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ABSTRACT: The surface coating technology can improve the friction and wear behavior of the substrate while maintaining its
excellent mechanical properties. CrN coating as the representative of hard coating materials with high hardness can effectively
resist impact and abrasive wear, and is often used in mechanical bearing shaft, piston pin and other friction protection. Diamond
like carbon (DLC) coating is akind of metastable material formed by the sp® and sp® hybrid of carbon, which has high hardness,
wear resistance, chemical inertia and other properties. In particular, graphite-like carbon (GLC) coating, which is dominated by
graphite-phase sp® hybrid bond content, shows better adaptability to multiple environments. In order to carry out the technical
optimization of polyetheretherketone (PEEK) matching materials, and solve the problem of easy wear of PEEK material of
PEEK -stainless steel friction system, the work aims to compare and investigate the tribological behavior of PEEK matched with
stainless steel, CrN and Cr/GLC coatings.

CrN and Cr/GLC multi-layer coatings were prepared on 17-4PH stainless steel substrate (the size was ¢17 mm x3 mm) by
multi-target magnetron sputtering deposition system. The coating thickness was about 1.8 um and 2 pm, respectively. The
friction testing machine was used to test the relationship between COF and time. The matching pair was PEEK ball with a
diameter of 6 mm. The coating wear rate was calculated by 3D profilometer. The wear volume of three kinds of matching PEEK
balls was calculated according to the volume of the crown. The physical and chemical states of the coatings were characterized
by SEM, Raman and FTIR, etc., and the wear mechanism between the coatings and PEEK was analyzed.

The results showed that both CrN and Cr/GLC multi-layer coatings could improve the friction properties when they were
matched with PEEK. Compared with stainless steel, the COF of CrN and Cr/GLC coatings reduced significantly. The wear rate
of CrN coating and Cr/GLC coating decreased 93.1% and 97.4%. The wear volume for counterpart PEEK decreased by 35.1%
and 65.8%, respectively. The aromatic ring opening, replacement, cross-linking, and loss of crystallinity occurred in PEEK
surface during sliding process, and the crystallinity was as follows: unworn PEEK > PEEK grinding with Cr/GLC > PEEK
grinding with CrN > PEEK grinding with 17-4.

When PEEK was against 17-4 PH stainless steel, the micro-convex of the substrate spalled and hard particles were formed,
resulting in abrasive wear. Part of the PEEK transferred to the substrate surface and another part of the formation of wear debris
piled up on the edge of the grinding crack, caused by wear sharp PEEK surface crystallinity slash and mechanics performance,
eventually leading to the decrease of the material abrasion resistance. When PEEK is matched with CrN coating, because the
CrN coating surface is rough and lack of lubrication, it can plough the PEEK surface, which makes the adhesive wear more
significant. A large amount of PEEK material transfer occurs and the transfer material can reduce PEEK wear and prevent the
decrease of crystallinity. When PEEK is matched with Cr/GLC coating, it is attributed to the good crystallinity stability of PEEK
and excellent lubrication of graphite structurein Cr/GLC multi-layer coating.
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FEYEERT[E] 7 60 min, XTEERLEIN EL4E 6 mm Y PEEK
BR (f2RRERY ), s 2% 90 MPa, 25 il 5 B
23 150 MPa, B2 1.3 glem®, R =404
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Tab.1 Deposition parameters of Cr/GL C multi-layer coating and CrN coating

Coating Procedure Power/kW N, flow/(mL-min %) Ar flow/(mL-min?) Biasvoltage/V  Time/min
Etching 35 —200 40
Cr transition layer 1.8 55 -100
CrN transition layer 1.8 20 55 —100
Cr/GLC GLC layer 20 55 —200 22
Cr layer 1.6 55 —-100 4
GLC top layer 2.0 55 —200 50
orN Cr transition layer 3.0 50 —200 10
CrN layer 3.0 30 Keep the chamber pressure at 0.5 Pa -200 120
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154858 cm*, G I5FE T8 Grwum N 182.97 cm .

LK IR, 155 174 PH A48 . CrN
WZEM CriIGLC ZJZR)ZRE R | s phAk i Fn HYE?,
Wk 2, ATLER], 2 MIREHEARENEE,
FEERE = 2~4 4%, W 2 RS2 B DURERA SR TH
TR EEETS . Hod ) CrN 32 BRE e,
ik#| 19.56 GPa, HILifptE#im &, 5% 315.52
GPa, FHIHNIEE K, MR ALY &AL . HYE? ik
T RPRHRE AR Z i e R A1, CriGLC £ 21
EH) HYE? fek, 353 0.076, W HJ M RE RS
N, HE— 2V CriIGLC £ 215 2 T BE M4 4t

K1 CrNi%J25 CriGLC ZJ2% 245 HfE A
Fig.1 Structure information of CrN coating and Cr/GLC multi-layer coating: a) SEM cross-sectional
image of CrN coating; b) XRD result; c) SEM cross-sectional image of Cr/GLC multi-layer coating;
d) Raman spectrum
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Tab.2 Mechanical properties of the 17-4 PH stainless
steel, CrN coating and Cr/GL C multi-layer coating

