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Preparation of modified graphene/NBR nanocomposites and performance
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Abstract: The reduction and functionalization of graphene oxide ( GO) are realized simultaneously by simply
refluxing graphene oxide ( GO) with diethyltoluene diamine (E100), and GO-E100 with conductivity and surface
modification is prepared.GO-E100 exhibits an electrical conductivity of 1 S/m, comparing with 1. 0x10”’S/m of common
GO.Benefiting from the improved compatibility and high conductivity of GO-E100, GO-E100/NBR nanocomposites
behaves a 18. 6% improvement in tensile strength with GO-E100 content of 4.2 wt%.When the content of GO-E100 in
nanocomposites reaches 6. 8 wt% , the tensile strength of GO-E100/NBR composites rises by 12% ,its oil resistivity is
improved a little and the electrical conductivity is 7 orders higher,which meets basically antistatic requirements.

Key words: graphene oxide; diethyltoluene diamine; nitrile-butadiene rubber; tensile strength;

Feb. 2019

electrical conductivity

T AR BN S R A B A I S X it ik 1 AT
SFVERE, FEVCA BT A LA RE R AR ST R AT
M, R, SCEL T ISR I P L v AN T 20
SEEAT T B E X A 8T 2004 4 R
i, TS LR T DL S PR RE AR T
PHER AT AR T2 R, 6l &0 sk Raw
AR AR R R RS W 1A PR e DL S BLR
BYIRDIREAL , A1 S0 NPT R I E PR 2 —
R AT LAE i A2 SO A1 HE A K i P st
ST A e T A S (HUR T R A
AT MELURHUBEI H ] B Al 2 SR A A 250
HREUAAANA B, i AR R RERY 7243
KA, I, A7 R D e AR SR AL A 820 h T AR
iEHE AL, B S RE YA TEE S HA R
AR AT, — L8 ik (DMTDA ) 2 i il 1L

FYR o Tl 7™ i, 7 b B85 oA E - 100, 28 4 FIL
DMTDA 5 GO [ faj 5 lal 3 , 52 30 W] s o) R Ak F1id J5
FALABIE, L& T R KR S MR GO -
E100/NBR, I RGMF5E T H )2 PERE S PERE

Cgiibs

1.1 FERRRRF

THERB S (NBR) | 5} Perbunan3945F | 7 [
B 7 NI I, i 53 B0 39%, IT)E BB
45;DMTDA , #'52 E-100, I [k 5 20 ) 4 775 ¢
N550, F RERRA 7 A ™ A4S (Zn0) BRI IR
(SA) ABA - HIR —SE 15 (DOP) (B 5] RD B %
7 4020 BRHEE(S) AEHER] N-FF -2 - 4 mE g
URBS IR (CZ) 2 T Tl %™ i ; GO T8 i ol B
1Y Staudenmaier £ .

1

el

Y75 B HA.2018-06-06; &[5 HH#A :2018-12-15

TEE BN JFIK(1986-) , B 14, TR, =22 FH & 0 TR 7 T 5T, 38 tHEX R\, tang1986gongqing@ 126.com,,



. 182 - A AL T

1.2 FEMSERMWKIESE

KV, AL204 B T - RE 8 28 w) A2 7 SO T
JEAH , DHF-9053A | g —{H A BRA /A7~
BRI REML, JY92-DN AU, 7 2 AW H R A
RS AR i P45, TKA EURO STAR %Y | 7 [
IKA 28 Fl A7 s s A3 B, TKA T-18 Y, {8 1KA
SNEVEFE  F LB (SEM ) , FE-JSM-6701F &I H
A TR S A BB (TEM) , JEM-3010
R, H A TR0 &1k 4 7= B 2Ok (Raman) |
InVia %I | %% [E] Renishaw 2% &) 42 773 X 5 26 7 SHY
(XRD), ADVANCE D8 7Y, 7% & BRUKER 7~ F] 4
P2 IVE T (TGA ) , Q50 | 5 [H Waters 23 7 4=
72 JTREIR I AL, 1185 AY, B [H Instron A F A7
o 2% F BN A8, 65178 Y, 92 [F Keithly 23 7] 42 7=
I B BEREAY, GT-7080-S2 | 5 15 v 4k 28 W) 4k 7
Tolht T B LAY, GT-M2000 - A | 5 5 =5 4% 2\ &
Ay
1.3 GO-E100 A% &

