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Abstract : In lithium-ion batteries(LIB), the development of electrolytes had mainly focused on
the characteristics of lithium cobalt oxide(LiCoO,) cathode and graphite anode materials since
the commercialization in 1991. Various studies on compatibility between electrode and electrolytes
had been actively developed on their interface. Since then, as they try to adopt silicon and
tin as anode materials and three components(Ni, Mn, Co), spinel, olivine as cathode materials
for advanced lithium batteries, conventional electrolyte materials are facing a lot of challenges.
In particular, requirements for electrolytes performance become harsh and complicated as safety
problems are seriously emphasized. In this report, we summarized the research trend of electrolyte
materials for the electrode materials of lithium rechargeable batteries.
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Table 1. Organic carbonates and esters as electrolyte solvents

Solvent m.p.(°C) b.p.(°C) Dielectric Constant® v(cP) Eo(V)

ethylene carbonate(EC) 39 248 89.8 1.90°¢ 6.2

propylene carbonate(PC) -49.2 241.7 64.9 2.53 6.6

dimethyl carbonate(DMC) 4.6 91 3.1 0.59 6.7

diethyl carbonate(DEC) -74.3 126.8 2.8 0.75 6.7

ethylmethyl carbonate(EMC) -53 110 29 0.65 6.7

1,2-dimethoxyethane(DME) -58 84.7 72 0.46 5.1

a-butyrolactone(BL) -43.5 204 39.1 1.75 8.2

tetrahydrofuran(THF) -109 66 7.4 0.46 5.2

1,3-dioxolane(DOL) -95 78 7.1 0.58 5.2
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Table 2. Lithium salts as electrolyte solutes
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Salt m.p.(°C)  Anionic radius(nm) Tgecomp(°C) Al corrosion @ 1M, 25°C
In solution N .
in PC in EC/DMC
LiBF, 293 0.229 >100 N 3.4 49
LiClO, 236 0.237 >100 N 5.6 84
LiPF, 200 0.254 ~80 (EC/DMC) N 5.8 10.7
LiAsFg 340 0.260 >100 N 5.6 11.1
LiCF;S0s >300 0.270 >100 Y 1.7 -
Li(CF;S0,),N 234 0.325 >100 Y 5.1 9.0
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Fig. 1. Redox shuttling in overcharged cell.
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Table 3. Additives for electrolytes
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Table 4. Alkylimidazolium ionic liquids
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Fig. 2. Cations of ionic liquid: (a) 1,3-dialkylimida-
zolium, (b) N-alkylpyridinium, (c) tetraalkylammonium, (d)
tetraalkylphosphonium.
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EMI : 1-ethyl-3-methylimidazolium, BMI : 1-butyl-3-methylimidazolium, HMI : 1-hexyl-3-methylimidazolium
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A, AR W o2 oA TR So123 WA & 2l Tk frgeleleh A2t Table S ol
4T 5 9] wolch. Teh) EMIS) B9 AR AS olgd 2lF 24e] kS Asigic
Table 5. Ionic liquids for lithium rechargeable batteries
EYEL 24 &3 ¥
BPCL+AICLI+LICl 0.31:0.13:0.56 TiS, V,0s
EMICIH+AICL;+LiCl(sat) 0.64 : 0.36 Li-Al LiCoO,
EMICIHAICI;+LiCl(sat) 0.64 : 0.36 Li-Al LiNiO,
EMICIHAICI+LICl(sat) 0.64 : 0.36 Li-Al LiMn,0O,
EMICIH+AICL;+LiCl(sat) 0.64 : 0.36 Li-Al V05
EMICI+AICI+LIAICI, 1.0:1.05:0.2 Li LiMn,0O,
EMICIH+AICL;+LICI 1.0:12:0.15 Li-Al LiCoO,
EMI-BF, +0.2M LiBF, Li-Al LiCoO,
EMI-BF, +LiBF, LiyTisO1, LiCoO,
DMFP-BF, +0.8M LiAsFs Li LiMn,0O,
TMPA-TFSI +12mol% LiTFSI* Li LiCoO,
PP1;-TFSI +12mol% LiTFSI Li LiCoO,
PP1;-TFSI +12mol% LiTFSI Li Sn
TEA-TASC +0.32mol/kg LiTFSI Li LiCoO,
EMI-TFSI +0.32mol/kg LiTFSI Li LiCoO,
EMI-TSAC +0.32mol/kg LiTFSI Li LiCoO,
ca. 0.4mol/dm’, BP: N-butylpyridinium, EMI: I-ethyl-3-methylimidazolium, DMFP: 1,2-dimethyl-4-fluoropyrazolium, TMPA:

trimethylpropylammonium, PP 13: N-methyl-N'-propylpiperidinium, TEA: tetraethylammonium, TFSI: bis (trifluorome-thanesulfonyl)imide, TSAC: 2,2,2,2-

trifluro-N-(trifluoromethylsulfonyl)acetamide
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Fig. 3. Commercialized separators for LIB (Hipore™).

