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K SR X A B HEAT S, — 2 AT SRR DI RE AL A BRI (EFG) BRI T SE 86 S5 3 izl B

RIS . 25 RS W] | 20 B e 3o A0 20 AT S RE AL Y 1) I aA AE S 2108 R AL 41 BB (GO) BYAE T, L N 7 Y
W S JBE Bt 5 2 W 4 B S 7 T BE I N AR 2R pHL A A0 52 s T A 386 B T B, i R NG R R A D B
2N AR S A R LS GO IR R L 4.0, VIR E 50 °C /K& pH 7.0, R AT IE] 12 h. SR )5 7
591 3R FH I L TR o 0 AL A Rk L 46 T PRSI B9 EFG/ B MR EE AR T S (PVB) E A MR, BF9E T EFG 19
A AN A 5 X PVB PEBERY LA . 25 R EFG A1 A AT RIHE K 13255 PVB A S H R 5 A1 46 R ik g
SIS RE | EL SR O J vk Y A SR B A 2 EFG NN 3.0 wi% B 52 A kR S B R PVB T
TH6~T ARG EFG AU RN 1.0 wi% i, 2 & MR X £ MR B Rl e sk B3A T 90% LU E.
XBR  CFEM, Uifgfh, A8, BOMEG TR, ZEME

£ %M (graphene) & R A HRZ R FEE B
AW B AR ) A R R S AR 2 B i
o AR R N A A R R R R (F

L F 5 B % 0] 35 200000 em? - Ve ST
PR PEGE (S HRIA 5000 W - m ' - K1) P! HL

PMERE (B R BB N 1100 GPa, W7 2458 & ol 125
GPa) ™, AR R 1 15t 7 78 JR 800 R T g T K
B T N R T AR R SR 4 R o A
) A7 B8 0 T2 AR RE IR 7S TG I 21 T 10— 2 b
TR H e 2 R A R e, Xl
15 55005 WE AN SE /K A AS SE T, 7635 590 v 43 150 ORI e
95 SR I E— 20 F R RN AR R T R Bk
6. A T A SRR R IR R TR AE LRSI A
B E AR, X H R T AT e f ek k. HET, A
S0 T Re AL 1 5 vk FE A S s o R Ak AR SR
e B A B RS A KB NR
FE FRBE A G IR R A 1 AT, AT LR A X
LI B RE AT 8 1k o ke S BN A A0 1Y) D) g
AR A T R AL B ALE o THREAL
BT Th etk A A B g fk e

RO T HE(PVB) 2 —Fh i RE A0 7 1Y 3
G, BA B oLtk ge etk e R g5 1k
REA RIUF A B R, ) 2 N TR0 e

R AR B R AR T e A AR
HHE G TR ERET N LR E SR Bt
— R A BT 5% A R U U R B4 W AR ST
R T I AE D D RE A 0] i i I R 5 1 7
LA T ARG RE 2 BT 22 Bl v i D e e 4 2R
M JEHE S PVB E A H & M S MR R T
TIREfC A S 9 51 A S5 AR PR RE T
P RE FIOG 7 M RE A4 5 i
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x 2013-07-01 Y H, 2013-08-09 & Fi; B K H R B %3 & (F 45 51072059 ) M1 K & #8381 (B B S5 2010A090200035,

2011A081301018 ) % B3 H .
% 1 THEK & A, E-mail ; mecwshma@ scut. edu. cn
doi:10.3724/SP. J. 1105. 2014. 13231

255



256 = 7as

?

= 2 2014 4¢

WA 30 min, ARG B A 250 mL = BRI
A — 2 Y O BERE | AE — 5 I B [ R R
— BN R], &5 R FH KR OBk 7= W B BIOR i
U8 UEVRAE 60 C 25 T AR o T8 24 b, fRAF
&AL, EWeAE EFG.

1.4 EFG/PVB E6#HMH&

WRIR 2 o TR EFG BT B8 518 75 43 1l
fE N, N-ZH I H g e (DMF) b, Big B — 8 iR
() EFG 3 B0 ¥ PVB ¥ K+ DMF | it il —
SEWRIER) PVB WL ¥ I — 5 1 L K EFG 4y
ORI A E)] PVB W, % AL 38 20 min, 4k 22
e 3 h, AR G ML B R IUH s B,
60 CHA THZFEEE W FNEA K, RAFH. Z
2 A WEACHE a-EFG/PVB.

