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ABSTRACT: Inherent shortcomings including low hardness and poor wear-resistance have become the important factors
limiting the industrial application of polymer materials in some harsh environments. In order to improve the surface hardness
and wear-resistance, various surface modification techniques have been applied to the wear protection of polymer materials.
Among these surface modifications, fabricating a layer of amorphous carbon-based coating is one of the greatest potential
approaches to improve the surface hardness and wear-resistance of polymer materials. The research progress of amorphous
carbon-based coatings for improving the wear-resistance of polymer materials was reviewed, and the essential reason of poor
adhesive strength of amorphous carbon-based coatings on the surface of polymer materials was analyzed. The mismatch
between polymer materials and amorphous carbon coatings in structures and properties made the abrupt interface unstable under
loading, resulting in the poor adhesive strength. Various methods commonly used to improve the adhesive strength of
amorphous carbon coatings on polymer materials were discussed and compared. The reliable adhesive strength of amorphous
carbon coatings could be obtained by the plasma treatment on the surface of polymer materials, which could induce a gradual
transformation from organic carbonaceous structures into inorganic carbonaceous structures. An in-situ transition layer could be
constructed on the polymer substrates by plasma treatment. The in-situ transition layer provided reliable adhesive strength
between amorphous carbon coatings and polymer substrates via chemical bond, which endowed an effective improvement of the
hardness, anti-friction and wear-resistance of polymer materials.

KEY WORDS: polymer material; surface modification; amorphous carbon coating; wear-resistance; adhesive strength; in-situ growth

2020 4 6 H

ROV A TR R e ks A&
PIRRA PR o T PR AT P e S AR A
BOTZ RN TS AR BT RIS R A
U, A TP AR R AR I TR T sl AR
SR, AN TAEGER) & R M AR, T2 m T
HESE A BURFAE B Z A, SRE WU REAY fifl B AR X 45
ik, miEvERE A2 . ARG YA R B RE L B
RLEFA FE PR RE , (HURE 5 B0 i A HOAE L [ gk 1Y
R o K SEAR FR T E R T R A BB — LB
IS, P AL 2 A P 0 e ) SRR
U, B TT RS W A 3 T R NS P R RE , %) 4
HTA R RA B2

1 REDMHBIRRERE

NERE R A WIRT R A B TN EE A VR RE SR, BFSE
B2l T AR RS Tk, BRI
X —FEXT RS YA R R BT 25 M s fb b 2, B
WO . ERERRST (A0 o STECRN B TR ) MR
JRCHL L S R RAIRY . RERS TR MBER T
W EE TR, SRR S YA R > T RER TR AL |
SCARAZI, R RL 2 T SR BE IO, T B T 2R
EYI R TAUIERE o Z5H SR AL AL P 207 A
B AL ARG ek T R 45 B R b
OOV 5y N R R R B A, R Ak
SR AR R A YRR RR R T ) A — )= B
PEURIZ, LIRS 3R E Wb R 3 11 Y fifl B2 M S 5 2
AE o M JRE U3 2 O (0 FH A4 T 3R W SE R i 41
RIS, b BE R REAAR A B AR S 4 R R fE, M
SR HE N TR FAPRA D2, W TRE
WA R 2 THT 1 T 9 7 04k 2 AL A A L S U =

A7 BL-TEAL B v 2O SR TE AL s AL

JC LTS P I 4 2 R 1 5 ) B A o SO
DU (P/CVD) HoAR | ARG, TERG UM RER
TET Sl — 2 TS R 17 3 M, L8 e R 2 T 4 it 32
MR i T REWAR A SR E, RS
Py A 2 1 114 G AL TR B 977 B 9 = 22 LI S TE A
Ky E=

2 FRBREERERSYHEERA
B 5z F

JEAhA% (amorphous carbon, a-C ) Ly K3 By
T DU A 1 55 2 R D) RERRE , HAE ARG WM R
T BT, NGB RRER SR A B R AT
BT ek, T EL AT AT A MR ) R A R, TR
fe FLURUEE i S MR, B R — Rl R G WM kLR
AT 25 A3 1 B 1A A 55 T Ak By 72021

—J7 T, AR ELE — R IC R EA R, 5
REVMBL—FE, SEMA AR SR | AEYHEE
PRI AN JE Do REOL 52 SR P2, nl R T
YRR TS YERUE S IAEE s 51—, A Sk g
AT AR BEAE R B, I SR Wb ) 3R 1 i
fiif B A AP e AR Y S FEOK R, it ol b ik
A AR AAE AT, TEEE SR i 5] A W 2 (tribo-
skin ), JE Af A IR EL 28 0] DLU7E FL R g A EE N R
FEAR R4 R 5, WO E B A, IR SR AR A EL A
WS LEE T2 ERe, nE Rl | IR R ECRIT
BERREO R, S At b b | (R s 0 S
P, A il S R SR R B A AR T B R
PEIREM B Z —



