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ELECTROLYTIC SOLUTION FOR CAPACITOR AND CAPACITOR

IECHNICAL FIELD

The present invention relates to a non-aqueous electrolytic
solution for capacitors which contains primarily phosphoric
eétek, specifically & non-aqueous electrolytic solution for
electric double layer capacitors, more specificaily a capacitdr
showing higﬁ energy density and excellent with—stahd voltage
and charging/
discharging cycle properties, and especially a non-aqueous
electrolytic solution that can provide electric double layer
capacitors.
TECHNICAT, BACKGROUND

Up to the present, capacitors, particularly electric double
layer capacitors having a capacity intermediate between that
of a battery and that of a capacitor, as a backup power supply
for IC’s and memories and a supplement or alternative to
secondary batteries, have been used widély as a low-power
direct-current power supply; In recent years, however, there
have been new portable electronic devices coming into being one
after another, such as VTR with a built-in cameré, cellular
phones and laptop computers. BAmid this trend, there has been
a growing demand that those electric double layer capacitors
used as a backup power supply and a supplement or alternative
to secondary batteries should have higher energy density.

These electric double layer capacitors, unlike batteries,
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do n'bt convert a chemical change into electric energy. They
utilize a large capacity of the electric double layer that occur
between the electrodes and the electrolytic sdiution to put in
and out an electric charge in the same manner as the charge and

discharge of batteries. 8Such electric double layer capacitors

‘are made up of two electrodes, a separator and normally a

‘corrosion-resistant electrolytid solution. The two

electrodes formed from a material having a léi:ge surfacé area
such as activated carbon and a binder such as fluororesins are
so arranged that they face each other via a porous separator
made of polyethylene or polypropylene, and the space between
these electrodes and the porous separator and the inside of the
porous separator are filled with the aforementioned
electrolytic solution.

As the electrolytic solution for such electric double layer
capacitors, aqueous-solution-based electrolytic solutions and
organic-solvent-based electrolytic solutions (non-agqueous
electrolytic s.olutions) are used. However, aqueous-
solution-based electrolytic solutions had the problem of being
difficult to obtain low potential window of electrochemical
stability(approx. 1.2 V) and high-energy-density electric
double layer capacitors from them.

By contrast, compared with aqueous-solution-~based
electrolytic solutions, organic-solvent-based electrolytic
solutions (non-~agqueous electrolytic soclutions) show high

potential window of electrochemical stability and therefore
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make the formation of high-energy-density capacitbrs possible.
Because of this, the electric double layer capacitors using
non-aqueous electrolytic solutions are beginning to come into

use rapidly as a backup power supply for electronic equipment

for non-military use.

As such non-aqueous electrolytic solutions, a mixture of a

' pon-aqueous solvent such as cyclic carbonic ester having

exhibiting a high dielectric constant and an eleétrolyte such
as tetraethylammonium fetrafluoroborate, for- example, is used.

However, such electrolytic solution as mentiohed above has
had the problem of releasing a large amount of gas due to the
decarboxylation decomposition of the solvent at high
temperature.due to their use of cyclic carbonic ester as the
solvent and consequently being unable to provide long-life
capacitors_. Furthermore, when future capacitors have high
energy density, the aforementioned electrolytic solutions
might be insufficient in potential window of electrochemical
stability. Because of this, it has been hoped that a non-
aqueous electrolyte having better charging/discharging cycle
properties will come into existence.

The inventors of the present invention sought a solution to
the problems of the conventional technology as described above.
The present invention is intended to provide non-aqueous
electrolytic solutions for capacitors which release little gas

and have excellent potential window of electrochemical
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stability, and enable capacitors to have excellent
charging/discharging cycle properties and safety performance.
This invention is also intended to provide capacitors
containing such non-aqueous electrolytic solutions. |
The non-aqueous electrolytic solution for capacitors to

which the present invention relates comprises an solvent for:
elecfrolytic solution'containing'a phoéphoric ester

represented by the following formula (I) and an elecfrolyteé

f

_—~ \"OR
or \ , (1)
OR

(wherein, R', R? and R?, which may be the s.ame or different, are
an alkyl group, an unsaturated hydrocarbon group or an aryl
group.) |

The capacitors to which the present invention relates use the
non-aqueous electrolytic solution for capacitors as described
above.

