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Description

POUCH-TYPE LITHIUM SECONDARY BATTERY
Technical Field

The present invention relates to a pouch-type lithium secondary battery having a

pouch-type case formed with a sheet.

Background Art

Recently, interests in energy storage technologies have increased. As the energy
storage technologies are extended to such devices as cellular phones, camcorders and
notebook PCs, and further to electric vehicles, the demand for a high energy density
battery used as a power source of such an electronic device has increased. A lithium
ion secondary battery is one of the most satisfactory batteries, and numerous studies
towards improvements are now in progress actively.

A lithium secondary battery may be manufactured with various shapes. Repre-
sentative examples include an angled lithium secondary battery, a cylindrical lithium
secondary battery and a pouch-type lithium secondary battery.

As shown in FIG. 1, a pouch-type lithium secondary battery 10 generally includes an
electrode assembly 11, and a case 12 defining a space for receiving the electrode
assembly 11. The electrode assembly 11 includes an anode made of carbon material
capable of occluding or emitting lithium ions, a cathode made of lithium-containing
oxide, and a separator interposed between the cathode and the anode to electrically
insulate them. Cathode and anode taps are respectively drawn from one edges of the
cathode and the anode of the electrode assembly 11 to configure tap units 13, which
are electrically connected to each other with being aggregated on each electrode plate.
The tap units 13 are respectively welded with electrode terminals, which may be
connected to an external terminal.

The pouch-type lithium secondary battery 10 includes the pouch-type case 12 made
of a sheet, which sheet is formed by laminating a polymer film on a metal sheet made
of aluminum, for example. The case 12 has a space in which the electrode assembly 11
may be placed, and conventionally upper and lower cases are releasably joined to each
other. In the pouch-type lithium secondary battery 10 configured as above, the
electrode assembly 11 is installed in the pouch-type case 11 having a space, and then
an electrolyte is injected therein. And then, heat and pressure are applied around the
pouch-type case 12 to firmly seal the pouch-type case 12, thereby completing the
pouch-type lithium secondary battery 10.

As mentioned above, the pouch-type lithium secondary battery employs a pouch-type

case made of sheet, so it is possible to fabricate a light lithium secondary battery in
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various shapes through a simple manufacturing process. However, since the pouch-
type case is used, the lithium secondary battery therein may be more vulnerable to
swelling due to increased inner pressure as compared to a cylindrical or angled battery.
Along with the swelling, the thickness of the battery is increased, causing problems in
electronics such as a cellular phone or a notebook and also creating serious influences

on the stability and performance of the battery.
This swelling of the battery is more serious in a lithium secondary battery to which a

non-aqueous electrolyte containing a dimethyl carbonate is injected.

For example, Japanese Patent No. 3,032,338 discloses a non-aqueous electrolyte
secondary battery containing a ternary system organic solvent composed of ethylene
carbonate, dimethyl carbonate and methyl propionate. The non-aqueous electrolyte
having dimethyl carbonate as a linear carbonate exhibits good high-rate discharging
characteristics. However, since dimethyl carbonate has a low boiling point, the battery
may significantly swell if the battery is overheated or left alone at a high temperature.
If ethyl methyl carbonate or dimethyl carbonate is added as linear carbonate or if only
a small amount of dimethyl carbonate is added, the swelling problem of the battery

may improve, but high-rate discharging characteristics deteriorate.
Disclosure of Invention

Technical Problem

The present invention is designed to solve the problems of the prior art, and therefore
it is an object of the present invention to provide a pouch-type lithium secondary
battery, which exhibits excellent high-rate discharging characteristics and also solves
the swelling problem of the battery, thereby overcoming the weak points of a pouch-
type battery.
Technical Solution

