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(57) Abstract: The present invention provides a valuable metal
leaching method and a valuable metal collection method, in each of
which the leaching of a valuable metal can be achieved with high ef-
ficiency, the amount of a reducing agent to be used can be reduced,
and the cost can be reduccd. The present invention is characterized
in that a positive electrode material is immersed in an acidic solution
together with a metal having a poorer reduction potential than that
of hydrogen and a valuable metal is allowed to leach [rom a positive
electrode active material.
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FIG.1

AA Liion battery

S1  Crushing/disassembling step

BB Disassembled product of battery

S2 Washing step

S3 Leaching step

CC Leaching solution

S4  Sulfurization step

DD Nickel/cobalt sulfide (sulfide precipitates)
EE Liquid waste
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DESCRIPTION
VALUABLE METAL LEACHING METHOD, AND VALUABLE METAL

COLLECTION METHOD EMPLOYING THE LEACHING METHOD

Field of the Invention
[ooat)]

The present invention relates to a valuable metal leaching method of leaching
valuable metals from a positive electrode of a lithium ion battery efficiently and ata
high leaching rate; and to a valuable metal collection method employing the
above-mentioned leaching method.

The present application asserts priority rights based on JP Patent Application
2011-013404 filed in Japan on January 27, 2011, The total contents of disclosure
of the Patent Application of the senior filing date are to be incorporated by

reference into the present Application.

Background of the Invention
100021

Effective utilization of electric power has been called for against the recent
trend of global warming.  As one of means of effective utilization of electric
power, secondary batteries for slectric power energy storage have been expected,

and from a viewpoiat of air pollution prevention, it has been expected that
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large-size secondary batteries are put to early practical use as a power source for
automobiles.  Also, particularly with the proliferation and the performance
improvement of electrival equipment, such as digital cameras and cellular phones,
the demand of small-size secondary batferies as a power source for backuop for
computers and the like, oras a power source for small-size electrical household

g steadily vear by year,

I

appliances is increasin
(0003}

As these secondary batteries, there is required a secondary battery having a
performance corresponding to electrical equipment to be used, and, generally,
tithium fon batteries are mainly used.

[0004]

The Lithium lon battery is configured such that a negative-electrods material
in which a negative-electrode active substance, such as graphite, adheres to a
negative-electrode substrate made of copper foil; 4 posilive slectrode material in
which a positive-electrode active substance, such as lithium nickelate or fithium
cobaltate, adheres to a positive-electrode substrate made of aluninum foil; a
collector made of aluminum or copper; 4 separator made of a resin film, such as a
polypropyleas porous film; and an electrolytic solution, an electrolyte, and the like
are enclosed instde an exterior can made of metal, such as aluminum ov tron.
0005 ]

While the demand of lithium ton batteries is inereasing, establishment of a
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countermeasire against envirommental pollution due o used lithium fon batteries
has been strongly desired, and eollection of valuable metals and effective use
thereof have been considered.

{0006]

As a method for collecting valuable metals from a lithium jon battery having
the ahove-mentioned structure, for example, dry treatment or incineration treatment,
pach being disclosed in PTL 1 and PTL 2, has been used.  In this case, nickel,
cobalt, and the like, valuable metals, are mostly reused for magnets, and the like.
{00071

However, dxf-}_a treatment and incineration treatment have disadvantages that
consumption of thermal energy is large and, moreover, lithium (Li) and aluminum
(A1) can not be collected,  There is also a problem with purity of collected metals,
and accordingly the reuse of the collected metals for-a lithivm ton battery is difficnlt,

Furthermore, there is ancother problem that, in the case where lithium
hexafluorophosphate (LiPF,) is contained as an electrolyte, fumace materials are
greatly consumed.

{0008]

To solve these preblems in dry treatinent or ineineration treatment, there has
been proposed a method of collecting valuable metals by wet treatment, as
disclosed in PTL 3 and PTL 4. A positive-electrode active substance is disselved

and refined by wet treatment, whereby the positive-electrode active substance can
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be recyeled nto Ni metal, Co metal, a metal compound, or a battery material.  As
this method by wet treatment, there has been proposed a total disselution method
such that all materials resulting from disassembling a fithium fon ballery are
dissolved by using an acidic sohition or the like, and valuable metals are collected,
However, in the case of this total disselution method, a chemical agent is consumed
for elements which excessively exist, stich as aluminum, copper {Cu), iron {(Fe), and
the like, and therefore the method is not economical for effectively collecting
valuable metals, such as aickel (N1}, cobalt (Coy, lithinm, and the like.

[G008]

To solve this problem, there has been proposed a wet treatiment using a
selectively-peeling-off method, wherein a positive electrode material is selectively
peeled off from & lithium 100 bﬁ.ﬁ@f}f;_ and valuable metals are efficiently collected
from the positive electrode material.  In the selectively-peeling-off method of a
positive electrode material, generally, a first chemical treatment is such that &
positive-electrode active substance containing valuable metals is pesled off from a
positive-slectrode substrate {positive-glectrode foil) tmade of Al or thie Tike).  In
the treatiment of peeling off a positive-glectrode substrate, an acidic or alkaline
solution is used to peel off a positive-electrode active substance from a
positive-electrode substrate.  The peeled-oft positive-glectrode active substance
contains trivalent Niand trivalent Co. T leach Niand Co, valuable metals,

contained in the pusitive-clecirode active substance, the positive-electrode active
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substance in solid form is made to change into that in liquid form, that is, in metal
ion form, in an acidic solution, whereby valuable metals can be feached.

(0010}

However, since trivalent valuable metals, such as nickel and cobalt, do not
dissolve in an acid easily, the valuable metals cannot easily be made to be in metal
ion form.

[O011]

Thus, as a method of leaching out valuable metals, for example, as disclosed
in PTL §, there is a method wherein a reducing agent, such as a sulfite, is added to
an-acidic solution to make use of the reducing power of the reducing agent.  This
method enables a c{);_ﬂ_pﬁﬁt}& such as LiCey, or LiNi‘(};{? a positive-clectrode aclive
siibstance, to be decomposed into metal ions effectively and gquickly, thereby
leaching out valuable metals, such as nicke! and cobalt, contained in the
positive-electrode active substance,

(0012

In such valuable metal leaching method by wet treatment, before Jeaching
out valuable metals, it 1s necessary to peel offa positive-electrode substrate made of
aluminum ot the Hke from a positive-glectrode active substance, and this
peeling-off causes dissolution of the positive-electrode subsirate and accordingly
requires a Jarge amount of an alkaline solution.  Also, in the leaching out of

valuable metal, a reducing agent necessary for dissolution of a positive-electrode
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active substance requires an equimolar amount of electrons to Ni, Co, and the like,
and therefore a more amount of the reducing agent needs to be added.  Hence, in
such valuable metal leaching method by wet treatment, a more amount of an alkali
solution and a more amount of a reducing agent are used, and thereby the expense
for leaching out valuable metals is increased accordingly, thus cost effectiveness is

reduced.

Prior-Art Documents
Patent Document

PTL 1: Japancse Patent Application Laid-Open No. Hei 07-207349

e’

PTL 2: Japanese Patenf Application Laid-Open No, Hei 10-330835
PTL 3: Japanese Patent Application Laid-Open No. Het 08-22846
PTL 4: Japanese Patent Application Laid-Open No, 2003-157913

PTL 5: Japanese Patent Application Laid-Open No. Hei 11-293357

Sununary of the Invention
{0014

The present invention is proposed in view of such actual circumstances, and
atrus at providing a valuable metal leaching method of teaching out valuable metals
efficiently and at a high leaching rate; and a valuable metal collection method.

[0015]
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The valuable metal leaching method to achieve the above-mentioned aim according to
the present invention is a valuable metal leaching method of leaching out valuable metals
comprising nickel, cobalt, and lithium contained in a positive electrode material of a lithium ion
battery, the method comprising immersing the positive electrode material in an acidic solution
together with a metal having a lower reduction potential than a reduction potential of hydrogen,
whereby the valuable metals are leached out from a positive-electrode active substance, the
metal having a lower reduction potential than a reduction potential of hydrogen is nickel metal
obtained from a nickel-metal hydride battery, adding an alkali sulfate to a leachate obtained by a
leaching step, thereby removing a rare earth element contained in said leachate as a double
sulfate, and adding a sulfurizing agent to a mother liquor obtained through the rare earth element
removal step, and, with adjusting of the pH of said mother liquor to 2 to 5, to form mixed sulfide

of nickel and cobalt.