The non-aqueous electrolytic solution for capacitors. to
which the present invention relates releases little gas and
shows high potential window of electrochemical stability and
excellent safety performance and charging/discharging cycle
properties.

Especially, the use of the non-aqueous electrolytic solution
for capacitors to which the present invention relates in the

formation of capacitors enables the obtaining of capacitors
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which generate.high voltage, release little gas and show
excellent charging/dischafging_cycle properties and energy
dénsity. Thiseffectménifestsitselfmarkedlyespeciallywmen
the electrolytic solution is used in electric double layer
capacitors. |
BRIEF DESCRIPTTON OF THE DRAWING

Fig. 1 is'a perspective éiew illustrating the structure of
the capacitor element of a wound-type electric double layer
éapacitor of the present invention. |

Fig. 2 is a perspective view illustrating the state of the
aforementioned capacitor element being inserted into the metal
caée as a part integral with the sealing part.

DETAILED DESCRIPTION

Given below is a specific description of the non-aqueous
electrdlyticsolutionsandcapacitorsofthepresentinvention.
Non-aqueous electrolytic solution for capacitors:

The non-aqueous electrolytic solution for capacitors to
which the present inveﬁtion relates comprises an solvent
containing a phosphoric ester represented by the following
formula (I) and an electrolyte.

Phosphoric ester:
First, a description of the phosphoric ester represented by

the following formula (I) is as follows:
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In the formula (I), R', R’ and R’, which may be the same or
different, are an alkyl grbup ¢ an unéatu_ratéd hydrbqarbon group
or an afyl gréup. |

The alkyl group may be preferably tﬁe group havipg 1 to 4
carbon atoms. Examples of the alkyl group include methyl group,
ethyl gfoup, n-propyl group, i-propyl group, n-butyl group,
i-butyl group, sec-butyl group and t~-butyl group.

The unsaturated hydrocarbon group may be preferably the group
having 2 to 4 carbon atoms. Examples of the unsaturated
hydrocarbon group include vinyl group, allyl group and
isopropenyl group. |
The aryl group may be the group having 6 to 12 carbon atoms.
Examples of the aryl group include phenyl group,.benzyl groﬁp,
naphthyl group and biphenyl group.

In the aforementioned formula (I) in the present invention,
R' to R}, which may be the same or different, are preferably
the aforementioned alkyl or unsaturated _hydrocarbon group, and
R' to R’ are each independently more preferably the same and
are selected preferably from among methyl group(~-CH,,, ethyl
group(-C,H;, and allyl group(-CH,-CH=CH,,.

Specific examples of suéh phosi)horic ester include trimethyl

phosphate, triethyl phosphate, diethylmethyl phosphate,



10

15

20

25

. 7
ethyldimethyl phosphate, tripropyl phosphate, tributyl
phosphate, triallyl phosphate and allyldimethyl phsphate.

In the present invention the combound represented by the
aforementioned formula (I) may be preferably trimethyl
phosphate, trieth_yl phosphate and triallyl .phosphate, where R*
to R} in the formula(Ij are preferably the same and selected
from among -CI_I,',_ -C,H, and ~CH,~CH=CH,.

Such phosphoric ester represented by the aforementioned
formula (I) shows excellent acid resistance, is not oxidated
whenailowedtostandintheatmbsphere,andischemicallystable
without reacting with water under normal storage conditions or
reacting with highly reactive substances such as metal lithium.
Furthermore, such phosphoric ester has the properties of being
physically safe, being not readily decomposed thermally and
being flame-retardant and resistant to electrochemical
oxidation or reduction.

Solvent for electrolytic solution:

In the present invention, solvents containing the
aforementioned phosphoric ester are used as the solvent for
electrolytic solution. Suchsolvent maybe at lease one solvent
of the aforementioned phosphoric ester or a mixed solvent with
another solvent.

