Vol.38 BEFREALFE FIR No.12
2017 4 12 H CHEMICAL JOURNAL OF CHINESE UNIVERSITIES 2306~2312

doi; 10.7503/¢jcu20170110

BXXEZ4eELAER/ BERBIR
B R &l & A B R B A R

A, MBA, TAL, AARBA, FEE, RIAEXL
(1. WSEHRHERZEM R SR 4220, 2. iR, a3k 014010)

BE RAHARGEHS T =454 8% (3D-G) , F-LAT /I (ODA) AR X 3R 4018 5 Ak A B0 TR
SACAL R, PR AL A ik AR S A SR R R KRR, Wil A T\ ) R A A B R RO
(G-ODA/PANT). XAPRIIEAT T 25 RAE | B LA PERE S AT R KL 4540 19 H L 8 STk i, 45 3R B, FL
WAL B 25 ST TR AMA T A M R R B2, G-ODA/PANI FAR A 7E 1 A/g BRI 25 B S 199 L P 25 B 1o v
ik 1080 F/g, s ARINREAL AT BRI/ B M U AT RL( G/PAND) 1 2. 57 1%, HABRHFE & E A R KA, 78
¥R 10000 J&J5 1Y LA B AR R 4 90. 8%, H. G/PANI & 9. 6%.
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1 SRIGERSY

1.1 RKFIENEE

AN (RBETAL TG =) ) 5 BRI . PUIR M ER A1/ \ e ( BT TR A /) 5 Tk L
(REERAAETT ) 5 MRBIIR (BTt 53858 98% ) FIPIER ( REEHAEAN ) 5 WIRER (FL420. 5 mm, JEJE
1 mm, MR EREE S SARAT) . BT FIE 4l F28 7K R Al

X BFZeAT 854 ( XRD, D8 Advance, [ Bruker 22 &) ), 20 H i Bl A 5° ~80°; i 2 ik L
(Raman, LabRAM XploRA , 7% [ Horiba A 1)) 3 X HFEIECHL T-REIEIY (XPS, Escalab 250Xi, 3&[E Thermo
Fisher 23 &) ; fi B 75 41 21 4P 56 3% AL ( FTIR, IFV660S, % [E Bruker 2 ) ; ¥ & ST 7
4% (FESEM, Supra55, f&[E Zeiss A H]) ; &5 F W5 ( TEM, JEM-2000FX, HA JEOL A F]) ; fE
HEABOGIE{(EDS, X-Max OXFORD, ¥ [E 4 H /0 A ) 3 HLAb2% T AE UG (ARSTAT 2273, 35 [E Ametek
UNEIDR
12 X
1.2.1 3D-G th4l % SRR Hummers 32 il & A 4L 6 305 (GO) IR BEE 2 mg/mL % . KA
IR 25 = 47 BB . FREL 200 mg BUIRIMBRIA T 25 mL(2 mg/mL) GO MW, #4 1 h 5314
STHOR. I AR T BOREBIA R N 22, FESRT A8 h T 180 CIOKIRI N 8 h, il 153 =4k id J5i f 554
(3D-G). #1519 3D-G SEEEEY] 7 (JBEEEZIH 5 mm) J A K8 7K b £ H.

1.2.2 3D-G W& FEMAFE  FREL0.26 ¢ +/\B T 300 mL 1 mol/L HCI "7, $ii$k 0.5 h G inA# T
F3D-G P -8 HE 3 hy ZH85% 0 20 mL 0. 149 mmol/mL 1) NaNO, VW , W 6 h 5%+ /\ ik
Difefb A 5544, 108 G-ODA.

1.2.3  G-ODA/PANI Wy %l & RHJFAIR A 45 G-ODA/PANL: (1) fEHL 400 mL PR/ 7K (KR I
1:3) IREVER, MEBEHF AL T H G-ODA. (2) FREL4 g KIEHFE T 15 mL 1 mol/L HC1 Hr, 7EAIK
R A FIRIES RS, (3) BE 15 mL 0.5 mol/L(NH,),S,0, &I 28 A FRER T,
RN 6 h JFHBUH R, AR B K& H.