JE A R SR — 5 1 GO 43 BUAE PVB 1Y
DMF %, 6 P A B 43 03 &), iR IR A
WRe A DY H B, 76 100 °C F ) 2 e i J
24 h KB R U CE B E 60 C HZS
TR EEE B E AR, RAFH. ZE A B
¥ b-EFG/PVB.

1.5 Wik 5RE

FTIR 43 #77 K H 9 [ Analect 23 &) ) RFX-65
Ul B AR 4 2T A5, KBr JE R i A | 70 B 5
4 em ™, FHAHE R 32 K, 95 Bl 4000 ~ 400
em 'y X5 200 fL 7 BB 1S 40 A (XPS) R H B
KRATOS 22 H] 1 Axis Ultra DLD, 5888 X 542 V5,
TAEH A 15 kV, A STHLI 10 mA % 150 W. i
5 HE3% B H XPSPEAKA. 1 #1440 06 | 647 w85 107 - 1%
AR A WA LA Cls H T 455158 (284.6 eV)
S bk AT R U 5 45 H L BE R F AT 2% FET A A
Nava NanoSEM430 %l {8 & 43 ¥R 3 & 8 B8 F B 1k
i, 1S H JBORE W TR R 7R b DR T S 4
b B 5 2E AT WA, O R TR R A% 1R A B Y
EFG F ¥4 v 5% i 2 £ 43 BT BB 35 1 INCA X-act
DRE S b NORY 5 A5 0 2 1 e D 3R 36 1
INSTRON /A &) () INSTRON 5565 Y Hi 1 17 fE#4 K}
RIHL, 3% GB/T 582-1998 il ik kE i o7 i 58 JiF
AW B R R 2R A 50 mm/min, B LA
HE 25 5 52 A0 -] W% W Yol 3 R A H 48 Hitachi
UV3010 58 #h-FT UL 56 43 5606 BE 3, B4 i Fl 200
~600 nm, LA ZEEAE R 25 1,8 EFG 43 HUL e
B4 10 77 mol/L, A M R EIE RN 0.7 mm. H
SR 52 2K 55 [ KEITHLEY 2635A %Y e, B 0]
BRASC I DO R T 5 I R H B SR S i R T

=
~ 1
" 4.532 dR

Hor d HIRAJEE (m) ;R NEEHEE(Q) 50 N
I FL R R

2 HR5®

2.1 ZEBRIIGEUASHHNHER
2. 1.1  ZPEER IRl 1k T

10 O F i RO ROV AR R pH
B 52 I BT[] X5 77 49 Wi 5 B2 RN N 55 £ 1Y) 52 1) iy
2. BB R SN WO BE Rl E R Y
FHE BN I BE BN & pH B S B[R] ) 3
DI INTTR::) | IR /R SR RTV- == L | Bt 4\
LERFIETEYIMWOGE A N TR & &, R
WA AR SRS GO Il Lol 4.0,
N FE 50 °C, N pH A 7.0, R VEEF[E] 24 12 h.

TR 32 L 43 v i R R AR A AR
FET 1A B A P (R R R RO ) N 4 A
FE AL AT BB 1 2 T B B RN Y 4k S b
11, CEERE 5y F v i & 36 5 S A A 380 1 S 3
VAT A9 6 53 280 7 18 18 %) S B Ok g A 480 T 3 D
TRl e AU, 33 T K A Tk TR A Ak A BB 0 1 A 3
FEARLE2022 | ol 5 A s 2 T A 5 S AT ) 1 37
e, 3B B A SRR 2R 1Y) TR Bt i 22 ik D>

A AR AT B0 % T AT O B B i T W AR
AR TR v B ) T AR A 3 D Bl e i L
Wl & AU T T O DA Ak 27 5 R 5 AR AT 3% 42
() BERE o T M RE WD . 53 AN | 20T e 1) 388 I
i 25 A% 2% Bl T R BT LA, AE R M 4k A
T T AR RV AR A BRI e T ) AL A
KM IR R A R R C—O0—N 25, 58 &
T2 Je o B A A B O T A L B A S IS TR) ) 38
T e Xof AR A A 55 0 114 30 D R R B 3K T g R
D] Shy B 8 i AT 1% IS8 I R Al e U ) ik B R A T
P e e A% 22 J, JFLC i) 7 s ) % 97 3 5
2.1.2 X HFERBH FRERE (XPS)

AKX GO EFG #4717 X LG H + R
(XPS) 47, Z5 5 2 (&1 3 fii.

