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Abstract:In order to study the influence of coal-based activated carbon electrode on the performance of supercapacitor. According to the
working principle of the supercapacitor, the influences of specific surface area, pore size distribution, surface functional groups, degree of
graphitization, ash content and granularity of activated carbon on the electrochemical ‘pérformance were systematically investigated. It shows
that proper proportion of mesopore and proper granularity are in favour of the diffusion of the electrolyte ions ; Oxygen—containing functional
groups and nitrogen—containing functional groups can improve the wettability. of electrode materials ; the pore structure of amorphous carbon
is well-developed, as activated carbon materialsuitable ;reducing the ash content can improve the charge and discharge characteristic and
the rate performance.

Key words: coal-based activated carbon;electrode material ; supercapacitor ; electrochemical performance
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Fig. 1 Principle of electric double layer capacitor
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Fig. 2 Schematic explanation of the optimum pore size

for the highest surface area
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Fig. 3 Nitrogen and oxygen surface groups on carbon surface

LS B R PR R, A B S AR REAE I
BRI R R AR AR P A e T TR A3 1 A s
ORI, A3 PE s R 1w 5 TSR] B9 H REM, BEfS
A AN IR AL R AR RE . X T AR T
B, SR E BEI NS RUE e 2 R M H e AL S PR fE
MUE BN R TR AR E R LSE  AH R
P L R B8 2555 B RE A B Kk | I 2 2k 3
P REAS ¥ it wl b B /K R FE ML R AR RO & o 3l
Ao BRI I P 5 2 T ) R P R P ) R AR Y
BT REE A S i ABIE S I OB R SR
PR LR TR BRI IR st A A A LA A PR RE
BEAh, FERE G A e T AR R, 16 P b ) v 25 Aif
FAEBEMI AT RE 2 T I A B i S AR IR N, 7 A
TR LAY R 5% ~ 10% M e 8 S ]
JE , X S8 RE P AT BE 2 £ v F A Y 4 ik ri BEL, Xiie
AT ST IR, R R T R S b U LA, 5
M 9 P AR AR P 7 i O i 7 FE

58

[17]

T 74507 S A B Ak B S A R R T v A ) A P
e BFE T 210 & AU RE A S AR R Z M C R
WFSE R B TG M B e | R SRR L A R
PE S EUE BB AT BB R T FL RO R Y T R LI,
BOLFEAFRE I T RE, ] — W55 35 Il 2 24
BRI i) 12 4 TR kg T o il 2 B, 28 v
S RN SR AR AL B ) G R B £ A T DR AAR P o
CO, TEAL I 2 B R AR AL, S5 R0, R 480 4]
AL BE S | 55U E RET A 4% 22 72 FTHCH 1 000 K
Jei, UL 2R A PR R R AT BE IR 2 99. 2% . Xing 451
FHENJE S KOH DAt bb 1+ 3 3l s S i
Tl G PR AR, 143 BIAE 7K Z2 A HLR 2 0 LA 5%
P 2B R L 252, A S TIE S, 7R 7K R LT
i, BB B UE e AT A AE BB RS 4R R rL R T R ik r
SRS, EASIERA R TEERRE T 5 e A PLHL A
W, B AR R AT A AEAE I AN BE X I M i 1) LAk 2

PEREIE U



GRS R A RS M RIS

2017 4E23( 5

2.4 AEUBEENIE

IR A7 S A R R W A SRRt P e ) Pl Ak 2 1
AE. $e A SR FERE AT ARG A URE [a] 1) 5 L A
Tl /L A AR 8 0 A 5k AR BB AT S T PR A7, 3R
F AR TRCTE FLB b 1) ik R i — 2D 4 R R L
i RE B 35 T A A AR B v, T T e 2 ) B
B WA TR H, 2 BT 8, 00 i 1 o %) Pl Ak 2 1
BE. TG ARAEO2 BT R IR 5 e A AR A e
JERIRARE TOHRBEAR L | 2548 BN g b, 7E ki 7
B BRGS F A R T ) TG B RS KR 7 A Kk
IRHALBR T A 23 5 A ARBEh A FE 1
FIE BB MEE, 54 A T 52 s A eHE R, 1
Lo R TR 2[Rl B Y 4801k 340 5t S g /] LA
— TR A E AR e A