2.3. 2|l 2XIHX[E =29

Eeu2 dajde] HAES oA, deld S
BA Skl Lits AHrEAl ol sA7IH, =3 o=
=94 HE5S Eelske €S 5] "l LB
oMe delidat v DHE @l s Aol
b A Wells Hdefde] 545 S & olsfist
7] fEiAE WwEA 29l Ve 72 2 5
vetshs Zlo] Tasit.

23.1. #F 22§ Eee 54

25 228 FEve F nm~F pmH9le] 71E
A7NE zHe v v A ARtk e ete] Al
polyethylene(PE), polypropylene(PP)3} 72 polyolefin7]
7 F2 AgEE, 1 olfE S SIAE B,
setA QP g w2 AL ©ot ol

gstd AFES Al 0.03~1 um HLe] 7]F
=719} 30~50% 1] 71-% (porosity) S 7HAIH, S
&8 2E(PEE oF 135°C, PPE 9F 165°C) Wiel], Wi
5wt 5o dole® AR W =7 543] A
g AE ZEdge] &85 td VeES e
2A, Li'e] o]&& A7 BE kS A AA
%

2 [0 ofy

o
]
A 9] 3 R 5 Qojof 0 H2 X
Az QAL AR veFsE 98 Rajur

A Zolxat =gl e, a4 18% 959

=

(Rl

Table 6. Major separator companies and their products

A ZA =4 8 74 Az dEH
Asahi KASEI PE © |} &2%  Hipore
Celgard LLC PE, PP @+ u}t A2 Celgard
PP/PE/PP T}t 72
PVdF =¥ 2} A4
ENTEK Membranes PE T+l g} w29 Teklon
DSM Solutech PE ©t u} %21 Solupor
ExxonMobil/Tonen PE ¢ q}f &2 Setela
UBE Industries PP/PE/PP th&4} A2 U-Pore

L.

Fig. 4. Microporous structure of PE separator by dry
process®”: (a) before (b) uniaxial stretching (c) biaxial
stretching

Fig. 5. Microporous structure of PE separator by wet
process®”:(a)Setela(ExxonMobil/Tonen) (b)Hipore(Asahi
KASEI)

Aloll& 16 um FA|2] EE|dto] x|&E3L St} Table 6
of 8 T A 2 AFES st

2.32. B Ax 4y

e Az FES Al 12 (dry process)Zt
&% (wet process)OZ - FEHM, AAH] ¢ &
S AREEHA] ko) AlZE folsh}, YA (uniaxial
stretching) 37l o|&3ste] 713<] Fert £3(slit)
gk 2ABH, 7148 At B oS KR ¢
o] Ut} Polyolefind] TEAES &-§UEsle] e
& AxstaL, olF AL A2ol|A Ailel] CE)
A 71F 27] EE FAsKAL, 2004 Alg Al
st HF 71 2E P

FAH-2 polyolefinAl] 24| Qtel] o Jersla 22
AwAtge] EAE £93t, 71 88 5 A= ¢
3l AlE(sheetyS Fdshs WHOE, o|F SulE &
siAl Aot widde A gl o]5 (biaxial)
o=z Axle] 7bEdAl Hrh AW GAee g
Aol ARG ol AAl FRAN TS
FAashs ol v, AL EFEY 4F 49 o
T 8 F= 2 A IS AR 71FE AxIH

A,
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233, BEde] 7|8 54 9 g F A

o) o7El= 7 EYES gl s 7ok

O Thickness: YHFH O Z 25 um ©J31E 28], Ax]
S §xo mEr HAE F Stk

@ MacMullin number: A No] sHE Ealute] %
syl Age] vlZ Ao, gk <F 10~12%8%eltk

@ Permeability: ¥ 8, &4 WAZF 722 IdF
ZZ5MNA do2 4" VI 53 Al Y
Ehd AR, 5 Gurely 32 ¥AEL A A
ol FEE vAE L] BoREE A, o T
x, 7135, 71537 S0l dou, BTt A &
A 7Fssh, A Ao vlnd g4A dd=HE=R #
F AR SRRkl

