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(57) Abrege/Abstract:

The molten salt used as an electrolyte of a molten salt battery is a mixed salt between a salt in which the anion Is an ion represented
by [R1-SO.-N-SO,-R, ]- such as FSA ion and the cation Iis Na ion, and a salt in which the cation Is an alkali metal ion other than Na
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(57) Abrege(suite)/Abstract(continued):

lon or an alkaline earth metal ion. The active material of a positive electrode 1 Is a metal oxide represented by NaXI\/I1yI\/I21-yO2

(Wherein M1 is Fe or NI, M2is Mn or Ti, 0 <x =1 and 0 <y <1). The active material of the positive electrode 1 Is, for example, Na, ,
Fe, ,Mn, ,O,. The molten salt battery operates at a low temperature, whereby time required for increasing the temperature of the

battery to the operation temperature Is reduced. The molten salt battery also has improved safety because the electrolyte Is
nonvolatile and nonflammable.
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ABSTRACT

The molten salt used as an electrolyte of a molten

salt battery i1s a mixed salt between a salt 1n which the

anion is an ion represented by [R1-S0,-N-50;-R;]j- such as FSA

ion and the cation is Na ion, and a salt in which the cation

is an alkali metal ion other than Na i1on or an alkaline
earth metal ion. The active material of a positive
electrode 1 is a metal oxide represented by NaxM1lyMZ2;-,0;
(wherein M1 is Fe or Ni, M2 is Mn or Ti, 0 < x £ 1 and 0 < vy
< 1). The active material of the positive electrode 1 1s,
for example, Nas,sFe;i,;,3sMn;,30,. The molten salt battery
operates at a low temperature, whereby time required for

P

increasing the temperature of the battery to the operation

temperature is reduced. The molten salt battery also has

improved safety because the electrolyte is nonvolatile and

nonflammable.



DESCRIPTION
NONVOLATILE AND NONFLAMMABLE MOLTEN SALT BATTERY

TECHNICAL FIELD

The present invention relates to a molten salt battery

containing a molten salt as an electrolyte.

BACKGROUND ART

In order to effectively utilize electric power,
storage batteries having high energy density and high
efficiency are required. As such storage batteries,
lithium-1on secondary batteries are widely used. Because
the quantity of Li (lithium) resources 1is poor, storage

batteries containing Na (sodium), which is more abundant in

nature than Li, have been developed. As an example of such
batteries, Patent Document 1 discloses a sodium-sulfur
battery. Non-Patent Document 1 also discloses a positive

electrode material assuming the use thereof for sodium-ion

secondary batteries.

However, the operation of the sodium-sulfur battery

disclosed in Patent Document 1 requires a high temperature

of 280°C or more. Due to this, the sodium-sulfur battery
requlres a lot of time in order to reach the operation
temperature thereof. The sodium-ion secondary battery
disclosed in Non-Patent Document 1 utilizes, similar to
lithium-ion secondary batteries, an electrolyte solution
which 1s a flammable organic solvent. However, when an
organic solvent is used as an electrolyte solution for
batteries, the electrolyte 1s decomposed in parallel with
battery reaction at a voltage within the range of battery

operation, causing deterioration of batteries. Moreover,
1
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organic solvents are volatile and flammable. Thus batteries

using organic solvent electrolytes may be i1gnited due to

heat generation.

PRIOR ART DOCUMENT

Patent Document

Patent Document 1: Japanese Laid-Open Patent Publication No.

2007-273297

Non Patent Document

Non—-Patent Document 1l: Jun-ichi Iwatate, Naocakl Yabu-uchi,

Shin-ichi Komaba, "Synthesis of laminated NaMO, (M = Fe, Mn,

Ti) and Electrochemical property”", Abstract of The 51lst

Battery Symposium in Japan, The Committee of Battery

Technology, The Electrochemical Socliety of Japan, November

2010, p.225

INVENTION

B3

SUMMARY OF TH!

Problems that the Invention 1s to Solve

An object of the present i1nvention 1s to provide a

molten salt battery which has a reduced time before

iy

initiation of operation and 1s highly safe because of the

use of a non—-flammable molten salt having a low melting

polnt.