[0016]

The valuable metal collection method to achieve the above-mentioned aim according to
the present invention is a valuable metal collection method of collecting valuable metals
comprising nickel, cobalt, and lithium contained in a positive electrode material of a lithium ion
battery, the method comprising: a leaching step of leaching out the valuable metals from a
positive-electrode active substance by immersing the positive electrode material in an acidic
solution together with a metal having a lower reduction potential than a reduction potential of
hydrogen, wherein the metal having a lower reduction potential than a reduction potential of
hydrogen is nickel metal obtained from a nickel-metal hydride battery; a rare earth element
removal step, wherein an alkali sulfate is added to a leachate obtained by the leaching step,
thereby removing a rare earth element contained in said leachate as a double sulfate; and a

sulfurizing step, wherein a sulfurizing agent is added to a mother liquor obtained through the rare
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earth element removal step, and with adjusting of the pH of said mother liquor to 2 to 5, to form

mixed sulfide of nickel and cobalt.

[0017]

According to the present invention, when valuable metals are leached out from a
positive electrode material constituting a lithium ion battery, the valuable metals can be

efficiently leached out at a high leaching rate.

Brief Description of Drawings
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[0018]

Figure 1 illustrates a flowchart of a method of collecting valuable metals
from a lithtam ion battery in g first embodiment.

Figure 2 illustrates a flowchart of a method of collecting valuable metals
from a lithium ion battery in a second embodiment.

Figure 3 is a graph showing the variation in concentration of cobalt ina
seaction solution with respect to the amount of a sulfurizing agent added when the
pH is changed in a sulfurization reaction.

Figure 4 is a graph showing variation of each concentration of nickel and
cobalt with respect to the amount of & sulfurizing agent {Na;8) added ina

sulfurization reaction.

Detailed Description of the Invention
[0019]

Hereinafter, with reference to the drawings, there will be explained in detail &
vatuable metal leaching method and & valuable metal collection method which
emmploys the leaching method and thereby vollects valuable metals from a lithium
ion hattery according to the present invention.

(00207

The present invention provides a method, wherein, when a positive-elsctrode

active substance pecled off and collected from a lithium ton battery 15 leached inan
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acidic solution, a contpound constituting the positive-electrode active substance is
decomposed effectively, and valuable metals are collecied from the
positive-electrode active substance efficiently and at a high leaching rate.

o021}

In the miethod of collecting valuable metals from a lithium ion battery, one of
key chemical treatments is to leach a positive-electrode active substance containing
valuahle metals with changing the form of the positive-electrode active substance
from a sohid form to a lquid form, that is, a metalwon form.  Conventionally, for
this Ieaching treatment, an acidic solution, such as sulfuric acid, has been used, and,
since a compound, such as LiCoO; or LiNIO,, constituting a pesitive-electrode
active substance, needs to be decomposed, negative electrode powder or the like
has been added as an oxygen adsorbent.  However, the additive, that 1s, negative
electrode powder or the like, had a weak reducing power in a discharge state, and
thys was nol capable of effectively and quickly decomposing the compound
constituting the positive-glectrode active substance, and, as a result, valuable metals
from the positive-electrode active substance could not be leached ont efficiently and
a leaching rate could not be improved.

(0022

Therefore, the present jnvention provides a method, wherein, when a
positive-electrode active substance is leached in an acidic solution, a metal having a

high reduction effect, that is, a metal having a lower reduction potential than the
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reduction potential of hydrogen, is added and, with the high reducing power of the
metal, & compound, such as LiCo0 or LINI(s, contained in the positive-clectrode
active substance is decomposed effectively and quickly, whereby valuable metals
cait be leached out from the positive-electrode active substance efficiently and at a
high leaching rate.

[OD23]

In the present invention, metals, such as nickel (Ni), ron (Fe), zinc (Zn), and
alumingam (Al), may be used as metals to be added in the leaching treatment.
Especially preferable anmong these metals s aluminum because aluminum s used
fora p{)sitive_e‘iecfr{}da-gz'la-te, and accordingly the use of the positive electrede plate
‘as -4 metal to be added can make it unnecessary 1o add a reducing agent separately,
or cah make the amount of a reducing agent separately added smaller than
conventionally, A case where aluminum is used will be explained tn a first
embodiment.

{0024

Alse, as a metal to be added v the leaching freatment, there is preferably
used nickel metal {a porous nicke! plate, reduction-reasting powder) collected from
a nickel-metal hydeide (Ni-MH) battery., By using nickel metal collected from a
nickel-metal hvdride battery, a metal portion of the nickelametal hydride battery,
which is also to be recyeled, is made use of witheut separately preparing a new

reducing agent other than a battery material, whereby a positive-electrode active



H STIRPCT
substance including valuable metals can be effectively decomposed without
contamination and loss of economical efficiency. A case where nickel metal
collected from a nickel-metal hydride battery is used will be explained in a secomd
smbodunent.

(00251

= First Embodiment>

A first embodiment is a valuable metal leaching method, wherem, in the
leaching out of valuable metals from a positive-clectrode active substance of a
positive electrode material constituting a lithtum ion battery by wet treatment,

gt

L

vatuable metals are dissolved inan acidic solution without adding a reducing a
or with adding a small amount of a reducing agent and thereby leached out from the
positive-electrode active substance.  The above-mentioned valuable metal leaching
method 13 capable of reduction in '_the amount of chemicals used, costreduciion, and
etficient collection of valuable metals,
[0026]

in the Arst embodunient, i wet treatment, a positive-electrode active
substance including lithium, nickel, and cobalt, and a positive electrode substrate
formed with aluminwm foil or the like are dissolved together inan acidic solution,
wherehy the positive electrode substrate can be used as a reduging agent, and thus
the pusitive-electrode active substance can be reduced by reducing power of the

positive electrode substrate, Thus, i1 the first embodiment, valuable metals can be
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made into metal ions without adding a reducing agent separately, or with & much
smaller amount of reducing agent separately added than conventionally.

(0027}

Specifically, a valuable metal collection method comprises a leaching step,
wherein a positive electrode material of a lithium fon battery is immersed inan
acidic solution to dissolve togsther a positive-electrode active substance and a
positive electrode substrate to which the positive-electrode active substance adheres,
whereby valuable metals are leached out from the positive-clectrode active
substance.

[(028]

Here, the positive-electrode active substance is for example, LiCoG; or
LiNi0s, and includes valuable imetals, sach as nickel (Ni) and cobalt (Co).  The
positive electrode substrate is formed with aluminum foil or the ke, Note that, as
the positive electrode material, which is a raw material of valuable metals,
semi-finished products in a manufactuting process of lithium ion batteries, serap to
be collected, and the like are preferably used.  Also, it is more preferable that the
positive electrade material is made into a clean raw matertal by pretreatment, such
as mesh sorting, if possible,

(00297
As shown in Fig. 1, the valusble metal gollection method comprises a

crushing/shredding step S1, a washing step 52, a leaching step 83, and a sulfurizing
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step S4.  Note that the method of collecting valuable metals from a fithium ion
battery is not fimited to these steps, bat may be suitably changed.
[0030]

{1} Crushing/Shredding Step

In the crushing/shredding step 81, in order to collect valuable metals from a
used lithiwm lon battery, the battery is disassembled by crushing/shredding. At
this time, if the battery is In a charged condition, such condition is dangerous, and
therefore the battery is preferably discharged and thereby made harmless prior to
being disassembled.

