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Aol Z1zk 300(PEGMA300) 2 1100(PEGMA1100) g mol™ 91 PEGMAS $A4E
BF;LIMA 2lEES olgdl] bkt 249 yBAANEL Axsly A7skes XS 3rls)
ATt EUFAE AC-impedance Z789Hol| 23 A2 o]2AEEE ¥AMF 300 gmol 'Z ¥4
H A EAPAS ™A 8.54 x 107 S em™'9] o] LoiXl WA PEGMA110022 3448 2
Agele) ZEAAS Aol Heh 148 o4 E& 122 x 107°S em 7 FEHAY )23t A
£ PEGMASY] ethylene oxide @917} 57191 300 g mol "Xt} 2370¢1 1100 g mol 'ollA E]E-©]
29 w7 g7 dojupr] wjEo = siad), T3 Yol & SHAY dEUEd BF
Hgo = Qs 0.69] WmE w2 Frol USARE 271 3000% Ftels 0.9 o] o] 3
o] gdol2 HMrAe 5L HeFd)

Abstract : Polymer electrolytes consisted of BF;LiMA and 300 (PEGMA300) or 1100
(PEGMA1100) g mol™' of PEGMA were prepared and the electrochemical properties were char-
acterized. Interestingly, the AC-impedance measurement shows 1.22 x 10> S cm™' of room tem-
perature ionic conductivity from PEGMAI1100 based solid polymer electrolytes while 8.54 x
107 S cm™ was observed in PEGMA300 based liquid polymer electrolytes. The more suitable
coordination between lithium ion and ethylene oxide (EO) unit might be the reason of higher
ionic conductivity which can be possible in PEGMA1100 based electrolytes since it has 23
EO units in monomer. The lithium ion transference number was found to be 0.6 due to the
side reactions between BF; and lithium metal expecially for longer time but 0.9 was observed
within 3000 seconds of measuring time which is strong evidence of a single-ion conductor.

Keywords : Molecular weight, Ionic conductivity, Self-doping, Lithium-ion secondary battery, Solid
polymer electrolyte
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Fig. 1. "H NMR spectrum of poly(PEGMA-co-BF;LiMA)
in CDCl,.
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Fig. 2. FT-IR spectrum of poly(PEGMA-co-BF;LiMA).

PEGMA®IA YEfb= dubQl carbonyl 259 T
A7} ~1725 em'o]] YER=T Whele], BF9F A3
carbonyl ZF¢ FIA = FFoAUA7L HolA
~1640 cm™'2 o]F3A "Hh'® wEkAd 1727,
1638 cm™ oA I A7} FAlY Y= A3E Bt
o] 7E2RY PEGMAS BF;LIMA7F BESF EA3Hs
glo1gd 4= ittt A, 'H-NMR 23S E3alo] At
H 247 Al EO7I9 BlEel9] H&]l [EOL:
[Li] 2 x5 FRE Table 19 L2310t} o] 7}
$£4d SDPE-1~SDPE-4, SDPE-5~SDPE-8& 7}7};
PEGMA1100, PEGMA300< 7|Hte 2 dl= &
&) do|t}. Eu|EA %L SDPE-1~SDPE-4 AYE =3
Hee]l BF;LIMA 24 & [EOJ[Lijel Adgiol
RE Ao 2A|Ql WhH, SDPE-5~SDPE-8 Al
MNE 213 wi%e] BF;LIMAS A|9)sla 25 HAto)
AfdZ FAHAT. ©o]RAS PEGMAL100°] &3
43°CE 713 2 FAQl ¥hH, PEGMA300S] 7%,
2olr diAo]7] wWlESR olsd 4= Ut} T3 o]
AFE Tt AE 7nke] dAgx, o]4% I
< ZEY FrEel =oAH PEGMAY #3574
sl IAZ HslEe dEd 4 . kA
IEAREN A FE]4 dele PEGMASY EX1F3}
A FE5EY Pl Xz bt 7heE A
olt}, thEo® Y wEAAMs A 2k wE
oleAEE W3l Fig. 39 YeRUTH RE A=
A ex 719 3 ol Ewol S AEst

[e) =
2=d, 3] PEGMA11002.2 FHAE w7 E=} A8

¢

tlo

et
oy

AGolA 2.18 x 10*S em™'9] 85°C o]2HAEL7} =
AR Yo7t AL ol2AdEEE vHwS wx,
Y 122x10°Scem 9] E& o] dojHt} ole

A =R EATF 475 gmol'2] PEGMA
(PEGMAA475)E °©]&st 9€ aiAapdside 4



A73)8k8)A), A 159, A 435, 2012

233

Table 1. Molecular characteristics and physical state of self-doped polymer electrolytes

