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Industry safety characteristic of Prismatic EDLCs
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Abstract

Electrodes were fabricated based on activated carbon powder BP-20, conducting
agent such as Super P, vapor grown carbon fiber (VGCF) and acetylene black
(AB), and the mixed binders of flexible poly(vinylidenefluoridehexafluoropropylene)
[P(VdAF-co-HFP)] and cross linking dispersion agent of polyvinylpyrrolidone (PVP)
to increase mechanical strength.

According to impedance measurement of the electrode with the addition of
conducting agent, we found that it was possible to charge rapidly by the fast
steady-state current convergence due to low equivalent series resistance (AC-ESR),
fast charge transfer rate at interface between electrode and electrolyte and low RC
time constant. The self-discharge of unit cell showed that diffusion process was
controlled by the ion concentration difference of initial electrolyte due to the
characteristics of Electric Double Layer Capacitor (EDLC) charged by ion adsorption
in the beginning, but this by current leakage through the double-layer at the
electrode/electrolyte interface had a minor effect and voltages of curves were
remained constant regardless of electrode material.

We found that the 2.3V/230F grade EDLC would be applied to industrial safety
usage such as uninterrupted power supply (UPS) because of the constant DC-ESR
by IR drop regardless of discharge current.
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FX2A T 22AA G vaste FALSE waEw, 5" Alo]Fo] Wiy Aol
a3 ARV 2E, AY MU AdFeE Ya AHE F AAESV 98 fleH
7 AstHoln APl fle FHEE 7R ATHL2L

HIoE 52 HE9HE % S4Y 2o ATVt £3 7|AH X 4%
A=A MEFA 2 ddo] Hold AYA 9 ¢4 A5 MLy A2 THL
2 5L HAALFZY dUXIEE ZE EDLCE NEste 4771 AdgHo gl
@d AFA(PVAF, PTFE, CMO) 2% A3 54 S /fAdtds Ade A< 3ol A
2 Y& FTFHY ZFAE 2F TT 2F o€ £H8A AMEste A7 APEHAYG
[345]. 8z AVIAEEE FA717] #1819 carbon black, carbon fibers, Lonza
carbon, acetylene black ¥ VGCF%9Y AEANFAE A& d77F 235H}JY
[6,7,39]. ety B AFME HERIH(1500 mYg olhHe ZE XY B2
(BP-20, YP-17)3 HAxA /WZFA(Ppy, Super P, VGCF 2 AB)E < AHu| &2 &3
F, 159 T A2 AT sheetdo HFHE A8 A% AFAZ AT F
A& ZA = P(VdF-co-HFP)} A59] 7|43 ZEE Eol7] 98td 7tz e
o] $-g3lx ¥AFAQl polyvinylpyrrolidone(PVP) & Al&3le] A 738ts EX4HS IFA
A71nz stHh. 2 AAAA AGAHE L AAAFLe2 ALt sbe
& AF2ANE n&st 23 V/3,000 FF9 &% EDLC A&S 532 AA3}AT

2. o]l &34 W73

1834 Helmholtzell o8] A7je]FF o] &o] AAHAL, AE hE F HAFAlol
F Y 2L A Ee F Y B EAStE HAF AWAAN +, - AdrF dA A
slod wldE X E A7)o|FZE(Electric Double Layer)old} 3t o] F AW Ajpold)
AP NE g2 A olF @ EEE o] £3d duyX g - 288 & F 3
£ system EDLCE 39 Fig. 13 o] EDLCS F#+F+= AF, A&, JAA ¢ 3
oz FAHE

a3 o] A AFHA Alojg 1A, AAY ME & F Ay A FLEds
Atole]l T3 M2 g8 Fo] tdstn Y o YRAX AR Y FFol fle 4
oM e Wie M3EEI EFAF buk AE7E Hol AZ ANAE zero’t Ht
a8y - & A7V FFEE Wi ASREI #dsA gAo] Hol A
S AYAE 20 volte] WA ZF EHEY. oqrle] A7)y RY FFo| FHH
T Y HUolFF L adstA o, 2HE A7dUXZE AT SHE A
71U AE deHos vl Zo] A d 4 FH(Capacitance)©] o}

dutz o2 EDLCY AAEHL A()F Zol F AY & 79 A(de} iy
#ste, AfAY FASg(e), AFY WRHAH(A)F v 10
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Fig. 1. EDLC® #% ¥ €4d
C = (At'I/ AV) ......................................................... (2)