hE 2 ATLEE, GO F1 K C/0 T kT
EFG (0 LA, BERA £ B Rl i in A B BR T K & 1Y
TAAELAL, HAE TR Ik Ak . N EFG B XPS
S R Rl L& BEET B Nis 16, 0 A1k A1
BIRFME LT LMY F
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Fig. 1 The influence of (a) ethanolamine content, (b) temperature, (c¢) pH value and (d) time on the absorbance and N content of the
products
Ong Cis
Ols
Cls
M NI . M\f'\\'
P—
a b 1 1 I 1 1 1
0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200
Binding energy (eV) Binding energy (eV)
Fig. 2 The XPS spectra of (a) GO and (b) EFG
Table 1 The content of different carbon atoms in GO and EFG
c=cC C—OH C—N C—0—C C=0 0—C=0
Atom%
284.6(eV) 285.5(eV) 286.2(eV) 286.6(eV) 287.8(eV) 289 (eV)
GO 49.8 3.8 — 40.7 4.6 1.2
EFG 69. 4 17.4 3.8 6.4 0.8 2.3

MIE 3 ) GO Cls JEE AT LA 1 C A
B . C = C(284.6 eV), C—OH (285.6

eV),C—O0—C (R A #) (286.8 eV),C = 0
(287.8 eV),0—C=0(289.0 V)" BI GO
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a

280 282 284 286 288 290
Binding energy (eV)

b

280 282 284 286 288 290
Binding energy (eV)

Fig. 3 The Cls XPS spectra of (a) GO and (b) EFG

B T RPEAL YRR (sp” BRIR T ) Z 40, B A K&
) R AR AR AR, T 280 2 B R A B, B AR
XS S S T AT SR AEAE | ELWE 1 5t B 34 T 0/ )N
B C—0—C Fl C = O By W sm B 244 W] i Y
Wk /0N, 2 B AE 2T e Ak B4R Ak A7 BRI 1 2 R P X
Yo S S A B 5 Ak g RO IF R AE T SRR T B
B, TR A 1 AT LA H AR A AR i 1 1
M 49. 8% AN %) 69. 4% ,AEW] T GO fEME £ K
I EUR T R K T i R T sp® 4
.

TAh  NE 3 R 1 th Rl R B 4 LR b
PRI HRES P I T C—N LM, M H C—OH 1)
FrE A AR K BRI 2 ) A
FIVIA S BE AT & A O B8 I 0 AR G T BT i —OH 2.
PR Al A, CBEREAE X GO AbBRAY R LA T
O RN IS i R AR
2. 1.3 ThReAAr S AT o E 5

Bl 4(A) & EFG FEA IR A7 AL 77 b k8 5 4k
PSHE 10 KB A NE Rl LLFE H,
EFG n] LLFa a2 40 HLAE DMF, 20 B, 75 /i A0 P 4k
Mg S5 A ALV 770 v R T il — 2B 43 EFG #2177

(9 43 HICIR B0, A 552 56 44 68 75 A B 1) Ty e Ak A1 28 0
) DMF 43 B0 T4 M L, T4 )5, F TEM W42
HAOIEZS  an &l 4 (B) Fr7. DI aT L i
F L EFG £ DMF h 23 H 5 2 F B HRE, A
BIGAK )2 B AOER.

Fig. 4 (A) Suspension of EFG ( concentration =0.3 mg/mL) in
various solvents; (a) EFG/DMF, (b) EFG/ethanol, (c¢) EFG/
acetone and (d) EFG/THF; (B)TEM image of EFG

2.2 EEMEBEESH
2.2.1 BB MELINEIE 5T

K5 0% PVB KA G MR 20 AN IE KL N
EIH AT LA H, PVB £0 40 63 B Y 3431 em ™
AbSy O—H MR 4 3 3 WS A EFG B 1k
HEMEE, AL R R T 3412 em !

3410 b-EFG/PVB
1101
a-EFG/PVB
3431 PVB
. . 1105
4000 3000 2000 1000 0

Wavenumber (cm )

Fig. 5 The FTIR spectra of PVB, a-EFG/PVB and
b-EFG/PVB
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F13410 em ™' 4k, R W T g1k A1 55 0% F PVB JEfA
Z B R T A T AE 980 ~ 1105 em ' 22 8] Y T
WU A D 5, E— 2B WoR T D RE AL A1 BB A R PVB
ZRAFAE G M AR
2.2.2 EAMEHR SEM 434t

