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Preparation and Characterization of Nitrogen-Doped Grapheme Hydrogel

ZHU Fen, ZHANG Xinmin, SHE Xiao, LI Liang
School of Materials Science and Engineering, Wuhan Institute of Technology, Wuhan 430074, China

Abstract: For the future application of graphene hydrogel in supercapacitors, nitrogen-doped grapheme hydro-
gels were prepared by the hydrothermal method using ammonia and hydrazine hydrate as the reducing agent and
nitrogen resource, respectively. X-ray photoelectron spectroscopy, elemental analysis and scanning electron
microscope were carried out to characterize the structure and morphology of the nitrogen-doped graphene hydro-
gel. Moreover, the electrochemical performance was measured by cyclic voltammetry and galvanostatic charge/
discharge. The result shows that when nitrogen-containing agents are added during the hydrothermal process of
graphene oxide, the nitrogen-doped graphene hydrogel with three-dimension porous structure and certain
mechanical strength can be obtained. The specific capacilance of nitrogen-doped graphene hydrogel also increases
because of nitrogen-doping. The specific capacitance of nitrogen-doped graphene hydrogel is 196 F/g and 217 F/g
at the scanning rate of 10 mV/s and current density of 1 A/g, respectively. The specific capacitance of
nitrogen-doped graphene hydrogel can keep 80% after 1 000 cycles of cyclic voltammetry. It indicates that
nitrogen-doped graphene hydrogel has good electrochemical properties for the application of supercapacitor
electrode in future.

Keywords: graphene; nitrogen-doped; hydrogels; supercapacitors

| 8 = TR AT A Ry FH AR AR 22 B S T I R R I b
= AR T TR B2 A T (8, S 4P oK BAT =4
A SR R IR B 25 SO0 B PERE . ROULZE M B SRR ATRL AN | AR R LA K AR

s B #1:2016-02-29

ELWA . TR IS EIm AT 2077 G092 42 (CX2015001)
EE® N & IF WA, E-mail: 954912971@qq.com
*ERAES .2 2, M, #IZ. E-mail: msell08@163.com



260 RN TR K22

o538 %:

HAT W28 2540 (9 40 SB 0 PR SRS 1T R T2 %
VE. Hop £ S50 BRI WO 2 AT T B R 2
—, U BAT e B R T AR R B R 2% 2 £L
450 EOE R SR YR T SR T A
R0 R PR BE 5 4 F B 4 AR T IR I
LA R BLRL AR AR R SR AT S — T
T 8 A A A SR R T B A BT, AT
A LAAE A7 82 0 22000 5 AE PR AL, 2 — 2B 8 T
S I PERE , R A SRS AR . R H e
AR Z Ff il & BB 2 0 S IG Ik ke <
FRUUBRL (558 A Ab BT PR B 45 A X
SET7 R AL AR A Y B ) AN Ak 2 O DORA
JIt it B S 25 PF SR AR Ry, ANl B MU A )7 24
Ak B3k A A A ) S I R A AR A AT A
AN

RSO HERAE AR % AR IR A A K IR, LA
K HIR G WA S a8 S50 A48 R, — 2B 5 il 4 T
AR BRI BEIE , T X5 B R 48 2= 10 58 0 Bk
AT T IR ERAL.

2 LIGER S

21 RBEAEBHBREKHFAEHE

B 300 pL 4 /K 5 30 mL Jif % F 4 4 mg/mL
1Y % 1k f1 B2 )% (Graphene Oxide, GO) IR A , #h F1 4
10 min; B )5 A 2 mL 7K & BF, 45 28 55 $¢
10 min; 8% J7 3 1 45 5205 30 205 43 B8 S IR &
B A TN 40 mL YK W 42, 7E 120 Ciy
TS5 T RN 4 b, RN 45 S R R RS H 2 R
W 7K T I 5 4 ) A B K BE R B T R BT K
HE AT AL B IR S VR VR TR AR B AR 2% A1 B IR
JiZ (Nitrogen—doped Graphene, NG ). YE M X Eb , A
ANBIKGKA BE, HHK GO KA AT B 11 2B I5
BEIR ( Graphenes, GS).
22 [BRAZHEBERHRLE

JPS-9200 X it £k S HL 1 BE IS A (XPS) FI F+ il
B0 R 418 ; JSM-5510LV (JEOL Co. ) 4]
i B T W S0 (SEM) 00 22 oW % 35 5 HlL 1k~
PE B U2 F = A (A R o R A 2 TR
(CHI 660C) 47, HIEE /R 20 1 mol/L 1 KC1%F
AR Ay FL e I

3 HBRWIEESHT

3.1 X B E TR 2 (XPS)
& 10 NGHI GS I XPS 41, NEl 1 Rl LUE

LA TGS, NG Cls WA | — 5 B8 B 1 1
9, NG I Ols WA T —E B B2 I R AIK. 51 b 35
S, 76 399.5 eV Ab A NIs g B, 145 T NG
MGSHICR I EE R, MR 1AL M T GS,NG
FH ) SRR R L S 2 U/ (F 0,15 k71N 81 0.08)
NJIT o JE 23 B0 R B 55 (HR 0.7 %38 K3 4.72% ).
AT E,COM XM SN A A HERETAER
[T, B SR e IR e TR A 2K AR SR Tl — S 5 A i A
e B, AELVE T A B, B LA GS AT A 558 i Y & 4R it
(12.69% ). KT , 2416 GO By 7K 4287 Hp i A& 7k
5oKA WG, ATl A 3 A 5 T Ry 3 WA
AT A 461 4 Hh A9 NG 7 S i B IS, 17 HL 2000 2 8
SIA B A B b A5 B0 1 i R 4

2y
7 .

Cls

Ols

1s
Nls NG

%~J-~Em~m

0 200 400 600 800 1000 1200

Intensity / a.u

Bending energy / eV

Bl 1 NGC5CGSHXEZ&ktBFaEE.

Fig. 1  XPS spectra of nitrogen-doped graphene and graphene
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Tab.l Elemental analysis of nitrogen-doped graphene

and graphene

samples x(C) /% x(N)/% x(0)/% O/C (mol ratio)

GS 86.61 0.70 12.69 0.15

NG 87.96 4.72 7.32 0.08
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Fig.2 SEM images of NG in (a) low and (b) high magnification and (¢) GS
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Fig. 3 Cyclic voltammograms of NG at different scanning rates
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Fig. 4 Specific capacitance of NG at different scanning rates
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Fig. 5 Constant current charge/discharge curves of NG at

different current densities
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Fig. 7 (a) First cyclic voltammograms of NG and GS and
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capacitance of NG and GS.
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