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Abstract: Graphene oxide nanoribbons(GONRs) were prepared through oxidative longitudinal unzip-
ping of multiwalled carbon nanotubes, and then modified by silane coupling agent, KH-570. The
functionalized GONRs (K-GONRs)/EVA composite films were subsequently obtained by solution
coating method on a coating machine. Structures and properties of the K-GONRs/EVA composite
films were characterized by FTIR, XRD, XPS, TEM, FE-SEM, oxygen transmission rate tester and
electronic universal testing machine. The results show that the thin banded K-GONRs with interlayer
spacing about 0. 970nm are successfully prepared, and there is an increasing in interlayer distance a-
bout 0. 095nm for K-GONRs when compared with original GONRs. Meanwhile, the prepared K-
GONRs is neat and with uniform shape and low defect, dispersed evenly in EVA matrix. Comparing
with the pure EVA films, when the mass fraction of K-GONRs is 1%, the oxygen transmission rate
of K-GONRs/EVA composite films is reduced by 54. 5% and the tensile strength is increased by
89.3%. The barrier property and mechanical properties of EVA is obviously improved.
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1.1 E#

EVA,# 5. EF1531, H A& Jil fb 5 A 7 ; MWC-
NTs,# 5 ; L-MWNT-4060 (& # & 40 ~ 60nm, 4fi &
970, WG Ok s A BR A Al s KH-570, H, O,
(30%0) . JE 7K & s 25 4 B Ak 25 R R A R A WD
KMnO, .# H,SO, (98%).H,PO, (85.5%),HCI, H
AREEBINTTE AR,

1.2 GONRs 9%l &

W 180mL ¥k H, SO, 2818 ] A B KB .
B J5 1 Hopoin A 20mL Hy PO, , JF7F — 2 5% 30 F i 1
¥ioy, 4 m A 1g MWCNTs Jf 4 #f — B i ] 7f
MWCNTSs 73 i 5) J5 ok 6g KMnO, 2218 m A 2| |-
WIR AW WS P PE 30min, K FRR NVIKRE T
50°C By B v SN 240 J5 L 248 48] AN 500mL pkoK
RA W h &4 2h, BEJE i A 10mL H.O, Jf #¢ $F
1. Sh, fof ¥ VR €0 700 Il 58 ¢ 8, 100 W) S I 58 4 5 AR 5 %
B AR A W LOOW Y #8 75 U I Tk 2% b 4 1K

30min, A IE  HCL 5 % 8§ 7K J5 76 2 14 56 & 45 18
JE b3 ek & 2 WK B R RV U TR AL T R A E
GONRs,

1.3 K-GONRs %l &

Frit 1g GONRs H & 8 77K ) &2 U8 i 2 Ik LA
PR5EABR B AR ZR b ) it B | AL S5 2 BT TR S
YT 500mL oK LB, B S 1L ShJB s 5] 4
W B S A — € i HCL AR R pH=3~4;fk &
3g KH-570 4380 F 100mL Jo/K Z B, # A 20min J5
A bR B FRR G R RIS SR IR R T
% 60°C i 24h; 4R 5 I JCK & B R 2 B 1K 7 2R
VU 38 s U B e D % 22 UK DA B 2 AR R v ok s i
A0 KH-570 Jf- 9835 K R 2 e Pk, 5 5 76 98 VR T 1R AL
115 3] K-GONRs,

