F F IR

RIEL

Article

ACTA CHIMICA SINICA

DOI: 10.6023/A14040286

BRI R RIS AR5 & R A R
GuS REF' A EER

CREWHTIREBEFXESKLRE ERR¥EESTEYR Ll 200433)
¢ B THACMII AR R S SE % HH AR B 200433)

WE RNKENGR— 25 W R BTk, AT AR NI 4 JRURl, R A 2248 6 5 R 4 R 4 B 45 il 1tk ok
Wl e F TR 3 B (DR NI T IS B B I B B A AR LS K R S AN S R (R Bl A =0, ()4 s Rl
A, RS ONE A, GV AWM N R AL BB G M. %R BRI R TS 2, 12
TR SR AR R R AT B B RN, A 2 S KT R T R AR R A R, B T R E AR A A R I
BGRE. K5 2 RN I R AT 4540, 1 3835 i M. o ILHEAT IR IR AR 22 e T r R, R IB 4 s
J& R AE B JRR (1) 208.3 F/g 3N AE 289.7 F/g (0.5 A/g Tllik), HAMHLAIRIA T 40%. RmBiblE, LI Eae

—ERRE TR, XA EE R F BRI R AR T A nl S Ak i b, S BOLA R R e 1 T B

K AN, SO, MBS, WmER

Preparation and Capacitance of Copper—Doped Activated Carbon From
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Abstract Polyacrylonitrile (PAN) is a widely used precursor for activated carbon using KOH as the activation agent. In the
present work, we prepared activated carbon with high BET surface (2241 m%/g) by optimizing the activation temperature and
the dosage of KOH. On this basis, we obtained PAN-based activated carbon doped with copper. The preparation is through a
three-step process: (1) the nucleophilic reaction between nitrile groups and hydroxylamine (NH,OH), introducing multi ami-
no and oximido groups in PAN; (2) complexation of Cu?" with oximido groups on modified PAN, resulting in a dark green
colored complex; (3) carbonization of the complex in the presence of KOH at high temperature. The present method of dop-
ing-in-precursor may provide more homogeneous blending of metal in carbon matrix than simple mixing of activated carbon
and copper. The copper-doped activated carbon was characterized by XPS, FT-IR and SEM. The doped copper undergoes the
Faradic reactions to produce pseudo-capacitance, thus improving the specific capacitance of activated carbon electrodes from
208.3 F/g to 289.7 F/g (0.5 A/g). Nevertheless, the cycle stability of copper-doped activated carbon was lower than that of
pure activated carbon after several recharge cycles. This was probably caused by the irreversible Faradic reaction of doped

copper.

Keywords polyacrylonitrile; chemical complexation method; copper-doping; activated carbon
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Scheme 1 The conversion of nitrile groups to amidoxime groups
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Table 1 Effect of different amounts of KOH on the porous structure of activated carbon

Sample Mgon - Meopan  Yield/% BET/(m%g ) Pore width/nm View/(cm®sg ") Viiero/(cm’eg 1) Vinicro + View!%
ACT800C10 1:10 43.8 410 2.07 0.213 0.203 95.3
ACTS800C30 3:10 45.4 815 2.16 0.440 0.421 95.7
ACT800C50 5:10 28.8 1937 2.12 1.028 0.857 83.3
ACT800C100 10:10 16.1 2241 2.38 1.294 0.631 48.8
ACT800C130 13: 10 10.6 1427 2.86 1.020 0.249 24.4
ACT800C150 15:10 12.3 1622 2.85 1.156 0.262 227
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Figure 1 Effect of weight ratio of KOH to PAN on the nitrogen sorp-
tion isotherms
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Figure 2 SEM micrographs of activated carbon prepared with different weight ratios of KOH to PAN
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Figure 3 FT-IR spectra of pretreated PAN precursor by NH,OH for

different times
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Figure 4 FT-IR spectra of (a) co-PAN, (b) oximido functionalized PAN
and (c) complexation products with copper ions
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Figure 5 XPS characterization of the copper-doped activated carbon
(Cu-AC-T800C100)
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Figure 6 The effect of copper-doping on the N, sorption isotherms of
activated carbon
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Figure 7 TEM characterization of copper-doped activated carbon
(Cu-AC-T800C100)
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Figure 8 Charge-discharge curves of activated carbon and cop-
per-doped activated carbon electrodes at the current density of 0.5 A/g
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Figure 9 Rate performance of activated carbon (a: AC-T800C100) and

copper-doped activated carbon (b: Cu-ACT800C100) at different current
densities
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and copper-doped activated carbon (b: Cu-AC-T800C100)
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