[0031]

in the crushing/shredding step S§1, the battery which is made harmless is
disassembled o an appropriate size by using a conventional crusher and a
conventional shredder.  Alse, it may be allowed that an extertor canis cut, and a
positive electrode material, a negative-electrode matertal, and the like inside the
exterior can are separated and disassembled, but in this case, each separated part is

preferably further cat into an appropriate size.

|

T

03
(2} Washing Step
i1 the washing step 82, a material resulting from battery-disassembly which

is ablained through the crushing/shredding step S1 15 washed by alcohol or waler,

whereby an electrolyte solution and antelectrolyte are removed. A hithigm ion
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hattery contains organic golvents, such as ethylene carbonate, propylene carbonate,
diethyl carbonate, and dimethy] carhonate; and electrolyles, such as lithium
hexafluorophosphate (LiPFg)

[0033]

In the washing of the material resulting from battery-disassembly, alcohol or
water Is used and the material resuliing from battery-disassembly is fed thereinto
preferably at a ratio of 10 t© 300 g/l, and then shaken or stirred to remove organic
conponents and electrolytes.  As the alechol, sthanol, methanol, isopropyl alcohol,
and a mixed solution of these are preferable.  Carbonates constituting a battery
material are _gaﬁ.aw“liy insoluhle in water, but ethylene carbonate can be arbitrarily
dissolved in water, and other organic components-also are soluble in water to a
certain degree and therefore can be washed by water.  Furthermuore, when the
amount of the material I‘@Sl};?tgng from battery-disassembly with respect to aleohol or
water is less than 10 /L, it s not economical, while when the amount thereof 1s
more thain 300 g/, the material resulting from battery-disassembly is bulky and
aceordingly difficult to be washed.

[0034]

The washing of the matertal resulting from battery-disassembly is preferably
repeated two or more times.  Also, the washing may be repeated with changing
ingredients of & washing lquid, for example, washing is performed using only

aleohol first, and then washing is again performed using water.  This washing step
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52 enables organic components; and phosphorus, fluorine, and the Tike, cach
originating from electrolytes, to be removed fo such an extent that a downstream
step is not affected.
[0035]

{3) Leaching Step

in the leaching step $3, with the positive-electrode active substance adhering
to the pasitive electrode substrate, the positive electrode material is immersed in an
acidic solution, and, with using the acidic solution, dissolution of the positive
slectrode substrate and leaching out of metal dons of nickel, cobalt, and the like
from the positive-electrode active substance are performed simultaneously,
whereby a storry is formed.  In the leaching step 83, aluminum or the like, which
has a high reduction effect and constitutes the positive electrode substrate, is made
to be comained in the acidic solution and therefore a compound, such as LiCo0, or
LiNi(,, contatned in the positive-electrode active substance can be effectively and
quickly decomposed futo metal ions, wherehy a leaching rate of valuable metals,
such as wickel, cobalt, and the like, contained in the posilive-clectrode active
substance can be improved.
[H036]

As the acidic solution, mineral acid, such as sulfuric acid, nitrie acid, or
hydrochloric acid, and, in addition, organic acid or the like may beused.  From

viewpoints of cost, work environment, and callection of nickel, cobalt, and the ke
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from a leachate, industrially preferable among these is a sulfuric acid solution,
{0037]

Regarding conditions for the leaching, there exist optimal parameters of cach
concentration of mineral acid and organic acid, temperature, slurry concentration,
stirring speed, and the like, and accordingly it is necessary o select paramaters by
which an inefficient condition such as a condition requiring a long time for
treatment is avoided. Optimal parameters for conditions for the leaching , for
example, when using @ sulfune aad solution as an asothe solution, are such that the
concentration of sulfurie acid is 0.8 to 10 mol/l; an acidic solution bas 2 pH of O to
1:the temperature i3 not fess than 40 degrees € and less than 100 degrees C; the
concentration of a sturey s 10 to 300 g/1; and the stirring speed is adjusted so as
convect all active substances in a vessel.

[0038]

The concentration of sulfuric acid is preferably (1.5 to 10 mol/l.  When the
concentration 13 higher, the dissolution reagtion of a positive-electrode active
substance and a positive electrode substrate is quicker.  When the concentration is
more than 4 mold, crystals of nickel sulfate (NISOy) form more easily,  Hence, the
concentration of sulfuric acid 13 most prefevably 4 mol/d
100391

The sulfuric acid solution preferably has a pH ol 0t0 1. When the sulfuric

geid solution preferably is made to have a pH of 0 1o 1, the dissolution reaction of a
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positive-clectrode active substance and a positive electrode substrate starts and an
oxidation reduction potential {ORP) (reference electrode: silver/sitve r-chloride
clectrode) decreases.  Also, as the dissolution reaction of a positive-electrode
active substance progresses, the pH of the sulfuric acid selution is mereased, and
therefore it is preferable that, alse during the reaction, sulturic acid s further added
fo maintain a pH of approximately 0 to 1. Furthermore, when the sulfuric acid
salution has a pH of more than 1, the positive electrode subsirate becomes
passivaied and ORP increase

(00401

When the sulfuric acid solution has a higher femperature, the dissolution

reaction 18 quicker, and therefore the emperature is pre eterably not less than 40
dogrees C and less than 100 degrees €, more preferably 70 to 80 degrees C. When

the sulfric acid solution has a temperature lower than 40 degrees C, the dissolution
vate is slower.
{0041}

The concentration of a slurry 15 preferably 10 to 300 ¢/1. When the
coneeritration of the slurry is lower than 10 ¢/, the amount of fluid to be weated 15
increased, thereby causing inefficient treatrment, while, when the concentration of
the shuery 15 higher than 300 g/l s diffieult to oblain a uniform shary due to
precipiiation or the like, and accordingly a problem of slurry uniformity arises.

Therefore, the concentration of the slurry ix preferably 10 to 300 g/l.
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Note that, in the leaching step 83, if reducing power is not enough to leach
oui valuable metals after completely dissolving a positive electrode subsirate, a
reducing agent may be further added.  Even in the case where a reducing agent s
further added, only with a small amount of the reducing agent added, almost all
valuable metals can be leached out from a positive-electrode active substance
because the positive electrade substrate is used as a reducing agent as mentioned
above.  As the reducing agent to be further added, aluminum or the hike, with
which the positive electrode substrate is formed, is preferable, and sodium sulfite or
the like, whicli has been conventionally used, may be acceptable.

[0043]

In this leaching step S3, unlike the conventional way, it is not necessary to
perform a pretreatment to peet off a positive ¢lectrode subsirate from a
positive-clectrode active substance by using an atkaline salution, and thercby
valuable metals can be leached out move efficiently, and therefore working
efficiency can be improved.

100447

Conventionally, when a positive electrode substrate is separated from a
positive-electrode active subsiance to leach out valuable metals, more chemicals,
such as sodium hydroxide, sulfuric acid, and sodinm sulfite (reducing agent), have

heen used, and the cost of treatment of aluminum-containing waste liguid has been
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required.  On the other hanad, in this feaching step 83, valuable metals are leached
out in an acidic solution by using a positive electrode substrate as a reducing agent,
and thus chemicals necessary for separating the positive electrode substrate are not
required.  Chemicals necessary tor leaching out valuable metals are only mainly
an acidie solution and a reducing agent to be added as needed, and hence less
chemicals are used dnd therely cost can be considerably reduced.
[0045]

Particularly, in the leaching step 83, a positive electrode substrate can be
added or, even if a redueing agent is reguired to be further added, valuable metals 1o
he leached out with fess and inexpensive reducing agent, such as aluminumn, than

Thus, a reducing agent, which has the largest impact on cost, i

=

conventionally:
not used, o the amount of a reducing agent used can be considerably reduced, and
at the smme time, working efficiently can be improved and the anmount of other
chemicals, such as an atkaline solution, used can also be reduced.
{8046]
(4) Sulfurizing Step

In the sulfurizing step 84, a leachate obtained through the leaching step 53 s
introdnced into a reaction vessel and a sulfurizing agent is added thereto to induce a
sulfurization reaction and thereby form nickel-cobalt mixed sulfide, whereby nickel

{N3) and cobalt (Co}, valuable metals, are collected from a lithium fon battery.  As
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the sulfurizing agent, hydrogen sulfide gas, or alkali sulfide, such as sodium sulfide
or sodium hvdrosulfide, may be used.