@ Electrical resistance: 229k AAA|olH, 3]
oo e el 1] Aol Ae Aol v
Azt A7) Age] =om WA 89 5 A 54
of J&E vz}

® Porosity, pore size: NN 40% FEe] 7|FE=E
AUH, 2]%F dendrite 47 2 o|Ee] o5 Wi o
gg WAs] Q3 71EA e YAET) B ol
oF gt} B2 umelste] 71F 277t aE)

© Wettability: W23 83+ /4] Q7H )

@ Chemical stability: 2¥8} L 3 Z Az ol A2
P o R, 53] ool HAsde] g Wi

Table 7. Properties of separator: parameters and goals

ol a7€Erh

Tensile strength: ¥ (winding)?} 72 A |
ZFA Z YL VX EJLEZA, FEuke A4l
wake] e wie b &, 25 um TS 29
Zo] WMD) Q= E 1,000 keflem? ©]2do] =},
U3 AN A, A7t WIKTD) =7t Fot, 4o
Wake] oF 1/10 AE <ol A, o5 Al A4
Wak AL e o A=

N

© Puncture strength: A 9] UF- Tk, A= 34
Al 3 F s olEE, T 55 34 dH ¥

2]E dendrite 5o 7]Q13ke] WIS 9)3]o] EA|3HA

=
o] puncture strength®4], Q1 A7)0 94 =7]9]
S AFskaL, e 98 == YarA, 2

2lo] Sl U v BES SAlske Aol FRssik
o9} ARG Wi o g &3 5 7} (mix penetration
strength)7} J=d], AA HA] iR AsS Hrt ¢
ZH BARE AP o g w7 Wk Qi

Thermal stability: 2t 229t AZAPEZ H1Lo
7S 7Y, B AF T 90°ColA 1AIZE iz
S8l o 5% olste] MBS e

@ Shutdown: W5 = &7 @groz <la] o

parameter goal
thickness *°(jum) <25
electrical resistance(MacMullin, ¢ dimensionless) <8
electrical resistance(Ohms cm?) <2
Gurley 4(s) ~25/mil
pore size °(um) <1
porosity(%) ~40
puncture strength (kgf/mil) >300
mix penetration strength(kgf/mil) >100

shrinkage (%)

tensile strength "(%)
shutdown temp(°C)
high-temp melt integrity(°C)
wettability

chemical stability
dimensional stability

skew(mm/m)

<5% in both MD & TD

<2% offset at 1000 psi

~130

>150

complete wet out in typical battery electrolytes
stable in battery for long period of time
separator should lay flat; be stable in electrolyte

<0.2

SASTM D5947-96. "ASTM D2103. °D.L. Caldwell, K.A. Pouch, U.S. Patent 4,464, 238 (1984). {ASTM D726. ‘ASTM E128-99. "ASTM D3763.

¢ASTM D1204. "ASTM D882.
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A7} 58 o o)A 718E ok ) Sl Aviche
Q O 24, o]g|gt shutdown 5740l FEFS
nAE M 5 7PXP 83 2l AHoltt. %, shutdown
dofuks ol mlA| 7135 skl A
gl %_‘-:_ deg AlE] 4‘1010}—5 A 2lE 24t
o9 2AE PES Bol o83l it

@ Melt integrity: %-2]2F2] shutdown} $HA| A
by el TR SHOE, 8§ L& o4l
A7 o GejE Gk o] vl Fasi,

@ Average molecular weight(M,) and distribution
(M,/M,): E&eAA E49 4 9 7AH 58S
Hrgdstk= %&ﬂ vfEfrlgoltt. ARk ow 95 7]
AA 443 FL &84 HeE Avgd M= =3,
M,/M, F& Z}O}OF g},

Cost: AA ZE|=e] 717 LIB XA 7449
20%= A8kl itk Eelee] A At 4
o] dd@o] k. EEure] 7S 7] faix=
&4 T4 Aol aqd

