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Abstract : Solid polymer electrolytes using BF;LiMA as monomer were synthesized by usual
one step radical polymerization in THF solvent. The effect of BF;LiMA concentration on ionic
conductivity and electrochemical stability was investigated by AC impedance measurement and

linear sweep voltammetry. As a result, the highest ionic conductivity reached 7.71 x 10 S cm

-1

at 25°C was obtained in 12.9 wt% of BF;LiMA content. Further increase or decrease of
BF;LiMA content result to decrease the ionic conductivity due to the brittle matrix properties
in former case and the insufficient number of charge carrier in the latter case. Furthermore,
since the counter-anion was immobilized in the self-doped solid polymer electrolytes, high elec-
trochemical stability up to 6.0 V was observed even in 60°C.

Keywords : lonic conductivity, Lithium-ion secondary battery, Solubility, Self-doping, Solid polymer

electrolyte.
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Fig. 1. Synthesis of poly(PEGMA-co-BF;LiMA).
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Fig. 2. SEC trace of poly(PEGMA-co-BF;LiMA) in THF
at 40°C.

Table 1. Characterization of BF(LiMA-based self-doped polymer electrolytes

Composition (wt%)?

Sample PEGMA BF;LiMA [EOT = [Li] (g rrl:/(l:l")b %r:rll\gll: fa?igi
SPEI-1 95.6 44 38:1 43,600 1:1
SPE1-2 93.2 6.8 2411 52,800 1:1
SPE1-3 87.1 12.9 12:1 54,500 1:1
SPE1-4 81.4 18.6 8:1 43,100 1:1
SPE2-1 98.7 13 125:1 24,000 2:1
SPE2-2 97.3 2.7 62:1 31,000 2:1
SPE2-3 96.7 33 5101 34,000 2:1
SPE2-4 88.4 11.6 13:1 50,000 2:1

aCalculated 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)
synthesized by 1 : 1 mole ratio of LiMA and BF;THF.

Conductivity (S cm™)

1E-3

—m—at25°C
—o—at85°C

= °
g 1P =
v ( ]
> {
E | ./
Z IES
g /
2 -
© iE6d
1E7 : . .
0 5 10 15 20

BF3LiMA (W%)

Fig. 4. Ionic conductivities of SPE1 series at 25°C and 85°C.

NME =& Fhe BT Q) A aEAPs]ES
JEAAES] A7) EAReEo] 2ol WTsHAl Wt
= 4wl AgollA] Aol vjal] AdEs] e o]
EE 7RI Tk SR anee] HW Sl
3t f54do] Fojg A ol =H3 ol A EE
£ HAE F ) wgx] AYstE fleiMe aelA
ARgehe AR AES] Kook & Aot 13t
oA 85°CAlA 1.54x107*S em™'9] o] 2HEEE
HOFEN 9= SPEI3 A&l A, d4ste] sl
=& ARt & 5 o 53] A-=gEer s
5 QA o] 7] wEe] T2ME 3 A4S
HAE F g Zolth. 3o Fo|2hg HFo =
ARSI = e 2713ksky Wl A
317] 93le] LiIMAS} BF;-THF ZAS 1:28 ARE-slo]
st Al F(SPE2 AlE)e] ol2A=EE Fig. 59
HERAITE. 25°C o] A% SPE] MZE3} H|Z=s1A
HA 124x10° S ecm™olA HAL 418x10° S em™ 7}
2 249Ut} = | BF,-THF A S A3 2¥
M= ol == FZAT e Z2 1A BEAFA
STt =2 2EA P 5 At dig RS
Fotd o g EASle Fol2Aite] AAHNE 7
do] B2 o= dAdkEn g Fig. 60l 25°CelA]
Z2¥ SPE1Z SPE2 MEE9] o]2d=%=E BF;LIMA
wi%d] = eI AN S 2 BF;-THF 2] H
& Alolol] Bxgh A HEEK] ¢iow, BFLIMA
9] o] FNIFE ol2HEEE | Frsla
29wt% 4wl 7P =& e HolFA QUth o]
271288 aEAE AsFNA BlEole] vt
LAEE FHEoof & o] 2HEEE IS & YL
ongit}, A U %S BFLIMAY) =Q9H A4
Aoz JRAAE| o] A% o] HWolKwHA] 7ol A