TR ARAE Y LB e M RN SR 25 58 T i 4k
T X 0 R 5 0 P A 2 P 8 10 532 i R, 0 1 1
HHEAT XRD 438, SRt 3% A T B 1) T v 3
BT A TR R 52 I SE 1 KR /N #7580
C G LA B A6 M5 ( ACS80) Y 002 A7 S 5 ) fi
55, R WA SR AR BE SR A, 76 AN ) B HL 4 R T,
AC580 [0 L HLZS E535 369 F/g, Li 25 LIS
JREAE R JERE L, ZnCl, AR Ay 375 A4 510 1 8 58 ik 0 12 A
R L AC, LT AC-650 °C IS i 1 o4 7%
AC—kerary ) f1 2502 5 XRD 43Hr 41, AC—
650 °CHA & 1% T B i 2540, Al LA A B ik
XY AL B &5 H , TE VR ST R HL FE B AR T
AC—kerary, Choi 45" Il U A3 0 75 4 5 HLH
SRR 20 H, 25 0 F BB B 3 o o AN [+ 1 Tk
RIS T T XRD Sir & B4y A 50, Bl e £k
TRE AT, A5 00 1k e 1Y) A AR B AR 3 K
500 °C T HASS BN A PE 5 AR (CSAC) A1 82 fEFe
JE AR, N5 AR I 70 i i AN PR AR 22 i 2 2 5%
B R AR E A R
2.5 IRSTHIFNE

B Ry T B R R IR S AR BEE AR T 5k
I, 4 BRI T JE LT o, 0 T A
( Calcite, CaCO, ) . A % A ( Quartz, Si0, ) | ¥ 2k 4"
( Pyrite, FeS, ) 5%, ek A7) \Hongmj EWF R,
R M e N FH TR 0 H 2 e AR RN K O
MFFTE S 51 R H A % FOCH /Y 32 2 I AL ) i ]
A2 T HOH PE ¢ 1Y b 2R w1 ARAR A B 58 40 A A

SEMAT 1 2 0 LG H 2 KU P AR E PR RE B LR

Mg PR A3 N 3R ) Zhang ! A R

B, B TCAIL ) B 0 A7, % H A 2 M e A i 2
TR AER .

Zhou %5 3 3 HCEEAS [R] K 45 o A T 5 o
L AL RE R 2 M & B, K4 2 S AE 0. 65% TR
" A FEIKAERAE 0. 34% WTE PEBE B B I [R] () %E
1, 1 B R B AR A B 1T EL 1S min 5, 36 PR R
A B WIRE T A T RER 1.5 mA F10. 75 mA, LA
TP R st 22 0 K s (s FL DS R, 52 R 5
Xof 17 A FEL A A L a2 A 700 PP B Dk & R, FE A 2R
10 000 Y LLJG, i P B Y H i 2 A B R K IH AR
1o, U v K A 1 T P e 2 5 il rEL I 1) 90 20 1k T
el Pl 45 L SRR TG P R ) A R A AR, A
G T M S 15 AL TG AL 5 K 2 R K T2 %
HLROR B A 2R PR RE A S2 A, 25 S 2R B 3 105 K
TR G i IS, S BAR A O 24Tk, ELAE AR
B FL A28 BE TS, K 0 i AR %) MR R T P e L L 2
HH

ZHANG S50 50 5 A IR 43 (4. 8% ) #i A2 L AI
15 KA (18 1% ) WE A 5847 X6 Bb 28 22 K 43 b 176
s ALEPERE R 2R TR0 2R B | K 43358 e 1) AR A
S LA T D R AT RE R AR R i AL )
JHE s AL M R B R B T RER, S 80h
FLAIGE R BEAR T B9 HON BE, N ITEE i 7 AR
FLEL 2SR IR PEBE . Tk S DA 4 & 55 Ak
AFEEE RS 2O B JFORH 22 o il 5 o e B 2
SR AR AR, B 22 B B MR A L 2 e, X HE
JUR RIS F A 1 X6T FL A 27 P BB Y 52 0, e B =2 ik 28 0
J IR AL 34 | 25 KA AR e X AR P =2 e R e 42, AR AT
FEHLZY
2.6 RIEHIZNE

TP 2 (AR FEE [ 22 ) 24 FEL AR MR LTk PR R
BRI 2R Z —, S L 25 s B O A% % I BELLA
LAt A, 1 AR EE /N 3 AR HE R AT fig 25 4
TSR (8] O H A T, ™ A R R A L BHL, 5 L 25
F4) B SFL 3R 388 A [ el AR ) il /)t 2 4 L i T 55
FAERAFL AP HORE 5, v/ N BB

