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Preparation and property of the composite of epoxy resin and graphene
oxide modified with 4,4-diaminodiphenyl methane
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Abstract Graphene oxide was treated by 4 ,4-diaminodiphenyl methane. The treated graphene oxide was blended
with epoxy resin to prepare GO-DDM/EP composites. The modified graphene oxide was characterized by fourier
transform infrared spectroscopy(FT-IR) , X-ray diffraction(XRD) , transmission electron microscope (TEM) and other
analysis methods. The electro-mechanical universal testing machine and the cantilever beam impact testing machine
were used to test the composites. The result showed that DDM successfully grafted on the surface of GO and the
dispersion of GO in organic solvents was greatly improved,but the modified GO could no more dispersed in the water.
The tensile strength of composite increased by 64. 9% and the impact strength increased by 17. 0% when the addition

of GO-DDM was 0. 9%.

Key words 4,4-diaminodiphenyl methane, graphene oxide,epoxy resin,reinforcing and toughening

S0 i T BA LS Ty 2 PERE e MR RE IR
FERE B Lo F T A SRR IR Y BEAL PERE L O 4R K
A g — Bl LB R 95 52 5Q T L AR BT B A 5 bR A
WP RO R . A RIS (GO R R W
AR AU RE A A O A SR A YRR B
TEAR 2GR

AR AR (EP) 1 g — 7 52 22 09 24 [ P Y AR I
HAMRSF RN R B THEE  EENES

BB % MR 3 (Tl (CE20120075)
EZEB A 701991, B B0 sk, EENFE AR RS,
: S Ny /1 = W Y

FEREHSE SR A Tz T HR L IR AR R A S
FEAE B 327 5 T it oo o 1 E 22 L G 55D Y it I
C AN BETE I 4 F T A R B A % T A R R R
A s 0 R R DRI — ) R Y G B, DA Sy UKL ) 45 15
ENERERER IR SR R ) UK i A

B — 2 5 B A1 SR R R B 5 o) R R LR A
T TN TRRY A R R T A R B IO PR
PEAT I REAL S AT EOCE . R B ot



%4l FOAF 44T ORI G O Al A BRI /B SRR B S A R 10 T A B T RE B ST < 71 -

D7 6 AR SN T BB Ak 2l Pk Crore SHEAH B VR L SRR
AHEAE R B SR B R L R D B 3k i )
R Ak O Ok B 2R D R Ak R I T B L R L T RE AL
WEAEIIREL TR B,

AWFFE R 4,4 - & K K B (DDMD 4k
# GO, DDM & A A S GO £ iy A
FLTFA N B R ) DDM 2 A GO i, 58
M GO M E BRI, HKREF T GO 7EF L
BRI kR . R3S GO-DDM #5)
Hu o> HOAZE EP op L il a5 s PR ERY GO-DDM/EP &
Gk,

1 SCIgER4Sy

1.1 EFE#

kA B (GO), 2k Hummers 3 il 155
4,4 -G 3 TR B (DDM) L iR T AR LR
B0 A BR 2N W R SR IR EST. 3 & 4R ) (SF-
PAA-2845 BUMGE B, H ML 4k T A BR A w5 T
TR CBE DI i L 38R A A Al TR 2 4R AR 2E R
AR
1.2 SEIgEiR
1.2.1 GO-DDM # 4] &

FREL 100mg GO, InA ] 200mL ZE1H /K A8 75
P 2h, Rl 58 09 53 BORELA = B . T #E )
PEFE 2 76 95°C 5 F X H kb 47 e 1. 3 m A 1g
DDM, [8] i )2 B 24h, A2 g, T S B b vk 3
W BR B AR BON I DDM, K liug a5 20 0 =Y & T 5
ZHERE 50°C TR, TR S 6 g U UE AT A S, 26 4%
i
1.2.2 GO-DDM/EP & & #4644 %