16047 ]

Note that, in the sulforizing step 84, impurities contained n the leachate, for
example, a positive clectrade substrate and the like which remain without being
dissolved may be removed by pretreatment, such as mesh sotting,

[6048)

Specifically, in the sulfurizing step 84, nickel ions {or cobalt ions} contained

in the leachate form a sulfide by sulfurization reaction with alkali sulfide in

sccordance with the following chemical formula, {13, (2), or {

Ni** o+ HLS => NS + 2HT (1
N+ NaH8 => NiS+ H™ + Na* (2)
N+ Na§ == NiS +2Na' (33

(0497

The amount of the sulfurizing agent to be added in the sulfurizing step 54015
preferably, for example, not less than 1.0 equivalent with respect tonickel and
cobalt contents in a solution.  When the amount of the sulfurizing agent to be
added is not less than 1.0 equivalents; each concentration of nickel and cobalt in a
solution can be made not more than 0.004 g/l.
{050

However, in operation, it is sometimes difficult to precisely and quickly
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analvze cach concentration of nickel and cobalt in a leachate, and therefore, ¢
sulfurizing agent is more preferably added to the extent that any further addition of
the sulfurizing agent does not cause a vartation of ORP in a reaction solution.
Usually, the reaction is completed in a range of -200 to 400 mV (reference
electrode: silver/sitver-chloride electrode), and therefore a sulforizing agent is
preferably added based on the ORP value.  Thus, nicket and cobalt which are
leached out it a selution can be sutfurized sufficiently, and these valuable metals
can be collected at a high collection rate.

[0051]
A solution used for the sulfurization reaction in the sulfurizing step 84
preferably has a pH of approximately 2 to 4. The temperature of the sulfurization

reaction in the sulfurizing step 84 is not particularly Himited, but preferably 0 to 90

~N

degrees ', more preferably approximately 25 degrees C. When the temperature is
higher than 90 degrees €, many economic problems, such as higher cost for raising
a temperature, are caused,

[0052]

En this sulfurizing step 54, by the sulfurization reaction, nickel and cobalt
contained in a positive-electrode active substance of a lithium 1on battery can be
collecied as a nicksl-cobalt sulfide (sulfide precipitate).  In this sulfurizing step 54,
the nickel-cobalt sulfide cah be separated fromy impurities and collected, while

impurities are made to be contained in waste liquid.
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{0033}

1 the above-mentioned valuable metal collection method, between the
Jeaching step 83 and the sulfurizing step 84, there may be performed a
neutralizdtion step, wherein tmpuritics originating from a positive electrode
muaterial and contained in the leachate obtained through the leaching step S3, such
as aluminum, copper, iron, and chromium, are separated and coliected as
precipitates,

[0054]

As a neutralizing agent, common chemicals, such as soda ash, slaked lime, or
sodiam hydroxide, may he used, These chenncals ave inexpensive and can be
handled easily.

[0055]

The solution is preferably adjusted so as to bave a pH of 3.0 to 5.5 by adding
the a}:x_@x-‘e»:m_.emi(med neutralizing agent.  When the solution has a pH of less than
3.0, aluminu and copper cannot be separated and collected as precipitates,  On
the other hand, when the solution has a pH of more than 5.5, nickel and cobalt also
precipitate and are contained n the precipitates of aluminum and copper, thereby
causing a loss, which is not preferable.  Note that, even it iron 18 contained in the
solution as another element, the iron can be made to be contained in precipitates
and separated together with aluminum and copper.

100361
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Since a positive electrode material is unmersed inan acidic solution i the
above-mentioned leaching step S3, aluminumy, copper, won, chromium, and the like,
each originally contained in a positive-clectrode active substance, are made to be
contained in a leachate, but, in the neutralization step, can be removed before
performing a downstream step, namely, sulfurizing step 84, for collecting valuable
metals.  This neuiralization step can further prevent impuarities from being mixed
into a collected material at the time of eolleeting valuable metals.

[0057)

{n the above-mentioned valuable metal collection methad, at the leaching
step 83 for leaching out valuable metals from a positive-electrode active substance,
a positive electrode substrate ¥s immersed 1 an acidic solution to be dissolved
sopether with a positive-elettrode active substance, whereby aluminum or the like
constituting the pesitive electrode substrate serves as a reducing agent, and valuable
metals can be leached out from the positive-electrode active substance, such as
LiCoOs or LINIO,.  Therefore, in thus valuable metal collection methed, unlike the
conventional way, a pretreatment to peel off a positive electrode substrate from a
positive-electrode active substance is ot performed, and valuable metals can be
leached out more efficiently.  Thus, working efficiency can be improved, and
valuable metals can be collected efficiently.

{D0SE]

Also, iy this valuable metal collection method, a positive elecirpde substrate
<& f
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is used as a reducing ageat, and thereby a reducing agent is not required to be
further added, or, even if a reducing agent is required to be further added, only a
smaller amount of reducing ageat than conventionally enables valuable metals lo be
feached. Thus. in the valuable metal collection method, chemicals required for
leaching out valuable metals are only mainly an acidic solution and a reducing
agent to be added as needed, and thereby a reducing agent, which has the largest
impact on cost, 18 not used, or the amount of a reducing agent used can be
considerably reduced, and at the same tirme, the amount of other chemicals, such as
an alkaline solution, used can also be reduced, whereby cost reduction can be
realized.
(60591

Provided in a second embodinent is 2 method wherein, when g
positive-electrode active substance peeted oftf and collected from a lithium ion
battery is leached in an acidic selution, & compound constituting the
positive-electrode active substance is effectively decomposed, and thereby a
leaching rate of valuable metals from the positive-clectrode active substance is
increased to improve a collection rate of valuable metals.
[0060]
First, the method of collecting valuable metals from a hithium 1on battery

according to the second embodiment will be explained with reference to a flowchart
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shown in Fig. 2. As shown in Fig. 2, the valuable metal collection method
comprises a crushing/shredding step S11, a washing step S12, a pusitive-glectrode
active substance peeling-off step S13, a leaching step 814, a rare earth element
rernoval step S15, a neutralization step 516, and a sulfurizing step S17. Note that
the method of collecting valuable metals from a lithium ion battery 15 not limited to
these steps, but may be suitably changed.

[0061]

The crushing/shredding step S11 and the washing step S12 are performed in
the same way as the crushing/shredding step S1 and washing step 82 i the
aforementioned first embodiment, respectively, and therefore detatled explanations
are omitted.  In the second embodiment, an electrolyte solution and an electrolyte
are removed in advanee in the washing step S12, and thereby an organic component,
phosphorus (P), floorine (F), and the like can be prevented from being mixed as
wnpurities into a leachate int the pusitive-clectrode aclive substance peeling-off step
S13 mentioned later.

[0062]

(3) Positive-clectrode active Substance Peeling-off Step

In the positive-slectrode active substance peeling-off step S13, & material
resulting from battery-disassembly obtatned through the washing step 812 1s
immersed inan acidic solistion, such ag a selfuric acid selution, ora surfactant

solition, whereby a positive-electrode active substance is peeled off and separated
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from the positive electrode substrate.  The positive-electrode active substance still
adheres to aluminum foil constitating the positive electrode substrate even after
battery-disassembly, but, i the positive-electrode active substance peeling-off step
13, the material resulting from battery-disassembly 15 fed info an acidic solution,
such as a saifuric acid solution, ora surfactant solution, and then stirred, whereby
the positive-electrode active substance and the aluminam foil can be separated in
solid form.
[0063]

Particularly, it is preferable that the material resulting from
hattery-disassembly 18 immersed ina surfactant solution and mechanically stirred to
peel oft a pesitive-electrade active substance.  Thus, dissolition of valuable metals
contained in the positive-electrode active substance into a solution can be contrelled,
whereby collgction loss of valuable metals can be prevented.

[0064}

Note that, in the positive-electrode active sahstance peeling-off step S13, all
the material resulting from battery-disassembly may be tmmersed in an acidic
solution or a surfactant solation, or i is also allowed that only a pesitive electrode
material s selected from the material resulting from battery-disassembly and
immersed.

