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(57) ABSTRACT

The present invention provides a lead-acid battery superior
in high-efficiency charging characteristic to conventional
lead-acid batteries; and a carbon material used 1n the lead-
acid battery, having excellent charge acceptability. That 1s,
the present 1nvention provides a lead-acid battery which
uses, as an additive to the anode active material, a simple
substance and/or a compound thereof, both having a cataly-
sis for desulfurization or a catalysis for SO_ oxidation by
adding to or loading on a carbon material such as active
carbon, carbon black or the like and thereby has superior
high-etliciency charging characteristic and improved charg-
ing acceptability. When such a lead-acid battery whose
anode contains a carbon material containing or loading
thereon the above simple substance and/or compound, is
applied to electric cars, various hybrid cars, power storage
systems, elevators, electromotive tools and power source
systems such as uninterruptible power source, distributed

power source and the like, all having high mput and output
requirements, stable control can be obtained.
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LEAD-ACID BATTERY

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

10002] The present invention relates to a lead-acid battery,
particularly a carbon material for a lead-acid battery superior
in high-efficiency charging characteristic.

[0003] 2. Related Art Statement

[0004] A lcad-acid battery as a secondary battery is rela-
tively inexpensive and has stable properties; therefore, has
been widely used as an electric source for automobiles and
portable apparatuses, or as a back-up electric source for
computers. Recently, a lead-acid battery has found new
applications as a main electric source for electric cars, as an
electric source for start-up of hybrid electric cars and simple
hybrid cars, or for recovery of regenerated current. In these
new applications, a lead-acid battery need to have, in
particular, both of high output characteristic and high input
characteristic.

[0005] Various studies have heretofore been made on the
high output characteristic. With respect to the high input
characteristic, however, there has been obtained no level
which 1s superior to those of other battery systems.

[0006] The high input characteristic, i.e. high-efficiency
charging characteristic of a lead-acid battery 1s greatly
influenced by the characteristics of the lead sulfate present
in the anode. With respect to the anode active material of a
lead-acid battery, metallic lead emits electrons and 1s con-
verted into lead sulfate in the discharge reaction; 1n the
charging reaction, lead sulfate accepts electrons and 1is
converted 1nto metallic lead. The lead sulfate generated
during discharge has neither 1onic conductivity nor electron
conductivity and i1s an insulating material. Further, the lead
sulfate 1s very low 1n solubility into lead 1on. Thus, lead
sulfate 1s low 1n electron or 10nic conductivity and moreover
low 1n solubility into lead 10n; therefore, the rate of reaction
from lead sulfate into metallic lead 1s small, resulting in
inferior high-etficiency charging characteristic.

[0007] As countermeasure therefor, improvements of
charging characteristic have been tried, for example, by
optimizing the amount of carbon added 1nto an anode active
material (JP-A-9-213336) or by allowing an anode active
material to contain metallic tin (JP-A-5-89873).

OBJECT OF THE INVENTION

[0008] In order to obtain an improved high-efficiency
charging characteristic, the properties of lead sulfate need be
improved. That 1s, it 1s necessary to firstly improve the
conductivity of lead sulfate and secondly increase the solu-
bility of lead sulfate into lead 1on. The 1improvement of the
clectron conductivity and 1onic conductivity of lead sulfate
1s possible by addition of an optimum amount of carbon, as
seen 1n JP-A-9-213336. With this addition of an optimum
amount of carbon, however, it 1s 1mpossible to improve the
solubility of lead sulfate into lead 10on. Stmilarly, by allowing
an anode active material to contain metallic tin, the conduc-
fivity improvement of lead sulfate i1s possible but the
improvement of solubility of lead sulfate into lead 1on 1s
impossible.
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0009] The objects of the present invention are to provide

0010] a lead-acid battery of superior high-efficiency
charging characteristic wherein the conductivity of lead
sulfate 1s improved and further the solubility of lead sulfate
into lead 10on 1s improved and thereby the charging reaction
of anode active material proceeds smoothly, and

10011 ]
ability.

a novel carbon material superior in charge accept-

SUMMARY OF THE INVENTION

[0012] Firstly, the lead-acid battery of the present inven-
tion 1s characterized in that a carbon powder containing a
simple substance and/or a compound, both having a cataly-
sis for desulfurization or SO_ oxidation 1s added into the
anode. The carbon material for a lead-acid battery according,
to the present invention 1s characterized by being a carbon
powder containing a simple substance and/or a compound,
both having a catalysis for desulfurization or SO_ oxidation.
Use of such a carbon powder can give a lead-acid battery of
improved high-efficiency charging characteristic. The high-
eficiency charging characteristic of a lead-acid battery is
improved strikingly when a carbon containing a simple
substance and/or a compound, both having, in particular, a
catalysis for hydrogenation desulfurization i1s added.

[0013] When the simple substance and/or the compound,
both having a catalysis for desulfurization 1s at least one
major component constituting catalysts for desulfurization
or deodorization selected from catalysts for petroleum refin-
ing, catalysts for fuel o1l desulfurization, catalysts for gas
production and catalysts for pollution control, the resulting
lead-acid battery can have a further improved high-effi-
ciency charging characteristic.

|0014] The above component is desirably at least one
simple substance selected from Co, Mo, N1, Zn, Cu and Mn,
or at least one oxide, sulfate or hydroxide thereof.

[0015] Also when the simple substance and/or the com-
pound, both having a catalysis for SO_ oxidation 1s at least
one major component constituting catalysts for sulfuric acid
production, the resulting lead-acid battery can have an
improved high-efficiency charging characteristic. A simple
substance or compound which can be converted into a
sulfate, 1s preferred particularly.

[0016] The above component is desirably at least one
simple substance selected from alkali metals, alkaline earth

metals, V, Mn and rare earth elements, or at least one oxide
or sulfate thereof.

[0017] Secondly, the lead-acid battery of the present
invention 1s characterized in that the following loaded
material 1s added into the anode. That 1s, there 1s added, 1into
the anode, a loaded material obtained by loading, on a
carbon powder, at least one simple substance selected from
Hf, Nb, Ta, W, Ag, Zn, N1, Co, Mo, Cu, V, Mn, Ba, K, Cs,
Rb, Sr and Na, desirably from Ni, Co, Mo, Cu, V, Mn, Ba,
K, Cs, Rb, Sr and Na, or at least one oxide, sulfate,
hydroxide or carbide thereof. By using such a loaded mate-
rial, the resulting lead-acid battery can have an improved
high-etficiency charging characteristic.

|0018] When said at least one element 1s loaded on the
carbon 1n an amount of 10 to 5,000 ppm, desirably 50 to
1,000 ppm by weight per element, the resulting lead-acid
battery can have a further improved high-efficiency charging
characteristic.
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[0019] In the present lead-acid battery, by using, as the
carbon, at least one member selected from carbon black,
acetylene black, natural graphite, artificial graphite, pyro-
lytic carbon, coke, isotropic graphite, mesophase carbon,
pitch-based carbon fiber, carbon fiber by vapor phase
growth, carbon fluoride, nanocarbon, active carbon, active
carbon fiber and PAN-based carbon fiber, a superior high-
eficiency charging characteristic can be obtained. Some of
these carbons have various primary particle diameters, vari-
ous speciiic surface areas, various o1l absorptions as mea-
sured with dibutyl phthalate, or various apparent densities,
but the present invention 1s applicable to all of these carbons.