EP FlE A 550 8 1 6 & T 2= g4 o 120°C,
12h #EA7 F0Ab 3 Bk 25 30 b g SO F K 43, #% IR EP
JEE ) 0.3%.0.5%.,0.7%.,0. 9% Al 1. 1% FRILZ
i il 43 19 GO-DDM, 43 H#i 7€ P9 R %5 W b E il AR
0. 5mg/mL Y73 B . A 4R35 2h GR 75 I i A vk
LA 1k AT KR TS . A 10g EP, 4k
SR Th, B 58 B 1 BEAR i E TE 65°C 1Y
I8 O ALACE FE A5 B 4 10h, {44 & b iy o i &
AR PR B BT 65°C 1 B a5 E4 b 12h LI
PR SE AR 5. MBI 7g SRR AR, L
WA FE A DL 5001/ min B S FE 10min, 785 1+
JE A B 25 HE AR v 30min 25 EP R g5, i
SEEEJE K EP A DU G £ M AL op Ak pl B R TR
&4k 24h,

1.3 Mk 5RAE

K B it 21 46 Ol 3% {X (FT-IR, Nicolet460
i, 35 Nicolet 22 FD 4MHF GO 2 /Y H BE A11E B »
it 1) 1) £ SR FHTRAR B0 R 2, R Ll 4000~
400cm 'R H X S & AT AL (XRD, D/max 2500
PC #, A 2z R 24 08T GO B L5 R, Bl i
VB IE N 0~50°, F 9 BE Ry 8°/min; R JH & 43 HE
7 5 i T i fBE (TEML JEM-2100 Y, H AR HL 7 #%
RSO X GO WITE S 438 47 052 5 R FHIEOL
Pt B T 07 BRI I AL CWDT-10 B, I L 38 A1) 32k 56
IR BN B # IR GB/T 2567—2008 Y A e X} 42
B AL A REAEA T I 5K, I35 R S5mm/ min;
SR FH B ] S B2 ob e R ML (XTTD-5 A, 7k FE 1T K
LR A FR2s /D # I8 GB/T 2567—2008 1) b 1 Xt
52 G MR phts PERE AT IR

2 #HERE5W

2.1 GO MMELERNH

# GO #1 GO-DDM # 47 FT-IR 43 #r, 45 1 WL
Bl 1., mE 1 2R Ca) n] 1, 3406cm ' Ab 1Y B 1 2
GO Fm 53 (0 0 45 R sh i, 1724cm " Ab X &
e C=0 B P4 4z gl 1§, 1621cm ™' 4b X R A9 J2&
C=C i 45 ¥ 3h 1§, 1384cm ' 4b X B Y & C—OH
1 25 4% 2 W W0, 1079 em ! A R Y S B AR L A
C—O—C X R Mign Pz ahid . X X% Hummers
EHARE GO LA T B B HELETAE
el

3500 2500 1500
E1 GOCa)# GO-DDM(b) ¥ FT-IR 3£ &l

XF e Al £, B 1B 1 2 (b T, GO B
AL (1079em™ ') IH 2%, 3380em ™' Ab Y 0 2 3
B AIE W Wi, ) P FE 1589 A 1511em ! 4b PR
TR R AR W FE AR SCIX 12460m AR B H
A5 R PR R A 0 o I C— N g2 A IR 45 R B, 819em !
Ab R BRAR 2K BR 1 W A A AR AR F R T AN R
U, X R R L GO & i DDM Ak ##
Ja . FRME AR A THE RN, )2 R0 & A E bk
A1 2 B B .



. 72 - b T A B R 546 B

K 2 4 GO #il GO-DDM Ry XRD % &, 40 &
FEoR 3 FARAF A GO, fE 20=10. 3°4b H Bl — 4~
iR TTH I, 3 o AR PSR 2d sinf=n A (L AL n B
DR H 4 1 GO J2RIEE 0. 86A, 5041
(O A 2 RS 0. 34A A, Hummers 32 1 15 (4
GORZMEY KTMHRZ, XEH T ABLT AL
Jei s FE LRI RN G Ab 7 A T R Ik R S R A S 5
AR BRI L T 28 AU RE A AT LA — o AR B
AR AR EEF M RAENZEE, ME
DDM kb B )5, GO B 38 AT 56 0431 2% . XRD 3% 5] 158 B
KB G GO I & 8 45 ¥ 4 58 4 B3R L 22 JC 7 P Y
KA, XERWY DDM IS GO R my H #e W &k 4k
J R AR LR 51 AHT B /NG R T ROk B2
(] HL L 1 5 7 4548, Bl 2 T ok GO-DDM. R 4f 11
A LA HCHE SR B T B AR .

