0 T T T T 23 A R R R B B S5 .
YA A IR S e A s S A, LR AR BN
206 nm ( 2R 10% ) o (5 FH RIIR I RS PFA e
SRIRAIZEE T FE A RO F S A, DT
Al AN [R) A W DLC 5 K2 304 455 404 2 1T 14 ¥ g 1

FE CSM BR-#E 52 BRI T 1A 7 B8 482 1 43k
55, BEEIRIE R 5 mm, WS 5 Hz, 8454 10N,
FEAEIL R L] ¢ 6 mm B9 9Cr18 ANEEMER, M a]
MR R (18+2) °C, AHXTREEE 4 (20+5)% . K F D-100
TR 2 i A S S R A T RO A R B R
J T R IR 1R 22 , 70 B FE AR R B 3 SRR
BTG BOLE, IR AR 2 B35 7
= (1) 115,

v

W, = s (1

Hodp ) VO EESARRR ST £ s 461 78 i AR e LA JEE
BEIREAE (mm®) 5 FoAREIMAZmEM (N) 5 S
JFEBERY MEEE (m) .

TE =R E A TP 304 ANEEENAT DLC T
o i i, Stk (RE) SEHRAHKHE
e, WHBEM (CE) K Pt A, TAEHM (WE) Kl
R o AR TR, AR SR A JE A i 30 min
DUHENT U I TF B L AT, A Ab B %R 10 mV s,
HITERE-1~1.0 V, FEMBEZEmAN 0.38 cm®. @i
Tafel FMEZRIUA SE IR AL ITZR, 5 21ARE A F 8
ol AN T T ok R I

2 HR5ITE

21 EBEEHS kR

& 1 2 DLC AP 2Lk M i SEM B4 .
Bl 1a $78 G5 B R 7E 1000 cm™' #1800 cm ™ 2 7]
BT =AM RS, A AR T
1381.61 cm™ 4 D WA T 1554.85 cm™ Y G %, X
AN I3 S sp’ C—C 24 L3 Al sp”C—C Z Akt i 42
fE, FFHANA Ip/l6 3R 1.46, UEBIDIRR DLC
T LA MR IG5 R Y T B SRR O B A, K
Kl 1b B9 SEM FE R AT LAVE AEHB WL EE 5], DLC iy
sEMECE . WS H A WA B EE, JFH DLC S
IR A L 25 A B Rl AR PE SEM ARG DLC
RS 2998 1.95 pm.

JE-JLEEA y | RE R RN SRR L DLC i ] &
N B R AR, MG Lo A L 8812
T i - g A U X 304 AN TR DLC
JIES 1) - R 48 25 TR 0 1] 2a B s, 24 RIRAERR

2019 4 10 H
—_ ll};:tvy dataak 1Iy/1I=1.46
- - Fitting pe
. e 4 D peak 1381.61

G peak 1554.85

Intensity (a. u.)

600 800 1000 1200 1400 1600 1800 2000
Raman shift/cm™

a P&tk

b FEIEH
Kl 1 DLC R A7 2 i 8 1 e 55

Fig.1 Raman spectra and sectional morphology of DLC film
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Tab.2 Wear of 304SS and DLC filmin different media

Solution Wear volume/mm® Wear rate/(mm°-N~'-m™")
304SS DLC 304SS DLC
Deionized water 7.04x1073 2.09x107 3.52x107° 1.04x1077
1 mol/L NaOH 2.45x107 1.43x107* 1.22x107° 7.16x1078
1 mol/L H,SO, 2.25x107 1.37x1073 1.12x107°
3.5%NaCl 1.64x1072 1.22x107* 8.18x107° 6.10x107%
WA TT LIS DLC MR LR 995 4724 F Y, 120 B 30455
I L DLC A 75 ¥ oA el 5 100 m_pLe
W95 T 613 4 5 T A S 3 4 3 A 8 N

]
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Fig.6 SEM image of wear tracks and scars of the DLC film (Fig.a deionized water)
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Tab.3 Corrosion current density (J ) and corrosion
potential (E.,,.) of 304SS and DLC film

. ‘]corr/(A'cmiz) Ecorr/V
Solutions
304SS DLC 304SS DLC
1 mol/L NaOH 7.50x1077 2.42x10°® -0.55 -0.35
3.5%NaCl 3.49x10°  1.51x10° -039 —0.3
1 mol/L H,SO, 6.25x107*  1.32x10°° —0.44 -0.17

SRR, FE 3 FE A BT, DLC Wi L 304
NGB JE b B B E, B DLC oS A 8 b 6 ] 29
KT 304 AEEH9. SR, DLC MMRAE 1 mol/L NaOH
W R R PR R B = T 304 AN, X5 Zhu
A NP G 25 SR — 2, HF RS2 304 NEFNEA R
U BT AR o e, 3 I A A 2R3 T LB g b X
L PR AL X, X BT 304 ANE5HNS NaOH B
SRR, FERIE A ALE, 1if DLC 5
1E 3.5%NaCl 1 1 mol/L H,SO. %W H Y JE fodt it vk 8%
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