Means for Solving the Problems

In order to achieve the above object, the first aspect

cf the present invention 1s a molten salt battery comprising

a positive electrode, a negative electrode and a molten salt

as an electrolyte, wherein the molten salt contains an anion

having a chemical structure represented by the following

formula (1):



CA 02828350 2013~08-26

0. 0
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R O O RZ2

(wherein in the formula (1) R1 and RZ2 are the same or

different and are respectively a fluoro group or a

fluoroalkyl group); and, as cations, Na 1on and an alkali
metal ion other than Na ion or an alkaline earth metal 1on,
and the positive electrode contains, an active material, a
metal oxlde represented by a composition formula: NayM1,MZ;.
vO2 (wherein M1 is Fe or Ni, M2 is Mn or Ti, X 1s a number

satisfying 0 < x £ 1 and v 1is a number satisfying 0 < y < 1).

In the molten salt battery, it 1is preferred that 1n
the formula (1), R1 and R2 are respectilvely a fluoro group

or a fluorcalkyl group having 1 to 8 carbon atoms.

In the molten salt battery, the anion contained 1in the
molten salt 1is preferably FSA (bis(fluorosulfonyl)amide) 1on,

TFSA (bis(trifluoromethylsulfonyl)amide) 1on or FTA

(fluorosulfonyl (trifluoromethylsulfonyl)amide) ion.

In the molten salt battery, the cations contained 1in

the molten salt are preferably Na i1on and K 1ion.

In the molten salt battery, the molten salt 1is
preferably a mixed salt between NaFSA in which the cation is
Na 1on and the anion 1is FSA ion; and KFSA 1n which the

cation is K i1on and the anion 1s FSA jion.

According to the present invention, the molten salt
used as the electrolyte in the molten salt battery 1s a
mixed salt between a salt in which the anion is the ion
represented by the formula (1) and the cation 1s Na ion, and

a salt in which the cation 1s an alkalil metal i1on other than

3



Na ion or an alkaline earth metal ion. The active material
of the positive electrode of the molten salt battery 1is a
metal oxide represented by NayM1,M2,_,0;, (wherein M1l 1s Fe or
Ni, M2 is Mn or Ti, 0 < x £ 1 and 0 < y < 1). In this case,
the molten salt, which is the mixed salt, thus has a reduced

melting point and the molten salt battery has a reduced

operation temperature.

In the molten salt battery, the metal oxide 1s

preferably a metal oxide represented by a composition

formula: Na2/3Fe1/3Mn2/302, N85/6Fe1/2Mn1/202, NaFel/zTil/zoz Oor

NaNil/gMnl/zoz .

According to this configuration, the active material
of the positive electrode 1s N&2/3Fe1/3Mn2/302, Na5/6Fe1/2Mn1/202,

NaFe;,»Ti;,;20, or NaNi,,,Mn;,;0;, so that the moiten salt

battery can be provided with a high energy density.

According to a preferred embodiment of the present
invention, there is provided a molten salt battery comprising

a positive electrode, a negative electrode and a molten salt

as an electrolyte, wherein:

the molten salt contalins an anion having a chemical

structure represented by the following formula (1):

O O

N DJ 7

\S/ \S/ ¢ T & (1)
PN /N
R 1 O O RZ2

wherein in the formula (1), Rl and R2 are a fluoro group;

as cations, Na 1on and K 1ion;

the molten salt 1is a mixed salt between NaFSA in which

the cation is Na i1on and the anion i1s FSA ion; and KFSA in

which the cation is K i1on and the anion 1s FSA 1on, FSA belng
4
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bis(fluorosulfonyl)amide 1on, and
the positive electrode contains, as an active material, a

metal oxide represented by a composition formula:

Naz/3Fei1/3Mn2/30:2.

The molten salt battery preferably comprises a
separator provided between the positive and negative

electrodes, and the separator is formed of a silicate glass

oY a resin.

In the molten salt battery, the separator 1is

preferably formed of a glass cloth or a porous resin.

