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Advances in the modification of coal-based porous carbon for supercapacitors
WU Xiaoyan, QIN Zhihong, YANG Xiaoqin, LIN Zhe
(School of Chemical Engineering and Technology , China University of Mining and Technology ,Xuzhou 221116, China)
Abstract ; Coal is a promising carbonaceous precursor for high—quality porous carbon because of its high carbon content, abundant reserves
and low price. The preparation of porous electrode materials for supercapacitors from coal is one of the important routes to realize the high
value—added utilization of coal. The results show that the electrochemical properties of coal-based porous carbon electrode materials can be
effectively improved by adjusting the pore structure and improving the surface chemical activity. The pore size distribution can be adjusted
by three methods: physical and chemical co—activation, template method combined with chemical activation and combination of differ-
ent chemical activators. The combined physical activation and chemical activation method mainly uses water vapor or CO, to assist the acti-
vation process of KOH, so as to obtain a large number of micropores and a certain amount of mesoporous pores, and realize the synergis-

tic control of the pore structure and wettability of coal—based porous carbon. The combination of template method and chemical activa-
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tion can obtain the same pore structure as template agent, and at the same time, KOH activation can further produce abundant micro-
pores, thus achieving reasonable pore size distribution. In addition to using template agent, a large number of impurities contained in
the carbon precursor can also be used as self—template. The adjustment of pore structure can also be realized by combining different chemi-
cal activators. For example, different pore size distribution can be obtained by combining K* and Na” ions with different ionic sizes. Using
the fluidity of KCI at high temperature, the intermediate products of KOH can be carried to a wider and deeper extent, so as to realize the
transformation from microporous to mesoporous. The surface chemical activity can be improved in 2 ways: by the pre—oxidation of carbon
precursors and the introduction of heteroatoms. If the raw coal is pretreated by strong acid or strong oxidant, the organic oxygen content of
the prepared carbon material can be increased, the active sites are increased and the wettability is improved. Heteroatoms can be intro-
duced into carbon materials by dopant doping, the most applied of which is N doping. The introduced nitrogen—containing structures main-
ly include pyrro-N (N-5), pyridin—N (N-6), Quaternary N(N-Q) , and pyridine=N-oxide (N-X). In addition, O, B, S and P are
the common doped heteroatoms. Another way to introduce heteroatoms is through co—carbonization of coal with biomass, in which biomass
acts as both carbon and heteroatom source. The wettability, electrical conductivity and structural stability of carbon materials can be im-
proved by doping heteroatoms, and a certain amount of pseudocapacitance can be produced. In this paper, the research progress of coal—
based porous carbon electrode materials in recent years was reviewed from the above aspects, the advantages and disadvantages of differ-

ent modification methods were analyzed, the existing problems were discussed, and the future research trend of coal—based porous carbon

for supercapacitors was prospected.

Key words : coal-based ; supercapacitor ; electrode material ; porous carbon ;modification method

0 51 B

AN TP AE R B4 1 JEE T R B FL R SR 1 3R
e R, (A i 0 T T RS A AR IEOT A0 TR JE I
G AR N AT He 2y AR S DR
K ICF ey 2SRz 8z R, fE
N—TF Rk O B & M AR TE IR B 3l )
P A T i R T A S ]
IS ) 2 R AR A — R
FTE IR AL

Xt TR 2 L A R B XU = A AR R, LA
FARE R fe )iz B0 2 FLBR A ORE, B AR 3
LT O BB (AKAL) BRIE IR (RO AL) B
PR AERR (CDC) ;@ BRAKRAE A1 2800 @) 1% 1k
Beo FeAHERIM AR M Y Bt A B, ANIE T
FHGEA 7 B AR B 5 1 B 2 L 2
e HZALIRP R 2R 2L

BRAA ek 1 T S A SR 0 O A AR A
RRMRIBR T A2 k1O A5 A g BSOS T S A B A
R 2Lttt o e F o, sk
B, 2 I PR L i 5 DU A ) 4 22 FL AR A1 R
RO FEA )2, o i 23R A il AL B
T8 F s LA FH T OB B F) ORS00 A S T 1o 22 £
i , T 0 RE 2 R 2 22 AL Bt D 75 22 BRI S A R
P PERE , B LR A i Y RE R I R
JE | RAFIIAG R PR AR IR, N I BoR 2L
7 BLA A T Y AR TR S B ALAR A B
AOFLA RIS A O L T R AR L, KT B AL 22

FUBREAT AR B P, LAk 31 X0 J2 F 5 4 T 22 L
AR, DU JEURE ] 95 WU J2= HL 28 e T 2 Lk
S ERE R BRI ELM) R RIS 0 07 1R 22—, R
TR A R A EZE S

