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Abstract: The ultra-high molecular weight polyethylene/carbon fiber (UHMWPE/CF) composites were prepared by high-
speed ball milling mixing and hot-pressing molding. The effects of carbon fiber (CF) content on the crystallinity,
microstructure, mechanical properties, surface hardness, and tribological properties of the composites were systematically
investigated, aiming to provide a reference for their high-performance applications in sports equipment. The results
indicated that the addition of CF significantly improved the surface hardness and mechanical properties of the UHMWPE
matrix, effectively reduced the friction coefficient, and enhanced the wear resistance. When the CF mass fraction was 3%,
the optimal modification effect was achieved. Compared with pure UHMWPE, the UHMWPE/3%CF composites
exhibited a 13.9% increase in yield strength, a 42.9% increase in surface hardness, a 37.9% reduction in friction
coefficient, and a 59.5% reduction in wear rate, meeting the core requirements of sports equipment materials for wear
resistance, impact resistance, and low friction. When the CF mass fraction was below 3%, the CF was uniformly dispersed
within the UHMWPE matrix, effectively exerting rigid support and load transfer functions, which were adapted to the
dynamic friction conditions during sports activities. However, when the CF mass fraction reached 5%, the agglomeration
effect of CF led to increased microstructural defects in the composites, resulting in significant deteriorations in surface
hardness, mechanical properties, and tribological properties, thus failing to satisfy the application requirements of sports
equipment.

Keywords: UHMWPE; CF; Tribological properties; Mechanical properties; Sports equipment

R0 TRELM(UAMWPE) & —Ft R R IFafL 22k b ik I e B A 4 AR 40 e P e I

s B ] Submitted date 2026-03-20; 5 [E] H #] Revised date 2026-04-29 ; 5% ] H ] Accepted date 2026-05-30

BER N, 1915321303@qq.com

SIRZARSC: 30 E LB B fBOEAR 54T 2 3 ORI MR AT 1 [)]. AR, 2026,54(9):39—43.

Citation: SUN X, FAN S J. Study on tribological properties of ultrahigh molecular weight polyethylene modified with carbon fiber[J]. Plastics
Science and Technology, 2026, 54(9): 39-43.



FRIR LM HAREERE pioh i R RN R LT
PO TERE BB MU, oA T AR I 8 2 i KK
TIFEE O E AR ESEPMA B 123w,
IXEAZ O T B IR S U BRI B A B g AR 2
P VE R o B, i S A g T B BRI H ik
Pl S R, I UKEEVK T E TR AR TR 3Z 0K
THI ) RS IR, i B 2 b i Sl AR A N T Ot e 1 20
HAG R, X S8 Tk UHMWPE A7 B 522
REH ik Rede B R,

SR, UHMWPE H S {7 1E 10 AR i B PE AT PR |
F1FR BEAS SR A G Az sh B VE L T S &R
JER AT 2 IR ) B, XAV SRR T 12
g M A A, B T RE RSN 2 Bl e 2 1k S B B IR,
L AR T B sh e S B SRR EA
R AEFH UHMWPE (1) )27 R 5 PRV B FR PR RE , A fer i
BT B E A = il H o0, & oA S 4
IS5 1 52 3 i Sis it 2[RI E 8 2

H Al , UHMWPE B PR 5 2253 A A Bk s 7k S 4
BHE R R R 2R Ho SRR s s PR R T2 A
PASTT 45 ORI S It i, A N Tz S T
A, G IR LS S AU B R DL B Bk
GORPPELEE . Horb  BRR DR 220 IRADRE ) SR
S 15 VERE SRR SR R , 76 UHMWPE S
S EAT TR B R R TR BREFLE(CPVE R —FhtE
REMR R B am ARl 3R T 10 3% 1 2 A1 v] 5 UHMWPE 2t
PRIE R i) S A, ANVRENS BT THE SRR )
SR Shueh i rERE R RENE S BRI R IR, Ak
B2 AR APEHOAZ DR REZRYY . BAT TR 24
HF CF et UHMWPE 76 ol it B 45sk i) 37 H , BHXHAE
BENEA TOU T e A b Wi, 58T CF iR
XF UHMWPE SO 1) (45 PR RS S B2 PR RE 1Y v I 52
AL AR . ASIH CF s IE & SFPRHRE & &Rk
BB B AN U vl T AR IRARE

