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AT RIOR A3k E2RAAY f7] HBOZ propylene carbonate(PC) B7HE AMSSFH FAFTIl
PCe] HI7}EA ARjukg o2 Qlsle] 59 exfoliation®] FET} #7148 B 2 ethylene carbonate(ECYS AME-3}
9 o]H3 ZAHE SAFRT, ECY ofsAo] 36.2°CE =& o] wrlolth. ECAl el &4 ul&<] pcE A
743 £ §7] AL Axsr} 3 2 & don, TANFY exfoliation® AL F Stk ECAl A3
278k pC el O A 2 BAEEE Flgor, FA BNl oigh W1k 548 2Akel
LiPFJ/EC+DEC As|el 713 pC o] 718 fldeet Exees ez Jrleioit. 383 A8
3}, MCMB-6-28s & MPCF3000¢] Bl7}u1 832 71 PC 8] 0.83%2] Z-¢olle astiod, 2 olF<le
PC 3ol wiel 7181t MPCF3000 2 PCG1009] BIZ71u]8-8ke PC E0] 10%7FI< 50 mAh/g ©18t3it
e, WAuSFe A3 pC FE BAIglo] ALER A A S webd dA% s JEhiTh

Abstracts : The exfoliation of graphite (layer) was progressed due to the irreversible insertion of PC molecules
between graphene layers, when propylene carbonate (PC) solvent was used as the organic solvents. The problem
could be mitigated by the replacement of PC by ethylene carbonate (EC). But, the freezing point of EC-based elec-
trolyte increased due to the high freezing point of EC(36.2°C). Therefore, EC+PC mixed electrolyte is expected as
a good organic electrolyte for lithium ion battery. The EC-based organic electrolyte containing PC within pertinent
quantity can be expected to have high molar conductivity and reduced exfoliation of graphite layer. The dielectric
constant and molar conductivity of LiPFy/PC+EC+DEC electrolyte was investigated with a variation in the PC con-
tent. The electrochemical properties of carbon electrode in the electrolyte were also investigated. Molar conductivity
and dielectric constant increased linearly by increasing the PC volume fraction in the electrolyte. The results of
charge-discharge test for carbon/electrolyte/Li cell indicated that the initial irreversible specific capacity(IIC) of
MCMB-6-28s and MPCF3000 decreased by the addition of 0.83 vol% of PC, but increased with PC content over than
0.83 vol%. In the case of MPCF3000 and PCG100 having less than 10vol% PC, IIC was lower than 50 mAh/g.
The discharge specific capacities varied with carbon material, but did not vary with PC content in the electrolyte.
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& AAHYE VEhE, dAl 150 Whikge] BlolUA|E A9
3t AT 2AFRA o), HgE, A=) P BI4T9] host Ao
3t 2159 intercalation®?& AMG-EOEA o) 5L 7}
Rt} olejgt 5AoF el gF2zkiAE FiARI]7] B
Tk ole} HAHALE, A7 IR EAE Tl ARER Ut

2iE2213 Aol A= HIgA] (non-aqueous system) F-7] s
o] AREEA Qlon}, dnkEog dvlelAl Haldd] vls] o)&
A7) do 1 olfEe B9 vlE] f7180s 80 B
ol 2lEEY eyt vol Eert Wi, wid WelM 2F
ol29] Mx=xr} U7lE] FA AsHllA OH<9] Axkel Hs|
7] wiFolnt. A 3|2 A OHY o]F gl OH
7t o] §E & YoM HigA M e BFolee 43
A Edolso] da3ity. e, vigA Asjde] AxEE
G20 17188k A9 (electrochemical stability window)©]
ER0 Yol Ax)e] 183} 7hssits 383 5402 9
3o 2lg2AtAAe] Ao AMeEy Qo AL {7
AsAe] 2= G Uisk Ar)akskE kAl ME Ue
e 8% 54024, ALY F 23 Sdisir) ¢l
oo} 37| wiiol] §re] FAA/} FITERe] AYQHTE
wholo} gt} T3k 1A e] ATl 93k AEEs) flofok &)
02 gaje] APl A FEde] AAHE Folof 3}