In order to accomplish the above object, the present invention provides a pouch-type
lithium secondary battery, which includes an electrode assembly having an anode
made of carbon materials capable of occluding or emitting a lithium ion, a cathode
made of lithium-containing oxide, and a separator interposed between the cathode and
the anode for electrical insulation between them; a pouch-type case made of a sheet to
give a space in which the electrode assembly is housed; and a non-aqueous electrolyte
injected into the electrode assembly, wherein the non-aqueous electrolyte is a non-
linear carbonate-based non-aqueous electrolyte including a lithium salt, (a) a cyclic
carbonate compound, and (b) a linear ester compound selected from the group
consisting of propionate-based compound, methyl butyrate, and propyl acetate, or their
mixtures, and wherein, during LiPFs 1M dissolution, the non-aqueous electrolyte has

an ionic conductivity of 9mS/cm or above at about 23°C.
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In the pouch-type lithium secondary battery according to the present invention, the
volume ratio (a:b) of the (a) component, namely a cyclic carbonate compound, and the

(b) component, namely a linear ester compound, is preferably about 2:8 to about 4:6.
In the pouch-type lithium secondary battery according to the present invention, the

cyclic carbonate compound may be any one material or a mixture of at least two
materials selected from the group consisting of ethylene carbonate, propylene
carbonate, fluoroethylene carbonate, and butylene carbonate. Also, the ethyl
propionate-based compound is any one material or a mixture of at least two materials
selected from the group consisting of ethyl propionate, ethyl 3-fluoropropanoate, ethyl
3,3-difluoropropanoate, ethyl 3,3,3-trifluoropropanoate, 2-fluoroethyl propionate,
2,2-difluoroethyl propionate, 2,2,2-trifluoroethyl propionate, 2,2,2-trifluoroethyl
3-fluoropropanoate, 2,2,2-trifluoroethyl 3,3-difluoropropanoate, and
2,2 2-trifluoroethyl 3,3,3-trifluoropropanoate.
Brief Description of the Drawings

FIG. 1 is a sectional view schematically showing a general pouch-type lithium
secondary battery; and

FIG. 2 is a graph showing ion conductivity of a non-aqueous electrolyte obtained by
dissolving 1M of LiPF¢ in a mixed organic solvent of ethylene carbonate and other
organic solvent (x), which is measured at 23°C according to a composition ratio (%) of

the mixed organic solvent.

Mode for the Invention

Hereinafter, preferred embodiments of the present invention will be described in
detail with reference to the accompanying drawings. Prior to the description, it should
be understood that the terms used in the specification and the appended claims should
not be construed as limited to general and dictionary meanings, but interpreted based
on the meanings and concepts corresponding to technical aspects of the present
invention on the basis of the principle that the inventor is allowed to define terms ap-
propriately for the best explanation.

As explained above, a pouch-type lithium secondary battery according to the present
invention essentially employs a predetermined mixed organic solvent having high ionic
conductivity, without using a linear carbonate compound. That is to say, the non-
aqueous electrolyte injected into the pouch-type lithium secondary battery according to
the present invention is a non-linear carbonate-based non-aqueous electrolyte including
a lithium salt, (a) a cyclic carbonate compound, and (b) a linear ester compound such
as propionate-based compound, methyl butyrate, and propyl acetate, and their
mixtures. During LiPF¢ 1M dissolution, the non-aqueous electrolyte has an ionic con-

ductivity of 9 mS/cm or above at about 23 °C.
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The cyclic carbonate compound easily dissociates lithium salts in an electrolyte,
which contributes to improvement of the charge/discharge capacity of a battery. The
cyclic carbonate compound may be any one material or a mixture of at least two
materials selected from the group consisting of ethylene carbonate, propylene
carbonate, fluoroethylene carbonate, and butylene carbonate. In particular, a mixture of
ethylene carbonate (or, fluoroethylene carbonate) or ethylene carbonate (or, fluo-
roethylene carbonate) and propylene carbonate has a high dielectric constant, so it
more easily dissociates lithium salts in an electrolyte.

The propionate-based compound used in the present invention may be propionate-
based ester compound expressed by the following Chemical Formula 1:

Chemical Formula 1

O

Rz
=3 o~

where R, and R, are independently a linear or branched C, 4 alkyl group, and R; and
R, may be unsubstituted or substituted with at least one halogen, respectively.

