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ABSTRACT: The work aims to design multilayer Si-doped DLC film to improve the wear resistance and corrosion resistance
of SUS304 stainless steel and extend the application scope. Three kinds of thick diamond-like carbon based films with different
modulation ratios (1 : 5,1 : 1,4 : 1) 0f 20.0, 34.9, and 41.6 pm were deposited on SUS304 stainless steel in the C,H,-SiH, sys-
tem by alternately depositing Si,-DLC layer and Siy-DLC layer through plasma enhanced chemical vapor deposition (PECVD).
The microstructure, mechanical properties, tribological properties wear scar composition, corrosion behavior and corrosion
morphology of thick DLC films were characterized and analyzed by scanning electron microscope, atomic force microscope,
Raman spectroscopy, nano-indentation tester, RST? scratch tester, CSM tribometer and electrochemical station, respectively. The
thick DLC films had dense microstructure, obvious strengthening effect and the highest hardness up to 13.8 GPa. The adhesion
strength was in the range of 21 to 29 N. The friction coefficient of SUS304 stainless steel increased rapidly to 0.5 in the running
stage, and still increased with the increase of the number of sliding times. The wear rate could not be measured by the
profilometer after 1 h. The friction coefficient under low load and high load was between 0.05~0.2, and the wear rate was as low
as 9.4x107" m*/(N-m). Electrochemical tests showed that SUS304 stainless steel corrosion potential was —0.49 V and corrosion
current density was 1.46x107° A/cm?. Compared with stainless steel, the corrosion potential of the three thick DLC films shifted
positively and the polarization resistance increased. The corrosion current density was reduced by up to three orders of

magnitude. The application of thick DLC film can effectively reduce friction and wear and the corrosion tendency is signifi-

cantly lower than that of stainless steel and has good corrosion resistance.

KEY WORDS: SUS304 stainless steel; thick diamond-like carbon films; wear resistant; corrosion resistance; Si-doped
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Fig.1 Schematic view of the modified PECVD system
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Tab.1

(Si,-DLC/Si,-DLC),,/DLC iR &4
Deposition Parameters of (Si,-DLC/Siy-DLC);op,/DLC film

) ) Deposition time/min
Modulation ratio

Gas flow(sccm)

Film thickness/pm

Siy-DLC Si,-DLC Ar SiHy C,H,
1:5 5 25 150 50 Si,-DLC:150; Si,-DLC:50 20.0
1:1 15 15 150 50 Si,-DLC:150; Siy-DLC:50 34.9
4:1 24 6 150 50 Si,-DLC:150; Siy-DLC:50 41.6

1.2 RIESHH

K H A2 /) A 77 09 39 S S A A T R B
( FESEM, JSM-6710 )31 (Six-DLC/Siy-DLC)s,/DLC
I P D T A T ) 8 S R T S, R L i
FRJEERE SR T 7 81485 AFM, CSPM400, Benyuan,
China ) W52 1f] AP RV Je OB 1R o RT L&

L% 4% (LabRam HR800 Jobin-Yvon ) 43 i il % ih
9 DLC WEIE A LR , WOEHK ] 532 nm. SR
JH RST® QR ACIIAME B SR 925 & Tk, Bedr
SR EHIER Y 200 i, $HJHERE S 49 N/min,
A A P EHRE S E N 5 mm/min, RPYRATHE
I S mm. R TTX-NHT® B9 R i
WL 5 AR, BERLIEIR 4 /S Bk T3
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L, R 3R A SO AN R 3 far T R B 4518
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Fig.2 SEM cross-section micrograph of thick DLC films

a 1:5(Ra=14 nm)

b 1:1(Ra=13.6 nm)

¢ 4:1(Ra=13.1 nm)

K3 J& DLC MK AFM JES
Fig.3 Surface AFM morphology of thick DLC films
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Fig.4 Raman spectroscopy of thick DLC films Fig.5 Hardness and elastic modulus of thick

DLC films and 304 stainless steel
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Fig.6 Scratch morphology of thick DLC films
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R EE T, & DLC W E (R 5 sk i 41
T YIREORFEA X R A BB R, BUEE DLC A EA
KPR RE S SPUEIRE J1 o BRSSP0 52 5 mT LA
BRI, ARETIEHIL N 4 0 1 B2 DLC M EA 5%
F14) E 8 Z R L B B R d I, i 3k R 100 1
)5 DLC I8 EA SRR %, 1 32 AN [ 8 il
FU A JE DLC IR AT DLIE IO AS [R] 25 1T B4 JEE 488 P 41