YFPAAE vigA g BAEYithium salye FF
2 B3oA 3 Al A4 E pH|EE glEeles §
AgsiH, 5 B FFoA AvlEE B AuiEsold 44
HEz2 FHHR) glEolld sk YA, gEolesEr}
F25E AEERE ol ule 2lEES sk, 2lF
o]9] o|F wAe] I3 Fi)

HIA| A g f718uls B2} Fofl Ak AAE Fdlshe
fr71sikEelH, dElE, dlzdz, FlEvelE @itelE2) 3
g Fol Aok HZ HEALT HAHF EAo] AXN=
sulfone B sulfitedl] sdol] izl A7E 3 Folr}, o5
SIJEL nE|¥a HYom RS 4 glom, e BRjIE 7
oA zE]Po] HPET uAAE 2 IHE EAS =t} &
Al HePH}L FZ EC(ethylene carbonate), DEC(diethyl
carbonate), DMC(dimethyl carbonate), EMC(ethyl methyl
carbonate) 2] EFEUNE A3t Utk A7IRs 9] 54
€ Uehlie F8 A¥Ee AESE, A9 2 A v
T, A Foly, dxwe}l AT dEozE L%, s
=, f3&, Hx Solth

HAFAES] A3 Aol B, AFAFEe diiEe] /71
gfRellA FggE BA3S JERARY, RS8R BlEEsY &
2AlEE dsfdel wet el B zlelE VeI 59
Al &2AF= propylene carbonate(PCA Aa)eiolA] wl7}3ut

ol K

So] Z718ED 8, Yoshio T'%) wEw sl Zoa]

PC= BlEolRH 7314 solvationS HAISHH, solvation® PC
+ graphite®] ¥3Rkgol thated F2keHAct. T3, PCH(DEC,
DMC E+= EMCA Asjdox] [PCY/[Li*1 =2Y W= PCH7F
ol mebx] dajde] Axwrp Hetcla B st

E d7olX= LiPFs §2 373k PC, ethylene carbonate
(EC) 2 diethyl carbonate (DEC)Y] &% AsHE 2T uj,
PCe] F7Ivlge wE dafd B4 ARG &3 2152
P T e ] P N IR Yl =il P S R sy e bl
E48 skt
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2.1 Mol M= A A £3

£ A7olx A Mitsubishi 3L ElFol2HA]E-
1.068M LiPF/EC+DEC (43:57 vol%)%t PCE E3sle] A=
3ttt ¥ 19)= 1.068M LiPF/EC+DEC (43:57 vol%)$}
fresh PCE E3std AR Hallde) 298 vehd Aol
PCE 0914 50 vol%7lA] 71515300, oju A = 25
9] FE= £7] 1.068 mol/PIA 0.534 mol1Z E A=At 3]
o Z9] [PCY/[Li*] K& 0~11.19] H9jo) sisi) B =59
A sl o] 2RSS BT A H8lE(vol%)S AHESISETH

ANzF FAsNGe HAE®E ZHL MetrohmAb]
Conductivity meter(Model No. 660)5 A3}t

2.2, EtA2|E OIXRNX| XHE AlY

EARIL AEges MCMB-6-28s(0saka Gas Co.), MPCF
3000(Petoca Co.), PCG100 (Osaka Gas Co.) ¥ ACPI120
(Osaka Gas Co.y= AHE51T). A3AIZ+= PVDF homopolymer
(Aldrich Co.yZ AME3IIT. BaAgst Z8A (9:1 win)e] &
HE 4810 N-methylpyrrolidone (NMPYS 713+ &,
zirconia ball¥} attrition miller® A5t €ABZ4 AlS
Azt AxS FAIE T AFAZ =X F 120°C
o] 7|ReM AxsN SAEFS AZIPY. BxF AFE
twin roller2 &3 & 20X 40 mm?e] AFo g A|=xslHc}.