ZHANG 255 PRI e B vk o 5 0 4l 4 IR 6T
PRl H RO 2 0. 3% |, I H % 1 pEA 768 20 03
PR RS e IR, BCPE T B M AR e L
T RAFIIEER R R RE BN PR A PR 2 it
LRI AT, BB B 7R T BN R A RO
ErEME, IR AT R EHZR)E LA L%
A

59



2017 445 5 1) & 4 S K %23 %
. 116.
3 & i& (7] JRSEAR, B E slAB e, A5 Gl 25 2 HIE P L ARRE R Y
I et BFGCHEREL 1. BDRFS4,2010,24(15) :22-25.

. %fif%ﬁ%{i? I‘%ﬁxq‘ﬂ:ﬁﬁ%fﬁ;fﬁii He EE\'} I]ﬁ %m XING Baolin, CHEN Lunjian,ZHANG Chuanxiang, et al. Research

{i ’ Xj‘j:ﬂzlﬁ"}: o~ %(ﬁ rﬁﬁ%ﬂi EI/J Eﬁ/f/t% Ht‘jj ’ iE' gi/ﬂ‘:i%‘ progress of activated carbon electrode materials for supercapacitor

A EEEE N, N FEIEE M, SR L [1]. Materials Review,2010,24(15) :22-25.

B T ERER A BRI IR K AR A [8] GRYGLEWICZ G,MACHNIKOWSKI J,LORENC-GRABOWSKA E,

g %%ﬁé\%ﬁ ﬂ[ﬂf@é&%%\?%&ﬂ’\] EE.@C#T%?E . ﬂ\] T‘i et al. Effect of pore size distribution of coal —based activated car-

bniﬁ‘fﬁﬁ EE.*&*X*‘/I’ E/:J M, EB@ , %%ﬁé& EE,@%% E’J ﬁlé l;gr(lss ())n ldltgjflel;?;er capacitance[ J ]. Electrochimica Acta,2005,

iﬁm%%—:g ’ m uﬁéﬂyu?ﬁ‘&i : [9] XING B L,GUO H,CHEN L J, et al. Lignite—derived high surface
1 ) E%ﬁg%% ﬂﬁ] T ‘l‘iﬁ £6] :ﬂa XJXZ?JB: il , ;FIJ M area mesoporous activated carbons for electrochemical capacitors

AP B WO AR A T 3kl IR 36 e ) FLAZ [J]. Fuel Processing Technology 2015 ,138734-742.

AREA T AR J2 1 L 6 [T B 3 224 18 e 7L (107 TSk, B 2R RBI LI HE B B0 5 Bt A R e

), B B 1 35 5 R L B PUEDL R LR

{Eﬁ}({[‘ljj%%fg E@%} l]@ ) [11] WEIS U, ZHOU Y, WEI L, et al. Effect of-mlcrostmftture and

surface modification on the hydrogen adsorption capacity of ac-
2) RPIREREIE I 2 W AT A SE R A e, 5 tive carbons[ J]. New Carbon Materials,2007,22(2) ;:135-140.

AN B S5 7K P 32 T B RE AT, ol 38 3 1 e 3% 18 114 11 [12] ELIAD L,SALITRA G, SOFFER A, et al. lon sieving effects in

?@‘l’i , j}%% tt%ﬁ}ﬂ%uﬁﬁ%{ , IEJ Hﬂ‘%‘”ﬂq%ﬁﬁﬁg E the electrical double layer of porous carbon electrodes: estimating

%’Ziﬁz E,(J %ﬁci@ﬁfiﬂji j]ﬂ };@\ Eﬁ %;: , %%— %ﬁé& EE. /%;» effective ion'size in electrolytic solutions[ J]. The Journal of Phys-

%%E(J [:[: EB%? . ical Chemistry B ,ZOOi, 105(2?) :6880-6887. o

o . (131 VO W, T3, 4. L 5 L5 b o o 2% R
3) X BRI T ot AL HR W/ TR 53 5 R ) Rl ). IR LKA, 2013,42(3) 1448453,

g&%@%ﬁ E fj& EE E/‘J f)”u?‘ﬁ s %%ﬁjﬁ[ EE‘I‘S:F ﬁg i {%%{f’:% ZHANG Zhonghua, XIE Qiang, WANG Yan, et al. Effect of pore