Table 79 #22te] &4 ¥F 9 F8 4 75

A5 JeERAT?
3. 2l& 2XIHX[E IEX MsHE
1975 Wright 5l 2J3ll poly(ethylene oxide)(PEOY
Fol o]2H%=r} WEE A, 1978 Armandel] o5l ©]E
AL FEAA 2 AR RS 3-8o] A

Table 8. Properties of solvent-free polymer electrolytes

ohel o] %, 30d0] WS wiAh ool 23k A7e
A &E T JATEE 782} s F (polymer electrolyte)
o F4 dau FA4E 2= TRAS A8
A W) e T, o, 2 #71ee v
x]- Z%sﬂﬂ)g_ ?_}\4 = _T’_iﬂ t\:‘— @(gel) }\H;H‘,] =2
Az, 2ol ek 108107 S/eme] o] AE=E
vepdch. oA s el Hls), fd BEoR A1
g U3, TRl A|ofo] A}, Hgl, EhH o
ordE EXS Urhln Asjolle] F29 uH|E 4
Aol A o] PR el 714E & Sl ol
olfE AAANLL AT 5 Ye AR TEA
AAA R FE o} g} 40
TV 7] 28R AsjEe dA) %P?jﬁ}ﬂ

LIBS] sl d el et Al2=gel vlsl PAdS
Qstare el AeelA ztelzt ATk 4, o]
AT ZHA A o] W%yt Ho] 107 S/em
o2 1072S/cmo] 273 AA] AfdRl= thh u
a1, EAF MEY AT} o] A% wWAYF A7H
Ho=z #eJdhy] witel] =7k ezl wel Lite
ol g5 0] FEFS wo} X1%(-20~0°C) Oli A= &
/ﬂo] )\H—,H;H_E rc%cq;dq, 7]74]7(4 7 = o]]/\jJ_’
AR L] Az FA D A 28T A %—@J L
Al weak, A arse dajde) A 9 3
7} 7] Rel o, 712] PEOA -84 Al
2"o|L} PANPMMA/PVAFE 7122 3 A AJ2F]
e 7lde] F8uj/A Ak dad Al2He] A

0
ér\?

Polymer system Host polymer Polymer electrolyte ° ggg}’(]j)
Linear
PEO poly(ethylene oxide) (PEO)s-LiClO, 10
POM poly(oxymethylene) (POM)-LiClO, 10
PPO poly(propylene oxide) (PPO)s-LiClO, 10
POO poly(oxymethylene-oligo-oxyethylene) (POO),5-LiCF;S0; 3x107°
Polysiloxane poly(dimethyl siloxane)(DMS) DMS-LiClO, 10
Unsaturated polymers (UP) unsaturated ethylene oxide-segmented UP-LiClO, (EO:Li*=32:1) 10°
Branched
Comb branched ethers poly[(2-methoxy)ethyl glycidyl ether[PMEGE) (PMEGE)s-LiClO, 10
Comb-branched methacrylates poly[methoxy poly(ethylene glycol) methacrylate] PMG-LiCF;S04 3x107°
(PMG) (EO:Li"=18:1)
Block copolymers (PEO-PPO-PEO)-SC (PEO-PPO-PEO)-SC-LiClIO;  1-5 x 10
(X-linked polymer networks) ~ SC = siloxane crosslinked (4:1 molar)
Polysiloxanes PEO-grafted polysiloxane (PGPS) PGPS-LiClO, 10*
Polyphosphazenes (R,P =N),  poly[bis-2-(2-methoxyethoxy)ethoxy phosphazene] (MEEP),-LiBF, 2% 10°

(MEEP) (MEEP),-LiN(CF;S0,), 5x10°

(MEEP),-LiC(CF;S0,); 10
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¥, ol 27E vEske VA A= % A
T E AdHoR HA Frh

tha ZA7e] HAENA 1A As|F Fotol] &
S 2o AL 90d] $4b BellcoreollA] 7eh
Plastic Lithium Ion Battery(PLIB) A|Z7]&0|c}k. 4=
9 58 AR} Al M A e B B4 T
A<l poly(vinylidene fluoride-co-hexafluoro-
propylene)(P(VdF-co-HFP))E AFE-3lo] A|Z51 E-83
o osl A5/ ES AASE MK T, FZ3l olsh
A o 25 FEATIL v o) s
FYst, 71=e] LBt A 971491 AlxE4E A
it e o2 A Hade] FAE W
T AL LIB| “d-83k= 5ol TAHIA, =
34 TR} 7R SRR TR E Y
sl2 AZAEA= Fsck 23y PLIB &, °ol%
el 3529 (post-activation)g 2] FEA} s 7o)
AL EQdTh H2ol] ol22] slelH=d Ak A
gl do] At=lo] LIPBO 4o A8H Slct