Samples Hardness’GPa Elasticity/GPa (H*-E )/GPa

17-4 5.15 227.20 0.002 6
CrN 19.56 315.52 0.075
Cr/GLC 14.75 205.99 0.076

17-4 PH ANFEREICE 2 MiR)Z2 098+ 01 B A
FIF- YRS ( Average roughness, Ra) &l 2 fi7s .
AENERBOLH, Raflly 4.95 nm, Cr/GLC £ )3
WER Rah 9.85 nm, CrN &2 ) Ra i3k 22.0 nm,
F] CrN ¥R 2 0m ERLRE . 3 Flob Al it 6 TR RS B
ANE, ATRES MR RS PEEK it @l EE 5 i (1 55 151
1M,

22 EEEYERE

17-4PH AEEH . CIN IRJ2 . CrIGLC Z 2125
PEEK it &Il (1% 88 48 DS B Bt st ) A8 AL I ol an &l 3
TNo TEFEFERIM (500 s AN ), 3 e @ i BE 42 K %L
G T, SR Bl B R ) A ZE G, S BN B AR

fh#a#, Hh, PEEK 5 17-4 FC B HEE#E N BN 0.6
LA B T, 1629 1500 sJ5ik%] 055 247, JHE
FEfaE ; PEEK 5 CrN FCHEIMEE#E R BN 0.52 ££4
M8 R, fE4) 2500 s ikF) 0.47 /247, T RErE
JE; PEEK 5 Cr/GLC ECRIMEESE AN 0.5 £ 4 +F
SEFRAR, 76 1 h NP % 0.3 247 .78 3 FhEC I, PEEK
55 Cr/IGLC el il 1) B 482 D RICAE AN ) BE 42 B B 241 A1

3 FhECEIEE SRS L an & 4 7R . 17-4PH AN
B B B, AR KRB N 2.20 pm, B
oy 1.51x10° mm?/(N-m), CrN 4 )2 1Y 5 KB4 1%
b 0.41 pm, EERIR R 1.04x10°° mm?/(N-m), HI%T
17-4PH REW, HEHIR TR 74 93.1%, Cr/GLC
ZIZARZE W RN, SRR N 63.0 nm,
R Ky 3.91x10 " mm¥/(N-m), Hl4E T 17-4PH RE54K,
HEEB R TR T 2 97.4%.

PEEK 5 17—4 i @l i & 451 AR N 2.68%107° mm?®,
PEEK 5 CrN it &l 59 B A BN 1.74x107° mm®, A
BMTARGWAEICHCA], BRI T 27 35.1%.
PEEK & Cr/GLC i fll i EE 1 A B 9.16x107* mm?®,
MR FARGENILICHC A, BRI T 27 65.8%.

Kl 2 17-4PH RN . CrNIR)Z . CriIGLC 221k 2 AFM B X Ra
Fig.2 AFM diagram and Ra values of 17-4 PH stainless steel, CrN coating and Cr/GLC multilayer coating

Kl 3 PEEK 5 17-4 PH 854, CrN )2, Cr/GLC
22 J2 VR J2 T R A P 458 TR I ) il 2
Fig.3 Friction coefficient-time curve of PEEK matched
with 17-4 PH stainless steel, CrN coating and Cr/GLC
multi-layer coating
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Fig.4 Wear rate of 17-4 PH stainless steel, CrN coating
and Cr/GLC multi-layer coating and corresponding
wear volume of paired PEEK
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TSI, TERLAMBEAAEAREAIN C. O BEX,
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R 2 TC R B ) 2R A S R
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NGB IR AL B PEEK BEREXA) ., $iB] Cr/GLC
L2 VR)Z BB A 5 R 25 R 3 B0 A R A 1 e i T
YERT, W% T PEEK MR B

2.4 EZEAEARES PEEK REMEH

TEEEERT IS , 17-4PH ANE54K . CrN IR J2 . Cr/GLC
ZIZBIZPIE XS L& 8 BrR . AERE T BRI,
FESE )G 17—4PH ANEEN A Fr B3 B0 T S gl A
i, Jf HAE CrN BSR R K 2] C—O—C LBk
(%1147 cm ™) FIZERR C=C#Ezh( % 1596 cm ')
FRIEIE , IFSCEEHE IS 17-4PH RS CIN R EY S
PEEK A&‘E TREEM, FEEK PEEK AE#F, XF
T CrIGLC Z)Z2iR)Z, higotilk G 185 D IEMTmAZ
. Ip/lg Hi 2.75 45 % 2.72, G UEIE(7 i 1 548.58 cm 178
154823 cmt, G IEKETE Gewnw HH 182.97 25N
185.397, utiHAREEES A LA B, 5 Gavum 19
HRFWRIZEE IO T EERR, RIET C Mg Al

Kl 5 17-4PH REEMNEIRSECH] PEEK (9 SEM HITH i G R 20 A
Fig.5 SEM and corresponding mapping image of 17-4PH stainless steel and paired PEEK wear track: a) wear track; b) wear scar
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K6 CrN %2R SHLR PEEK i SEM Hlifi 14 0 £ /0 A
Fig.6 SEM and corresponding mapping image of CrN coating and paired PEEK wear scar: a) wear track; b) wear scar

Bl 7 CriGLC Z 2 2B 5/ PEEK ) SEM #1485 7T 5 43 1
Fig.7 SEM and corresponding mapping image of Cr/GLC multi-layer coating and and paired
PEEK wear track: a) wear track; b) wear scar
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E PEEK-CIN>PEEK—17-4, % F R AWM R, Hiss

1800 2000
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800 1000 1200 1400
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VR 2 BRI S P2 i Xt b
Fig.8 Comparison of Raman spectra of 17-4PH
stainless steel, CrN coating and Cr/GLC

multi-layer coating before and after friction
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