[0020] The simple substance or compound loaded on the
carbon powder desirably has an average primary particle
diameter of 0.1 to 1,000 nm. This average primary particle
diameter 1s an average primary particle diameter obtained by
observation using a transmission electron microscope. The
primary particle diameters of the loaded material differ
depending upon the firing conditions used, such as firing
temperature, firing atmosphere and the like. For example, a
loaded material having an average primary particle diameter
of the above range 1s obtained at a firing temperature of
about 300° C. when the firing atmosphere is air, about 350°
C. when the atmosphere is nitrogen, and about 370° C. when
the atmosphere 1s hydrogen.

10021] Thirdly, the lead-acid battery of the present inven-
fion 1s characterized in that the following active carbon
and/or carbon black 1s added into the anode. That 1s, there 1s
added, mto the anode, an active carbon and/or carbon black
containing at least one simple substance selected from Cu,
N1, Zn, Mn, Al, S1, K and Mg, or at least one compound
thereof. The carbon material for use 1n a lead-acid battery
according to the present 1nvention is characterized by being
an active carbon and/or carbon black containing at least one
simple substance selected from Cu, N1, Zn, Mn, Al, S1, K
and Mg, or at least one compound thereof. Active carbon or
carbon black has a complicated pore structure. The pores
contain various impurities. By using, 1n particular, an active
carbon or carbon black containing, as impurities, at least one
simple substance selected from Cu, N1, Zn, Mn, Al, S1, K
and Mg, or at least one compound thereof, a lead-acid
battery of improved high-efficiency charging characteristic
can be obtained.

10022] The active carbon i1s desirably an active carbon
produced from coconut husk, having a Cu content of more
than 5 ppm by weight but less than 15,000 ppm by weight.
Since coconut husk which 1s a natural product, contains Cu,
Mn, Al, S1 and K, the active carbon produced therefrom
contains the above elements in a large amount. When the
active carbon contains, 1n particular, Cu in an amount of
more than 5 ppm by weight but less than 15,000 ppm by
welght, the anode of the resulting lead-acid battery can be
improved significantly 1n high-efficiency charging charac-
teristic as well as 1n charge acceptability.

[0023] The carbon black i1s desirably a furnace black

having a total content of N1, Cu, Zn and Mn more than 1 ppm
by weight but less than 1,000 ppm by weight. Since fuel o1l
contains 1mpurities such as Ni, Cu, Zn and Mn 1n a large
amount, the furnace black produced therefrom also contains
the above elements 1n a large amount. When the furnace
black contains, 1n particular, N1 and Cu 1n a total amount of
more than 1 ppm by weight but less than 1,000 ppm by
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welght, the anode of the resulting lead-acid battery can be
improved significantly in high-efficiency charging charac-
teristic as well as 1n charge acceptability.

0024 Lastly, the carbon material for use in a lead-acid
battery according to the present invention 1s characterized by
being a carbon powder containing or loading thereon at least
one simple substance selected from Hf, Nb, Ta, W, Ag, Zn,
N1, Co, Mo, Cu, V, Mn, Ba, K, Cs, Rb, Sr and Na, or at least
one oxide, sulfate, hydroxide or carbide thereof. The carbon
powder may be added into the electrolytic solution of a
lead-acid battery or onto the surface of an electrode,
whereby the start of charging can be accelerated. The
loading of the simple substance or the oxide, sulfate,
hydroxide or carbide thereof can be conducted desirably by
wet loading.

[0025] Other objects, features and advantages of the
invention will become apparent from the following descrip-
tion of the embodiments of the invention taken 1n conjunc-
tion with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[10026] FIG. 1 is a drawing showing an embodiment of the
present 1nvention.

[10027] FIG. 2 is a graph showing the relation between Ni
content (ppm) and charging voltage (Vc¢) in the case of using
the nickel-loaded acetylene black obtained by firing 1n air, in
Example 1 of the present invention.

[10028] FIG. 3 is a graph showing the relation between
firing temperature and charging voltage (Vc) in the case of
using the nickel-loaded acetylene black obtained by firing 1n
nitrogen, 1n Example 1 of the present invention.

10029] FIG. 4 1s a graph showing the relation between
firing temperature and charging voltage (Vc) in the case of
using the nickel-loaded acetylene black obtained by firing in
hydrogen, in Example 1 of the present invention.

10030] FIG. 5 is graphs showing the relations between the
loaded amount of loaded elements and charging voltage
(Vc), obtained in Example 5 of the present invention.

[0031] FIG. 6 is a drawing showing a model of the
catalysis for desulfurization in Example 7 of the present
invention.

[0032] FIG. 7 is a drawing showing a model of the

catalysis for SO_ oxidation in Example 7 of the present
invention.

10033] FIG. 8 is graphs each showing the current-poten-
tial characteristic obtained in Example 8 of the present
invention.

0034] The numerals in FIG. 1 refer to the followings.

0035] 1: anode plate; 2: cathode plate; 3: separator; 4:
oroup of electrodes; §: cathode strap; 6: anode strap; 7:

battery case; 8: cathode terminal; 9: anode terminal; 10:
cover

DETAILED DESCRIPTION OF THE
INVENTION

[0036] According to the present invention, a lead-acid
battery can be provided which shows a small energy loss
caused by gas generation even during large-current (2C or
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more) charging and which has an improved high-efficiency
charging characteristic. Here, 2C 1s a current value neces-
sary to discharge the total discharge capacity of a battery in
0.5 hour, and 1C 1s a current value necessary to discharge the
total discharge capacity of a battery in 1 hour.

