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Abstract The demand for energy storage devices capable of operating at high temperatures is increasing. In order to operate
at high temperatures, a device must have excellent thermal stability and no risk of explosion. Ionic liquids are electrolytes that
satisfy the above conditions, and studies on improving their performance have attracted great interest. Here, we report the results
of a study on the fabrication of a supercapacitor that has a composite electrolyte prepared by dispersing fumed silica in an ionic
liquid. The fumed silica filler exhibits improved ionic conductivity and lower interfacial resistance. In particular, the silica
nanoparticles with diameters of 10 nm exhibit better electrochemical properties than fillers of other diameters and have excellent
device performance of 33 times higher than the pristine ionic liquid at high temperatures. This study can be used to improve
the electrolytes of electrochemical devices, such as the next generation battery or lithium ion battery.

Key words

.M B

3P A5 ARgC wE 29 X 2dstol uish
Fe7F AAEA A AR gk Hlo] SrtskaL
Ko, olglg dHo] FF SHAA st & &4
2l ogA] A7 Al="le e TS Pr?iir/}
X]—Tl Utk FHANNEE Y 257 3, 4 2%

He7E wlom, QPgAdol Hojukarl uiE e W‘ﬂ] T =
%O] =7] "ol Az 2 58 Axpe] yRA AR
A2 AREELL dth 53] A7) olFF AIAH
(EDLC, electric double-layer capacitors)= &7 &4 2
3 7] Aslidg Ao g ARgStaL glow, I A
T WA S AR B AlE 9 58 T}
S8 daldel e 78 Aol vl B gk

A A= Atole] 1 B4S ddshs wjAH= 2

2=

TCorresponding author
E-Mail : hyjung@gntech.ac.kr (H. Jung, GNTECH)

© Materials Research Society of Korea, All rights reserved.

supercapacitor, ionic liquid, fumed silica, nanoparticles, energy storage.

&, =53 dalid Atolell AE FAJste] |
XV‘ Al2E 9] Al T FFE R s
ol meb ol|qA A% 2xke] st As "7 4
Zé-‘»]“ﬂ, =2 olF SEY oAk JF2 1A
2ol Mo A ouALE=s} 28 Lo "I A
HAAE 7RI 84 HalEe HeE A, WEEA
o= Bt AE A O‘Ol 12V A== Fo}
UAREZE AL, 7] dsjd2 Age] HeE <
T e AR leg Bulel 2
2 74 oldewrt Yo 7] wOﬂ/\i gt A
AF TRl BREAA wgel Srkehe @] ok
2o F5 e dadEA ol °“Zﬂ e
I, EAE 5SS TR oM A BRI elA
T =2 250X W2 7% =

3T =
A& 7RI AU 6 VAl FAE 5 37 diRel =

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creative-
commons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the

original work is properly cited.



4 159

£2 THT + Aok g oA A8
A3 @7] mZol o]
\jr__ A& B} vl A

= A
= R e
Aekaa ) A% el Ak 7hA T OlE
A
=

ket flste &= ARTtE ZZ]ZHE AHE-sh=
7} R 9o, F= A7 THe -OH :va*]'
o|&A dlA|o 44 o] Adte olEEo =83 A
&S she 2o By

H AFolM= ol A% FE ATHE ol&std
B3 dajES Azl o] & o]-&-st ‘7%01]*1 25

Vsdt oA 2AE e g B A
gl H7rd F= dejrte] a9E Blashy| flete] A
Zozi ARIH A B weke AEEL, o)A
A 22 1-Ethyl-3-methylimidazolium bis(trifluoromethyl-
sulfonyl)imides ARE-SHC}, o] 4] dAe] Hal|d Heg
W A713 B B WalAe AEa] sl
A7} eddate] 23 deers 2dsi)
A2]7F= 200 nm, 40 nm, 10 nm A|52] Yx=UA=
83l 7} A5 AIFsme 0~7 wi%/HA 25k
olex) A Ao HASH 2AL By sih 2=
HANAE ] g H7tstr] flste] =1 Jeje] A
& AR AV A S Ao, T 2
2ollA AEo] 7hsE olvAl A A
He Borelaa .

( uqov ol

gall‘l lﬂ
ﬂJ

2. Als]

AlS| HpEq

oH

21 =23t MHE M=

oo dAlsh FE A LesiA ol2ol7 B
As)de Az sk, ole4 AL 1-Ethyl-3-
methylimidazolium bis(trifluoromethylsulfonyl)imide
[EMIM-TFSI, AlZvld=2]%], > 98 %5 W= A 2]|31A]
23 IR o] 83N, FT A7 FHCAS-No. 112945-
52-5]1= 200 nm[A] ZZPFE=2]#]], 40 nm[Aerosil], 10 nm
[Alzetd=e Ao AES e WedAE ARkt
o] A7} Y=gzl HEHA(BET)S ZH2}F 200 +25
m%/g, 200+ 50 m¥/g, 400+ 25 m*/ge|th.'”® F= Agrle
Aol AMEE7] Aol ZlFgeBelA 110°CE 12417 A
z5e] $3 AR B Al Az 9
shel ool o2y AAE We § WF FEI 0,
1, 3,4, 5 Twin/t HE% & A27ke Yol dail
wpgel ofs) PET|EEkE: o] -3le] 200 pme] HEE 2
ARF A%H o Bste] Azsisich ke £ §
Aol PTFE(A7d 16 mm, 713-27] 0.2 pm, 57 100 um)
MBS 2047 FHAAE. BE HPe Mot
9] G wAeh] fste] FEEuiAs S 5