EDLCol A7 d RS FF3d AGo] Vo(Vol)AL7MA FA59 HAAAFE
VilVol) A g 74A) A& 288tk ol WAAZ Atlsec)E FAH3A 4 2)E o] &
o] AAEFE AT

Wt F AT AJolo) 7HFo] AEF4E AHAY FHAAFE 2 AF v EHA|
242 EDLCY AALES F713g. =3 714 AsAde E3Agde] 3V Ax

%
olW, ¥ajzte] 1.23 VRl & A4 Hdajde BBt EDLCS Aol 2~3u) &
Aol TH11,12,13].

3. 9349
31 4548 % 717

2LBNEL HEFAE vsstd Az 4d& 84 BP-20 (Kuraray chem., H]
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EWH 1929 m%/g)? YP-17 (Kuraray Chem., ¥ Ed3 1566 m¥/g)e A3tz 2
A= AFY FEY B A4S 7IAEA AS FASE A A ¥
2 A4353 & P(VdF-co-HFP) (ELF Atochem)$ PVP (ISP Tech.)& &d3lo
A28ttt oju) EAlulE 247}t n-methyl- 2-pyrrolidinone (NMP, Lancaster)E A&
st 2By AdA ARAE AR dEd "FAA AFo] Frtde RE
AAE7] HAA HotE A=A ANFAE T 24L& AE (pyrrole, Aldrich)@ZF A&
ALgste] ¥4 ¥ Z89E (Ppy, B4 % 020 Q- cm)(10], 742 L (Super P, MMM.
carbon ; MIEHH 60 m¥g, ¥IA& 021 Q-cm), VGCF (Showa Denko kk ; B EHZ
13 m%g, WiAF 0012 Q- cm), o2 AEL A (Denka Black, kuraray chemical ; ¥ ¥
A4 61 m’/g, WA 011 Q- cm) AESIATh.  WalY 1.0 M ELNBFJ/GBL, 33
A Al etching foil (JCC, thickness 20 )< AH&3tdth 28y 20 me) FJAAE
Bolgd 48 drlde vuR gk 1A Zxrb oFshr] i ol 2sty] s
o] aluminium foil (2AL10-5/1 HX, thickeness 100 tm, USA)& A}-&3t4th.

994 Az F dId2A =37 (FRA, Solatron Ins. Lim., solatron 1260A)& o] &
3l dudA AYS A T3 WA Ag7] (Battery Test System,
BTCCS, Arbin)& o]&38 o AN 23 VE 1087 3T F FAFZ 10 VAR &
Astn  olwe]  WAAZE  ZAsq AR LEFES  ANNsSAG T3
Potentiostat/Galvanostat (EG&G, 273A)& ©]£3t4 cyclic voltammogram (CV)&
At

32. 994 A=x

U2t FE7F ST BT Al A=A MFAS 4TS 47 ball mill2 124
T B4 F 80 T 2xA 24NTFX AT Ax7A Azt 209 ¢
< €3 AASAYG. AZH 7 : 3 9 P(VAF-co-HFP)/PVP EZAZAE 5 wt.%
Saiste) FHlE AT A=A MFAE 0 5 wt%2 EF3L 400~500 rpm

o o

o ju

52 4~5 AEQE iy A=7F 3,000~4,000 cPo £3A) Ao &

Al etching foil $lo} ZY3I F 755 cmHg &3, 120 CTAA 1A ¢ A=xS}
A5 YR 85 AAdAYG Ax2E 3L 02~03 mm FAE roll press¥
F 20<30 mm 2712 Adste] AHE-3A R, AT AXFTHPE Fig. 200 JeEis A
Ao 39 Agel wet DAAE 007 mL A= FYE F B2, gasketE FFdn
FEo ot #E gdo] BEES HERZ ¢FAA g AE A

i
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BP-20, YP-17, ‘ (VdF co-HFP)+PVP / NMP
Ppy, Super P, VGCF, AB

