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Research Progress on Solid Lubricating Polymer Materials
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Abstract ; Solid lubrication can effectively reduce the friction coefficient and wear rate, and greatly prolong the
service life of the substrate, so it has become one of the key technologies applied to the mechanical friction pairs
of the moving parts at low speed, heavy load, and high or low temperature. Wherein, polymer solid lubrication
techniques can be employed to substitute or coordinate fluid lubrication, where polymer powders, thin films, or
composites are utilized to form low-friction lubricating coatings, leading to the avoidance of metal-to-metal con-
tacts, reducing friction and wear. Four types of polymer solid lubricating materials (PSLMs) , including bonded
solid lubricating coating (BSLCs), solid stick lubricants (SSLs), solid lubricating pastes (SLLPs) and self-lubri-
cating composites (SLCs), are surveyed and systematized in this paper. The research status of waterborne
bonded solid lubricating coatings with waterborne epoxy (WEP), waterborne polyurethane (WPU), and water-
borne polyamide-imide (WPAI) as binder is emphatically discussed. Finally, the future development trend of
solid lubricating materials was prospected, considering the current research and development status of solid
lubricating materials and the shortcomings of solid lubrication technology applications in industrial fields.
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Figure 1 The main types, applications and characteristics of polymer solid lubricating materials



-+ 1600 - CHE

2023 4

V] 22 oo T AL 5 (3D G KL - E by B 5 A 550 — A A
BH RS TE B 3% B2 1 5 G JBE 82 BEE L 3k A 3R T AR 1R
LB fo s (40 F 1T A A5 AR 1 9 KR T Rk A BT B
FH S ASTE B0RE BRE IR 5 (5 9 Kz 1 1 3 5% 7 1 AT B¢
IR 82 3 0 AH B B3, B MK BT U0 BHL 0 R 4
(6) AN KL T 7E R TN LA T Be 4l s Ak T i
SR AL R T 18 B R RN M R O L 1T 4 K
I VB ) 4 T 2% T I o TR A8 O B 422 ik = 1T o A1 22
27 5 [ B v 8 r VIR S0 30 T S A

VS ) RN [ AV T AR U O T R LT S A L T TR
B, 76 38 22 04T B 0z R EFE A LI Ty
2 kR e A R R R MBS P (VOCs) , i
BLIR B S Y HAE O A fe B L R I T R IR AR A U
J2 S [ A T T U U2 T R % R A b SR B
1.2 KEMEBREEBFERE

KRG 6 AT T TR ORE DK M R R AR RS 2
F KA B B, D3R 558 A 47 T A 6 4 3
TR ST RS . KM R R IR (WEP) X 3 44 B 45
J1 i R A kv e OGS L S A — i, E
T R 1K R R e (WPUD [
T V8 AR 2 A A% 3 o R S M BB S B i A IR
T BRSSP B T JHL A R 0 R T AR T L
I BE 77 5 58 5 7K A 2R R i 1k S e R i (WPAD e L
B AT P K A3 WP O S 0 B ) RN RS E L TR 2
i i e EL R 5 75 i o 4, 5 FH T T 30 0 55 4500 3 41
WFFEEAIX WEP, WPU , WPAT % 45 /K #: [ {4 i
T VR L ARORT BE 4 2 ME RE EAT T T2 MR ALY
1.2.1 AUtk

3 AP Ak [ A T U )2 4 4 TR) DS R LA TS
o3 R AR ILY R B 5 AR T DT 53 B TR AL A e
VoK BE T B MR RE . B A0 MoS, . Gr i = 4 1k b
(Sb,0,)/WEP & & % )2, MoS,/WEP %
2P CWPAT-MoS, %25 \WPAI-PTFE-LaF,
Pk B A% RS WPAL-Gr & )25Y . WPAL-Gr-
LaF, B2 WPAI-MoS,-Gr & &% 27 DL &
WPU-PTFE % )27 % |
1.2.2 4K

N KR TR 5 A 1 U 2 b R ¥ Ak
W Z ) 12 R AR T e DA B HE K 5 i S N
KBGSRAE A . A ALY LaF, 94 K UKL
FIMMASACHRE 5 M/ L o AR SRR L B2
FAAE 7K [ A4 1 o o )23 00 3 o EURE, DUAR R TR 2

ARG 15 W PRS0 A, oK AT R
Tyt o LT 45 A R L T B R R )2 0 2 B0
P, B — A0 AL LA 3 R0 EE 48 2R R R . Li DY
B4 T B K G AS B U R R 490 Ok ¢ 0E 22 1 AR
PTFE [F 441 3 700 % K 1 K 45 1 A0 1 0 2 0 5t
ARGERY S B R AR R R R R . M TR
A ek g PTFE ()2 . 90K 1 )2 2 0 5 ok i .
A% L FLBEBA s I 2 B I S 0 TR A ek
REFPLMCR FE . BT K% PTFE B & E M
HE L H R AR T /N 44 Rl 500 9 700 = T 4 i 1o AR
B KA BT 5% )2 b i H A 45 5 554 b
SEG IS B A S S A, DT B U 2 A 4 A
HORE . Sy AN, ANKORL B v A 3 TG ol LA
AR R 2R S P BR L AT R g KoL T AT 3R ek
P LK A3 b AT S R T I 2 A DS T
BEPEREDY , gk HgsR WPU J ¥4 )2 P gt 15 5
— & B FE QAL G KB MoS, @ ZIF-8 (i A7 Bk
e B0-8) 4 K R/ WPU % 2 FE 48 R Bk =
0.05, lbali WPU A% 10. 3%,
1.2.3  JKMER R

SR FH 4 B o) 8 1T R 1 K (AR T R 2
FE A R A 22 1 WL B B RIS J 2 M L 0
Xt KPR B AT 58 Ik TR g A B TR 45 A 5 R ]
PR 1R 0% )2 RO TR B e EE M BE . Bl AN — WPU [
S T KT R 22 L A AR i, B B ek
WPU fiif B 1 J2 I it 0 2k [F) EE IR 40 60, fe2F
VRIS 0 1 SC R WP U AN B 3 B8 R 1 5 2%
s 1%, %5 PTFE DUG R 9/10 B4
i 2 2 B I S R 2 AE DT

LR UG BE VR 2 A A BN K
SR = LT 45 G 0 B S a3 T et el K oy
AP DL SRR B 8 ik b L A B S vk =R
WIE T WEP W J2 el BE 7 68 #5160 4 B 4k 24 b
B IV 5 1 3 T B2 T s WPU Mt 52 7 25 o8 B 45 3R
JEAR AL s WPAT ¥ 24 B A A0 Ut 22 i 5 1 i 75 31
FHETE . AR IR PRI K T R A R AR U v 2 K
FE L I T AR A2 A5 T R R R S A 3
TR LR S BERERAIERRIRZR, R
KRS B AR R E R — kR,
TR B R A B e A 3 A Al DR O A Ik R
Ap A HAZRR . B, B T B3R ik DAL i R
FHF A0 1A &R, B BAT B i K v e i
B B AR B 7K B B A 34 AT