WFFERN] i ad A R FLAG e R e
SEIIREA R i ML 22 L AR A R A R Al o
AE. ZEER X 2 A5 TR AU J2 i 2 a2
FLBR B MR T St HEA T 270

1 fLESTHIHE

XUHLZ LA 2% (EDLC) 1Y HL A 5 B A7 i T Ha i
Jo7 55 B AT, ROt G R A ) L R T RR L &G
¥ TERAE DL R T SRR S EDLC (Y HL A2
PERE. RIS, AR AT 2 | Ll i 754
A
KOH 16 1b 1% 2 e A7 2% 0 il 4 e b 3% 1 AR
AR SHI A& R JG AR AR B i SR A,
KOH B3 3] T 3 550.7 m*/g Ay v b i
FUG %, TE B R 0.5 A/g i, HoHL 25 34 5]
433 F/g; XING 26 DB N FCRL, FH KOH 35k 15
F LR AL 3 036 m*/g B FLIGTER, 7E 0.5 A/g
B LU 2% B N L L AR IR B 355 Fr g,
AR LR TR KR R = Lk L Ak 24 1
fig , (HIFAE AT LE 2 AR R Rk h A o 25 1 flk A%, L
BN R AR Z B IFER IE AR R, KR
MESET R AL JC R S KOH TR A 1% 1k 15 21 15 v
B¢, 383 AR s AR BN TR] B R TR, RIS TR
HHEREBVNT 2 400 m®/g, oL 25 il He 26 i AR
95



2022 4F55 1 14

ik 4 4 H# K

%28 &

BEFHE R B 5 A LR ALK T 2 400 m®/g B,
X TR R H L 25 LT AN B L 3% i AT A8 4k, A5 BL
P4 R L FEL 2B L 2 TR Jn 1 i sl 2% .

AL e bR T AR P ORI 2 ik F R b
BIEZZ W R, AR 1w B kA REL AR 5
A LA RS R i T 25 1 RO 8 2 A IR R A B
M () 25 5

v RS NEL [ L o o VAN E IR =l QR i
(IUPAC) WRIAE , 1 P A H LB AT 434 3 28 . AL
(<2 nm) FFL(2~50 nm) FAKFL(>50 nm) , — L&
SCHR At B TR AL E S, BDFL AR RSE R
0.7 nmPIREFL' Y, MEBALAY e R AR K, H i T
FLAR I/ B AR O G i K%, PRI AN 4R o FL
ZEPEREN . ELIAD ZUEW] T B AR A E
R AR AR FLAR R 5 R A R T LR
T AHVCBC S i T 25 1 A" 23 B 22 AL b ek i
TE BB A RE o TFLRST 38 A R 25000 H e I g
T (A A3 v 2 5 i i fig T S A AR A R
PR B 4RI, 1S K gz i BE T, DA 1 HL 2 M R
U R T R LR A BB T, o H e
(A% B AR LT 1 IR A2, LI B8 TR 4 VR FH Bt
LS LZ M B e R AR, i, &3
AIRLL S A FLRST 24 & 2 AL b R R S PR RE Y O
B R RIALAVN LI A R RS R = %
JERIT) 35 B A% 01 GHOSH %817 ik — 4
THE T LA RN A AL AR BN LU v 25 1Y 52 e (&
1), fEKRBMR T, AL, AL AR
K, LSRR 5 ML AR — 2 B, b v 9 A LA R
o FEOBAVEREREAL TR LA 220 | LhHL 2535
BN ARAE, B, S LR B S A LR R AR
R AR AR A

TG BTN )™ 3 L AR FLES #4 1Y)
T, w AR 5 46 7 41 4% KOH | NaOH | K,COy5
Na,CO, .ZnC1, 1 H,PO, 5 , Al /K2 . CO, 55X
PRTEAL RN IEAT 3G Ak .y 48 0 6 AL ] 2 =5 0
PR 3B AT USR] FeCl, Z MR AL ) R T i A 15
fbo AT EELTE 3 R AR LR 2 10
i,

1.1 EFEAFEFLESEARL

FIFH K 2650 Bh i KOH #7364k , 38 i i il
T IR IR 2 43 20 ol L, T S BRI 22 Ll L B
SR B PRI 4R m AR F s Y K
FEEMEIRALHIE, C 5 H,0 BB 20 2 B Bt
%51 BrBCh Hy0 43 70 14> O JiF-FT H, , 0 Jit
TS EIARRIN C 455 T CO, , 5L BT ik

96

B 1 Bl fe e FL AR AT b ey B

Fig.1 Effect of micropore and mesopore volume on capacitance
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Fig.2 Wetting mechanism of AC, AC-V, AC-K and AC-K-V**!
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Fig.3 Schematic diagram of template activation pore—making**’
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Fig.4 Pore size distribution'™
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