G/PANI #1477 5 G-ODA/PANI #[A], H2H 3D-G 8% G-ODA.

1.2.4 @Aty # & Fom el Bk, MO T eI R, A5, KPR 5 10 mmx
10 mm JIRERAE 10 MPa &5 F JE A HI5 i .

R AR RS, LAl A i sl o AR, 805 i B sk, o FnH SR il o S s,
FIA RS IILE 1 mol/L 19 H, SO, 7 & Hh 76 At L Ak 27 M BRI . 78 B 0K 2 125 R 3t 7 550 R 725 43 0 %o o 1Y)
FLE AR AT

1 )
Q:%Rﬁi?ﬁkﬂv (1)
iAt
“T - )
Kby CFC(Frg) NHRAM BN IL A B, m (g) HHEMRTEEM BB &, o (mV/s) B EE,
i(A/g) ARRHLHLI, VA VL (V) 209008 Ae(s) BF[R] P 9400 4 RS 1 F A i 3R

2 GRS

21 HIERESH

K1 4 G-ODA il & IR BN B . SR KGR Ab PR A 880 5, AR i b — 4 Hefk H gt 3 4 ik
B, FERC AR - —COOH B A B FLIGPEOL S0, 2R F R TR A ORI, ORI i 4k %
AR, FEEFERIE AL, A B 5 LR ODA J5, JRR B A& PO S 2 H R A 7
LT, TR B LAY TE FL T, 7 SR A RO A i v A 5 2 e B4 o 40 A A B F g T AR B S |, AR i
TEA R KA.
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2.2 LIGRAE
22.1 BEHEAMTRGHELN E2(A)NGCO0EH
G-ODA ) FTIR Jeig &, n] WL, GO Ay & % i 7
3400 cm™' ZEHEL T —OH AYW I | 1050 em ™ Ab H oL : :
Bl C—O HEF I, 1220 em™ Ak H B C—O0—C 4 gt ° .0%:‘?“ ) S +
PR, 1626 cm™ Zh L C = C hgadiRshig, 1733
em™ ML C = O IGFIRSINGE, RGBT A LY ODA+positive lesticty: % —COOH:
B0 5 GO R AMETEM L, G-ODA fY &l h . :Negative clectrification; e : —COOH
1626 cm™' &b C = C R AE4aIRIE L) S 1733 em ™' Ab
C =0 M faidRsh ey 2%, B GO ik 1511
JiE, BRI, AE 1662 em™ BT AL LAY 1 ABrg 251 AR 23 0 WII4 , 76 727 em™ BEE 1 30
I SL TN =R EE: - VTR 2y i AN, 1737 i F

K 2(B) K GO, G fil G-ODA/PANI 4 XRD 3. ElH GO 7E 20~ 11°4b H B T R AEAT S i, 1598
A, XA ST B2k 0. 83 nm, UEHH GO RUA B A E L&A KA/ EREHA, Afbaf B & ™.
GO LR JFJRIE ) G 7E 20~ 11° ARSI, Ui GO Wiy & U E RE B iR . &2 A b
FHJE , G-ODA/PANI 43 BI7E 20 = 14.8°, 20.4°, 25.4° Kb H BUAT 06, 43 50 % 57 2K e £ 19 (011) I
(020) I | (002) W, {HISTEHTE, SREERCSS, DO TR/ 125 et S 80>

Fig.1 Schematic introduction for G-ODA/PANI
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Fig.2 FTIR spectra of GO(a) and G-ODA(b) (A) and XRD patterns of GO(a) ,
G(b) and G-ODA/PANI(¢) (B)