- A

% 0.01 ppm ©]3}) QtollA] AA = At

2.2 FHAWAES Mz R HMI|EEY ds
THANAEE 5 Aol ds
}\1 )\]-0-1;(4 oz o]_Q_E]‘— qu/\

ot
= SEl
ek I E(MTI Korea,
T”ﬂ 1 um, 0.5 gm? EAAF 1.2 Qum® °]3hS
FFH SFOE ARSI T AT Afelolle 5% A
slde XML CR2032 42 FAS AR5}
! "r’rOL P75 o]t FHAWAEHE A2k
azpel A7istets A4S Brtekr] flske] Zive
MP 5(%"}13]3—)*% ARE-5Ee] =3 AR/ H(CV, cyclic
voltammetry), 7 (CD, charge-discharge), 2F <3
H2(AC impedance)E =3It &3 At 7@ TS
—1.5 VOllA +1.5 VAFo]&] ZHSQtol| Al FAF &X(scan rate)
= 5, 10, 20, 50, 100, 200, 500, 1000 mV/se|A] AA]

=1
=

—ﬁP

StAch WA A¥e A9 +1.5 VZEA] 0.1914 1.0 A/
g9 AF/ U= Alolox SHETE wF I =

A2 Hlo]o] X (bias) 100 mV, = (amplitude) 10 mV, 5=
3 (frequency) 0.01 HzolA 1 x 10°Hz2] H oA A
sttt a2 54S Hrishz] flsiA 25 °CollA 150 °C

T o=
7HA 25°Ce] £RE A oR SUMIZen 7 2r
oM =8 Ag-AFHT T 4Ps dAlste] ZA

gae 74140}
3. 21t & 1nF

Fig. 1= 53 Aajde] AxE 98 AHES = A
27} Y=Y zke] AR 7 (SEM, scanning electron
microscope)®] ©P|A|S} LeQAke] A& BE 28| U
1_0111__0/] TLEE 1:1—‘:;] o]—Cl:} o]_@_/ﬂ oﬂ;q] xqgﬁzloﬂ BAL

Al B E Y] ARE veR Aol & Agrt
=9 Ake] 2152 ZH7F oF 200 nm, 40 nm, 10 nm®] =
715 7FAIH(Fig. 1(a-b)), Wt o2 T LofA A 25 7]
ol WE=YAE 3450 5712 EoKthickening effect)
2 molth B3 Ao & Ayt Yl
Z7F 2wt% o3FH AstrE X E 10 wi% o]/l
L& u-¢-t] Y2 JAStE Y Fig l(c)oﬂ/ﬂ B
© A9 10nme] A7} Y=d2ke] A9 4wi%
o] TEAAMFH TR F%eH, 7wt%°ﬂ/‘1‘“ Ble-
SO FHE s HoFal k. o7l F=
g7} o) EAshs dto] =54 7](Si-OH)9t Fol-e
imidazoliumAto] o] FAAg e ot F5 28 7|9l
Z1o]th(Fig. 1(d))."*"”

i
o {o, mz

oAl A71sek g el fislel
3l Aot AR =wA ES =A 59T Fig 2= &
= A7 Y=$Ake] AE(200, 40, 10 nm) AFEE



Owt%  1wt%  3wt% | 4wt% @ Swt%  Twt%

A Mafdolre] F= dejrtel a4

45

40
)m [ J10nm
€ 20
=
o
(@] 0 |
10 12 14 16 18 20
40
" ] 40nm
£ 20‘47[7_?
=]
[=3
© 0 N\ .
60 80 100
20
= [200nm
0
= 10—'4};1,4
=
=3
o 0 . -
10 150 200 250 300

Fumed silica particle size [nm]

Separator/EIectronte

Current Corrector
Positive Electrode

¥~ EMLTFSL #

Fig. 1. (a) SEM image of 10 nm fumed silica nanoparticles, (b) diameter distribution of fumed silica nanoparticles having three different
diameters, (c) photo of a composite electrolyte using 7 nm silica nanoparticles dispersed in ionic liquid electrolytes at each concentration,
(d) supercapacitor consisting of composite electrolyte and carbon electrodes, and schematic diagram showing hydrogen bonding between

ionic liquid and fumed silica.
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Fig. 2. (a-c) Cyclic voltammetry(CV) measurements of supercapacitors as a function of mass concentration. (d-f) specific capacitances of
supercapacitors calculated from CV. The size of the fumed silica in the composite electrolytes is 200 nm (a,d), 40 nm (b,e) and 10 nm

(c,f). The scan rate is 100 mV/s.
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Fig. 3. (a-c) Charge/discharge(CD) curves of supercapacitors as a function of mass concentration. (d-f) Specific capacitances of super-
capacitors calculated from CD. The size is 200 nm (a,d), 40 nm (b,e) and 10 nm (c,f). The current density is 0.125 A/g.
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