Bl 6(a).6(b).6(c)% 2 PVB, a-EFG/
PVB & & 1 b-EFG/PVB & 45 5t i i A W 1 1)
B B8 R, H R 78 a-EFG/PVB Ml b-EFG/
PVB I REfb A B8 IR I & = R 2.0 wt% . A
6 A LLF i, PVB L K 18 42 Ry o't AP 2 A /D
VFRORE 3%, Ul B PVB MR LSRG, 0 1 IR T a-

Fig. 6 The SEM images of PVB and composite material ;

2.2.3 BEAMERBRFR

7 J& EFG B & X &2 A # kL a-EFG/PVB
Fl b-EFG/PVB H SR By szt . I 7 Al LA
I L,PVB S RN, XL N 2.2 x107°S
m ' BE EFG WM A, AR TR B T
M EFG S HAE0.5% ~1.5% XN, B SFF -
FhE . R R RE IR B B — R A H S A, b-
EFG/PVB i ) EFG W /0, M & A Mok
HS% K 10" S m 'Bf,a-EFG/PVB H EFG 1Y%
JinE N 1.4% , 1 b-EFG/PVB i EFG & &AL N
1.0% . X j& A o, 76 il % 52 & # Bl a-EFG/PVB

1072

A
A
o
7107 s
£
< 10
z
% 1075k
S —o— a-EFG/PVB
2 107k /) —— b-EFG/PVB
S
il /
1070 —!

00 05 10 15 20 25 30
EFG (Wt%)

Fig. 7  The influence of EFG content on conductivity of

composite material

EFG/PVB [ 1 W A7 Lo fLRS , B nT LA 21 3 19
B R BEURL > A A W T L X R T O AR L A B R
e A B b R A TR o A 3R U A R A Ry HOS
0,75 43 A1 B . b-EFG/PVB (1) 47 b7 18 U] 1 % kL
B, AT LAZE 21 B S %) 8 U5 R A S R D00 BT )22 i L v
P& B B 1 T B Ak A A 045, 0 B O ik A%
15 A B R DR Ak A BB A B i S), B g
b A B 0 Rk A A 22 ) A 45 i 1 A B AR L 3Kk
BT A B L A R DR 2K R EE AR
L EAS PVB ks

(a) PVB, (b) a-EFG/PVB and (c¢) b-EFG/PVB

i, D) R Ak A7 B0 e ML 1 3 R rp e E S A
e e AT 2 PR 47 K AL 2R T ik 2, DTG 9 55 T D g
A S 0 FE B AR Y P 43 BPE S T b-EFG/PVB &
¥ GO #£ PVB LA v otk i IR A5 21 1Y), % T g 1k
B AT B0 2 T W S AR A I LR e i, B 5
PVB 43 F IV MM BAE L, 20 T 4 880 72 PVB
(9 43 HORE B, DT B8 45 5 35 50 43 B0 5 H T 45
2.2.4  EG MBI bR

M8 B AL, A MK a-EFG/PVB B Hi7 fifi it
FE B 4K R IR E EFG 1Y & & 38 i i B AL,
HH JELAL 8 i i i) 45 19 2 & M FF b-EFG/PVB Y i
fiisi B RN 2 R B BEE EFG % & A 3G
P2 1E EFG (Y BT 43 80R 4% ik 3 Jeok B
EFG 115 5t (1 4k 52 38 A ek 1) iz A ik 52 D) 2 41K
IR K, X T a-EFG/PVB, #1145 1 EFG £ 5 4t
T Ab B E 2 TR E  A A E b ELME DLBIF S
Wi, AR EFG FI3E{K PVB Z B T — & 1Y
SUSE FR T U Y B B HME LT B EFG
X PVB (1 52 1, fiff 75 43 W78 64K b (1 EFG
BHAS T PVB 43 T4 22 ) (40 BV T, DIl -5 350%
S P R e i R T 24 R R B T A
¥ b-EFG/PVB 1 | EFG H A7 K iy At 3k H |
A5 PVB JE & A it B U (20 A IR 5L T X —
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R AR TIRE b A &G AT PVB A AL S A 7 —
i, I A 5 2 AR FH I 2 R it 5 v ke 20 43
A B Ao AV, 35 20 1 0 I R RIS T R A i
F T BB 3 4 R B TR O 52 A R R I G T
L RHERE (R 25 S AH W &, T & e R 12 R RE Y
FEACU TR =t FOiRB b A BIG M & B 2 1
FEAR e LU B3 59 9 43 80, 0 BT 30 45 1A SR
% BLAF T PVB £ BL19E 3 F 801

20 30
= 125 =
E 15+ <
= 120%
0 o
8 10t 115 2
7] =]
5} =1
= 5]
z 110 8
5] 5k o
= o

