(12) STANDARD PATENT

(19) AUSTRALIAN PATENT OFFICE

(54)

(51)

(74)

(56)

Title
lon exchange resin and method for adsorbing and separating metal

International Patent Classification(s)

B01J 45/00 (2006.01) C22B 3/06 (2006.01)
B01J 20/22 (2006.01) C22B 3/42 (2006.01)
Application No: 2015281011 (22) Date of Filing:  2015.06.26

WIPO No: WO15/199224

Priority Data

Number (32) Date (33) Country
2014-131673 2014.06.26 JP
Publication Date: 2015.12.30

Accepted Journal Date: 2017.10.05

Applicant(s)
Kyushu University, National University Corporation;Sumitomo Metal Mining Co., Ltd.

Inventor(s)
Goto, Masahiro;Kubota, Fukiko

Agent / Attorney
Davies Collison Cave Pty Ltd, Level 15 1 Nicholson Street, MELBOURNE, VIC, 3000, AU

Related Art
JP 2013216966 A

(11) Application No. AU 2015281011 B2




wo 2015/199224 A1 I} WA 00O

12) FEFBAENICE DV T AR S -ERERE

(19) tH FANEIFT A HEHLES >
ERESR g
=

; 10) B2 AHES
sy B b, = WO 2015/199224 Al
2015 £ 12 A 30 H(30.12.2015) WIPO | PCT
(51) ERFHELE: RFEBATE10& 15 EiIXKFEANMK

BO1J 45/00 (2006.01) C22B 3/06 (2006.01) “*N Fukuoka (JP).

B01J 20/22 (2006.01) C22B 3/42 (2006.01) (74 REA. EH HzZ, 5 SHOBAYASHIL Masayuki
ey ERHEES: PCT/IP2015/068520 etal); T 1000005 RAHBFRERADON1 -7 —
22) EFHRER: 2015 £ 6 B 26 H(26.06.2015) 12 HETHT— Tokyo (IP).

5. = 8 BEE (RTOLVWRY, 2 TOEFEOERR

(25) ERRHBOEE: B #EATEEE): AE, AG, AL, AM, AO, AT, AU, AZ, BA,
26) EFNRDOEE: HA:E BB, BG, BH, BN, BR, BW, BY, BZ, CA, CH, CL, CN,
CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG, ES,

(o) BEET—F: FL GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN,

1

(72

4%F8 2014-131673 2014 £ 6 A 26 H(26.06.2014)  JP

HEEA: B XFEEAAMKZEKYUSHU UNI-
VERSITY, NATIONAL UNIVERSITY CORPORA-
TION) [JP/IP]; T 8128581 fRff B2l T REXFE I 6
— 10— 1 Fukuoka (JP). EF REB IS4
(SUMITOMO METAL MINING CO., LTD.) [JP/IP];
T 1058716 RREERHES — 11 — 3 Tokyo
(JP).

FHAE. %% M7= (GOTO, Masahiro); T 8128581
EHREHATRERAFABATE10TE 15 EHiI
REZANMKZRN Fukuoka (JP). A{RA E4A
F(KUBOTA, Fukiko); T 8128581 &[] B f&fE &

(84)

IR, IS, KE, KG, KN, KP, KR, KZ, LA, LC, LK, LR, LS,
LU, LY, MA, MD, ME, MG, MK, MN, MW, MX, MY,
MZ, NA, NG, NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT,
QA, RO, RS, RU, RW, SA, SC, SD, SE, SG, SK, SL, SM,
ST, SV, SY, TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US,
UZ, VC, VN, ZA, ZM, ZW.

HBEE (RTEOLGEWVRY ., £ TOEBEOLERF
% AYE] HE): ARIPO (BW, GH, GM, KE, LR, LS, MW,
MZ, NA, RW, SD, SL, ST, SZ, TZ, UG, ZM, ZW), 1 —
S5 L7 (AM, AZ, BY, KG, KZ RU, TJ, TM), 3 —
A w /% (AL, AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FL FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC,
MK, MT, NL, NO, PL, PT, RO, RS, SE, SL SK, SM, TR),

[(fEH]

