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BHTAF GO/WEP LM BT o A F 1A FARB A IRITIC L, AL REAN M GO A F Wi,
# & P71F GO/WEP BARiTIL M4 it s F 3 ARARFH B ER S5 WEPAIL.GO A F 4 6 wtli#)
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Fabrication and properties of graphene oxide/water-borne

epoxy Shape memory CompOSiteS
WANG Enliang » DONG Yubing » FU Yagin
(Silk Institute, College of Materials and Textiles, Zhejiang
Sci-Tech University, Hangzhou 310018, China)

Abstract: Water-borne epoxy ( WEP) exhibits excellent shape memory effect. However, the
mechanical property of WEP is poor, and the heat conductivity coefficient is low. In order to improve
mechanical and heat-conducting properties of WEP, graphene oxide (GO) was used as the filler to prepare
GO/WEP shape memory composites. The microstructure and chemical properties of GO were analyzed and
characterized via AFM, TEM, XRD and XPS. The microtopography, mechanical property, heat-
conducting property and shape memory property of GO/WEP were determined and observed through
SEM, universal tester, Hot Disk conductometer and TMA. The results showed that the mechanical
properties and thermal conductivity coefficient of the GO/WEP composites significantly improved with the
increase of GO content. The thermal conductivity coefficient and tensile strength of 6 wt% GO/WEP
composites increased by 156 % and 80% respectively, compared with WEP. However, the elongations at
break of the composites decreased with increase of GO content,
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FARICAZ A L (Shape memory material, SMM)
BRI AR B %) S 3 g 1 Y R BE AL L R A%
RSN B3R 55 AR A CAndl B L L 6L L i R pH
S SIS IR ] A 2
IR AR R IE 12 B A ¥ (Shape memory
polymer, SMP) /& SMM f{)—A~ 8 555 37, T Se4E 7
B T FEARFF T T )2 0 FER e s
WK BRI A H 4 2 S s B A 3R T2 1Y
MR . SHER SMMAnERICIZ G 4 JE R
CIZPE ) M EE . SMP BA TR 8152 3R 5 L i 1 iR
FEAR SAS I TR R = o TS LA
{EIL I AR 25 B AR 10T N J7 70N B K b R ) T
SMP () fi FH AR 3, o o SRk, i Si0%
CNT 88t R Al A= i 45, Bl 38 SMIP (1)
J12EMERR AR 101 52 0 7

TR 2 1T AF 5T & B K PR 3R SRR g (Water-
borne epoxy, WEP) HA {5 IR ic1eHfE, (2
WEP SR B0/, HAH L ) AU S AR L 0
bR dr 220, &1k £ B M (Graphene oxide,
GOMER—FI-A S8 Ia AT A AR B T A S0
RN 7S IE G5 AT BAT B R W B S S IR B
SRR R AT RE R i H GO R 2 A K
ZAEIEA] 5 T e LK ORI ) WEP
il g g5 R 1 — PERETL R 19 GO/WEP JEIRIE 12
HAMERIE T BRI REREEN

AU HA RGO 2#0 B R IR
)M R /KEER GO ARt eer, DOBRIc et
REL 5 19 WEP S AR, & 7 2 i B 45 19 GO/
WEP ARICHZEZ S #0RE I 5T T GO X WEP
EEfe IR MOE RIS RE Y SE M

1 & 9
1.1 SEBRFEMRSEE
111 s2Eesbk

A% (CrOy), 1 (HCL, 37 wt%) , BUE K
(H,0,,30 wt20) ¥z (H. SO, .98 wt0) , ik
BR# (KMnO, ) , Jo7K L B4 15 Ry 43 M 245 R AR 6 A
A8 (100 HD WA T Fphr T30 28 7] 5 KM 2R S
(I 8ok 50 %60 B [F Ak 751 35 Sk 5 30 7142 335 38 4
B RAF
1.1.2 SEBRAUER

ZX21 B IR AL (£ B LABCONCO 2

100E #1577 i35 (i [El PSIA A ] , JEM-2100
BT B (TEM, H AR AR, 250X1
X B2 O6 T RE 1S {X (XPS, Thermo Fisher 2%
H)),PHILIPS PERT MPD PRO A% 0 X 5 £k i
SHU(XRD, fif 24 PHILIPS /3 7)), Instron-3367 %1
T3 e At BHA IR ML (55 [ 5 B R¢ 28 7)) - Hot Disk %
SHUY (B Hot Disk 23] , TMA Q400EM 7l #k
P AL (SEE TA AR . Ultra BUE B 7 B 1%
5% (FE-SEM, #58[E Carl Zeiss SMT Pte Ltd A H]) .
1.2 XWHIE
L.2.1 GO pyHl%&

