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Progress in Tribological Properties of Carbon
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Abstract: Resin based high performance fabric reinforced composites is a unique advanced composite material, compared
with composites reinforced by chopped fiber or filament, which is more conducive to transfer load between fibers because of
the overall structure. It has many advantages such as high load capacity, excellent impact resistance, and excellent tear re-
sistance, etc. Besides, it can drape or conform to curved surfaces without wrinkling. As to tribological applications, it was
first used for bearing joints in aerospace and other high-tech fields, which increased their carrying capacity, wear resistance
and maintenance-free service performance. With technology development and process improvement, the composites prices
continue to decline and its friction properties start to be valued in civilian areas. Amongst these composites, carbon fabric
composites have attracted overwhelming interest in tribology, due to their superior load capacity, heat resistance, and friction
properties. Progress of research on constituents, processing technology and friction and wear mechanisms of carbon fabric
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composites are reviewed. The development prospect is also discussed.

Key words : carbon fabric; composites; tribological property; wear; nano-filler
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Fig. 1 Schematic diagrams showing different weave patterns: (a) plain,
(b) twill and (¢) satin!®
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Table 1 General properties of various weaves of carbon fabric

Property Plain Twill Satin

Stability Good Acceptable Poor
Drape Poor Good Excellent
Porosity Acceptable Good Excellent
Smoothness Poor Acceptable Excellent

Balance Good Good Poor
Symmetrical Excellent Acceptable Very poor
Crimp Poor Acceptable Excellent
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Fig. 2 Friction torque curves of samples with different graphite content; (a) 0% , (b) 5 %, (¢) 10 %, (d) 15 % and (e) 20 % , u;-initial dy-

namic friction coefficient; u - medial dynamic friction coefficient; pu,-lock-up static friction coefficient
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1 and 2 for array of cracks supporting lateral brittle failure; Schematic illustration of wear mechanism when sharp asperities slide over a

flat surface of a brittle material, indicating the lateral cracks under plastic zone (c) [42]

Sharma A 25" HRGEHE L, RS EBEHIERT, B0
HE N 23 48 O AT 1) i AR 2 0% IO 7 ) B BE 4, AT
T8 A YR SR R R, eI AR A 4
YT FNEF AE R i, BE S 2 AERE A 9l g sldk i o

PRI AL O B SY HE L BR AT AR S 5 B b B 4
TR A YL W A 4k 5 Hg 10 45 & Pk 22 2 1 s 5™ &
(DR, BT A 2y 1% S i 53 DAy 7™ L S i R A S 460
ARy B, b A B B BE R A TR
1 87% .

JERSEHREAE IR AR I, BTN AT, Rk
Jia BT 0 2R B i U IR SRR G A I R A B A
e, MRS T RS R EE AR R R
FHAEBEBVREIE , G B 452 3% 1V L 17 I IR 27 8 B i 0% ok
MBI BEE 2R RE s VLU AT B A bR R T S 4L
FHRI T8 0 T R B PR A R T 5 X B, FE AR T R

BRI EESE R AL
5 & &

[l N AP B A B AT S A AR 2 MR il 2 T2
FESEIEA LIRS T A 1 R B A B A S IR BT, JF IS
T—FRIIECR . Hat A RTRBETE R R, BRI
HOF B AN RGRA, A il i 2 2% B2 5
AR S A8 rp 2 i ) B AL = AR AL RO IF 5 8 o B L
SCERHTERIE o BA 2 THT Ak B 7 0k 0 290 R BORE AP S AT 4
KBS, FISCHIETE TARGERR AR 52 5 B1OR} 09 1 FEAL
PRPERE BB BEA0 PE RE AN T 482 o RO SR} 27 e 2 i ik
AR AL TT 5, R GRBORL I R e, L
AR RE B 5 B4 1 E 1) PP [R) WF 5 S B A 52 5 B R AR R
WFE R T 0]



556 4]

)RR BRETHEAT S S A R EE S REI ST

459

SEH References

(1]