Exémples of such another solvent include cyclic carbonic
esters such as ethylene carbonate (1,3-dioxolane-2-one),
propylene carbonate (4-methyl-1,3-dioxolane-2-one), butylene

carbonate (4,5-dimethyl-1,3-dioxolane-2-one) and vinylene
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carbonate; chain carbonic esters such as dimethyl carbonate,
methylethyl carbonate, diethyl carbonate, methylpropyl
carbonate andmethylisopropyl carbonate; cyclic esters such as
7Y -butyrolactone, 3-methyl-~7 -butyrolactone and 2-methyl-% -
butyrolactone; chain esters such as methyl formate, ethyl
formate, methyl ac_ei;ate, ethyl acetate, propyl acetate, methyl
propiénéte . methyl bu_tyrate and methyl valerate; cyclic ethers
sudh as 1,4-dioxane, 1,3¢dioxolane; tetrahydrofdrane,'z- -
mefhyl—tetrahydrofurane, 3-methyl-1,3~dioxolane, and 2- |
methyl—1,3-dioxolane;chainetherssuchas1,2-dimethoxYethehe,
l,zédiethoiyethene, diethylether, dimethylether,
methylethylether and dipropylether; and sulfur-containing
compounds such as sulfolane.

Further, as cyclic carbonic ester, the cyclic carbonic ester
having the halogen atom-substituted alkyl group described in
Japanese Laid-open Patent Publication HEI 9-63644 may be used
in addition to the aforementioned cyclic carbonic esters given
as examples. Examples of such cyclic carbonic ester include '
monofluoromethylethylene carbonate, difluoromethylethylene
carbonate and trifluoromethylethylene carbonate. Out of these
solvents, cyclic carbonic ester is preferable.

These solvents may be used singly or in combination with one
or not less than two of them.

In the present invention, if a mixed solvent of a phosphoric
ester represented by Formula (I) and another solvent is used

for the solvent for electrolytic solution, a mixture of a
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phosphoric ester represented by Formula (I) and e cyclic
carbonic ester is preferable. The phosphoric ester represented
by Formula (I) is contained in such solvent for electrolytic'
solution preferably in the amount of not less than 0.1 wt%,
especially 0.5 wt% to 100 wt%, against the total amount of the
solvent for eleetr61Ytic solution. | . :
Electrolyte:

Specific examples: of'_'fhe electrolyte'contained i'n'the-
non—aqueous eie_ctrolytic-solution .fer capacitors to which thé
present invention relates include ammonium salts such as
tetrabutylammonium tetrafluoroborate ((CH,)NBF.),-
tetraethylammonium tetrafluoroborate ((C.H;)/NBF,),
triethyl-monomethylammonium tetrafluoroborate
( (C,H¢):(CH,)NBF,), tetrabutylammonium hexefluorophosp_llate
((cH,),NPF,}, tetraethylammonium hexafluorophosphate
((C,H;) ,NPF) and triethyl moonomethylammonium
hexafluorophosphate ({(C,Hs);(CH,;)NPF,); phosphonium salts -such
as tetrabutylphosphonium tetrafluoroborate ((C‘H,) PBF),
tetraethylphosphonium tetrafluoroborate ((C,H;)PBF,),
tetrabutylphosphonium tetrafluorophosphate’ ((C‘H,)‘PP.FG) and
tetraethylphosphonium tetrafluorophosphate ((C,H¢) PPFs); and
the electrolytes used normally for the electrolytic solutions
for electric double layer capacitors, such as the electrolyte
described in the International Publication W095/15572
Publ.ication_.

out of these, (C,H,),NBF,, (C,H¢)NBF, and (C,H,),(CH,)NBF, are
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preferably used.

The non-aqueous electrolytic solution of the'present
invention_is obtained by dissolving the aforementioned
electrolyte in the aforementioned solvent for- electrolytic
solution. The electrolyte is contained inan a‘mouri_t of normally
0.1 to 3 mol/liter, preferably 0.5 to 1.5 mol/liter in such.
non-aqueous electrolyte for capac1tors. |

Since the non-aqueous electrolytlc solutlon for electric
double layer capac:.tors to which the present 1nventJ.on relates |
contains the phosphoric ester represented by the Formula (I),
it releases little gas and shows high with-stand voltage an&.
excellent charging/discharging cycle properties. Moreover,
the non-aqueous electrolytic solution of the present invention
shows a high flash point and excellent safety performance
compared with such conventional solvents used for electrolytic
solutions as 1;3—dioxolane, tetrahydrofuran and 1,2-
diethoxyethene. Further, the use of (C,H;),(CH;)NBF, enables
high electric conductivity to be obtained.