[0037] The present invention is characterized by utilizing
an action toward sulfur (S) commonly possessed by cata-
lysts, for example, strong adsorbability for sulfur (S) pos-
sessed by the component contained 1n a catalyst. In desuliu-
rization of, for example, crude o1l, desulfurization of
thiophenes has been generally well known. In desulfuriza-
tion of benzothiophene, the S 1n benzothiophene 1s adsorbed
on the active sites of the catalyst used and hydrogenated to
become H.,S, which 1s eliminated as such; in this way, a
desulfurization reaction proceeds. This applies also to the
clementary reaction of charging 1n the anode of a lead-acid
battery, that 1s, a reaction 1n which lead sulfate 1s dissociated
into sulfate 1on and lead 1on. That 1s, the sulfate group 1n lead
sulfate 1s adsorbed on the active sites of the catalyst and
hydrogenated to become HSO,~, which 1s released mnto the
clectrolytic solution as such. In the case of a lead-acid
battery, since the sulfuric acid concentration 1n the electro-
lytic solution 1s as high as 30% by volume, dissociation in
the form of SO,*~ is impossible and the most part of SO,>~
1s dissociated 1n the form of HSO,~. Thus, diffusion 1n the

form of HSO,™ 1s important in order to increase the solu-
bility of lead sulfate.

|0038] Meanwhile, in catalysts used for sulfuric acid pro-
duction, there are mainly used components capable of taking
SO_ mto the respective molecules and converting it into a
sulfate of higher degree. V., and sulfates of Rb, K, Cs, eftc.
are known to take SO_ imto the respective molecules and
convert it into VOSSO, or Me,S,0- (Me 1s Rb, K or Cs). This
applies also to the elementary reaction of charging i the
anode of a lead-acid battery, that 1s, a reaction 1n which lead
sulfate 1s dissociated into sulfate 10n and lead 1on. The above
oxide or each sulfate takes dissociated sulfate ion into the
molecule and thereby can promote dissolution.

[0039] The anode of the present invention is characterized
in that there 1s added, 1nto the anode, a carbon containing a
simple substance or a compound, both having a particular
catalysis, for example, a catalysis for desulfurization, a
catalysis for SO_ oxidation or a catalysis for sulfuric acid
production. Carbon 1s an essential substance for increasing,
the conductivity of lead sulfate, but no sufficient charging
characteristic 1s obtained with carbon alone. Therefore,
addition of a simple substance or a compound, both having
a particular catalysis becomes necessary. Meanwhile, with
addition of only a simple substance or a compound, both
having a particular catalysis, no conductivity such as
obtained with carbon and accordingly no satisfactory high-
efficiency charging characteristic 1s obtainable.

[0040] In order to obtain a sufficient catalysis, it is desired
to highly disperse, on a carbon, a simple substance or a
compound, both having a particular catalysis, 1in the form of
particles of very small diameters.

[0041] Some of active carbons or carbon blacks having
complicated pore structures, for example, porous structure,
fine structure, mesopore structure, micropore structure, sub-
micropore structure, macropore structure, structure having
inner surface and structure of high specific surface area,
contain, 1n the pores, a small amount of a simple substance
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or a compound, both having the above-mentioned catalysis.
This 1s advantageous for effective utilization of catalysis.
Some of active carbons or carbon blacks have a function of
adsorbing various molecules and 1ons 1nto the complicated
pores. Thus, in the elementary reaction of charging in the
anode of a lead-acid battery, that 1s, a reaction 1n which lead
sulfate 1s dissociated into sulfate 1on and lead 10n, sulfate 10n
1s easily adsorbed into the pores of the active carbon. Since
there 1s present, 1n the pores, a simple substance or a
compound, both having the above-mentioned catalysis, sul-
fate 10n 1s easily converted into HSO,~ or 1s taken 1mto an
oxide or sulfate, whereby charging reaction proceeds
smoothly. Carbons produced from natural products or fuel
o1l, such as active carbon or carbon black and the like, often
contain 1 themselves a large amount of a simple substance
or a compound, both having a catalysis; therefore, by using
a carbon obtained by subjecting a natural product-derived
carbon to an acid treatment, a heat treatment or the like to
control the concentration of the simple substance or com-
pound at an optimum range, a superior high-efficiency
charging characteristic can be obtained even with no loading
on the carbon.

[0042] Further, containing a particular simple substance or
compound, both having the above-mentioned catalysis
highlky, the carbon powder of the present invention, when
added into the electrolytic solution or onto the electrode
surface, of a lead-acid battery, can accelerate the start of
charging. The carbon can be adsorbed on the reaction
interface of the active material of the lead-acid battery;
thereby, the passivation of lead sulfate which 1s called
sulfation can be suppressed, no passivation proceeds even
when complete discharge has been made, and charge accept-
ability 1s improved remarkably.

[0043] Thus, by using the anode of the present invention,
a lead-acid battery can be obtained which 1s applicable as an
industrial battery requiring a high mput characteristic and a
high output characteristic, used for electric car, parallel
hybrid electric car, simple hybrid car, power storage system,
clevator, electric tools, uninterruptible power source, dis-
tributed power source, eftc.

DESCRIPTION OF PREFERRED
EMBODIMENTS

[0044] The present invention is described in more detail
below by way of Examples. However, the present invention
1s 1n no way restricted to these Examples within the scope of
the present mvention. In-depth description 1s made on the
Examples of the present invention, in comparison with
Comparative Examples concerning lead-acid batteries pro-
duced for confirming the effects of the Examples.

[0045] Description 1s made first on methods for production
of lead-acid batteries of Examples and Comparative
Examples. With respect to production methods in Example
2, later Examples and Comparative Examples, the same
procedures as 1n Example 1 are not described and different
procedure portions are described.

EXAMPLE 1

Production of Simple Substance- and/or
Compound-Loaded Carbons

[0046] In production of simple substance- and/or com-
pound-loaded carbons, first, aqueous nickel nitrate solutions
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of different concentrations were prepared. Thereto were
added 10 g of acetylene black as a carbon powder and 0.1
g of a surfactant. Each resulting mixture was stirred in a
water bath of 40° C. Thereto was dropwise added sodium
hydroxide until the pH of each mixture became 7. Then,
filtration was made. The separated precipitate was washed
with distilled water, dried at 120° C. for 2 hours, and fired
in the air, nitrogen or hydrogen at 300 to 500° C. for 30
minutes to produce various nickel-loaded carbons. XRD
(X-ray diffractometry) indicated that NiO was formed by the
firing 1n the air, N1 was formed by the firing 1n hydrogen, and
a mixture of N1O and Ni was formed by the firing 1n
nitrogen. Incidentally, X-ray diffractometry 1s a method
which measures the intensity of diffraction line while chang-
ing the angle of diffraction of X-ray and analyses the angle
and the 1tensity, and 1s used for analysis of crystal structure.
In the X-ray diffraction of the present invention, an ordinary
powder diffraction method was used and a CuK , ray was
used as the X-ray source.