1219 TrELNK A v 0 T AT 3 B4R BT 5 0 g * 1601 -

1.3 HMWRREMEEERE

TGV 30 U Bk SR FH O PR 7 B8 7], o A i 77 8 Ok
J7 VOCs 7K 5 1 J2 K 8 ik P 6 B, 78 154k B 53
FHEHEP A, AL D, B R4 it B M L B
B S L v g T R A B AR g
JEL 0 00 A A R 301 5 4 e 3 0 R ) A5 A5 1 ik BEL S
TIEFNGZE . R AEAR 2 26. 22 mN/m, M 52 1
% T AR 25 4 o 0 L2 P DX /N AR BE

AR VR BT AR VIR L m R AT RO F L B
VLT i T T8 315 48 L o 20 99 22 45 D) R H A
FEE RS IR R R AR/ A A IE
SR OB SR R R S M DL T R B Y, S i
BLI 3= 20 Rl o5 B 4515 3R T U )2 7 AH 4 iz 3l 3R
AP I W B M e AR S, SR R /PR AR 2 A
J2 TSR R S T B A S R R = 4 K H il g
(TGIC) 5 Ml 7 ~F 751 1 [ 44 3 590 9 2 45 0 )2
T4 )8 B e sh i o5 B

S AL TR LR 55 40 3SR i AL, R
PR TR PO L XoF B T R A0 /0N S S 3 O K IR 2
It Ak BB L L FH T AN T S b A I i i
U A 45 2 T i AR

[ A4 V) 9 O 2 DR G AR g 2R G 0 R S Y B A
¥4 s 7 32 3 e Ty i A 98 AR Y | [ i) 2% T A Bz R
ShA HLAT BT 00 W AR [ R ) B L TR0 £ FL A T i
AE U T B S T2 IR TR R 2800, % )2 B L5 AT 1Y)
[ 4 31 ¥ 7] F 32 Bl Ak AR e A X R TR R A AR R
A 1) i B T S Ak R

TEHE L Z BT B AR I 1 0 R R A2 R
FE I #b 78 4k B0, T [ A 70 H I R ) AT
TEiz B TR b O R U S T R R
2 EEEER

[ 44 T HOE AU RE 2 AE i 2 R 4 R BT R
SR T i 70 IR 1Al B v A R B R BT b o
) T T B 977 L 4 iR 2R T 0™ S 2 3 R ek /) R A
SR fioh D AR, o A v A T R AR AR R 5 R
BEis gy a0 AR A DL s IR S s AT A
Mrm,

oA KA AR E W S A b Rl E B AR
O ) 7 W W, B PTFE, £ 88 8 45 5% & AL
AU 58 3 B AR B R IR B A AR B [ A T
B P [ A i T e e R AR IR T 8 v
B A Sl 3 ol A AR R e [ A T R RN

oM 28 8 1 T ek o A T A T e, S A B IR
SR A FE AT TS AN Rk B e
P Rl 2 45 i B 8 S 1 T A AR S A A 3R T
Je VR A B B M B A LAk ol e FL A
JEE R R SH RS M Y B v A T T e, R T R
T sh e TR S BRI L B T b A A i T B
PLAL DL 22 FL SR A 1 2R R D9 38 D A6 kA T 3
P A sttt )z B TR i Rl R B0
TR

AR S 4 23— it 347 I o 5 L T R R
P B0 T RGO, [ A T Y i o ML T
T e S A T W B A R R SR B R S OF
T A LB 5 R A T 2 AR O 0 TR RS BT R 2% R
B TR o 0 A T O 9 3R D JEE 45 R B, A
BRI ST R A KR R W VR B B kg o
(RCF) B4 . T W R LA 7 o2 b7 = 4%
Mo TR AR R 25 A RO TR R B
FARE V5 G5 B L B R W k5 R OR 38 57 ) B
TR OR . A RIRI S &R E .
(6] R 42 ik 2 T O T B0 W, < A b R FE E f
TR T AN TR 7 AR

[ A i) o 24y D i S IR S L LR R B
U A W W ) R A I A T A BOR L AR
il R B ER TN B i R 1 R L 7E AR T v
I RKC R 0 e R
3 EEERE

] R T 98 R R AL L FH 1 O B 0 4 R R
PG FL RS20 U - T8 12 1 i [0 4 v A I ) R
SR FH I 55 U T8 8 A 7 B 4 RV R0 T B O B
FEHE KR BEAR B JF R0 1/11~1/8 ., [A] i 541 48 5
JEE 8 7 A (1 W

Bt e A 18 R R B 4 e A 2L Ak g
J1%Z BB LA 22 4 e R B AE TR = 2R
SEURBR 4G (MCA) .PTFE. 8L # + LA &
R TR0 RIS R ) A5 o A5 A R, BB
K iy T AR B B ) R B 4 6 e RE T SRR
I E A F IR CeF,y | LaF, . Cu, O 55 B #2 pl Ji
FR T W T BB A FLR AR RE T be 2 B e = ik
7840 N'Y KA b K ik W AR N PTFE 0k i 45
YW F  PTEFE RO8 BE 7T AR K B ot ik 6 1 1 38
) o SCRT AR Ay [ A i T R o0 K A o I e Y
S il P e B, AR 4R T R A A

5 ok ol 2 Wi 22 70 9 1) Vi VR RY 44 T 3



-+ 1602 - CHE

2023 4

PO VRN ) B RG R  28 v TR R T R, TR T
AR B K BN AR ATl B MR B R AL R
L7 N S D D < i 1= I 7 NN QR 2 B
SELON BR T A 4 WO 5 TR S 5 5 D) fik
AR SR 10 R P R A R P AR B AR L TR
o [ A i 8 T I G FH 9 T A I 1 A 1A AR
PR o K i T LA AR A A B
R PR RNS S M 0 R L BB AL 1k B
SIS AP R B S DI RE L O T e R IR R
Y i £ 1 IE R B

W] 908 7 906 M ML B R 40 R RS B BT
[ 4% 10 94 T AR 45 4 A O e A B OB B B R R BT
Hh 5 20T B A T A T Y [ AR T T R 4 A A T
I 75 ™ a2 A TEE 4 Ak 27 800 T ol I8 4 Vi 1 e
T S R IR Sy 3L B Ok B L S b T ) T = I 1Y
B, 4 TR ik 5 4 T X ) 2 kg
JZ BRI, &4 LR LA m AR S (D %
T A1 A B A2 SRR B2 0 I 62 ) RS o S 8L s (2) Rl
B 52 TR RS 2% 181 A9 BB T FH 5 (3D i AR 4R K 25 4
AR AT L B T 2R N R R s (O FE R
IR [0 H B0 288 A 0 B D) 5 | A 1 3 9 1 AR R L BRI
TR A G X WD T il 55
4 SHFEERESHM