(54) Title: ION EXCHANGE RESIN AND METHOD FOR ADSORBING AND SEPARATING METAL

G ERADEWH 4+ U XMBERVEBORED B

[E1]
AA
EOIUIRSA4 L EBIEER L -EE0
MHBEBROPHEFIE~DREELOBF
1.0
-+ Sc
- Y
0 -~ Nd
" - Eu
Yo - Dy
= - La
S 08 o Fe
¢ — Go
{_]E - Ni
BB = hs
z ., 3
# - Mn
:Q
- 02
00 B
0.0 1.0 2.0 3.0 40 50
B DH ()
CcC
AA... RELATIONSHIP BETWEEN RESIN ADSORPTION RATIO AND pH

OF POST-EXTRACTION LIQUID WHEN ION EXCHANGE RESIN
ACCORDING TO FIRST EMBODIMENT IS USED

RATIO OF ADSORPTION BY ION EXCHANGE RESIN

pH OF POST-EXTRACTION LIQUID

BB...
cC...

(57) Abstract:  Provided is a system for efficiently recov-
ering trace metal from a large amount of a raw material, such
as when trace metal is recovered from nickel oxide ore. This
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group, bonded to o carbon as an amino acid. The amide de-
rivative is preferably a glycineamide derivative. The carrier
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ION EXCHANGE RESIN AND METHOD FOR ADSORBING AND SEPARATING

METAL

TECHNICAL FIELD
The present invention relates to an ion exchange resin

and a method for adsorbing and separating a metal.

BACKGROUND ART

Cobalt and rare earth metals are known as valuable
metals, and have various uses in industry. Cobalt is used, for
example, 1in positive electrode materials for secondary
batteries, and further for superalloys (high strength heat
resistant alloys), which are used in jet engines of aircraft,
for example. Rare earth metals are used in phosphor materials,
negative electrode materials for nickel-hydrogen batteries,
additives for magnets built into motors, abrasives for glass
substrates used for liquid crystal panels and hard drives, and
the like.

In recent years, energy conservation has been strongly
promoted, and the changeover from conventional gasoline-fueled
cars to hybrid cars and electric cars with a secondary battery
using cobalt and rare earth metals is being rapidly made in
the automotive industry. Also, the changeover from
conventional fluorescent tubes to efficient three-wavelength
fluorescent tubes using rare earth metals such as lanthanum,
cerium, yttrium, terbium and europium is being rapidly made in

lighting equipment. The above cobalt and rare earth metals are
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scarce resources, and most of them are obtained via imports.

However, yttrium and europium are used in the phosphors
in CRT-televisions for analog broadcasting, and a large number
of cathode-ray tubes have been discarded as used products with
the changeover to liquid crystal television in recent years.
It can be easily expected that products such as secondary
batteries and three-wavelength fluorescent tubes, which have
rapidly spread, will also represent a large amount of waste in
the future as used products. As described above, it is not
preferred that cobalt and rare earth metals, scarce resources,
not be recycled from used products and be treated as waste
from the viewpoint of resource conservation and resource
security. The establishment of a method for effectively
recovering valuable metals such as cobalt and rare earth
metals from such used product has been strongly demanded
recently.
<Recovery of Cobalt from Secondary Battery>

Examples of the above secondary batteries include nickel-
hydrogen batteries and lithium-ion batteries and the like, and
cobalt and further manganese, rare metals, are used in the
positive electrode materials therefor. 1In positive electrode
materials for lithium-ion batteries, the percentage of low-
priced manganese tends to be raised in the place of high-
priced cobalt. Recently, the recovery of valuable metals from
used batteries has been attempted, and one recovery method is
a dry method in which used batteries are put into a furnace

and dissolved to separate into metals and slag and the metals
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are recovered. In this method, however, manganese moves to the
slag, and thus only cobalt is recovered.

In addition, a wet method in which used batteries are
dissolved in an acid and metals are recovered using a
separation method such as a precipitation method, a solvent
extraction method or an electrowinning method, is also known.
In the precipitation method, for example, a method in which
the pH of a solution containing cobalt and manganese is
adjusted and a sulfurizing agent is added thereto to obtain
precipitates of sulfurized cobalt, and a method in which an
oxidizing agent is added to obtain precipitates of oxidized
manganese are known (e.g., see Patent Document 1). In this
method, however, there are problems in that, for example,
coprecipitation occurs, and it is difficult to completely
separate cobalt and manganese.