[0047] In Table 1 are shown the Ni contents in various
Ni-loaded carbons, as determined by ICP (inductively
coupled plasma) spectrometry. Incidentally, ICP spectrom-
etry 1s a method which can detect a plurality of elements and
determine the quantity simultaneously at a high sensitivity.
A sample was placed in an acidic solution of 100° C. or more
(c.g. boiling hydrochloric acid or nitric acid solution);
boiling was conducted for 2 to 3 hours to dissolve the metal
in the sample; and determination was made for the resulting
solution.

TABLE 1
Firing Firing N1 content
Symbol atmosphere temperature (ppm)
1-a Air 300° C. 10000
1-b Ditto 300° C. 5000
1-¢ Ditto 300° C. 1000
1-d Ditto 300° C. 500
1-e Ditto 300" C. 100
1-f Ditto 300° C. 50
1-g Ditto 300" C. 10
1-h Ditto 300° C. 1
1-1 Nitrogen 300" C. 100
1-] Ditto 350° C. 100
1-k Ditto 400" C. 100
1-1 Ditto 450° C. 100
1-m Hydrogen 400" C. 100
1-n Ditto 450° C. 100
1-0 Ditto 500° C. 100
Production of Anode Plates
[0048] In production of anode plates, first, there were

added, to a lead powder, 0.3% by weight of lignin, 0.2% by
welght of barium sulfate or strontium sulfate, and 0.2 to
1.0% by weight of one of the above-mentioned simple
substance- and/or compound-loaded carbon powders of the
present 1nvention, followed by kneading using a kneader for
about 10 minutes, to prepare various mixtures. Then, each of
the resulting lead powder mixtures was kneaded with 13%
by weight, based on the lead powder, of diluted sulfuric acid
(specific gravity: 1.26, 20° C.) and 12% by weight, also
based on the lead powder, of water to prepare various anode
active material pastes. 73 g of each anode active material
paste was filled in a collector which was a lattice-shaped
material made of a lead-calcium alloy. The paste-filled
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collector was allowed to stand for 18 hours at 50° C. at a
humidity of 95% for aging and then allowed to stand for 2
hours at 110° C. for drying, to produce various anode plates
before formation.

Production of Cathode Plate

[0049] In production of a cathode plate, first, a lead
powder was kneaded with 13% by weight, based on the lead
powder, of diluted sulfuric acid (specific gravity: 1.26, 20°
C.) and 12% by weight, also based on the lead powder, of
water to prepare a cathode active material paste. Then, 85 g
of the cathode active material paste was filled 1n a collector
which was a lattice-shaped material made of a lead-calcium
alloy. The paste-filled collector was allowed to stand for 18
hours at 50° C. at a humidity of 95% for aging and then
allowed to stand for 2 hours at 110° C. for drying, to produce
a cathode plate before formation.

Production of Batteries and Formation Thereof

[0050] FIG. 1 is a drawing showing an embodiment of the
present invention. Six anode plates before formation 1 and
five cathode plates before formation 2 were laminated via
separators 3 made of a glass fiber; the plates of same polarity
were connected with each other using straps to form a group
of electrodes 4. 5 1s a cathode strap and 6 1s an anode strap.
Eighteen groups of electrodes 4 were connected 1n series in
a battery case 7, after which an electrolytic solution of
diluted sulfuric acid having a specific gravity of 1.05 at 20°
C. was poured 1nto the case to form various batteries before
formation. Each battery before formation was subjected to
formation at 9 A for 42 hours; then, the electrolytic solution
was discharged; and a different electrolytic solution of
diluted sulfuric acid having a specific gravity of 1.28 at 20°
C. was poured. A cathode terminal 8 and an anode terminal
9 were welded; a cover 10 having an exhaust valve was fitted
for sealing; thereby, various lead-acid batteries were com-
pleted. Each battery had a capacity of 18 Ah and the average
discharge voltage was 36 V.

[0051] A battery having a discharge voltage of 36 V and a
charging voltage of 42 V 1s called a 42 V battery. In the
present 1nvention, however, the voltage range 1s not
restricted thereto. An imtended voltage can be achieved by
connecting a plurality of single batteries 1n series. In the
Examples of the present invention, 42 V batteries were
produced and the characteristics of the present invention are
not varied 1n this voltage range.

[0052] A high-efficiency charging characteristic test was
conducted as follows. First, each lead-acid battery obtained
was subjected to constant-current constant-voltage charging
for 16 hours at a charging current of 6 A and at an upper limait
voltage of 44.1 V; then, discharged at a discharge current of
4 Auntil a discharge voltage of 31.5 V 1s reached, to confirm
the discharge capacity of the battery. Constant-current con-
stant-voltage charging was again conducted for 16 hours at
a charging current of 6 A and at an upper limit voltage of
44.1 V; then, 10% of the above-confirmed discharge capac-
ity was discharged at a discharge current of 4 A, to set the
scale of charging (SOC) of the battery at 90%. There was
measured a charging voltage Vc when charging was con-
ducted for 30 seconds from the 90% SOC at a charging
current of 40 A.

[0053] As the charging reaction proceeds, the charging
voltage Vc increases and also hydrogen gas 1s generated
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from the anode by the electrolysis of water. The amount of
the hydrogen gas generated increases with an increase 1n the
charging voltage V¢ and, finally, water 1s exhausted. There-
fore, the charging voltage Vc¢ imevitably has an upper limat,
and 1t 1s necessary to control at a voltage lower than the
upper limit. In the battery tested, the upper limit voltage at
which the amount of the hydrogen gas generated reaches the
allowable limit, 1s 45 V and the upper limit voltage at which
no hydrogen gas generation takes place, 1s 43.2 V; therefore,
evaluation of the battery was made using these values as a
standard. That 1s, a battery of lower charging voltage is
better.

[0054] In FIG. 2 is shown a relation between the Ni
content (ppm) 1n the nickel-loaded acetylene black fired in
the air and charging voltage Vc. In any Ni content, the
charging voltage V¢ was lower than 45 'V, 1.e. the upper limait
voltage at which the amount of the hydrogen gas generated
reached the allowable limit, and a good high-efficiency
charging characteristic was obtained. Particularly 1n a Ni
content range of 10 to 5,000 ppm, the charging voltage Vc
was lower than 43.2 V, and a very good high-efficiency
charging characteristic was obtained. In a N1 content range
of 50 to 1,000 ppm, the charging voltage Vc was 43 V or
lower, and a further superior high-efficiency charging char-
acteristic was obtained.