[G063]

i the case where a sulfurie acid solution 1s used as an acidic solution, the
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acidic solution is controtled so as to have a pH of 0 to 3, preferably a pH of 1 to 2.
When the sulfuric acid solution has a pH of less than £, the too high concentration
of sulfuric acid causes both aluminum foil and a positive-electrode active substance
1o dissolve, whereby separation of the positive-electrode active substance from the
aluminum foil becomes difficult.  On the other hand, when the sulfarie acid
solution has a pH of more than 3, the oo low concentration of sulfuric acid prevents
adhering to the aluminum foil from disselving, and thereby the pesitive-electrode
active substance s insufficiently peeled off.
(0066

The feeding amount of the material resulting from battery-disassembly with
ion battery is disassembled by crushing and the like, a positive electrode material
and a negative-electrode material are usnally in flake form, and therefore may be
fed o & sulfurie acid solution-ax they ave, bul are preferably cut into pleces having
a size of not more ﬂ‘lan 30 mm Emgtﬁh__,- in advance.  Thereby, the separation can
be efficiently performed.
[0067]

In the case where a surface active agent 18 used, the type of the surfactan
salution o be used is not particularly imited, and a nonionic surfactant, an antonic
surfactant, or the like may be used, and these may be used alone, or two or more

kinds of these may be used in combination.  Specifically, examples of the nontonic
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surfactant include polvoxyethylene octylphenyl ether, polvoxvethylene
nonylphenyl ether, and polyoxyethylene laury ether.  Examples of the antonic
surfactant include alkyl dipheny! ether disulfonate and a salt thercof, bisnaphthalene
sulfonate and a salt thereof, polyoxyalkyl sulfosuccinic acid ester and a salt thereof,
and sulfuric ester of polyoxyethylene phenyl ether and a salt thereof.  Among
these kinds of surfactants, a nonionis surfactant having a polyoxyalkylene ether
group can be particularly suitably used.

10068]

The amount of a surfactant added is preferably 1.5 to 10% by weight.

When an amount of a surfactant added is not less than 1.5% by weight, a
positive-glectrode active substance can be peeled off and collected at 4 high
collection rate.  On the other hand, when the amount of a surfactant solution added
is not more than 10% by weight, a positivé-eledtrode active substance can be peeled
off effectively without an economical Toss.  Also, the pHt of a surfactant solution is
made neutral,

[006Y9]

Note that a time of separating the positive-elecirode active substance in the
positive-clectrode active substance peeling-off step $13 is different depending on
each concentration of a sulfuric acid solution and a surfactant solution, the feeding
amount of and the size of 3 material resulting from battery-disassembly including a

positive electrode material, and the like, and therefore it is preferable that the time
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is experimentally determined in advance.
[0070]

The material resulting from battery-disassembly which undergoes and
completes the positive-clectrode active substance peeling-oft step is sieved fo
collect a positive-electrode active substance, such as nickel acid hthium, cobalt acid
lithium, and the like, which is separated from a positive electrode suthstrate; and
what accompanies with the positive-electrode active substance.  In the case where
all the material resulting from battery-disassembly is treated, negative-clectrode
powder, such as graphite, which is a negative-electrode active substance, and what
accompanics with the negative-electrode powder are also collected.  On the other
hand, a positive glectrode substrate portion and a negative electirode substrale
portion: an extenior portion can made of aluminum, iron, or the like; a separator
portion made of a resin film, such as a polypropylene porous film; and a collector
poition made of aluminum or copper {Cu) are separated to be supplied to cach
treatment step.

[o071]

{4} Leaching Step

In the leaching step $14, metal lons of nickel, cobalt, and the like are leached
out from the peeled-off and collected positive-electrode active substance by using
an acidic solution, and then made into a sturry.  In this valuable metal coliection

method, at this leach ing step S14, a metal having a high reduction effect, that is, a
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metal having @ lower reduction potential than hydrogen is added.
(0072

Thus, by adding a metal having high reducing power and thereby leaching
the positive-electrode active substance, with the high reducing power, compounds,
such as LiCo0s and LiNIO;, contained in the positive-electrode active substance
can be decomposed effectively and quickly, whereby a rate of leaching out valuable
metals, such as nickel and cobalt, contained in the positive-electrode active
substance can be improved.
(0073}
As the metal having high redacing power, there is preferably used a nickel
metal (a porous nickel plate, reduction-roasting powder) collected from a nickel
hvdride battery.  Thus, with using nickel metal collected from a nickel-metal
hydride battery, it becomes unnecessary to separately prepare a new reducing agent
othet than a battery material, thereby econtanizing on a reagent fordecomposing a
positive-glectrode active substance.  Furthermore, the use of a metal portion of a
nickel-metal hydride battery, which is a battery to be recycled, enables a compound
including valuable metals 1o be effectively decomposed without contamination and
toss of economical efficiency.
(o741

As the amount of nickel metal added, the nickel metal bemg collected from a

nickel-metal hydride battery, is preferably (.5 to 2.0 times moles with respect to the
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number of moles of a positive-electrode active subslance to be digsolved.
Furthermore, it is preferable to adjust an oxidation reduction potential (ORP)
(reference electrode: sitver/silves-chloride electrade) to be in a range of - 100 to 850
mV by adding nickel metal or blowing air or oxygen.  With adjusting an ORFP so
as to achieve this ORP range, nickel metal is added, whereby the nickel metal can
be effectively dissolved.

{0075]

In this leaching step §14, as the acidic selution used for dissolution of'a
positive-clectrode active substance, besides mineral acid, such as sulfuric acid,
nitric acid. or hydrochloric acid, organic acid ov the like may be used.  Among
these, it s industrially preferable to use a sulfuric acid solution from viewpoints of
cost, work envirofment, and collection of nickel, cobalt, and the like from a
{eachate.

00761

]

The pH of an acidic solution to he used is preferably 2 at the highest, morg

preferably controlled to be approximately 0.5 to 1.5 from a viewpoint of reactivity,
As dissedution teaction of & posttive-electrode active substance proceeds, the pH

increases, and therefore it is preferable that acid, such as sulfuric acid, s further

added also during the reaction, whereby the PH Is maintained at approximately 0.8
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(5) Rare Earth Element Removal Step

I the tare earth element removal step 813, a vare earth element (RE) is
precipitated and removed from the leachate pbtained in the leaching step 514,
{0078}

The pickel metal, which 1s collected from a nickel-metal hydride battery and
added in the leaching step S14, includes rare carth slements, such as lanthanum
(La), cerium (Ce), and neodymiom (Nd}, and hence by adding the nickel metal in
the leaching step 514, the leachate is made to contain these rare carth elements.
When nickel and cobalt, valuable metals, are collected as a sulfide in the
later-mentioned sulfurizing step $17, rare earth elements precipitate together with
nickel and cobalt, and thereby could cause loss of quality of the nickel-cobalt
sulfide.  Accordingly, n this rare carth element removal step 8135, a treabment 1s
performed to precipitate and remove rare earth elements from a leachate.  Thus,
rare earth elements are effectively removed from the leachate, whereby va tuable
metals having high purity can be efficrently collected,

[0079]

Specifically, in the rare earth element removal step S15, an alkals sulfate
such as sodium sulfate, is added ax a devare-earth-clement agent to a leachate,
ihereby making a rare carth element into an insoluble double suifate. The
foltowing formula (4) shows a formation reaction of an insoluble double sulfate of a

rave carth elemient.  Note that RE in the tormula represents a rare carth element,
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(0807

An alkali sulfate as a de-rare-earth-element agent 1s added in Crystal form or
in solution form, and mixed into a leachate.  The addition amount is preferably not
less than 10 times moles with respect to de-rare-earth-element {o be contatned  the
leachate.