W5 il £ A [F) CF #43 hil & ) UHMWPE/CF & &4
B, BE— 2P WE5E CF IR X S AR MO 2548 | 45 ik
AE MR | AR RE S BRI A VR RE A 2 . E AL
CF 7% N2 ) 25 3 BC 1R & 42 3 28 b 00 0 w5 P g
UHMWPE & &4}

1 SEIERSY
1.1 FEFEH

UHMWPE ¥ 7K , 43 F & 15x10° kg/mol,, VHI50U, %
B HAP R PR 23 ) s CE R R KAz 15 pm, KB 50 pm,
3 THT 20 o (H IR 551 o5 2 Ach 38, YT b i Bk s A ek A PR 2
A oK CEE, s prat, E 2R AR A
12 (UR5EE

TTEREREENL, XQM-1, AU E AR A R B HUE R
TIHL, KI14L20VHE , £BMH R FEALA R 25 IR A 7 ; BEVE

AL, MC-425, Fifg R ERHCA R A A5 J7Rg IRl
XSS1000, J6 2 B8 BEHLAR A FR 23 w1 5 28 7= 39 4l & Y
(DSC),Q1000, & TA Y& ] s F4li v+ A EI(SEM),
GeminiSEM 300, % 22 ) 23 & s 4K EIRAL , Y435, 70 M
BAAWIMIR B AR 7] BT RF , FA2004, LRk a
XA AR BT, MZIC, bifg—ERH
ARAH],
1.3 Hmbl&E

SR H I BR R TR A - i ik ) 3 UHMWPE/CF &
B, BARHIERARIT : ()FRELCF ¥k 5§ UHMWPE
) 7K (CF ¥y K 5 UHMWPE #5y A it & b 43 51 24 0: 100,
1:99.3:97 F15:95), JINDE TR LFEVE R HGH, 8 T
ERJEAL, LL 200 v/min 19 36 IR & 6 h, B f£ CF 5
UHMWPE ¥ K& IR G35, BEHIRGH RKE T
80 CCHERI T4 h, LLABRTKCRE. QFIREIIZIN
AN BRI, S R FE 53 TRk, #H7E 50 MPa
B H7 T BEATHUE AL 30 min, B ARAEEFE 404 Bl 78
GYBUEE A AR BB AR FIR G, 13 25 E
“413 mm i) UHMWPE/CF & S APEHARE i 4 CF A7)
il fiv 4 5 UHMWPE , UHMWPE/1%CF ., UHMWPE/3%CF
F1UHMWPE/5%CF .,
1.4 HEENR 5 R1E

SEM MR K5l & A BHER R 8 R AR e i T3
T bR, A4 B - s R & A Pk T T B34
MIESR , 4347 CF 7E UHMWPE Jfde v (1 /3 Btk 245

AR PEREI I : SR 2R ERE N, AT I
BAEMEHNSE S TERE . S5 OIITRAR

AH,
X=X 100% 1)
(1 -WC]:)AH

KO AH, FINREE SRS , 1/ g s AH S BRI
A F UHMWPE 5¢4: 4% it B O 42 il L B 289.3 J/gs wep M
CF R4, %,

FETH A FEIR : SR AR RSO A ARG 1w
B RFERO I 1 mm, P55 IR TR M 4 500 nm, 8%
PRANZ H745 Hzo BRI S NN, BOPIIME.

TIVEREINIR, : #5HE GB/T 1040.1—2025 BEATIR,, $7
i3 2R % % 2 30 mm/min, 55 RSk 150 mmx 10 mmx
4 mm, EHIRERERS MAFE, BUFME .