10055] In FIG. 3 is shown a relation between the firing
temperature of the nickel-loaded acetylene black fired in
nitrogen and charging voltage Vc. In any temperature, the
charging voltage V¢ was lower than 45 V, and a good
high-efficiency charging characteristic was obtained. Par-
ticularly when the firing temperature was 350 to 400° C., the
charging voltage Vc was lower than 43.2 V, and a further
superior high-efficiency charging characteristic was
obtained. The N1O or metallic N1 1 the loaded materials
fired in a temperature range of 350 to 400° C. had an average
primary particle diameter of 0.1 to 1,000 nm as measured by

TEM.
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[0056] In FIG. 4 is shown a relation between the firing
temperature of the nickel-loaded acetylene black fired in
hydrogen and charging voltage Vc. In any temperature, the
charging voltage Vc was lower than 45 V, and a good
high-efficiency charging characteristic was obtained. Par-
ticularly when the firing temperature was around 450° C.,
the charging voltage Vc was lower than 43.2 V, and a further
superior high-efficiency charging characteristic was
obtained. The Ni as the loaded material fired at around 450°
C. had an average primary particle diameter of 0.1 to 1,000
nm as measured by TEM.

COMPARAITTVE EXAMPLE 1

[0057] Using an acetylene black not loaded with any
simple substance or any compound, a lead-acid battery was
produced 1n the same manner as in Example 1, and its
high-efficiency charging characteristic was evaluated. The
N1 content 1n this acetylene was less than 1 ppm, that is,
below the detection limit as measured by ICP spectrometry.
The charging voltage Vc increased to 48 V, which was
higher than the upper limit voltage 45 V, and the high-
efficiency charging characteristic was inferior.

EXAMPLE 2

[0058] Using, as a carbon powder, various carbons shown
in Table 2, nickel-loaded carbons were produced in the same
manner as 1n Example 1.

[0059] Lead-acid batteries were produced in the same
manner as in Example 1 and measured for high-efficiency
charging characteristic. Their charging voltages Vc are
shown 1n Table 2. With all the carbons, the charging voltages
V¢ were below 45 V and good high-efficiency charging
characteristics were obtained. Also, with mixed carbon
systems thereof, the charging voltages Vc were below 45 V
and good high-efficiency charging characteristics were
obtained.

TABLE 2
Amount of

Primary  Specific dibutyl Loaded

particle  surface = phthalate = Apparent Charging N1

diameter area absorbed density voltage  amout
Kind of carbon (nm) (m*/g) (ecm’/100 g) (g/dm’) Ve(V) (ppm)
Carbon black 30 12770 495 115 44.5 10000
Ditto 11 362 270 109 44.8 15000
Ditto 30 254 174 270 43 750
Ditto 15 1475 330 152 43.1 1000
Ditto 13 560 91 400 43.7 1500
Ditto 20 140 117 310 44.3 5
Natural graphite 44 8000
Artificial graphite 44.5 25000
Pyrolytic carbon 44.1 12000
Coke 43.8 6000
[sotropic graphite 43.1 300
Mesophase carbon 43 950
Pitch-based carbon 44.5 50000
fiber
Carbon fiber by vapor 43.3 7000
phase growth
Carbon fluoride 43.1 4000
Nano carbon 43 800
Active carbon 43.1 750
Active carbon fiber 43 1000
PAN-based carbon fiber 44.2 20000
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TABLE 2-continued

Amount of
Primary  Specific dibutyl
particle  surface  phthalate = Apparent
diameter area absorbed density
Kind of carbon (nm) (m*/g) (cm’/100 g) (g/dm>)

Pitch-based carbon
fiber

COMPARAITTVE EXAMPLE 2

[0060] Various carbons not loading any simple substance
or compound, shown 1 Table 3 were measured for Ni
content by ICP spectrometry. The N1 contents in all the
carbons were less than 1 ppm and below the detection limiat.
Using these carbons, lead-acid batteries were produced in
the same manner as in Example 1, and their high-efficiency
charging characteristics were evaluated. Their charging volt-
ages Vc were higher than 45 V and their high-efficiency
charging characteristics were 1nferior.

TABLE 3
Amount of

Primary  Specific dibutyl

particle  surface  phthalate =~ Apparent

diameter area absorbed density
Kind of carbon (nm) (m%/g) (cm’/100 g)  (g/dm°)
Carbon black 30 12770 495 115
Ditto 11 362 270 109
Ditto 30 254 174 270
Ditto 15 1475 330 152
Ditto 13 560 91 400
Ditto 20 140 117 310
Natural graphite
Artificial graphite
Pyrolytic carbon
Coke
[sotropic graphite
Mesophase carbon
Pitch-based carbon
fiber
Carbon fiber by vapor
phase growth
Carbon fluoride
Nano carbon
Active carbon
Active carbon fiber
PAN-based carbon fiber
Pitch-based carbon
fiber

Cu
Symbol  (ppm)
4-a 5

4-b <]
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Loaded
Charging N1
voltage amout
Ve(V)  (ppm)
44 10000

EXAMPLE 3

[0061] Various active carbons were used as a carbon. The
contents of Cu, N1, Mn, Al, S1, K and Mg 1n the active
carbons were measured by ICP spectrometry and are shown
in Table 4. Using these active carbons containing various
amounts of impurities, lead-acid batteries were produced 1n
the same manner as 1n Example 1, and their high-efficiency
charging characteristics were evaluated. Their charging volt-
ages V¢ are shown 1n Table 4. All the charging voltages Vc

were lower than 45 V and their high-ef
characteristics were good.

1clency charging

Loaded
Charging N1
voltage  amout
ve(V)  (ppm)
46.7 0
46 0
48.5 0
49 0
48.8 0
47 0
46.2 0
48.4 0
49.5 0
491 0
48 0
46.8 0
48.3 0
48.1 0
47 0
46.7 0
48 0
48.5 0
46.5 0
49.6 0
TABLE 4
Charging voltage
N1 Mn Al S1 K Mg Ve
(ppm)  (ppm) (ppm) (ppm) (ppm)  (ppm) (V)
50 10 <1 <1 90 <] 43.1
2200 <1 10 <1 4800 <] 43.1



US 2004/0180264 Al Sep. 16, 2004

TABLE 4-continued

Charging voltage

Cu N1 Mn Al S1 K Mg V¢
Symbol  (ppm)  (ppm)  (ppm)  (ppm) (ppm) (ppm) (ppm) (V)
4-¢ 500 1050 850 <] 1400 <] <] 43
4-d 55 75 75 <] <1 105 250 43
4-¢ <] <] <] 360 <] <] <] 44.8
4-f <1 <] <] <] <] <] 150 44.1
EXAMPLE 4 further superior high-efficiency charging characteristic was

obtained. Also 1n systems using a plurality of the above
simple substances and/or compounds, the charging voltages
V¢ were lower than 45 V and good high-efficiency charging
characteristics were obtained.