(GOS8 1]

In the formation reaction of an insoluble double sulfate of a rare carth
clement, the pH of 0 to 4 is preferable.  In the formation reaction of an insoluble
double sulfate of a rare earth element, it is suitable that the solution i3 saturated with
an atkali salfate, and when the pH is low, the reaction securs without any intluence.
O the other hand, when the pH is too high, valuable metals, such as nickel and

cobalt, precipitate as a hydroxide, thereby causing collection loss of valuable metals,

(0082}

The reaction temperature is preferably 60 to 80 degrees €. When the
reaction temperature is lower than 60 degrees C, there is a possibility that an
insoluble double sulfate of a rare earih element cannot be effectively formed with
respect to a predetermined amount of an alkali sulfate.  On the other hand, when

the reaction femperature is too hiigh, costs for raising the temperature are required,
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which is not efficient.
[0083]
Thus, in the rare earth clement removal step S15, without precipitating nickel,
cobalt, lithinm, and the tike, which are valuable metals to be collected, a double
sulfale precipitate of a rare earth element {de-RE precipitate) is formed and filtered,
whereby the rare earth element is separated and collected. A solution {post-de-RE
solution) obtained through the rare earth element removal step S15 15 next
wansferred fo the neutralization step S16.
10084]

(&) Neutralization Step

Iir the neutralization step 816, a filtrate resulting from removal of rare earth
clements through the rare earth element removal step $15 {post-de-RE solution) 15
neutralized by a neutralizing agent, and a small smount of alumingm, copper, and
the like, each of which Ot ginates from positive and negative electrode substrates,
are separated and collected as precipitates.

0085

As the negtralizing agent, conmmon chemicals, such as soda ash, slaked lime,
and sodium hydroxide, may be used.  These chemicals are inexpensive and can be
handled easily,

[0086]

The solution is preferably adjusted to have a pH of 3.0 to 3.3 by adding the
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above-mentioned neutralizing agent.  When the pH is less than 3.0, aluminum and
copper cannot be separated and collected as precipitates.  On the other hand, when
the pH is higher than 3.3, nickel and cobalt alse precipitate and are contamed in the
precipitates of aluminum and copper, thercby causing a loss, which is not preferable.
Note that, even if iron is contained in the solution as another element, the iron can

be made to be contained in a precipitate and thereby separated fogether with
aluminum and capper.
(00871

{7) Sulfurizing Step

In the sulfurizing step S17, a solution obtained through the leaching step S 16
is introduced into-a reaction vessel, and a sulfurizing agent is added thereto to
induce sulfurization reaction and to form a nickel-cobalt mixed sulfide, whereby
nickel and cobalt, valuable metals, are collected from g lithium ton battery.  As the
sulfurizing agent, hydrogen sufide gas, or alkali sulfide, such as sodium sulfide or
sodium hyvdrosulfide, may be used.
[HO8K]

Specifically, in the sulfurizing step S17, nickel ions (or cabalt fons)
contained in the solution ferm a sulfide by sulfurization reaction with alkali sulfide
in accordance with the following chemical formula, (5}, (6} or (7).

Ni¥ + HyS = Ni§ + 2H (53

A

NI NaHS = Nig s+ HT - Na (6)



36 ST1IPCT

NiTa + NaaS = NiS + 2Na' (7)

[o0R9]

The amount of a sulfurizing agent to be added i the sulfurizing step S17 is
preferably, for example, vot less than 1.0 equivalent with respeet to nickel and
cobalt contents in the sofution.  When the amount of a sulfurizing agentto be
added is not less than 1.0 equivalent, each concentration of nickel and cobalt in the
solution can be not more than 0.001 g/,

[D090]

However, it operation, it is sometimes difficult to precisely and quickly
analyze each concentration of mickel and cobaltin a leachate, and theretore; a
sulturizin

e

g agent is more preferably added to the extent that any further addition of
the sulfurizing agent does not cause @ variation of ORP in a reaction selotion. For

example, when sodium sulfide is to be added as a sulfurizing agent, the ORP value

of the saturated solution of sodium sulfide is approximately -200 to 400 mV and
‘hence the sulfurizing agent is preferably added based an the ORP value.  Thus,
nickel and cobalt which are leached out in a solution can be sulfurized suiticiently,
and these valuahle metals-can be collected at a high collection rate.
[0091]

The temperatare of the sulfurization reaction in the sulfurizing step 817 is
not particularly limited, but preterably £ to 90 degrees €, more preferably

approximately 25 degrees . When the temperature is higher than 90 degreses C,
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many economic problems, such as higher cost for raising a temperature, are caused,

(0092}

{n the present embodiment, as mentioned above, nickel metal collected fram
a nickel-metal hydride battery is added in the leaching step 514, It means that vare
carth elements contained in the nickel metal are made to be contained in a leachate.

As mentioned above, amonyg rare earth elements, lanthanum, certum, neodymium,

and the Hke can be precipitated and collected 1n such a manner that a double sulfate
thereof is formed by double sulfate precipitation reaction n the rare earth element
removal step S15. However. among the rare earth elements contained in the
nickel metal, yitriwm (Y) does not form a double salt theveof with an atkali sulfate,
and therefore cannot be precipitated and collected 1n the rare earth element removal
step 13, Although ytirium, a rare earth element, does not react with a sulfurizing
agent in this sulfurizing step S17, a precipitate thereof is formed in hydroxide form,
and the precipitate could mix info a nickel-cobalt sulfide, thereby causing loss of
quality of the sulfide,
093]

Accordingly, in the present embodiment, the pH of an acidic solution used
for sulfurization reaction i this 5u§‘§i'urii;{ing step $17 is adjusted to 2to 5. When
the pH is lower than 2, a nickel-cobalt sulfide resulting from sulfurization reaction

is insufficiently formed, and thus a sufficient amount of the sulfide cannot be
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obtained.  On the other hand, when the pH is higher than §, a precipitate of yttrium
is formed in hydroxide form, and the precipitate could mix into the sulfide.  In the
pH adjustment of the solution, sadium hvdroxide, sodium carbonute, or the like 15
added during sulfurization reaction, whereby the solution is adjusted to a pH of 2 10

X
10094]

Thus, in the present embodiment, at this sulfurizing step S17, sulfurization
reaction is generated while the pH is adjusted, whereby a sufficient amount ofa
nickel-cobalt sulfide (sulfide precipitate) can be oblained from a leachate obtained
by machiﬂg out nickel and cobalt at a high leaching rate, and also yitrium can be
made to remain in a post-reaction solution {post-sulfurization solution}, and
accordingly a nickel-cobalt sulfide having a good guality can be obtained.

[0095]

<Other Embodiments>

The present embodiment is not limited to the above-mentioned embodiment,
but may be suitably changed unless the essentials of the present invention are
changed.

10096]
{Additive which has  reducing effect and is to be added i the leaching step)
For example, as mentioned above, a metal to be added in a leaching

treatment of a positive-clectrode active substance collected from a lithium ion
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battery is not Himited to nickel mietal collected from a nickel-metal hydvide battery,
or aluminum, but metals, such as pickel, ivon, and zine, may also be used.  Also,
the metal to be added is not limited to a metal having a lower reduction potential
than hydrogen, like these metals, but a water-soluble reducing agent having a high
reducing effect, such as sulfite, may also be used.

(0097}

{Another Embodiment of Sulfurizing Step)

In the above-mentioned sulfurizing step 54 and the above-mentioned
sulfurizing step S1 7. an example of performing sulfurizalion reaction with an atkali
sulfide was explained, bt sylfurization reaction may bewnduced using a hydrogen
sulfideas a sulfunizing agent.  In other words, the sulfurization reaction using
hydrogen sulfide is such that a mother liquor obtained through the leaching step 54
or the feaching step S14 15 introduced intd & reaction vessel comprising a
pressurizing vessel having pressure r esistance, and gas for sulfurization contamning
hydrogen sulfide is blown into a gas phase i the reaction vessel, wherehy
sutfurization reaction by a hydrogen sulfide 15 induced in a liquid phase in the
reaction vessel.

[(309%]

According to & formula (8) shown below, the salfurization reaction using

hydrogen sulfide is performed at a predetermined oxidation-reduction potential

depending on the concentration of hydrogen sulfide in the gas phase.
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MSO, + HiS = MS + Hy 80, {8}

(Note that M in the formula represents Ni and Co.)

[0099]

The pressure inthe reaction vessel in the sulfurization reaction of the
shove-mentioned formula (£) is not particularly limited, but is preferably 100 to 300
kPa. Also, the reaction temperature is not particularly limiled, but is preferably 65
to 90 degrees C.

{0100]

Also in the vase of the sulfurization reaction based on the sbove-mentioned
formula (R}, it is necessary that, while the pH of a reaction solution 1s adjusted to 2
to 5. the reaction is -perﬁ:mneds whereby Y can be made to remain in a postsreaction
solation and a sulfide having a good quality can be vbtained.

