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Edg Be A9 thide] Hojgo [1-13]
Ay 27 ]’\l' ES 4V °§°ﬂ°ﬂ"‘] AbgElE 3V QoA Roe F2 F
7} A (cyclability) S EHolu AFH<E %‘ 4°ﬂ wet AX 7 Z&Z Q1
g 4 ok [11-13]. ol T SFHAY AJLE oY JMAE
& glovt wrtastEe & we) °J1% Ao FX o] Fadte
Ax gEtae Fa3 9o & Bug vt Yo [7]. BAAEES] &
AE A (>40 V vs. Ll/LI) A 7t Add, ol ZAAE It
Ayt 289 vk Ao [14]
oz AsjAe 4islel 23)d 9 %3}19—]'9] 3171‘37-‘4?1 #EAPZE FAFHLRE
AANEA B gz B Rudae AsAY syt oF9A 2394 &
o) B Y AFdo] o A2E AX LIt AT FAHY
AP AARE AASFTA doh olF H3ly AHNFAS T Ue /K718
o} glEde 25E HIHAA s 718 AAE, 29de §AE
2 233943 o2RE H7]&vWY 43} mechanism, 23 &3 HA3}
= =27HA9 25, DA ES] £334& FAHA-
§714 2= PC/THF, PC/DME, PC/DEC¢} EC/DEC= 3A etherA g3}
carbonate 4| L2 U0 RAIE LW, FEFYS fluoride’l ¥ FE LiBF,,
LiPFs, LiAsFs$} LiClO,, LiCF:SO; o o3| Al B gt}
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2. 43

Lithium manganese oxide:= amorphous citrate method = AEH T [4]. LINO;
(Aldrich, 99.99+%), Mn(NOs), - 6H,O (Aldrich, 98%)¢] =&l citric acid
(Aldich, 99.5+%) $& %L HNE F, EL AAS}A solg TWE F JAFL
(70-75C) A & A3 A A3 amorphous citrate precursors Jﬂ]}.b‘}‘ﬁﬂ}.
o] AFAE 1T/mind £EE 7143t 600CAA 3L (T HEIEFT2S
B2 A-3 ketjenblack EC, teflon ZFAE FAUIZ 72:208 2 42 F
isopropyl alcoholg BAtu|Z &to] slurryE THE©] Exmet 9] pressingdt +
120C A 3417 ¢ Ax3de 9=, carbon T2 ketjenblack EC}
Teflon binderE FAHIZ 86 : 142 XojA WEY. BT EEFY 4
13mg/cm20]9il:]—. Total Mn content®} 7 %7FAF3}4+ potentiometric titration
Wog AFAA3A A3 [15,16].

Li metal (Cyprus Co.)& 7|ZAZ3 WA FTOE ALE3I= beakerH e &
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35 cellg o]-&3ty HA AFE& ZAN}IHTE PC, EC, DEC, DMEEX Ferro
Co.AL9] electrolyte gradeS THF+= Mitsubishi Co.2] battery gradeS A}£319 0
B, LiClO,, LiBFs, LiAsFs= Tomiyama Co.2] battery grade® LiPFs:
Hashimoto A} A E-& Z}z} A}£-31 2.0, LiICFS0; (97%)% Aldrich A} )&
£ 120CoA AFARAIZ F AL HTh F4d 488 ImAlem” HAH
2 43V - 3.6V ¥YES cycling 3ttt A Ao =o} Y= Mn* o] B
A138}7] ¢33l differetial pulse polarographyS A3t [7].