R 2 VA 3 A A8 R A I TR
SRR 5 20 b R P LA = R T RS IR 1) i O R L
rh R 235 A T U 2 D A A TR AU
B AR R b s R TS
I 0 98 8 3 3 FH T 5 A FVRR R TR IR 328 3l R0
1 43 I bR A B T A Sy B A R AE W Bl it
T2 8 B % B8 2 4 Sk O ek S S 4 L )
B R S P g A 1 & 8 IR R G R
T, RGBS 82 R 8. mh FANI S R AR 10 DA I
15 1 T 7R 0045 G VL A AIORE B ARG L BT I A
RHEE Z N TR PV O 7 3 B 25 1 19 14 56 4l
AR S BT SRR B AR, B A A
T T 0] L D) B R0 S IEORE DL K F At TE AL IR, Bl
TH AR NG DA KE K iR £ A5 . AR = 4 F H i
WHMEERRZE R G I TR TFHEBE
AR R RE R T AT A MR DL O
PERE R T W A AR kN
4.1 IREEHFEEBESGHWH

Je Je-66 (PA66) . i (POM) LL K & 41

TR B2 (UHMWPE) 2 W 5% )12 il #4088 P
TSR, A S i W bR ET G R AN )
H PA66 HAG 5 L A T L A AR
SR o w8 U 0 M 5 SO ML M AR N RS R E
B AIG . 30 5 L 70 3 i 2T 2 R I A V0 Y R DA il s L
BLBRE B I BE $58 254 1 A L 0 B B 2T 4 (GO Bk
A4 (CE M PTFE ™ SR 45 4k 7 23 [H A8
T FF S0 7 2 25 B AT 0 Vi 2 R i e A 3
FEA LT YR PAGE IR 44 K A Rk 51 #4 3 3% 1T 4L
B, W7 G iR EE R 2 0 B 1 [R] 5B A 1A
B, BAFEERT REsSFHe T2/
Shy i e TR R R EE EE 2E R R I BT IR AR B AR
PR BE AR hy JEE 48 355 1 A 4 ) A EL A N7 A% ) 7 R 1 1
B eI W AR

POM 7 & 11 i FI T 2] PV 24T BE 5 o i
F 0 VP BB 25, 38 Ao 40 K AR T T R LY O 2 4
e 20 Kb Ak v g — bl 22 b A ek 45 Sk kg st LR 4
SR B MoS, ™ . PTFE™ & kA7 B4 (GOY ™ Al
gk Al B R S BROIR A0 K MoS, AT Bk 3
POM SRLE 25 500 F /Y B T W PR 6E L il | )2 45
a4k MoS, B ] ¥t POM /Y [ 1 . (H S5
POM fY B 5 b5 At PO 70 2F e v] DABH 1k P g, ELA
BAR ST U) 3R E ( PTFE £F 4 78 W 3l i 5 5% 21 5 f
F14) FEE 5 1) 3% 1T TR BS000E T S, DTG B3 AIE POML g B8 452
SPERE. AN, PAT T S 1 i) PTFE 448 5)
KT B 3 T P B I B M5, DA TTT 00 3 o A1 B 4 R 4K
AR, GO #5525 Rk (PFPE) ik & 1
P 5 POM LR fb 22 M 25 1 L 0 3 03 T AP RHY
FERE2ATERE . 54l POM A HG . B8 152 22 B0 S 51 oK
SRR T 65. 2% 1 74. 4%, %58 POM 41K &
B ABHE DU PE BE 1 EE 45 2% P AE 45 5 1l W) O T
— LYK E G MRE, BB & T R
RE T . o — T T, W e 43 S5 i 2% T BT A R
S HHAR R R R BE R 2R R BB A R AR, I T
AR RRAL RS ) POM R TR I R4 1 f b A8
B DA K 08 43y 3R o8 TR o A 1) JEE 42 R 50R 3% T KL
g

UHMWPE [ H I 5 0 i 5 M Ak 2% 5 e
HVELGF 04 F I W 1 BT A A2 e T . SR, AE TR
P2 5K W 4T UHMWPE 2630 H %5 e i J85 ok
JE 41 3R, B ) LB 2 2 107 FH A A 3 o WS o e 40 oK
WA RE 34 98 2T 4 1 JC AL 9 K A R A B — Bk 2% Ak
ok P 3 EE 4 o M RE L LRI JEE 4 R R0



1219 TrELNK A v 0 T AT 3 B4R BT 5 0 g * 1603 -

U, o vt e 0 e i i A W o 0 5 1 T o A R
DARRARHL B R B 351 . AN E A F-E A TR
B T AR T A R A3 34 A A R EE T T A
FER L, R R A B LA BE AN g R R AT
B4, Cai 257 8 BN 1 1R (PAA) 38 i 405
S A E UHMWPE F K % i . i £5 B A 1 K E
o EVERE 0V T TR A i TR R R A R

B =1 S el = I R TR v S oy IR B
BRI 5iR IR} B8 3 0 3% T 0P A B S L AT R
FETH AWM AR, i, PA66 Fl POM i H T
¥ v B v W Al K T UHMWPE #]
KRR A R, R EEN R T E R
Gy FREREI A T BE SO B S Y BE ) R
g8 LTS A M RE IR B B0 R AR AR R R B b e
FERS IS T i, R UG P R R 4 T A N W A R AR
Bl Tz N Tl A
4.2 SHgEEsTFEEBESWH

PTFE 5% Ak (PPS) & 8t 71 iy 25 Mk BE 55
A% F A RORE, o PTFE PR AR B 82 2 502
0. 15) B A e AR E M RN b 2 L A R
THoE R i )iz, 4l PTFE B i 26 4%
1o » 3 AR TE 3 SR P RL AE 2 1R A T I 1 R )
i A2 % ES L i g T S N AE K () A, M
TEHLAN KL T AT Rl 2 SR T R BUE =
DR I 75 0 R S 53 110 40 K OB DL 3R A5 R 47 1Y
FEREAPERE . B0 Db 80 9K T RERL. 5
PTFE & & . & & # BF 0 i 55 P L 4l PTFE #9 it
BEME R 2 ~ 3 AR s Ah, IR
2 wt Ak PTFE T A PR & T 3.6 f5, &
ARG [ P TR 3 Y T ST PR RS A E 4R
B, A A SO, Bk 5 I Ml PAOG6 (1)
PTFE & & M Bl B # R B0k 2 0.037, UK 4l
PTFE MY 26 %", #/Fe 8 A MRl T 5
F1h) JBE 45 ) BT 45 A A ), E BLBR TR A 4R 1Y R
A BA T 0 K R 5. 1 PTFE@ M B s
76 2 A bR AE 1R 3 e IR L T 0 A
Filt B SRR R B 0 A b 4l PTFE /& 6 fi5, %
PR A S A 22 BB S