10101}

Nute that the miethod of collecting valuable metals from a fithium jon battery
according to the present embodiment i3 not fimited to the method comprising the
above-mentioncd steps, but may be suitably changed unless the essentials of the

‘present Invention are changed,

<Examples>
[0102]

Hereinaiter, the present invention will be explained using examples, but the
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present invention is not limited to these examples. First, an example on the
valuahle metal leaching method described in the above-mentioned first embodiment
will be explained,

[0103]

<kxample 1>

In Example 1, nickel and cobalt, valuable metals, were collected from a
tithium fon battery.  First, only a positive electrode substrate made of aluminum
foil to which a positive-electrode active substance containing nickel and cobalt
adheres, that is, a positive electrode material was used as 8 raw material and cut into
picces approximately 1 um square by a double shafl crusher,
{01041

This positive electrode material was immersed in 4 mol/] of sulfuric acid
solution having a temperature of 80 degrees €, and stirred to perfornm the
dissolution of the positive electrode substrate (Al simultaneously with the leaching
of the positive-electrode active substance.  The content of Al of the positive
positive electrade muaterial, and 30 g of this cut positive electrode material was
dissolved at 80 degrees C to finaily obtain 250 mi of solution,
[0105]

Sulfuric acid was gradually supplied over approximately 1 hour while

checking the reaction, and then, afler a predetermined amount of sulfuric acid was
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supplied, stirring and progress of the reaction were maintained, and it was
confirmed that all the Al was dissolved for approximately 2 hours and 40 minufes in
total.  The concentration of the shurry solution was 100 g, When Al remained,
an ORP of the solution fluctuated in the vicinity of 0 mV, but, as the amount of the
Al decreased, the ORP gradually inereased, and, at the time of dissolution of the
whole amount of the Al, the ORP reached or exceeded 1000 mV,

[ 106]

Then, the amounts of Ni and Co in a leachate and the amounts of Ni and Co
which remained in a residue in solid form without being leached were analyzed, and
ag a result. the leaching rates of Ni, Co, and Al in the positive-electrode active
substance were 85.9%, 87.8%, and 99.7%, respeclively.  Example 1 clearly reveals
that, whei a positive-electrode active substance {valuable metal) which is hardly
leached if a reducing agent is not supplied is leached using a positive electrode
substrate (A1) as a reducing agent, an 85% reduction in reducing agent amount can
be achieved.  Since approximately 85% of Ni is leached out, in other words,
approximately 85% of Ni is reduced, af least such amount of reducing agent does
not need to be added, and hence 1t can be said that an approximately 853% reduction
in reducing agent amount 1 achieved.  The leaching rate was caleulated by o
formula, {{the amounts of Ni and Co in the leachate)} / {{the amounts of Ni and Co
in the leachate) + (the amounts of Ni and Co remaining in the residue) .

0107)
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Note that a small amount of sodium sulfite was added to nickel and cobalt
which were not leached out by the above-mentioned treatment and remained,
whereby all the nickel and the cobalt were leached.

[0108]

As mentioned above, according to Example 1, approxsmately 85% or more
of nickel and approximately 353% or more of cobalt in a positive-electrode active
substance can be leached out only by a positive electrode substrate made of
aluminum foil, and the remaining nickel and cobalt are leached by a small amount
of sodium sulfite, whereby almost 100% of leaching rates of nickel and cobalt can
be achieved.

{0109]

< omparative Example 1>

A positive-electrode active substance (valuable metal) was leached under the
same conditions gs in Example 1, except that, in Comparative Example 1, the
concentration of a sulfuric acid solutfon was 0.1 mol/l.  Even afier the lapse of 2
hours, almost all AT remained without being dissolved, and also the
pogitive-electrode active substance (valuable metal) was not Jeached.

[0110]

Henee, it is clearly understood that, by applying the conditions in Example |

at the time of leaching out valuable metals, Al Fa positive electrode substrate works

as a reducing agent, whercby approximately 83% or more of valuable metals can be
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leached out.
{0111]
<FExample 2>
Next, an example of the valuable metal leaching method described 1 the
above-mentioned sccond embodiment will be explained.
[0112]
{Leaching step]
100 g of a material resulting from battery-disassembly (Co: 56%, Lin 7%, F:
1.294) obtained by ¢ ushing/shredding a lithivm ion battery and then washing with
water was mixed with 500 ml of pure water, and warnmied until the temperature
reachod 80 degrees C.
{0113
Then, a sulfuric acid solution was added to this solution so that the solution
hadapHof 1Ot 1.5, and after that, while keeping the pH constant, a collected
myaterial __(amatﬁrial peeled-oft from a substrale) collected from g nickel-metal
hydride (NI-MH) battery (Ni: 63%, Co: 6%, Mn: 3%, Al 1.93%, La: 11%, Cer 5%,
Nd: 2%, Y 1%, P 0.4%) was added to the estent that an ORP {reference
clectroder silver/silver-chioride electrode) was in a range of 300 to 530 mV, and
made to react for 4 hours o form a shary.
{0114

“The slurry obtained after completing the reaction was fillered using a SC
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filter paper with a sieve opening of 1 pm, and each component in the filtrate and a

residue was analyzed by an ICP emission spectrophotometer (SPS3000
manufactured by SH Nano Technology Ine.) to caleulate a leaching rate thereof.
Tahle | shows the leaching out rate of each element contained in the leachate.
f0115]

{Table 1]

Ni{ o) Col%) | Al(%)  La®e)  Cel%) | Nd(%) | Y(38) | Mn(%) | LI(O8)
| Leaching-out | 96.9 | 940 | 96.0 | 98.5 | 986 | 986 |100.0: 995 97
\ Rate
(011 16]

As shown in Table 1, a collected material collected from a nickel-metal

hydride battery, such as nickel metal, was added in the leaching step, whereby Ni,
Co, and Li, each of which was a valuable metal contained 1n a hithivm 10n battery,
were leached out at a high leaching-out rate, namely, 96.7%, 94%, and 97%,
regpectively,  The reason for this could be that the strong reducing effect of the
added nickel metal enabled a positive-clectrode active substance contained i the
Hthium ion batiery to be decomposed effectively and leached out as a metal ion.
10117]

[Rare Barth Element Removal Step]

Next, 262 ml of the leachate obtained in the above-mentioned leaching step

was heated 10 65 to 70 degrees € while being stirred at 300 rpm. Then, sodium
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sulfate decahydrate (Na:SQq 10H0) was added as a de-RE (rare earth element)
agent to be 1 squivalent with respect to the total number of moles of rare earth
clements in the selution and further added so that the concentration of Na ina
post-reaction solution was 6 g/, and stirred for 13 minutes to precipitate and
remove rare earth elements contained in the leachate.  After the reaction was
completed, a sample was filtered and Nay S0 was added to the resulting filtrate,
and then the slurry was filtered using a 5C filter paper with a sieve opening ot | um.

Each component in the filtrate and a residue was analyzed by an ICP emission
spectrophotometer (SPS PS3000 - manutactured by S Nane Technology fnc.} to
caloulate a precipitation rate thereot,

[0118]

Table 2 shows Lagh amount of elements contained in a leachate before rare
carth element removal reaction, Table 3 shows each amount of elements containied
in the above mm‘muz vied leachate after the rare earth clement removal reaction
{post-de-RE selution), and Table 4 shows a precipitation rate of a de-RE precipitate

resuliing from the rare carth element removal (de-RE) re action.

[119]

[Table 2}
‘ Ni(g/h) | Coteh | Alg/ly | Lalg/l) | Ce(/l) | Nd(g/h) | Y(w/h  Mnte/l)  Ligg/ly
Leachate | 47.0 | 770 | 140 . 11O | 570 0 150 | 087 | 3350 7.8

[0120]
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{ Table 3]
TNi(g/) [Cole/l) LAl | Lalg/D | Ce(g/) | N/ | Y | Mn(g/) | Litg/h
Post-de-RE | 50.4 82.0 1,70 | 0.017 0007 | 0.004 | 049 31.50 R 2
Solution
[0121]
[Table 4]
Ni(%) [ Col%) | Alt%) | La(%) | Ce(%) | Nd(%) | Y(%) | Mn(%) | Lit%)
De-RE | 0.07 | 0.08 | 026 | 957 | 938 | 955 421 050 | 038
| Precipitate

[01122]

Asshown in Tables 2 to 4, by performing rare carth slement removal

precipitated and removed without precipitating nickel, cobalt, and lithism, which

were valuable metals contained in the feachate.  The reason for this could be that
addition of atkali sulfide, such as sodium suifide, enabled only rare earth elements
contained in the leachate to be efficiently precipitated and removed as o double
sultate,

{0123]

[ Neutralization Step and Sulfurizing Step]

Next, a post-reaction solution obtained through the rare earth element
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removal step {(shown in the above- mentioned Table 3) was neutralized, and then
nickel and cobalt were collected.