GO

———_ cooM

0 10 20 30 40 50 60 70 80 90
20/(°)

B2 GO M GO-DDM [y XRD & &

2.2 GO-DDM KD B BE S 7

A Tk R AT TR ] Sk A AL R, LA T R T
%, 5K BB E I B, BRE EWEHH GO i
PERT G B MK 3 BOE DL . 43 BRI 2 B GO
GO-DDM 4 80 F /K Fl A i fik TR A 1R &R b,
10min, ##® 12h, %% GO-DDM [ 4 8Ok fig L 45 21
WL 3,

— GO-DDM

B3 GO Rl GO-DDM £ 7K 143 il ik v
o B 0L 2R
R AL A H R GO TR & A R R
B PR SEUBLAE SRR AUE RE AT L A K R B o BOPE R
75 ABTEA HUAR B9 A 1k b 2058 A2 AN o i, R4 B
J 5 GO-DDM NI A 25 #8 AH B i P BE . £ 7K Al
SE AN I TEAT HUAH B9 A i Tk b 20 REJE AR 2 1Y

SR, X RN, — 1 GO-DDM 2 3 ifi 4b B
SIA T SRR I A, BB IR T R 2 0 B 4% 2%
s 55— R A GO R b 26K i AU E REHT
FAESCE A S0 T RN I R R D, 5 3O s
IRV B, 25 R 1 X P B .

T #E— G GO-DDM 78 A HLAE b i1 43
B oL 3 HBEAT T TEM 200 25 SR R 4, K
AT, GO-DDM 2 [ 52 90 K A 8 48, X 22
J2 3 TH AT E 1 i B BT T B0 ) B AR A PL R
WEA AW E MR ERESH, B R ZEMEEIE
WML IE A 20t DDM A B 5 1 GO i R A 18 A AL
AH Y 58 4 4 R AR B IR 75 BAR 1 4y
B .

Kl 4 GO-DDM fEAH HLAHH ) TEM
[(a) X16000; (b) X 30000]

2.3 GO-DDM/EP £ & % £ B LA 1 88 55 47
2.3.1 GO-DDM 4 % 3 GO-DDM/EP £ & # #+
B IR B8 R

GO-DDM %% GO-DDM/EP & & # kHir fif
SR E RS2 LI 5. f I AT B DR GO-DDM
TR RGN A PR A g B S B S 1 n s e
JINKY B R U I IR Y 4l EP ARG A R
42, TMPa, FUR & B 5K i, GO-DDM 5 3£ 0 78 4>
454 Bi% GO-DDM ¥Rt i 38 i, &2 4 b kLG a8
5, 7R 0.9 %0 i 3R B B KRAE L N 70. 4MPa,
A& T 4l EP AR TF T 64.9% ., GO-DDM & & H
FeEehm, A Bk AR, 8 E A MR R
HEP SRR T IR, IR T
IR =Ry v SN U EOR LY R N T S

= 70t
£ 65} /}/\
= 60:

00 02 04 06 08 1.0 1.2
GO-DDM % #/%

K 5 GO-DDM & i % GO-DDM/EP & & # #
Fir A 58 3 B R i)



%4l FOAF 44T ORI G O Al A BRI /B SRR B S A R 10 T A B T RE B ST < 73 -

2.3.2 GO-DDM 4% st GO-DDM/EP 4 4 #t#+
e R LR

GO-DDM % &% GO-DDM/EP & & # ¥l b
PERERYSZ I UL 6, fiy AT AT oy 5 R B
MR E R E AR bR, /£ GO-DDM & 5 &
B b b5 B B[R] AR PR AR 32 B 52, R
A T8 o TRl o B — A, ol f 5 2 A 5 e 4
TGN S, B AR, G MR s o
JERE GO-DDM M3 I3 i, >4 GO-DDM /Y % 4
0. 9 Vo, vl i B K B Je KAA . o0 12. 92k]/m” . A AL
T4l EP 2 7F T 17.0% (4l EP £ f9 vb o5 5% 4
11.04kJ/m*) ., 4kZE3E i GO-DDM &=, & A # k
(oo 5 B F 4G R B, A5 18 5, T LR AE GO-
DDM &5 0. 9% i . GO-DDM/EP & & #1 ik 3|
i A A 4 14 BRI

