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=& 89 AHS 7= A7]ol5F #ATAIE (EDLC: electric double layer capacitorsy= ©]%}
AAz|e} TEo] A oA AP ZA ZRgekar glout vhe ouix] "ER Q18| oL AMA7F
AgHolrt, & Aellr= EDLCY olUA] Bx 3 ¥ 59 shiRl adstst +a A Agst
AL AF3t7] s AN (acetonitrile) & ol SBP-BE, (spirobipyrrolidinium tetrafluoroborate),
TEA-BF, (tetracthylammonium tetraflouroborate), EMI-BF, (1-ethyl-3-methylimidazolium
tetrafluoroborate)2] M7FA] A& bz} AAste] ookl Asde] el mE A71318F 54 vl
H 718l k. LSV (linear sweep voltammetry)Z7d 9|4 1.5M SBP-BF4/AN A& d& G2 79
FGoA TS HAL, YL B 3.0V oPdplA thE ZFe] HalAEs} vwsk i
e 71818 Aes BTk B9, Ar1Fo® PgA]l s A Hs ElEeleddA]
Az="o)A 7154 71 37 Y5E TMSP (tris(trimethylsilyl)phosphite) H7HS 24 &
o] ARt 34 (3.3 V)olAl 10,000 cycle ¥ 93%2] =2 4% FA&S 42 & IATH

Abstract : Electric double layer capacitors (EDLC: electric double layer capacitors) have drew atten-
tion as an energy storage device for the next generation because of their outstanding power capability
and durability. But their usage is somewhat limited due to low energy density over secondary bat-
teries. One of methods to improve the energy of EDLC is expanding the voltage window of cell
operation by increasing the charge cut-off voltage. In this study, SBP-BF, (spirobipyrrolidinium tetra-
fluoroborate), TEA-BF, (tetracthylammonium tetraflouroborate) and EMI-BEF, (1-ethyl-3-methylimid-
azolium tetrafluoroborate) in AN (acetonitrile) were selected to evaluate the possibility of application
at high voltage environment. The LSV (linear sweep voltammetry) measurements showed that the
1.5M SBP-BF4/AN electrolyte was stable over a wide potential window and showed the best elec-
trochemical performance compared to other combinations of electrolytes at high voltage environ-
ments (over 3.0 V). Furthermore, TMSP (tris(trimethylsilyl) phosphite) was applied to 1.5M SBP-
BF4/AN in order to maintain stable performance at high voltage for the long period of time. The
electrolyte with TMSP additive showed the capacity retention of 93% after 10,000 cycles at 3.3 V.
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3} 3|4, propylene carbonate
AEE /A3 IM TEA-BF2 %
BelA 4n) w2 ol HAEL=E 7HA= AN
(acetonitrileyS &rjZ XA} 2D F& TEA-BF,
9] BF, (tetrafluoroborate) &°]22& 715222 TEA
Folol Hls| 2 o] 2¥AS 7HA= SBP-BF,
(spirobipyrrolidinium tetrafluoroborate), EMI-BF,
(1-ethyl-3-methylimidazolium tetrafluoroborate)= 4l
Asle] zhzke] Hsjole]l A4 wE A8
vl F7FIATE P mgt, i eke] SellA] o 4dE]
+ HF Aoz Qs vehtes F g 2AE /WA
st7]1 $13lA4 TMSP (tris(trimethylsilyl)phosphite) S
Asf H7HAR A-gate] 3.3 Vel axgtellA] EDLC
o] M71glEEAE vl sIAAT

2.4 H

2.1 Malfldel M= W SHELWIt

FEH A7 1ppm ©lFE AloJE Ar (99.999
%) glove box°llA] AN (Sigma-Adrich, 99.8%)s &
mj 2 A}43 3 SBP-BF, (Japan Carlit), TEA-BF,
(Enchem), EMI-BF, (Japan Carlit) ¥ 05 M ~
40 M WA 77t F% HR HEsto] Hsfjds
AzsATh AxzE A AL Viscometry (Anton
Paar Co., Model SVM 3000)E ©]&3lo] Heg =
AJ3l3L, Impedance Analyzer (Wonatech Co., Model
MP2)E ol&3] AFUXE ZA3l ol AxEE
7hEetanh. dafele] drisiet o g et M9
g9lS $slAE= Potentiostat (Biologic Science
Instruments, Model VSP) ©|-83}l LSVE =43}
Atk LSV 4L sl Add=S (WE) B =
(CE)2 Pt, 71&dF (RE)E Ag/Ag" (ALS Co.,
012171 RE-7)& & 375 beaker cellS ARSI