M, of PEGMA Composition (wt%)" . _ Physical state at
Sample (gmol™) PEGMA BFsLIMA [EOMLI My (gmol) "5
SDPE-1 1100 975 25 T4 43,600 solid
SDPE-2 1100 963 3.7 50:1 52,800 solid
SDPE-3 1100 94.7 53 34:1 54,500 solid
SDPE-4 1100 9.8 72 25:1 43,100 solid
SDPE-5 300 95.0 5.0 29:1 24,000 Viscous liquid
SDPE-6 300 93.1 6.9 21:1 31,000 Viscous liquid
SDPE-7 300 89.8 10.1 14:1 34,000 Viscous liquid
SDPE-8 300 78.7 213 6:1 50,000 solid

Calculated from 'H NMR in CDCl;
®Measured by SEC using polystyrene standard at 40°C
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Fig. 3. Ionic conductivities of poly(PEGMA-co-BF;LiMA).
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Fig. 5. DC-polarization curve of Li|[SDPE-2|Li cell at
80°C with total applied potential difference of 0.1 V.
Upper figure shows magnified initial current variation
with time up to 4000 seconds.
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TN 7k wlle] Aee T 1, 19 12 6]
2 olgsidrt. 7 A3k, Yol 5
06024 G-=3Y AshAnrhs =AY, o
1 "ol ey IRAAN L] HHAE BA
Ase WA ol2e B AHeA ol
P SAs) AHSF BEZF BT ga) n
o= PR meb] s s JL A

=
S #FE F Ag Aok 53], 7] 30002714
£3to] ThA] Ak EE ol G280
92A TdolA] yEAAs A EAS iz
HoiFEy 9tk 3 B Ao JeElAE &9
T I EAHEE ] 78 QAL oA i
=593 FABEA 60°CoA 6.0 V7FA] SR E Q)T
4.4 E
2 Ao A= BFLIMAY 3 PEGMA300E 2
PEGMA1100S 7|¥to g &&= 7|23 d o]2d%
AZ Azsle] PEGMA EAlEo] 4284 A o]24
Ewo Rl F3S HUeIATh WA PEGMA300
719 Aajde] A9 BF,LIMAS] ko) wat HAd
A A2 AR, F2EA o] ArEAd & o
TS FA FueH, Ho 854 x 107Sem 9] o]
E57} dojxth. §8, PEGMA1100S 7|¥ke g &=
Aede 2% JAVGE R FA=EAA T, PEGMA300
o] <k 1oule] A=EA aRgo] FEAE ], 1.22x 107
Sem™ AL o]LAHAEEE FHE £ rt. ol
3l A3= PEGMAL1100°] EA18k= 23708 EO7)7}t
ek v gle] Fostdr FEolg MSATI=
o) 223 vk, 571 E0717F EA18HE PEGMA300



A718)8t8lA], A 154,

e glFoledte] 4T welvt old7] Wil
T 4 qlek. weH fsidol ghae AA el
TRAA AR 5 v ARHIAT 2F
ol 2] w97t Lgek JAFES] PEGMAT1100 7]%k
Aol e oledrAe] THHATL &
Aok, EF Aol ARSE A=Y EA
sl ol 82 54 AR 2lEHIE} BF;
o] ykgo R Qs 0692 WA AAFHAA, 27
3000% oHellXE= 0.92 SRIET. °1Z22 PEGMA
5 BF;LIMAZIWe] A7) e axpdelido] d3
Al ddol A=AYS vehle Assa & 5
ek wEhA 2 A7 PEGMAS] BARg 248 3
of ol HeS4 AL ol2dERE 122107
Sem™'e] o] TS RoFA

HARR| 2
o] =EL 20129k AR @SHr|ER)e] AP

2 A Aels ol 3E 7Y (No.
2011-0007056).

mk
rok

ik}

1. K. Matsushita, Y. Shimazaki, M. A. Mehta, and
T. Fujinami, ‘Synthesis and characterization of aluminate
polymer electrolytes and their blends with poly(ether)s’
Solid State Ilonics, 133, 295 (2000).

2. M. Watanabe, Y. Suzuki, and A. Nishimoto, ‘Single ion
conduction in polyether electrolytes alloyed with lithium
salt of a perfluorinated polyimide’ Electrochim. Acta, 45,
1187 (2000).

3. X. Sun and C. Angell, ‘New single ion conductors
(“polyBOP” and analogs) for rechargeable lithium
batteries” Solid State lonics, 175, 743 (2004).