Non-limiting examples of the propionate-based ester compound expressed by the
Chemical Formula 1 include at least one compound selected from the group consisting
of methyl propionate-based compound, ethyl propionate-based compound, propyl
propionate-based compound, and butyl propionate-based compound. Ethyl propionate-
based ester compounds are preferred.

Ethyl propionate-based compounds, methyl butyrate and propyl acetate are linear
ester compounds that have a low freezing point and a relatively high boiling point and
exhibit excellent low-temperature characteristics. In addition, they exhibit relatively
low reactivity to a carbon material anode. Such linear ester compounds are mixed with
the above-mentioned cyclic carbonate compound to contribute to improvement of
high-rate discharging characteristics of the lithium secondary battery, particularly. That
is to say, the linear ester compounds exhibit high ionic conductivity at a normal and
low temperature by suitably coordinating lithium ions, thereby improving high-rate
discharging characteristics of the battery. In addition, the linear ester compounds show
high resistance against decomposition reactions in an electrolyte at the cathode during
the battery charging process, so that swelling of the battery is restrained and the life
cycle of the battery is improved. Also, since wettability to an electrode is improved,
rather than in the case when an ester carbonate solvent alone is used as a non-aqueous
electrolyte, its formation of lithium dendrites on the electrode surface is restrained,

thereby improving safety of the battery. The linear ester compounds may be used alone
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or in combination. The ethyl propionate-based compound may employ ethyl
propionate, ethyl 3-fluoropropionate, ethyl 3,3-difluoropropanoate, ethyl
3,3,3-trifluoropropanoate, 2-fluoroethyl propionate, 2,2-difluoroethyl propionate,
2,2,2-trifluoroethyl propionate, 2,2,2-trifluoroethyl 3-fluoropropanoate,

2,2 2-trifluoroethyl 3,3-difluoropropanoate, and 2,2,2-trifluoroethyl
3,3,3-trifluoropropanoate, i alone or in combination.

The non-aqueous electrolyte of the present invention, as explained above, has an
ionic conductivity of 9 mS/cm or above at about 23 °C during 1M dissolution of LiPF.
That is to say, as shown in FIG. 2, in the non-aqueous electrolyte containing (a) a
cyclic carbonate compound and (b) a specific linear ester compound, their ratio is
controlled in order to have an ionic conductivity of 9 mS/cm or above at about 23 °C
during 1M dissolution of LiPF for the improvement of high-rate discharging charac-
teristics. When the ionic conductivity of the non-aqueous electrolyte exceeds 9 mS/cm,
it would be understood that the ionic conductivity is substantially at the same level as
that of a mixed organic solvent containing dimethyl carbonate, as distinct from that of
the other kinds of linear carbonates. In this aspect, a volume ratio (a:b) of the (a)
component, namely a cyclic carbonate compound, and the (b) component, namely a
linear ester compound, is preferably in the range from 2:8 to 4:6.

The non-aqueous electrolyte of the lithium secondary battery according to the present
invention employs a cyclic carbonate compound as a carbonate compound and a non-
linear ester compound, namely a non-linear carbonate-based organic solvent. Thus, the
linear carbonate compound is not added so as to improve charging/discharging ef-
ficiency of the lithium secondary battery, but a small amount of linear carbonate
compound may be included without departing from the purpose of the present
invention.

In the non-aqueous electrolyte of the lithium secondary battery according to the
present invention, the lithium salt included therein as an electrolyte may employ any
one commonly used in an electrolyte for a lithium secondary battery. Non-limiting rep-
resentative examples of the lithium salt may further include LiPFs LiBF,, LiSbFq
LiAsFs LiClOy4, LIN(C,FsS0,),, LIN(CF;S0,),, CF;SO;Li1 and LiC(CF;SO,)s. In
addition, other compounds such as lactone, ether, ester, acetonitrile, lactam, and ketone
may be added to the non-aqueous electrolyte of the lithium secondary battery without
departing from the purpose of the present invention.