¥ 1.0 g RIRBE R 1855 8.5 g CrOs MKUUIMA
FPBEA 7 mL ERFR (37 wt YO By = LB R R
WETIPEFE 2 ho A SR 2 A 8. AR 2 A B
BT KRG BRI R AR CrO; , 85K e
=) F 40 mL [RE K (30 wit2o) Hh == i TR
20 hSRJE A B /K SRS = PR 25 5% B I 3K
L e B TIRA Rk a %, #% 1.0 g
f2E R A BN E 100 mL ¥k H,SO, o, vkkis
FReeii i 1 ho SR 5 S8 st hn A 6.0 g KMnO, , 3f:
PREFSONIRFEMRT 0 °CL 1 h [ Z 35 Cl/Kis ik
FEpit 12 h, Bl 1) SOV oI A VKK TR G 9015 2114
A B SR TR A O B T TR AN A 50 °O),
] L3 S S R 2R AN 20 mIL FRUEE K (30 wilo)
HERAWA N AH A & TERT
FRLAiE 1 30 min J5#HE 24 h, 838 L2, T2
PeHAR =W 4 1 mol/L R RRVE% 5 WK 4R 5 H
KRR EZH pHEKT 6.4 =ik
JEWZE 10 mg/mL J5#8 4 10 min J515 5] GO 7
W BT 0~4 CRIFEE A .
1.2.2 GO/WEP JBARICAZE A MR H il 5

HHL 10 mL.10 mg/mL 1) GO /35 16.0 g
WEMNEFLRIR A =1 T LA 150 r/min ()35 B4
F£ 30 min. SR )5 I A E 4L AB-HGF (R & W g 5
BRI R LA 4+ 1), FERFZESE R 10 min {#[#
AN ) o, HEdE PRk 1) VR B B A VR U L
RURTEA JFE TR R TR B T — 153
A MRV R, 5 5 R FE AR B AR BLTE R 1R
10 MPa, iE K 120 CHEMF T LKA 2 h 515
) 1wt GO/WEP JERICICE G 48}, e ik
DRAR SR A5 T R ECN 2 wt% . 4 wt% 16 wt %
AR IR 1wt GO/WEP,2 wt%
GO/WEP.4 wt% GO/WEP.6 wt% GO/WEP,
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1.3 ik 53R
1.3.1 GO BIPEREFRAE S5IE S

K 7t 0 s 8 =X L e U ok R
5 GO MO S R X 9406 i RE 15 AU )
GO Bk 27 241 B A7 2 AE R A X 5 26 A7 S
GO Wy bR S5 H 217 43 B, v 15 8] GO 4 L5 2.
HrpBHM R Cu # (CuKe) » TAEH A 40 kV,
oA 30 mA,
1.3.2 GO/WEP JEARICIZE &M B TERERIE S

TE SR gL

KPR T B MM GO/WEP JEARiE
A MRHIE SR S5 44 s R T Re A4 Rh 560 B A 18 VL
ERTS N e ED O W =RE Y vy SOWAE S il R Wl N Wi bu
DR AEARAFI S3-R AR 28, B AR 15 mm, FE
4 mm, PRI AXTE R A (652) V0, SR E
(211D C,F %K 5 mm/min, J& 3k [H] B K
10 mm; R FRAGRE G ARG T34 58 15
TERIE A 10~1000 K i iy X380 i B4 7
AR FTEAE S AN 4 em, JEJESN 0.43 mm, S0
BRI 3 A BE AT B 5 2R HIFRHBLAE 2 B A0
AL IR IE A T 8 A2k dynamic TMA,
RIS BATT ca) BESMINN JT 0.010 MPa i {34 i
B S ARE S RS G THR Z 80 °C L 35 FHEH
Ay 5 °C/min, fEE AR 5 ming b) FEMNL )] &
0.750 MPa, %4 0.250 MPa/min, {8 {445 min;
o B 25 °C e RERE %A 5 C/min; fH E R 5F
5 min; d) EBRAN S E 0.010 MPa, % & # %k
0.250 MPa/min, fHJEA%4F 5 min; ) FHEZE 80 C,
BETHREHE K 5 °C/min, fH IR 4720 min; A
b) FIRTEER 5 1K,

