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Abstract

Friction and wear behavior properties of epoxy resin matrix composites toughened with polyu-
rethane were investigated under the condition of water lubricated sliding. The worn surface
morphologies of epoxy resin and the composite were observed and analyzed by scanning electron
microscope (SEM) and laser scanning confocal microscope (CLSM). It has been found that the
epoxy/ployurea composite exhibits favorable wear resistance under water lubricated sliding. Fric-
tional coefficients and wear mass losses of Polyurea/Epoxy composites were all lower than that of
epoxy samples. The toughness was improved with the addition of polyurea copolymer. The polyurea
particles distributed uniformly in epoxy/polyurea composite substrate. In addition, plastic defor-
mation of some polyurea particles occurred on the worn surface of the epoxy/polyurea composite.
The wear resistance was improved with the addition of polyurea particles.
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AR (EP)— 2K m BE A BRI E ERT G, M = A i s s m . e feoE YR . s ik
J ST R e AF S5V 2 MmO R I PERE, AT IEZ P ARE — Lo G @ A Bk S 12 308, | iz HAERGE AR
Tl Tl KRDK AR, (H RSB AW s B BOm e, Wi ae IS, 765 5B A 0 B I
B o RN WA 1], Tk,  [H AN IEE IS BRI B AT 7R E R, AR AT
DA, 25 1 i P S0 T PR T SR80 1, o B SZ U (R B 030, (Rl o 2 3 OB ) 5 B R i P T B 2]
[3] [4] [5]. BMRHEAP T EFETSHRENmESE, HTEGNRREAERRTE T HER T 28
RLFA[6] [7]. WFFE B, SR SEMR T SR AR R RTURL n] LA 280k 42 v 2 800 I P 390 12k 1 2> b A3 e B FE (8]
FERFIKEL Mids . W R b, KISl AT DA B 2 B EHE = B (9], 72 BEHE R R e T
KA, TR/ BEHETE J7 o SN AR L, KBRS RIS, 7R BRSO RS 5 0 AR R A2 ) BEAL 244
F B BRI G AR S P RE RN TG A, SR AREAS B 1 R 2 MR RE AR T AR S A R [10]0 AT BLui
H: Ik (Jeffamine) M1 — 7 FUR MR 4 3R & B G o e FUR L SR E, R AR AL 2 AR SR, AR IREE R
Tk S WIFR e i, BERA RIOFHIGEDIROR, S8 G [ b 7= 4 5t AN PR R B AR IR S = &
WARHE A M 25 1F-55 18 AR R T P B 2 B A5 e MR AT A 7, A0 AT 1 iCRE B A0 R v B B TS (1 A 2 2L ik
R ARG, RS T B AL 2 1 BT B R RO
2. KISy
2.1. RS

KA A B IR (DGEBA, Araldite-F), L3R40 28 (5 — 305U A B B I 19 20 78 N
182~196 7/ &, WRNE LI H Aldrich 2wl #& 4. SEIGARHR 6l 23 P AT, B ek — 7 UER IR (TDI)
AR IEREBEF, VS 10 min, 7EAN Tin (II) 2-ethylhexanoate LT G HEEE, & RIRF AR, RIETE
80°CF, MRS H M NE LL— & (1 LUV & S MU B 20 min LA 23 BR IR 77 R 4 2L HR 22 120°C,
RS 20 min, REVHRREE 100°C, IMANRGERELA], BaE, B, AR, EiR

DOI: 10.12677/ss¢.2019.73006 31 & AL ZER I


https://doi.org/10.12677/ssc.2019.73006
http://creativecommons.org/licenses/by/4.0/

W 55

FEON120°C, [EALIS TR 18 /NI, il 26 SRARAA AWM N S F0RE i RIRK & &9 10 wt.%.
2.2. BB

K MM-200 Y 453 S B ATLAE K T8 2% A1 R s 0 S8 g SO G AR BE AR IR TR e e, R e
fih e 2N ER-Hedeh, iR R ~FoN 10 mm x 10 mm x 14 mm, % 4ME 40 mm. & 10 mm, HA4Fi N GCrl5,
ST S, RN 65+ SHRC, HMm LK 1. SEIERE e E e A g, E e it 5l
fik 7 A EE PR B AV . S BT R A ZSIROK, DABESM B 55~65 % 11 1 B2 N B S TR B b e 1T, DA AR
P P R AR BRI /K BN AS o REG R BRI & | . S2IG T A RbACKAR R AN A 2 1 11 B
B ERERERE, R T, BT8R T, SRR NET, MR 60%. ik
IS HLEL A 200 t/min, SZIGHSE] 235004 304 45, 60 A1 75 min, A 98 No L6 iR FEL M T-Ab 3,
H 0.1 mg /& oL R PR B A G LB SRS RT S B, SRR Rk, R A
IESEIGHLIAR IR, PR B AR O B 4 FE RS I S 06 A ISP I . B AR R R A
TS

