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Enhancement of Low Temperature Power Performance
for Lithium-ion Cells with Lithium Titanium Oxide
Negative Electrode by New Functional Electrolyte:
Application of Carboxylic Acid Ester as Solvent and
Organic Titanium Compound as Additive
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Abstract

The authors have investigated the effect of electrolyte solvent viscosity on low-temperature-power performance
of lithium transition metal oxide (LiNi,Mn,Co,0, x + y + z = 1)/lithium titanium oxide lithium-ion cells. When
ethylmethl carbonate (EMC) was replaced by dimethyl carbonate (DMC) by 40 volume% in EMC-DMC mixed sol-
vent of the electrolyte, the power of cells at =30 °C was improved by 10 %. For the further enhancement of power
performance, certain solvents with lower values of viscosity and freezing point than those of DMC were searched.
Among the candidates, methyl acetate (MA) and ethyl acetate turn out to show higher ionic conductivity at lower
temperature of -30 °C, while acetonitrile has higher one at room temperature. No oxidation current was then ob-
served in the former two carboxylic acid esters under the condition of nobler potential than 4.5 V vs. Li/Li", which
1s usually the upper limit potential of positive electrode, although these solvents are more likely to be oxidized
than the case of acetonitrile and linear carbonates. The application of MA with a low viscosity value of one-third
of linear carbonates at -30 °C showed as high as 920 W kg power at -30 °C compared to 440 W kg of that us-
ing linear carbonates. Meanwhile, power performance of the cell using MA after high temperature storage test
at 60 C for 15 days degraded seriously. This degradation was overcome by adoption of new functional electrolyte
containing organic titanium compound. Furthermore, the cell using MA as electrolyte solvent was as safe as that

using linear carbonates on nail penetration test, over charge test, short-circuit test, and oven test.
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Fig. 1 10 sec-power performance at -30 ‘C for

lithium transition metal oxides/lithium titanium oxide
lithium ion cells using various DMC concentration of
DMC-EMC mixed electrolyte containing 1 mol dm™
LiPFg. Out put power was calculated from |, corre-
sponding to 1.5 V of straight line obtained from V-I
characteristics.
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Fig. 2 Temperature dependence of ionic conduc-
tivity for electrolyte with various solvents. Solvents
are acetonitrile (closed rhomboids), methyl acetate
(opened rectangles), ethyl acetate (closed circles),
and DMC: EMC = 40: 60 (vol.%) (opened trian-
gles) containing 1 mol dm™ LiPFe.
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Fig. 3 Discharge curves at 2000 mA under low
temperature of -30 °C for lithium transition metal
oxide/lithium titanium oxide lithium ion cells using
solvents of methyl acetate (closed rectangles), and
DMC : EMC = 40 : 60 (vol.%) (opened circles) con-
taining 1 mol dm™ LiPF.
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Fig. 4 Change in 10 sec-power performance at
-30 C for lithium transition metal oxide/lithium tita-
nium oxide lithium ion cells using solvents of methyl
acetate (MA), methyl acetate with organic titanium
compound (MA-+additive), and DMC : EMC = 40 :
60 (vol.%) (reference) containing 1 mol dm™ LiPFg
after storage test at 60 ‘C for 15 days. White bar
and colored one denote initial and after values, re-
spectively. Closed circle denotes retention rate after
storage test.
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