In the molten salt battery, the negative electrode
preferably contains, as an active material, tin, metal Na,

carbon, silicon or indium.
The molten salt battery preferably comprises a
container formed of aluminum and configured to retain the

positive and negative electrodes.

BRIEF DESCRIPTION OF THE DRAWINGS

4a
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Fig. 1 is a vertical section diagram schematlcally

showing an embodiment of the molten salt battery of the
present 1nvention;

Fig. 2 1is a characteristic diagram showlng measurement
results of the produced Najy,3Fe;/sMn;,30; by XRD;

Fig. 3 1s a characteristic diagram showing charge and
discharge characteristics of the molten salt battery

containing Na,,3Fe,/3Mn,,;30, as a positive electrode active

material; and

Fig. 4 shows tables indicating the conditions for

preparation and conditions and results for charge-discharge

test of the molten salt battery of Example 1.

MODES FOR CARRYING OUT THE INVENTION

A specified embodiment of the molten salt battery of
the present invention 1s hereinafter i1llustrated by

referring to Figs. 1 to 4.

As shown in Fig. 1, the molten salt battery comprises
a battery case 51, a rectangular plate-shaped positive
electrode 1, a sheet-shaped separator 3, a rectangular
plate—-shaped negative electrode 2 and a lid 52. The battery

case 51 has a rectangular solid box shape with an opening at

the top face. The positive electrode 1, the separator 3 and
the negative electrode 2 are aligned 1n the battery case 51.
The lid 52 1s attached to the battery case 51 so as to cover

the opening of the battery case 51. The battery case 51 and

the 1lid 52 are formed of Al (aluminum). The separator 3 1S
provided between the positive electrode 1 and the negative
electrode 2. The positive electrode 1, the separator 3 and
the negative electrode 2 are stacked and arranged so as to

De perpendicular to the bottom face of the battery case 51.
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A spring 41 and a presser plate 42 are provided

between the negative electrode 2 and an inner wall of the

battery case 51. The spring is formed of an Al alloy and

has a corrugated sheet shape. The presser plate 42 1s non-

flexible and has a flat plate shape. The spring 41
energizes the presser plate 42 so as to press the negative
electrode 2 towards the separator 3 and the positive
electrode 1. The positive electrode 1 1s pressed towards
the separator 3 and the negative electrode 2 from an inner
wall at the opposite side of the spring 41 due to reaction
of the spring 41. The spring 41 is not limited to a metal
spring and may be an elastic body such as rubbers. When the
positive electrode 1 or the negative electrode 2 1is expanded

or shrunk due to charge and discharge, the change 1n the

volume of the positive electrode 1 or the negative electrode

? is absorbed by expansion and contraction of the spring 41.

The positive electrode 1 is formed by a positive
electrode current collector 11 and a positive electrode

material 12. The positive electrode current collector 11 1is

formed of Al and has a rectangular plate shape. The
positive electrode material 12 contains a positive electrode
active material and a binder described hereinafter and 1s
applied on the positive electrode current collector 11. The
negative electrode 2 is formed by a negative electrode
current collector 21 and a negative electrode material 22.
The negative electrode current collector 21 1s formed of Al
and has a rectangular plate shape. The negative electrode
material 22 contains a negative electrode active material
such as Sn (tin) and the like and i1s plated on the negative

electrode current collector 21. Zinc 1is plated on a

substrate as zincate treatment and then Sn 1s plated upon

plating of the negative electrode material 22 on the
negative electrode current collector Z21. The negative

electrode active material 1s not limited to Sn and may be

0
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metal Na, carbon, silicon or 1ndium. The negative electrode
material 22 may alternatively be formed by applylng negative
electrode active material powder containing a binding agent
on the negative electrode current collector 21. The
separator 3 1s formed of an insulating material such as a

silicate glass or a resin. The separator 3 has a shape that

allows retention of an electrolyte and passage of Na 1ons.

The separator 3 1s formed of a glass cloth or a porous resin.