[0062] Active carbons produced from a coconut husk were
used as a carbon. A coconut husk as a raw material for active
carbons was washed with 1 N (mole/liter) hydrochloric acid
for time lengths shown 1n Table 5, then washed with water
until the pH of the washings became 7 and dried, and
thereafter fired to produce active carbons. The Cu contents
in these active carbons as measured by ICP spectrometry are
shown 1n Table 5. Using these active carbons produced from

TABLE 6

Kind of loaded

a coconut husk, containing various levels of Cu, lead-acid Symbol  element Loaded form
batteries were produced 1n the same manner as in Example
1, and their high-efficiency charging characteristics were 6-a Mo MoC
evaluated. Their charging voltages V¢ are shown 1n Table 5. 6-b Co Co + CoO
In all the Cu contents, the charging voltages Vc were lower 6-C Ba BaSO,
than 45 V and good high-efficiency charging characteristics 6-d Mn MnSO, + Mn(OH), + MnOOH
were obtained. In a Cu content range of more than 5 ppm and 6-¢ St S150,
less than 15,000 ppm, the charging voltage Vc was lower 6-f Cu Cu
than 43.2 V, and the high-efficiency charging characteristic
was further better.
TABLE 5
Time of
washing Charging
in the voltage
hydrochloric Cu N1 Mn Al S1 K Mg V¢
Symbol acid (ppm)  (ppm)  (ppm) (ppm) (ppm)  (ppm)  (ppm) V)
5-a 1 minute 15000 5600 5600 120000 11000 25000 49000 43.5
5-b 10 minutes 4800 1500 1500 85000 3300 3900 3700 43.1
5-¢ 30 minutes 1200 680 630 19000 1700 1400 2200 43
5-d 45 minutes 510 75 75 4200 570 410 250 43
5-¢ 1 hour 19 <] <] 360 82 <] <1 43
5-f 3 hours 5 <] <1 50 11 <] <] 44.2
EXAMPLE 5 EXAMPLE 6

[0063] On the various kinds of carbon blacks shown in
Table 3 were loaded the various kinds of simple substances
and/or compounds shown 1n Table 6. The loaded forms of
the simple substances and compounds were confirmed by
X-ray diffractometry to be a simple substance, an oxide, a
sulfate, a hydroxide, a carbide, or a mixture thereof, as
shown 1n Table 6. Then, lead-acid batteries were produced 1n
the same manner as in Example 1, and their high-efficiency
charging characteristics were evaluated. In FIG. 5 are

[0064] On the various kinds of carbon blacks shown in
Table 3 were loaded the various kinds of simple substances
and/or compounds shown 1n Table 7. The loaded forms of
the simple substances and compounds were confirmed by
X-ray diffractometry to be a simple substance, an oxide, a
sulfate, a hydroxide, a carbide, or a mixture thereol, as
shown 1n Table 7. Then, lead-acid batteries were produced in
the same manner as 1n Example 1, and their high-efficiency

shown relations between the content of each loaded element
and the charging voltage Vc obtained. All the charging
voltages Vc show good high-efficiency charging character-
istics. In a loaded element content range of 10 to 5,000 ppm,
the charging voltage Vc was lower than 43.2 V and a
strikingly good high-efficiency charging characteristic was
obtained. In a loaded element content range of 50 to 1,000
ppm, the charging voltage Vc was 43 V or lower and a

charging characteristics were evaluated. In Table 7 are
shown the charging voltages Vc obtained. All the charging
voltages V¢ were lower than 45 V and good high-efficiency
charging characteristics were obtained. Also in systems
using a plurality of the above simple substances and/or

compounds, the charging voltages V¢ were lower than 45 V
and good high-efficiency charging characteristics were
obtained.
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TABLE 7
Charging

Kind of loaded voltage
Symbol element Loaded form Ve (V)
7-a Ht HIC 44.3
7-b Nb NbC 43.5
7-¢ Ta la 43.8
7-d W WC 44.1
7-e Ag Ag 43.2
7-f /n /nS0, 43.8
7-g v V.05 44.6
7-h Cs Cs,SO, 44.5
7-i Rb Rb,SO, 43.2
7-i K + Na K,SO, + NaSO, 43.1
7-k Co + Mo Co(OH), + MoOj, 43

EXAMPLE 7
[0065] 1% by weight, based on an acetylene black, of one

of the catalysts shown 1n Table 8 was added to the acetylene
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showed charging voltages lower than 45 V and had good
high-efficiency charging characteristics. Particularly when
there were used catalysts for petroleum refining, fuel o1l
desulfurization, gas production, desulfurization or deodor-
1zation for pollution control, or sulfuric acid production, the
charging voltages Vc were lower than 43.2 V and strikingly
good high-efficiency charging characteristics were obtained.
When there were used simple substances such as Co, Mo,
Ni, Zn, Cu and Mn, or their compounds in catalysts for
petroleum refining, fuel o1l desulfurization, gas production,
or desulfurization or deodorization for pollution control, or
when there were used simple substances such as alkali
metals, alkaline earth metals, V, Mn and rare earth elements,
or their compounds 1n catalysts for sulfuric acid production,
the charging voltages Vc were 43 V or lower and further
better high-efficiency charging characteristics were
obtained. Also, 1n systems using a plurality of the above

simple substances and/or compounds 1n admixtures, good
high-efficiency charging characteristics were obtained. Also
In systems using, as a carbon powder, any one of the carbons
shown 1n Table 3, good high-efficiency charging character-
1stics were obtained.

