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Research Progress on Tribological Properties of Fiber Reinforced Epoxy Composites
Wu Jinyong*, Liu Lina" 2, Fu Shenyuan™*
(1. Department of Materials, College of Engineering, Zhejiang A&F University, Hangzhou ' 311300, China ;

2. National Engineering and Technology Research Center of \Wood-based Resources Comprehensive Utilization, Hangzhou 311300, China)

Abstract : The characteristics and research progress of epoxy resin and three main fibers were briefly introduced, and the
research progress of the tribological properties of fiber reinforced epoxy: resin composites in recent years was summarized. The
tribological properties of glass fiber reinforced epoxy composites, carbon fiber reinforced epoxy composites and natural fiber rein-
forced epoxy composites were emphatically studied, and some important factors influencing the tribological properties and adjust-
ment methods were revealed. The preparation process of bamboo fiber reinforced epoxy composites and linen fiber reinforced epoxy
composites, as well as the methods and-mechanisms of improving the tribological properties of the composites were introduced in
detail. The tribological properties of basalt fiber reinforced epoxy composites and aramid fiber reinforced epoxy composites were also
introduced. The market development trend of fiber reinforced epoxy composites were pointed out : the natural fiber reinforced epoxy
composites and basalt fiber reinforced epoxy composites would have great application prospects.

Keywords : epoxy resin ; fiber ; composite ; tribological property ; progress

AN (EP) &4 248 2 LA B PR, EHERTLL
LRIV JR PR IR EO5 Fi W, HEMERE AU S Bk i
B R T H ARG YRR R R ERAE
TAREAE R4 9 T 20k, IF B RAFR PR L, T2 H]
B NCRE IR INE R RS TR NG R o N (£
L5 ) EP R R = HE SR ARG ), A7 FEm R 22 e b
T 26 ) AT 0 R R VS o — S R4 SR L U B 2T 4t (CF) B
L4 (GF) RIREF A M X e Bl o 2T 4RO EP

B R BT RO s A T L AT AR R 2 G MR R A
fie WO, FESZRRI v, BRI KA R (K
AR AR ZEUARE ) SR A R ET 4E, DN T AN 54
Mo B L AE S B A R s 1 T2
1 £F4F0 EP HiEE
1.1 4%

LA IOR R T EA BRI R AR L, B A 3w 1Y
SRR, e AP I TP R by, Rl i g )z VR & ¢

EEWA: MEARREILETH (51605446) , WiT14 HRFL L4 HH I AT H (LQ15C160002)
AR« XUIWE, {4, ml2% , EZNFAYRIEE SR AR RE RHFSE Email : liulinal98310@126.com

Y5 B #A: 2019-01-01

S| AR RAE 5, R, RN . L 4Rsnn EP & & MR AR REF ST HE R [3]. TRRMEARLNH L 2019, 47(3):136-139.

Wu Jinyong, Liu Lina, Fu Shenyuan. Research progress on tribological properties of fiber reinforced epoxy composites[J]. Engineering

Plastics Application, 2019, 47(3):136-139.


杨超


SRR N SRR A YRR 137

BHIRESR AR, 4 2 ARV I LUR LR

(1) GF.

GF H A AR AT i 24 e 1 58 B2 /)N DRy 284 52 it
BN Vet e s AN e S G T R R (N I N T EN
i {4, 1 LSRR R A 2 . S ORI AR TE
YR RIS B 35 27 A AT 080ME | DR AP AT 2 2R T 25 4, DT i
B R PN Y A R TR BT R IR R ORIl Y
TG K O 2l T 12 MERE 2R Y GF, W 5
H-Glass F HiPer-tex FYZF 4 ; it Ji i 5 1 JC il o3l GF,
LA 4% Advantex F1 E6 25 251 (77 it U, I ANE AT
— R GF WARZ A H , JLAE i i B IR A H MR 55 20
EMRET—5.

(2) CF.

CF & —Fh & Bl 75 95% LA b, i i | s R e ) 7 280
o LA AER ), B T2kt 5, B Arwn 1
AR 221 R i AR, B A i ZE R A B SR S R A
B R AR A, HETRGE H SR E R A X e A A
() CF & Hogritkil U9 ) C U E U . i E R
JEORME R A2 AR B 2 4% CF A ML Ao 0.