JERSAPE BRI : SR A B S BRI , 75 a5
IR A AR BEEEAVERE A & 12 3hae b i 52
PREEHE TOL. BCE IR HAR R 10 mm, RERITTH] 2 600 s,
TIN5 N, BEZ R 0.5 m/s, H5I75 ) BB S 445Ky
FEE R (), TR0
=g &

K@ F oM TN, Ny ok {3 00 15 1 JBE 452
71, N,



MRREE S , R B eI R BSOS A 26 1 %
RIS, ) 2t PR T8 PRI R B R SRR
2 #R5IL
2.1 CFXE&MPRM SR

& 1 ) UHMWPE/CF & &7 BH SEM B R . MEl 1a
LI ), UHMWPE [ W7 L S TEAE PG, 2300
TR SV I ST, TCRH OB . I 1o i LB
CF 7E UHMWPE S: 4t SR HL 0 R 2, 04> CF 5 ARk
SEA R U D s CF ARSI S840 B, TEAE A0 St
TR, MIE 1c T LLE Y, CFZER R 4388 5], ToiH
HIZR LS, CF 5 UHMWPE £ 2 8] BRI 25 &5 KLU, B
FEAS PR | SR TSR AE 3O IR, 60 CF 53k
) AT A B AT A A%, RERE AR A2 AR A8 B 2l )
SRR S A R R A . B A T LU,
MZLFHH T 1Y) CF RIS, B R A R 1k 5 PE L it )
HH U S Y B SRR, B B CF s IRl . 4 5 .
4 CF IR i 2 i, HL 3 6 P43 [ 22 1) A A A P 44
9B, S5 CF A E.ZH5E 158 ME LIRS b 145 438, ki
YR UHMWPE SR E 221, ik @G RIA & Zshestrih
il R,

(0 UHMWPE/3%CF
B 1 UHMWPE/CF £ &-###) SEM B A
Fig.1 SEM images of UHMWPE/CF composites

22 CFME&MEILERMERENETMm

UHMWPE i 45 S PR RE B30 R H )20k 5 R
FAPERE , B0 X AT B T3 bRt 0 5 2 i B , Mg
WEAR B B o s KR 2 [ 8 B ap a0 A
B, €2 UHMWPE/CF & A FPEH DSC 2k, MK 2
WTLLVE Y A AR A a0 (R IR X AT 131~135 °C,
FEHH CF W78 I UHMWPE B4 s/ . HR A
FET CF FZAE A Al Az 1520 UHMWPE (125 St 72,
NSRRI 2SR,

3 5 UHMWPE/CF & &4 #H X,. IEI 3 W LIE
tH, I\ CF X UHMWPE i) X, B 25000 , [iE& CF AN
I, UHMWPE/CF & S APEHY X, S 56T S R RERAY
st Hirh  UHMWPE [ X, 4 42.3%; UHMWPE/1%CF Y
X 125 & 48.7%; UHMWPE/3%CF H) X, 1 K, 7 51.2%;

41 e 5

RS Plastics Science and Technology NO.09 2026

UHMWPE/5%CF ) X, T 42 45.6%.

Sy BTN b, CF 1B Ry S AH A% 37, H 3w vl 18 o4
UHMWPE 73 - 8545 i 0 A 7 5, MRS, S 72, Aimnid
= X, e A PRGOS Y SRR 2 5h
ME TR (024 CF IR s, BISRBLE ], 7
1) CF 2 PHA% UHMWPE 43 F8Ei2 30 , il A A
W49 CF 5 AWk 2 BN EEIEH , S:80r TR LB
B BEAT T 0N b AR 25 ) , AT R X2 . UHMWPE/3%CF
1 RAZAE A o 4 2 S L, X IR BUEAEL, (oI A B
mn 25 A B R S B R TR Sk RE R R A

PERE.