Because of this, the use of he non-aqueous electrolytic
solution for.electric double layer capacitors to which the
present invention relates enables the obtainino of electric
double layer capacitors which release little gas and show high
with-stand voltage and excellent charging/discharging cycle
properties.

Capacitors:

The electric double layer capacitors are made up of two
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electrodes, a separator and normally a corrosion-resistant
electrolytic solution. The two electrodes formed from a
material having a large surface area such‘as activated carbon
and a binder such as fluororesins are so arranged that they face
each other via a porous separator.madé_of polyéthylene or
polypropylene, and the épace between these electrodes and the
porous separator and the inside of the péroué-éeparator'are
filled with the electrolytic solution. _'

As the eiectfodes, electrodes féfmed from a material having
a large surface area such as activated carbon and a binder such
as fluororesins'éfe used preferably.

As the electrode material, activated carbén is preferable.
As examples of activated carbon, fibrous or powder activated
carbons can be cited, such as phenol-based, pitch-based,
polyacrylonitrile-based and coconut-shell-based activated
carbons. Normally, activated carbons having a specific surface
area of not less than 1,000 m*/g are preferable. Further, as
examples of the method for activating carbon, the steam
activation and alkali activation methods can be cited.

As examples of the binder, carboxymethylcellulose,
polyvinylidene chloride, polyvinyl pyrrolidone, polyimide,
polyvinyl alcohol and polyacrylic acid. Fﬁrther,acombination
of the aforementioned electrode material (active material) and
a collector is normally used preferably for the electrodes.

As the collector, aluminum foil, for example, is used

preferably.
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As preferable examples of the separator, porous films made
from polyethylene or polypropylene can be cited.

Given below is an explanation of a specific example of the
electric double layer capacitors, using a drawing.

The Fig. 1 and_Fig. 2 are the illustrations showing the
structure of the'cabaéitor element of a wound-type électric
double 1'aye',r'_ca'pécitor of the Examples 1 and 2"a'nd Comparative
Example of the-breSQnt invention ahd the state of the
aforémeﬂtidnéd .capacitor':element being inserted into th-e metal
case as a part integral with the sealing part. In the Fig; 1
and Fig 2, 1 represents a capacitor element, and this Capacitor
Element 1 is formed by winding Polarizable Electrode 3 on the
anode side to which Anode Side Lead Wire 2 is connected and
Polarizable Electrode 5 on the cathode side to which Cathode
Side Lead Wire 4 is connected, with Separator 6 placed in-;between'.
Sealing Part 7, made of rqbber, is attached to the Anode Site
Lead Wire 2 and Cathode Site Lead Wire 4 of Capacitor Element
1. Further, Capacitor Element 1, previously impregnated with
a driving electrolytic soluﬁion, is put in Metal Case 8 made
of aluminum in a bottomed cylindrical férm. As a result of
Capacitor Element 1 being housed in Metal Case 8, Sealing Part
7 is located at the opening of Metal Case 8, and the opening
of Metal Case 8 is sealed by subjecting the case to the processing
of side squeezing and curling. As a result, Sealing Part 7 is
caused to fit into the opening of Metal Case 8.

In the foregoing, an explanation is given of an electric
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double layer'capacitor of the wound type. However, the same
ef_fect can also be achieved by using the electrolirtic solution
of the present invention in other electric double layer
capacitors having a structure different from that of the
wound-type electric double layer capacitor, such as the

electric double layef'capacitor of the coin type:described in

- the Japanese Published Patent HEI 3-51284 Publication and the

élec_fric double layer capacitor of i:he laminated type described
in the Japanesé Laid-open Patent HEI 8-78291 Publication.
EXAMPLES

In the following ekamples are described several preferred
embodiments to illustrate the present invention. However, it
is to be understood that the present invention is not intended
to be limited to the specific embodiments.

Example 1:

25 milliliters of non-aqueous electrolytic solution were
prepared by dissolving 2.71 g (0.0125 mol) of
tetrafluoroborate-4-ethylammonium ((C,H;),/NBF,) in trimethyl
phosphate (electrolyte concentration: 0.5 mol/liter). The
potential window of electrochemical stability of the
electrolytic solution thus obtained was determined.

