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B OB AKEAVEERET SO/MMELZB-AEMELESP(VDF-HFP) & RILERE SRR, H
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P(VDF-HFP) Solvay, # 5 SOLEF11010. A-H
E el (NMP)  dE s S FIRE b A R A
Bl A0 O W AR N UKL R B
THALSABFRMEERA S, FHEE 10 nm.
T(ERP LB A WA E (LTFSD) , Fluka, 4
Brof . BEAE Z 45 85 (EC), Baker Chemical Co., 4+47
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BREMEEREN EREFEENERERETE
BOCHKESHES RF2-3h. MEBHER
REBETRHEEFARR A5+ TER.E
57 80°C T Ez5 T4 24 h #l45 Si0,/P{ VDF-HFP)
EOmALERES HHBNEAMILERREH
M-R.“R"N Si0, SEGYHRERL FHEE,
FIES 4 & T A F MK S0, WS EHHM,IEN
M-0.
1.3 SiQ,/P(VDF-HFP) & S RIFLEE M RIE

AL MIL S WA E MR 7 B M8 (SEM)
NE HABEELAETHHAEELSEH
ISM6301F F A ST A F EMEHTWE . AT
MERILEMEN EEER, SR HEELS %R
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1.4 SiO,/P(VDF-HFP)EHMAMESHERR
0k -1R= 3

ERBAEASH™ R TERENTFERF. B
LTFSIE TR N 1/1 8 EC/PC RSB M+,
W B 1 mol/L B HL W . 38— & K /NI Sio,/P
(VDF-HFP)E S fLEE TRV RE D, B
M EE AN L (2 30 min) W REEH
MALIREL , e AR L R o ik, 5018
3§35 B 1) SiO,/P(VDF-HFP) XML B B S B &
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HE-R,“R"K Si0, SRAYHEEHE.
1.5 RASBAYHEBRRBESENAIR

ERBARIHFHBTROFES P BHG
MESYEFRRBELER A EHEBRZE,F
HERLHETERETEROSHUE. RE
MAEEA R R R AT ZLS F #E LCR #
BULETEVES THE KRB, AER
2R 0.1V, 5HE B 10 ~ 100 kHz. 18 #9357
FH 7 3% F Scribner Associates Inc. ] ZView 2 FHBL 4
HAEHTIG  REBEMEKBHE, BRIBUT
HRHAERTE,

d
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AFH o .R, .S W d 552 Si0,/P(VDF-HFP) £
HMAMNESYRBRAENEFE KEaH T8
FRRE .
1.6 RARREYEBRSEEERERZEAN
REREERR

FH=%/78 1 mol/L LiPF,-EC/DEC/EMC

LA L R M 1.4 T BT 9 O B % Si0,/P( VDF-
HFP) R AR SR BR RERREHERE
REXERFESBERBRZAIAE R b, F
ZL5 ¥ #E LCR R B (X E T HEH TR R L b
B HBH TS , B W R 10 mV, BT E R 10
Hz ~ 100 kHz. #) 15 09 3 ¥ B ¥ i& A Scrbner
Associates Inc. 8 ZView 2 B HL Wik F i 47HL &,
KBEREYEREARSESBEKRZRMREE
P . R — o Bt i) ) 8 — 3K, i 1 % 2% 5 e LB
FEEHELFL ERREMESYERR
BxtEsEaEyRmiaEst.
2 ZERE5iTie
2.1 SiO,/P(VDF-HFP)E SRFALEEMNFLEH
B 1 & Si0,/P(VDF-HFP) B & M FL Bt B m
A SEM B . MBE F AT 1L & B, Si0, 5] AR5
WAL AENEETHE T FHEER
X Sio, WMAFLEZREE K, AL W B
BT, A M-0 B RTER , A M-0.05 HIRIAR
BRI M-0.1.M-0.15 1 M-0.2 B354 . B ob, 24
A SO, EMBEZB I HEAYERELUL
B, AL PRI E B Z A B MR F(M-0.1),
HEFHRER SO, MARBKY CMAE™H,
PETHHEMRFREFEMILZ P (M0.15 M-
0.2).
MBENE R/, AL EHH LS BT
BPESYNSSKITIMNELR X, MXFHEL
RARRH S0, BB T M5 AFTE . T BT
L KR N B4R R B AT A 89 Sio, #
KEF ENERBESBREAETHAR EHIE
MH#ABSKHNRESYH FELHEAEINLP.
2.2 SiO,/P(VDF-HFP)EEESRIAVESWER
ErESE
WIAEEYHRBANBEESHBEH T
(EXAHHESGPHERSRAYNREY)EEY
X £, 5i0,/P(VDF-HFP) £ E S WAL ESYH
RS MR LB BERINE 1 iR,