_ 135

& 13.0 »
= 12.5¢ /§/{
= 12.00

9 11.5¢

= 11.0r
10.5

R

0.0 0.2 0.4 0.6 0.8 1.0 1.2
GO-DDM % /%

K6 GO-DDM & #i X GO-DDM/EP & & # #
s P B Y R

GO Wk A & KA 75 W 12 v 6e X H k47
F I LU B A58 2 WU B A MR v DI
BB B 3R B S AR A B B A M G i
2 GO 2 62 A MR 8] 32 #4F L S 1 ik 2 1
SRS H Y. W, 2 A MR ) 2 v e R i O
F1 P 1)tk B R A1 R 5 | R ) R Bk 2 4 S ]
HE . Wi, GO 78 EP s Btk it 3 3t T2 &
oA Ak M i 398 SR 1 B R A A D AR . A
GO £ EP iy o ot 22 IR ATE 2 J1 0 25 M okH 2
Ak SR AE— A2 1 GO 1 1 Wy 71 8, P A 4R 2
{45 b1 L B8 B2 RN M AR 2%, 45 GO fE EP b 4 Hi ik
I B4 GO RELL R AR Z5 #9462 78 EP b, 2 3
WM. AW DDM dtE GO i Hfe 1
EP WA K4 10 43 5OME, NS B R 2 A
Mk

3 i

(LI DDM A B GO "] ffi 5 GO Fm i &
AL O AR S A R R DI REfE GO,

(2)GO-DDM 7£ A #L¥s 7 h B AT R 4 1 43 ik
PEANBE R LT K

(3)# GO-DDM £ Ry 2R 5] L Es i 2] EP 3
il 4 GO-DDM/EP B &1k, BE#E GO @
BN, 52 G bR g 2 1 il S S R e
M GO BN E A 0. 9% I, B & MR 1 22 Pk fE
BT AR T4l EP RisR S T 64. 9%, b
R I T 17. 0% . MEREINAR S5 9 GO-DDM/
EP 5 % 5 i B i i F A5t .

S % Uk

[ 1] LeeC,Wei X,Li Q.et al.Elastic and frictional properties of
graphene[ ] ]. Physica Status Solidi. 2009, 246 (11-12) ; 2562-
2567.

[ 2] Orlita M,Faugeras C,Plochocka P, et al. Approaching the di-
rac point in high-mobility multilayer epitaxial graphene[]].
Physical Review Letters,2008,101(26) :973-980.

[ 3] Ghosh S, Calizo 1, Teweldebrhan D. et al. Extremely high
thermal conductivity of graphene:prospects for thermal man-
agement applications in nanoelectronic circuits [ J]. Applied
Physics Letters,2008,92(15):151911-151911-3.

[ 4] Stoller M D,Park S,Zhu Y,et al.Graphene-based ultracapaci-
tors[J].Nano Letters,2008,8(10) :3498-502.

[ 5] Kuilla T,Bhadra S,Yao D,et al.Recent advances in graphene
based polymer composites[ ] ]. Progress in Polymer Science,
2010,35(11):1350-1375.

[ 6] Dreyer D R,Park S, Bielawski C W, et al. The chemistry of
graphene oxide[ J ]. Chemical Society Reviews, 2010,39(1):
228-240.

[ 7] Zhu]J,Peng H, Rodriguez-Macias F, et al. Reinforcing epoxy
polymer composites through covalent integration of function-
alized nanotubes[J]. Advanced Functional Materials, 2004, 38
(7):3-5.

[ 8] Compton O C, Nguyen S T.Graphene oxide, highly reduced
graphene oxide, and graphene: versatile building blocks for
carbon-based materials[J].Small,2010,6(6):711-23.

L9 BEZBREN, A5 5F A S0 R4 e 0 88 0 1 ¢ i o g
L PE[J]. Acta Chim: Sinica,2016,74(10) : 789-799.

[10] RaniJ R,Lim J,Oh J,et al. Epoxy to carbonyl group conver-
sion in graphene oxide thin films:effect on structural and lu-
minescent characteristics [ ] ]. Journal of Physical Chemistry
C,2012,116(35):19010-19017.

Wfs B#:2016-12-27
&R B :2017-02-17





