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Fabrication of Organic Electrolytes for Electric Double
Layer Capacitor with Activated Carbon Cloth Electrode

2ok

An-Soo Kang

Abstract

Electrochemical charateristics of activated carbon fiber cloth(ACFC) electrode were
studied with propylene carbonate(PC), 7 —butyrolactone(GBL) and N,N-dimethyl-
formamide(DMF) as a solvent and tetraethylammoniumtetrafluoroborate(TEABF4),
tetraethylammoniumhexafluorophosphate(TEABFs), tetrabutylammoniumtetrafluorobo-
rate(TBABF4) and tetrabutylammonium hexafluorophosphate(TBAPFs) as an electro-
lytes(active material). The concentrations of electrolytes were in the range of 0.2~1.2
N, the volume ratios of PC and DMF as a mixed solvent system, were 90:10, 80:20,
70:30, 60:40, 50:50, and 40:60 vol%. Electrochemical characteristics such as electric
conductivity, internal resistance, and electric capacitance of fabricated unit cells were
measured after the moisture of activated material was removed with molecular sieve.

Electrochemical characteristics were better in mixed solvents system than in mono
solvent system. The mono solvent system of 1.0 N electrolyte of GBL/TEABF, with
activated carbon cloth electrodes showed better result but the mixed solvent system
with PC and DMF/TEABF.(50:50 vol%) and the concentration of 1.0 N electrolyte
showed the best characteristics. Internal resistance was 347 & and specific
capacitance was 19.1 F/g respectively.
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Phenol A& €852 I} BAELA AHE(activated carbon fiber -cloth,
CH720-20, Kuraray Chem .Co., Japan)d =& AI£3l9 3 JAAAE 239 A7y
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AE WE HFdd dgse 94ES 7] dEd vAFge] e FHiA, AxA
polymer §& Al&3lEd B A3 E aluminium F59(FA : 60~90 zm)E Ab
439 e, A3 AAFAE carbon paste(Everyohm 101S, Nippon graphite)E o]&
st HFastaoh

Ao gs AWUxoly tF A2 polypropylene/polyethylene film(Celgard 3501)
< AHS3 T

A AFRA Lvj2+= PC(5F, Junsei), GBL(EH, Aldrich) € DMF(EH,
Aldrich) 5& AMg3l5n, Asjad2X TEABF(E3F, Fluka), TEAPFs(53, Fluka),
TBABF«(&%, TCD) € TBAPFs(5H, TCD) 5& Zt &vld 93 sxd2 £33
FESTEE 50 ppm °)E AEEld AFE3EE7] Y89 molecular sieve(sodium
alumino-silicate, Sigma)oll 24A13t o173 JAHAIA A&Fdte Az
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A Aol H7/|HAEXE conductivity meter(PCM3, Jenway Co, UK.)ZE &A%
o, 712 @9 cell AlZ ¥ LCR meter(SR715, Stanford Research System, USA)&
o] &3t F3t4 1.0 kHzollA W2 A& A3 ¥ impedance analyzer(Solatron Ins.
Lim., solatron 1260A, 10 Hz~32MHz, frequency resolution 0.015ppm, accuracy
0.1%, 0.19% &QI3}H I battery test system(BTCCS, Arbin, USA)E o] &3 A
A 23V, 10870 4 5 AAHF 10 mAZ 1.0 V 7+A] A A $AX7E =24
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718 98 cell AlZxe @224 AFE AFE 20x20X0.8 mmE  cutting &
aluminium & &4l carbon pasteg o83l HAF T dry ovend o]£3q 2%
100 C, 6A1%F F<F gel AEl 2] carbon paste® AZE3E & vacuum dry ovend ©]£38}
o 2% 100 C, 48 755 cmHg AF o2 7F¢stad 24A)7F ojAte] o2 AF
TEE &d Az Ao