AN GO-E100 il FE AT < 4% 100 mg GO
AT 100 mL KB F7KH, FH TY92-DN 21 iy e
LA FIE, FEEIA 8 ¢ E100, iRk 5) )5 75 =
R inE 2z 95°C , Ml B [H] R 10 h, Bl 5 ik
T 120CHAE P 10 h, ARBHEFEE)E, N
A 600 mL S H e, FHFLIEZ 0. 45 pum 19 PP JiEE4h
UE A B By dh AR AR O T B T g, B R AR
6 min, FRXIEATHIE, PR BRE 5~7 K, &
J& , 7E 70°C By HA5HEAF oK GO-E100 T4 5 b,

1.4 GO-E100/NBR #XE & ##IHIH &

A GO-E100/NBR 44K A Ak il 48 o 72
WF K GO-E100 /e R A R1ES 1 h, 7
R34 4> BO o A NBR, IS4 B #8438 1 h, 76
60°C ELas HEAR rh L 2s THE 10 b, 15200 T I AE TF R
LA 2 min, IA ZnO B ASER | B 47 | 5 98 5]
FB IR MR 3 min, ML HR G158 2 ho FHIR SR
Je A AL ) A2 o ] — A A T LR # 3 min,
AR, BALIRIE A 150 ~ 160°C | B Ak i A Sy
40 min,

2 ZR5iFie

GO K GO-E100 () XRD 3K 4nE 1 s,

M1 H A RLE Y, GO 2 X I G 2 ) B
0.69 nm, 7E 12. 8° &b 1 BURFE I X E(H I K T A
BAYZEE 0.34 nm! " FEHK JE AR ETE
A B A R A BRI, R R

E395F2H

12.8

SREF /a.u.

2

1

5 10 15 20 25 30
20/(°)
1—G0;2—GO-E100
K1 GO X% GO-E100 t XRD i A

KU 5 GO M, GO-E100 1977 5T 16 IR B
B, XM E100 71T GO RIZZ ], —H R T
UL 225k

L1582 GO DL K GO-EI100 Y $7 8 1% & 4n & 2
FiR

SR BE/a.u.

1000 1250 1500 1750 2000
BB /em™
|—17 5 ,2—G0,;3—GO-E100
K2 &% GO K GO-EI00 th4r i [

M 2 AT LR I, 6 T 8800, il HA AT
1575 em™ (G #E=) Fl 1 350 em™' (D HER) AbHY 2
AMFFIEVE , 53 BIXT R sp® C JEF1Y E,, 67—
B UL K A,, symmetry H k — point J F Y I M
AT RIR G B G REE AL T 1 582 em!
b, FE R A AR RS, LS, GO 1 G
JEAR T T2 1 597 em™ AL, D i H BLAE 1 340
em” ' Ab BB T B AL, ST sp” KRR
FrA, 5 E100 )5 ,GO-E100 7E 1 366 cm™' 4k
I D%, 7E 1 608 em ™ AR EL G i, EAAKRFE,
GO-E100 i D/G [L1H A 1.22, & T GO % 0.94,
ULEH GO iR , sp” X IR IE LIS 2 | 73 RSTI
/N IER D230 AR T GO,

GO-100 &A= J5 J Ny 1) B i R PR itk
FHETE, GO-E100 B9 HL R4 5 S/m, b GO 1)
11077 S/m =5 A3 7 MRS,

GO 1 GO-E100 ) TGA FEl4anf&l 3 s,

M 3 R LA H, GO-E100 #ka 5 Pk AH X
GO M Thm . X2 i T AR 19 & U BE AT A 44
A3, GO 7E 100°C F K 29 i it 4348 3. 0% By K &,



2019 2 B

100 200 300 400 500 600 700 800
REE/C
1—G0;2—GO-E100
3 GO fr GO-E100 % TGA

GO 7£ 600°C K2 5 38% , JF A & —Be 55 M fa e 1Y
FACE RE A E R R R T Go -
E100, HAE 600°C R FTE KL N 18% , il X} A&
B, GO-E100 MK GO A B i rFaE v,

GO-E100/NBR & & M B i AL 72 B2 A £k 2
R IR T 0 B0 N 1 AR (LR AN 1] 4 IR

20 10

—
W

BINRE Mt E 2%/ T IRERYMWKE ST RIIHIE R ITEEHAR 183 -

80
< 70
o
5 60f
=
175}
= 50f
§40_
01 32 3 4 5 6 7
w(GO-E100)/%
(a) E A BRI REEE
20
L 18 1550 )
S 16} L, 15002
i 14F ﬁ
= 450
.E-_IZ' &
< 10- 400 R
& o 2 B
1350
6