‘l‘i ; gzjébﬂ/\ﬁﬁff%/ﬂjfﬁ‘l’i E’\Jé‘{@ﬁ? ,'f}@iﬂf?L]@:Zi‘ structure of coal —based activated carbon on the electrochemical

2"%: , ﬁéﬁﬂﬁiﬁﬂgﬂﬁéﬁ}fﬁ , ﬁéi*%%ﬁ%{ﬁiriﬁﬂg performances| J]. Journal of China University of Mining & Tech-

Eﬁ,’f‘til\iﬁg ) nolog?/‘,Z(‘)‘B ,42( 3‘) :448-453. ‘ )

[14]  SRABHE W23 M2, A, FL 25 H X 50 RE TG M o i AL 2 1k

£ % 508 ( References) : RERGRARIL ). K222 4R 200938 (5) 1697701

ZHANG Chuanxiang, PAN Lanying, JIAO Hongguang, et al. Influ-

[1] PANDOLFO A G, HOLLENKAMP A F. Carbon properties and ence of pore structure of coal-based activated carbons on electric
their role in supercapacitors[ J ]. Journal of power sources,2006, double layer capacitance[ J]. Journal of China University of Min-
157(1) :11-27. ing & Technology,2009,38(5) :697-701.

[2] SHARMA P,BHATTI T S. A review on electrochemical double~ [15]  WRETe, M5 I, J 2R, 45 30 M e L 40 A ok JHE v 5 o i
layer capacitors[ 1. Energy Conversion and Management ,2010,51 RERIREIIL ). BAR b RVRRE 5 TR 2015,20(3) 1478
(12) :2901-2912. 484.

[3] JUNG M J,JEONG E, CHO S, et al. Effects of surface chemical PAN Dengyu, HE Hanwei,ZHOU Haisheng, et al. Pore distribu-
properties of activated carbon modified by amino —fluorination for tion and its impact on capacity decay rate of activated carbon
electric double—layer capacitor[ J]. Journal of colloid and interface [J]. Materials Science and Engineering of Powder Metallurgy,
science,2012,381(1) :152-157. 2015,20(3) :478-484.

(4] TR, TG, UG EE, 55, MR 2 48 B b L B BIF 5T BRCAR [16] HUANG G,KANG W,XING B, et al. Oxygen—rich and hierarchi-
SIEE[T]. BoEHR,2012,26(19) :21-25. cal porous carbons prepared from coal based humic acid for super-
XING Baolin, HUANG Guangxu,CHEN Lunjian, et al. Current sit- capacitor electrodes[ J]. Fuel Processing Technology,2016,142 .
uation and prospect of research on electrode materials for superca- 1-5.
pacitor[ J]. Materials Review,2012,26(19) :21-25 [17] FIGUEIREDO J L,PEREIRA M F R. The role of surface chemis-

[5] RWR, 5RO, sk227%, 45 iR B Bl s S5 R [ M]. try in catalysis with carbons[ J]. Catalysis Today,2010,150(1) .
JEAT A2 Tll R, 2006. 2-7.

[6] GAMBY J,TABERNA P L,SIMON P et al. Studies and character- [18] WANG G,ZHANG L,ZHANG J. A review of electrode materials

isations of various activated carbons used for carbon/carbon super-

Journal of Power Sources,2001,101 (1) ;109 -

capacitors[ J ].

60

for electrochemical supercapacitors [ J ]. Chemical Society Re-

views,2012 ,41(2) :797-828.



T 5 M 2 B I T 55

2017 4E23( 5

[21]

[23]

[25]

[26]

XIE Y B,QIAO W M,ZHANG W Y, et al. Effect of the sur-
face chemistry of activated carbon on its electrochemical proper-
ties in electric double layer capacitors[ J]. New Carbon Materi-
als,2010,25(4) :248-254.

FI7, AR Be BB, A B U AR X Mk A A A A R
feEtERE I [ T]. HEE AR ,2015,39(6) :1248-1250.
WANG Li,ZHANG Chuanxiang, DUAN Yuling, et al. Effects of
oxygen functional groups on electrochemical performance of acti-
vated carbon [ J]. Chinese Journal of Power Sources, 2015, 39
(6) :1248-1250

fof—, A, DTN, 4. W L 2 22 105 1 A SR 4 R Bk 2T
e R A A PR [ T]. @ RS 2,
2014,36(1) :157-164.