— 45
a-EFG/PVB
oL i , ] " , 0
0 1 2 3 4 5
EFG (wt%)

25 35
£ /% S
£ g
)

5 20} 72 1303
4 A g
E - A/ §°
[u} =
= / £
N m

b-EFG/PVB

15 1 1 1 1 1 1 25

0 1 2 3 4 5

EFG (wt%)

Fig. 8 The influence of EFG content on tensile strength and

elongation at break of a-EFG/PVB and b-EFG/PVB

2.2.5  E A MBS -] WG I 53 A

9 Sy 58 Ah-n] UL WG i 3 il 4. i TR AT AT,
KIEFH PVB JLF A BES il 270 ~ 400 nm 3 [l
DI 5 A2k M LA RS B AR 47 L3 35 T T e a2 4
SNRTE IR B9 AR . 24 EFG (1 BB 73 B K 0. 5%
B, 52 A X S8 A i B W SR AR B T 40 ~50% A2
i B EFG & i K, & A X 58 A0 2k i B

A R B AT X AR 25 T EFG & A K
C = C 8, HXF S A A BRI 51 9 ik
7N M MCPE B VS N i A W] B, b-EFG/PVB [
a-EFG/PVB [ 5540 5t M 3 R T 47 X 2 IR R A 58
W5 TE b-EFG/PVB Hh /0 B 444 .

100

80

60 F

40

Transmittance (%)

20

0F

400 500 600 700

Wavelength (nm)

200 300

Fig. 9 The UV-Vis transmittance of PVB and PVB
composite material; (a) PVB, (b) a-EFG/PVB(0.5 wt%
EFG), (¢) b-EFG/PVB (0.5 wt% EFG), (d) a-EFG/
PVB(1.0 wt% EFG) and (e) b-EFG/PVB (1.0 wt%
EFG)

3 &g

T e 3ok 41 i S N AR A A B0 i
VA 2 07 T 3 32 30 480 Ak A 28 05 1, Pl ol o o AR
P 19 UG 53% 7RI i ke L2 1) WK A2 Ok il 4% ) BB A AT
W LR A 20 W T ek A BRI T LR e 1Y o
FCTE CBE IR | DU &0 0K i AT NV V- HT R Y
LA PG R L R R A 8 JE Ik £ B9 b-EFG/
PVB & & # ¥}, EFG 7 3% & b H A 1R 45 1 43 1K
PELILGIAXS PVB B L% ) 2% 1 e Fl SR A 2k
Fri e I EA R K8 &, & 3.0 wt% EFG &
GME PVB I RHBEFE TH 6 ~7 M EE
%, EFG MM 1.0 wt% B, =26 # ok
XA B R T R B3E T 90% LA R T
73 th Y S AN R W RE T, T SR AE T 58 A 2k TR RL G
BARAR .



TEMRIE S . T e D REAL A7 250 KO PVB &2 5 4B il % 261

O X NN R W N =

—_ s e e e e e e
~N O v R WD = O

18
19
20
21

22
23
24
25

REFERENCES

Geim A K,Novoselov K S. Nature Mater,2007 ,6:183 ~ 191

Bolotin K T,Sikes K J,Jiang Z,Klima M, Fudenberg G,Hone J,Kim P,Stormer H L. Solid State Communications ,2008,146 :351 ~ 355

Balandin A A, Ghosh S,Bao W Z, Calizo I, Teweldebrhan D, Miao F,Lau C N. Nano Lett,2008,8:902 ~907

Lee C,Wei X, Kysar J. W, Hone J. Science,2008,321:385 ~ 388

Zhang Y B,Tan Y W,Stormer H L, Kim P. Nature,2005,438.201 ~204

Bai H,Li C,Wang X L,Shi G Q. Chem Commun,2010,46:2376 ~2378

Huang L,Li C,Yuan W J,Shi G Q. Nanoscale,2013,5.:3780 ~ 3786

Ni Z H,Wang H M,Kasim J,Fan H M,Yu T,Wu Y H,Feng Y P,Shen Z X. Nano Letters,2007,7:2758 ~2763

Ma Wenshi (23047 ) , Zhou Junwen (2 3C) , Lin Xiaodan(#KIES}) . Acta Chimica Sinica(fb2%%24%) ,2011,69 :1463 ~ 1468

