84 TR 1 1] 2011 4%, 45 39 4. 45 10 10

BHTR/ BEAZHAEEE M NERMERZR

B F KHE FHE BEL R OB EHAE
(PG A6 Tl K24 B 2 e B AL 2 5, V6 % 710129)

WE RMAELNETRBREE/RARCAEEEL M, AERRXEWERR RHEE ARTHRLT
HEEFZHE, SARAR FHERE T ERELRAKME RGO ELET THED SN, A sF 2HENNT &
A ER@IF M T LR, RS REN, AMA AR R RS RS AR, BRAKM
BB, FLE RBEREDRERE BEBBEAIANTO0.2~0.3 208, BEFREKT7x10 ‘mm’ /(N - m), LI

i B A B B ik G e G o,

KR RBERKE RERTAE EELZAMH HBR FEEEH

FRRh TRE R o T MR A S0 i 2 tEsE L =
i $APE LS IRBE R AR e L PR S, A Y
HLE P R T A AR AR 2 R B T b
VLAF SR, REBE e ( PT) & A0 R L 540 % B i) e
P Z BN AT 1 R, AR 5 BT R A B
NS HRTAT O R £ B S 4% EURE B
S Ve R BV A PT A S R R, AR 2o o L 4
JEBEREIEAT TIR AR ER . WM LV AL P
WREF4E( CF) RE4R R 5 PI (] A% AH 25 A 5L 1 kG &5
PRI PU/CEF bHORLAY BE S 24 PR fiE Y 0 R TU G 2
5 ( PTFE) A B T FEAR PT84 38 FE 20> 43
FEEH R B HES T o BRAAK 28 ( CNH) fEHE PT 3L
EAMRE BB R E 107 mm AN - m) '
BAN KA (CNT) BE A S0 A PLE 1A ) KG 25 A s
IR, 4R RO R b T A AR I AR L RE ), i L
CNT HA R4 09 fu ok i 17, XS04 Bh T o038
PI/CNT 44K 52 45 b b 1 i B T s i

IR, 2T PU/ R LM ( FEP) 24+ KHK
JEE RS HF 5¢ (0 M5 8 A e W R . FEP RUEA 5
PTFE 25 B (0 B8 48824 Mg, i FLEA 3 4 5 m T4k |
FIE RN G B G AR v, SR R T R .
H VAR R 45 T PUFEP 2 EE S MR, 18
AR, FEP AR PIS % RS 32 76 — &, i B
AT DA R AR . 58 IR 2 A5 1 R 8 A
B L, MRS S —Fh AR AR R A R 4 N
Hh B L T A RS ) 6 A R A R 4 2 R B i AR
KT RN R, EH VA T T % ARE R
[F] 67 2 W Bl TR Y R A M
1 SEEEH
1.1 E=&RFH

PIL {#E: FIMIDE, “F-3JE B 40 pm, b & B

JE B 52 T

FEP 73 B : FR463, [ & & 50% , bl =% W
BRI 53 A B A D 5

P : 53 B 2, RHETT B HORE A T B v
1.2 E&% 4 A5

SR B ALHL: QLB — D400 x 400 x 2 AU, | i
F—BIHR)

JE 5 SC 36 Hl: MHK — 500 %9, 3% 5 A1 kit 36 4L
I

2 B : E400 POL %Y, H ZR Nikon 23 7l ;

ST R FA2004N AU, -3 i g % Bl 22 A 2%
EE) /NI

BT F WU ( SEM) @ Quanta200 74, faf
2 FEIAH .
1.3 &AEHE

N PR ] 1 1 22 A e DL DS B 44K T LT
FHURAGEERE FEP 23 BOR S W i TR Z o fr
HFE TG BT 5 96 b b 7 3 I 2 4% FEP %
5N T PLER 2 b, 45 R MG (FEP 43 A1 1
AJE) PL/FEP . 4% PI/FEP & & W B # &
RS, K AR RS R — R, YA B R R
Pk 44 JHL T DA B A R A O O A A R ) L
o BRE TR R R AR 2 S
P55 AR, AL R 2 s R ARSI, B R
RAFBRE o R, B iR R AT P4 2 D) AR D
1.4 &Kok