The separator 3 1s provided between the positive
electrode 1 and the negative electrode 2 which are arranged
so that the positive electrode material 12 opposes to the
negative electrode material 22. The positive electrode 1,

the negative electrode 2 and the separator 3 are 1mpregnated

with an electrolyte containing a molten salt. The inner

tace of the battery case 51 1s covered with an 1nsulating

resin 1n order to avold short circuit between the positive

electrode 1 and the negative electrode 2. The outer face of
the 1lid 52 1s provided with a positive electrode terminal 53

and a negative electrode terminal 54 as external connection

terminals. The positive electrode terminal 53 and the

negative electrode terminal 54 are insulated from each other.

A part of the 1lid 52 that faces the inside of the battery
case 51 1s also covered with an insulating film or the like.

The upper end of the positive electrode current collector 11

1s connected to the positive electrode terminal 53 via a

lead wire 55. The upper end of the negative electrode
current collector 21 1s connected to the negative electrode
terminal 54 via a lead wire 56. The lead wires 55 and 56

are 1nsulated from the lid 52. The 1lid 52 1s welded to the

battery case 51.

The electrolyte 1s a molten salt which becomes
conductilive liquid in the molten state thereof. The molten

salt melts at or higher than a melting point to become an

7
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electrolyte solution. Accordingly the molten salt battery

operates as a secondary battery. The molten salt battery
may be i1nternally provided with a heater for heating the
inside of the molten battery or a temperature sensor. The
molten salt battery shown in Fig. 1 comprises each one of
the positive electrode 1 and negative electrode 2; however
multiple positive electrodes 1 and negative electrodes 2 may
be alternately stacked so as to sandwich separators 3. The

molten salt battery may have a cylindrical shape other than

the rectangular solid shape.

The composition of the molten salt used as an

electrolyte for the molten salt battery is now described.

The anion contained in the molten salt has a chemical
structure represented by the above formula ({(1). In the
formula (1), R1 and R2 are respectively a fluoro group oOr a
fluoroalkyl group. R1 and R2 may be the same or different.
The anion represented by the formula (1) is preferably the
one wherein R1 and R2 are respectively a fluoro group or a
fluoroalkyl group having 1 to 8 carbon atoms. When R1 and
RZ are both fluoro groups, the anion represented by the
formula (1) is FSA (bis(fluorosulfonyl)amide) ion. When R1
and RZ2 are both trifluoromethyl groups, the anion
represented by the formula (1) i1s TFSA

(bis(trifluoromethylsulfonyl)amide) ion. When one of R1 and

RZ2 1s a fluoro group and the other is a trifluoromethyl

group, the anion represented by the formula (1) is FTA

(fluorosulfonyl (trifluoromethylsulfonyl)amide) ion. The anion

contained 1n the molten salt may include FSA ion, TFSA ion

or FTA 1on.

The molten salt also contains Na i1on as a cation. The

molten salt also contains at least one alkali metal ion

other than Na i1on or alkaline earth metal ion. The alkali

8
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metal ion other than Na ion which can be used is Li, K
(potassium), Rb (rubidium) or Cs (cesium) ion. The alkaline

earth metal ion which can be used is Be (berylium},

magnesium (Mg), Ca (calcium), Sr (strontium) or Ba (barium)
ion. For example, the cations contained 1n the molten salt

may be Na ion and K ion. The molten salt 1in which the anion

is FSA ion and the cation is Na ion and K ion 1s a mixed
salt between NaFSA 1in which the cation 1s Na 1on and the

anion 1s FSA ion and KFSA in which the cation is K ion and

the anion is FSA 1on.

As described above, the molten salt used as an

electrolyte 1n the molten salt battery of the present
invention contains the anion represented by the formula (1)

and a cation which 1s an alkali metal ion or an alkaline

earth metal 1on. The previous studies have shown that the

melting point of the molten salt having such a composition

is significantly lower than 280 to 360°C, which is the

operation temperature of sodium-sulfur batteries. The

molten salt used as an electrolyte for the molten salt

battery of the present invention 1s a mixed salt containing

multiple kinds of salts, thereby having a lower melting

point than a molten salt formed of a single salt. Namely

the molten salt used as an electrolyte for the molten salt

battery of the present invention has a significantly lower

e
p—

melting point than 280 to 360°C, at which sodium-sulfur

"

batteries operate. Accordingly the molten salt battery of

the present 1nvention can have a significantly lower

operation temperature than that of sodium-sulfur batteries.

