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Friction and wear behavior of nano-SiO, filled ultra high molecular weight
polyethylene/ polytetrafluoroethylene/nano-montmorillonite composites

LEI Yi, GUO Jian-liang

(College of Electromechanical Engineering in China University of Petroleum, Dongying 257061, China)

Abstract ; Ulira high molecular weight polyethylene (UHMWPE) based composites filled with nanometer SiO,, nanometer
montmorillonite (MMT) and polytetrafluoroethylene ( PTFE) were prepared by heat compression molding. The friction and
wear behaviors of the composites sliding against AISI-10 45 carbon steel disc under dry ambient condition were evaluated on a
pin-on-disc test rig. The worn surfaces of the composites were observed on a scanning electron microscope. The results show
that when the mass fractions of PTFE and nanometer MMT both are fixed at 6% , the composites with 2% nano-SiO, obtain bet-
ter wear-resisting property, and the main wear mechanism is adhesive wear. There are four obvious characteristics which are
primary running in period, primary steady period, second running in period and second steady period during the friction process
of the composites without nano-Si0,. With the increase of the mass fraction of nano-Si0, in the compounded fillers, the friction
process characteristics of the composites present complicated variation law, and main wear mechanisms are characterized by ad-
hesive wear and abrasive wear in varying degrees, and the wear-resisting property of the composites is obviously deteriorated.

Key words: ultra high molecular weight polyethylene (UHMWPE ) ; nanometer SiO, ; nanometer montmorillonite ( MMT) ;

polytetrafluoroethylene ( PTFE) ; friction and wear performance; composite material

TR O (UHMWPE) fE Mk MR TR S MR — R 2B, (B, BT
SRR — PRI PE TR AR, BOR B RS N BE TRk 7 BLSE ek & 70 7 3 2 (UHM-
E’Jf“ﬁﬁﬁﬁ%o AATCHLRIPERCREE SR PR RERY WPE) B S AR EE 22 B TS R 248 P e A

BAELE P OAR T EE " AR RGOS A BRI M RE 5 0 Jr T
%“6 FW] BT HORR PR ER AR ERT ERSET ATI ST UR SR, 2R

rFE B H8.2010-05-15
EE&TA . EA KR ER A A P EFERHE QR 45 H (W020311)
TEFEB N FHR(1960-) , 5B (DUE) , WIm A N, B0z, B A4 A A 280 R ol T JC ARG I T A R HAE T4



- 116 - BB K FFR(AARFFR)

2011 52 A

YR AOR LR L 5E UHMWPE I, 8 & 0B
T BRI, S B s R S A
()R VO3 205 ( PTFE ) AR 52 i + ( MMT) BB A 2L
3% UHMWPE A8 THERE . 452k Sio, BA L
F BRSO 4F S5 a5, A8 R T e 8O B el
., HINAEC R R A Y P S YK Sio, nl fifi
UHMWPE TR # U REAS BIR R . (B2, 184>
1F ¥ R WBEE X 40k Sio, 135 UHMWPE/PTFE/
nano-MMT & & A I JEE 452 B2 453 1 R 7 T 114 BF 5 41
il YUt 28 T PR R O IR A& 4k Sio, 1H
3% UHMWPE/PTFE/nano-MMT & & #1 ¥}, % 8 HAE
FEEBE AT T 5 45 AL I BE SRR 4511 T M
1 E&MrHtEE
1.1 R EM R &

UHMWPE ¥& L B =) A= 7= 0 26 3 53+
Ji it 200 J5 /9 A ROK R A P8R AR R 100 ~ 200
pum, %K 0. 935 g/cm® ; PTFE NI RAL T 477,
PARZIA 20 ~30 pm; 44Kk MMT A #ri L %5 -1k
TABRA AL, R R 0.25 ~0.35 g/em’,
ZJRIEE/NT 25 nm; 9K Si0, Sl TLEL B R R
FE A BRA A AL, % 0. 12 g/em’, KiAR /N T
20 nm; FEBEMBBEF] KH550 A Fg 5t ik T8 4%
it s Z BRI RS R

%% UHMWPE & & MR 256 B S80R IR
PEEs B AR IE B 4 B A R R 40K MMT
Jo 5380 PTRE (1 5T i 70 B0 [ 5 8 6% , TSE 7S
gk Sio, Jit i 4 E o i B 2% 4% 6% 8% F
10% ., 150K 45 38 70 IR0 49 422 8 3 b 3 A7 i
BE I ARE LB EH] KH550 #4726 10 A0 38, F 28 5
UEAIHET IE 15 BRI A G0k, SRS FRRAI A
BERME—E a4 ES UHMWPE #H773800R, &
RS A LR v R A T A B T R AT AR
Pl & B 2 AR RHL A HIN T AL @4. 5 mmx13 mm
TR, R B R I R TR FH 8007 /KRB ARAT B, JOF:
FH PSR A O AT S B U, TR BB R
1.2 EEMEIRE R ERRERERE