-1

012345 6 7
w(GO-E100)/%

I 538 B  2— BT 2R 4 ¢

(b)) AR BZ A 3R

MM, /dNm
w 5

(=)

R

2

BiALH B /(dNm * min)

0 1 2 3 4 5 6 7
w(GO-E100)/%

1 —BALRR E s 2— Bt i
K 4 GO-E100/NBR £ & # £ 0y 5 (0 A2 & Fn
AR F

BiAL R CR A2 Ba st (8] FN IE &7t Ak i) 8] =2 [A) 5%
M EERIRER, HE 4 0T LEH,BEE GO-
E100 it /- B r3gn, &2 6 bR i a5 AR 2 R £k
HRZA R, HINE GO-E100 5 R4 W31k
HARGRMAHEAER

GO-E100/NBR Z &1 RLE 12 ae in &l 5 fir
o Hir ) e K AR T AR R 1 ) AR K 2%
54 100°C x 72 h; iy A R 3#hR i, 1=
T EE N2 IR (23+2) °C IR E] )y 72 b

& S T LIE L BEE GO-E100 /4y #2
1, 2GR RE R 2 PR T, Y ORI & A RO
3%, & A BRI N 64, B4 EURE B B R
6. 8% 52 LRI Sy 73 PSR EE % GO-E100
A1 T 2 S  J5 AIK 9 AR R B ) 2 3ROk I i
IYBUN 3%} AARRIRL R L E] 17. 8 MPa, 31
BB N ZE 6. 8% I, T A 5 B P& AR 2] 16. 3
MPa, 8K L 46 T ISR i 1. 8 MPaj Bl % ORI &
STELRYE N, Wr SR SR RRAR, S AEME BT B, T vl
PEFHA $T R ASMEREIS A T %,

50
0.33F
0.30f N e 145
027+ {40
o024} 2 s
5 0.21f E;l(
0.18F 130
0.15F 125
0.12F
0 2 4 6 20

w(GO-E100)/%
1— gl 5 2— 48 Ak A AR T
() T3 AR 46 7k A AR TR

0.24
0.22}
“2 0.20f
éo.ls-
#2016}
0.14}
o0.12}
10 1 2 3 4 5 6 7
w(GO-E100)/%

() PR
W5 & AR aHLAmREE

GO-E100/NBR & & # &L S i PE R an 2 1
F7R o

x1 EAMPHNBESE

GO-E100 Jii 53 %0/ % 0 0.5 1.5
HSE/(S'm™) 4.5x107"%  4.4x10™5  4.4x107"5
GO-E100 Jit & 5340/ % 3.0 4.2 6.8
R/ (S m™) 3.3x10°%  3.2x1072  5.6x107%

1 el LIEH BEE GO-E100 JFi# /%
Bom, ZAEME R SR LS, GO-E00 1] L
SEEE A AR S MR BE RN ) s W R T, AE
GO-E100 4 EH 4. 2% ), 58 A # B S 23k



- 184 - FAX AL L

#)3.2x10™"% S/m, [ T HERIEE = T 3 M=K,
[vi] IS 7 AP 8 B8 42 125 22. 7% 5 24 GO-E100 i 434k
6. 8%} , A ML TR 5.6%10™° S/m, LT HE
PR HR T 7 AN g, [a) I 5 5 12. 4%,
X FZEH T E100 [FE D) aEL A GO, 5 T
BIEHARBA BRI A PE, GO-E100/NBR & &
MR L BT RE S H BT AN Rl 6 Fis, IR 6 1]
DVE ), GO -E100 #£ & & k5L 0 rp 43 1l b 5
¥4,

(a) EBBIE

(b) LA
K6 GO-E100/NBR & & # £y 49 4 i 45 o
EHEERE R

(1)¥ GO KA E — L 3H K —jiz (E100)
[, S E R D RE AL AR SR GO, il & 1 GO-E100
YL SRS 1 S/m,

(2) 1 GO-E100/NBR 44K 52 & #1FHE J) %
S PERERIAT 35 . 24 GO-E100 768 A 41k
WYL MR 4. 2% 0, A MR S 380k B 3.2
107 S/m, He4li NBR 40T 3 A% 2%, [F] i
SREERT T 18. 6% ;24 GO-E100 1E -5 HRH ) i
TN 6. 8% AL FEHE & 12% , T i1 M
HelE , EA MR SR8 8] 5.6x107° S/m, 4l
NBR B4/ T 7 NECR G, AT LU R

S 30k

[ 1] Slonczewski J C,Weiss P R.Band structure of graphite[ J].Physical
Review, 1958 ,109(2) :272-279.