UHMWPE

UHMWPE/1%CF

£

= UHMWPE/3%CF
UHMWPE/5%CF

L 1 L 1 1 L L L J
40 60 80 100 120 140 160 180 200
g/ C

B2 UHMWPE/CF £ &##t6) DSC w &
Fig.2 DSC curves of UHMWPE/CF composites

551

50

45

XJ%

40

35

30

0 5

1 3
CF T &340 /%
A3 UHMWPE/CF £ 44449 X,
Fig.3 X, of UHMWPE/CF composites

2.3 CFXE&MPRmEZERNZMm

PPRHE) 2 A B 5 RS B A RE B DA 0%, 3R m i g
L AP EHOPTDIRIRE s, i PR T , SR F88he%
M0 R RE AR I A Tl & L . 1 4 5 UHMWPE/
CFE AW R R . NE 40T LIE H, CF R IINGE
% 2 254 5 UHMWPE B R R, HFlAE CF IR I3
I, R R E S PR SA . UHMWPE 1)1
1ifi B 47 0.28 GPa; UHMWPE/1%CF [ 3 i i B 45 FF &=
0.36 GPa, % UHMWPE 5 5 28.6% ; UHMWPE/3%CF () %
T 6 B B K, SR 0.40 GPa, ¢ UHMWPE 12 5 42.9%;
UHMWPE/5%CF H) & Hiff & F % % 0.35 GPa,

SrRTINR, CF A TSR T 5 %Pk RE , 4 CF 7
UHMWPE B0t 34 5) 73 By, w] VR W 3 4% i S 2
AEH I AR Sy iR AT , B UHMWPE 43 1881383 , I
T 352 & 8 Rk i 2 T 4, B4 5 b Rk B 40 S R RE 0
UHMWPE/3%CF (1) 53 B P s £, 5 5 i Sm 25 & dch



e 55 42

HkHRHS Plastics Science and Technology NO.09 2026

B WL ST o, Al R TR 2 IR B i o 24 CF
e s Ho i 3% i, AERBUR AW e, MR AR BERS A
FLPR S, CF ALk 2 [a) 0 S I8 K, 3 1%
ROCRFEAR, X, TR, M B SRR R REEE T 1%, T2
TR BT R 45107

0.51

=

Y

FIEHE/GPa
=)
&

0

0 5

1 3
CF (4L 1%
B4 UHMWPE/CF £ 644 & @it &
Fig.4 Surface hardness of UHMWPE/CF composites

2.4 CFXE&#MMHFEeERIZ N

5% UHMWPE/CF & &#PFHA) J12EPERE . MBS 1]
VL& th, UHMWPE B B 0F i %€ J P |, 37 fdos o0
25.34 MPa, Jif IR 58 B 4 18.74 MPa, Wi ZffK 24 6.77%.
CF AN B AW R 54 e Re r= A 25, i % CF
MRG0, 2 AR Je iR 2 SRS K5 8N, B
5H8 B R T SR A R AR R e 4R R R #a #. UHMWPE/
3%CF 1 4 ffr i B 7 28 A4 200 T e e B A /DS
UHMWPE/1%CF HIR{H155 B 4 22.19 MPa, WiZR Rk
5.34%, JB RS E H 19.65 MPa; UHMWPE/3%CF [ {52
JE Ay 21.48 MPa, b1 2L fip K K 4.21%, JE IR 58 K
21.35 MPa, JEH, 43 fni BEFNT R R T REIR EE RS,
WERETS VR B 2 d RPN M Brap it 22k, X
RECRIIE—E MBI , eGP E b 35 T & AN . T
UHMWPE/5%CF [PERE T FEIH ., P A2 , Toik RS2 ik
BB R B sh A kA

[
=)
~
N
N

* -
—— AR
—v— i

L
N
—

7 5 /M Pa
R/ MPa

IR %
: S

=}

[V
L
—_
o=}

0 1 3 5
CF KTt 5344 1%

A5 UHMWPE/CF £ &##th 71 51

Fig.5 Mechanical properties of UHMWPE/CF composites
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