PPS HAT AR W P A 5 1 RS A% 1 Al bt
BEAR R . BRI, PPS 1A 45 22 1Y) B2 488 =4 5 1k B il
LR R BRGS0 T L AR A e TR
PR S AN < (2 = Ay i ) G PR
PPS 35 4 T W AR T B 48 45 1 T 10 i 5

AR R K M AR T LB A MR T A
Golchin %55 HL# T J Bk 21 2 L 28 BERR 9 K 45 F A4
B RN R PPS A MR KR W A5 T
5 &R M EEESAAT R . 54l PPS ML, Je B 4T 4/
PSS & &M B B REAR T 3 M EE KL b
BEREAR T 60%0 LA b, BRI, 22 BE B 99 K 45 ol A7 3B
4B AN PPS 5 A b1 kL 1 B2 82 B 5 1 B 52 i AN
K. ZFL4EH PPS [ M A RHE T EEE LT 0
FEHE AR 5 AL B R A G, FLBRR R 21201
PPS E &Mk R B UL 5 09 [ i T M fE L 2 LM
b L B T B L B R I BE 5 R O
JE 40 S5 T s e, G o B L 2B PPS 3 T 4 A
R BEE R BRI T 909, AR
WINA R 4e 45t 1) PA66 LAt 3% PPS/PTFE
S PRI B 45 2 T e L LR 5 R BORT LL S R
o34l PPS fIRAT 80 % Al 3 AN, il
HPTE R TE PPS MRE I #4238 0 b5 2 ORI 2% 45
A ol H A 3R B 2 P i [ 25 A5 3 B 0L A AL
T I ARG O e T
4.3 EalEEsTFEREBESHM

R ME Y e (P A 2R ik ik B (PEEKO 9 it £k 2%
P | T RS E T DA R T B 1 e R L 4R 2 N TR
U TAERREE TR . SR . PT LA M DL S 3z 1 1
T A ORL T 5K L T AR 1 U R 2F 4 W] i — 2D 3 5R P
SAA M REAE T B 8 T W Sk UF T B R 2 AT
N, He S8R F R 412 7k % B
7045 AR Y A 0 K JBURE @ 38 AR AR A BB IR (1GOD
WS PR AL A 250, OF W35 00 PL A RN
FEEAPERE . WRJZ L85 1 ORI A5 T 07 5™ A%
BRI PT 7R S 24 BRBE v i i R A = 4 30 X
5 ] g R kR S XA, A 3D FT B Y A 3R Bk 0
(PSPD-PTFE & & b B 152 22 $50F0 B 45 3% 4 3| [
ik 88 % F1 98 % , i FH T il 15 52 2 F R R TR AR 19 B
T &S FIHZ L& E A R R LR
ST N A 0 R R R TR R B A
AV T i A AR B 22 LR IR e (PPD A R 7R
I 2 B A b, FG PN A 0T A BRI T R R R
&, A RBE Z R,

PEEK H G 1% B 48 2 BOR R 45 1 i 44 1 L AL
B e B PR e L LR S 0 i R e T H R
IR 50 1 32 8 A #2540 . k4, PEEK B A b
PPS B & (9 9% 57 3% B MK 268 )1, tb PTFE A f
LR (A ON A G N A NI B N [ 2 o N



* 1604 - =

2 R 1 ¢

2023 4

BLELTC AL AL DL G fh L BE 82 24 1 B L T i 672
A I PTFEY™ (B £F 485 A7 WL 488 ok 1
FCOFMs) ' DL & A A B (SiyN U 45 ge 4k,
AW FRY, g% ALO, Y gy k& =
A f7 B RALRR (g-Co N DO AR 108 28 o — 4 Al
THEGK R R E A 3 3 R, T R AR PEEK
e T EE 5 sl K I W A F R BB R

W& B F B AR R B R X T8 s e e PV
off 5 T A5 2 A B R IR A8 T A R 4R
R EER . BT T AR BR T B TS i v Ok
(4n PTFE Bk M RD (58 £ 4 (n CF.GF) DA J H:
b A5 AL L JC B A 40 oK SEURE DA AR, 3 AT R Ak 2
e T S0 PR AL TS o e AT SR T MR OR
UEAN 7 B & A b R T EE 4 LI W K B0
IKIE W B YRR AR R At AR T e 1 R 4 AT A R
BE LB GE AT IR A 5T, 45 & S bR v T i A4k
R
5 RE

1o 43 [ A R RE B BRSSO T AR
SR 56 308 61 44 e Vi A4 b 58 ol 7 P 3 R 4 18, b 0
TR FE B BIF 5%, 1k 20 7 =B R 03 L
S5 T A W AR AE 5 BRCRR R R A
AR AT S LT LA I I - (1) TH 3 AR B BR  oF
K55 A A R AR A RO R LA R K
Tirf v 98 AR B AR PR K AR S 3 20 2 1 A K [
T T U 2 A L L TR TR T A A R R A
FO 07 T 5 (2) 15 22 RBE 8 i Ak 4 T 25 4, T K 1=
PERE 22 o g oK [ 1A W 2 A MR R A i U 4R
TR R AL (TMDs) 8k = 4 2 1R [ A I 5
MXene; (3) ¥4 £ 2L 25 #9 o FLAT B 47 55 TR A i
JE (T ET 2 25 4 B 8 25 0 R e S A A s (O HfE
3 3D AT EN & & M4 kL 45 SE iF T2 TR N
(5) FF %2 T W iff L I B T R0 1 0 v 90 A 2
L [ A W 3R 5 (6) TF A e ORI 8 Ak 181 44 i ¥ 4
L ABERE AR (DERAWRTE &S T
BL5G A3 T 0 A4 ek JBE 8 g e O ORI Y LB L ST
AR RS

SE K
[ 1] Findik, F. Latest progress on tribological proper-
ties of industrial materials. Mater. Des. . 2014,
57, 218-244.

[2] Chen, C.; Qius S. H.; Cui, M. J.; Qin, S. L. ;

(4]

[8]

[10]

[11]

(12]

Yan, G. P.; Zhao, H. C.; Wang, L. P.; Xue,
Q. .

wear resistant epoxy coatings wvia incorporation of

Achieving high performance corrosion and
functionalized graphene.  Carbon,
2017, 114, 356-366.

Zhu, S. Y.; Cheng, J.; Qiao, Z. H.; Yang, J.

noncovalent

High temperature solid-lubricating materials:
view. Tribol. Int., 2019, 133, 206-223.
Rosenkranz, A.; Costa, H. L. ; Baykara, M. Z. ;

a re-

Martini, A. Synergetic effects of surface texturing
and solid lubricants to tailor friction and wear—a
review. Tribol. Int., 2021, 155, 106792.
ABELL, A, KA. IR I i (5] 1 108 1L
BERE AWML, M A 5 A2, 1998, 16(1),
50-52.

