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Development of Polycarbosilane-Derived Novel Gel Electrolytes
for Lithium Ion Batteries
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Kozo Matsumoto Takeshi Endo Kouhei Katsuda Hojin Lee Kinji Yamada

Novel carbosilane-based gel polymer electrolytes (GPEs) were synthesized by ring-opening copolym-
erization of a silacyclobutane monomer having a 5-membered cyclic carbonate structure (SBMC) with a
hexamethylene-1, 6-bis (1-methylsilacyclobutane) (HMBS) in a common electrolyte solution of lithium ion
batteries. SBMC was prepared by epoxidation of 1- (4-butenyl) -1-methylsilacyclobutane followed by insertion
of CO; into the epoxide. HMBS was prepared by treatment of hexametylene-1, 6-bis (magnesium bromide)
with 1-chloro-1-methylsilacyclobutane. Polymerization of these monomers were conducted with a catalytic
amount of platinum divinyltetramethyldisiloxane complex at room temperature in a 1 M LiPF; solution of
ethylene carbonate (EC)/diethyl carbonate (DEC) (3/7v/v). The obtained GPE showed high ionic conduc-
tivity (4.3 x 10° S/cm at 25 C) with high electrochemical stability. A battery cell (cathode: LiCoO./anode:
carbon) with the GPE directly polymerized in the cell was fabricated, and its battery performance was ex-
amined. The battery showed discharge capacity of 128.2 mAh/g at 1.0 C rate, which was almost same
value as that (132.7 mAh/g) of a battery cell fabricated with a normal electrolyte solution.
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Figure 1 Chemical structures of carbosilane mono-
mers
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Scheme 2 Synthesis of HMBS
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Scheme 3 Homopolymerization of SBMC
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Table 1 Bulk Homopolymerization Results of SBMC

Ron | Cart | [cacdvTsmucy, | Teme | T | Comt YT e e | v
1 1 1/500 30 2 100 59 6000 11800 1.96
2 2 1/400 60 16 90 64 3700 6600 1.78
3 2 1/400 30 2 100 93 17300 22600 1.30
4 3 1/200 30 2 100 52 6500 9400 1.45
5 4 1/340 100 24 39 - 430 570 1.19

* 1'H.PtCly* 6H,0, 2:Pt[CH,=CH-Si(CH,) 1.0, 3:RhCl(PPhs);, 4:Pd-C
" Determined by 'H NMR measurements of the crude reaction mixture

¢ Isolated by precipitation in methanol
¢ Determined by GPC relative to polystyrene standards
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Figure 2 Linear sweep voltammograms of polySBMC
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Scheme 4 Synthesis of carbosilane networked poly-
mer
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Figure 3 Photograph of the networked polymer
film (SBMC/HMBS=10/1)

Table 2 Swelling the Networked Polymer Films
with Electrolyte Solution®

Run [SBMC],/ | Swelling degree | Ionic conductivity
[HMBSI* | Wesaten/ W' (S/cm)
1 9/1 2.2 1.5x10°°
2 20/1 3.2 3.8x10™
3 50/1 4.9 1.0x10°°

*1 M LiPF~EC/DEC(3/7) was used for the electrolyte
solution

" initial concentration ratio of SBMC and HMBS used
for the film preparation

¢ Wawoten: weight of the film swollen with the electrolyte
solution
Wan: weigh of the dry film
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Figure 4 Photograph of the GPE obtained by Pt-
catalyted polymerization of SBMC/HMBS
in a electrolyte solution ( [SBMC ]/
[HMBS]=10/1, total monomer concentra-
tion:10wt%, electrolyte solution:1 M LiPFs
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Figure 5 Temperature dependence of ionic conduc-
tivity for a 1 M LiPF+EC/DEC (3/7) solu-
tion, 10wt% SBMC/HMBS(10/1) GPE, and
10wt% poly (VDF-HFP) GPE
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Figure 6 Charge/discharge capacities of lithium ion
battery fabricated with normal electrolyte
solution [1 m LiPF~EC/DEC(3/7)] and
polycarbosilane GPE at 0.1 C

Table 3 Discharge Capacity at Various Discharge
rate

Discharge rate Discharge capacity (mAh/g)

Carbosilane GPE | LiPF+-EC/DEC (3/7) liquid
0.1C 143.7 145.4
0.2C 142.7 143.5
0.5C 137.5 138.3
1C 128.2 132.7
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