(2] XM, kLA SR AT, 46 T IR/ Ik A e S R
FREHI ] & FIPEREL D] KL T, 2005, (7) :485-488.

[3] HEHE, B 20, 5. =0 SR/ A SR T RE & A AR 1
HEMEREINT[J] a2 HRE, 2008, (2) :53-56.

[4] Novoselov K S,Geim A K, Morozov S Vet al.Electric field effect in
atomically thin carbon films[ J].Science,2004,306 ( 5696) ;: 666—
669.

(5] VFEhEE, VERS SIS TE, 55 B T/ A R B A R il 4 5 5l

F39EE2H

PERERGBEFEHERE[ )] L2284, 2007, (8) :577-581.

[6] Z=ikte D REMEAR R RE K] it iy 2 J [ 7. 48 8 Tl 2001,
(2):112-121.

[7] Tang G Q,Jiang Z G,Li X F et al.Three dimensional graphene aer-
ogels and their electrically conductive composites [ J ]. Carbon,
2014,77(10) :592-599.

(8] Fhallost, 5k B I FE B0 5t i 40 T BB A B ST HE S [ 7] e b
B ,2009,30(3) :73-78.

[9] Ye X,Zhou Q,Jia C,et al.Producing large-area, foldable graphene
paper from graphite oxide suspensions by in-situ chemical reduction
process[ J].Carbon,2017,114.424-434.

[10] Mondal S, Khastgir D. Elastomer reinforcement by graphene nano-
platelets and synergistic improvements of electrical and mechanical
properties of composites by hybrid nano fillers of graphene-carbon
black & graphene-MWCNT [ J ]. Composites Part A: Applied
Science and Manufacturing,2017,102;154-165.

[11] Singh V K,Shukla A, Patra, et al.Microwave absorbing properties of
a thermally reduced graphene oxide/nitrile butadiene rubber com-
posite[ J].Carbon,2012,50(6) ;2202-2208.

[12] Li Y,Wang Q,Wang T, et al.Preparation and tribological properties
of graphene oxide/nitrile rubber nanocomposites| J | Journal of Ma-
terials Science,2012,47(2) .730-738.

[13] Begum H,Ahmed M S, Cho S, et al.Simultaneous reduction and ni-
trogen functionalization of graphene oxide using lemon for metal-
free oxygen reduction reaction[ J].Journal of Power Sources,2017,
372.116-124.

[14] Wang Y, Yang R, Shi Z, et al. Super-elastic graphene ripples for
flexible strain sensors[ J].ACS Nano,2011,5(5) :3645-3650.

[15] Xu LQ, Yang W J,Neoh K G, et al. Dopamine-induced reduction
and functionalization of graphene oxide nanosheets[ J].Macromole-
cules,2010,43(20) :8336-8339.

[16] Liu R,Liang S, Tang X Z,et al.Tough and highly stretchable gra-
phene oxide/polyacrylamide nanocomposite hydrogels [ J ]. Journal
of Materials Chemistry,2012,22(28) :14160-14167.

[17] Zhang L.,Chen G,Hedhili M N, et al.Three-dimensional assemblies
of graphene prepared by a novel chemical reduction-induced self-
assembly method[ J ].Nanoscale,2012,4(22) ;7038-7045.

[18] Ma H L,Zhang H B,Hu Q H,et al.Functionalization and reduction
of graphene oxide with p-phenylene diamine for electrically conduc-
tive and thermally stable polystyrene composites| J].ACS Applied
Materials & Interfaces,2012,4(4) :1948-1953.

[19] Ansari S, Giannelis E P.Functionalized graphene sheet-Poly( vinyli-
dene fluoride) conductive nanocomposites [ J ].Journal of Polymer
Science Part B Polymer Physics,2009,47(9) :888-897.

[20] Fang M,Wang K,Lu H,et al.Covalent polymer functionalization of
graphene nanosheets and mechanical properties of composites[ J].

Journal of Materials Chemistry,2009,19(38) :7098-7105.1