Az GaP=, = 8554, 223 polyethylene
Ae]ehe o]831 jelly rolld- #|Z3laL, glove box WollA &
19 vehd 249 f71 Aajde o]831 jelly roll¥ 3 A=
A E AR

Table 1. Electrolyte composition in LiPF/PC + EC + DEC system

Solvent Volume Fraction (%)

[PCILi*] LiPFg(M) Remark

PC EC DEC

0.0 43.0 57.0 0.00 1.068 ©* 0"
0.8 42.7 564 0.09 1.060 O
1.1 425 56.4 0.12 1.056 ©
22 42.0 55.7 0.26 1.044 ©0
3.0 41.7 55.3 034 1.036 00
4.0 413 547 0.47 1.025 ©
438 410 542 0.56 1.020 O
49 40.9 54.2 0.57 1.016 ©
59 40.5 537 0.69 1.006 Q0
6.4 403 53.4 0.75 1.000 00
7.7 39.7 52.6 0.93 0.985 ©0
99 387 514 1.22 0.962 ©0
112 38.2 50.6 1.40 0.948 ©0
11.9 379 50.2 1.50 0.941 ©
145 36.8 48.8 1.88 0914 Q0
16.7 35.8 475 222 0.890 ®)
18.7 35.0 46.3 255 0.868 ©
202 343 455 2.81 0.852 cle)
22.8 332 44.0 3.28 0.824 ©
259 319 422 3.88 0.791 ©
286 30.7 407 4.44 0.763 ©
333 28.7 380 5.55 0.712 ©0
50.0 21.5 28.5 11.10 0.534 ©)

*© ; used for the conductivity measurement.
®O ; used for the electrochemical measurement of the cell.
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Ao Aafjy ZAdell g+ C(carbon)/electrolyte/Li XIS
Maccorrte] Series 2000 SHHAF7E o83l HAF L
A AFL s APEYs AETIEd=d Uistd 2 mvel
A 3ovgen], AFEEE 10~15h rate 3E3H= 0.25 mA/em?
2 NP3ttt &, hard carbon?) ACP120 AREEF A= 2
mVallAd 0.1 mAY AF E= 10w} 2 WS Sdukse) 5
2702 3y

3. 4n o o

31 R A dET §Y

PC ¥ DECY #3MF(eye 25°CoAA =43F 6492
2.842 AME3IL, ECY 79 40°ColA] ST 89.65 AME
319t} ECeE A0l aiAloly, B AgeA ARSg 56
o] Ze] ECe dAold, 54 Aolrt fle 15°C H A9
f4¢ Wsle 3x gouma 40colAe] ghe ARSI
Debye & Onsager'®'0]] 2J5}e] AQbd 2] 1§ o]8sl &
EC+DEC (43:57 vol%) E3rml9] -3 400]1310H, o]
£ JIEe® 3 B 19 Yepd EFEulel] tigt FRSTE
T3tk SRR RS PCY] AAHBIE (gl sl FXTA
7} dojzon, ol I 19 JepiSITt o] 2¥N AgAg
Zre 24.84 Yo, PC+EC+DEC (33:29:38 vol%) Svi2] f
A 48010t

£ 19 sl thsll viAEE (oS S8, EHUEE (molar
conductivity, AY5 T3k PC AAuIE (9 &l
3 BAE 7Y 22 2 39 209 ZH JERII. pCE A7)
31A] k& LiPFYEC+DEC (43:57 vol%) A&jdde] BT
7.48 mS/cm/Mo |1, BATEE pCe AFHnl&o] Z7)5lo)
wel AxHoz Zrslge). o)W 7187)(AA/gE 7.8010E}
LiPFy/PC+EC+DEC (33:29:38 vol%) X3P EAZ=T+
10.1 mS/cm/MoISth. BEATETE o|22 o7 AL 383
AXMBARQLH, 1 71871(AA/gfE 031011t

(e-1)Qe+1) _ D,(ey-1)(2g4+ 1) . Dpeg-1)(2ep+ 1)
9e - 9¢, 9ey

Ag71oA, AE A £909] volume fraction, B= B -89
volume fraction, © A % B &% £9¢] f3435, A= A
L] {2, BE B £ull9] falderoltt

Calculated Dielectric Constant
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Fig. 1. Calculated dielectric constant of PC based electrolyte.
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Fig. 2. Specific conductivity and molar conductivity of PC
basedelectrolyte. (a) by the variation of PC volume fraction(25°C).
(b) by the variation of dielectric constant(25°C).