Xi, Z. C.; Wan, H. Q.; Ma, Y. J.; Wu, Y.
P.; Chen, L.; Li, H. X.; Zhou, H. D.; Chen.,
J. M. ; Hou., G. L. In-situ synthesis of Cu,S nano-
particles to consolidate the tribological performance
of PAI-PTFE bonded solid lubricating coatings.
Prog. Org. Coat., 2021, 154, 106197.

Wan, H. Q.; Jia, Y. L.;5 Ye, Y. P.; Xu, H.
Y. ; Cui, H. X.; Chen, L.; Zhou., H. D. ; Chen.,
J. M. Tribological behavior of polyimide/epoxy
resin-polytetrafluoroethylene bonded solid lubricant
coatings filled with in situ-synthesized silver nanop-
articles. Prog. Org. Coat., 2017, 106, 111-118.
Hasan, M. S.; Kordijazi, A.; Rohatgi, P. K. ;
Nosonovsky. M. Machine learning models of the
transition from solid to liquid lubricated friction and
wear in aluminum-graphite composites. Tribol.
Int. , 2022, 165, 107326.

Li, W. T.; Zhao, W. J.; Mao, L. S.; Zhou, S.
G. ; Liu, C.; Fang, Z. W.; Gao, X. L. Investi-
gating the fluorination degree of FG nanosheets on
the tribological properties of FG/PI composite coat-
ings. Prog. Org. Coat. , 2020, 139, 105481.
Ruan, H. ; Zhang, Q. ; Liao, W. Q. ; Li, Y. Q. ;
Huang, X. H.; Xu, X.; Lu, S. R. Enhancing
tribological, mechanical, and thermal properties of
polyimide composites by the synergistic effect be-
tween graphene and ionic liquid. Mater. Des. ,
2020, 189, 108527.

Upadhyay, R. K.; Kumar, A. Effect of particle
weight concentration on the lubrication properties of
graphene based epoxy composites. Colloid Inter
face Sci. Commun. , 2019, 33, 100206.

Lim, D. P.; Lee, J. Y.; Lim, D. S.; Ahn, S.



12 1

T LU A < 78 1 B A I BB AT 5 i J

+ 1605 -

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

G.; Lyo, 1. W. Effect of reinforcement particle
size on the tribological properties of nano-diamond
filled polytetrafluoroethylene based coating. J.
Nanosci. Nanotech. , 2009, 9(7), 4197-4201.

Chen, B. B.; Li, X.; Jia, Y. H.; Xu, L.; Li-
ang, H. Y.; Li, X. F.; Yang, J.; Li, C. S.;
Yan, F. Y. Fabrication of ternary hybrid of carbon
nanotubes/graphene oxide/MoS, and its enhance-
ment on the tribological properties of epoxy com-
posite coatings. Compos. A, 2018, 115, 157-165.
Bazrgari, D.; Moztarzadeh, F.; Sabbagh-Alvani,
A, A.; Tahriri, M. ;

Tayebi, .. Mechanical properties and tribological

Rasoulianboroujeni, M. ;

performance of epoxy/Al, O, nanocomposite. Ce-
ram. Int., 2018, 44(1), 1220-1224.

Zhang, G. F.; Xiao, G. C.; Chen, Z. Q. ; Guo.,
N. S.; Xu, C. H.; Yi. M. D.; Zhang. J. J.;
Zhou, T. T. A new preparation method of CaF, @
Si0, nano solid lubricant and analysis of its coating
mechanism. J. Alloys 2021, 883,
160795.

You, Y. L.; Li, D. X.; Si, G. J.; Deng, X. In-

Compd. ,

vestigation of the influence of solid lubricants on the
tribological properties of polyamide 6 nanocompo-
site. Wear, 2014, 311(1-2), 57-64.

Sanes, J.; Carrion, F. J.; Bermiuadez, M. D.
Effect of the addition of room temperature ionic lig-
uid and ZnO nanoparticles on the wear and scratch
resistance of epoxy resin. Wear, 2010, 268 (11-
12), 1295-1302.

F. Y.; Q. H.;

Meng, J. H.; Lu, J. J. Improved frictional behavi-

Liu, Wang, T. M.; Wang,
or of SiC derived carbon coating using MoS, as a
solid lubricant. Tribol. Int., 2016, 94, 61-66.
Li, H. L.; Yin, Z. W.; Jiang, D.; Huo, Y. J.;
Cui, Y. Q. Tribological behavior of hybrid PTFE/
Kevlar fabric composites with nano-Si; N, and sub-
micron size WS, fillers. Tribol. Int., 2014, 80,
172-178.

Ma, Y. J.; Ye, Y. P.; Wan, H. Q. ; Chen, L. ;
Zhou, H. D.; Chen, J. M. Tribological behaviors
of the UV curing polyurethane acrylate resin-
bonded solid

lubricating

Org.

polytetrafluoroethylene
coatings filled with LaF,. Coat. ,
2018, 121, 218-225.

Wang, X. B.; Huang, J. X.; Guo, Z. G.

Prog.

Over-
view of the development of slippery surfaces: lubri-

cants from presence to absence. Adv. Colloid

(22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

Interface Sci. ,» 2022, 301, 102602.

Chen. Y.; Yang, K.; Lin., H. B.; Zhang, F.
Z.; Xiong, B. Y.; Zhang, H. L.; Zhang, C. H.
Important contributions of multidimensional nano-
additives on the tribofilms: from formation mecha-
nism to tribological behaviors. Compos. B, 2022,
234, 109732.

He, T. X.; Chen, N. C.; Fang, J. H.; Cai, G.
X.; Wang, J.; Chen, B. S.; Liang, Q. L. Mi-
cro/nano carbon spheres as liquid lubricant addi-
tive: achievements and prospects. J. Mol. Liq. ,
2022, 357, 119090.

Shahnazar, S.; Bagheri, S.; Abd Hamid, S. B.
Enhancing lubricant properties by nanoparticle addi-
tives. Int. J. Hydrog. Energy, 2016, 41(4),
3153-3170.

Huang, S. Q.; Wu, H.; Jiang, Z. Y.; Huang.
H. Water-based nanosuspensions: formulation, tri-
bological property, lubrication mechanism, and ap-
plications. J. Manuf. Process., 2021, 71, 625-
644.

Wegmann, A. Chemical resistance of waterborne
epoxy/amine coatings. Prog. Org. Coat. . 1997,
32(1-4), 231-239.

EAME, FIEB. MR, BRE. BT KR
SURNZS TR R IR 1 R B I R 2 ERE T Y. v B A &
T A2, 2010, 23(2), 42-45.