2 HR5WR

2.1 GOMMRERIESHIENE

E 1) H1 1(b)J2& GO [ XPS EiE, 45 5 R
GO i K1 & A K. I C=0.C—0
O—C=0 %, X i £1 8453 T A 300 A4k . A
THFARRZAAABREHRE, B 10 Z2RA
A GO ) XRD B, KR A BIE 20=26.81°4k
ST RBE IR SRR AR L T GO (AT SRR AE 06 0]
HIAE 20=10.24°4b, LA L5558 5 B WF 5 45 R 3
A5 RAPIAS TR 2d sind =n) A AR
SRA SR GO [ J2 B BE 43 3] 0.332 nm F1 0.863
nm(n=1,1=0.154 nm), i d HyFmE a0 K
A A S XL B n HATHF 8, M

TRRAE, GO B2 BEW B3k, Xl T4
B ZE S AR A E R — e R LT 2
V) B, i I ) 8 P Ak B S — B B T R R
K H TEM Xt GO (R E S T0EE, &l 1Ce)
Jr7R > AT RAIER B GO A FLM Y 2 8544 , 78 £ i
FA Sk BT — BB R84 R 3T B, 3 Tl 78 45 T2 30 %
87 GO R RE . GO ek A", K1
(D) GO iy AFM 1%, GO By JEEBE 24 0.8 ~
1.0 nm, 592 GO i JEREARAF 0, R Wk 2 ol
B/ T HZE GO,
2.2 GO/WEP FRIBIZE &+ #H I R 5R
FH SEM xf WEP #1 GO/WEP JE K212 &
B AR T T S AT SR, i 2 iR, 2
Ca) KT IAT V-5 5018, Sk BT () A S0 B I OB 1 T 55
K., GO mA i GO/WEP {4 W7 I 25 159 KLkE (&
2(d) M4 wt¥ GO/WEP & Wr i 2 51 D) . B v
trricEdR TR AR GO,
2.3 GO £ GO/WEP FRIBIZE M PP AIRTS
GO FRAEAT SRR AT AE N GO TEE A4
b ) B R A PR AR RS A T 2
B GO fEE A M AP IPIR A SR XRD Xt GO/
WEP JEARIEALE A M 6 EAT T R AE. B 3 25 GO
1 GO/WEP JEARICAZEZ A M RHE XRD 177 5 EE
GO BYHRAE 17 55 06 8 BLAE 20 = 10. 24° kb, WEP 7
12.00° 22 26.00° [a] 4 B0 T 4% 98 B9 AT 5 0, WoR T
WEP 3k s 55k, 78 GO/WEP JEARICIZE G418
s SR B T B A AR L A7 B 0 o GO R AEART
SPGB GO 78 WEP JLR A8 T BRI
FI B
2.4 GO/WEP BARIBIZE B MBI h M aE
GO/WEP JEARICALIZ A MR R F7-107 45 i 26
WK 4 s, R GO W hn A 4 & T WEP 1y
PR gz, H GO/WEP JRICIZE A AL $r i
SRR GO SR Mg K. W GO REfFAER
A A B AR tIn—COOH,—OH.,0—C=0 %
i GO 5 WEP JEAR[H] i St 45 & 4248 T 0L R ik
SEINEE RAF I SR 45 A e U GO/WEP JEAR
WA A MR 122 PR RE 4R v Ao T 450k A 2
7] IR BN IE , GO/WEP JEARICIZE A bR T
FHRS . BRI AE AU IR Bl T b2l WEP B
ZH)RE =, BV R A T S 2E sk DY . H GO/
WEP JEARICICE A MR 2 KR ABE GO & &
BN, 24 GO F ik F] 6 wtloht, R
B AP  7E 2038 i RS AT R & A T B
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i
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L.J N Yy S
) N
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Kl 2 WEP Y5 GO/WEP JERICIZE & HHHH) SEM [
GO 40 F —— WEP
—e— 1 wt% GO-WEP
—A— 2 wi% GO-WEP
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25 GO/WEP FARIRIZE &4 i S v e
GO/WEP G £ bEHN SR BN 5 5%, 1 [ WEP BN GO-WEP
PR 2B S T B0 A 27, 5 A g M
FW:GO/WEP JEARICAZE A hH R SR B0 5 §
BT WEP, ELBEZ GO -k 114 i 17 86 1 (FL 8% i g o
WO LR GO (& BT A~6 wil 2 il it . o
GO/WEP & & bHEH SR A GO 21 iR i 5 5
e /N R JEE B 3 . AL T WEPL BRI 1wt )