The composition of the positive electrode material 12
1s now described. The positive electrode active material

contalined 1n the positive electrode material 11 1s a metal

oxlde represented by the following formula (2).
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NaleyMZI_.yOZ (2)

In the formula (2), M1l is a metal element of either Fe

(iron) or Ni (nickel). M2 1s a metal element of either Mn

(manganese) or Ti (titanium). x 1is a number 1n the range of

- =

0 < x £ 1 and v is a number in the range of 0 < y < 1. 1In

Non-Patent Document 1, an electrolyte solution contalning a

flammable organic solvent, propylene carbonate, 1s used.

The inventor of the present application found that,

according to his research, the metal oxide represented by
the formula (2) can be used as a positive electrode active

material of the positive electrode 1 in molten salt

b

batteries containing a molten salt as an electrolyte. The

metal oxide has lower reactivity than molten Na. Thus the

yrov

molten salt battery of the present invention containing the

metal oxide as the positive electrode active material 1s

highly safe compared to sodium-sulfur batteries containing

molten Na in the positive electroade.

The positive electrode active material 1n the present

P
—

invention is desirably, for example, any one of

Na,/3Fe;1,3Mn, /302, Nas,¢Fe;,;Mn;,»0,, NaFe;,;T1i:,,0, and NaNi,;,,Mn;,0:.

In the present invention, the positive electrode active

material 1s particularly preferably Nas,sFe;,2Mn.;,,0,. When

the positive electrode active material 1s Nas/sFe; ,oMn;, 02,

the reduction in the capacity of the molten salt battery can

#

be lowered after multiple cycles of charge and discharge.

Thus by using Nas,sfFe;,2Mn,,,0;, as the positive electrode
active material, the molten salt battery can be obtained

which has excellent cycle characteristics of charge and

discharge and a high energy density.

The positive electrode material 12 contains a
conductivity enhancer such as carbon. The positive

electrode material 12 is prepared by mixing the positive

electrode active material, the conductivity enhancer and a

10



CA 02828350 2013~08-26

binder powder. The positive electrode material 12 1s fixed

to the positive electrode current collector 1l1. The

positive electrode material 12 may contain twc or more types

of positive electrode active materials.

EXAMPLES

The embodiment is now further specifically described

L]

with Examples and Comparative Examples.

(Example 1)
A molten salt battery containing Na,,3Fe;,3Mn,,30, as a

positive electrode active material was studied for charge

P

and discharge characteristics thereof. Starting materials,

Na,0, (sodium peroxide), a-Fe,03 (a—-iron(III) oxide) and Mn;0s;

(manganese (III) oxide) were used to prepare the positive

electrode active material, Na,;,3Fei,3Mn,,30,. Specifically,

2.98 g of NayO, (from Wako Pure Chemical Industries, Ltd.,

—
——

purity: minimum 85%), 3.00 g of o-Fe;03 (from Wako Pure

Chemical Industries, Ltd., purity: 99.9%) and 5.93 g of Mn;03

(from Wako Pure Chemical Industries, Ltd., purity: 99%) were

mixed and molded in a glovebox to prepare a plurality of

pellets. FEach pellet had a mass of about 5 g. The molding

pressure was 64 kg/tm@. The pellets were sintered 1n air at

a temperature of 900°C for 12 hours to obtain Na,,3Fe;,3sMn,,30;.

P

The chemical reaction formula for production of

Na,,3Fe;,3Mn,,30, 1s represented by the following formula (3).

4N8.202 + 2F€203 + 4Mﬂ203 — 12Na2/3Fe1/3Mn2/302 + 02 (3)
The obtained Naj;,3Fe;/3Mn;,30, was verified by XRD (X-ray

diffraction). The horizontal axis 1n Fig. 2 represents two-

fold of the angle of i1ncidence and the vertical axis

represents the diffraction 1ntensity with a.u. (arbitrary
unit). As shown in Fig. 2, the X-ray diffraction pattern
characteristic to Nas,3Fe;,3Mn;,30, was generated, verifying

the production of Naj/3Fei,3Mn,/30;.