1.4 K-GONRs/EVA E&§#HEER & &

FREL 0. 012g K-GONRs 4> 8¢ F 120mL H 4% W
B TE 100W (1% 8 75 0 e 4% T A 40 B Lhe, SRS I
53 B 451 K-GONRSs 75 W5 22 12 48] A 5 IS Be o v, JF:
fE—ERHE PSS, fF ERIRGWEREE A
12g EVA R HE 2 WPRMAR  BE 5 & T 100W [ 8
PG Ve AR R A R 1 ~2h IR ER S Th DUBA £f 78 53 BR
MR T Y . H A TR IR B AL b U R 45 o] 5
JEBEAE 0. 06mm Z2 A7, R ¥ I 78 40 % K J5 15 3
K-GONRsF #4350 0. 1% ) K-GONRs/EVA & &
PRI R R A R T2 R B ML AR R A
K-GONRs 4%tk 0. 2%,0.5%.1.0%,2. 0% 1Y
BAMOBLERE, DL LR SRR R A 3 A O &
344l EVA i EAE S X S 5
1.5 R1E

21 46 (FTIR) 43 #7 : Nicolet 5700 %1 B -7
e 21 A0 635 AL, F G H - 400 ~4000em ' ; KBr J& J
HlAE . X O 2 A7 55 (XRD) 43 7 : Ultima 111 £ £ 5 X
SFPERAT B AN A A R O 4 (O /min, X T ZO
HFfigilt (XPS) 43 #r : ESCALAB 250 #1 X 542 )G
TREIEA . B & S 114 i B8 (FE-SEM) 43 #7 : Nova
NanoSEM 230 #4437 & i 49 % B3+ 5 S 45 o o 8 ik A
WA NG W 5 mE A Ab 3. 3k 3 B B (TEMD 43
Bt : Tecnai G2F20 #Y37 & G 3% 5 i 4% . 43 5l %F MW C-
NTs il K-GONRs i 47 f0OUL I 558 43 M7 . BEL B 1 8 I
K BSG-11 B Ji 25 5 480 A3 o 43 3 B 3 A 0 4%
50em® (R K MK A% e : GB/T 1038—2000 ; Ml i K
BE.0.001lcm® « (m® «d «Pa) ', 72 M BE MR
CMT6014 A J7 G855 #L . I 3k 45 #fE - GB/T 1040—
2006,
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Bl 1N AS R 9 oK R G 21 41 56 3% A B2 K-GONRs
M GONRs 76 28 v iy 2 SO0 L 1. | BT 1 ) 45,
MWCNTs 76 1051em ™ 4b A #8055 (9 C— OH W i i
7E 1578cm b A C =C B 45 IR 3h % Uk % . GONRs
£ 3450cm ' AbA O—H (1 56 A 45 4 sl W i e, & 1
BRI P GONRSs % [ 9 2 3 Fn 0 B 7K 04 47 76 T5)
I 7E 1080em ™" &b ths AH B H B T ¥ 5 W i i 5 53 A A
1410em "4 AR EE O—H B4R IE 4R Bl W A 06 , 5 B i
(1 H BE 2R B GONRs H & R 5 7K M 1 72 3 FR Jik
3 UYL M F GONRs, K-GONRs 7£ 2950,
1720em™ " LA K 107Tem ™" &b Hy B8 T 5B B4 45 A 0 1A i
Horp 2950em ™! &b h—CH, .—CH, 1 45 9k ) W ik
g, 1720em bk C =0 {118 45 P 3l W Yie 06 [ i Jie
1080cm ™' &b 1 ¥2 J W e 0 9 2K o T £ 107 1em ' 4b
BT H ) Si—O—C [ 45 41 3h W0 . 3k 2 3 I i
I FK B GONRs £ A7 7E A LY, Bl GONRs 5 KH-
570 KA T AL OB TS a1 R TR, B
Jii B K-GONRs 7645 HLA J5E B 28 o (3 43 0 B 4f
GONRSs 7F H 28 i B AR 2 3 U1 3 - X J& [ 2 GONRs
5 KH-570 =4 k2% ) N 5 30 GONRs 119 3 il 7 1
SR o AT A7 5 G 78 H 28 b g o BP0 Xt ol K-
GONRSs (i — 25 B 58 B il £ 1ok 5 & 6 BB 1 T