The pouch-type lithium secondary battery of the present invention has astructure as
shown in FIG. 1. That is to say, the pouch-type lithium secondary battery according to
the present invention includes an electrode assembly having an anode made of carbon
materials capable of occluding or emitting a lithium ion, a cathode made of lithium-

containing oxide, and a separator interposed between the cathode and the anode for
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electrical insulation between them; a pouch-type case made of a sheet having a space
in which the electrode assembly is placed therein; and a non-aqueous electrolyte
injected into the electrode assembly. The non-aqueous electrolyte injected into the
electrode assembly is already explained above.

The anode made of carbon materials capable of occluding or emitting lithium ions
and the cathode made of lithium-containing oxides may employ any material
commonly used for manufacturing a lithium secondary battery.

For example, the carbon materials capable of occluding or emitting lithium ions may
be low-crystalline carbon or high-crystalline carbon. The low-crystalline carbon
includes soft carbon or hard carbon, and the high-crystalline carbon includes natural
graphite, Kish graphite, pyrolytic carbon, mesophase pitch based carbon fiber, meso-
carbon microbeads, mesophase pitches, and high-temperature sintered carbon, such as
petroleum or coal tar pitch derived cokes, but it is not limited thereto. The anode may
have a binding agent, which may use various kinds of binder polymer such as PVDF-
co-HFP HFP (polyvinylidene-co-hexafluropopylene), polyvinylidenefluoride, poly-
acrylonitrile, polymethylmethacrylate, SBR (Styrene-Butadiene Rubber) copolymer,
and modified SBR copolymer.

In addition, cathode active materials made of lithium-containing oxide preferably
employ a lithium-containing transition metal oxide, for example any one material or a
mixture of at least two materials selected from the group consisting of LiCoQO,, LiNiQO,,
LiMnO,, LiMn,0O,, Li(N1,Co,Mn,)0O, (0<a<1, O<b<1, O<c<1, a+b+c=1), LiNi; ;Co,0,,
LiCo;;Mn,0,, LiNi, ;Mn,0O, (O<y<1), Li(Ni,Co,Mn,)O, (0<a<2, 0<b<2, 0<c<2,
a+b+c=2), LiMn,_,Ni,O,, LiMn,_,Co,0, (0<z<2), LiCoPO, and LiFePO.,.

The electrode of the pouch-type lithium secondary battery according to the present
invention may be manufactured according to a conventional method, for example,
which incudes adding electrode active material particles and a binder polymer, together
with a conductive material and dispersing agent (if required), to a solvent, then coating
a current collector with the slurry, and finally compressing and drying it. In addition,
the separator interposed between the cathode and the anode may employ common
porous polymer films used as a conventional separator, such as a porous polymer film
made using an ethylene homopolymer, propylene homopolymer, ethylene/butene
copolymer, ethylene/hexene copolymer or ethylene/methacrylate copolymer, in a
single layer or in laminate form. In other cases, the separator may be a common porous
non-woven fabric such as a non-woven fabric made of glass fiber with a high melt
point or polyethylene terephthalate fiber, but it is not limited thereto.

In addition, the pouch-type case receiving the electrode assembly may be made using
a common sheet such as a sheet made by laminating a polymer film on a metal sheet

made of such as aluminum, for example a sheet made by laminating polyethylene
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sheets on both surfaces of an aluminum sheet.

Hereinafter, the present invention is explained in more detail based on several Em-
bodiments. However, the following Embodiments may be modified in various ways,
and the present invention should not be interpreted as being limited thereto. The
following Embodiments are provided for persons having ordinary skill in the art to un-

derstand the present invention in a better way.

Embodiment 1

IM of LiPFs was added to a mixed organic solvent in which ethylene carbonate (EC)
and ethyl propionate (EP) are mixed in a volume ratio of 3:7 to prepare a non-aqueous
electrolyte.

Then, an electrode assembly was fabricated by interposing a polyethylene porous
film between a cathode using LiCoO, as a cathode active material and an anode using
artificial graphite as an anode active material, and then the electrode assembly was
placed and sealed in a pouch-type case made of a polypropylene/
aluminum/polypropylene film. Here, the non-aqueous electrolyte prepared as above

was injected to manufacture a pouch-type lithium secondary battery.

