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Abstract: Polyethylene (PE) membranes having various porosities are used as microfilters and separators in lithium ion
batteries. Membranes having a high porosity are required for use as separators in a large scale lithium ion secondary bat-
tery. In this study, BET was examined for use as a new nontoxic diluent for the fabrication of highly porous PE mem-
branes by thermally induced phase separation process. It was confirmed that BET can be used as a new diluent for the
fabrication of the PE membranes by exploring upper critical solution temperature type phase behavior of PE mixtures
with BET. When the porosity of the membrane prepared from the PE/PO mixture was compared with that prepared from

PE/BET mixture, the latter was about 1.8 times higher than the former.

Keywords: microporous polyethylene membrane, high porosity, BET, diluent, upper critical solution temperature.
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Figure 1. Morphologic changes of the PE/BET=30/70 blends when
the homogeneous blends were cooled from above their phase sep-
aration temperatures to under the crystallization temperature of PE
at a scanning rate of 5 °C/min: (a) 304 °C; (b) 280 °C; (c¢) 200 °C; (d)
123 °C.
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Figure 2. Phase separation temperature of PE/BET mixtures and the
crystallization temperature of PE in the mixtures.
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Figure 3. Phase separation temperature of PE/(BET/PO) mixtures.
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Figure 4. Changes in the droplet size as a function of BET/PO mix-
ing ratio when samples were fabricated from PE/(BET/PO)=30/70
mixtures by cooling to 140 °C: (a) BET/PO=95/5; (b) BET/PO=90/
10; (¢) BET/PO=80/20; (d) BET/PO=70/30.

Figure 5. Cross-sectional morphologies of membranes fabricated
from PE/(BET/PO)=30/70 blends: (a) BET/PO=95/5; (b) BET/PO=
90/10; (¢) BET/PO=80/20; (d) BET/PO=70/30.
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Figure 6. Changes in the porosity of the membranes fabricated from
PE/(BET/PO)=30/70 blends as a function of BET content in the
diluent mixture.

Ao HE AxH EUe HgF V¥ A=
0.3+0.05 um?Ql ¥HH, 5Y 27202 Z2]o|d/BETZHH
Az R 1442.8 pme] Bt 71F 2718 ZEaL A
Figure 6= Z2]9€#/(BET/PO)=30/70 E3E=2HE A|
zd 2elgke] 713w WS BET/POS &9 3k
BRI} 713 JA] Z2|o €l /POZFE A=t #ejqt
2 HA9] 71FE(B6%)E YEMIIA BET/PO &3 3414
oA BET &= S7tl wet S71stiar Ze2jo|9=1/BET &
GERE A FEe] Ho 7|35 (64%)E HERN AT
AzH e F4E 71F2 IA F HAE UE T 2
o 757kl AE AA" €™ 7] (open pores)t AAEA]
e T3] 7]F(closed pores)OZ L3, gkl xIA|Z
735 dd 71Fell= ddlghEo] AFA N 23l 7Fel= A
F7F Brbssit). wEha 2] 9 @/BETZRE AxE
guke] A9 2 71F @ 71% 2710 14 pm)e] Bol I
= JepfA 2, Zgjoddl/POR Y A%
el Aeole A2 713 @ 715 271 03 um)e] B
o] FAulo] W2 7FEE YERAT. o] A= BETE &
gogd Zzet A2 A Z A B2 VT EE
Zb= Aelute] Alz7t 7Fs s ¥rtolyet BET/PO &3 3
AAE AHSSHH o A ohkst 7 EE 2 A8
o] Axk 7kses UERdTh

ft 4 He

ro JNIme=
B2 7EE

i~

4 =

AE-$ 343A1¢l BET2H BET/PO &3 3AA1S AM&-3}o]
a71EEe] Egdgd EYuhs ik HiY 3HoE A

%3l Z2)o|93/BET £35S UCST FEj 9] A
%S e, Z2 9|24 /(BET/PO) E3HE-2] AHEg)

2t B8 844 o) PO He] 7S LA,

Polymer(Korea), Vol. 38, No. 4, 2014



534 013 -

ZEolgaS 30 wt% LT S| dA/PO EFA o =F
H Alzd e At 7139 A7)¢ e ee 47
03um 36%2] WHA 5 Ao R Za|dd/BETZY-H
AzE B2 14 ume] Ft 71F 2718} 64% 7 BEE
;&1 Ilth & &38| 44| 2 BET/POS AMESE 7%, 7]%
o] @79} 71¥Ee EF 8434 We] BET go] S7Hd<
2 S8l 48202 BETE AM2-¢ 3442 ARS8
g_i,yq 7]%_9/] ééf—a]oﬂ‘gaj_] E].luLy_;]_ l-:_o_ 7]1:% 71-::
thake] A7t 7Fsstial, E olE 23 A*WE
AREEHl met Tkt 71EEE 2 gl

Azt 7Fs3k

A 2: B A3E 20139 % S Ety A=

1. S. Megahead and B. Scrosati, Electrochem. Soc. Interface, 4, 34
(1995).

2. F. Croce, G. B. Appetecchi, L. Persi, and B. Scrosati, Nature, 394,
456 (1998).

3. G. Venugopal, J. Moore, J. Howard, and S. Pendalwar, J. Power

Zan, #1384 A43, 20143

- R

W

oo

10.

11.

12.
13.

14.

15.

16.
17.

Sources, 77, 34 (1999).

. B. Bae, B. H. Chun, and D. Kim, Polymer, 42, 7879 (2001).
. S. H. Yoo and C. K. Kim, Ind. Eng. Chem. Res., 48, 9936 (2009).
. Y. S. Chung, S. H. Yoo, and C. K. Kim, /nd. Eng. Chem. Res., 48,

4346 (2009).

. K. M. Abraham, Electrochim. Acta, 38, 1233 (1993).
. S. Lee and S. W. Ryu, Polymer(Korea), 36, 93 (2012).
. M. Park, B. H. Ra, J. Y. Bae, B. H. Kim, and W. K. Choi,

Polymer(Korea), 37, 22 (2013).

F. C. Laman, M. A. Gee, and J. Denovan, J. Electrochem. Soc.,
140, 51 (1993)

M. Y. Jeon, J. O. Song, and C. K. Kim, Polymer(Korea), 31, 491
(2007).

K. W. Song and C. K. Kim, J. Membr. Sci., 352, 239 (2010).
S. S. Kim, G B. Lim, A. A. Alwattari, Y. F. Wang, and D. R.
Lloyd, J. Membr. Sci., 64, 41 (1991).

H. Matsuyama, M. Yuasa, Y. Kitamura, M. Teramoto, and D. R.
Lloyd, J. Membr. Sci., 179, 91 (2000).

H. Matsuyama, S. Kudary, H. Kiyofuji, and Y. Kitamura, J. App!.
Polym. Sci., 76, 1028 (2000).

M. J. Park and C. K. Kim, J. Membr. Sci., 449, 127 (2014).

S. C. Roh, M. J. Park, S. H. Yoo, and C. K. Kim, J. Membr: Sci.,
411, 201 (2012).




<<
  /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 <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