PR A5 592 B AL E AT R 458 0L S 30, 25 B R T
T B 44 R AR 2 (200 ~ 500 N) | AS[a]# 3h
#(0.257 ~ 1.03 m.s ) FRBEEHIERE, FEE

W fi H 120110721



AT, S R WG Y /R A2 LN JR R A A b OREE $ YE RE BT 85

N GCrl5 AR, ]R5F My AT 49. 2 mm, 58
13.0 mm, BWAEE R SFH 12,3 mmx 12.3 mm x 18.9
mm o JEEFEE I fih Jy =X R ik, EEHEETED 1 Sk AL R
MK . PEIREE L T 5 S50 V=T i
AT, FHRERJE N 45% ~ 55 % , 5 YA 5 8 3l ) a] 1
K120 mine 7EREUGREE TF LA AT, X8 2FF 10007 42
AHRDACHT I M ' 22 MR 20 0 0. 064 um, AR H
900" 4x AHBDACTT B Z MUK 524 0.3 pm, JFH P4 FRKE Xt
IR R 7S T Ve e TR T o B8 R 4 el R 4%
1A i R G AR R . AT Y EE A R AU
BRI AR ERE ZJE (55 60 min) BE#E R
BURSEAME . FAS EE 0,01 mm (3250 W 60 il
LS5 T/l N W = 5 = S

o . d d /- :
o [ﬁarcsm(;} —? -(d2) 1B 0
SP

A o BIRBEBER, mm' /(N « m) 5 r B B
B2, mm; d i RE B IR 6, mm; S R i 3l B R,
m; PN, Ny B i S8, mm

FEASLE o, BT EE MR 3 Ak,
BER B BRI RS X 3 NI RE RO (. A TR
M T BRI LB S AL LS, ] SEM 40 sk B
IR TEIEH .
2 H#HRE5WR
2.1 BEBAESH

B AR 2 23 5 AN R S P) T B R V)
TR ARBBER R i 2. B 1R 2 T,
P14 4 R B BE 82 22 B bl B ) & AE e K i AR Ak
R PV ORTE], {HH I [ 652 B 48 R B T ik 3]
WA AL, 20K 1T B o [) 32 I B LU B, e R TR AR, T
HE A MBI B R BT A — A EE. BT,
AT DUEE R R4 = AN B BE: (1) IEHINEE (2) F
FEUESh B (3) e B BE . JBE 48 2% BB 1) a) 3 20
AR A, 3 2 BE AR AR B SRR 2R TR AR A P PR S
AP B T A AR A i A i (e el
R

HL4E Bowden (9 b1 RHEE BRI FLIE AR
Xof FEE R A 42 M -l 2 00 1T RO 4 R M, i R R R
T /U 50 ™ A ) 7 S, L S M T FRAR /o R Ol
B L4 R ZIRAR 22, 3l R AR R & m I 8 A
SRL g L T LA PTORSE R RE, 1E — 2 1Y T
BRI Sh T R T, R HOR AR A D BB W TR
190 ey 4 ok T RRLAR /DN, JEE 4 Ty LA ALY 50 7 A Y B

040 -
035 P=200N, 7=0515 m/s |
030 !}

025 | L
020 h— v 035
P=300N, V=0515m/s | 39

.
o000 "0a_, S0 000 o~ =004

4

g 035 [Tt ety e 020
# 030 A P=400 N, ¥=0515 m/s |
025 |5,

L.-'\o AN
0.20 . Inecetoyte oyt oene 240,30
P=500 N, V=0.515 m/s

10.25

—e-e-0-0-s_s_,

T ~3020

‘ L ‘ ‘ 0.15
4 60 80 100 120
IR / min
&l 1 AN [R) B 48T TR 45 2R K (R] 1 A Akl £
045

0 20

’ﬂﬁ
040 .