Azd AT Aoz fuje} AHFE PC + TEABF, PC + TEAPFs, GBL
+ TEABF4, GBL + TEAPFs;, PC + TBABFs PC + TBAPFs;, GBL + TBABF; %
GBL + TBAPFsZ WA Z 3 EFEuidA = PCDMF + TEABFs A3 4S 02, 04,
06,08, 1.0 2 1.2 N9 H=8= 02 mL $3IA & AAA gasket(butyl rubber)2
2 983 A AFFH "AFAteld X8t bolt% nutE ] 83t FEAA
Fig. 13 Zo] 718 @9 cell& ARt o] o, FFAFE AF FF diy filling
density §4<& T #ste A FAFE 24
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Fig. 2& & d7d A48 EAGLA HFEX9 EYU SEM AMFE yehd RAojr,
SEM AMXE E3d AH AAd AlF(pore) FZE 7HX 3 glow AFUss A
t Ae I F Y Fig. 32 &Ag2A HAHx9 AFEXoY AF27)
£ 156 AdA E¥7F 9389 4L Jvgdth v EEAHL 1748 mYg(BET &3
Welden, AFa7] 20 A o) X F BJH WHoz 43 AT (meso
pore)= 0.03620 cc/gol U th.
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Fig. 4v o2 A9 A7|d=x=E velidel. o ¢ &uE= PC, GBLE, A
8122 TEABF:, TEAPFs TBABF:s ¥ TBAPFsE A}&3te PC + TEABF, PC +
TEAPFs, GBL + TEABFs, GBL + TEAPFs PC + TBABF,, PC + TBAPFs, GBL +
TBABFs ¥ GBL + TBAPFsZ 02, 04, 06,08 1.0 2 12 N ¥Ed3 AsfAe Az
e AVAREE 2. A Ao H7IHEEE PC + TBAPFs, PC +
TBABFs, GBL + TBAPFs, GBL + TBABF, PC + TEAPFs, PC + TEABF,, GBL +
TEAPFs % GBL + TEABF:9 €A Z Z718l9 1, 5571 AR$FE F7189A9 1.0
N % oA & o] BFE7 74y AR AZHEES} FL2dQT)

A#BA 02 butyl?7] Bt} ethylZl7h, -PFeAdl @57 Bt -BFA #5719 A7 A
T/t 43893, PCRY GBL €947 52 AZIAEE SA4L Jehi

T EFEulZ PCY DMFE 5050 vol%Z E%sly #dsiAZ TEABF:S 02,
04, 06, 08, 1.0 ¥ 12 N =¥z Azxsld 4% A7, &% £47 PC, GBL
T 949 &viART $4% HFVAZE EAL JEWon, o] FAdE ¥x7 AR
FE ANAEEZE F7HAAT, 10N 55 oM e #asgrh

metx EFEule F97 9l EuiE ALY o 2o $53 AVAERE EAS
Hetlilen, AsdY FE7t F/EFE o] WM Fo) FUsld AVNAEET F
7HErE #2E 4 g 28y, 10 N 5% oA e Ay A ¥ 3
o @& AMFo] B ANAREI} FaFHAT
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HsjHe] &rj= PC, GBLY HslA= TEAPFs$} TBAPFsE Alg3lod PC +
TEAPFs, GBL + TEAPFs, PC + TBAPFs, GBL + TBAPFs & 0.2, 04, 06, 0.8, 1.0
R 12N T2 Jdfde Az F 718 G99 cell® AZ3 LCR meterg o] &
atod F2olA cell R Ao, JAA, A 2 A3 AFL FF AA Uy
A4S F3F AHE Fig. 5ol JdeEhila. Wi R3] GBL + TEAPFs, PC +
TEAPFs, GBL + TBAPFs ¥ PC + TBAPFe¢d &AM 2 ZF718t4t}.

A4 & -BFAl #5712 12AEDn &8 ¥AA WEAYS 248 Ags
Fig. 6°] Jehygich KA3e] PCDMF + TEABF,; GBL + TEABF, PC +
TEABF,, GBL + TBABFs ¥ PC + TBABF.2 &AM=2 Z7}84t}

Fig. 59 Fig. 69 A#A2 2 243243 wabA butyl?] Bt} ethyl”]7t -PFeAl &+
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7189 -BFAl #5719 WRAEg EAo] 3%, PC, GBL &vjA R E£3§
A2 PC ¢ DMFE 50:50 vol%2 &g A% 713 58 WRAY 548 e
WRATHI ol F Axe Fo)R WbF =) £M(TEA'<KTBAY), &ol& WA =)
#M(BFs £ ClOg <PFs )¢ 243 #AE Yehliith Fol2, $o]& W7o &
% EDLCY WRAFLE 58 548 YeEPUATQ]. ol 22 A4S Fig. 3904
g F U upe} Zo] Y HHE I AFY ZA77F 10~30 A2 HfF o
29 A7t HF3e AFUE EYstr] &olsty] w&EelvHl]. 281 Fig. 4%
YA stE 4o 7 A FF _o_. 2 10N =M 713 438 WEAT S4S
veWew A7 AEE 5434 59 294E YA

34. | A ALF

A AL -BFs A #5712 1A LolE HIAA vAAEZFE FAHE 27
Z Fig. 79 Jehich. wl@ A &%) PC + TBAPFs, GBL + TBAPF, PC +
TEAPFs ¥ GBL + TEAPFe®] ¢AM 2 F718ld 3 992 Qo] HAUTH