A wound-type electric double layer capacitor with a rated
capacity 6f 2.3V30F (18 mm in diameter x 40 mm'in length) as
shown in Fig. 1 was prepared by using the non-aqueous
electrolytic solution obtained as described above as the

electrolytic solution and an aluminum foil, that its surface
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- is roughened, coated with a slurry in water of a mixed powder

of coconut shell activated carbon powder, acetylene black and
catboxyinethylcellulose and dried as the polarizable electrode,
and a nonwoven fabrics made from polypropylene as the separator.

A charging/discharging test was conducted on the wound-type

‘electric double layer capacitor.

In this patent application, the evaluation of the potential
window of electrochemical stability' of the eieétrolytic
solution and the charging/discharging test were conducted as
described below.

The results are shown in Table i.

Potential window of electrochemical stabiiity :

The aforementioned electrolytic solption was; put in a
three-pole with-stand voltage determination cell using a glassy
carbon electrode for the work electrode and the counfer
electrode and an Ag/Ag+ electrode as the reference electrode,
and the electric potential was scanned at 10 mV/sec by use of
a potentiogalvanostat. With the Ag/Ag+ electrode used as the
reference, the range in which not less than 1 (/A of oxidation
reduction decomposition current did not flow was regarded as
potential window of electrochemical Stability.
Charging/discharging Test:

A charging/discharging test was conducted in which the
process of charging a capacitor up to a final charging voltage
of 3.5V at a charging current of 3A in an environment at 70°C

and then discharging the capacitor to a final discharging
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voltage of 1.5V at a discharging current of 3A was determined
to be one cycle. Under these conditions, the amount of change
io the height of the wound-type electric double layer capacitor
after 10,000 cycles was determined.
Example 2: |
25 mJ.llz.lJ.ters of non-aqueous electrolytic solutz.on were

prepared by dissolv.mg 2.719g ( 0.0125 mol) of tetrafluoroborate

tetraethylammonlum ( (C,H;) NBF,) in a mixed solvent obtarned by

mixing trirlethyl. phosphate and propylene carbonate at a ratio
by welght of 1:1 (electrolyte concentration: 0.5 mol/liter).
The potent:.al window of electrochemical stability of the
electrolytic solution thus obtained was determined in the same
manner as described in Example 1.

- A wound-type electric double layer capacitor with a rated
capacity of 2.3V30F (18 mm in diameter x 40 mm in length) was
prepared by using the non-aqueous electroiytic solution

obtained as described in Example 2 in the same manner as

"described in Example 1. A charging/discharging test was

conducted on the wound-type electric double layer capacitor.
The results are shown in Table 1.
Example 3:

25 milliliters of non-aqueous electrolytic solution were
prepared by dissolving 2.71 g (0.0125 mol) of tetrafluoroborate
tetraethylammonium ({C,H;) NBF,) in triallyl phosphate. The
potential window of electrochemical stability of the

electrolytic solution thus obtained was determined in the same
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manner as described in Example 1.

A wound-type electric double layer capacitor with a rated
capacity of 2.3V30F (18 mm in diameter x 40 mm in length) was
prepared by using the non~aqueous electrolytic solution thus
obtaiﬁed in the same inamller' as described in Exam}_ile 1. A

charging/discharging i:e_s‘t was conducted on the wound-type

. ‘electric double 1éyer capacitor.

The results are shown in Table 1.
Example 4:

25 milliliters of non-aqueous electrolytic solution were

prepared by dissolving 2.54 g (0.0125 mol) of tetrafluoroborate

triethyl-monomethylammonium ((C,H¢);(CH,;)NBF,) in triallyl
phosphate. The potential window of electrochemical stability
of the electrolytic solution thus obtained was deteérmined in
the same manner as described in Example 1.‘

A wound-type electric double layer capacitor with a rated
capacity of 2.3V30F (18 mm in diameter x 40 mm in length) was
prepared by using the non-aqueous electrolytic solution thus
obtained in the same manner as described in Example 1. 2
charging/discharging test was conducted on the wound-type
electric double layer capacitor. |

The results are shown in Table 1.

Comparative Example 1:

An electrolytic solution was prepared in the same manner as

described in Example 1 except that propylene carbonate was used

in place of trimethyl phosphate in Example 1.
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A wound-type electric double layer capaéitqr with a rated

capacity of 2.3V30F (18 mm in diameter x 40 mm in length) was

prepared by using the non-agueous electrolYtié solution thus

obtained in the same manner as described in Example 1. A

charging/discharging test'was conducted on the wound-type

electric double'laye; capacitor.