Embodiment 2
A pouch-type lithium secondary battery was manufactured in the same way as in the

Embodiment 1, except that methyl butyrate was used instead of ethyl propionate.

Embodiment 3
A pouch-type lithium secondary battery was manufactured in the same way as in the

Embodiment 1, except that propyl acetate was used instead of ethyl propionate.

Embodiment 4
A pouch-type lithium secondary battery was manufactured in the same way as in the
Embodiment 1, except that the composition of ethylene carbonate and ethyl propionate

was changed into a volume ratio of 2:8.

Embodiment 5
A pouch-type lithium secondary battery was manufactured in the same way as in the
Embodiment 1, except that the composition of ethylene carbonate and ethyl propionate

was changed into a volume ratio of 4:6.

Comparative Example 1
A pouch-type lithium secondary battery was manufactured in the same way as in the
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Embodiment 1, except that the composition and kind of a mixed organic solvent was

changed into ethylene carbonate : dimethyl carbonate = 3:7 (volume ratio).

Comparative Example 2
A pouch-type lithium secondary battery was manufactured in the same way as in the

Embodiment 1, except that the composition and kind of a mixed organic solvent was

changed into ethylene carbonate : ethyl methyl carbonate = 3:7 (volume ratio).

Comparative Example 3
A pouch-type lithium secondary battery was manufactured in the same way as in the

Embodiment 1, except that the composition and kind of a mixed organic solvent was

changed into ethylene carbonate : diethyl carbonate = 3:7 (volume ratio).

High-Rate Charging/Discharging Test

The pouch-type batteries manufactured according to the Embodiments 1-5 and the
Comparative Examples 1-3 were charged/discharged 3 times at a 0.2C rate, and sub-
sequently charged at a 0.2C rate and discharged at a 2C rate. The measured 0.2C
discharge capacity, 2C discharge capacity and their capacity ratio are listed in the

following Table 1.

Swelling Test at High-Temperature Storage
The pouch-type batteries manufactured according to the Embodiments 1-5 and the

Comparative Examples 1-3 were heated from a normal temperature to 90°C for 1 hour,
and then preserved at 90°C for 4 hours. The increased thickness during the storage at
90°C for 4 hours is listed in the Table 1.

Table 1
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[Table 1]
[Table |
Solvent com-0.2C 2C 2C/0.2C |Thickness increase
position discharge [discharge [capacity |at high-temperature
capacity  [capacity [ratio (%) |storage (mm)
(mAh) (mAh)
Embodiment 1 [EC/EP =3/7 |901 752 83.5 0.18
Embodiment 2 |[EC/MB 897 746 83.2 0.14
=3/7
Embodiment 3 ([EC/PA =3/7 |898 748 83.3 0.16
Embodiment 4 (EC/EP =2/8 |897 729 81.3 0.25
Embodiment 5 [EC/EP =4/6 (900 743 82.6 0.15
Comparative |EC/DMC 905 758 83.8 5.56
Example 1 =3/7
Comparative |EC/EMC 903 634 70.2 0.22
Example 2 =3/7
Comparative |EC/DEC 897 503 56.1 0.03
Example 3 =3/7

[66]

[67] As seen from the Table 1, it would be understood that the pouch-type lithium
secondary batteries according to the Embodiments 1 to 5 exhibit good 2C discharge
capacity, which is substantially the same level as the Comparative Example 1 using a
mixed organic solvent of ethylene carbonate and dimethyl carbonate, but different
from the Comparative Examples 2 and 3. Meanwhile, the pouch-type lithium
secondary battery of the Comparative Example 1 exhibits greatly increased thickness
at a high-temperature storage and thus exhibits serious swelling. On the other hand, the
pouch-type lithium secondary batteries according to the Embodiments 1 to 5 of the
present invention exhibit just a small thickness change like the Comparative Examples
2 and 3.