2 wt% 4 wt%.6 wt% 1) GO/WEP JEARICIZ B & 44
BH PR E B T 52.6%,113.5% ,151.1 %l
156.3% . XA K GO H A7 4 B 5 70 A g i 3K 11
FNTCIRIAEEH , PR LATS PR B8 T A S8 0 () 350 0 3 A
A, 1 H GO £ HAKRZ M 15 GO g
535 e LK 7 G WEP Hh, WEP Hr4%)
SR GO M3 T —Fh it B0 S 3000 6 o 3G i
L AL T A R B AR, T AR K e 35 T WEP
A FIAERE . BEAE, GO 2 K& & BE A A7
EAFT GO 5 WEP [8] (4 FH 45 & il A &
ok /> T 2 [ 14 2 Ak AL

-

(a)0s (b)1ls

1 wt% 2 wt% 4 wt% 6 wt%
K5 GO/WEPRICILE S hE F AR
26 GO/WEP £ &##IHR AR IZ 12 ERE
WEP 5 4 wt% GO/WEP & & M H7E 80 C
IR 5 s AT S8 BUB AR B &2, O 1 T g,
BEILS EAR LT aEN ) WEP, i & 6 iR,
AR E W, 4 wt% GO/WEP & 4 ki %
AR ER T WEP, X J& B T GO /78 hn el 3%
T WEP 1y 3 # M 68, A Al T o 1y 1% 3, GO/
WEP JEAR AL A BB 8 53— 4 i o
IR

(c)3s (d)5s

K6 WEP 5 4 wt)o GO/WEP A FHEHE 80 “CHUK A R[] AT R [0 R

GO/WEP & & #4 B9 12 R 12 12 18 g 18 i3
TMA AT S5 RN 7 s . ERTR RS
WEP 73 T HETCAN I i B BEALHRS L B A 5
AE TR R R AL T8 T A s RS 5 R T
AV B T FE G B AR EE (T ) LA_F- B s s i o 7 it
TR AT ¥ 31y 7% WA I A AT AR T AR T e Fsf

(a) WEP
7 WEP fil 4 wt% GO/WEP & & #BHGT R T IZ i<

AR BB L A N 3™ A A (i R W IROE ) 5 2435
BRI R T, LUR w2 T RE B BRS 12 852
PR PR FR AL T 2 AR » 2% 0 0 I 3 o b AT
IRRERS IR R (M R PRI AR I 5 ) » 4 T T8 T 5
2 T, PUER WEP 73558 135 3 e 1 B0 - 1 ah
] LAl B A AR IR QR FERR A AR [ 5D

(b) 4 wt%GO/WEP
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TR E R (RO HIAR I AR (R, J& X SMP
TEARICALHEREHEA T2 t RAE RIS T E S R
MV A KRBT

BUARIN A0 A AL
% 1 & GO/WEP JEARICHZE & FEHE AR & 2
SRR PR LUE 1 GO B Es inflii iy WEP

Ry e Do (R AT/ R T LRI T b
f 1%, B4k, WEP Fil GO/WEP & £ bHRHG I AR 7] &

BB — B A R, B UBAE R I 2

Forb cen DA BT HITRE AL OIS S e SAHRLZS B
JEAE AR BRI s e, FRANKE R K ATEAS . N AUFREA

WA T 10070 IR FRA “YILRRON " . ST &
GO Bzt WEP BIEARICIZEREI I 35 200

xR1 ARREHE GO ALK GO/WEP ERIBIZES MW REERFEE R
B AR EE R/ % UZNECE Y0
TEFR AL 0 wt% 1 wt% 2 wt% 4 wt% 6 wt% 0 wt% 1 wt% 2 wt%g 4 wt% 6 wt%
1 95.3 96.8 97.4 98.1 98.3 98.8 98.5 97.5 96.6 95.3
2 95.1 96.7 97.2 98.0 98.2 99.5 99.5 99.3 99.4 99.5
3 95.4 96.7 97.4 98.2 98.5 99.7 99.6 99.5 99.7 99.7
4 95.2 96.5 97.4 98.1 98.1 99.8 99.5 99.5 99.7 99.7
5 95.2 96.6 97.4 98.2 98.3 99.7 99.8 99.6 99.8 99.9
. [ AR 2015, 25(3) : 191-203.
3 & i

A B A2 E I K IS R DR e 2 T 1 R
BZE GO,GO 5 WEP 2t i B WL IR &
VA R TR AR B L B AT ) A 25 A1 ) GO/
WEP JERICIZE AR R B ELIR T

a) AR REREMSHRAERL GO feigs)
SyEE GO/WEP #ARiEAZE G416, H GO 15
WEP S5 R B R AR BERIR A .
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