32. BT EHEUNSY
% 19 Uebd Asjld-g ARSI MCMB-6-28s(graphite]),
MPCF3000 (graphiter7l), PCG100(pitch coated graphite) =

- ACP120(hard carbon) AEZE o]&3lod A3 AA 9| %=7] ZF

WA A4S sl A F9] 2ol F=d o3t
Q3ES HA3845)7] $I8Kd 10~15h rate] A& AL s}
At

ealgs A 7o wely 2v) FUHEE, v§
& MolFEA wgsH 93e- Wt ' 3¢E [PCY
[Li*]e] Zko] 2.891 0.85M LiPF¢/PC+EC+DEC (20.2:34.4:
45.4 vol%)PA Eadigd 4 EXE JeI a8 39
A 9z vlgak) gl Sk Aeusls vehliglon, @
220 AHslo| th3l differential capacityZX ¢33 e] 4

" 22 29 gog JJehla, y2 & log scale® YER]S]

u)4:¢] potential plateaus FA FJAE 4 JA=F 33t

PCE ¥351A] @& LiPF/EC+DECH &violl A 4] gt
AZe gujaferse) siFshs 0.8V(vs. L/LiHFYollA 3
A7)go] AA JeEltE Aol d¥bHo|tt. 0.85M LiPF/
PC+EC+DEC (20.2:34.3:45.4 vol% 1A MCMB-6-28s= 223
Q) intercalation ¥-g-o] dojub= 0.2V(vs. Li/LiVFA] oF
200 mAh/ge] H7)EFo] AQFEe™, MPCF30002] H$-+
60 mAh/ge] 28 FATh £33 MPCF9 7%, Differential
capacity plotlX%= 0.8V 39| vl7}d7 FARkgo] e 3
Zo] g vlg) A3 Wyt

MCMB-6-28s9] 12 53 2 wbd wl8§3S Z47ZF 580.8
mAh/g 2 3262 mA/golR oM, 13} W EST 12} Bl7b
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Fig. 3. Charge/discharge potential pattern and differential capacity of carbon/electrolyte/Li cells. (a) MCMB-6-28s (b) MPCF3000 (c) PCG100

(d) ACP120

Hl-g-2ke- Z47} 59.1% 2 229.4 mAh/geIATh. MPCF3000¢] 1
2 23 2 B8R 717} 348.0 mAh/g 2 303.6 mAh/g
ojer, 1Ak A& 1A vI7pv g ZH2t 87.2%
2 444 mAh/go|3t). =, PCE 33 MPCF3000°] MCMB-
6-28sH0} HI7HY whgo] AiFoE HJTHE 2). ©l= MPCF
9] 739 AdH3EH0] basal plane structure'S'VZ WT|o] EH
ol chemical functional group®] AojA, elEae] whg-02 §
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o ous s BIvlY whgo] TAS Adjo|t). whd,
MCMBE meso-phase®] 374 7224 A EHo| edgeZ
Ad=]o] JojA ®Hol| chemical functional group®] Bth. 53
MCMB-6-28s grade= ®3|® #A|F OS2 chemical functional
groupe| 37321 MCMB Alge] AFETH 7] wEol] & 1]
71 RE3-& yEhiithr Azt
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Table 2. Charge/discharge properties of carbon/Li cells using LiPF¢/PC + EC + DEC(20.2:34.3: 45.5 vol. %) electrolyte system