212 J. Korean Electrochem. Soc., Vol. 14, No. 4, 2011

1E3
—— PR
—o— SPE22
A —a— PR3
B4y Y, —v— PB4

1E54

1E64

]
/]
/;
i

1E7 — T T T T T T T T T T T T
27 28 29 30 31 32 33 34

1000T (K
Fig. 5. Ionic conductivities of poly(PEGMA-co-BF;LiMA)
synthesized by 1 : 2 mole ratio of LiIMA and BF;THF.

1E4

—=—LiMABE-THF=L:1
—0— LIMABE-THF=12

1E5

1E6

Conductivity (S cm™)
Ne
/-V

1IE7

o 5 1 15
BRLIMA (W%

Fig. 6. Ionic conductivities of poly(PEGMA-co-BF;LiMA)
at 25°C as a function of BF;LiMA and BF;-THF content.

i = glom ek Aot 18.6 wi%eoll A9 o]
Aes 7442 Jepsdth s SPE2-49] 749 Yephd
ol2AEE e F EAFH50,000 g mol el 71918k
A fed A Wi o R ShaEh Fig 72
60°CollA] 2d3t 1A yEARIE|Ee] LSV Ax2A] o
Al A A=} vlwste] e A1) A5 50V
ZollA] Abshisl| 7t ZaE s FASE F7H H3l)7t iy
RN A=Y 1A IR ES oF 0.1 mA em
o 2BIAFE 7102 S 0, 6.0 VIRE 4123k
a7 Y] F3he). o] Axs golo] I H
UE AEAHE A 3 Al S AFF R

3
‘e liquid electrolyte
£ 7 \
=
g SPEs
@] —
0
2 3 4 5 6 7

Potential (V, vs. Li/Li")

Fig. 7. Linear sweep voltammograms of self-doped polymer
electrolytes at 60°C using stainless steel working electrode
and lithium reference & counter electrodes with scan rate
ofImVs™

sk Aolgtar & 4 Utk gt Ao Fol2ike
ARSEIA s A A = vlssst Aksl oHY
Ao] #AE T 9tk o]AL BFLIMAS] $HA1 dHAlolA
FFe] BF-THFE AMSS® EA17F Q185 oJu]dit)

4.4 B

2 AFA= BF,LIMAS @A ARR-S 374
IR ES dste] BF;LIMAS] EHafo] o] 24
Exd v G AT BELIMAE LIMASH
BF;-THFE 2|2 1:1 32 1:2 vk8-S Edlo] A
A3 THF] tisk ¢33 83s)dS 7 4 Uk
w2} PEGMAS} 7t T84S B3l A7]-=%
Y A A A S Y AU T Fol
23] E9le glEol thgole] o] 2AfdeS
2AA 73 Bl Fole AREAS A 4 3e
o AFAAHOE 101x10° S ecm™lA 771 x10°S em™
7HAe] T8 O RAETE AS & U ol 71EY]
LIMAE #7123 8ellM A4S 4= A 20x107 S cm™!
Heh oF 108 E Fro A Fo|Xite] A g
S I F = AHolth. 53] BF;LiIMAY 3
129 WYl A 717 =& 771 x10° S em™¢] o] eAE=
7} A0 1 A tha THAEE RS 21
st ole A|-=8E ZEAHAEAA o] F
7t o= A= Z 83T BELIMA o UF-
1S 74, IEA 7RSS dAFow Tds e
B A AREY fEE AT RS R
o} Wb BFLIMAS 7IWES 2 Sl A 28

KN
=
o=
T

g2 fr

0 1.0
1 ok o

1

ol



A718)8ts]=], Al 144,

AdsEe] Fdells It o] T 9 Bkl =
Aol Fage & 4 AUk & 60°C 2ol AN
LSV &4< B3] o)) ge Ap|-=8F A
aRApaAe] 718 ks ER1Elem, 60V
T = FAg AstE] st A=A ekogtt. wEhA
BF;LIMAS ©A|2 ARG-SE A eEAbdade o
TRl f718WE o, ele] TS Balo] T4

IR F JE PEIS D+ 9
=1
LAl 2

o] =RL 2011d% AR @S IE e Ages
S ATAe] A S wol E Al(No. 2011-
0007056).

o

PE

ik

1. J. MacCallum and C. Vincent, ‘Polymer Electrolyte
Reviews-1" 69, Elsevier Applied Science, New York
(1987).

2. G-A. Nazri, and G Pistoia, ‘Lithium Batteries Science
and Technology’ 574, Kluwer Academic Publishers,
New York (2004).