FAME, B, BRAEE, BRE. RERT. B
TR B SR 5 T 1 ik 2 Ak B R 2 AR 1Y
. MR, 2010, 43(11D), 7-9.

EAM, FIEL, BREE, BRE. RERT. & 26
FLAE A B R = S A B 1 K M I S T 7 & A
TR 2 R BRI MR AR, BB S F 4R, 2010, 30
(6), 577-583.

By, EANE, BE. REH. El, BRek, W
ERL. BOE A KPERRAEE TR TR R R
] # M BE e PR RE. P B Ak, 2020, 44(3),
34-37.

2k, WV, AEA . BRE. BREE. AKHE 6
A BH B 55 [ 140 0 O U2 ) 4 M LR SR MR RE.
B A @ A2, 2017, 30(4), 142-149.

Li, B.; Wan, H. Q.; Ye, Y. P.; Chen, L.;
Zhou, H. D. ; Chen, J. M. Investigating the effect
of LaF; on the tribological performances of an envi-
ronment friendly hydrophilic polyamide imide resin
bonded solid lubricating coating. Tribol. Int. .
2017, 116, 164-171.

Li, B.; Jiang, X. F.; Wan, H. Q.; Chen, L.;



+ 1606 - =

2 R 1 ¢

2023 4

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Ye, Y. P.; Zhou, H. D.; Chen, J. M. Fabrica-
tion and tribological behaviors of a novel environ-
mental friendly water-based PAI-PTFE-LaF, bond-
ed solid lubricating composite coating. Tribol.
Int. , 2018, 121, 400-409.

Li. B.; Jiang, X. F.; Wu, Y. P.; Wan, H. Q. ;
Chen, L.; Ye, Y. P.; Zhou, H. D.; Chen, J.
M. Green waterborne PAl-graphite bonded solid-
lubricating coatings: promising lubricating materi-
als with robust mechanical and tribological proper-
ties. Prog. Org. Coat., 2019, 132, 211-220.

Li, B.; Jiang, X. F.; Wu, Y. P.; Wan, H. Q. ;
Chen, L.; Ye, Y. P.; Zhou, H. D.; Chen, J.
M. Novel environmental-friendly lubricating mate-
rials: water-based PAl-graphite-LaF; bonded solid
lubricating coatings. Appl. Surf. Sci.. 2019,
481, 900-909.

Li, B.; Xv, W.; Liu, P. ; Huang, D. Q. ; Zhou.
X. T.; Zhao, R. F.; Li, S. J.; Liu, Q. F.;
Jiang, X. F. Novel green lubricated materials:

aqueous PAI-MoS,-graphite bonded solid lubrica-

ting coating. Prog. Org. Coat., 2021, 155,
106225.
Li, B.; Jiang, X. F.; Sun, H. Y.; Li, T.;

Chen, S. N.; Lyu, S.; Zhang, C. T.; Yu, C.
Y.; Shi, Y. N.; Li, D. D.; Sun, D. Z. Novel
green waterborne polyurethane-polytetrafluoroeth-
ylene BSLCs: chemically optimized crosslinking ex-
tent for enhancing the mechanical and tribological
properties. Org. Coat., 2021, 161,
106457,

Li, B.; Jiang, X. F.; Wan, H. Q.; Chen, L.;

Ye., Y. P.; Zhou, H. D.; Chen., J. M. Environ-

Prog.

ment-friendly aqueous PTFE based bonded solid lu-

bricating coatings: mechanical and tribological
properties under diversified environments.
Org. Coat. , 2019, 137, 104904.

Li, B.; Jiang, X. F.; Wan, H. Q.; Chen, L.;

Ye, Y. P.; Zhou, H. D.; Chen, J. M. Optimum

Prog.

hydrophilic modification of lanthanum trifluoride
nanoparticles and their application in enhancing tri-
of eco-friendly water-based

Tribol.

bological properties
bonded solid lubricating coatings. Int. ,
2018, 125, 1-11.

Mu, C. L. ; Chen, H.; Sun, X. D.; Liu, G. Q. ;
Yan, K. MoS, @ZIF-8 doped waterborne polyure-

thane membranes with water vapor permeable, lu-

bricating, and antibacterial properties. Prog. Org.

[41]

[42]

[43]

[44]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

Coat. , 2021, 161, 106465.

TR DRE Ak oK 2R T A B TR 2 P RE AT
g8, K. KEEIKF, 2021

De Luna, M. M.; Chen, B.; Bradley, L. C.;
Bhandia, R.; Gupta, M. Solventless grafting of
functional polymer coatings onto Parylene C. J.
Vac. Sci. Technol. A, 2016, 34(4), 041403.
RIE, BA . 205, TR, BB Bt AR Dy e
AT 11895 ke S FG AP A S U L T S O 9 ) O R P Y
M. & A, 2012, 50(5), 7-11.

Sharma, R.; Setia, G. Mechanical dry particle
coating on cohesive pharmaceutical powders for im-
proving flowability—a review. Powder Technol. .
2019, 356, 458-479.

Saini, V.; von Tapavicza, M. ; Eloo, C.; Brae-
sch, K.; Wack, H.; Nellesen, A.; Schmidt, A.
M. ; Garcia, S. ]. Superabsorbent polymer addi-
tives for repeated barrier restoration of damaged
powder coatings under wet-dry cycles: a proof-of-
concept. Prog. Org. Coat., 2018, 122, 129-137.
PR, Freiak, RIWHE, VAR, BARBREAE &
e A ) e PE A G ) O vk R IO A AR R
., CN1328360C. 2005-06-29.

TrLmik, P, W, KW, £ =0T, RN,
3 A UROR [ {4308 ¥ RS VR Bl / i B B G T R S LR
PERFFT. AR5 E 3, 2006, 31(3), 17-49.
R, Lk, SFok. B R WOR A 1 T R 2
MBFFT. MEE 5 %3, 2006, 31(12), 92-94.

SR, BMES . I, ERH AL BREE ST IRR
Lot HOE BB B3h % 55 B ik 2. b |/
CN1077909C. 1998-06-10.

TRLLuk, Ap7pAe, R, T Hm. BEE, ®5
e, FBAE B — A OG E L T B R
CN102433201A. 2011-11-05.

Trelk. — A A 4251 ' [ Ak 1t 7K 4 [ 37 ¥ 55
e Hol 4 J5 . b B, CN105400414B. 2015-12-
30.

Freit, SPOm. w5 40 [ A N O 2 AT A
JE. AU TAZ A4, 2004, 28(2), 1-3.

Fasihi, P.; Kendall, O.; Abrahams, R.; Mut-
ton, P.; Lai, Q. ; Qiu, C.; Yan, W. Y. Effect of
graphite and MoS, based solid lubricants for appli-
cation at wheel-rail interface on the wear mecha-
nism and surface morphology of hypereutectoid
rails. Tribol. Int., 2021, 157, 106886.