HE Yitao, WANG Luxiang, JIA Dianzeng, et al. Coal—based car-
bon nanofibers prepare by eletrospinning for supercapacitor| J ].
Chemical Journal of Chinese Universites,2014,36(1) :157-164.
XING B,HUANG G,CHEN L, et al. Microwave synthesis of hier-
archically porous activated carbon from lignite for high perform-
ance supercapacitors [ J ]. Journal of Porous Materials, 2016 ,23
(1):67-73.

TR, SRALAE , AR A, 25, TC R XoF I8 IR 0 1 o FLAR 20 A 52
MAERTEL ] A, 201,34 (1) 43 -46.

XING Baolin, ZHANG Chanxiang, CHEN Lunjian, et al. Effect
of coal blending on the pore size distribution of the activated car-
bons[ J]. Coal Conversion,2011,34(01) :43-46.
AR AR AR, . PRI TS LA T R A A
FHIE RS A 2 5 A [ )] BEIR 2441, 2011,36 (7)) : 1200 -
1205.

XING Baolin, CHEN Lunjian,ZHANG Chanxiang, et al. Prepara-
tion and characterization of activated carbons for supercapacitor
under moderate temperature activation condition [ J ] Journal of
China Coal Society,2011,36(7) :1200-1205.

LI L, WANG X, WANG S, et al. Activated carbon prepared from
lignite as supercapacitor electrode materials[ J]. Electroanalysis,
2016,28(1) :243-248.

CHOI P R,LEE E,KWON S H, et al. Characterization and organ-
ic electric — double — layer — capacitor application of KOH
activated coal —tar—pitch—based carbons: Effect of carbonization

temperature [ J |. Journal of Physics and Chemistry of Solids,

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

2015,87.:72-79.
BERNAE, TN, GRS R, 4. b MR T A R TG R I 5 1k
BAEREXS LEWFFE[J]. TIRERTRE,2017 ,48(1) :1244-1248.
FAN Lihua, WANG Xiaoliu, HOU Caixia, et al. Research on per-
formance comparison of lignite—activated carbon and hypercoal -
activated carbon [ J |. Journal of Functional Materials, 2017, 48
(1) :1244-1248.
HONG J, XIAOMIN W, ZHENGRONG G. Hierarchical car-
bon materials from high ash bio—char of distiller’s dried grain
with solubles for supercapacitor [ J]. Materials Focus,2013,2
(2):105-112.
fittnik W )11, A5, b T 2000 AR T SR o 0 1 A L 45
CH B[] B ,2015,40 (1) :196-202.
XIE Qiang,YAO Xin, YANG Chuan, et al. Effect of coalification
degree of coals on the porosity of coal —based granular activa-
ted carbon prepared by briquetting method[ J]. Journal of China
Coal Society,2015,40(01) :196-202.
ZHANG ], JIN L, CHENG ], et al. Hierarchical porous carbons
prepared from direet, coal liquefaction residue and coal for super-
capacitor electrodes[J]. Carbon,2013,55(2) :221-232.
ZHOU'S Y,LLX,WANG Z, et al. Effect of activated carbon and
electrolyte ‘on properties of supercapacitor [ J ]. Transactions of
Nonferrous Metals Society of China,2007,17(6) :1328-1333.
TR, Bl ARVPVL, 25 R 22 L i 1 A B AE B 9
AR RIRE ], R 4R ,2016,39(1) :76-81.
XU Yuanyuan, LU Qian,MU Shajiang, et al. Preparation of coal—
based porous carbon and utilization in supercapacitor [ J]. Coal
Conversion,2016,39(1) :76-81.
JRIK, TRIRE BRI, 55, FER AN R O3 22 0 AR A
PEREIYE R[], EscE4 1k ,2016,39(1) :82-85.
ZHANG Yong, XU Qianggiang, XIONG Shanxin, et al. Effect of
volatile and ash on capacitance properties of blue—coke/polyani-
line[ J]. Coal Conversion,2016,39(1) :82-85.
ZHANG M,ZHAO X, ZHUANG (. Preparation and electrochemi-
cal properties of multiscale porous active carbon for supercapacitor
electrodes made from ultra—pure lignite by microwave irradiation
[J]. International Journalof Electrochemical Science, 2016, 11

(3):2153-2165.

61