3. M. Yosho, R. Brodd, and A. Kozawa, ‘Lithium-ion
Batteries’ 413, Springer, New York (2009).

4. S. Zhang, L. Yang, and Q. Liu, ‘Single-ion conductivity
and carrier generation of polyelectrolytes’ Solid State
Ionics, 76, 121 (1995).

5. M. Watanabe, H. Tokuda, and S. Muto, ‘Anionic effect
on ion transport properties in network polyether electrolytes’
Electrochimica Acta, 46, 1487 (2001).

6. Y. Kato, S. Yokoyama, T. Yabe, H. Ikuta, Y. Uchimoto,
and M. Wakihara, ‘lonic conductivity and transport number
of lithium ion in polymer electrolytes containing PEG-
borate ester’ Electrochimica Acta, 50, 281 (2004).

7. J. Cowie and G Spence, ‘Novel single ion, comb-branched
polymer electrolytes’ Solid State lonics, 123, 233 (1999).

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

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

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

1

ja—

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

A 43, 2011 213

. X. Sun, J. Hou, and J. Kerr, ‘Comb-shaped single ion

conductors based on polyacrylate ethers and lithium alkyl
sulfonate’ Electrochimica Acta, 50, 1139 (2005).

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, 97-98, 621 (2001).

J. Travas-Sejdic, R. Steiner, J. Desilvestro, and P. Pickering,
‘Tonic conductivity of novel polyelectrolyte gels for
secondary lithium-ion polymer batteries’ Electrochimica
Acta, 46, 1461 (2001).

J. Sun, D. R. MacFarlane, and M. Forsyth, ‘Lithium
polyelectrolyte-ionic liquid systems’ Solid State Ionics,
147, 333 (2002).

P. H. Park, Y.-K. Sun, and D.-W. Kim, ‘Blended polymer
electrolytes based on poly(lithium 4-styrene sulfonate) for
the rechargeable lithium polymer batteries’ Electrochimica
Acta, 50, 375 (2004).

Z. Florjanczyk, W. Bzducha, N. Langwald, J. R. Dygas,
F. Krok, and B. Misztal-Faraj, ‘Lithium gel polyelectrolytes
based on crosslinked maleic anhydride-styrene copolymer’
Electrochimica Acta, 44, 3563 (2000).

P. P. Prosini and B. Banow, ‘Composite polyether
electrolytes with a poly(styrenesulfonate) lithium salt and
lewis acid type additive’ Electrochimica Acta, 48, 1899
(2003).

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.-C. Kang, H-G. Park, K.-C. Kim, and S.-W. Ryu,
‘Synthesis and electrochemical properties of lithium
methacrylate-based self-doped gel polymer electrolytes’
Electrochimica Acta, 54, 4540 (2009).

H. Xie, J. Guan, and J. Guo, ‘Synthesis and properties of
ionic conducting crosslinked polymer and copolymer based
on dimethacryloyl poly(ethylene glycol)’ European Polymer
Journal, 37, 1997 (2001).

T. Czerniawski, “The inhibited polymerization of lithium
methacrylate and copolymerization with acrylonitrile’
European Polymer Journal, 36, 635 (2000).

Y. Lee and J. Park, ‘Electrochemical characteristics of
polymer electrolytes based on P(VdF-co-HFP)/PMMA
ionomer blend for PLIB’ J Power Sources, 97-98, 616
(2001).

F. Krok, J. R. Dygas, B. Misztal-Faraj, Z. Florjanczyk,
and W. Bzducha, ‘Impedance and polarisation studies of
new lithium polyelectrolytes gels’ J. Power Sources, 81-82,
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
  /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