(2]

(3]

[4]

(5]

(6]

[10]

[11]

[12]

[13]

[14]

[15]

Du Shanyi (£136 %). el GRS ATZ MR [T ]. Acta Mate-
riae Compositae Sinica (ZAMEA) , 2007, 24(1): 1 -12.
Zhang Kaomin (FK&ERL) , Li Min(Z=  £§) , Gu Yizhuo (Jii#k ) ,
et al. JEREIT AR RHLEE 1 VRZE N Y R AR [ T]. Ma-
terials China (" ERBIIERE) , 2013, 32(11) : 685 —695.
Mallick P K. Fiber-Reinforced Composites: Materials, Manufactur-
ing and Design[ M]. CRC Press, 2010.
Du Shanyi. Advanced Composite Materials and Aerospace Engi-
neering [ J]. Acta Materiae Compositae Sinica, 2007, 24(1); 1
-12.

Shaojie C. Composite Technology and Large Aircraft [J]. Acta
Aeronautica et Astronautica Sinica, 2008, 3. 015.

Bijwe J, Rattan R. Carbon Fabric Reinforced Polyetherimide Com-
Optimization of Fabric Content for Best Combination of

Wear, 2007, 262

posites
Strength and Adhesive Wear Performance[ J].
(5): 749 -758.
Liu Pei( X1 iifi).
Fabric Reinforced Polytetrafluoroethylene Composites (
R R DU IR 2 9% 5 R EE 2 VERE TS [D .
Fudan University, 2013.

Tribological Properties of High Performance
mERES Y
Shanghai ;

Lin Changhong ( ¥k 7% ). Application Research on Synchronizer
Ring of Carbon Fiber (i £ 4 Afi 75 [7) 25 4% %5 B8 _L ) 7 AT 5)

[D]. Jilin: Jilin University, 2004.

Bijwe J, Rattan R. Influence of Weave of Carbon Fabric in Poly-
etherimide Composites in Various Wear Situations [ J]. Wear,
2007, 263(7) : 984 —991.

Fei Jie (% 7)), Huang Jianfeng ( # 14 ), Cao Liyun
(B =z ), et al. BAR/ R 54 BE 61 Rk po i X0 e 82 27
MGE[J]. Acta Materiae Compositae Sinica ( B &M £ 244k ) ,

2013 (3): 70 -75.

Zhang Zhaomin (5K JK ), Fu Yewei (£l ffi), Zhang Xiang
(5 ), et al. SR BE X Bk A 1 05 %Y Al JRE 45 AA R X
FEGERAAYERER WA [J]. Lubrication Engineering (¥ 5% £)
2013, 38(5) : 64 -68.

Rattan R, Bijwe J. Carbon Fabric Reinforced Polyetherimide Com-
posites: Influence of Weave of Fabric and Processing Parameters on
Performance Properties and Erosive Wear [ J]. Materials Science
and Engineering : A, 2006, 420(1) ; 342 -350.

Rattan R, Bijwe J, Fahim M. Influence of Weave of Carbon Fabric
on Low Amplitude Oscillating Wear Performance of Polyetherimide
Composites[ J]. Wear, 2007, 262(5) . 727 -735.

Bijwe J, Rattan R. Influence of Content of Carbon Fabric on the
Low Amplitude Oscillating Wear Performance of Polyetherimide
Composites[ J]. Tribology Letters, 2006, 23(3) : 223 -229.
Yang Caiyan(HH =) . BREF 4 BREFAELU) B AR 165 &
A R R B FE [T]. Fiber Composites ( £T 4t 52 4 71‘/]L
B, 1998, 15(3) : 46 - 50.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28

—

[29]

Su Fenghua ( 70§ 4E) | Zhang Zhaozhu ( 3K ##:), Wang Kun
(£ ), et al. MoS,F1 PTFE BUVERRAT 5 G R4 BE 32 B 45
PERELT]. Tribology(FEHEZE2£3) , 2005, 25(4) ; 338 —342.
Zhou Xianhui( J&56#%) , Sun Yousong( #h/#) , Wang Wanshun
(CETI) . N R BRET e 2L/ 1 58 S BT B 52 R M 1
5% J]. Lubrication Engineering (¥ 5% &), 2007, 32(7):
29 -33.

