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Preparation of Nitrogen-Doped Graphene/Polyaniline Composite Hydrogels
and Their Performance

ZHU Zhenni ,XIONG Huizhi,YU Xianghua ,LI Liang"
School of Materials Science and Engineering, Wuhan Institute of Technology, Wuhan 430205, China

Abstract: For the development of graphene hydrogel in supercapacitors, nitrogen-doped graphene hydrogels
were first prepared by the hydrothermal method using ammonia and hydrazine hydrate as the nitrogen resource
and reducing agent, respectively. Then, the nitrogen-doped grapheme/polyaniline composite hydrogels were
synthesized by in-situ polymerization of aniline monomer into nitrogen-doped grapheme hydrogel. X-ray
diffraction and scanning electron microscopy were used to characterize the structure and microstructure of the
products. The electrochemical performances were tested by cyclic voltammetry and galvanostatic
charge-discharge. The results show that nitrogen-doped graphene/polyaniline composite hydrogel possesses
better electrochemical performance than pure nitrogen-doped graphene gel. The specific capacitance of
nitrogen-doped graphene hydrogel is about 500 F/g at the scanning rate of 10 mV/s. It keeps about 400 F/g at
current density of 10 A/g in the galvanostatic charge-discharge test. Nitrogen-doped graphene/polyaniline
composite hydrogel retains more than 80% of its initial specific capacitance after 1 000 cycles of cyclic
voltammetry. It indicates that nitrogen-doped graphene/polyaniline composite hydrogel has good electrochemical
properties for the application of supercapacitor electrode in the future.
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B2 B (nitrogen—doped graphene, NG)
BERC T RA Z AL A BRI RIS A
JE T 4B 2 S5 R L LR R AP R RS E PR
T2 Ll A YRR O A AR M R SRR
(polyaniline, PAND) A 2y 7 2% 1 3 HL /&5 4 F A4 L,
S4B 2% 5 Al AT Sk R A AL A PR RE [R5 A
a7 P S MR PR MR L 0T B S U
— K R AP A TERERYBE R (H PANT LAY A B 41K
BRI , 2 BLTE B RO IE I RE AN BEAR 7R & id 2K
PR 5 He b B A 2 ROl , JC ik R e 7. D
AN, PANT Y AT 45 28 MR SR A0 T 2 I B
J2 T LA T 8 20 HL 2 e 1 SAELRDRL L R, A
fuf fift PR PANT A A6 P AG E M ol — A S B ) el 48
T PANIVE N Tl 5 1, T iB A K 1 /B 2%
A S LR, fl s B R RS 1 BB e n
A0 5 PANTEAT IR A5, il 4 th BB 2 41 8/
B K M & A & K (nitrogen-doped grapheme/
polyaniline composite hydrogel, NGP-H) , 2 3% PANI
kA, 15 3 L MR RE AL 5 A RHY .
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AT o 2R F K 3G il 2 HH BB 2% 1 B0
BRI, FH-K R Mg PR AC 1 5] M oy BT A SR IR BRI
TS T e 246 g B S0 Al BSR4 i o 45 1 R A
FERENL BB BB A 1 SRR R IR N 2 A BRI A
H X 52k 47 8 (X-ray diffraction, XRD )4 . 47 4 H
F I B B (scanning electron microscope, SEM) | HE
P AR ol 23S o X 52 5 BB M 119 45 4 T R A~
REFEAT RAL , M4 2R R W R B A A S0 /R R
S5 B R A5 2% A SR 06 L PANT AT LA B 5 4 52
A AT 52 5 B e = B O L A fL AL~ M RE , ED
E T AR TAETT =AY IR
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1.1 AEAREBEEER/RRXRESRRHY
IR

T SR BROR IR I 0l ) A5 BB A SR R BRI
(nitrogen-doped graphene, NG-H) . % — & Fid &
100 mL ¥ B2 1 mol/L i HCL W, 145 3 21 im A
— % T [ 2R % Caniline, ANT) 844, 1 h 5 P4
19 NG-H Ji A TE 1l 5 10 2R i 1) 6 T2 75 W b O ¢
SegE 6 h, SR FEINA 20 mL % A — 5 T 5
2 %% (ammonium persulphate, APS) i) 1 mol/L £k g
W, P SO 12 b 157 2 SO 45 R 43 2 NGP-H
57 4 BRI K45 30 A NGP-H 2218 3 Jil A 1 mol/L 1y
HCLA TR, AR 8 hiK 1R, 1 & HCLE IR
4 TC 8k 1k PRV 1) NGP-H 5 B F 8 R T AL
YU TR S B AT 15 B BB 2% 1 s M IR AR T BE
(freeze-dried nitrogen-doped grapheme/polyaniline
composite hydrogel, NGP) ; {14 ANT HL{& Fl APS [ty
PR 5 I8 F AN R I B ANTS APS i &
15 2 09 & 4 BE e o 9 32 O NGP-HI1, NGP-H2,
NGP-H3 NGP-H4 NGP-HS, E{A WL 1.
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Tab. 1 Water content and combination efficiency of different samples