222 k@ELEMN B 3(A)HN G-ODA Fl GO ) XPS 4% &l. G-ODA [ XPS i E Pk ¥ T N T
RMME S, % N JCEK H ODA HIEIE. XF GO 1Y C, JEFT4ri, Al IS c—C/C =C . C—O0
BOC=0%, K 0—C=0#rsa a9k 284. 8, 286.8, 287.5 F1288.6 ¢V, Jf-H C/0 FE/RIL N
212, XULHAT B E AL . B 3(C) A G-ODA 1) C,, XPS i &, Xt H g )5 vl LI 5] C—C #Eh 45
G HEN 284.7 eV, C—N HtZ5 5 RE N 285.8 eV, C—0/C = O LA AE 1y 286. 7 eV, FNE L S5 R LAY G
WA, A BEEE IR S AT NJC&R. K 3(D) A G-ODA (i) N, 43I E | 399.0, 399.9, 401.0,
403. 6 eV I HIX = N—, —NH—, —NH'=K—NH; — (455 R, XLELA A s A JER] 7
ODA B3t 5 M )2 B

223 FH4e4H K4k G-ODA } G-ODA/PANI () SEM & - Fil TEM MR H. I 4(A), (C)W LA
T AR NS A G-ODA L2 LA 245, HIZ MR, Mais, HinEamAK,
[} Z2 L 25 R A kg SRR e ) SV SR G 3R I T 5 240 . X G-ODA iEATREIE 70T, L 4(A) I [& ]
V& ik . ROCER S ms), IEW] T A0 R8T, WET4(B), (D) ATLUA i, G-ODA/PANI Y
FMREF T G-ODA A8 24548, IF H IR S VR HCIR 58 278 35 78 A 880 3R, A 25 f vk T AR
G-ODA/PANI 1 PANI 1A 2838 (76% ) 5 T- G/PANI ' PANI A 2% (34%) , MNEBABCR FiF# T
TR AT ATE
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Fig.3 XPS spectra of GO(a) and G-ODA(b) (A), C,, spectra of GO(B),
C,(C) and N, (D) spectra of G-ODA/PANI

Fig.4 FESEM(A, B) and TEM(C, D) images of G-ODA(A, C) and G-ODA/PANI(B, D)
The insets in ( A) present the distribution of C element and N element in G-ODA.

2.3 G-ODA/PANI E &I HI L F 1 EE

B 5(A) A4l PANI } G-ODA/PANI Fll G/PANI 2 & RHE | A/g ML FE T BYHE FRR 4 il £&.
G-ODA/PANI 1y CV M2 BA RAFBpRrE, R HEAG B 0y n] b PR s i b e I i s, KL 5
(A)HiA T F 1, 4 PANI, G-ODA/PANI } G/PANI BYE AL JFIE A7 B AT, 35 B H B A9 S8 Ak T i
FERIE T PANI, 1 G BN ASE G-ODA/PANI F1 G/PANI (S A K, ARG R EH L™, R
H1G-ODA 5 PANI & & B AW INSCRE B2, m= (1) A%, G-ODA/PANI, G/PANI F1 PANI
FIELHLZE (C,) 4058 1080, 420, 230 F/g. Bl 5(B) i G-ODA/PANI 7E A [A] L% (0.5, 1, 2 A/g)
TRER A AR, R (2) MR TE 1 A/g MHREE T, G-ODA/PANI i HLHLZ¥ 4 1050 F/g,
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Fig.5 Cyclic voltammogram curves of G-ODA/PANI(a), G/PANI(b) and PANI(c¢) at scan rate of
5 mV/s(A), galvanostatic charge-discharge curves of G-ODA/PANI composites at current densities
of 0.5 A/g(a), 1 A/g(b), 2 A/g(c) (B) and plot of specific capacitance(C,) vs. current density
of G-ODA/PANI(C)

K 6(A) M G-ODA/PANI ZEAFFEHE R T B CV M2k, R0, MEHR R m, Men
FEARIDARFEAMREEAAS | XU E A MR B Ak # R . G/PANT (R R LA &
BRI B U JZ HL 2 AR IR M A IR FEL 25 2 b 78 DATERFSE PP R REKE2 A% REAY BTk 225 K. Dunn 450
DA T TAEHRRAEA R R T 1 CV M4, JFH AU )2 A 25 TG o 25 00 Tk oF T =8 AT = ik
VLU