11
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Next, a molten salt battery containing the above
Na»/sFeq1,3Mn,,30, as a positive electrode active material was
prepared. The electrolyte used was a mixed salt between
NaFSA and KFSA which are molten salts. The molar ratio
between NaFSA and KFSA was NabkFSA : KFSA = 45 : 55. The
melting point of the electrolyte was 57°C. The prepared

molten salt battery was studied for charge and discharge

characteristics thereof. Charge-discharge test was carried

out for the molten salt battery under the conditions of an

operation temperature of 80°C, a charge-discharge rate of 12

mA/g, a charge initiation voltage of 2.0 V and a discharge

initiation voltage of 4.0 V.

The horizontal axis in Fig. 3 represents the capacity
and the vertical axlis represents the voltage of the molten
salt battery. The upward-sloping curve 1in Fig. 3 represents
the charge characteristic and the downward-sloping curve
represents the discharge characteristic. As shown in Fig. 3,

1t 1s apparent that charge and discharge were actually

carried out under the conditions of a charge initiation

voltage of 2.0 V and a discharge 1nitiation voltage of 4.0 V.
The discharged capacity obtained in this charge-discharge

test was 153.9 mAh/g. As shown 1n the characteristic

diagram of Fig. 3 and the table in Fig. 4, the molten salt

battery of Example 1 can charge and discharge at an

operation temperature of 80°C and has sufficient battery

performance.

As described above, the present invention allows

significant reduction in the operation temperature of the

molten salt battery compared to the operation temperature of

sodium-sulfur batteries, 280°C or more. Namely the molten

salt battery operates at a low temperature and thus has a

reduced tlme required for increasing the temperature of the

12
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battery to the operable temperature. Therefore the molten

salt battery has improved convenience. Energy reguired for

operation of the molten salt battery 1s also reduced,

F.-

resulting 1in i1mproved enerqgy efficiency of the battery. In

the present invention, the positive electrode active

)

material 1s the metal oxide that has lower reactivity than

molten Na, and thus the molten salt battery has a reduced
operation temperature and improved safety. The molten salt

battery of the present invention contains the electrolyte

which 1s the nonvolatile and nonflammable molten salt.
Therefore the molten salt battery has improved safety
compared to conventional lithium-i1on secondary batteries and
sodium-10n secondary batteries which contain volatile and

ftlammable electrolyte solutions. Thus according to the

present 1nvention a highly safe electric storage device can
be provided. Moreover according to the present 1nvention

the molten salt battery can be obtained which has excellent

—

cycle characteristics of charge and discharge and a high

enerqgy density. Thus the electric storage device having a

high energy density and a high efficiency can be provided.

13



The embodiments of the invention in which an exclusive

property or privilege is claimed are defined as follows:

1. A molten salt battery comprising a positive electrode,

a negative electrode and a molten salt as an electrolyte,

wherein:

the molten salt contains an anion having a chemical

structure represented by the following formula (1):

\ N 8'? e (1)

wherein in the formula (1), R1l and RZ2 are a fluoro

group;
as cations, Na 1ion and K 1on;

the molten salt 1s a mixed salt between NaFSA in which
the cation i1is Na ion and the anion 1s FSA ion; and KFSA in
which the cation is K ion and the anion 1is FSA 1on, FSA

being bis(fluorosulfonyl)amide ion, and

the positive electrode contains, as an active

material, a metal oxide represented by a composition

formula: Naz/3Fe1/3Mnz/30:.

2. The molten salt battery according to claim 1, further

comprising a separator provided between the positive and

negative electrodes,

14
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wherein the separator 1s formed of a silicate glass or

a resin.

3. The molten salt battery according to claim 2, wherein

the separator is formed of a glass cloth or a porous resin.

4, The molten salt battery according to any one of claims
1l to 3, wherein the negative electrode contailns, as an

active material, tin, metal Na, carbon, silicon or indium.

S. The molten salt battery according to any one of claims

1l to 4, further comprising a contalner formed of aluminum
and configured to retaln the positive and negative

electrodes.

15
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