M =T/(RxP) M

A, TONBEE IR (kg em)s R OVHEE AR (cm); P ONEA (kg)o HU 3 IR E AL SEIG (P S (AR A DIk 45 2R
b p R G L R AT AR
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Figure 1. Schematic diagram of the friction and wear tester under water lubricated sliding
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Table 1. Composition of the steel wheel

F 1. WRHOLERD

Element C Si Mn Cr Fe

Content (wt.%) 0.95~1.05 0.15~0.35 0.20~0.40 1.30~1.65 Balance
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BEIRLG G, SHIRFERI BRI R T 4, R ISM-5600 A3 HE T BB (SEM) X HBk AT AL, ik
HLE N 25 kV;

KH HZA OLYMPUS #Hi] ) LEXT OLS3000 #4044 3 5 A5 R A (LSCM) X BB 4% [ —4E(3D)
TESURFAE AT A W 50 7 A 1 3R I B BE P SR THTRDRE 152, DGRV K 408 nm B0, B KIS 2 14,000
%, 3 HEFRN 120 nm.

3. FR511R
3.1. EREHRIEEE

P2 KL 3 s /KA AR P 98 NN, PR IR S LA S AP RHK BRI R AL BE S
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Figure 2. Variation of (a) frictional coefficients and (b) wear mass losses of epoxy and Polyurea/Epoxy compo-
sites with the wearing time under water lubricated sliding
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Figure 3. Specific wear rates of polyurea filled epoxy resin and the composites
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3.2. BERRELH T

B 4 PR oK 260, AP S SRR SR e S A A R SR S . AT LA
AR A IR B BRI BOLIE, AR MANY, RiEA /D REPURKFRFIVE I, b TRE B
VAT, EER BB E (A 4(a). IR EM AE R SR SR RO, KR40/
BRI 8 R B AE BRI, kAR 1R IR IR, SR WISl A rp DU 57 BE f o 2, IX 5
BHFHIGUENEATS R 4(b))o R IRIRAREM IR B S AR BRI BOCRT W, SRIRAA A IR 2 a4k
R MRAURL ) 73 A7 LR 25 i IR BN, P R i o8 b 1 e AR T B (R 2B R AR TR, 000 TR
BURL AL T i (4 4(c))

Figure 4. Worn surfaces of (a) pure EP, (b) epoxy/ployurea and (c) enlargement diagram of epoxy/ployurea composite
E 4. aiIFER IS RIR A ERESESMRINERFEMRRA

B 5 B KIS AE N PR 5 SRR E IR R SR R T =BT T, M5
WlE RS MRR AR AR WA . KR T, REMESMEIIEE ) EER A MR
JITHT e o A RO A R T ™ A B SR A AR T (R VA B I A s R SRR IR A R T R v )
R A Bk X B DI AR (9], B T /K AR AN SE R T TR KB, 2] 7 — 5 IR A 20PE A, JF Hs
TR T SRR AN 35 A T PR 4R T (R RELRE P2 (151 6) 0 IR S8R A 20 7 v 25 A A S ik i 1
SEH, BERIWTR AT UL MmO A6 . PR IR 1 8E BT O JRl T, B C-O B, [EALTRH B N R T 53R R
A o] AL SZ I RS TR B C-N, - AT R = 48 25 TR AR R 237 [11]0 SRR 30 3 40 5 S I 5 R, 24 T A
FENREM R, — € ERRIR MR ARG, AW IR IRE % 5 BRSBTS i A S A e
ME SN, ARl T2 ) H-O B, AIMTHISS T C-O BSR4 AE 5 SRR I S A6 45 58 2 I3RS 40
TRENSHOR S, I3 T R AR B .

Figure 5. 3D topographies of the worn surfaces of (a) pristine epoxy resin and (b) epoxy/ployurea composite
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Figure 6. Roughness Values of the worn surfaces of (a) pristine epoxy resin and (b) epoxy/ployurea composite
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