Gao W, Alemany L. B,Ci L J, Ajayan P M. Nat Chem,2009,1 .:403 ~ 408

Li X. L,Wang X. R,Zhang L,Lee S,Dai H J. Science,2008,319:1229 ~ 1232

Sang Yong( ¥k ) ,Fang Ming( 7 # ) , Lu Hongbin( A £L3& ) . Acta Polymerica Sinica (4> 75 4%) ,2012,(2) ;223 ~230

Salavagione H J,Gomez M A ,Martinez G. Macromolecules,2009,42.6331 ~ 6334

Xu Y F,Liu Z B,Zhang X L,Wang Y, Tian ] G,Huang Y,Ma Y F,Zhang X Y,Chen Y S. Adv Mater,2009,21:1275 ~ 1279

Lomeda J R, Doyle C D,Kosynkin D V,Hwang W F,Tour J] M. J] Am Chem Soc,2008,130:16201 ~ 16206

Li X L,Wang X R,Zhang L,Lee S, Dai H I. Science,2008 ,319 ;1229 ~ 1232

Valles C,Drummond C,Saadaoui H,Furtado C A,He M, Roubeau O, Ortolani L., Monthioux M, Penicaud A. J Am Chem Soc,2008,130:15802
~ 15804

Yang X,Zhang Z Y,Liu Z F,Ma Y F,Huang Y,Chen Y S.J Phys Chem C,2008,12.17554 ~ 17558

Xu J,Li Y B,Ge D Y,Liu B H,Zhu M Y. International Journal of Impact Engineering,2011,38:106 ~ 114

Hummers W O.]J Am Chem Soc,1958,80:1339 ~ 1339

Wang S, Chia P J,Chua L L,Zhao L. H,Png R Q, Sivaramakrishnan S,Zhou M,Goh R G,Friend R H,Wee A T,Ho P K. Adv Mater,2008,
20:3440 ~ 3446

Shan C S,Yang H F,Han D X,Zhang Q X, Lvaska A,Niu L. Langmuir,2009,25.:12030 ~ 12033

Fan X,Peng W,Li Y. Adv Mater,2008 ,20.:4490 ~ 4493

Li D,Muller M B,Kaner R B, Wallace G G. Nature Nanotechnology,2008,(3) :101 ~ 105

Gu Fengcai (7 AUA") , Wang Li( £#j) ,Zhao Zhuxuan (X771 ) , Liu Yinfan (X #5% ) ,Sun Yihuan (#0235 ), Yan Lemei (%55 3 ) . Acta
Materiae Compositae Sinica( & & #1#2# 4] ) ,2003,20.77 ~ 81



262 R

gl

Eild 2014 4¢

Preparation of Ethanolamine Functionalized Graphene and Its PVB Composites

Lin-feng Wang, Wen-shi Ma® , Shu-wen Xiao
(School of Materials Science and Engineering , South China University of Technology, Guang Zhou 510640 )

Abstract A novel chemical functionalized graphene ( FG) was synthesized through facial covalent
functionalization with ethanolamine, and the effects of experiment conditions on the properties of the product
were investigated in detail. The results showed that the absorbance of the product increased with increasing the
content of ethanolamine, reaction temperature, pH and reaction time, while the content of N in the product
decreased accordingly. It was concluded that the optimal properties of ethanolamine functionalized graphene
(EFG) were achieved when the mass ratio of ethanolamine to graphite oxide (GO) was 4.0, the reaction
temperature was 50 °C, the pH was 7.0 and the reaction time was 12 h. X-ray photoelectron spectroscopy
(XPS) suggested that the ethanolamine could modify graphene and reduce graphene oxide simultaneously.
Subsequently, the EFG/polyvinyl butyral (PVB) composite materials were prepared by two different ways,
including solution blending method and in situ reduction method. Finally, The scanning electron microcopy,
conductivity test, ultraviolet and visible spectroscopy (UV-Vis) and tensile test were performed to measure the
morphology and properties of the EFG/PVB composites. It was illustrated that the introduction of EFG led to
an improvement in the conductivity, the ultraviolet shielding ability and mechanical properties of PVB.
Compared with the material through solution blending, the composite prepared by the in situ reduction had a
better performance. When the content of the EFG reached 3. 0 wt% , the composite showed a conductivity of
about 10 ’S+m ™", which is 10° higher than that of neat PVB. Meanwhile, the ultraviolet shielding ability
reached 90% by only adding 1.0 wt% EFG.

Keywords Ethanolamine, Functionalization, Graphene, Polyvinyl butyral, Composite material

# Corresponding author; Wen-shi Ma, E-mail: mewshma@ scut. edu. cn