(3) RARAHET 4t

KRB EF 42 H AT ER 1 i B AW A A R
RIRAEDEF A A R Z WOl AR I E & B i R A
UFLARIR I 2 0 BRI, i TR AP er g £ 2
M LT R LT YRR LUK TR A, XS A i b 3 A K
AR R, e B ELA AR 1) SN P (A AR W 2T A
WK S AR A LA . T DA TE KR EF 432 T 858
SLGPORLZ T, 8 X A T A, ARk A AR 2
SRR IRAEYIIR Tk, UL S A etk 5 Ot
2Tk B
1.2 EP# 5

bR TG 5k 1) EP RIRLASR i AT — Sk (A PR
() EP B g 1 B ——: W 5t EP WA . ZE4 5 EP W R & &
R 2 FA AR TE 1 L AL B DR 3, Dt} 32 S A
B AHYDI  RIR B LAY S S A L B Rk
H AN SR WL B 5 SRR Tz 1 ELREM . AR
AT EP BG4 45 7k A AR P R
B ECH S 5 B AT v iy B AU 508 2 Y Ak sl 3 38
TR H AT AR ML, B ECH R ; SBl AR k7
THALANHER SR )5 S EP AL A RN B, A, o A
T AT 5 AR AT AN SR B Ak R 3K L EP MRS
2 EP/RUSEMBIEEFMERERR
2.1 EP/GF L &##t

% B 4 T EP/ GR B A RHRL, I FH S Bt

ALY EP/ GF A MR TR & 30« 524 MRk B 152
BB AR 11 KN W AR, S 2y i — 2D g a2
BRI R Z OB IG5 S E ORI B 15 5 Bt 43 i 1)
RORTIE K, B G MRS I R b g e & AR I R AR 11
PRI S, SR LT AR i) B FEIR ; #5238 9 i
LU N GF A, S2 50 25 SR [FIFE o Hh EP WAR JL A2 & AR
JEEA% F BRI B e R R R . AR 80 1 2 5 4
BHHLL, GF AR IE T2 AR Y AL TE | S 2R % Ak
PR MR TEAS /N, R GF REAR LS M1 38 52 5 4 ki PR 4
YERE, TERIAGLK Si0,, TiO,, ALO, FERAIAKA (CNTs) 5
B, =Rk R AT LU 5 EP / GF RYTH S S, Uil GF
SUKREEMEHEE RGP REITERT. CNTs B RAFHY A
T HEIEBRAK EP / GF 524 bRk A 2 482 22 ORI S %% 32 2 it
.

2.2 EP/CF A A##

Bt R BRI PR, CF REAR T Hiu 334 568 e i 1) P 42
PERE. Bl FLEEEY BESE T CF HsRA IS 3 42 & bR sh
PGB R A5 A Lt IS SRy 577 S B MU RIS 0 . A
TRIRATT L SRR I 451 3 1f] 3= 2 AR (4 R, AL
T AR AR AR A MR A e B R TE
UG | T G 0 7 A AT o PSR O e A A e A B At
LA 0 A 55 B o =, Bk 7545 B RS T BRGAOKAS / EP
)RRy N ] i 2 T A PO L P N NP S il
FHAL, IR RS R IOKE 5 EP MARIR & HI & A4
BHR BLBEE BR AR (Y B G0, 526 MR I BE 2 P e 4R
L MBS ECh 1.0% PR LZ BERR GO I, 2 &
MR BUR AR WA T , A MORH T M R 5
WO . JE e PRI T CF AU e EP A RN
TV AR BRSSP R . RS R TR A 1 CF 41
YRI5 EP AR LW 4 AR 2 AR R, EEIK T %A
B PEMERR — BRI 2 AF T, B ZE i W RS R, XA
R 45" R BEBE AR . AR B RS 1 EP
LA MERHI BER IS A ME R I 35 B, 2 FHE IR T AR
Yy /EP A MR F BRI BB BRI AR ER L 3
AR RIRIL AS B R RIS 1 AR B2 M B 5 S8 /
EP 525 MDA 2% 11 SV S 3 el A5 4 Vil i R A B PR 3R 1T
2RI, AT R BN B R A
2.3 EP/ R HEAMH