TABLE &
Charging
voltage
Catalysis Kind of catalyst Main component(s) Ve (V)
Desulfurization — Ru 44
Desulfurization Catalyst for desulfurization in petroleum CoO, MoO;/Al,0;5 (carrier) 42.7
refining
Desulfurization Catalyst for desulfurization in petroleum NiO, CoO, MoO;/Al,O; (carrier) 42.9
refining
Desulfurization Catalyst for direct desulfurization of fuel o1l NiO, MoO;/Al,O; (carrier) 43
Desulfurization Catalyst for indirect desulfurization of fuel NiO, TiO,, MoO5/Al,O; (carrier) 43
o1l
Desulfurization Catalyst for desulfurization in gas production C 43.2
Desulfurization Catalyst for desulfurization in gas production  ZnO 42.6
Desulfurization Catalyst for desulfurization in gas production = CuOfactive carbon (carrier) 42.8
Desulfurization Catalyst for desulfurization in gas production  Fe 43.2
Desulfurization Catalyst for deodorization 1n pollution control CoO, MnQO, 42.8
Desulfurization Catalyst for deodorization in pollution control Co(OH),, MnSO, 42.9
Desulfurization Catalyst for deodorization in pollution control  Al,O; 43.2
Desulfurization Catalyst for desulfurization in petroleum NiO, CoO, MoO5/Al,O; (carrier) 43
refining
SO, oxidation  Catalyst for sulfuric acid production V,04, K,50,, S10, 42.9
SO, oxidation  Catalyst for sulfuric acid production V,04 43
SO, oxidation  Catalyst for sulfuric acid production Cs,S0,, Rb,S0O,, CeO, 43
SO, oxidation  Catalyst for sulfuric acid production BaSO,, MnS0,, La, 0, 43
SO, oxidation — MgSO,, Pt 43.3
SO, oxidation — Al,(SO,); 44.5

black, followed by thorough mixing 1in a mortar, to prepare

various

carbon blacks each containing a simple substance

and/or a compound(s) having a catalysis for desulfurization

or SO

oxidation. Various lead-acid batteries were produced

in the same manner as in Example 1 and evaluated for

high-ef

iciency charging characteristic. All of the batteries

[0066] With elements of low hydrogen overvoltage, such
as N1, Co, Mo, Cu and the like, hydrogen generation takes
place simultaneously with the charging reaction. FIG. 6
shows a model of the reaction mechanism. Water molecules
in an electrolytic solution are dissociated on the above-
mentioned element and the generated hydrogen 1on 1s once
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adsorbed thereon. The sulfate 10n generated by the dissolu-
tion of lead sulfate 1s also adsorbed thereon, and 1s bonded
with the hydrogen 1on to become HSO,~, which i1s released
into the electrolytic solution. Meanwhile, the lead 10on gen-
erated also by the dissolution of lead sulfate accepts elec-
trons from carbon and deposits as metallic lead. In this way,
the charging reaction proceeds easily and resultantly the
lead-acid battery shows a good high-efficiency charging
characteristic. Therefore, even with simple substances or
their compounds, other than those shown above, having a
catalysis for desulfurization, a reaction proceeds in the same
mechanism as above, and the lead-acid battery shows a good
high-efficiency charging characteristic.

[0067] With simple substances or their compounds, which
are casily converted into the respective sulfates, such as V,
Mn, alkali metals, alkaline earth metals, rare earth elements
and the like, sulfation proceeds in the battery. F1G. 7 shows
a model of this reaction mechanism. The sulfate 10n gener-
ated by the dissociation of lead sulfate 1s adsorbed on the
above-mentioned element and 1s easily taken into the simple
substance or compound of the element. Meanwhile, the lead
ion generated also by the dissolution of lead sulfate accepts
clectrons from carbon and deposits as metallic lead. In this
way, the charging reaction proceeds easily and resultantly
the lead-acid battery shows a good high-efficiency charging
characteristic. Therefore, even with simple substances or
their compounds, other than those shown above, having a
catalysis for SO_ oxidation, a reaction proceeds 1n the same
mechanism as above, and the lead-acid battery shows a good
high-efficiency charging characteristic.

EXAMPLE 8

Evaluation of Single Electrodes

[0068] The simple substances, oxides, sulfates, hydroxide
or carbides shown 1n Table 9 were added to or loaded on an
acetylene black smgly or 1n combination, 1n an amount of
4,000 to 5,000 ppm based on the acetylene black, to prepare
various carbon powders. 0.5% by weight of each carbon
powder was added to a lead powder, followed by pressure
molding, to produce various acting electrodes. Using one of
the acting electrodes, a platinum wire as an opposite elec-
trode, a silver/silver chloride electrode as a reference elec-
trode and, as an electrolytic solution, diluted sulfuric acid
having a specific gravity of 1.26 at 20° C., a cyclic volta-
mmogram was determined. The scanning speed was 50
mV/min and the scanning potential was —800 mV to -200
mV (based on the silver/silver chloride electrode). Before
the test, a reduction treatment of 5 minutes was conducted
at —1,400 mV (based on the silver/silver chloride electrode).
With respect to the current-potential characteristic exam-
ined, the current density taken as the axis of ordinate was
expressed as log [I| (an absolute value in log). The minimum
value of log |I| indicates a potential at start of charging and
a potentfial at start of discharge, and the potential at start of
charging and the potential at start of discharge were
expressed by Ec and Ed, respectively.

10069] FKIG. 8 shows the current-potential characteristics
of a Ni-added carbon-containing electrode and a non-added
carbon-containing electrode. When the potential at start of
charging 1s expressed by Ec and the potential at start of
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discharge 1s expressed by Ed, a relation of Ec>Ed results in
the Ni-added carbon. This indicates that charging starts
carlier, passivation of lead sulfate does not proceed even
when complete discharge 1s conducted, and charging accept-
ability 1s strikingly improved. Meanwhile, in the case of the
non-added carbon, a relation of Ec<Ed appears which 1is
opposite to the case of the Ni-added carbon. This indicates
that start of charging i1s slow, passivation proceeds when
complete discharge 1s conducted, and charging acceptability
1s strikingly low.

[0070] In Table 9 are shown evaluation results on the
relations of Ec and Ed determined for various carbons each
containing a simple substance or a compound(s). Those
carbons showing the relation of Ec>Ed are improved in
charging acceptability and therefore are rated as O, and a
carbon showing the relation of Ec<Ed 1s inferior in charging
acceptability and therefore 1s rated as X. Superior in charg-
ing acceptability were simple substances or compounds, of
Hi, Nb, Ta, W, Ag, Zn, N1, Co, Mo, Cu, V, Mn, Ba, K, Cs,
Rb, Sr and Na.