A AE -BFs A #5712 nAstn §olE RSAA bAAEZFES AT A7
£ Fig. 89 YeAtt. wviHHE&Fo] PC + TBABF, GBL + TBABF,; PC +
TEABF;, GBL + TEABF, @ PC:DMF + TEABF:9 <2 Z7}8l4 2 PC.DMF +
TEABF,9] Z$ ujgAL%o] 191 F/g 22 & AFA6-82tt 538 AAE 1}
ER 2 o}

A 718 DY celld HAHLH, WEAY EFFY ANAEREE AT BATL
RS U + A}

4. 3 &

PC¢ GBLY ©d&vf 2 PCe DMFE ¥A &3ule]l &g&njodl TEABF,,
TEAPFs, TBABFs ¥ TBAPFs& A3 A2 Al&3ld AAE AzR3A &%, 7%
2 o] W wE zt Asd9 WWEEE A9, gL A HFE
AL A48l 7NE 29 cellE AT T WRAFH Hl%ﬂ%ﬂ—"— A3
3 e AEL AU
1. A71d25E 892 PC < GBL < PC + DMF(50:50 vol%), AsjH o2 -PFs <
-BFs % butyl < ethyldl #5719 $AZ o2 W o] FA&F+E F7HetHth
2.EDLC® W3 A2 &} PC + DMF(50:50 vol%)9t X3]2 TEABF,9 7Z$ 347
Q, HAALFL 191 F/goez 43 EAL Yeh)yUrh
3. EZEMA(PC+DME)e HIAALEFL E£HUZ  (40:60)<(80:20)<(90:10)<(70:30)<
(50:50), HEA3L EAHE (50:50)<(80:20)<(90:10)<(70:30)<(40:60)2] &A= F 73}
A3, TEABF.E Addoz ALEA @d EoiAd GBLEY E3FEviA 50:50
vol%dl A EL A7IAEEE JUEde 53 ARE AT F AATH
4. AN wxo] Zrbd uwal o] 29 mobility7d F71ete] vl A AL FL 0.2<0.4<0.6
<0.8<1.0 N, W3 A &L 1.0<0.8<0.6<0.4<02 N2 A2 Z71gS A = AU
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Fig. 1. Structure of unit cell of electric double layer capacitor.
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5.0kV 12.6mm x500

-

s
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CH720-20 5.0kV 12.6mm x5.00k 4.80um

Fig. 2. SEM photographs of CH720-20 activated carbon cloth.
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Fig. 3. Pore diameter vs, pore volume in case of CH720-20
activated carbon cloth.
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241 e PC+TEABF,

22} o PC+TEAPF,
—w— GBL + TEABF,
21 —v  GBL + TEAPF,
18+ _m PC+TBABF,
1§l —O - PC+TBAPF,
—e - GBL + TBABF,
14 - _ GBL + TBAPF, :
12| & PC:DMF+TEABF, 4 //;’/":V‘-Q,\\'
-

»

10 -

Electric Conductivity [mS /cm])

0.0 0.2 0.4 06 0.8 1.0 1.2 1.4
Concentration [N]

Fig. 4. Electric conductivity of various electrolytes in PC, GBL and
PC-DMF mixture as a function of TEABF,4 concentration.
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Fig. 5. Internal resistances of activated carbon cloth electrodes with various
electrolytes in PC and GBL as a function of concentration.
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11

—e— PC +TEABF,

10+ 0 GBL + TEABF,
X N —v— PC +TBABF,

9 -
NN —o  GBL +TBABF,

—=— PC(50) : DMF(50) + TEABF,

Q N N /v

4 v
P

Internal Resistance [€]
\‘

4t —
. —_ /

3 1 L 1 1. 1 1

0.0 0.2 0.4 0.6 08 1.0 1.2 1.4

Concentration [N]

Fig. 6. Internal resistances of activated carbon cloth electrodes with various
electrolytes in PC, GBL and DMF as a function of concentration.
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Specific capacitance [F/g]
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al : v/ —e— PC + TEAPF,
o 0 GBL+TEAPF,

2t v~ —w— PC+TBAPF,

v —v GBL + TBAPF,
0 1 1 I 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0 12 14

Concentration [N]

Fig. 7. Specific capacitance of activated carbon cloth electrodes with
TEAPF¢ and TBAPFs electrolyte in PC and GBL as a function
of concentartion.
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Fig. 8. Specific capacitance of activated carbon cloth electrodes with
TEABF4 and TBABF electrolytes in PC, GBL and DMF as a

function of concentartion.