(1) EP/ Y1414k (BF) B A4k

BF £k A T EAR, AR HAF 5, %%
AN R FLT B o BF HEATARSR, IR & BRI 52 A5 61
BHE 2 T2 28 0 2 A ORI J1 22 ERE AT 5 GF &4
AR BT, AR P 4 4l ok EP / Si0,-BF & &


杨超


138 TR R

2019 4F 45 47 ¥ 55 3 W1

MR R BF BEfSHE M EP (Wi EEMERE. INA BF J&, EP 1)
PRFR A0 K i HE R AIC, Bt BIF J5 £ 43 B A 38, e A it
JEE PR AN TR SR, A 1%,2%,3% 14 BF &, EP/BF 2441
R B A AR A5 43 I B AR T 63%,64.3% i1 7%, Jil A BF J&
EP/BF &G MPRH EE# 2 50 LB W B R %5, M\ 0.59
FE$) 0.54, EEHE R BN T REIE i T BF 7K32 1 H22 il il A 43
Hfr. SEM EIZE R : 55 1% AR L, 3% BF BYIEE SR
PG T4 R, T BT, A 23 A , (R R A 40
INBALL, 2% BF MR THF- 4%, oA ™ 5 A B4 T o
2% BF [ EP / BF & MR HARFRIE 1 LA R 452 2 KOR 3%
B 22 AN K. A BF R4k SiO,, EP /SiO-BF & &
ORI R FREE B R 5.16 x 107 cm®, 4 1L EP, BEHUA T T %
75.3%. fE4K SiO, Al BF WALRIVEF T, EP MY M RE
TR B B3

(2) EP/ # Bk 4 (KF) A &4H4,

JPREF At —Fl s i 2 AR S 2748, ) KF il 451 EP
SLERORM T2V R 1 35 4  (ER R SR 22 P e R A ke
1K B9, KF 38380 EP & & RHRHG BT 2 BLSE S K 15
TR (R RBUEBEUERAL R 9.66 x 107 cm?, i
2l EP W IR AR USSR A (E 8.06 x 107 cm®, 3 A AEHEHE EP
AR EEVERE . SEM ZM BT B S0 T T 350 60, KR 55 5644
R4 FUEEESS AP R R IR, EP/ KF MOEHIE BB
FEIE KF R S 18T, KR4 b (e BE i R
YERITR . KF 1550 AR BR B il ys S KF 3 e 2 i,
REG AW, 245 KF BT H B, R4 DL JE B A i S A
AN W S A 7 DR T I A i ) K 30458 5 5 R
PEERE TR

(3) EP/ HAthZF 452 bk

LRALTYUE ST — PR R R AR 4 B deRe i 5, A
PR | AR T IR BR A ( BEAE —260 ~ 650°C 2
I ) (TR AR5, SR TC TS Y St e A 4 B
M KA L YR G W R G R S Hh i 47 4 5 A
LT, IF 5 AL LT 4R A, 7T A & 15 31 ) 24 P g
FEREAMEREL R E A RL, 0 B e LR A A 4
Y Z a4 g EP MG, & BRI A 4
I FLIE LRI K LT L AT S 1 LU D4R A0 8

D7 AT YA R SR | AR | R A YRR T A B
B 2K T e T T AL A SRR R R H Tz
PLEFHERTRE 22 ) % B3 SRR T2 46 57 4 47 4k EP 1
S A TR AR AT I AR A 3 K B - R
FEIN I FLURBE A Iy A 2T 2 5 e (V38 8 DR 80 3%
WA TR ARSI LLF4ER) EP BARTR)Z B
PEPIBOHXT R 5 MIOC T R )5 I, & Jr e 4P e =2