82 A R R BE 42 R ] = A EE R 00 5K it
B T R A A A L ) MMW -1 #8457 X T g
EEEE R B AL, EE IR R B 54 mm 1Y 457 0 4%
(VK G REE{ HRC 44 ~ 46 3856 /i 800% /K b 4%
FIREEER R ) , 0 A5 1 T BE 4, W A %
FRF-(CKE 0. 1 mg) M2 UHMWPE & & 41 FH i

FE R BB T LA R o, I K B 57 284wy R B 38 3
B 2 N 2 A MPRHURE B 00 B 450 BT e 0 K 460 B3 B
2, R 2= FEL 22 w]6il3E 1) QUANTA 200 414
HL - SR (SEM ) X 52 & 4R A0 il RE 4 B 40 3R 1
TSR T AR

2 RIEERTR

2.1 EEMEEZEBRMERE

B a4 T 40k Sio, ARl R e
UHMWPE/PTFE/nano-MMT & & 1 Bl 76 8 fif P =
200 N XTI ShER H B v =0. 604 m/s FIEEHERTA] ¢
=120 min BRI T EEE R B w I G HF
bt B TR 0 BifRS ] A9 AR fE G 2R

M T FAKER ), 2 A R AR & 942K Sio,
() UHMWPE/PTFE/nano-MMT & & 4 1 b} B #8235k
PRI EEARRIE S 90— R S R — AR e 1 D R
TR AN AR E N 4 AR BB (1
(a))o TE—WREEEI, GG MR EE XTI H i
TR, BRI L FEE 100 C A AR,
HEBRBUEI T — e E b 2, JF B A%
PR R RS E AR, BD RS IR B A,
WA A PR B I A AR R N Uk R S s, L
TR AL T Fe . MK Sio, Sah
29 I}, B A b R B S BRATI A TE 4 AN B A By
Bt AHRGe kA R ER O W R EE 5 R BRI R I
Bl K Si0, SR, &AM RE A
N PR BE SR R BB AR (1 () ), B PRI AR
HEE IR R AR B A A AR R, MR TR
Si0, FEIAE 10% B (E 1(d)) , RFEHEAFREIR
AR (14 i L EE Sk AR v p i R AR B T
—E R,

K2 B R4k Sio, & & X HH 78 UHM-
WPE/PTFE/nano-MMT & £ b4 e} 55 5 25 () 5% i il 2%
(P=200 N,v=0.604 m/s), 45 & HUR 44K
Si0, &&= T 2% i}, UHMWPE/PTFE/nano-MMT/
nano-Si0, &AM BH BE H1 5 Bl Si0, 7 it 1y 3 hn i
TR HAK Si0, ST 2% B R Sio,
RGN A K, M2 S EOE P 4K MMT I
PTFE (3758 YR 5 6% W), TEA SR I 410 F
BFEA K Si0, B 8RN 2% 1T 443 UHMWPE
BT RE (LA 0K Si0, & & T 2% i), Hofif
FEPEREAE A 15 B — o B2 B s, I FF 4R S
N RTAURIE I



%35% %14 T %, % .4k Si0, LA UHMWPE/PTFE/ 43 & MMT 244464 FE48 B 34T A - 117 -
0.36 135.0 0.36 135.0
032} BEBER B 1 1120.0 032} BEHERY 1 {120.0
3 105.0 © 028 q105.0
1903 3 024} =4 90.0 &
1750 ®o2of {750 #
1 60.0 ¢ > 0.16 o B THI ¥ £ @ 1600
14508 w002} {450 ¥

1 300% 0.08 1 30.0

1 15.0 0.04 F {15.0

o 0 0 T SR 0
0 12 24 36 48 60 72 84 96 108 120 0 12 24 36 48 60 72 84 96 108 120
JEHERTA] ¢ /min BEHERT A ¢/min
(a) NESi0, (b) 2%g1KS10,

0.36 135.0 0.36 135.0

0.32} BERARH M 11200 0.32} BEE R M 1 J120.0
0.28} L 10509 0.28} 105.0 ©
3 0.24/ 1900g 2024 1900
& 0.20 17508 R 020 175.0 1
% 0.16 X} B TH ¥ 6 1 60.02= ‘}ﬁz 0.16 X B TH LB 6 1 60.0 =
ﬁ 0.12} 14508 o {450 ¥
0.08f 1 300% 0.08 1300 %

0.04} 1150 0.04 {150

0 1 1 1 1 1 1 1 1 1 0
0 12 24 36 48 60 72 84 96 108 120
BEHEIT (8] ¢ /min
(c) 1%41KS10,

1 443 Sio, & &% UHMWPE/6%PTFE/6 % MMT £ & # #I EE#E R 41

0 1 1L 1 1 1 1 1 L 1 0
0 12 24 36 48 60 72 84 96 108 120
EEHERS[E] ¢ /min
(d)10%41KS 0,

920 AR 3t R TR A B A (] B R

Fig.1 Variations of friction coefficient and friction surface temperature with sliding time
for UHMWPE/6 % PTFE/6 % MMT/nano-SiO, composite
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Fig.2 Variations of wear rate with nano-SiO, content
for UHMWPE/6 % PTFE/6 % MMT composite
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Fig.3 SEM pictures of worn surfaces of nano-SiO, filled UHMWPE/PTFE/MMT composites
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