Table 1 The electrolyte absorption ratio of the membranes

Sample M- M0.05 M-0.1 M-015 MO0.2

Electrolyte absorption ratio 3.7 3.1 2.7 2.6 2.5




Fig. 1 The SEM micrographs of the 5i0,/P( VDF-HFP) composite porous membranes
a)M-0; b)M-0.05; ¢)M-0.1; d)M-0.15; e)M0.2
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SYRREALENESENBERAHZTREAL
AN FRENSZER, B TERERTH
JUBEE c, MRAENEERE C,AEEAH
ERAEEMNEFNEEPRAEHMATHERTR.
AFMHaARENEES . TLARXFHERES
REETHESINHSHE . RERA , BRESHY
BileBIANERELRBEYSERYE, KA
RAEREEHN . REUSEIO LKL HE
At ErBR R,

£ 2 £ JL# Si0,/P(VDF-HFP) X S LK
BEAYHEBEEICTHETE ANRPALE
F.AFREONEFEEIRT 1.3 mS/em, B
BHWELHER:;EMT 0.05 FESYHREHNR
%k Si0, MHER(E0.05)WHB S R# P RER T
2. 5mS/em, XX FRAYHBERERMBEH;
I 40K Si0, WERmE#— 1 X, R
BTHE. XRAEMISEMN SO, HEATRS
P(VDF-HFP) B NES YR ARNH 2,8
HERNMBIZRHEHNR . MNSEM BH LELEF
2L %M sio, FRMARNERRENE T,
XS AN HMILER SR BRAE
SR EER.EZE4T 0.0 FRSUREN Sio,
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Fig. 2 Typical impedance spectrum of a S5 | PPE| 5SS cell, the
equivalent circuit and the fitting result ( PPE is porous polymer
electrolyte}

In the equivalent circuit, Ry, is the bulk resistance of PPE, €, and €,
is the geometric capacitance and the double layer capacitance
respectivelys €, and Cg4 are not ideal capacilors but constant phase

elements .
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Table 2 The conductivity of the porous polymer electrolytes

Sample E-00 E-0.05 E-0.1 E-0.15 E-0.2
Conductivity at 30°C
1.3 2. ; 1.1 .
(mS/em) 5 0.36 0.33
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Fig. 3 The conductivity of the Si0;/P( VDF-HFP) based

composite porous polymer electrolytes
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Fig. 4 Typical impedance spectrum of a Li |PPE| Li half cell, the
equivalent circuit and the fitting result ( PPE is porous polymer
electrolyte )

In the equivalent circuit, Ry, is the bulk resistance of PPE, R; and C;
is the tesistance and capacitance of the passivation layer respectively,
R, and €, is the charge transfer resistance and the double layer
capacitance respectively; C; and Cy are not ideal capacitors but

constant phase elements,
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Fig. 5 The evolution of the interfacial resistance between the
compositeporotts  polymer  electrolytes and  lithium  metal
electrodes
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STUDY ON SiO,/P(VDF-HFP) COMPOSITE POROUS POLYMER ELECTROLYTES
PREPARED BY PHASE INVERSION INDUCED BY WATER VAPOR

SHI Qiao' , HUANG Wei', ZHOU Xiao'?, YAN Yushun’, WAN Chunrong’
(" Department of Chemical Engineering, Tsinghua University, Beifing 100084}
(% School of Maierial Science and Engineering, Tsinghua Universicy, Beifing  100084)
(* Institwe of Nuclear Energy Technology, Tsinghua University , Beijing 102201}

Abstract  Si0,/vinylidine fluoride-hexafluropropene copolymer [ P ( VDF-HFP )] composite porous polymer
electrolytes were prepared by phase inversion induced by water vapor. The influence of nano-Si0, on the porous
structure and performance of the porous polymer electrolytes was studied . The results show that when the weight ratio
of 8i0, to polymer is about 0.05,the porous polymer electrolytes have improved conductivity and interfacial stability
against lithium metal electrodes; but when the amount of SiQ, is further increased , serious aggregation of nano-5i0,
can be found in the pores,and the performance of the porous polymer electrolytes is reduced.

Key words Porous polymer electrolyte, P(VDF-HFP}, Nano-Si0,, Phase inversion, Lithium ion batteries