BURIZ I EEAE A S AN E DT A AR AORAR LG IR b T
ARG DRI A5 R ARG R BT D5 20 2T e X EP A
N BEAE A RE RO SR AE I
3 &iF
CF }{5i EP G M RN ER S PERE R L, P e fh {2
J& CF HREGH % & SRS 1T CF 34 & A AR & R LU Kz
FHOUR ., KAIRET A S R IRTE Ty 2 MEREREE 45~ P R
ESESER CF, GF A BHH HEA BT AN I, X R ARET 4 ik
Fr oI 4 0 52 5 T RHESELE R R B3RRSB4
s RIRETAEAAALE i R o PRREFIT AR, PRI TE A SRS
RIRETYESZ AR EBA Tt KRR R . Ah X R
HEPYERETHLET A 5 MR RE AT B R B HITE T
& % X ot
[11 Eflrh . EP RIIEA: = S [M]. dba Ak Tl ik, 2001,
Wang Dezhong. Production and application of epoxy resin [M].
Beijing: Chemical Industry Press,2001.
[2] Roudsari G M, et al. Acs Sustainable Chemistry & Engineering,
2017,5(11):9528-9541.
[8] - Zfik, 45 . & ARl , 2018, 35(2):304-310.
Wu Jiany et al. Acta Materiae Compositae Sinica, 2018, 35(2):304—
310.
[4] XBE R, AR, 2018, 35(7):1 8571 863.
Deng Fuquan, et al. Acta Materiae Compositae Sinica, 2018,
35(7):1857-1863.
[5] AAE, % . FRIMEL T2, 2018(1):58-61.
Deng Hua, et al. Aerospace Materials & Technology,2018(1):58-
61.
[6] TFiinth, % . FimiAR,2017,46(11):41-48.
Yu Jingjing, et al. Surface Technology,2017,46(11):41-48.
[ XMRT 45 . TRIRHIHT, 2012,40(9):13-16.
Liu Junning, et al. Engineering PlasticsApplication,2012,40(9):13—
16.
[8] 4,5 . R4 5 )3, 2017(5):7-13.
Meng Zhao, et al. Hi tech Fiber Application,2017(5):7-13.
[91 47,5 . BORHHTE %4k , 2017 ,31(4):300-308.
Yu Wei, et al. Chinese Journal of Materials Research,2017,
31(4):300-308.
[10] JASeHE, 5 | EEEEAIR , 2016, 36(5):650-658.
Zhou Xianhui, et al. Tribology, 2016, 36(5):650-658.
[11] B 5 B/ Z A6k 2017(6):51-56.
Lv Guangchao, et al. Fiber Reinforced Plastics / Composites,
2017(6):51-56.
[12] Shen Xiaojun, et al. Tribological performance of carbon nanotube-

graphene oxide hybrid / epoxy composites[J]. Composites Part B


杨超


R A AT MR B VLR

139

[13]

[14]

[15]

Engineering, 2014,57(3):120-125.

G5 PR, 2015, 36(6):569-576.

Guo Hongwei, et al. Journal of Ceramics, 2015, 36(6):569-576.
HLEE . HORHHSY . 2012,5:16-23.

Zu Qun. Technical Research,2012,5:16-23.

MUHERS , 45 . SRR 9 5 08 , 2018, 40(4):343-354.

Tian Yajuan et al. World Sci-tech R & D,2008,40(4):343-354.

[24]

[25]

[26]

[27]

[28]

[29]

[30]

(31

[32]

FEAE ML, 4 . IR 25, 2018, 52(5):604-611.

Xue Chaofan, et al. Journal of Shanghai Jiaotong University,
2018,52(5):604-611.

kw4 RN TR BE A, 2018, 33(2):41-46.

Geng Hongzhang, et al. Journal of Xuzhou Institute of Technology,
2018, 33(2):41-46.

JEVSERE | FEEEAE244R 2016, 36(5):650-658.

Zhou Xianhui. Tribology,2016,36(5):650-658.

Zakikhani P, et al. Materials & Design,2014,63(2):820-828.
TR E . E AR, 2019, 36(1):1-7.

Wang Chunhong, et al. Acta Materiae Compositae Sinica,2019,
36(1):1-7.