%M.
MWCNTs :
3575 1051

GONRs 1410,

1‘720 1071
2950
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber /cm’
1 MWCNTs,GONRs, K-GONRs {4 21 4P % it [ DL B
B (1) K-GONRs F1(2) GONRs 7£ H 2 v 43 #0 %) B 18
G R 0. 5mg/mL, & 7d J5)
Fig.1 FTIR spectra of MWCNTs,GONRs.K-GONRs and images
of K-GONRs (1)and GONRs (2)dispersed into toluene

(Solution concentration was 0. 5mg/mlL,standed for 7d)

2.2 X & T8 (XRD) o7

B2 IASE G KR XRD 5% 1& . & 2 o 0,
MWCNTSs 7E 26. 36°kk {30 T (002) & T 14 17 55 0 , 3F:
B W TE I8, Ud B L 25 & B 55 s, 1 S AS L2 M BE

0.338nm, M TASZLE ir FH MWCNTs (4 BE k97 %)
rh S AT R 1 B R A AR R A I DA 30° 2 A B
THES M LaOC11D) ShiE A7 1. 2 MWCNTs 44
U EN I L Bk 26. 36° 4k i 5 AT G I 2k IO AR 2
f 2 10, 10° &b 14 5% 04 L K 20° &b iy 55 i, Horp 10, 10°
4b 5 GONRs (001) § T8 9 7T 45 0, 5 A 16 A 58 I
(GO XRD {5 B HA —5, £ Frff GONRs 5 GO
—FER R Z RAFTE R I BRI & AL V20 A
i I °F- 9% 1) W8 SRy 39 Pk e 1 U L K RT R R PR T AE R &
GONRs (33 # i, 4 > & 1) MWCNTs & B8 9% )i
YIEIE, DT 30 T 28 Bl 8 0 g, b iR AR 4k R B
MWCNTSs & A B 2y b 4% 90 ) 8] %) 5 GONRs 2,
[F] B PR A S 36 vy GONRs J2 7E R 1 454 T » & KMnO,
A AL E MWCNTSs Fif5, BF LLFE 377726 47 B /N e vl i
S TEBE% GONRs of #8 i, KRB ¢ 4 Ui 4w 4= T, T
DL R T 859 A9 25l MnO (021) (& 1 09 777 55 06 . i
Kl 2 1 K-GONRs () XRD % & 7] %01, f F§ KH-570 %}
GONRs # 17 2 1 J5 - GONRs 45 ¥4 % 4= B & 25 4k,
(001 fih IHT XoF JO7 AT 55 06 ) 22 9 B8 L 7E 20=9. 11°4b ih
PR T A7 506 L A8 N 2 M) BE i GONRs 9 0. 875nm §7 K
£ 0.970nm, X FEIE K GONRs 24 PLek 1 b 2
Je SR T TR E AR 254 2w L RE A
BE N, 2 R BRSO OF HAE — @ BB b RN i
PEAF BB & AT FI T4 v o AE R S A HLE b
H oy ke . A 2 A LA K-GONRs
14 40 AF g B — I ELJC P BE A ek m -

(001) (002)
MWCNTs
GONRs
(001)
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10 20 30 20
20/ ()

Kl 2 MWCNTs, GONRs fil K-GONRs iy XRD K%
Fig. 2 XRD patterns of MWCNTs,GONRs and K-GONRs

2.3 X B4t B TEEE (XPS) 07

Kl 3 & GONRs F1 K-GONRs ff§ XPS, [& 3(a)#il
3(b) 43515 GONRs #1 K-GONRs fi§ XPS 4% & , %t
FLiE 3 Ca), (b) Al LL &, 1 F KH-570 [ 5] A, K-
GONRs 1 C/O L1 W] & % F GONRs., 1 H i &l 3
(W) A[F17E K-GONRs | H BT ik ke ih 19 Sizp ;14 3
(¢) % K-GONRs fi§ Si2p XPS i &, i% & # B K-
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Fig. 3