2.2 EDLC M7|&ets SM%T}t

EDLC®] H7]3}8H4 des H7ketr] S1sf 2032
type coin cellZ Z#slo] A7t 53 76k
o} e ole]e] MFE Agkelr] s HF2 YP-
S0F X8l CMC & SBR H[CIT, acetylene black
=HA4E 74€ EDLC 48 A= AMgaslen,
A T AL 85 187 22 FAE
156 pm Foltt. A E Mdafje EDLC] g3t A
e 27V, 3.0 V, 33 V 2 AAsH, ek 2}
of we sl ¥ H7]|skst 545 WAL sigih o
A AR/ # (1.5 Aghe= F4 ds Hstel e
FHEAS H7Is] #8l Cell tester (Maccor Co.,
Model SERIES 4000)5 &3} 10,000 3] 5<%k
% WstE gelstar, AAA S tiE] 10,0004
A A &FFAES sk HE3,
Potentiostat (Biologic Science Instruments, Model
VSPY2 olgsle] 854S Hristath Sl 4 Al
ot ¥=2 HF (0.1, 05, 1.0, 2.5, 5.0, 7.5, 10,
15, 20 Agh) SVt mE A& ¥ A& A9
|F Aol RIS

3. 41 & pnE

TPl GdollA ks Al HeHoz ANS
|2 4 T 05 M ~ 40 M H9 A SBP-
BF,, TEA-BF,, EMI-BF, Ztz}2] o w2 sl o]
Axe} o] AxrE ZH AIE Fig (el Y
ERiSiet. dslee] Fiet FaAsA A9 =7t &
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Fig. 1. The ion-conductivity and viscosity (a) and LSV
(linear sweep voltammetry) (b) of electrolytes with
various compositions.
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2 74l F43] S7F SHAIRE J4 T o) dollA
£ 23|y idke @4 vellth o] 295 vlg
o=, Are} o]l ArTE 733 7H Ads 5%
o A3l Agasct. TEA-BF, gl 3% 32
71 1.7 M ol sligEA Z%eH 16 M oA
g =L ol AEEE KoL) Aenr) v o
Zox e Hol AEFHE @AMl TAEt 15 M
TEA-BF, 24<& A7A&}5t}t. SBP- BF491r EMI-BF,=
7F w2 ol AR FYshE FEE 20 M
SBP-BF, &A% 2.5 M EMI-BE, i/‘éf—?._ Z}zy A
3193, SBP-BF, el disial w2 AxeljA vlwy
2 ol AxxE Y= 1.5 M SBP-BEE F
712 A3tk & A 2APSZE o]FofXl 1.5 M
SBP-BF,, 2.0 M SBP-BF,, 1.5 M TEA-BF,, 2.5
M EMI-BF, 2.2 A3t st thal] 27]s}std o
2 oPge M A HAE dolry] $JEiA LSVE
=45ttt (Fig. 1(b)) Atsl 2 o) s A
e dY F7 wgt A 2ozt UeH, 1.5M
TEA-BF/A3]o] 248 ~ 236V (V vs. Ag/Ag)
o 7F bW AAES el 2.5M EMI-BF,A 3]

= 1.5M SBP-BF4 m2.0M SBP-BF4
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20 o3
&
- E :
10 } o8 B
0

3.0V
Charge Cut-off Voltage (V)

I've

Energy Density (Wh/kg)
g

Fig. 2. The Initial discharge energy density of selected
electrolytes under the different upper charge voltage
limits: 1.5 M SBP-BF, (green), 2.0 M SBP-BF, (dark
blue), 1.5 M TEA-BF, (red), 2.5 M EMI-BF, (orange). The
applied current density was 100 mA-g.
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33 Vel T A B e FHEES Yot