Propert i i i i i i
o T el Moo TRIRDIE meavson
MCMB-6-28s 580.8 326.2 2294 59.1
MPCF3000 348.0 303.6 444 87.2
PCG100 503.3 307.5 195.8 61.1
ACP120 346.5 236.9 109.6 68.4
300000 1000000 MCMB-6-28s%} o5 AL Ao s F=Fr}
ACP1209] 12} S 2 W= ¥18=Re 742} 346.5 mAh/g 2
250000 100000 236.9 mAh/gel o™, 13} FHHEET 13} vi7lgu| 8 7}
200000 o000 7} 68.4% Z 109.6 mAh/go]ATHE 2). ACP120-2 hard
3 E carbon®|A|¢t, H]-§-F B &8 5-& pitch coke Tl
E‘ 150000 1000 j_-; PCG1009~]- ACP1204] 73-%- 7]'0—11-]?_] %‘;8_0] 9—}: 1V(vs. L¥/
I LiplNRE A89oRA Hyjdukgel sloukest 37 Q3
= 100000 w ©ct. MCMB9} MPCF 59 SA5E &4 &30 80 4
oz Q3 EHZ2] exfoliation®] YoLbA] BI7}E Whgo]
SO ° 7¥sich, e}, ACPe] ¥WF PCGY HH oA ©@argel
. A . FEE 33723 HA 22 vHIPRo|oIM exfoliation= A=
0 2 © ey 100 120 geth AL gxe] gaAlss 1 Exe)e SAAsRY

Fig. 4. XRD diffraction pattern of PCG100 material.

503.3 mAl/g 2 307.5 mAh/gelRlor, 13} FHHEET 13}
vl7leulgeke 717t 61.1% 2 195.8 mA/gIUTHE 2). PCG
o] B EHEQ MCMB-6-28s 4T 4418 2472 Jgt
Uglth PCGE BHEANEE pitchE X3 F IAYE sl
Azs BrRlg 2 okFog2E RE Kol pitchd] €152
2 FAEojo} 3t} B Aol A3 PCGE XRDE #-4
gt A9 a9 40 YERIT y1 & XM A=E normal
scale® UEPH Zlolil, y2 & log scale® FTEF ZojH,
markingS £d2] FFHRE YERA 3lo|t}. Normal scalesllA]
£ 26604 (002)Hol] 3t 73 w]=k HolA|ul, o] log
scale® LFERHWE pitch ©4ol 31 =7} SR8t 18 5
T PCGE AR oZ #1493 710 2x KHo] wjEst ¢
29} flake® YA EFHO LS B 4 Utk XRD A
A3 SEM image2HE] PCGE HHS Sad ghido] &
48 geHde ¢ F AU gEA] Bivky

Fig. 5. SEM images of PCG100 material (x1000).

ARF T} Yopa glgoel2-29] 27| intercalation efficiency'®7}
gy giFo g Fo H7pegule-g vehdd

33. PC &3 4N 54

MCMB-6-28s, MPCF3000, PCG100 2 ACP120] W3] %
10 vepd &3 fridsde o]gste] S A1ES st
12 2 2z A7|sHE EA4E skt

3.3.1. MCMB-6-28s

I8 el PC ko] 33.3%%0 MCMB-6-28s9] 344 A
PAr}e & ol & UehUTE HEdt uie) o] 1&} XA
Adke] ui71e Ar|go] T AREIY F, 13 SRl
A 692 mAh/ge] SR EIL, 338 mAh/go] HEo] 354 mAh/g
9] Hl7lgao] Vel ey 23 $49 9= virid g
Fol 3amahgo R 13} Hgel vis) FA3 A F,

PC 712 3l 13} FFANME £ HIZIERE-S 314

ok, 22 FAoME O g¥e] ik ofs vizby Wk
A Bdsle F-5El T (passivation film)®] 7o) BFIYVI
wizoln, ol2idt 54 U gaARME FARIAl Welk
o

