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JE 120 0.45 Pa, YIRS FRAE T 47 0 R
B HLEA-80 V (100 kHz £1 90% 545 Eb). #Eik Ay,
I PR B HIPTMS ALl f BP0 %
PR 3 KW, S50 AR ¥ ik o RS2 it 1], AR R 7
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WAL N-DLC BEFNELAR 3041 A& AT R
FH = o A 03 2 7 st i AR il 2R DA DR 7
304L JEt bR ZE R TAE AR, SALE B 1E M5l
Bt HAIH R (SCE) fEN St il FERIRE
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(MFT-EC4000) 7£ Hank’s V- i £h 1 W o #E 47 1
. R N A PR BT IR B O SR A R N
40% By A d b AT, BEHEEI S B AR N 6 mm 1)
SigNy BR. M B2 omE 1ok 2 N, 1 E MR N
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AU S, SR I B A FH 2 S AR A T
TN TS ) i 1) R A T AP 5 2 TR S0 . 7
JEE B2 ey v, R 22 AR Ry X rEAR, AR RITH R HL AR
YERZ LR, S22, K HE i 7E OCP MiRiK

30 min. ffi FHYE22 BAMER (Carl Zeiss image A2m)
I R

3 #RE5ith
3.1 FTEMFEFIR

Pl 1 587 T AN [) ok v 252 s ] o) 5 0 S ) A
BRIES, A R)Z A RERRZN 0.7 pm. S THF
Gk RS B % N-DLC #5200, A V8 I
SR PEJZ, 16600 V B R Xt i gk 2% di b
FERTHBRFLAR SRR A0, PSR B3 2.

fif FH ATM A B A0 2R TR RLRE ) 1 2 SR
TAE K PRS2 R 3090 ps & I AY 3D
AFM SR, 0 T 3R U B 1 KRS 52, 25 /000
T AL, BOLEEE. E 2 Rl LUE
F, 30 ps FF b AR TEHLRE EEEL K, 60 ps il 45 19 3
Tl LN v S =1 QUIER 24N 51 5]
90 ps I, 7 — 28 RH /N ™ R 43 Bl b o3 A1 7 3
. AFM $0d8 34 SR 78 30, 60 1 90 ps il
IR RMS 43924 0.88, 0.63 1 0.83 nm.

3.2 @EEEW

T S R A R A RS, XF N-DLC
WEHEAT T XPS RAEMIK. & 3 R EAS [R) 8 Jik v

B SR ko S st 1) a4 W16 1 B AT SEML BT (a) 30 ps; (b) 60 ps; (c) 90 ps
Fig. 1. Cross-sectional SEM images of the films deposited at different pulse durations: (a) 30 ps; (b) 60 ps; (¢) 90 us.

2 I ko e g i 1] ) 45 R 9 3D AFMUJES (a) 30 us; (b) 60 us; (c) 90 us
Fig. 2. AFM surface micrographs of the N-DLC films deposited at different pulse durations: (a) 30 us; (b) 60 ps; (c) 90 ps.
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Frelit ) £ AR A C 1s AT N 1s SIE6HE, M
Bl 3t AT LA Cls Sl iy AH S I iy Rl 78
284—289 eV. %55 HE N 284.6, 285.3, 286.6 LI I
288.2 eV M i ‘& 43 il X i sp? C—C, sp® C—C,
C—N il C=0 it -2, C=0 - EH A HEE R
T ) /0 5 U2 B S RS A HIE B BTN 1s 6
T AN, WA 4T NFE 398.3, 399.2, 400.1,
401.0 i1 402.5 eV, H H 398.3, 399.2, 400.1,
401.0 eV fii # 1Y W 43 5 XF . N—C, N=C,
N=C F1 N=N i 242627 1] 402.5 eV Ab [ I5AR AT
B FH AR -5 [RR 1) 24202710 MA[E] 3 AT LA
B NEFEES CIEM C-N##, HN=C#
1) 12 Bl 2 Kk v 4 52 1eF ) A0 38 o 51 AV s 364
N=N #8052 A .

(a) Cls 30 ps

Intensity/arb. units

280 282 284 286 288 290
Binding energy/eV

(c) Cils 60 ps

Intensity/arb. units

280 282 284 286 288 290
Binding energy/eV

(e) Cls 90 ps

Intensity/arb. units

280 282 284 286 288 290
Binding energy/eV

3 TEAN [k nfrdsr 22 i [a] i1 4 (998 R 28 6 NI I Y XPS Cls #1 N1s B #BL5 Ot 35%

TR NIA T, sp® C—C SR 2451
FPERERMEZ MK E. B 4 JB/R T N-DLC H#j
FEAS RO ok v R R[] R C1s i i 454N AT
THES, HE 4T LUE SRR [y
60 ps I, WY sp? C—C SEFF 5 I0E 4> L IE T
B R, 290 34%, M C—N 8 E 43 o5 HAB P
AEAH HE 2B/ NI, 208 11.5%; 0k P R4 i [a]
990 ps B, A sp? C—C 8 20 L SRR,
h 54.5%, C—N#H 4 L& kB k, 48
15.7%; Bl KRR SE (]38, sp? C—C e
TGN, FEVTRRE AR, HB N B3 33
PERRB A T &, R & A T UUR R (I 5. Bt 25 ok
PRESE I RN, N, SN B R R, BT
P R B AR TR 2, sp? BRI,

