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Abstract : For the commercialization of all-solid-state batteries, it is essential to develop a solid
electrolyte that can be operable at room temperature, and it is necessary to manufacture all-
solid-state batteries by adopting materials with high ionic conductivity. Therefore, in order to
increase the ionic conductivity of the existing oxide-based solid, Li;La;Zr,0;, (LLZO) doped
with heterogeneous elements was used as a filler material (Al and Nb-LLZO). An electrolyte
with garnet-type inorganic filler doped was prepared. The binary metal element and the polymer
mixture of poly(ethylene oxide)/poly(propylene carbonate) (PEO/PPC) (1:1) are uniformly man-
ufactured at a ratio of 1:2.4, The electrochemical performance was tested at room temperature
and 60°C to verify room temperature operability of the all-solid-state battery. The prepared
composite electrolyte shows improved ionic conductivity derived from co-doping of the binary
elements, and the PPC helps to improve the ionic conductivity, thereby increasing the capacity
of all-solid-state batteries at room temperature as well as 60 °C. It was confirmed that the
capacity retention rate was improved.

Keywords : Garnet-Type Inorganic Electrolyte, Polyethylene Oxide, Polypropylene Carbonate, Com-
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*E-mail: wahn21@sch.ac.kr

-105 -



106 J. Korean Electrochem. Soc., Vol. 25, No. 3, 2022

LM £

F oAl @Al 7P Bol ARE 3le
YR A=A elt). FEET e BE xR
AA 7] A AE ARERI ol AFEFo] AL,
U] W=t mom, AR o] AWk A )
A& Ao v sbeAol AL FEY] 49
o]& <l&j W wete] dojuf H7|siskH oz E)by
stk z2E|2 wige] Zus) e kA #Al7E 9l
EA40] ol wiElg] #H7|A 874 A= ik o]
H EA we] MEE s Ao] AT wiE o)
oh. 2% 9 Adsjde 1A dsjdz Ak WY
o] /Mdts s Uk A Asjde 239l 2F 7%
S AR § Qo] MR oA WS =Y 5 Q)
I Gt glo] AlEAde)l Er) e, thet
S GRSz AR AzTE sFeslal Eeldel
22 Qlo} Anjgoz Mx Ax7} 7Fs3eh?

A AfRole dEHer A 12 AHE,
A Asl, 53 23 dade] Aok Ae A
e =2 ol HEE(107-102Sem™)E 7HA3L
A7gtedo g ekygAo] w3 AF sk Ak
ZEy gwsia 2 R AFe] AW HEFe] F
A Athd IA aEA AsjEe gF o] £
g WEY2Z pAgEo] 953 3 T, B2
A4, A, AT AW HFe] b 2y B
ol HMEL(<10*Sem™)et B4, #7|sstH o= o
Aol EA % W JAH 540 PF d=g
olE Al YojA EA ey 10 aRa} s
ol v7UE AW PEO7|E Hajdo]
olth MM PEO AlaHES] Iggo] gl 2gaia

F 92 PEOWEZ 2 fajdr}. E& o] LA
S 7] fEiFE ZEAR] fEIHOl R (T g
Bt} grolol gith!? SiA|WE PEOMER 2 2| o)A
O-Li* Atole] Aaatgo] 7Jsl7] wjio] dwao=z
AAAgo] wom, A2 olslias FET o] Ax
Aol e etk meia F1Eds J7HE
AR B Asde e olAERE AR
ok B3 dalde a2a daldg 514 dald e
s ARS ol B2 o] HMEE(>10"Scem™),
e A 2 ASHe] Iy JFos aEAt
A Az F71Ae FdE 25 7 Ak whEbA
53 Aside mele A 2lE wiEee] sl
7 @l 7P e dsjdo|th B3 dejde
IR 2E 9, ¥ 29, A7HE A" O
EAHoZ AMEHE JEAR= PEO, PPC, propylene
carbonate (PC)”} Ut} PPCE o2 AL=7l =32
A7y oA AL 7k vEE FEgHAeITh

o g df

A7t PPC= HEE] HElel dor] #EAs &
d 4 Qb olu] HaE PEOSE PPCE EFsHH
PPCe| HIAAAEE ol &3l AASE aHF R 0]
3 3A SR defEe] o] drwe) A7)shet <t
A4 FE =Y F YO EE, 8|3 o
HA v AMEE FH EF 28R el
Lithium bis(trifluoromethanesulphonyl)imide (LiTFSI),

LiClIO 0t 22 2l¥de =2 d7istets M4, +

Jo
o=
23012 25 deje dxFeE /My
LLZO AH&-3ith LLZOE ¥Eo =2yt v A2 S
THETH AR A AF3e] A-aA] AHE 34
9} LLZOZHE o|fahd AL ARAL 7HAA

A ol& AELE ZojFT) 38
WA B ApodE TEA ARES ol¥AA =
& exmul ol Lo E A ol HAE
=5 Eola AeS IAITI7] 8 LLZOo Nb,
AlS =335l o] dAH|EE So)3E PEO/PPCSY
Al Az T2 B dajde] d7)5hskE oy
A, BF ols o tisl A+3ek. Egk LLZO-
s d-g o] 83 AA A=A

o U o

L

CEEREE e PR DR

o2

N
>
o

=

2.1. Al, Nb ZHE LLZO &M

2.1.1. Al, Nb-LLZO A

Cubic FEl9 Al Nb-LLZO W=zt A2
(so)-H (geli< o83ttt A7IsteH] Alde g
AaAE Az 28] Nb2 FHE 8k oA Az
& A EZ2H(itric acid)yz} ZAF 2lE, 24 dElE, 2
b AEIE, EES A Y3 @ ol&4(DI
water)E 410] EFES THEQT ol tAE ik
& SIZHo|EF o]&3l ofF F A7’ 200 rpme