39 79E MCMB-6-285%) 13} SHZAIRIA A S3H]
3.5
——The 1st cycle
~~~~~~ The 2nd cycle
B0 freemene e
EI - J S
: 2.0 froreermer el
z
= L T A Ak A
5 1.0 flreremmrrrenreme el
L S A e
0.0 . - :
0 100 200 300 400 500 600

Specific Capacity (mAh/g)

Fig. 6. Galvanostatic charge-discharge pattern of MCMB-6-28s
electrode in 0.67M PPEDEC(50:43:57 vol. %) electrolyte.
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Fig. 7 The 1st specific charge, discharge and irreversible capacities
of galvanostatic charge-discharge of MCMB-6-28s electrode in PC-
added LiPF/EC+DEC(43:57 vol. %) electrolyte. (a) [PC)/[Li"] scale
(b) PC volume fraction

£, wpdn) g 9 w7El 8-S [PCl/[Lit] 2 PCe] A|H
Hlgo) disle] ZE Uehd Ao, pC deko] 73 ulet
FAng 9 nprieelgake HR¥o g Zrsigy. pC §
Zo| 15%71A2) WABI8EES 300 mAh/gS FAIBIFNCH, 33%
olA= 338 mAl/gelITE. &, W8 Al o) PC &
ol A FTL ] YSirh

a7 glle 1z PREE] sl [PCY/Li'T R PC A
H-g9] Hal2 el Aot} FWHEAELE POt H71HA &
L AFgAMe 72%°19 e, PC FF 0.83%([PCl/
[Li*] = 0.09)01M= 82.5%2 715100, o|% pC ko] &
715l me} HRH o2 A= AES JERIIY. PC T
0.83%904] F48|-&o] ZHAshs AL KEejno] Ho) &
E20F FAuo] uiytd whgo| A3V WEeE 58
o}

MCMB-6-28s/Li ZA|9] Aafldel] wt& 23} T4 EA4ES
I3 9o YeRNRITH WAn8Ee 12} el A9} 2ol )
o Z9] pC ol uigt des arpA] ¥ gigker, vzt
H-§8Re 12} Fubdol vls| F43] 48l 33% PCAA®
34 mAl/gS VERIITE o)e 1aF FHHE AlgolA Ao
354 mAh/g2] 10%0) SFshs Re=Z, PC 7)ol <3 virly
Hkg-0] Zvle= 7] e I HIUH

3.3.2. MPCF3000

I%¥ 102 MPCF3000S AMSSH AR 12} 3984 &&, &
Au)gf, wnlg g vrkdnlgaS [PC/[Lifl % PC &
2ol thsle] Zk JeRd Aoz, P §Ho] Z713 wet &

90

The 1st Ah Efficiency {%)

3
{PC]/[Li+] Ratio
(a) [PC)/ILi"] scale

90

The 1st Ah Efficiency {%)

PC Volume Fraction (%)

(b) PC volume fraction

Fig. 8 The 1st coulombic efficiencies of galvanostatic charge-
discharge of MCMB-6-285 electrode in PC-added LiPF6/
EC+DEC(43:57 vol.%) electrolyte. (a) [PCY[Li+] scale (b) PC
volume fraction ’
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Fig. 9 The 2nd specific charge, discharge and irreversible capacities
of galvanostatic charge-discharge of MCMB-6-28s electrode in PC-
added LiPF¢/EC+DEC(43:57 vol. %) electrolyte.

Aulg-o] 7181t MCMB-6-2852] 7%, PC &3] 10%
oglellAl 60%°1de] Ah ESES UERAUSH, MPCF30002]
A9 85%0Pde] H&E Uelol, PC A7) WE uiZlg g
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Fig. 10. The 1st Ah efficiencies, specific charge, discharge and
irreversible capacities of galvanostatic charge-discharge of MPCF
3000 electrode in PC-added LiPF¢/EC+DEC(43:57 vol.%) (a) [PC]
/[Li*] ratio (b) PC volume fraction.
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Fig. 11. The 2nd Ah efficiency, specific charge, discharge and irre-
versible capacities of galvanostatic charge-discharge of MPCF 3000
electrode in PC-added LiPF,/EC+ DEC(43:57 vol. %) electrolyte.
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3.3.3. PCG100
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Fig. 12. The 1st Ah efficiency, specific charge, discharge and irre-
versible capacities of galvanostatic charge-discharge of PCG100
electrode in PC-added ALiPFs/EC +DEC(43: 57 vol. %) electrolyte.
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Fig. 13. The 2nd Ah efficiency, specific charge, discharge and irre-
versible capacities of galvanostatic charge-discharge of PCG100
electrode in PC-added LiPF¢/EC + DEC(43 : 57 vol. %) electrolyte.
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3.3.4. ACP120
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Fig. 14. The 1st and 2nd specific discharge capacities of galvano-
static charge-discharge of ACP120 electrode in PC-added LiPFy/
EC+DEC(43:57 vol. %) electrolyte.
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