G Mechanical stirrer
400 ~ 500 rpm, 4hrs
| —> .
rThi:kness :0.4~05mm E E Casting E
r T”—[ e |
[ Thickness : 0.2 ~ 0.3 mm E rRoll press‘u

| Cutting H { 2 x 3cm? ]
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Fig. 2. A5 Az 34
3.3. 2.3V/3,000F5 EDLC A} %}

a9l de HHxAL 722 F, ZA4Y BP-20, EFEAGA € A=A NZFA Super
PE 90 :5:5 wt% A H&= 17513}&‘4 23V/3000F & EDLCZ A=Hshsich
Alumina-polyethylene (Al-PE) bagol =g ¥1 AFHAE FYstq o2 ES AF
3o 7Y @9Ae HS5ed &FrlE Aol2E o|&std EDLCE AFsHAY.
2t A2 EDLCHl Az £%F9) FE°] Az 28 ZAHLE AAS
F7] st AL E7]9] glove box Well4l AC/DC power supplyE ©]8-3t« EDLC
ol 23V, 2 AY AYAFE 243 &AM A7tsted RS HA7]EH Ao A
NEHE FES F2 429 7A JHZ EAFER AAE AP LR Ao
Z1A4 el 2 EAslE EDLC Wi 8% A4 Z purgingdt® R =2 wjEsto F2
2R FEo A% W7 EAo] AdtEHe RS FA AT

4. 43 8%

4.1. &9 de] A7 E 54

o

&9 A4S battery test systemS °]g3te] AALG 23V, 108 4 F AAF 1
mAE 1.0 V7R A AA HAALE SASGY AALZFE At F + - AF
3 FAR Yo HAALFE FIge. 2d ¥ EFEFAE 5 wt.% AHEH

n!lo o
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9 YP-17, BP-20 A3 % -%d EAS dustd Yeid oln ETFATASG
BP-20 AF& AL RS w7t WHEH3e] ¥ .

Fig. 3& A= AFAE 5 wt H718 =4 A%E Jegdg A
ojt}, ol PpyE /I BP-20 AT 9] wAA|Zto] 1673%0lxn ALt FHAF
(LC)= Z+zr 0.097 V, 0.0061 AelAdth YP-17, BP-20 A¢] A7), v gAL&%
duAdE 2 FHIAE T A8y EAE Table 1o JeEHAT

3
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Fig. 3. A=A ABAE o] 48 velde - 33 34

ol BP-20 AFel PpyE #H7Me AS ¥iAAELF 376 Fg AUAEE 292
Wh/kg(6.05 Wh/L) ¥ Ads8EE 754 W/kg(1,562 W/L)elth. &A7A Bud
AT AlFlA EDLCY AUV LEE 2~7 Wh/kgo 2 £ QAFdAN H<3 59 J
UAYEE 243929, Conway[1]9] Fig. 15152 Ragone ZZA A" &
Aol urdret FYHARI 2t dd HXste AeZ HolA A8 A7|AF A
E 28 H8E U5 ¢ F Ao

Table 1. @949 F - WA 54

Parameter Ppy Super P VGCF AB
DC
9.7 111 14.3 16.7
10 mA
ESR [W] I AC !
i1 kHz] 0.98 123 145 1.38
Sp. Capacitance|F/g] 37.6 36.3 294 22.2
Sp. Capacitance [F/cm’] 11.3 109 9.20 1.56
Energy [J] 259 249 210 15.9
Gfa}"h‘}‘ﬁg“ 292 261 2.10 1.56
Energy density Volumetric
[Wh/L] 6.05 5.41 4.37 3.25
Grﬁ,‘{,i}‘l‘g{ic 754 600 507 532
Power density Volumetri
OI\I/IVI?EI < 1,562 1,244 1,056 1,109
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42. 2.3V/3,000F & EDLC9 #7523 54

Fig. 4% @949 Az oz Azd 23 V/3000 F& EDLCY % -#¥d EA
< UEhd Zeoln. A71Y 548 Table 2°ﬂ YeES.  ABAF 50 A $3, B4

¢t 23 VE 287 4349 10~300 A9 AAFZ 23 VAA 0 V7= wrAs o

Voltage [V)

0.5

{l~o—200A A o Ve,

—<—300A ‘lq @ T
00 v 7 ¥ T T
] 10 20 30 40 50 60
Time [sec)