Pan Guangzhen (3 %), Qi Lehua (55 1),
(AhleAR) , A7 BRI PERR A 525 B Rk R 42 A 1 T
WF5E [T]. Tribology( FE¥E2E2E4L) , 2012, 32(4) : 360 —366.
Suresha B, Ramesh B N, Subbaya K M,

Fu Yewei

et al.

et al. Mechanical and
Three-Body Abrasive Wear Behavior of Carbon-Epoxy Composite
with and without Graphite Filler[ J].
als, 2010, 44(21) ; 2 509 -2 519.
Kumaresan K, Chandramohan G, Senthilkumar M,

Journal of Composite Materi-
et al. Dry
Sliding Wear Behaviour of Carbon Fabric Reinforced Epoxy Com-
posite with and without Silicon Carbide[J]. Composite Interfaces,
2011, 18(6) : 509 —-526.

Subbaya K M, Suresha B, Rajendra N, et al. Taguchi Approach
for Characterization of Three-Body Abrasive Wear of Carbon-Epoxy
Composite with and without SiC Filler[ J].
2012, 19(5): 297 -311.

Ramesh B N, Suresha B, Chandramohan G, et al.

Composite Interfaces ,

Three-Body
Abrasive Wear Behaviour of Microfiller-Filled Carbon-Epoxy Com-
posites: a Factorial Design Approach[ J]. Instrumentation Science
& Technology, 2011, 18(9) . 783 —800.

Su F, Zhang Z, Liu W. Mechanical and Tribological Properties of
Carbon Fabric Composites Filled with Several Nano-Particulates
[1]. Wear, 2006, 260(7) : 861 —868.

Zhang H J, Zhang Z Z, Guo F. A Study on the Sliding Wear of
Hybrid PTFE/Kevlar Fabric/Phenolic Composites Filled with Nan-
oparticles of TiO, and S$iO, [ J]. Tribology Transactions, 2010, 53
(5): 678 —683.

Zhang H J, Zhang Z Z, Guo F. Tribological Behaviors of Hybrid
PTFE/Nomex Fabric/Phenolic Composite Reinforced with Multi-
walled Carbon Nanotubes[ J]. Journal of Applied Polymer Science,
2012, 124(1); 235 -241.

Zhang X, Pei X, Wang Q. Study on the Friction and Wear Behav-
ior of Surface-Modified Carbon Nanotube Filled Carbon Fabric
Composites[ J]. Polymers for Advanced Technologies, 2011, 22
(12): 2 157 -2 165.

Park D C, Kim S S, Kim B C, et al. Wear Characteristics of Car-
bon-Phenolic Woven Composites Mixed with Nano-Particles [ ] ].
Composite Structures, 2006, 74(1) . 89 -98.

Blanchet T A, Kennedy F E. Sliding Wear Mechanism of Polytet-
rafluoroethylene ( PTFE) and PTFE Composites[ J]. Wear, 1992,
153(1) : 229 —243.

Wang Yunying( T 2 %) , Meng Jiangyan ( 5 7T#) , Chen Xue-
bin(BRER) , er al. ZEMEHIBRE 4E AR ML L T].

Sur-



460

Hh [ AR 2

H34 %

Sface Technology (FMFIA ) , 2007, 3.

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

Su Fenghua ( 71§ 4E ), Zhang Zhaozhu (5K #3#£), Wang Kun
(E ), et al. 5B FACTRBREF ALY 52 G R BE 52
B[ J]. Chinese Journal of Materials Research ( #1 %} HJF 5% 2%
), 2009, 19(4) . 437 -442.