TIE . ARRLT - 274k / EP WHEEERT BRI B REDT ST [D].
ot Rl ke, 2018,

Wang Ding. Research on friction and wear properties of nano-
particle / fiber / epoxy resin-based materials[D].Tianjin: Tianjin
University of Technology, 2018.

BRI, 55 L R R AT 4E SN L 2005, 30(6):7-13.

Hu Xianqi, et al. Hi-tech Fiber & Application, 2005,30(6):7-13.
9 % AL T kR, 2011,30(8):1 766-1 771.

Shang Baoyue, et al. Chemical Industry and Engineering Progress,
2011,30(8):1766-1771.

T EP MR RS AR BRI S SR PERE B ST [D]. K - K
HEP R, 2007,

Xin Shaobo. Research on friction and wear properties of epoxy
resin matrix composites [D].Tianjin: Tianjin University of
Technology, 2007.

ZEPY i 5% $], 2013, 38(6):73-80.

Li Dan. Lubrication Engineering,2013,38(6):73-80.

[16] XI==7He, 45 . MkHT:4R, 2018(3):405-411.
Liu Lanyan, et al. Materials Review,2018(3):405-411.
[17] SRR, A . R LR s AR M A2 AR M. b st fb
2Tl it 2006.
Zhang Xiaoming, et al. Fiber reinforced thermosetting composites
and their applications[M]. Beijing: Chemical Industry Press, 2006.
[18] Bfd, %5 . A=Wy fbar TFE, 2010, 44(5):53-59.
Chen Jian, et al. Biomass Chemical Engineering,2010,44(5):53—
59.
[19] Auvergne R, et al. Chemical Reviews,2014,114(2):1 082-1 115.
[20] 254,55 . Ak, 2018(8):51-55.
Li Juan, et al. Adhesion in China,2008(8):51-55.
[21] FaHs, % PR, 2013, 27(5):69-72.
Bai Yan, et al. China Plastics,2013,27(5):69-72.)
[22] WGy . SIS AT S R SR A R P A UL
5% [D]. BI&L : BRI AR R+, 2013.
Hu Jialing. Study on glass fiber cloth reinforced two polymer-based
ultrasonic motor friction materials[D]. Nanjing: Nanjing University
of Aeronautics And Astronautics,2013.
[23] B € 4F . FERUM R T2, 2016,46(2):31-35.
Yin Yanfei, et al. Aerospace Materials and Technology, 2016,
46(2):31-35.
(¥ 1351T)
[39] Huang N J, et al. Journal of Polymer Science Part A:Polymer
Chemistry, 1995, 33(15):2571-2 586.
[40] M HHr, % . 7 IHAE T, 2015(2):45-47.
Cong Rixin, et al. Guangzhou Chemical Industry,2015(2):45-47.
[41] Hu Yanming, et al. Materials Science &Engineering A,2011,
528(22):6 6676 672.
[42] BB, 4 MR T, 2003, 31(4):41-43.
Tan Zhiyong, et al. China Plastics Industry,2003,31(4):41-43.
[43] Ougizawa T, et al. Journal of Materials Science,1988,23(2):718—
722.
[44] 77 . BE(R, 2000,10(2):36-47.

[45]

Jiao Ningning. China Elastomerics, 2000, 10(2):36-47.
WAL A A ML HE 5 . L A Tl A,

[46]

[47]

[48]

2011.
Pan Zuren. Polymer chemistry[M]. Fifth Edition. Beijing:
Chemical Industry Press,2011.
T, A B E 28R, 2010, 27(3):1-5.
Yu Zhisheng, et al. China Synthetic Resin and Plastics, 2010,
27(3):1-5.
I 0% . AES BRIl 25 KRB ST [D]. 8 - W BRHER A,
2015.
Qiu Junfeng. Preparation and properties of AES resin[D]. Qingdao:
Qingdao University of Science and Technology,2015.

B AR S PR ABS BRI ST [D]. K% - REMT
K##,2010.
Yu Zhisheng. Study on bulk high performance ABS resin [D].
Dalian: Dalian University of Technology, 2010.


杨超