Industrial Applicability
[68] The pouch-type lithium secondary battery of the present invention employs a prede-

termined mixed organic solvent having high ionic conductivity without using a linear
carbonate compound, in order to ensure excellent high-rate discharging characteristics

and also solve swelling problems associated with a battery having a pouch-type case.
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Claims

A pouch-type lithium secondary battery, comprising:

an electrode assembly having an anode, a cathode, and a separator interposed
between the cathode and the anode for electrical insulation therebetween;

a pouch-type case made of a sheet to provide a space in which the electrode
assembly is housed; and

a non-aqueous electrolyte injected into the electrode assembly,

wherein the non-aqueous electrolyte is a non-linear carbonate-based non-aqueous
electrolyte including a lithium salt, (a) a cyclic carbonate compound, and (b) a
linear ester compound selected from the group consisting of propionate-based
compound, methyl butyrate, propyl acetate, and mixtures thereof, and

wherein, during LiPF¢ 1M dissolution, the non-aqueous electrolyte has an ionic
conductivity of 9 mS/cm or above at about 23 °C.

The pouch-type lithium secondary battery according to claim 1, wherein a
volume ratio (a:b) of the (a) component and (b) component is about 2:8 to about
4:6.

The pouch-type lithium secondary battery according to claim 1, wherein the
cyclic carbonate compound includes any one material or a mixture of at least two
materials selected from the group consisting of ethylene carbonate, propylene
carbonate, fluoroethylene carbonate, and butylene carbonate.

The pouch-type lithium secondary battery according to claim 1, wherein the
propionate-based compound may be propionate-based ester compound expressed
by the following Chemical Formula 1:

Chemical Formula 1

O

Fz
=3 o

where R, and R, are independently a linear or branched C, ¢ alkyl group, and R,
and R, may be unsubstituted or substituted with at least one halogen, re-
spectively.

The pouch-type lithium secondary battery according to claim 4, wherein the
propionate-based ester compound expressed by the Chemical Formula 1 includes
at least one compound selected from the group consisting of methyl propionate-
based compound, ethyl propionate-based compound, propyl propionate-based
compound, and butyl propionate-based compound.

The pouch-type lithium secondary battery according to claim 5, wherein the
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ethyl propionate-based compound is any one material or a mixture of at least two
materials selected from the group consisting of ethyl propionate, ethyl
3-fluoropropanoate, ethyl 3,3-difluoropropanoate, ethyl
3,3,3-trifluoropropanoate, 2-fluoroethyl propionate, 2,2-difluoroethyl propionate,
2,2,2-trifluoroethyl propionate, 2,2,2-trifluoroethyl 3-fluoropropanoate,

2,2 2-trifluoroethyl 3,3-difluoropropanoate, and 2,2,2-trifluoroethyl
3,3,3-trifluoropropanoate.

The pouch-type lithium secondary battery according to claim 1, wherein the
lithium salt includes any one material or a mixture of at least two materials
selected from the group consisting of LiPFs LiBF, LiSbF, LiAsFs LiClO,, LiN(C
,FsS0,),, LIN(CF;S0,),, CF:SO;Li1 and LiC(CF;SO,)s.

The pouch-type lithium secondary battery according to claim 1, wherein the
anode is made of carbon material capable of occluding or emitting lithium ions.
The pouch-type lithium secondary battery according to claim 8, wherein the
carbon material capable of occluding or emitting lithium ions is a low-crystalline
carbon or high-crystalline carbon.

The pouch-type lithium secondary battery according to claim 1, wherein the
cathode is made of lithium-containing oxide.

The pouch-type lithium secondary battery according to claim 10, wherein the
lithium-containing oxide is a lithium-containing transition metal oxide.

The pouch-type lithium secondary battery according to claim 11, wherein the
lithium-containing transition metal oxide is any one material or a mixture of at
least two materials selected from the group consisting of LiCoO,, LiNiO,,
LiMnO,, LiMn,0,, Li(Ni,Co,Mn,)0O, (O<a<1, O<b<1, O<c<1, a+b+c=1), LiNi,,
Co,0,, LiCo, ;Mn,0,, LiNi; ;Mn,O, (O<y<1), Li(Ni,Co,Mn,)O, (O<a<2, 0<b<2,
O<c<2, a+b+c=2), LiMn,_,Ni,O,, LiMn,_,Co,0, (0<z<2), LiCoPO, and LiFePO,.
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