I=Kuv+ Kp"” (3)
Aot TAERBERER o(mV/s) TR Ko AR )Z AT A B RABR; K" Hh
WEBT B R K, K, W E 8. IR, KX (3) #eh
10" =K' + K, (4)
W LA AT/, B 6(B) 1591 3R TH LA R DTRRE R 70. 3%, §7HEHL A (5 29. 7%, BEWIZE G AE
(14 LL L 2 AR TR R IR I 2F. R T IR T AR KGR i s 25>, IR G-ODA/PANT 3%
i L HL B A R E T G-ODA 2R i PANT Fb AR ThAEALAL B A7 B8 T2k 1) PANT £,
9 6
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Fig.6 CV curves of G-ODA/PANI at different scan rates(A) and capacitive charge storage
contributions at scan rate of 5 mV/s(B)

Kl 7(A) > PANI, G/PANI Fll G-ODA/PANI fY3E i BHATIE (WAL 107~ 10° Hz) . 35
AR BRI AR X ) LA B, 2 B 5 8 A AR ) 32 s 2R AR R PABEL. DA P ] DL 3
Fdh G-ODA/PANI BN R/, O 0. 17 Q, =M TAEA S8k RS A R R, PANT Al B)
- A LA A B i TR TE A7 B AR 2 T, R BELBT, (W) Bk 3 in /B8 0 (i sl A AR M. I/ 7(B) by
G/PANI, G-ODA/PANI Fll PANI G ¥ Fa e fh 28 ( FERCH 3R 10 A/s) . BT 0L, ZEAEERIE 10000 JE )i,
3 SRR LA RAER R 81. 2%, 90. 8%, 61.4% , Ui+ /\ et BE Ak ¥ A BRI/ AR I S 45 bR
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Fig.7 Electrochemical impedance spectra of G-ODA/PANI (a), G/PANI (b) and PANI (c¢) in the
frequency range of 10°2—10° Hz(A) and cycling performance of G-ODA/PANI(a), G/PANI(b)
and PANI(c¢) at current density of 10 A/g(B)

i LT, SRR RN E A N4 G-ODA/PANT 4k & & Bt bokE it FTIR, XRD Al
XPS FERIETF-BOEW] T 1\ ik C ol 3 44 2845 15 SEM I TEM RAEUEM] T 492K PANI B4 228 1
G-ODA K. ARG KRN, ZEHR RN 1 A/g i}, G-ODA/PANI & M EHI LLHLZS 1080
F/g, 43900 G/PANI 14l PANI HHLZE Y 2. 57 £5H1 4. 70 £%, 283 10000 JEAG ¥R 5 B o 28 PR35
90. 8%. H1TIIREA AT SMa AN RA ML B PRI, ARAS TR i AR = PR RE. AL AR A T 2
B, SR, a LR — D e S R A A T A 2 HE RN .
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Preparation and Performance in Supercapacitor of
Three-dimensional Functionalized Graphene/ polyaniline
Freestanding Electrode Materials’

LI Xuehang', YU Huitao', WANG Weiren', BULIN Chaoke',
XIN Guoxiang', ZHANG Bangwen'>"
(1. School of Materials and Metallurgy, 2. Instrumental Analysis Center,
Inner Mongolia University of Science and Technology, Baotou 014010, China)

Abstract Three dimensional graphene (3D-G) was prepared by hydrothermal method, in which graphene
layer increased the electron transfer within the channels. Octadecylamine ( ODA ) functionalized graphene/
polyaniline( G-ODA/PANI) was prepared by the modification of reduced graphene materials with ODA and
in situ polymerization of aniline on the surface og G-ODA. Structure, electrochemical properties and the
specific capacitance contribution of the materials were analyzed. The results showed that the contribution of
capacitor electrode material was originated from the pseudocapacitive properties of polyaniline. The specific
capacitance of G-ODA/PANI electrode reached 1080 F/g at current density of 1 A/g, 2. 57 times as high as
that of graphene/polyaniline( G/PANI) electrode material. Tt also had a great increase in cycle stability, and
the capacity retention rate was 90. 8% after 10000 cycle times, increased by 9. 6% compared with G/PANIL.
Keywords Functional graphene; Polyaniline; Amination; In situ polymerization; Supercapacitor
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