T2 90°C 2=oA a4l 4 S AL
Sk, A, AEEAde] dFe} o] BEF QS

dm

by

2 b o

o

A=
12& AAS] 28] "ol e HES F
Zx(calcination)E &3 9 FEE vHEo] Al Nb
o] =% LLZO AUt}

[*]

2.12 Al, Nb-LLZO &4 &4

Al NbS =33 LLZO AZ9) 2% 72 3
AU 53] AlFESUh Xoray diffraction analysis
(XRD)E 5°~60°9] 20 HL]ollA 3° min'e] 2&=
2 Pt B Ao E LLzOo] £33 Nbat
Al F Bdo] M2 127 2 A9eA 1] 95ty



A73)8k8)A), A 259, A 335, 2022 107

HE XRDE &-83at RIsinh. Al
FARIARER A 2 o] ZsYelit). o]
Al, Nb-LLZO°] #FHe] #dahA 3=
A] scanning electron microscope (SEM)=
sol B el S #FSA T Energy dispersive
spectroscopy (EDS) A& #He| &S ¥4 &
Ue GAE HEE 5 XA 4

o,
-
|
o I

Q.

o}fln 5]

]_

o

s
rr

2 i 1o i

He @ 4 oA Atk ogd W
LLZO BgAe] Feael 242

22 Ml M= o MI|ststE @t

221 AHA Az

A A Azl Qo] RE AY HHS FejH ups
(KK-011AS-EXTRA) <ol SFastinh. Asjae
Al, Nb-LLZO/PEO : LiTFSI/Succinonitrile (SN) =
7.5/18 : 1/152 FAETHPPC:PEO=1:1). H|-&-2 o]
AYATE T8 At AT w4 g
Y<S Acetonitrile (ACN)| o] A z2Fc}. o] &Y
Al, Nb-LLZO el =24 E4k17)7] 48] 15 &
T WHAHTE o] ACN 10% E3HE SNS ¥ 10
IHAIATE o]0l 1:1 FHHE K= PEO (M,
4000000)¢} PPCE H7MAA [EO][Li'[F18:12 378 A|
k. 2 471 9JE 919 &S 2407F Bt wRb|
2 2asgint Axgos doj AsjEe o)A
polytetrafluoroethylene (PTFE)S.Z WHE HEZ] HA|
o I AlA 24 A7+ Bt Az

oHT o dlo o 2

222 AHR A7)1834 H7}

Al, Nb-LLZO-PPC/PEO-LIiTFSI-SNo.& o]Fojzl
Asfde] dedt LS skl S8l cyclic
voltammetry (CV)9} electrochemical impedance
spectroscopy (EIS)YE ARE-sIAth. vl A A3
2 A HadH vug e o 58] drvit T2
A& &A3st7] 1804 linear sweep voltammetry
(LSV)E ol&sll M-S &8 7S ul AAl st
dojube=AlE Yottt A Asjde] /A= &
AES W2 2xoM e AEAzle o HEskA
Fall Adso] "olxint, o5 otrr] fla uA A
3E Abololl ElF H5S o E el FaL A7)
stshy HrE 8l Btttk cVE Bl 4ts), shnk
S AHS W S BT ACYUFE 28 DC
HFe HAHS =2 Li/(Solid Polymer Electrolytes
(SPEs))/Li A] 2l HelFE ths 4 o83l 7
AVa}9I T} 15:1622)

; _ ISS(AVfloRO) 0
L ]O(AV_]SSRSS)

A7 It L= 7] 3 AP ARAR, R
Ry= %71 3 A/dE el HEARS vekdth

23 HiE{E] M= ¥ ds "It
wEf2]e] ofgf FIo] HE= bottom cap £l
LiFePO, (LFP): Polyvinylidene fluoride (PVDF) :
Super P=8:1:12 YolF3tt. o]uf N-Methyl-2-
pyrrolidone (NMP)E &7l 2 AME3dtt. o] $ AAH
sidolt Eeluhs ARSHA e, el e &
£ 34 Ms)d Al Nb-LLZO-PEO/PPCE W5t
AFe] FA9 2d#E 50 um 0.5 mg em™, A
el FAE 130 umelth. 2L & FEo] 9= 7}
TF 7S ol E 35S Yo S &
HojAel AxEg AHE ¥ ¥ F4E €
crimping machine® 2 ¥=s|FACE o] BE HA}=
F2H B2 Qoflx] FRE T

AR Al de] d71skeha HrkR P S
gk & Ag mEo] 7ARAZ H HiEE HAE
Z~8l(battery testing system)S ©]&3}e] #|Z3% coin
cellE2 7 Adel 43k cell tests F3ll specific
capacity 2 efficiencyell gt k& ZH3td 54, %
A AllEE Atk 28]l Corate 225 AR
oM =ZsISlth. B Asde AMSTOR AF2olA

A Ao e Avit PPAREA 159

>

3. 84 & 0
Fig. 1% 990 &ele] LLZO9 Al NbS &)
$gEo] XRDIARS] 4 Azeltt. vhe

2o 2 54 we oy wolx ol olu] o

=)
T NbA-LLZO
/5 g +LI2003
© ~ = T
~ = S8
:,? o e
w
C
o
-— —_
= 8 &
= e}
+ L l F
Lo 1y 1,  POF#S0109

10 15 20 25 30 35 40 45 50 55 60
2-Theta

Fig. 1. XRD pattern of AI/Nb doped LLZO.
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Fig. 3. EDS results of AI/Nb doped LLZO.
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