0.7
0.6
05
0.4

0.3
02} ——— s
0 1 1 1 1 1

0 15000 30000 45000 60000 75000 90000

Sliding cycles
b 20N

0.1

J& DLC 5 SUS304 AN FEAEA R 0T T 1 EEHE R 5L

Fig.7 Friction coefficient of thick DLC films and SUS304 stainless steel under different loading

%k 2 EDLCHEHIRE SUS304 RNEEMERE
Tab.2 Wear rate of thick DLC films and
SUS304 stainless steel

mm>/(N-m)
Sample SN 20N
1:5 3.1x107'® 3.9x107'¢
1:1 4.7x107"0 2.2x10718
4:1 9.4x107"7 9.4x107'°
SUS304 — —

Sh itk — 5T (Si,-DLC/Siy-DLC),0,/DLC I 14
PESEPERIILA], XA EAT T A RER ] EDS #E47 0%
G530 B 8 IR 1 ¢ 5 H(SivDLC/Siy-DLC)sy/
DLC #iBERERY EDS 452, 5 N 38R T, &
PR LS AR Si LR O iR, RUIMEEE
FErh 2 PEBEA Si0, B BB AL, 7E GCrl5 BREKMIE
BT E SRS, RN EEE R AR B T AR
T ol e B RS B 45 ) A5 I 2 ) B AT U/ B DD A AR
., W#E 5 N # AR, (Six-DLC/Siy-DLC),/DLC #
IR ) B 4 2R BB HARXSARUE o 20 N 2er I 0 B B

FWEDOEH, KA BRI E S, FEERENES
NGADE SIH 0L, WM™ AEMNE Si IR
e AR AT VR R MBS R - #5 , N5-3(Six-DLC/
Siy-DLC)0,/DLC [ [ EE 88 R B0™ A W 51 .

2.3 HUFMERE

=FhJE DLC #E 5 SUS304 REESNTE 3.5%NaCl
Ji b v e AR R AR 2R AN 1A 9 FITaR , ohS G A5
IR AR I 2 A TR A1 B B LAk 22 S 8O 3R 3. il
FEHIZR AT AT, SUS304 N5 H EL T B i) BH AR 75 1k
i, J& DLC WA B BH G AL X .
A B (2 3) g, WHl A 4 2 1 B(Si-DLC/
Siy-DLC)0,/DLC 5% 14 JE b AT 1) ¥ fe K o AH FE
SUS304 AEEAN, =FhE DLC R Y JE b A7 44 & A
B, WAk Ee ELBH S T, E 3 2 R R RRAIR
XFEWJE DLC MM b T A5 A9 EL A 31K %) 5 ol f
M. X & T DLC BB 4% Si uR s
o 2 s L SEL TR /N A v A AR FEL IR, OB i I
i, [l s 22 J2 45 KA T B %) SR T 25500 P LA 80H il IS
A TRB A, A SRR T 8 R AT A 23 ]85 A o
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Fig.8 EDS images of wear scars of (Si,-DLC/Siy-DLC),0,/DLCfilm with a modulation ratio of 1 : 5
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Fig.9 Potentiodynamic polarization curves of thick
DLC films and SUS304 stainless steel

*3 EDLCH#ELE SUS304 REENEY Ecor 1 ior
Tab.3 E. and J, of thick DLC films and
SUS304 stainless steel

o Polarization

Sample Ecor/ V Jeor/(A-em™) resistance/Q
1:5 -0.27 6.15x107° 8.5x10°
1:1 -0.24 2.46x1077 4.7x10°
4:1 -0.30 3.43x107° 2.8x107
SUS304 -0.49 1.46x107° 3.1x10%

R L, T HR v T R A TS v o M T
(K 10) K%, J5 DLC [FE)E a5 Fim e B 281k,
SUS304 AR H B T K AUS PR IM3T, BN

RTS8 et PR RE A 25
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Fig.10 SEM surface morphology before and after corrosion
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