.Thé_;esults are shown in Table 1.

Solvent | Electrolyte |potential window of| Amount of
- S A davemes electrochemical change in
stability height (mm)
(V vs Ag/Ag+)
Oxidation | Reduction
potential | potential
Example 1{Trimethyl |(C,Hs)NBF, 1.85 -2.95 0.7
phosphate '
Example 2|Triethyl |(C.Hs) NBF, 2.10 -3.10 1.2
phosphate/
propylene
carbonate
(1/1)
Example 3|Triallyl |(C,Hs)NBF, 4.10 -2.75 0.9
phosphate
Example 4|Trimethyl |[(C,Hs);(CH;)NB 1.86 -2.95 0.7
phosphate |F, )
" {Comparat [Propylene |[(C,Hs) NBF, 1.75 -2.90 2.0
ive carbonate
Example 1

It can be seen from Table 1 that since Examples 1, 2, 3 and

4 show a significant potential difference between oxidation
potential and reduction potential compared with Comparative
Example 1, Examples 1, 2, 3 and 4 show high with-stand voltage.
Furthermore, it can also be seen that since the wound-type

electric double layer capacitors using the electrolytic

solutions of Examples 1, 2, 3 and 4 show only a slight change
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in height after the cha'rging/disclzarging test compared with the
wound-type electric double layer_capacitore_using the
electrolytic us'olutione of Comparative Example 1, the use of the
electrolytic solution of the present invention makes possible.
th’e formation of electric double layer capacitors which release
llttle gas and show hlgh with-stand voltage ‘and excellent
charglng/dlscharglng cycle propertles.-
' In the foregoing, the electrolytlc solutiop'for ceﬁacitore
was explained by using electric double layer cepacitore as an
example. However, the present invention is by no means limited
by this, and the same effect can be achieved even in the case
of using the electrolytic solution fof aluminum electrolytic

capacitors.
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What we claim is:

1.

5
10 2.
15

3.
20 4.

A non-aqueous electrolytic solution for capacitors which -
comprises an solvent for electrolytic solution containing
at least one phosphoric ester represented by the following

formula (I) and an electrolyte:

T

P— 3 '
—7 OR
oR N\, (1)
OR |

(wherein, -RY, R? and R®, which may be the same or different,

the alkyl group, unsaturated hydrocarbon group or aryl
group.) | |
A non-aqueous’ electrolytic solution for capacitors as
claimed in éiaim 1, wherein the R}, R and R® of the phosphoric
ester represented by the aforementioned Formula (I) are aﬁ
alkyl group having 1 to 4 carbon atoms, an unsaturated
hydrocarbon group having 2 to 4 carbon atoms or an aryl group
having 6 to 12 carbon atoms.
A non-aqueous e?.ectrolytic solution for capacitors as
claimed 13123@115 1, wherein the R!, R? and R’ of the phosphoric
e :

ester represéﬁ{’ied by the aforementioned Formula (I) are

selected from among CH,, | C,H; and CH,-CH=CH,.

A non-aqueous electrolytic solution for capacitors as
claimed in any of Claims 1 through 3, wherein the solvent
for electrolytic solution is a mixed solvent of the
phosphoric ester represented by the aforementioned Formula

(I) and an cyclic carbonic ester.
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A capaéii:or using the non-aqueous electrolytic solﬁtibn for
capac;itors' as claimed in any of CIaﬂns 1 through 4.
A capacitor as claimed in Claim 5, wherein the capaéitor
is an electric double layer capacitor.
An electric double Iayer capacitor comprising a pblarizable‘
elect’rodé on the anodé side, a-polériial;le electrode on the
cathodé‘ side, a s_epar'ator and an electrolytic solution,
characterized in that the polarizable eleét._fodes are
electrodes using_a_\ctiva;ted carbon powder as i:he. eiecfrode
material and the electrolytic solution is tht_a electrolytic
solution as claimed in any of Claims 1 through 4.
An electric double layer capacitér as claimed in Claim 7,
wherein the polarizable electrodes are the electrodes
obtained.bg coating onto a collector foil a mixed powder
of activated carbon powder to which aCe_tylene biack and

carboxymethylcellulose are added and drying it.