| N
035 P

P=200 N, V=0257 m/s |

\.‘.
L \*""""ﬁ--*v'ﬂ-"""‘ 0.40

030 fon
f P00 N, P=0.515 m/s 035
) oo
S asholing T “Toas
Fosp—— 020

-
iy 030 P=200N, V=072 m/s |

“-o-'-0~--L._...,-\.,-"._._.,L._.,N

0.25 15

0.20 0.30

k P=200 N, V=1.03 m/s -

b
- %_,‘_._.,-..*»—'--n-..,--'-k,,--'« 0.25

0 6 s 10 1207
Y BN BN / min
2 ANIR] W ah R B4 AR B R R) i AR Ak il £
J1ok 3, WO bR B R AR N . T PR OR
KRR, Bl 5 BRI IEAT, 7= A 0 JEE 88 AR AR JEE SR A AR
PRAEER 4 EE 52 9% T IR B T i, (R AR B 4R h b
Bofk, BB R AE, S g AR MR . IXFEL
Xof JEE T P 2 o TR B E — 26 R, R R B BR T
FL AT I3 K B B8 ) Z AN R RS 3 T, SRR R B
ARG I, YRR ak 2 i, JBE 5 A AR A 26 2 7
A T Bl AR EE 8 B RG )2 HOEE 8 R B AROT H A
ISR ING IR i EEY N N -3
LA — B B B AR . X R R, BE PLOVIER,
A BE RIS 22 TR R P R 4 T Ak
2 11 DA B H S R SRS AR, o R 4 R B T SR
A SR T W/ o T HL, B P VISR, B R
WAt 2508/ . A TR E W BEEE B R BB PV

0 20



86 TR YR RN T

2011 4F, %5 39 5,45 10

K3 300 N 0. 775 m/s B/ NREYE, 24P VARSI
B, D8/ () o B AR 18, RS R, 24PVl 200 N
0.257 m/s W}, EEYEE 22 8003k ) Fa T 75 1) B ) e 4G
KZH 45 min, BIEEA BB e ks BT, 55
R BE RS I 5 I 1] 297N T 20 min, iIX7E P A28
IV SRR RO BB & X AT R R VA
525 I T % I A R O A R R g
2.2 JEAE SEM 4

B3 Ml RE B Y SEM AH Ao 7E PL 140 IR
IS 14 B 308 285 30 1) Rl LS AR A R b, AR B
T 2A PLUEER A . PV B /NE, 55 8% i A IR 45
FOMR; POV ST, A% AH 1S 0 20k i E X A 3R P AR
SERE VRS EE R I L R I A el ) A T T
TR RN R . 55 R R Tk i A5 1% JEE 482 61 L AR
Lo, %2 A RFE BRE E O AE AR, X w2 B i
JE A TR BEA T T ) — 2 HAz bRk BB ik 3R Y 34
A 5 L D IR A B U W 24, A AT LR B B Y 9
A (B 3a) o FEP AR K45 PLIOFEH, ™
AR S (B 3b) , B AT 40 PTFE — 4 (09 H i i A
RV AR Z P O P I e R S R
BIVEFH o BCIZ R R 26 TR HE A I A PE 4 R 50

o

&3 R BB SEM AH
a.b—P =200 N,V=0.515 m/s @ 50 F 25 ik 600.1200 %

e d—P =200 N, V=1.03 m/s Bt Z&AF T 505 OK 6001200 A
HIE e AT UL, R4 3 S 2T, 1R Y %
iah BT AR E R IR AR R, 1 H S 1 3a A1
S A0 T B SRy G 3 PR Sy v T )RR 4 I R
B, MR G A TR AR . B 3d O B R A AR

THY SEM A A, RETE iE 28 M A SIS T o 3XIE B
TEEEE AR R AT PR B IS R RS Y AR,
W B0 IE T ¥ 2y R 0] JBE 45 R A Ak Y EE R )
2.3 RES PI/FEP B JE 5 &+ B B3 B 5k 4