17] 918l 10,000 3] S Bt &% wslE =
Atk 2.7V kst HrklA= 2.5M EMI-
BE/F A WA 94 712 25.57 F-g”, 10,000 HA]
qu 7|% 23.44 F gl_i M ES S Y 92%
B 8% §X8S5 B (Fig 3(a) 3.0V A
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Fig. 3. The cycle performance of selected electrolytes under the different upper charge voltage limits: (a)2.7 V, (b)3.0 V
(©)3.3 V, ¢ indicates corresoponding voltage profiles (Initial; solid-line and 10,000th; dash-line). The applied current

density was 1.5 A-g’.
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#7119tk 2.5M EMI-BF, 7} sk gl SAIS]
A sk o2 7|88t HEAAE HY =
£S5 YT (Fig. 4). 2.7V A=
BE Mol AFo] FARISH, 2.5M EMI-BF, &

rlo O o

FolR AF gk AA s Sol3t HIFS
29kt). (Fig. 4(a)) SRR Ak gte] 3.0
33 V 2 F7Hel wet vE 24 9 AR
o] wWZ 2.5M EMI-BF,Q] &% 74 @] F
A e, 109 dsge %]

BT (Fig. 4(b), 4(c))

ole} 72 AFES BEURE A3kl wE s
o A W AH7|38 AL v EH
EMI-BF, 242 AsNe] HS 27V i &3
T4, 2 &5 7P 5 WAUsEE dee

ﬁrsL'

Holx|9h, 23 Aol SUlsle $HoR ArE
Al ol Aalint. ol @ ddowe Mo Fa
]9_ }\1-010 2 0 {5]_ :&1%7\1

g gl virE W
7]

T80 AN gule] 2320 5 o2)7HA of7t



38 J. Korean Electrochem. Soc., Vol. 20, No. 2, 2017

2.7V Rate Performance
0.1A¢*
30
20
= 606 000 000 000 LS 600 ©eo 6o 608
=5 00000
T 25 00000
< 05Ag! 00000
£ 1.0Ag* 60000
£ 25Ag" 066000 13
o 5.0Ag o)
S 7.5A¢ 666680
oy 10ag* 88888
O 15 1
2 20A¢*
3 10 oy sm_sBP AN 27V
& o |ozomsapan2
° [o1SM_TEA_AN 27V
2.5M_EMI_AN_2.7V
0
0 10 20 30 40 50 60
Cycle No.
35
3.0V Rate Performance
30 0.1Ag*
E“ 000 000 000 000 000 000 000 000 000
=5 86060
g 88888 o000
£ 05Ag? . 83886 o000
g 25ae! 00008 23886 99933
& cooo 88888
G 15 S.0Ag" TSkt e 00000
o : 10Ag*
= o 15Ag! .
’g 1 1.5M_SBP_AN_3.0V 20Ag
@7 ©2.0M_SBP_AN_3.0V
S T onsM_TEA
2.5M_EMIAN_3.0V
0
0 10 20 30 40 50 60
Cycle No.
(c)
35
3.3V Rate Performance g
30
0 O
&0 0380 888 888 888 888 888 888 888 888
25 33530
] 20000
£ wo0O09.
Sy | 05he 00000
=20 00000
g 10Ag" g
2 o 88888
15 25A¢" £8888
b 39988
= 10 5.0Ag? 88888
g;,. 75Ag 86888
L 3 10Ag*
> [ o1sM_TEA AN 33V 15A¢"
o 2.5M_EMI_AN_3.3V 20Ag*
0 10 20 30 40 50 60

Cycle No.

Fig. 4. Rate performance of selected electrolytes under the
different upper charge voltage limits: (a)2.7 V, (b)3.0 V
(©)3.3V.
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Fig. 5. Comparison of cycle performance (current
density = 1.5 A-g”) (a) and rate performance (b) under
the condition of 3.3 V charge cut-off with and without the
TMSP additive.
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