Intensity/arb. units

394 396 398 400 402 404 406
Binding energy/eV

Intensity/arb. units

n 1 n 1 n 1 n 1 n 1 n
394 396 398 400 402 404 406
Binding energy/eV

Intensity/arb. units

1 1 1
394 396 398 400 402 404 406

Binding energy/eV

(a), (b) 30 ps; (c), (d) 60 ps; (e), (f) 90 ps

Fig. 3. XPS Cl1s and N1s spectra of the N-DLC films deposited at different pulse durations: (a), (b) 30 ps; (c), (d) 60 us; (e), (f) 90 ps.
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DARI B i 27200 SRIBG 0 N 5 5 2338 fin i rh Y
sp? §R I Ik /D sp® Bk, G E, T A LSS
R T AR 28 23175 5 7 AR BT sp? A T
PR R IE . RIS To e B 1) CNz 23 7E IR
HRBHIERL, 78 CNz A STRUE sp? fik, 15368
FEREIN, [RIEA AT A= 8 1 BOL ik e 2 st i) DA
300 ps ¥EHNE] 60 ws A, o 5 Y sp? B 1 0,
[RIAs C—N 5 AR, N=C 85 8, kb
RARLEIEINF] 90 ps B, N B A0 38 i i 45 s
[ sp? BRI, [RIAT C—N #EE& 38 imi N=C
R

Atomic concentration/%

30 60 90
Target pulse width/ps

P4 A [ Bk 455 5 1) i # B9 N-DLC 9 B9 XPS
Cls il i 7 45 21
Fig. 4. The fitting result of the Cls spectra of the N-DLC

films deposited at different pulse durations.
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AN 5] Jok e 5 B 1] ] 8 U4 J22 1 A K A
PR R FEIE] 5(a) . ST I8 B el I X B A
S, IR EBCN 60 nm, EIRZIEE R 9% —
10%, BRI AR RNE . 25 R BR, BiE
ik R ] 30 s B4 90 ps, f5 B (B ASE
i) Jo M 10.81(120.8) B 12.21 (143.94), K5
N AR E] 9.96 (109.98) GPa. H/E* (E*, A3
P i) fl H 3/ E™ 0y 45 R B SR 7E Bl 5(b) .
H/E RAEFMERN A SHIRRE, H3/E™ Wk
JEAR B ASTE 5 1 Sl e e ar r 1, 52
AR REAG G BY32 iy H/E R HP ) B LG ARGE H 7]
DAPR SR 2 i B, (EL W] 25 S 380 1 a4
RERARN 1, R RE O Z M P R AN A M2 5
PR, ok SEif 5 ZEE— B TR AMIESE B2-34. MUIEL 5(b)
LA, 7 60 s Hil5 FHRIZN H/E* M B/ E™
PRI . R R R PR S 10 7 Ak 2 2 5 R Y

sp® BT EAAIE, 60 ws il £ AT sp® B i
15, DRI i R 17T 90 s il 88 A RS sp? g
A YN A A A R AT

(a) 1
L 1160 &
25 &
9
]
o 20F — {120 %
O E]
>~ °
§ 15 Q
] {80 E
£ — 8
5 10} 2
= N 2
. {40 %
&
0 1 1 1 0
20 40 60 80 100
Pulse duration/ps
(b)
10.10
0.12 - /.
i \—»
X u 10.05 &
m <l
~ ~
o 0.09 %
———— *"— o | 0
—
0.06 |
) ) ) 1 —0.05
20 40 60 80 100

Pulse duration/ps

5 N[Nk oS 1] 5 WA LRI RE  (a) 0K
T BE RS PEAR AL s (b) H/E' R H3/E™

Fig. 5. Mechanical properties of the N-DLC films deposited
at different pulse durations: (a) Hardness and elasticity
modulus; (b) H/E" and H?/E™.

3.4  BUShFNEmEEE

K 6 7~ T Hank’s “EMiEh IR G WIRIZHIR
TR s ARtk AL RRE (R,) FIE
PR L (ipory) RPFAS P RE T, RAYJE Pl

0.3

Hank’s balanced salt solution
0.2

0.1f
o0k
—0.1}F

—0.2

Poarization E(V, SCE)

—0.3r

—0.4

10-° 10-% 107 10-6 10-> 10~

Corrosion current/A-cm~2
Kl 6 N-DLC BRI GE HAS IR A Hank’s - £5 1R &
B Y By r AR A it £k

Fig. 6. Potentiodynamic polarization curves of the N-DLC

films and substrate immersed in Hank’s solution.
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1 TEHHURIEA N-DLC B b (b AL el 45

Table 1. The fitting results of the potentiodynamic polarization curves of the N-DLC films and substrate.