A dYoe AA AR FAFZA (0.02mA-2mA)E AHE3IY T,
A 7)3}8t 43 EG&G PARC Model 362 scanning potentiostat/galvanostat-g ©]
£33t E& 4FL VAC (Vacuum Atmosphere Co.) HE-493 glove boxol 4]
Sahgt

3. 4% 9 E9

31 8o H3

239de] £3E 40 V ws. LiLi" o]Aold TAAE AHLEE Fl2E o)A
Fr71&mi7t AtstEln ol AAHE FHAC oF] FXEE EaF v Yo
[7,14]. 1@ 19)= exmet$]ol] ketjenblack EC : Teflon binder = 86 : 142] H]
&2 EF3A AR FHEATANA {FI)Eue FH WE AAF 3
718 BoFa ot olw) FERL LiCIOE AP T &ule FA ether
AE 7} carbonate A2 FEEF AT LA HEo] 4 V o] e] ArstA
fr ether A8 &wl7} carbonate A e SwiRt €53 =A Jelgz,
etherd Gol A= THF7} DMERT 3A Yelgtch olE £d& Asjd=z A}
€ W HAY FHA FAGANA LdEHe ol FEE ZASY o
d 29 YetfAed 28X HXo] FHEAFT MY QA 4k8lE = ether
A EHE AAFAZ A8 HE o) F3He f&Fo] 2A Frkstn Yok 2
g 30= 47 9 £vE AgYos AILIPS W 2He g2 g=
o] &% FolF HAFT ed 4zt £371 A3 etherd &ufolA
© 45 &FHALIT vl ASAT ol2RE W &l #7]8&v)e
Abstr-ga AP A #HEo] o wrel &3 A SFHEFH] gAE
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32 AsiAel s} e
~ude) galo] Bolste
8 445E 332 7
Hotn @ W FAEEH

Z7AE A7) A3t K718 AEER
2 g3238o Byt AsiYo] LiCIOJTHFE T4
53 Aghukee g3 2t (17211

) HEFFA 3
Cclo; — -Clos+ e~ 1)
2) &9 4+3s}

I\—Oj — on_ + H" + € 2
IO, —— 3)
)+ -cio, Q_ + HCIO,

O
Q. —’Q]+H;+e' @

= AHA Asuree A FrAY A2 Urel AT F U &
w7t AA radical@)E AFSFE AV [18], Sol&o] HA st ojuf A=
radicalo] &vje] 4318 ZRFstE A$E@)olth [2021]. Holl HE Ru7t A
2 7o ASA systemo] Wi A7} ol7] WEe £ F o= Ao ¥4
2 o 4 Qout T4 B TEHEL AvRy Asfde] Ashike2
aujBRe] oYX 7 FAHEL dol Ashukgo] dojdtiE AFH o] AEE
o] BALEo] H'olgle Zojth. B AFe ARME etherAlde] Svi7t
carbonate A g 2] Srirct Asyt HA DolteH ol etherd] o XS W
2ol ATE A gL wWgoz MY £ vk =3 HHA FsiurEo
BAaE2 PAEE H'E EGA (electrogenerated acids)Et &M, o] 1970
] TurRE H =vj7} Y23 nonaqueous systemol| XS] F71FA okl A
Ya] o]g5o] gt} [20]. o]ZRE HsjAe Ashuk-go o Hafd e
H's%7l 27150 Ho] 239 B7iasE9] Saukgo] A4 Fodstzn 3l
g3 AzE & gon ol Be wWrtasEo] A4 fdA Mo e
2 gagcE Bas X3 [10]. 99 AHEE FRldr] st FtEd=
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of YPAYL @2V w. LILNS Atstel AajRe BsAAHA Asjdy)
H 5E¥stE gas 3F02 #8359 19 40 Jerigich. 24 1
W Asidol Wstgel et ghs AF) Agte] FAs FAen (ol H
$E7 Z7MEe dR®) £ Aside] Ao £o]3 THRY A9}
DMES] %42t} glssdFe] A 271%o] o o

33 EE539o] 43 mechanism

299 $aHAE 2A87) A5kl FARH bindro T FAY BIALo)
of 23 FHASE powderZ XA F FRAT FAY @2V s
LiLi& A7bste) AaA S AAA FastEe] 438 FEAAD A
o] & AHASE HWSF9 OCVE §43t3 £33 powders #4314 total
Mn content®} Hi FHASFE SAHSH a9 Sol JeRRAT A
R Z7lde BH3E9 OCVE Z7}8lil total Mn contents Z+AS)T
Bagaslyes EUlg el ol W7HAEEE-9] oxide framework& 1)
2 EAF GEAA Lvke] & ES gn|dty. a2y &30 AL Y
g9 glske woel A%e R & 294 FRUHEY FRAN Y3
o] &3 HE7} AYAH oxide frameworks o] As| Ao L= A o
TZF ¢FE ZR23HA d. o) ARE T EY IAsEY &
3 Z7ld= wrolewte] &aiEHY WY &7t o=AHE o] HWA
d2 B A¥d FERAAT SRIAHEA 299 FHiIEE ZA 7 S8
A dda Az 5 Aok