fo v

3.1. J1E2X} MolRle 25 o XNMJ|sEH

=

dn

3.1.1. F-8viA 2RA} AsF (Solvent-free Polymer
Electrolyte)

F8ulA aEA dsde gnE 2E A oL
Al 2 Al o) fEd HEIeE 7
w, 3] 3382} A3 2 (Solid Polymer Electrolyte, SPE)
olg} RE7|% gt} sk Al e S4 ALaE
Xkl 9, @k YAaEo] Li# vi$](coordination)
Ags FgozH, A} -Lite] FAE FAske e
= dEA ok Ak dafde] JE 27191 1980
o) Zol &3] A7t FPHATE 7P gl AT
548 PEOAIGOIT). Ad20lA tiEk 1078 S/eme] o]
A==E Jepln, 887 o]l o]28°F 107°S/em
Aro] o] MEEZ wolty, wEA Had oA
Li'9] o]&-2 A} FAKES] segment 5l <3l
amorphous Gl oty ded St Lite
o5 ALEA A= 3 UF coupling Ho] UL,
olg gt RAYL iEAre] AA Gl o3 A Al
SEeg AGAS 2he 2EAF A o] HAxw
E gur oz - Yt} o33k AR IEAE 7]
Ho 2 g iz} Aade 44 d9e A

RS A7) 9E A48 7R EeE A
AE oFAQ LRAES] 58 2 o] AEE
& Yepia Aok

FguA A dafde] tEAR] 2= PEO ¥
7t o}y e} poly(propylene oxide)(PPO), poly(ethylene

imine) (PEI), polyethylene sulphide(PES), poly(vinyl
acetate) (PVAc), poly(ethylene succinate)(PESc) 5°] 21
th EA; ARz Aol aEAte] AAskE ks
B2 o]yt #AAES sl 7Y IwAE 4]
&l FHFAIE =] (linear copolymer)shAY, IEIEZE
(branched or comb-shaped polymer)Al7]1AY, 7tuAlE
=43l 71al(network polymer} 102 MZ-$- T
£ e 788 ARAES sl =AU AdellA
o} 107*Skem®] F2 o]& AEEE Ho| Sl A&
T glov, Awr o me o7k ElF 2xA] 3§
H7le) ek o] HMmwghel o]2X] Ealal Q).

3.1.2. A 3F=F A A (Gel Polymer Electrolyte)
A A Asfdolgt A A wEAt viEY
2ol EFATA FellA 107 S/em ool EE o2

AEEE Ueille 2oz, 7kastd wigar dajd
(Plasticized Polymer Electrolyte)®|2}l= F-Et}, o] ],
o] AEEE 7HasheE HAHE A dGolA LA
), A= Hade] AAA qEE FE FEeitt
A EA Hajdel $-&Ee thEAQ] At wE
g 22 = poly(vinylidene fluoride)(PVdF), poly
(vinylidene fluoride-co-hexafluoropropylene)(P(VdF-
co-HFP)), poly(methyl methacrylate)(PMMA), poly
(acrylonitrile)(PAN), PEO 5°] Ut} 2 318} s
AollX= 53], AA[AsNdF LREA} wjEZ X 7H
&3P (miscibility)e] 52.3H, o= ajde] o]27
Ew7b QA A} aiAele] 2e A8 (interaction)ol]
A FFe W) witelh, A Ak AsE-S Fig 6
oF zro] &84 7hawel ojs) whEo] A= Wyt )
o2 Zhaee] o3| wheo] Ale WHeR FEEH &
3 ThroMe At AkEe FsAgow APS
A =i, olggr A AAsE A
7H s S Fo] A wEA Asjde 7AA =
AE FAE 4 Adot. whHe slshe vtas Ak
Akzol 318t Agts Fote] FAE

Table 9ol WFERA wpel o], A A}l Hajd s
FgujAl Al A A S vs] 10°SkemE He
T A ol HAEES HHg JAH B4E U
AaL 3oy BE 22 Re] ARl wle- fEd A
o= 7= At

e Fe el HE)] W 71A% et A
& FFoz AT LB & A& e
o Mg F WFAFgE A 4 A B2 Ass v
ERAQITE webs, AR s el vla] gde A
= B, RS 38 273 LIBY= E o
Au)e] wiojat A 227 LiBo) wr} Hol
AeEROE Qlal], &g A A HHES