[0124]

First, while 227 m! of @ post-reaction solution obtained through the rare earth
element removal step was stirred at 300 rpm at room temperature, 8§ mold of NaOH
slution was added thereto as a neutralizing agent o neutralize the solution to a pH
of 4 {(Neutralization Step).

[0125]

Next, 1.1 equivalents of sodium sulfide (NayS) with respect to the content of
nickel and cobalt contained in the post-reaction selution were added as a sulfurizing
agent. During the addition of the sulfurizing agent, 64% by weight of sulturie acid
{H;504) solution was used Tor adjustment to apH of 4. After the addition of the
sulfurizing agent was completed, stirring was contin ued for 30 minutes while the
pH was maintained at 4, whereby a sulfurization reaction was mduced.

101261

Table 5 shows gach amount of elements contained 11 8 post-reaction sotution
{post-sulfurization selution) at the time of completion of the sulfurization reaction
and Tabie 6 shows each sulfurization precipitation rate of valuable metals formed
by the sulfurization reaction.  Table 7 shows the analysis value of the sulfide
precipitate formed by the sulfurization reaction.

(0127
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[Tahle 5}

Nifg/l) | Cofg/) | Allg/ly | La(g/l)  Celg/l) | Nd(g/D) | Y(g/h) | Mn{g/ty - Tiygh
Post-Sulfurization | <0.001 | §.001 | 0.50 © 0.004 | 0.002 | <0.001 | 1.20 .20 3.3

Solution

[0128]

[Table 6]

Ni(%) | Co(%) | Al%) | La(%) | Ce(%) | Nd(%) | Y(%)  Mn(%) | Li(%)

Sulfurization N
Precipitation | 100.0 | 99.2 25 | =001 1 <0.01 | <001 1 <0.01 1.2 010
Rate

(01291

{Table 7]

L Ni(%) | Col%) | A% | La®) | Ce(®) | Nd(%) | Y(2%) | Ma(%) | Lit%)
Sulfide |20 3002 =001 | <0.01 | <0.01 | 0.13 | <0.01 | 0.03
| Precipilate

{0130]

As shown in Table 3 and Table 6, when the pH was maintained at 4 and 1.1
equivalents of a salfurizing agent with respect to the content of nickel and cobalt
were added, nickel and cobalt, which were valuable metals contained i the lithsum

on battery, were almost perfectly precipitated and collected as sulfide precipitates,



(0131}

Also, as shown in Table 7, rare carth clements tncluding yiteium were made
to remain in a solutton witheut being mixed into sulfide precipitates, whereby a
sulfide having a good quality was formed.  The reason for this could be thatl, in the
sulfurization reaction, the pH of the reaction solution was able to be controlled
appropriately.

0132}

{pH and Amount of Sulfurizing Agent Added in Sulfurizing Step]

Here, the pH and the amount of a sulfurizing agent added at the time of the
sulfurization reaction in the sulfurizing step were investigated as follows.

{0133]

First, in the above-mentioned sulfurization reaction, each pH at the time of
the sulfurization reaction was adjusted to 2.0, 3.0, and 4.0, and the concentration of
cobalt in a solution was investigated.  Fig. 3 shows the results,

[0134]

As understood from the results in Fig. 3. when the pH of a sulfurization
reaction solution was adjusted 10 any oné of 2.0, 3.0, and 4.0, the awount of & cobalt
sulfide formed was able to be increased by increasing the amount of Nas8 added,
and the concentration of cobalt in the solution was able to bereduced.  Especially,
when the pH of the selution is adjusted to 4.0, the concentralion of the cobaltin a

solution was able 1o be 0.01 g/lor less by adding approximately 1.1 cquivalent
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Na,$, and, with a less amount ol a sulfurizing agent added than th other pH
conditions, approximately all cobalt in the selution was able to be sulfurized.
[0135]

Next, a relation between the amount of Nap§ added as a sulfurizing agent and
sach concentration of nicke! and cobalt in the solution was investigated in mote
detail.  Specifically, with adjusting the pH of the solution to 4.0 and changing the
amount of Na,$ added, the variation in each concentration of mickel and cobalt was
ivestigated.  Fig. 4 shows the results.

[0136)

As understood from the results in Fig. 4, an increase in the amount of Na,S
added as a sulfurizing agent enabled sach concentration of nickel and cobalt in the
sélutim:m he reduced.  Also, when the amount of Nas$ added was 1.1 equivalents,
sulfides of approximately all nickel and cobalt contained in the solution were
formed, and vach concentration of nickel and cobalf in the solution was able 10 be

decreased to approximately 0.001 g/ or less.
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CLAIMS

1. A valuable metal leaching method of leaching out valuable metals comprising nickel,
cobalt, and lithium contained in a positive electrode material of a lithium ion battery, the method
comprising immersing the positive electrode material in an acidic solution together with a metal
having a lower reduction potential than a reduction potential of hydrogen, whereby the valuable
metals are leached out from a positive-electrode active substance, the metal having a lower
reduction potential than a reduction potential of hydrogen is nickel metal obtained from a nickel-
metal hydride battery;

adding an alkali sulfate to a leachate obtained by a leaching step, thereby removing a
rare earth element contained in said leachate as a double sulfate, and

adding a sulfurizing agent to a mother liquor obtained through the rare earth element
removal step, and, with adjusting of the pH of said mother liquor to 2 to 5, to form mixed sulfide

of nickel and cobalt.

2. The valuable metal leaching method according to claim 1, wherein the positive
electrode material is immersed in the acidic solution to dissolve the positive-electrode active
substance and a positive electrode substrate having the positive-electrode active substance

adhering thereto, whereby the valuable metals are leached out from the positive-electrode active

substance.

3. The valuable metal leaching method according to claim 2, wherein the positive

electrode substrate is aluminium foil.

4. The valuable metal leaching method according to claim 1, wherein the metal having a
lower reduction potential than a reduction potential of hydrogen is nickel metal obtained from a

nickel-metal hydride battery.
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5. A valuable metal collection method of collecting valuable metals comprising nickel,
cobalt, and lithium contained in a positive electrode material of a lithium ion battery, the method
comprising:

a leaching step of leaching out the valuable metals from a positive-electrode active
substance by immersing the positive electrode material in an acidic solution together with a
metal having a lower reduction potential than a reduction potential of hydrogen, wherein the
metal having a lower reduction potential than a reduction potential of hydrogen is nickel metal
obtained from a nickel-metal hydride battery;

a rare carth element removal step, wherein an alkali sulfate is added to a leachate
obtained by the leaching step, thereby removing a rare earth element contained in said leachate
as a double sulfate; and

a sulfurizing step, wherein a sulfurizing agent is added to a mother liquor obtained
through the rare earth element removal step, and with adjusting of the pH of said mother liquor

to 2 to 5, to form mixed sulfide of nickel and cobalt.

6. The valuable metal collection method according to claim 5, wherein the positive
electrode material is immersed in the acidic solution to dissolve the positive-electrode active
substance and a positive electrode substrate having the positive-electrode active substance
adhering thereto, whereby the valuable metals are leached out from the positive-electrode active

substance.

7. The valuable metal collection method according to claim 7, wherein the positive

electrode substrate is aluminium foil.

8. The valuable metal collection method according to claim 5, the method further
comprising:

a neutralization step wherein, before the sulfurizing step, the leachate obtained by the
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leaching step is neutralized by a neutralizing agent, and a metal impurity contained in the

leachate is thereby separated and collected as a precipitate.
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