Men Xuehu([J2£5), Jiang Wei(2% ), Zhang Zhaozhu( 3K
AEE) , et al. HNO5/Hy SO, S AL BUMERR A1 5 5 44 54 H) R 422
BUERERTFEL)]. Tribology (FEHE2A2A4H) , 2006, 26 (5) : 443
- 447.

Tiwari S, Bijwe J, Panier S. Adhesive Wear Performance of Poly-
etherimide Composites with Plasma Treated Carbon Fabric [ J].
Tribology International, 2011, 44(7) . 782 -788.

Tiwari S, Bijwe J, Panier S. Polyetherimide Composites with Gam-
ma Irradiated Carbon Fabric: Studies on Abrasive Wear [ J].
Wear, 2011, 270(9) : 688 —694.

Tiwari S, Sharma M, Panier S, et al. Influence of Cold Remote
Nitrogen Oxygen Plasma Treatment on Carbon Fabric and lis Com-
posites with Specialty Polymers[ J]. Journal of Materials Science,
2011, 46(4): 964 -974.

Tiwari S, Bijwe J, Panier S. Gamma Radiation Treatment of Car-
bon Fabric to Improve the Fiber-Matrix Adhesion and Tribo-Per-
formance of Composites [ J]. Wear, 2011, 271 (9). 2 184 -
2 192.

Tiwari S, Bijwe J, Panier S. Role of Nano-YbF;-Treated Carbon
Fabric on Improving Abrasive Wear Performance of Polyetherimide
Composites J]. Tribology Letters, 2011, 42(3) ; 293 -300.
Tiwari S, Bijwe J, Panier S. Tribological Studies on Polyetherim-
ide Composites Based on Carbon Fabric with Optimized Oxidation

Treatment[ J]. Wear, 2011, 271(9) : 2 252 -2 260.

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

Tiwari S, Bijwe J, Panier S. Strengthening of a Fibre-Matrix Inter-
face: a Novel Method Using Nanoparticles[ J]. Nanomater Nano-
technol, 2013, 3(3): 1 -8.
Zhang X, Pei X, Zhang J, et al. Effects of Carbon Fiber Surface
Treatment on the Friction and Wear Behavior of 2D Woven Carbon
Fabric/Phenolic Composites[ J]. Colloids and Surfaces A: Physico-
chemical and Engineering Aspects, 2009, 339(1) . 7 - 12.
Zhang X, Pei X, Jia Q, et al. Effects of Carbon Fiber Surface
Treatment on the Tribological Properties of 2D Woven Carbon Fab-
ric/Polyimide Composites[ J]. Applied Physics A, 2009, 95(3) .
793 -799.
Zhao Pu(i¥ %), Jia Qian(® f%), Wang Qihua( T F4E).
TREFYELLY) 1 8 PES-C/PTFE 525 A4 R ) JBE 52 2 P RE DT 5T
[J]. Tribology( FEIE=F2441) , 2008, 28(6).
Sharma M, Bijwe J, Mitschang P. Abrasive Wear Studies on Com-
posites of PEEK and PES with Modified Surface of Carbon Fabric
[J]. Tribology International, 2011, 44(2) . 81 -91.
Sharma A, Rattan R, Batra N K. Characteristics of Polyetherimide
with Carbon Fabric Composites in Adhesive Wear[ J]. Internation-
al Journal of Current Engineering and Technology, 2013, 3(5) .
1992 -1 995.
Su Fenghua( #7§4E ) , Zhang Zhaozhu (SR IH:) . Bk 4F 420
5 Nomex £FYELUIE & BREE 2 PERERTSE [ C//2006 Na-
tional Tribology Conference Proceedings (1) (2006 4x [ FE{#E~%
REBAE AR (—)). 2006.
Zhou Xianhui ( JH4E#) , Sun yousong( FhAHY) , Wang Wanshun
(ETTNR) . BREF 4R SV B 4852 5 BERHMIE HT T B 5 22 1 RE
[T]. Tribology(FEHE72#4}) , 2014, 3: 018.

(m¥ & =)