BB, gl BRSO e B
%Ik, i, CN104927991A. 2015-06-08.
TRLrsk. — Rl v I A T i B R LR & k.



12 1

T LU A < 78 1 B A I BB AT 5 i J

+ 1607 -

[57]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

£, CN105670749B. 2015-12-30.

HEM, Rk, EXik, v, RE,
M, R B — SR R A I A ke B HG R 45 O
. A, CN106883917B. 2017-03-30.

HIEHE, Framak. £60k. Fraom. Rk, e
MG, R — o I o A SR AR T4 i 3 B e HG ol
£k, HE, CN106967484B. 2017-03-30.
A, BRfd, B A o e A I R S AT
i Jr k. PE, CN1032064A. 1988-04-09.
Eadie, D. T.; Hui. R. Proceedings of the 14™ in-
ternational wheelset congress. Orlando, Florida:
The University of Illinois, 2004, 17-21.

ST, SEwgaE, SRS M. JRAR. P R
BAEE. HE, CN1032550A. 1987-10-10.

R WIE, R aE, A JRAR. BRI RS BT TR
iE, CN1032549A. 1987-10-10.

wEE, EPER. PTFE OB X K55 o 56 A il i
TPEE A VERER L . A ALAE AT, 2014, 28(3),
176-178.

PR, WRZE, IR, — Rl R B 6T
W, HE, CN103773572A. 2012-10-26.

PR, WIRZE, JIRAR. — TP R 2L T B A L
M. PE, CN103773571A. 2012-10-26.
Frerat, HE, HEM, BRES, RMEE, HE.
At EE, EDESC — RO S b e R R R
Ko il #& J5 . b EL CN106350150B. 2016-08-
08.

BA, M¥, R, EERE. BB, RS, X
N — Fpok W & H R & g7k T EL
CN108517253A. 2018-05-15.

TsrE. ZhiAb S s R AL, B
&, 1984, 3, 167-171.

Nyholm, N.; Espallargas. N. Functionalized car-
bon nanostructures as lubricant additives—a re-
view. Carbon, 2023, 201, 1200-1228.

Padhan, M. ; Marathe, U. ; Bijwe, J. Tribology of
poly(etherketone) composites based on nano-parti-
cles of solid lubricants. Compos. B, 2020, 201,
108323.

Kunishima, T.; Nagai, Y.; Kurokawa, T.; Bou-
vard, G.; Abry, J. C.; Fridrici, V.; Kapsa, P.
Tribological behavior of glass fiber reinforced-PA66
in contact with carbon steel under high contact
pressure, sliding and grease lubricated conditions.
Wear, 2020, 456-457, 203383.

XUBESC, BRZE, XUSCH, BRI, BRZF 4G 5 JE e
66 I #E 52 & bR A5 R PERE DR SY. B AT T Ak,
2021, 49(9), 34-38.

[72]

[73]

[74]

[75]

[76]

[77]

[78]

79]

[80]

[81]

Simo Kamga, L.; Nguyen, T. D.; Emrich, S.;
Oehler, M. ; Schmidt, T.; Gedan-Smolka, M. ;
Kopnarski, M. ; Sauer, B. The effect of irradiated
PTFE on the friction and wear behavior of chemi-
cally bonded PA46-PTFE-cb and PA66-PTFE-cb
compounds. Wear, 2022, 502-503, 204380.
Claveria, 1.; Elduque, D.; Lostale, A.;
Fernandez, A.; Castell, P.; Javierre, C. Analysis
of self-lubrication enhancement via PA66 strate-
gies: texturing and nano-reinforcement with ZrO,
and graphene. Tribol. Int., 2019, 131, 332-342.
Kamerling, S.; Schlarb., A. K. Magnesium hy-
droxide—a new lever for increasing the performance
and reliability of PA66/steel tribosystems. Tribol.
Int. , 2020, 147, 106271.

Liu, J. J.; Wang., Z. X.; Yang, J.; Yin. B.;
Sun, Q. C.; Liu, Y. L. ; Wang, S.; Qiao, Z. H.
Study on tribological behaviors of Si;N, based ce-
ramics sliding against POM under different solu-
tions. Tribol. Int., 2018, 118, 368-372.

Zhou, S. T.; Wu, Y. ; Zou, H. W.; Liang, M. ;
Chen. Y. Tribological properties of PTFE fiber
filled polyoxymethylene composites: the influence
of fiber orientation. Commun. , 2021,

28, 100918.
Chen. C. L.; Zhang. Z.; Zhao, X. W.; Ye, L.

Compos.

Polyoxymethylene/graphene  oxide-perfluoropoly-
ether nano-composite with ultra-low friction coeffi-
cient fabricated by formation of superior interfacial
tribofilm. Compos. A, 2020, 132, 105856.

Mohsenzadeh, R.; Soudmand. B. H.; Shelesh-
Nezhad. K. Failure analysis of POM ternary nano-

composites for gear applications: experimental and

finite element study. Eng. Fail. Anal., 2022,
140, 106606.
Qi, Z. T.; Liu, H.; He, T.; Wang, J. Z.;

Yan, F. Y. Friction and transfer behavior of alu-
mina nanoparticle-reinforced carbon fiber/polyoxy-
methylene composites in the deep sea environment.
Tribol. Int., 2022, 170, 107516.

Rahman, M. S.; Shaislamov, U.; Yang, J. K.;
Kim, J. K.; Yu, Y. H.; Choi, S.; Lee, H. J.
Effects of electron beam irradiation on tribological
and physico-chemical properties of polyoxymethyl-
ene copolymer (POM-C). Nucl. Instrum. Meth-
ods Phys. Res. Sect. B, 2016, 387, 54-62.

Tai, Z. X.; Chen, Y. F.; An, Y. F.; Yan, X.
B.; Xue, Q. .

Tribological behavior of



+ 1608 - =

2 R 1 ¢

2023 4

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

UHMWPE
nanosheets. Tribol. Lett., 2012, 46(1), 55-63.
Sattari, M. ; Naimi-Jamal, M. R.; Khavandi, A.

reinforced  with graphene oxide

Interphase evaluation and nano-mechanical respon-
ses of UHMWPE/SCF/nano-SiO, hybrid compos-
ites. Polym. Test., 2014, 38, 26-34.

Vadivel, H. S.; Golchin, A.; Emami, N. Tribo-
logical behaviour of carbon filled hybrid UHMWPE
composites in water. Tribol. Int., 2018, 124,
169-177.

Belotti, L. P.; Vadivel, H. S.; Emami, N. Tri-
of hygrothermally aged

Tribol.

bological performance
UHMWPE hybrid
2019, 138, 150-156.

Yang, Z. X.; Guo, Z. W.; Yang, Z. R.; Wang,

composites. Int. .