F49% ol

O RAE YRR R BE P T P A Bl 2 B ) BT 5 - 47 -

2.1 ERBEHEEME

Ak B IR — P 32 B R S A 25 H Y sp® Ak
R JFF RN A7 BB LS 1Y sp” 2 b 574 BB 45 1) G
AR, BAAMIEE R BRI AR RRAL R . A AL
i AR2EIEPEIL T | et v R U AR AR 2 1k
SR, TIZEA T, P iR, 4
WL 25 R 2R 25 22 AN 40U 27200 A B SIS AT LA D0 AR
TEZ TR RIIEIR I, 4R | PR AR AW RS
T2, 76 G W Rk e i A 4 — J2 A Sk 3
VEM B ERsE, X B8 o SR AR BE B L i S e
I IE R HRAE s, ELA W 0 R 7 7 PO,

H 1971 4F Isenberg B KARE A T & M4 N A
fit ( Diamond-like carbon, DLC ) &I, 7Eid £/
VUt Z4E L, AT EE ik BT T RS ST .
A b e T LA 190 b e 3 M AR el L R Y TE 1Y
I PERERT PR . o, AR R A W R E DU Sk
AT L A7 305 A SR 5 0 4 i A Ul B T B P . Shi 4501
I 45 8 R s Ak 2 S MU (PECVD ) $AK,
EHES TEHRBZM (UHMWPE ) R UTH
— 2RI, 25 R, R R R R R T
TR P T2 42%, JF I B RRAR T 364 3 I i) 5 4t
R, Puértolas 2121 i S I 45 5 1 PR B 5 Ak 2 S UL
1 (RF-PECVD) }¥:, £ UHMWPE £yl —Z
FEARMKR (a-C:H) W, BEEE T REWERE
FRORE B RIS PEBE . Pal ZEP4H ] PECVD HRTER
LT HE I (HNBR ) F U —)Z A A Ak i, 4%
R, AR SR A AT HNBR 10 1 2 52
ZB0, It H AR TR A SR 0 mT L 2 T A S
JEE . Huang 250315 B RSP 1 4 0k 5 R 7 58 ik ik
fiil ( PEEK ) R HUIIREHB 2425 A s50% ( Mo-GLC ) %
W, TERA . A EER K | RLELARBORI G 4 1 v Ry
BT 5E HLEE RS AT, S5 KW, Mo-GLC i nT
VIR = PEEK 1RV 5 i S 453 14 8 LA A P 3F
B R e

22 FRHEBRERSWMHRENA
HY K S 1 a)

W it e i T B SR A R R T B B B A, —
BELVRARTH I 7 245 A5 BEAS B R BRI . SR G 58
D7 AR TR A WA R 2R T 25 A il B IR A B A
FIVE IS, X ™ E BRI 1 e i S v B 1 £ S T s B
P E R R A YRR R I A 720 AN o Tl
mm B B T SRR L 2 [ RIS AT SE B S5 5 0, iR
FAME T 20 TAE, e i85 sp® F1 sp” 1 FLAEC sp™/
sp’) I c—H #E =P, BREAFEMICE (W
Cr. Ti. Si %) PP gl dhpe %, KA
J7 0] DAAE — s A B b 4R v A AR R S T Y 45 o
B, B2 Hurr A R M R E SR | g LA
MR AN, BT — 2 R I )E

AT A B, TR RS Wi R R G )2
TH R SR A B AR SRR, 7R, &
JE LR Y 23 SR R R AR o T IV R e R
T, LA AE S BRAR fh e 5L B A /0 Bt A v ) T
PRRER T TR AT BTG 25 1F T A, a5 LA
— 2 Siad )2, 185 Bk Tk I AR A R R
M K A B G ) e AR AR S A ] BE R, J v ) 9 R
KBTS SR T IHUAA L (40 Cry Siv Mo DI T
XEETER B G Y ), ARESITCHLAY AR b B A
EEE[E SEx7/B 2L vy S TR iy AR Y

221 FRBEFELSAREARHNEESN

RE PR A WM, 1 AR A I R TR
BARE, R H AN, WEAE S RE A EE K
225, Ik, ANEEICH U2 B HUE ik L
B, iR &R M HAL B Y )=, M0 R A
MlLm sy 282, 7R A5 YA R R A 504 K AE bk
LRI, R 2 A7 A JEA Wk T 25 4 ) JC 8 T S 45
P B GESREE AR, L5 F e I ™ E L I 2 5 B 3 ) P
MM AR S 12T, s AR RRR, i
TEARZR Lo sE 7 R AW SE AR RE 5 R &b i S5 9 i 2
[B) &5 A5 N L .