4. X. Sun, J. Hou, and J. Kerr, ‘Comb-shaped single ion
conductors based on polyacrylate ethers and lithium alkyl
sulfonate’ Electrochim. Acta, 50, 1139 (2005).

5. N. Byme, D. MacFarlane, and M. Forsyth, ‘Composition
effects on ion transport in a polyelectrolyte gel with the
addition of ion dissociators’ Electrochim. Acta, 50, 3917
(2005).

6. H. Allcock, D. Welna, and A. Maher, ‘Single ion
conductors-polyphosphazenes with sulfonimide functional
groups’ Solid State lonics, 177, 741 (2006).

7. R. Meziane, J.-P. Bonnet, M. Courty, K. Djellab, and M.
Armand, ‘Single-ion polymer electrolytes based on a
delocalized polyanion for lithium batteries’ Electrochim.
Acta, 57, 14 (2011).

8. Y. Zhu, X. Gao, X. Wang, Y. Hou, L. Liu, and Y. Wy, ‘A
single-ion polymer electrolyte based on boronate for
lithium ion batteries’ Electrochemistry Communications,

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

A 43, 2012 235

22,29 (2012).

. D. Sadoway, B. Hyang, P. Trapa, P. Soo, P. Bannerjee,
and A. Mayes, ‘Self-doped block copolymer electrolytes
for solid-state rechargeable lithium batteries’ J. Power
Sources, 9798, 621 (2001).

. N. Kobayashi, M. Uchiyama, and E. Tsuchida, ‘Poly

[lithium methacrylate-co-oligo(oxyethylene)methacrylate]

as a solid electrolyte with high ionic conductivity’ Solid

State lonics, 17, 307 (1985).

D. Benrabah, S. Sylla, F. Alloin, J.-Y. Sanchez, and

M. Armand, ‘Perfluorosulfonate-polyether based single

ion conductors’ Electrochim. Acta, 40, 2259 (1995).

T. Fujinami, A. Tokimune, M. Mehta, D. Shriver, and

G. Rawsky, ‘Siloxyaluminate polymers with high Li+ ion

conductivity’ Chem. Mater., 9, 2236 (1997).

T. Aoki, A. Konno, and T. Fujinami, ‘Li-ion conductivity

of aluminate and borate complex polymers containing

fluoroalkane dicarboxylate’ J. Electrochem. Soc., 151(6),

A887 (2004).

Z. Florjanczyk, W. Bzducha, N. Langwald, J. R. Dygas,

F. Krok, and B. Misztal-Faraj, ‘Lithium gel poly-

electrolytes based on crosslinked maleic anhydride-styrene

copolymer’ Electrochim. Acta, 44, 3563 (2000).

J. MacCallum, and C. Vincent, ‘Polymer Electrolyte

Reviews-1" 69, Elsevier Applied Science, New York

(1987).

G-A. Nazri and G Pistoia, ‘Lithium Batteries Science

and Technology’ 574, Kluwer Academic Publishers,

New York (2004).

S.-W. Ryu, P. Trapa, S. Olugebefola, J. Gonzalez-Leon, D.

Sadoway, and A. Mayes, °‘Effect of counter ion

placement on condutcitity in single-ion conducting block

copolymer electrolytes’ J. Electrochem. Soc., 152(1),

A158 (2005).

W. Kang, H. Park, K. Kim, and S. Ryu, ‘Synthesis and

electrochemical properties of lithium methacrylate-based

self-doped gel polymer electrolytes’ Electrochim. Acta,

54, 4540 (2009).

K. Kim and S. Ryu, ‘Synthesis and electrochemical

properties of solid polymer electrolytes using BF;LiMA

as monomer’ J. Kor: Electrochem. Soc., 14, 208 (2011).

S. Celik, and A. Bozkurt, ‘Polymer electrolytes based on

the doped comb-branched copolymers for Li-ion

batteries’ Solid State lonics, 181, 987 (2010).

V. Mauro, A. D’Aprano, F. Croce, and M. Salomon,

‘Direct determination of transference numbers of LiClO4

solutions in propylene carbonate and acetonitrile’ J.

Power Sources, 141, 167 (2005).

P. Brucea and C. Vincent, ‘Steady state current flow in

solid binary electrolyte cells’ J. Electroanal. Chem.,

225, 1 (1987).

F. Krok, J. Dygas, B. Misztal-Faraj, Z. Florjanczyk, and

W. Bzducha, ‘Impedance and polarisation studies of new

lithium polyelectrolyte gels” J. Power Sources, 81, 766

(1999).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