C. B.; Yuan, C. Q. Study on tribological proper-
ties of a novel composite by filling microcapsules in-
to UHMWPE matrix for water lubrication. Tribol.
Int. , 2021, 153, 106629.

Chen, S.; Wei, L.; Cheng, B. X.; Jin, Y. L.;
Li, C.; Jia, D.; Duan, H. T. Dry sliding tribo-
logical properties of PI/UHMWPE blends for high
speed application. Tribol. Int., 2020, 146,
106262.

Cai, T.; Zhan, S. P.; Yang., T.; Li, Y. H.;
Jia, D.; Tu, J. S.; Li, J.; Duan, H. T. Study
on the tribological properties of UHMWPE modi-
fied by UV-induced grafting under seawater lubrica-
tion. Tribol. Int., 2022, 168, 107419.

Jia, Z. N.; Yang., Y. L.

ties of PTFE/serpentine

Self-lubricating proper-
nanocomposite against
steel at different loads and sliding velocities. Com-
pos. B, 2012, 43(4), 2072-2078.

Choudhury, D. ; Niyonshuti, I. 1. ; Chen, J. Y.;
Goss, J. A.; Zou, M. Tribological performance of
polydopamine+ Ag nanoparticles/PTFE thin films.
Tribol. Int., 2020, 144, 106097.

Li, X. L.; Ling, Y. L.; Zhang, G. L.; Yin, Y.
C.; Dai, Y. J.; Zhang, C. H.; Luo, J. B. Prep-
aration and tribological properties of solid-liquid
synergetic self-lubricating PTFE/SiO,/PAO6 com-
posites. Compos. B, 2020, 196, 108133.

Yang, Y. W.; Wang, H. G.; Ren, J. F.; Gao,
G.; Zhao, G. R.; Chen, S. S.; Wang. N.;
Wang. J.
self-lubricating core/shell PTFE @ PR composite:

Q. Multi-environment adaptability of

tribological characteristics and transfer mechanism.

Tribol. Int., 2021, 154, 106718.

[92]

(93]

[94]

[95]

[96]

[97]

(98]

[99]

[100]

Chen, G. W.; Mohanty, A. K.; Misra, M. Pro-
gress in research and applications of polyphenylene
sulfide blends and composites with carbons. Com-
pos. B, 2021, 209, 108553.

Solfiti, E. ; Solberg, K. ; Gagani, A.; Landi, L. ;
Berto, F. Static and fatigue behavior of injection
molded short-fiber reinforced PPS composites: fiber
content and high temperature effects. Eng. Fail.
Anal. , 2021, 126, 105429.

Golchin, A.; Friedrich, K.; Noll, A.; Prakash,
B. Tribological behavior of carbon-filled PPS com-
posites in water lubricated contacts. Wear, 2015,
328-329, 456-463.

Wang, H. Y.; Liu, D. J.; Yan, L. Li, M. L.;
Wang, C.; Zhu, Y. J. A computed model for tri-
bological properties of porous self-lubricating PPS
composites: numerical analysis and experimental
verification. Wear, 2014, 320, 94-102.

Shi, Y.; Zhou, S. T.; Zou, H. W.; Liang, M. ;
Chen. Y. In situ micro-fibrillization and post an-
nealing to significantly improve the tribological
properties of polyphenylene sulfide/polyamide 66/
polytetrafluoroethylene composites. Compos. B,
2021, 216, 108841.

Shi, Y.; Bai, Y.; Lei, Y. Z.; Zhang, H. R.;
Zhou, S. T.; Zou, H. W. ; Liang. M. ; Chen, Y.
Simultaneously enhanced heat dissipation and tribo-
logical properties of polyphenylene sulfide-based
constructing segregated network

J. Mater. Sci. Technol., 2022, 99,

composites via
structure.
239-250.
Qi, H. M.; Hu., C.; Zhang, G.; Yu, J. X.;
Zhang, Y. F.; He. H. T. Comparative study of
tribological properties of carbon fibers and aramid
particles reinforced polyimide composites under dry
and sea water lubricated conditions. Wear, 2019,
436-437, 203001,

He, G. R.; Li, Y.; Wu, L. F.; Wang, Y.

Lius, M. ; Yuan, J.

L.;
Y.; Men. X. H. Synergy of
core-shell Cu@rGO hybrids for significantly im-

proved thermal and tribological properties of poly-

imide composites. Tribol. Int., 2021, 161,
107091.
Yao, X. L.; Ji, Z. Y.; Guo, R.; Sun, C. F.;

Guo, Y. X.; Wang, X. L.; Wang, Q. H. 3D
printing of PTFE-filled polyimide for programmable
lubricating in the region where lubrication is nee-

ded. Tribol. Int., 2022, 167, 107405.



129 FRLLR 5 5 4 F U0 1R i 1609 -

[101] Ruan, H. W.; Zhang, Y. M.; Wang, Q. H.; W.; Hu, B.; Zhang, Y.; Liao, H. M. ; Ma, S.
Wang. C.; Wang, T. M. A novel earthworm-in- D. Tribological behavior and lubricating mechanism
spired smart lubrication material with self-healing of Si; N, in artificial seawater. Ceram. Int., 2020,
function. Tribol. Int. ., 2022, 165, 107303. 46(10), 14361-14368.

[102] Lin, Z. B.; Zhang, K.; Ye, J. X.; Li, X. ].; [106] Qiao, H. B.; Guo, Q.; Tian, A. G.; Pan, G.
Zhao, X. G.; Qu, T.; Liu, Q. F.; Gao, B. Z. L.; Xu, L. B. A study on friction and wear char-
The effects of filler type on the friction and wear acteristics of nanometer Al, O, /PEEK composites
performance of PEEK and PTFE composites under under the dry sliding condition. Tribol. Int. .
hybrid wear conditions. Wear, 2022, 490-491, 2007, 40(1), 105-110.
204178. [107] Zhu, J. J.; Ma, L.; Dwyer-Joyce, R. Friction

[103] Chen, B. B.; Wang, J. Z.; Yan, F. Y. Compara- and wear behaviours of self-lubricating peek com-
tive investigation on the tribological behaviors of posites for articulating pin joints. Tribol. Int. ,
CF/PEEK composites under sea water lubrication. 2020, 149, 105741.
Tribol. Int., 2012, 52, 170-177. [108] Gao, C. P.; Fan, S. G.; Zhang, S. M. ; Zhang,

[104] Tatsumi, G. ; Ratoi, M. ; Shitara, Y. ; Sakamoto, P. Y.; Wang, Q. H. Enhancement of tribofilm
K. ; Mellor. B. G. Effect of organic friction modi- formation from water lubricated PEEK composites
fiers on lubrication of PEEK-steel contact. Tribol. by copper nanowires. Appl. Surf. Sci., 2018,
Int., 2020, 151, 106513. 444, 364-376.

[105] Zhang, J. J.; Liu, J. C.; Wang, Z. X.; Chen,