2.4 HRSESEE(TEM) 5
Kl 4 % MWCNTs, GONRs fil K-GONRs ff

XPS spectra of GONRs (a) ,K-GONRs (b) and Si2p (¢),Cls (d) XPS spectra of K-GONRs

TEM 1%, ME 4(a) F A LLFH HH MWCNTs B8 5 4
2 K% K5nm, BEJE 25 16nm, H H 72 1] i 40nm, il

Incompletelyiunzippingfarcal

Kl 4 MWCNTs(a) . GONRs(h, o) fil K-GONRs(d) iy TEM 1%
Fig.4 TEM images of MWCNTs(a) ,GONRs(b,c) and K-GONRs (d)
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4y, (o) AT LAV M L 1 MWCNTs 2 524 1)
Ty iy 1 9\ 1) U0 0 Ry IR 25 4 1 GONRs™*H, H 58 i
2455 180nm , 7 AN FE & 4(b) Fh Al LLF 24 i MWC-
NTs KSR IEIIF . 5 & 2(b) h XRD ) 53 Hr 45
R—2. HIMHE AW LAZ B, GONRs 2 KH-570
U SR L AR K-GONRS (0717 R 5 4 45 0H & L IR
PR B — R R T HOPAT Y 5] 00 A T 51 G MR R
Mo
2.5 HESAFBEFRME (FE-SEM) 517

K 5 % MWCNTs fil K-GONRs DL F — % 7
EVA & & #BW iy FE-SEM, MK 5Ca) AT LIF i

MWCNTs LAREALTC T /T R AL g 25 7 — k2, JF 2
HPRMDGH . ER 5 by H, a] D5t &7 1 W56 31 AR 52
RS AH B g0 245 1 0 MWCNTs & 54 31 2%, BOm AL
ZB) S Ah 3R RS OF HL T o R A R K-
GONRs" & 5Cc) FE 5 Cd) 43 51l 2 s hn o 14358k
1% MWCNTs fil 1% K-GONRs ) EVA & 4 8
Y FE-SEM, Xf kb i@ &, 7T LUE i K-GONRs 5
EVA JERAHZE B4, [F i K-GONRSs 7 3 4 v 52 8
TREMAE. BN E 5 (DWATF H 50k K-
GONRs K#4  1 F &2 A W B W7 1m0, KA F 47 2 A
F EVA @R,

K5 MWCNTs(a),K-GONRs(b) } 1% MWCNTs/EVA(c) I 1% K-GONRs/EVA & 4 W f (D ) FE-SEM & K
Fig. 5 FE-SEM micrographs of MWCNTs (a) ,K-GONRs (b) ,and fracture surface of EVA
composite films with 1% MWCNTSs (¢) and 1% K-GONRs (d)

2.6 FPHMRMEES

Bl 6 s AN [\ & it K-GONRs B & 45 4 ) 5
HESEE R, WK 6 i IR MEARSLR LT .Y
FREs i K-GONRs Ji it 73050k 120 0, 52 G ARk i
(4R 1 %k B R 1109. 435cm’ » (m = d «Pa) ',
K-GONRs/EVA & 4 b4 Ak v B B Bg 4 e (9 45 5wl DA
H P F LA JLAS D7 1 - A 52 56 BT 1 K-GONRs, HA K
Bl 450 (WL FE-SEM ., TEM 4» #7156 43) FI R i3
B A TR AR 08 4R 0 EVA R 09 BH IR P e
GONRs 22 KH-570 s tEAb ¥ , i3 K-GONRSs fig %
BT Hb 43 BCZE AT LV R0 R R b, DT {75 K-GONRs
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e M A7 6 T EVA Rk, IEREH TXME
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Fig. 6 Oxygen transmission rate of the composite

films with different levels of K-GONRs
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Mechanical properties of the composite films with different K-GONRs contents

(a)tensile strength; (b)tensile strain at break
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