Fig. 4. 23V/3,000F EDLCS #xd J4

Table 2. 2.3V/3,000F5 EDLCS & - wd &4

L4

Norminal Capacitance Range [F] 3,100
Capacitance Tolerance [%] + 20
Rated Voltage V] 2.3
Surge Voltage Vi 2.7
Operating Temperature Range [Tl 25 ~ 70
. DC (100A) [m@Q] 0.35
Internal Resistance(ESR) AC(1kHz) [me] 014
Energy(1/2xCV*) m 8199.5(2.28Wh)
Power(V*/4R) [KW] 3.78
Dimensions [mm] 150x97x42
Volume [mL] 611
Weight g} 814
e . [Wh/kg] 2.80
Specific Energy Density [Wh/L] 373
i . JKW /kgl 4.64
Specific Power Density KW/L] 619
Max. Leakage Current
(after 72 h @23V) [mA] 2

Fig. 5= working voltage 2.3 VoA Zz} 100~300 AZ HAA ALA3HIR drop)E
Ae Vel Ao 100 A, 200 A 2 300 AZ WA o 2z 0038 V, 0067 V 2
009 Volgltk. oW Ohme HAd 98 WEALFEL Z+z} 0380 m?, 0.335 m®

plz)
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0.316 mRoIUL FHAF =g WFAFLE A 44T 54L& YA

) ’ ]
g 2054 \
S z.ooi N
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Fig. 5. 2.3V/3,000F EDLC¢] IR-drop

Fig. 6& AC amplitude 100 mVlA &R & 57138 A &S Nyquist plotd 23S
Ueld AHoln Fota 1 kHzol A9 AC-ESRE 0.14 melgct nFaHgor =&
S AHdA @Al Ao At W& EI AA F45F F - WA Jresig
T RE Y F AU
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Fig. 6. 2.3V/3,000F EDLC%] Nyquist plot

Fig. 7¢ AAF 15 AZ 23 VA 233 & 12A39 FHARE 243 a7
2 Ugd HoT FAARE 2 mAUY.  Fig. 8¢ AAR 15 AZ 23 VAR 24
T 12N 5 AAY FASA 1008 HEe A71HA EAS Ul Aoz A7iwA

=
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&2 117 %ol wEkx B AFoA AFE 23 V/3,000 FF EDLCE €333

—

Al ARG AE R AIAFELE QAF Lol Jted EES AFet=d HAH A
ZEFolm 838 7HesAdol Avdn wddrh

—t—

20 =
15 ﬁ [
z 1.0-1
5
£ 05
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-0.5 —T T T T
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Fig. 7. 2.3V/3,000F EDLCe +AHAHF
) K
X I - imaal
Charge : 1.5A CC, 2.3V 12Hr CV ':
= 2.3V(after 100Hr) —> 2.03V(88%) |
) :
8 '
9 13
> 154 ‘
1.0 — T T t
o 25 50 75 100 125
Time [Hr}

Fig. 8. 2.3V/3,000F EDLCY self-discharge

54 &

1. A2 ANFE& EE9 EDLC @Y A9 case Ao]= 15x9.7x4.2 cr (M3 = 6111
cr), WE Ao Z(AZ+FAAA+ASNA)E 125%85x3.2 o (340 cr) 22 WHEAF
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(DC-ESR) 0.35 mQ, 943 d2A AI(AC-ESR) 014 mQ, AAL=F 3100 F, 34A
F 2 mA, dURTE 280 Wh/kg, SE8ZLE 464 kW/kgs YellE= AZES Azt
i a2

2. EDLCS AA A A=, d3jd, &2 2 9% 59 2434E zelstad WeAES
1 mQ o3t HEE AFsger] dAF (300A od)elAl o] 7Hedde. «
ZARARA AJAAE R AW FELE dAF WA e REL HH AR
Folm 383 7heAel Ava el 53] gRdAY Rge HHSHA BE
gt HGAE AFEHA ot dAS VM HIAANPeEAN AY AFE
AaAA.

38 A7 ARE AR 2T F2Uel o) ol FAHAL, FF Case T A
3 wae) ALY, AF A2sl0) e ALEL AGIE @A FHug @4
$58 AFE AU & god oA Awsk =AUcE 91 AE} AisE 2
ozt HH},
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