TABLE 9

Kind of loaded Charging
clement Loaded form acceptability
Ht HIC O
Nb NbC O

Ta Ta O

\'% WC O
Ag Ag O
7n ZnSO, O

v V,0. O

Cs Cs,S0, O

Rb Rb,SO, ®

K + Na K.SO, + NaSO, O

Co + Mo CoO + MoO;, O

Ni Ni(OH), O
Cu CuO O
Mn MnSO, O
Ba + Sr BaSO, + SrSO, O
No loading — X

EXAMPLE 9
[0071] In Table 10 are shown relations between the con-

tent of impurities (e.g. Cu) in carbon blacks and charging
voltage showing high-efficiency charging characteristic of a
lead-acid battery using the carbon blacks, obtained when
various carbon blacks were used as a carbon. In Table 10 are
shown the contents of copper, nickel, manganese, alumi-
num, silicon, potassium and zinc determined by ICP spec-
trometry. Using various carbon blacks different in impurity
content 1n place of simple substance and/or compound-
loaded carbons, lead-acid batteries were produced in the
same manner as in Example 1, and measured for high-
efficiency charging characteristic. The charging voltages Vc
in Table 10 show the high-efficiency charging characteristics
of the resultant batteries. In each of the batteries, the
charging voltage Vc was lower than 45 V and the high-
eficiency charging characteristic was good. Particularly 1n
the furnace blacks having a total content of N1, Cu, Zn and
Mn more than 1 ppm but less than 1,000 ppm, the charging
voltages Vc were lower than 43.2 V and the high-efficiency
charging characteristics were further superior.
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TABLE 10
Cu N1 Mn Al Si K
(ppm) (ppm) (ppm) (ppm) (ppm) (ppm)

Carbon black 1050 520 360 <] <] 28
(furnace black)
Carbon black 110 30 450 510 <] 155
(furnace black)
Carbon black <] <] <] <1 13 <]
(acetylene black)
Carbon black 50 40 100 <] <] <]
(furnace black)
Carbon black 19 1 <] 4 <] <]
(furnace black)
Carbon black <] 8 <] <] <] <]

(furnace black)

[0072] Thus, according to the present invention, a lead-
acid battery of superior high-efficiency charging character-
istic can be obtained by using a carbon containing a simple

substance or a compound, both having a catalysis. There can
also be obtained a carbon material for use 1n a lead-acid

battery of strikingly improved charging acceptability.
[0073] It should be further understood by those skilled in

the art that the foregoing description has been made on
embodiments of the invention and that various changes and
modifications may be made in the 1nvention without depart-
ing from the spirit of the invention and the scope of the
appended claims.

What 1s claimed 1s:

1. Alead-acid battery comprising an anode, a cathode and
an eclectrolytic solution, wherein 1nto the anode 1s added a
carbon containing a simple substance and/or a compound,
both having a catalysis for desulfurization or SO_ oxidation.

2. A lead-acid battery according to claim 1, wherein the
simple substance and/or the compound 1s at least one major
component constituting catalysts for desulfurization or
deodorization selected from catalysts for petroleum refining,
catalysts for fuel o1l desulfurization, catalysts for gas pro-
duction and catalysts for pollution control.

3. A lead-acid battery according to claim 2, wherein the
component 1s at least one simple substance selected from the
group consisting of Co, Mo, N1, Zn, Cu and Mn, or at least
one oxide, sulfate or hydroxide thereof.

4. A lead-acid battery according to claim 1, wherein the
simple substance and/or the compound 1s at least one major
component constituting catalysts for sulfuric acid produc-
tion.

5. A lead-acid battery according to claim 4, wherein the
component 1s at least one simple substance selected from the
oroup consisting of alkali metals, alkaline earth metals, V,
Mn and rare earth elements, or at least one oxide or sulfate
thereof.

6. A lead-acid battery comprising an anode, a cathode and
an electrolytic solution, wherein 1nto the anode 1s added a
loaded material obtained by loading, on a carbon, at least
one simple substance selected from the group consisting of
Hi, Nb, Ta, W, Ag, Zn, N1, Co, Mo, Cu, V, Mn, Ba, K, Cs,
Rb, Sr and Na, or at least one oxide, sulfate, hydroxide or
carbide thereof.

7. A lead-acid battery according to claim 6, wherein the
loaded material 1s obtained by loading, on a carbon, at least
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Charging

/n  voltage Vc
(ppm) (V)
<1 44.7
310 43.1
<1 44.5
12 43.1
<1 43.1
<1 43.1

one simple substance selected from the group consisting of
N1, Co, Mo, Cu, V, Mn, Ba, K, Cs, Rb, Sr and Na, or at least
one oxide, sulfate, hydroxide or carbide thereof.

8. A lead-acid battery according to claim 6, wherein the at
least one element 1s loaded on the carbon 1n an amount of 10
to 5,000 ppm by weight per element.

9. A lead-acid battery according to claim 6, wherein the at
least one element 1s loaded on the carbon 1n an amount of 50
to 1,000 ppm by weight per element.

10. A lead-acid battery according to claim 6, wherein the
simple substance, oxide, sulfate, hydroxide or carbide has an
average primary particle diameter of 0.1 to 1,000 nm.

11. A lead-acid battery according to claim 1, wherein the
carbon 1s at least one member selected from the group
consisting of carbon black, acetylene black, natural graphite,
artificial graphite, pyrolytic carbon, coke, 1sotropic graphite,
mesophase carbon, pitch-based carbon fiber, carbon fiber by
vapor phase growth, carbon fluoride, nanocarbon, active
carbon, active carbon fiber and PAN-based carbon fiber.

12. A lead-acid battery according to claim 6, wherein the
carbon 1s at least one member selected from the group
consisting of carbon black, acetylene black, natural graphite,
artificial graphite, pyrolytic carbon, coke, 1sotropic graphite,
mesophase carbon, pitch-based carbon fiber, carbon fiber by
vapor phase growth, carbon fluoride, nanocarbon, active
carbon, active carbon fiber and PAN-based carbon fiber.

13. A lead-acid battery comprising a cathode, an anode
and an electrolytic solution, wherein 1nto the anode 1s added
an active carbon or a carbon black or a mixture thereof
contaming at least one simple substance selected from the
group consisting of Cu, N1, Zn, Mn, Al, S1, K and Mg, or at
least one compound thereof.

14. A lead-acid battery according to claim 13, wherein the
active carbon 1s an active carbon produced from coconut
husk, having a Cu content of more than 5 ppm by weight but
less than 15,000 ppm by weight.

15. A lead-acid battery according to claim 13, whrein the
carbon black 1s a furnace black having a total content of Ni,
Cu, Zn and Mn more than 1 ppm by weight but less than
1000 ppm by weight.

16. A carbon material for use 1n a lead-acid battery, which
1s a carbon powder containing or loading thereon at least one
simple substance selected from the group consisting of Hf,

Nb, Ta, W, Ag, Zn, N1, Co, Mo, Cu, V, Mn, Ba, K, Cs, Rb,
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Sr and Na, or at least one oxide, sulfate, hydroxide or carbide 18. A carbon material for use 1n a lead-acid battery, which
thereof. 1s an active carbon and/or carbon black containing at least
one simple substance selected from the group consisting of
Cu, N1, Zn, Mn, Al, S1, K and Mg, or at least one compound
thereof.

17. A carbon material for use 1n a lead-acid battery, which
1s a carbon powder containing a simple substance and/or a

compound, both having a catalysis for desulifurization or
SO oxidation. £ % % k%
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