0r e =
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4
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Chemical cross-linking gel
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Cross—linking point
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Physical cross-linking gel

Electrolyte

Dissolution

S

Polymer-network

<=

Partial crystallization
(Phase separation)

Fig. 6. Gel polymer electrolyte models.*

Table 9. Properties of gel polymer electrolytes

Polymer system Host polymer Polymer electrolyte 5@(52‘3;‘5)

Plasticized

Linear PEO poly(ethylene oxide) (PEO);-LiClO,4 (EC:PC, 20mol%) 107

X-linked PEO poly(ethylene oxide) (PEO)s-LiClOy (PC, 50wt%) 8x10*

PVdF poly(vinylidene fluoride) PVdAF-LiN(CF;S0,), (EC:PC, 75 wt%) 1.5x 107

PEI poly(ethylene imine) PEI-LiCIO, 107

Acrylates ethylene glycol dimethacrylate(EGDMA)  EDGMA-(LiClO,:PC, 1M) 2% 103

PAN poly(acrylonitrile) PAN-(EC:PC:LiClOy), 38-33:21:8 mol% 107

Composites

Glass polymer composites (0.564Li,S-0.19B,S5-0.25Lil)-((PEO)s- 10*
LiN(CF5S0,),) (18:13 vol%)

Gel polymer composites PAN-(PC:EC:LiAsF)-zeolite 102

Nanocomposites (PEO)s-LiBF -alumina (10 wt%) 10+
PEGa)-LiCF;SO;-silica, 20 wt% 1.5x107

2E 23Rl 4A HeEA FEeat

3.1.3. slojBE|= 182} A& E (Hybrid Polymer
Electrolyte)

A @A Aade] 7AA Aot Eewat fAk
StaL Haf|e] 945 X9 2hru] o] (lamination)
o3l HF TAA T F A drd, 71E9]

LIB378& Itz o8& & 3lo] AR Az A o
88 Aot} stolEg= wEA Ha) A (hybrid
polymer electrolyte) A]2=8l> o]2]gt Qo B3==
A2 FEle] s dolrt. PolyolefinAl A Tha2d
UE ARSI BRe] el A At dsfjEe =9
domM, vzt Hafjdt AA dsfjdAte el 5
Ae EAO AUY 59 ol E B 7AIA A
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=5 Yehdt}. PolyolefinAl A tharahe] Zof
PEO, PVdF, P(VdF-co-HFP) 5¢] 2 784} vjEg
252 FH3I & Aafde 3595 =N As|A} H&=
@ TYE vt 32 A v Az sl
e 2] polyoleﬁn“" W s SUAI e
defjdo] 2 FAHES =91, polyolefin?t} M=
9 B8 HELS AT 1:]. 44-47) o] W y¥A

HE=
ol A)7HSi0,), EllEROKTiO,), EFFIYHALO3),
AZIeKZr0,) T Aeke he ARHE =
sfelugls miat Ashel 94, JAH S F
BAZ 5 T, G MEEE AslEH 2917614
PERAN WAk deidel dehtag oAsh
e Y= Ao A o840

g}o]l:la]t: IEA} Adafjde oﬂzﬂxqgﬂ;doﬂ 744 :JG
B 953 ol ARk, elust AY SARE B8 F
AR AN A, S5 Asle] FAMAEY 2
1,“/1\1—3?:]_/\3’ 7]5.0] LIB 234<& JEHE AL £ 9= 3
) 5402 <ls) Lkl 43407 4897 9,

4.4 B

AN AE 2AAAE AN 2700 L FP
of Bl 4 8 EE P Avingich A %
Al s 71%0] QAP JekEel Wk g A

A aAe HF 2 FoEs AR AR o= o
ot oA GAAA A, 71548 AR 2 3
71578 wejue] el e At J5E Jlew v

0?~

AT, iAol SLFE Breky e gr)
o W A Asdel 871209l H5gE s
H, o] Rojo] tha A7t F ) THFSEAE Zo]
S REsolol & Aoz Wk} olsh e 7%

o el EvE7E ol AA7E 7HE bdskal Al
A wE AROR IR 5 Ao she vigelrh
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