NGP-HI B A BEK & K REES
NG HY it R Y T NGP (i it i
A T R A 114 Jo o J water content combination efficiency
mass of mass of mass of
sample mass of APS/ mg mass of of composite of composite
NG / mg ANI/ mg NGP/ mg
NGP-H/ mg hydrogels / % hydrogels / %
NGP-H1 110 20 60 120 4862 97.5 8.3
NGP-H2 111 50 150 138 4775 97.1 19.5
NGP-H3 118 100 300 151 4373 96.5 21.9
NGP-H4 116 200 600 191 4261 95.5 39.2
NGP-H5 118 400 1200 218 3992 94.5 459
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2 HR5R
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e T RAFRZS BREGH , N T — B RN E S
P T MF S PANL R 2SI TNC R IZZ L.
XF G 1 (a) FE 1(b) AT LA 3 2 AH BT NGP-H3,
NGP-H5 ™ NG Jv )2 19 [ B2 W1 & 98 /) , PANI 7
NGP-H5 v )2 b0 A it W W 44 22 X 7 NGP-H1 |
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AR AR (3N, 76 NGP-H Jr 2 1 /9 431
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Bl 1 NGP-H3# NGP-H5# 5 SEM B Fr
Fig. 1 SEM images of (a) NGP-H3 and (bh)NGP-HS5 sample
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2.3 XRDRIE

X FE S BEAT XRD 38 AR 52 52 6 6 e b 4 114
fm R gE A, K 2 45 T NG-H, PANI,.NGP-H3 5
NGP-H5 i) XRD #7 5 /. I 2 7] L& £« NG 7
24.8°F — A~ X BE XA 0 AT 4T 06 1 NGP-H3 Al
NGP-HS 114 77 55 06 W) AH X NG 19 6 55 Sk 2% HLAR B
PANI 7€ 16° ,20° . 25° /2 45 A W1 & (9 A7 4 0.
NGP-H3 F1 NGP-H5 73 |7 25.6° 5 25°F — > F#1E
W xF T 2 A BB M A NGP-H1. NGP-H2,
NGP-H3 .NGP-H4 .NGP-H5, i T 4 iz 5 F & 44
A BIGEAME G, FEORIAKAE 16°5 20019 5§
TR 2, HLAE 25° B O/ B — AN REAIE 0.
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Intensity / a. u.

201/ (°)

2 NGH,PANI,NGP-H3 5 NGP-HS5 B XRD £T5 E
Fig. 2 XRD patterns of NGH,PANI,NGP-H3 and NGP-HS5

RAM SRR ABRARBRRBRT
R WH HERAEAE & R A5, T LIHERT NGP-H & 5
PR S, A&l 3 T . 456 XRD 5 SEM /Y
gE R AR JFE AL AR L PANL L NG /)2 R 3 (K 44
B UUEE] T NG R 22 L, [RIBF PANTFI NG %
Z a3 o S EAE R E B T Y51 PANUNG 2 & R
JZE5H.

E3 NCEPANIEHESREATEER(RERTSE”)
Fig. 3 Schematic diagram of hydrogen bonding between NG
and PANI (dotted line indicates hydrogen bond)
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Fig. 4 Cyclic voltammetry curves of different samples,
in 1 mol / L sulfuric acid solution(scan rate is 10 mV/s and

Ag/AgCl is the reference electrode)
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Fig. 5 Retention of specific capacitance of different samples 0.8
in 1 mol / L sulfuric acid solution after 1 000 cycles
(Ag/AgCl is the reference electrode) 0.6
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6 AR mol/LREARPENFRREE THIE
BImFEMAEHLZ (a) NGH.(b) PANI.(¢) NGP-H3 ZEAR[E B
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Fig. 6 Constant-current charge-discharge curves of
(a) NGH, (b) PANI and (¢) NGP-H3 at different current
densities in 1 mol / L sulfuric acid solution; (d) the plot of
specific capacitance of the different samples vs. the current

densities(Ag/AgCl is the reference electrode)
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05 1 5R R e S 5 W IR, 0 ok 2 ) R e B 1) A
kBl AE NGP-H & 4 5 I i R OR e i) . K2 NG-H
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