34 B EFHe 3k

E£3-8vjE PC/DMEE 1AHAIZl ¥ FEES 2 stdA Asde AsAe
oF WA FY ®EE FAEIETE ¥ 6de FHEATC dAFAY
(42V vs. Li/Li")& <QI7}8ka Ajzto] Ao wet H W3S glass A=
22 go] EAEHT. 284 B WA 2FEY FTF "t 2o1d¢
o] A2 T ol &vle 43Ert AREY) Mo ASAN H =71 A
2 OEE vt 53] LiPFE A183t9e o Asde 27 H 57}
A YeEldE AL LiPFe/} impurity® A3 H00] 93] g uleg
AX 4A BaE] g SR AL 5 Ao [10].

LiPFy + H,0 — LiF + 2HF + POF,
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236o]q BW glass A HMFo] LiCF:SOs LiCIOE BFFLE AERS
m i 400-500mV AEe Wl o0, LiPFs, LiBRE 50mV & 123
LiAsFe= 200mV A% #W3i7b Aok Glass AF9] AYWASFL oA
Azs AN H F=dste #do Jemz {78 dYES e
We ¥x7t @ £ ok & #7189 Aste gEF TR M
A Ao §71eme A7t 2 £M2 GdEE g3 2.
LiCF:SO; > LiClO, > LiAsFs > LiBF, > LiPFs
o] AsA systemolMe] FEA &3] Hxo] 3 ZASH7] #8] composite
AZo] AAALL QA F Ao e W FIAFE EHsAD. o
w7re] g FS
LiCF5SO; > LiPF¢ > LiClOs > LiAsFs > LiBFs
A2 p2san G714 Bz g8 Asdue] H o) Fxo ¥
A8 AolW H'E F71A A2 F, #7189 43tk B2 XS
2o o8 Soleel Balol os) Y 4 Atk LiPFRE F22 A
o ) §r)8ujel Aspurge Adx FowWAE Wte &It wind 2
S= ulg 5o 9% dFgoz AAY F 3o
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Fig. 1. Linear sweep voltammograms recorded with carbon electrode in different
solvent mixtures (with 1M LiClO;). The composite carbon electrode ;
Ketjenblack EC : Teflon binder = 86 : 14 in wt ratio. Scan rate : 1mVsec .
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Fig. 2. Concentration of Mn’" ions in the electrolytes with repeated cycling. The
cathodes were composed of spinel oxide, Ketjenblack EC and Teflon
binder(72:20:8 in wt ratio). The different solvent mixture with 1M LiClOs; was
used as the electrolyte.
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Fig. 3. Discharge capacity of Li/LixMn;O4 cells according to cycle number.
Cycling was carried out galvanostatically at a current density of ImAcm™
between 4.3V and 3.6V.
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Fig. 4. The potential of glass electrode recorded in different electrolytes. The
carbon electrode (Ketjenblack EC : Teflon binder = 86 : 14 in wt ratio) was
held at 4.2V vs. Li/Li".
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Fig. 5. The potential of composite cathode(spinel : ketjenblack EC : PTFE = 72

: 20 : 8 in wt ratio) against the elasped time. The carbon electrode (ketjenblack
EC : PTFE = 86 : 14 in wt ratio) was held at 4.2V, while the composite
electrode under open circuit condition. two electrode were placed as close as

possible.
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Fig. 6. The potential of glass electrode in PC/DME electrolyte containing
different Li salt. The carbon electrode (Ketjenblack EC : Teflon binder = 86 :
14 in wt ratio) was held at 42V vs. Li/Li".
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