) 3% A

K4 s RN 0. 515 m/s I Fa IR & (
J&7 60 min) BEJEE FR B0 B % B T2k 00 AR Ak il 22
FH L 4 BT L, 3Z0ME Rk 10 B8 458 22 B30 B B 4800 3 i
R, B R B 2 b Tk 22 200 N 3% i #)
400 N B, FE4EE R BT B e e, 0 4 A 38 sk, EE
BERBCT BRI 2% . Bl A 7 4R 0 19, JEE 8 I 4
AT L2, 20 B R R R A R R B A R Y B
AL AR I B B, PL SRR AR B 5 T R, R S
/N LT (0 B U5 B X 2y AR T 2 A R AR
FRF IS % s T 46, 30 S B % A 7 85 B0 B 3 | 2 ke 3
PN . S AN 200 NS E] 300 N
B, P 4% A 3 n B B2z 12, T XY B 38R T 400 N
Ji, B R A G . AT BEPH A 400 N B4k F|
TR B o 2k, BE R R AR R B T 2
VR B o TR R A B 3 A AR LR, AR AR A AR 4K
i RRRARZ, KR TEEH AR Y WK . ATE
WAL T B T RS B2 A R 9 2, T (5 44 R B
R PR 5 R BORN A s i s LR

6
030 | Is
£
N Sl
025 | @;
# ’ﬂj_g\gé
020 T 2
X

| \ 1

200 300 400 500

i /N

P4 A S SR B G AR b i
2.4 EHhik F 3t PI/FEP & & £ A A4 E 3B 5

M RE 6 %5 R

[ 5 Akl 200 N I 5l 5 200 A ) R 45
PERE R OC R M4k, mIE 5 AT 0L, 4 B R
/NF0.772 m/s B, BEYEE 22 550 6 T 2l o R0 i R
W (H Y9 S %R T 0. 772 m /s I, BE48 R 5%
YRGB R NG 0, B R 50 G208 B 4k i
P g, MR & ES K W, YR T
113 CHJ, RSl 22 18 2 & A A I 12 B ik i 2
Y e AR 2, TEAC B [B) Y EE A R v, AR kAR
FIEIE T B RS S s A8 B = T 200°C 1S L E



AT, S R WG Y /R A2 LN JR R A A b OREE $ YE RE BT 87

P T B TR B ORG JR, I 5 R RO D
P. Samyn%F'"" K B IE H 6 2R R S R 2y 5 e
A5 20 B D/ IN RIS 451 3R A0 JE 0 (H 2 % AR B - BLAR
WA 2 FEE A E MR PR, B RS A
JI T, JEE AR DL AR A

035 7
6 —
s =
£ 030 \ - 8
b da z
b I L
025 - 21“@ £
)
_ RS
020 ‘ w 0
0257 0.514 0771 1.028

WEhHEHER /m - !
B S BE 4 AR B S A B O 3 A 4
3 &g
KR RN 4% T MRe PL/FEP JZ R B
BB, MRS A I A, R AR R A R E BE 4B
BBt BEERBUEE R R ARKKR,
TR W 2 3R A 1 HR R 8 A i I 45 L fif
R A ik A FBE 48 R B0/ o T b e A S 351 3R il £ 2
W B R A B T AR K, 400 N A IZ A RE A IR B 6
oo MR EE A RRIE B, RS E AR T0.2
~0.3, BEHHEML T 7x 10 mm /(N - 'm) <
S £ X #ik

[ 1] Gradt T, Schneider T, Hubner W, et al. Friction and wear at low
temperatures| J| . International Journal of Hydrogen Energy, 1998,
23:397 -403.

[2] Samyn P, Vancraenenbroeck J, Verpoort F, et al. Postmortem Ra-
man spectroscopy explaining friction and wear behavior of sintered
polyimide at high temperature[ J] . Journal of Materials Engineering
and Performance, 2006, 15:750 - 757.

[3] Agag T, Koga T, Takeichi T. Studies on thermal and mechanical
properties of polyimide-lay nanocomposites| J] . Polymer, 2001,
42:3399 -3408.

[4] Kiefer R L, Gabler W J, Hovey M T, et al. The effects of exposure
in space on two highperformance polymers[ J] . Radiation Physics
and Chemistry, 2011, 80: 126 - 129.

[5] Chisca S, Musteata V E, Sava I, et al. Dielectric behavior of some
aromatic polyimide films[ J] . European Polymer Journal, 2011, 47:

1186 -1197.