222 FRBEFEEESEENNERZX

B R G W A R IR A 5 O e s R R 2 ) B
G55SR 22 [l WIS EATTEE T A [R] ) 2% T b B
Jrik, WHLARALH | k2R BEYE L B (KR ) ik
LRI i R A R i e Ao B 3 BE S [
JE M A0 BRI 25 A0 B, (EL AN [R] A9 A B v A HEAS
[F) A o A, ML AL B 368 ek ) s HELARE 2 1 Ok 14
I R, I AU AE R, X R Ak H Ty U
fAfER, [HURRMOCR A2 . Wb 2R b BRVE AR e, (HIX
Pl — e R | SRR EOR A, AERR
Pe2E | BAEARZ A BRI R 22 A ), R
Wil THR R, (G ) A B SRR AT R,
IR EE IS Y . R T ] ATE KRB N AT,
AR — 2], AT, (BRER =S
WA 2, N R TR R T A ALPE IS, TTRES:
PR AR, BN SR A AR R P 2R

ZJa, WA T 55 PR H, aTL
A 0k G LA b b 3R T i it s, i L — e R —
B TR, WAk & — i BRAR Y e A B
Ozeki %5 U {E UHMWPE 1% W 3 5 4 R ' fig
(PMMA ) TR AE fb AR R ET , S X i % 1w i
RGBT IR, 25 R/, METRIEITEE
BRI B A RE S, 28 AT B R TR B S DURR
A B R, B R I RS AR
Baba ZFWIEPTRBE BB AT, 49 H0. 0,
CH, 2585 T %} 8 Je .UHMWPE ., 2 JU 9§ £ 4%( PTFE )
ZRVR AW AT AL, & PR B TR T AL H AT
A R S AR AR S R A YR 2 ) R A AR



- 48 - * wm #H R

2020 4 6 H

Guo BN AR R ME (PC ) Fl PMMA 2 #1845
BPARTAL IR, 5 UURRAR AR, R RN, A%
B TR AL BRORA AT LT B AR 2 T i A HLR R, B
TS REIL A, WA KRR F AR T AR SR R S
FLIR A 45 B 0R
23 ZEEFHRFEESYHMBRBEEKIE

o fie 5 R

Lw TR —MHE T BT, HREME TS
o KL T 2R A S A, T L e v A IR
WESGHCE . O, AT (o 1P SRR ).
KIGE T AR B R TR PR G R A A
REZIH, 1T LLS 1 IR A WAk 3 T 4 5015 1k 2 e R
2, Yk R A ERE (R KARLEMEY ). Zh (E

Uncoated

a RUTHDLCHIE

T
|
|
|
|
|

DLC-coated

HV Spot Mag
JkV 3. Ox

b YIAADLCHK
A1

WD 1N_DLC300V o
i rpn: 500 pm =

S A)E ). REEA (FeAdE F 3 ) s fese
B4 — R PR,

AR, AR Bl i W PR
TR R T AT AL B, W AR R A R 25 T S R
Ik IR K, IR AR S B A A SR  Pei 51450
VS T AR IR B A Y 3R R, e 4 3 11k
b PRI ST, SR 5 A EURNE R T S T R U
FLARF T IEATAbHR , PR A5 B 1A B Ak 2= ST
1 (PACVD ) HiARTEIMARHEVIR T —Z X ERH
T MBS, S s e A 3 T ) B 48 2 ORI S 451 3 A Jd o
i o R A 560 AL X TR 28 4 W 65k 39 A A
HNBR RS 50% F-E12K , 30 5 % i F s 25 i
FERRTEIES (B 1) 2FrRM, e RA SR
FEARF M RPN B AR SE AR

¢ N0 34
' WO : 5 MWeae track on HN
3KV 40x 9.7 mm 8 ? 500 pm G SR

After unl‘c_)gdﬁ'g 2

1V Spof 3
O o8

HNBR H 0K 2 1 B JROE 41 FIUCRL DLC WERR A R B 50% . (IR (1 3 R 45 P 1454¢)
Fig.1 Surface morphologies of HNBR substrates, as well as the DLC-coated substrate under 50% strain and after unloading

[45-46].

a) uncoated HNBR; b) DLC-coated HNBR; ¢) DLC-coated HNBR under 50% strain; d) after unloading
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