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Preparation and properties of chitosan—based nitrogen—doped activated carbon

WANG Hong'?, FENG Yinbao'?, LIU Shuo'?, CHEN Zishang'?, LI Jianxin'*

(1. State Key Laboratory of Separation Membranes and Membrane Processes, Tiangong University, Tianjin 300387, China;

2. School of Material Science and Engineering, Tiangong University, Tianjin 300387, China)

Abstract: To prepare nitrogen doped activated carbon (N—AC) with a high nitrogen content, nitrogen—doped activated

carbon was prepared in situ by alkali activation method using chitosan as raw material and KOH as an activator.
The structure and components of the nitrogen—doped activated carbon were tested by Brunauer—Emmett-Teller
analysis (BET), X-ray diffraction (XRD) and X-ray photoelectron spectrometry (XPS). The electrochemical
performance of N-AC was analyzed, and the effects of alkali—to—carbon ratio and carbonization temperature on
the physical properties and electrochemical properties of N-AC were investigated. The experimental results show
that the degree of graphitization of N—AC decreases with an increase in the alkaline carbon ratio, while it in-
creases with an increase in the carbonisation temperature; the specific surface area of N-AC increases with the
increase of the alkali—-to—carbon ratio, initially increasing and then decreasing with the increase of carbonization
temperature, while the nitrogen content mass fraction decreases accordingly. The optimal preparation conditions
for N-AC are an alkali—to—carbon ratio of 0.5 : 1 and a carbonization temperature of 700 °C. Under these conditions,
the N—~AC-0.5-700 exhibits a specific surface area of 798 m*g, a total nitrogen content of 3.52%, and a higher
proportion of amorphous carbon. The electrode exhibits the most favourable electrochemical activity, minimal
electron transfer resistance and optimal oxygen reduction performance when compared with a conventional co-
conut shell activated carbon electrode, thereby demonstrating considerable enhancements in electrochemical and

oxygen reduction performance.

Key words: chitosan; nitrogen doped activated carbon; alkali to carbon ratio; carbonization temperature; electrochemical

property
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4% : Hitachi S4800 7 3% 5 1 55 {L (SEM), H A&
Hitachi 23 7 ; Chi760e BIE AL 24 T ARG, , LI RIERH
F R A ;K -alpha Y X - 514 6 H BB % (XPS) .D8
ADVANCE B4 X FEATHHML(XRD ), f2E Bruker A Fl;
Autosorb—i1Q04400201 #1 4= [ Bl AR 53 B, 35
FREES AL 2§/ 7] 5 STA449F BIPE /32 (TG-DTG ) , 1
I i 3t A PR )
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Fig.1 Flow chart of nitrogen doped activated carbon
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(3) A5 BB RAIB 2 TE R B TR, If
H 1 mol/L HCL I MPse , FEH R B /KRR B H &
pH 18, Z 575 120 CHEFS T4 6 h, %1551
RIB IV TP HH- AT 44 N-AC-X-Y , Hp X
R, Y FRE AR
1.3 MR

(1) HEHT I ST R REIR AT,
A BRSO 2R FE RPN A%
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(2) JEBRAE . TEPE R A FLES A 1 3 & S 4
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FERESh 6 b SRR S A TS A b PR S HEA T X
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D Z /T B BB TG M R S AE 100 CER 27 6 h
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(4) FIBLIEE B S LA B i S HFP 280 5E
RAB 20 M e 1) R A i R FLRb 2l i X-59 400k
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WA RN Bl 1 G S5 ARSI ) FL AL BE
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(3) e MEARZE MK (LSV ) J B 58 FAB 24 06 1 %
) S JEPERE (ORR) , X HEEAT T 4 M AR 2 ik
2 P PR 2 I T LA e 0 AR ) L A e 07 A 9 R
) R Ak SO A R ) e 3 Ao 0 F 3 e )37 i
W LA AR A 7, AT AARAS A A A Ak ol 4% [T (LS V
HHZE IR ) o ASZERAE S %) F R I3 A -0.4~0.5 V,
LSV I3 i 22 117 A il ki A v s 22 X6 vl A U5 T
FrELE A Oy, WH A 200 mL/min.
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Fig.2 TG analysis of chitosan
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Fig.3 SEM images of N-~AC-X-700
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Fig.4 SEM images of N-AC-0.5-Y
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Fig.5 BET of N-~AC-X-700 and N-AC-0.5-Y
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Fig.6 XRD images of N~ AC-X-700 and N-AC-0.5-Y
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Fig.7 XRD full spectra of N-AC-X-700 and N-AC—-0.5-Y
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#£1 N-AC-X-700 RS E
Tab.1 Nitrogen content of N-AC-X-700

L/ 350 05:1 1:1 15:1 2:1
SR %% 3.52 3.03 2.47 2.06
MHERE RS 25350 % 1.28 1.12 0.73 0.52
A1 BB ET T % 1.34 0.93 0.69 0.43

£2 N-AC-05-YHIREE
Tab.2 Nitrogen content of N-AC-0.5-Y

BAGIREEIC 600 700 800 900
SETEL % 431 3.52 2.89 2.16
MHERE RS 25050 % 2.11 1.28 0.88 0.58
A1 BB E T % 1.93 1.34 0.97 0.42
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Fig.9 CV curves of N-AC
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F & 11 AT, AC . N-AC-2-700 ,N-AC~-0.5-900
L N=AC-0.5-700 HL A% F S 47 oL 1 53931 9 —0.115
-0.098.0.014 }% 0.264 V, H:H N-AC-0.5-700 FLH Y
IR, ZJEXIT 0.-0.1,-02 V B A A H
ARORT L B LR B, A SR IR 3 P

®3 ABFEMERHNBERTEREREE
Tab.3 Current density and starting potential of N-AC

L2 B/ (mA - em™)

/NS FyGLiNiAY
o0V -0.1V -02V
AC -0.0958  -0.136 -0.260 -0.115
N-AC-2-700  -0.156 -0.236 -0.373 -0.098
N-AC-0.5-900  -0.198 -0.366 -0.833 0.014
N-AC-05-700  -0.334 -0.547 -1.262 0.264

& 3 Al, 78 3 P HE T N-AC-0.5-700 HLHk
(1) HL 2 BE (B 38 s e, U LA e fE Y ORR
AE . 3% & S N—=AC-0.5-700 B A ft i A & B, X2
5T Z2 (G PEALT, DA AR SR fE

3 4 g

PASE BN iR S R, A AR g AT, R
e nAb e il 5 i il & A it . it 2
F-BOW R [R] 254 T il 4 1) 76 SRH L U5 24 T 4t e
FFRAE, Al 28 2 X b e AR R R B
O AEAE

(1) RAB 4206 M e 1 e A ) 8 R 2 B LE Ry
0.5 : 1 JRALIEIE A 700 °C, BEAT EAB 20t % N-AC-
0.5-700 Y b MmN 798 m¥g, & A E N
3.52% , -1 A e v LU B JE P ik o 1

(2) N-=AC-0.5-700 HL# ELAG Fie A4 A v Al 2 0
TAFR(1.02 em?) Rl /NI HL TR BH 77 (0.51 Q) A7 LR
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