L 6]

L7]

L8]

9]

[ 10]

L11]

[ 12]

[ 13]

[ 14]

[ 15]

[16]

[17]

[ 18]

L19]

[20]

Wang Y Q, Li J, et al. Sliding wear behavior and mechanism of ul-
tra — high molecular weight polyethylene[ J] . Materials Science and
Engineering A, 1999,266: 155 - 160.
Li J, Cheng X H. Effect of rare earth solution on mechanical and
tribological properties of carbon fiber reinforced thermoplastic poly—
imide composite[ J] . Tribology letters,2007,25:207 —-214.
Samyn P, Schoukens G. Tribological properties of PTFE - filled
thermoplastic polyimide at high load, velocity, and temperature
[ J]. Polymer Composites, 2009,30: 1631 —1646.
Zhang X R, Pei X Q, Wang Q H. Friction and wear properties of
polyimide matrix composites reinforced with short basalt fibers[ J] .
Joumal of Applied Polymer Science, 2009, 111:2980 —-2985.
Njuguna J, Pielichowski K, Desai S. Nanofiller-reinforced polymer
nanocomposites[ J] . Polymers for Advanced Technologies, 2008,
19:947 -959.
Tanaka A, Umeda K, Yudasaka M, et al. Friction and wear of car—
bon nanohorn—containing polyimide composites[ J] . Tribology Let—
ters, 2005, 19(2) : 135 - 142.
Tanaka A, Umeda K, Takatsu S. Friction and wear of diamond —
containing polyimide composites in water and air[ J]. Wear,
2004,257:1.096 - 1102.
Cai H, Yan ¥ Y, Xue Q_J. Investigation of tribological properties
of polyimide/carbon nanotube nanocomposites[ J] . Materials Sci—
ence and Engineering A, 2004, 364:94 - 100.
Menzel B, Blanchet T A. Enhanced wear resistance of gamma-irra—
diated PTFE and FEP polymers and the effect of post-irradiation
environmental handling[ J] . Wear, 2005, 258:935 - 941.
Galante A M S, Galante O L, Campos L L. Study on application of
PTFE, FEP and PFA fluoropolymers on radiation dosimetry[ J] .
Nuclear Instruments and Methods in Physics Research A, 2010,
619(1-3):177 -180.
Samyn P, Schoukens G. The effect of processing method on dry
sliding performance of polyimides at high load/high velocity con—
ditions[ J] . European Polymer Journal, 2008,44:716 —-732.
PRAHE T 7, 4 T3, Tf B4 b = 0 M . 3E 5t BLARE
Akt i A, 2006:6 — 1.
A, RN, B, A R W e FE A R Y BE ST
[J]. %R T #2004, 6: 24 - 27,32.
Samyn P, Schoukens G, Verpoort F, et al. Friction and wear
mechanisms of sintered and thermoplastic polyimides under ad-
hesive sliding[ J]. Macromolecular Materials and Engineering,
2007,292:523 -556.
DNEREL, AR AR, XU 75, 45 I BE N 2R ok Ui AR 48 S A i
WSR2 [ J] . BEHEE A% %24, 1997, 17(3) : 220 -226.

TRIBOLOGICAL STUDY OF POLYIMIDE/FLUORINATED ETHYLENE
PROPYLENE LAMINATED COMPOSITES
Zhao Hai, Zhang Jiaoqiang, Ji Tiezheng, Yang Manhong, Chao Min, Kou Kaichang

( Department of Applied Chemistry, School of Science, Northwestern Polytechnical University, Xi’an 710129, China)

ABSTRACT Polyimide /fluorinated ethylene propylene ( PI/FEP) laminated composites were fabricated by means of hot—press
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molding. The tribological properties of this kind of material have been investigated by MHK-500 model ring-on-block wear test rig at

different loads and sliding velocities. The variation of friction coefficient with sliding time was analyzed in detail. The wormn surface mor—

phologies of samples were examined by scanning electron microscope ( SEM) and the wear mechanisms were discussed. The results

showed that PI/FEP laminated composites possessed good tribological properties and short running-in time. The friction coefficient of

samples changed with sliding time. Moreover, it depended on load and sliding velocity. The steady friction coefficients ranged from 0. 2

-0.3. Wear rates were lower than 7 x10 " mm’ /( N - m) and increased with the increase of load and sliding velocity.

KEYWORDS PI, FEP, laminated composites, transfer film, friction and wear
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