FES Eeon/V oo/ A-cm 2 b,/mV be/mV R,/Q-cm? P

304 L -0.31 1.69 x 106 323.47 117.75 2.21 x 107 —

30 ps -0.15 9.87 x 10 289.51 119.61 3.72 x 108 0.042

60 ps -0.13 7.65 x 108 408.84 113.72 5.05 x 108 0.026

90 ps -0.12 1.55 x 107 298.24 82.91 2.05 x 108 0.079
Ui 5 R v A A H BEL(EL e s AR R B B JE b BE AR
g aE g L & 1 b ARl R L el e BAEA Z2 P I 2 H R AT DAVTAL B4 R i) BE 45 0
FE WAL LR L PR S Tafel 132 (b, 5 b.) F ATy, Horh, OCP #A Ay 2 BEAR AR AR XS

J& s R B (. {f ] Stern-Geary J7 2 B9 3
R

g

)
ba X b
"~ 2.303 X dcon(ba X be) 2)
FLBR X IR 2 A A RE AT R R, 20T
i DLC BB B RCR M IR EE S —. Wi %
BN 3 BT S A LAl A A R R 2 ) B LB R
P = (Rym(substrate) / Fp(coating —substrate) ) X 1078 Feon/Ba],
(3)
Hrf Rom BRI ALEEE, R, ZURZMRALE
BH, A Eeon &8 2 IR 8 JL 1A 1) J5 1y F 57 22 [B] g R
{22, T by S2AF IS P Y Tafel &1,
BRI Z TGS R T E S (£ 1),
PREE ARG AN IS B S ik fL 57 R0 h-0.31 V, J§
Tl LU B BN 169 x 1070 A-em 2, AR AL L FH R
2.21 x 10" Q-cm? FHILATFNFIT, WZEER TH
U LA AR RE, DR AU 2 A ol b 37 238 AP
VTP ECE S, L, TRZ 1T DL S 3R TE Hank’s
A ER TR A AR TR TR RE. AN Rk vh 2
Ti) ] 8 7 1 2RI 4 A A P e e 2 i, S o
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Fig. 7. (a) The structure diagram of electrolytic cells used for tribocorrosion tests; (b) sequence of operations during the tribocorro-

sion test illustrated by the OCP evolution.
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Fig. 8. (a)—(c) The changes of OCP and coefficient of friction as a function of sliding times and the inserted optical micrographs of

tribocorrosion tracks for coatings; (d) the normal coefficient of friction and micrographs of wear tracks.
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Fig. 9. The contact angle of films: the morphologies of deionized water (a)—(c) and Hank’s solution (d)—(f) droplets on the surfaces:

(a), (d) 30 ps: (b), (e) 60 us: (c), (f) 90 ps.
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Abstract

Nitrogen-doped diamond like carbon film is promising in biological applications, studying the synergistic
tribocorrosion performance is indispensable. In this paper, Nitrogen-doped diamond like carbon films were
deposited on AISI 304L austenitic stainless steels and Si substrate by using the high power impulse magnetron
sputtering technique using Ar and N, as precursors at room temperature. The effect of target pulse duration on
the structure, mechanical properties, corrosion resistance and tribocorrosion properties in Hank's equilibrium
salt solution and the corresponding mechanism were studied. The results of scanning electron microscopy,
atomic force microscopy, X-ray photoelectron spectroscopy and nano-hardness test showed that the nitrogen-
doped diamond like carbon coatings prepared at a target pulse duration of 60 us showed the sp® bonding
content of 33.9% with the hardness of 12.4 GPaand the root mean square roughness of 0.63 nm. With the
increase in pulse duration to 90 ps, the sp? bonding increased, meanwhile the surface roughness increased. The
results of potentiodynamic polarization indicated that the Nitrogen-doped diamond like carbon coating prepared
at 60us had best corrosion resistance with the corrosion current density of 7.65 x 10® A-cm2. The effect of the
target pulse duration on tribocorrosionbehaviour of the Nitrogen-doped diamond like carboncoating was
investigated in Hank’s solution by a reciprocating tribometer equipped with a three-electrode electrochemical
cell. The coatings at 60 ps exhibited excellent tribocorrosion properties with high open circuit potential of 39
mV, low COF of 0.05 without pitting corrosion due to high corrosionresistance, low contact angel and dense
microstructure.The results indicated that corrosion can be accelerated by friction, but it also affect the
mechanical properties of the Nitrogen-doped diamond like carbon coatings. The increase in pulse duration to 90
us, leading to the reduction of sp? bonds which can form a cross-linking structure. The degraded cross-linking
structure decreased the corrosion resistance of the coating via the increased porosity in the coating, which
weakened the interfacial strength of the coating, and ultimately led to failure of the coatingunder the action of
wear.

Keywords: high power impulse magnetron sputtering, Nitrogen-doped diamond like carbon coating,

tribocorrosion behavior, corrosion
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