When attempts are made to recover cobalt as a metal by
the electrowinning method, it is known that manganese oxides
are precipitated on the surface of the anode in a system in
which a high concentration of manganese exists, and the
deterioration of the anode is promoted. In addition, fine
manganese oxides with a specific color float in an
electrolytic solution, which, for example, causes clogging of
the filter cloth used in electrowinning and the contamination
of the cobalt metal with the manganese oxides, and thus stable
operations are difficult.

Acid extractant is widely used when attempting to recover

cobalt using the solvent extraction method. As described above,
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however, because a large amount of manganese 1s used in
positive electrode materials for lithium-ion batteries
recently, a high concentration of manganese exists in the
solution of batteries. There are no effective extractants to
selectively and effectively extract cobalt from such a system.

A nickel ore, such as nickel oxide ore is used as a raw
material in the recycling of used batteries and further cobalt
smelting. The ratio of manganese i1s higher than that of cobalt
in nickel oxide ore, and the existing ratio thereof is about 5
to 10 times that of cobalt, and separation from manganese 1is a
large problem in cobalt smelting.
<Recovery of Rare Earth Metal from Three-wavelength
Fluorescent Tubes and Cathode-ray Tubes>

A mixture of rare earth metals such as lanthanum, cerium,
yttrium, terbium and europium is used in the phosphors used in
the three-wavelength fluorescent tubes mentioned above.
Furthermore, yttrium and europium together with a high ratio
of zinc are contained and used in phosphors for cathode-ray
tubes.

As a method for recovering a specific rare earth metal
from a mixture of rare earth metals, a method for recovering
the specific rare earth metal from a liquid, in which the rare
earth metals are dissolved in an acid such as mineral acid, by
the solvent extraction method is generally used. An industrial
example using the trade name PC88A (manufactured by DAIHACHI
CHEMICAL INDUSTRY CO., LTD.), a phosphorus-based extractant

exists for the mutual separation of rare earth metals, for
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example. However, because this extractant contains phosphorus
in the structure, an advanced wastewater treatment system is
required to prevent the extractant and deteriorated materials
thereof in discharged water polluting public water areas when
industrially using the extractant. The extractant is subject
to total volume control in accordance with the Water Pollution
Law on specific areas in Japan, and thus there are concerns
when using the extractant on an industrial scale.

As a phosphorus-free extractant, a carboxylic acid-based
extractant (e.g., 2-methyl-2-ethyl-1-heptanoic acid:
neodecanoic acid) is put to practical use. However, this
extractant acts in extraction only in a high pH range, neutral
or higher, and thus when an acid solution as described above
is used, a large amount of neutralizer is required, and so
cost increases are a concern. Furthermore, the extraction
ability of the carboxylic acid-based extractant is lower than
that of the phosphorus-based extractant described above, and
excessive equipment is required, and thus there is also a
problem of cost increases.

To solve such problems, an extractant called DODGAA
having the skeleton of diglycol amic acid is developed (e.g.,
see Patent Document 2). However, when this extractant is used,
as shown in Non-Patent Document 1, yttrium (YY), lutetium (Lu),
ytterbium (Yb), thulium (Tm), erbium (Er), and holmium (Ho),
called heavy rare earth metals among rare earth metals, have a
strong tendency to be extracted with dysprosium (Dy), terbium

(Tb), gadolinium (Gd), europium (Eu), and samarium (Sm) called
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middle rare earth metals, and thus the extractant is not
suitable for mutual separation of rare earth metals. In the
case of DODGAA, the extraction rate of promethium (Pm),
neodymium (Nd), praseodymium (Pr), cerium (Ce), and lanthanum
(La), called light rare earth metals, is also low. Europium
(Eu), which is produced in especially small amounts and
expensive, cannot be selectively recovered from other rare
earth metals. As described above, an extractant by which the
mutual separation of rare earth metals is possible, and
further an extractant which can efficiently extract light rare
earth metals have not yet been found.

To solve the problems, it is suggested that light rare
earths, which have been difficult to separate in Patent
Document 2 mentioned above, are efficiently separated using a
specific amide derivative (e.g., see Patent Documents 3 and 4).
When this amide derivative is used, outstanding
characteristics, which conventional extractants do not have,
are obtained, for example a small amount of cobalt can be
extracted from a high concentration of manganese. Furthermore,
the above amide derivative also has a feature to be able to
specifically extract scandium among rare earth elements, and
scandium is known to exhibit behaviors different from those of
other rare earth elements. The amide derivative is thus
suitable, for example, for recovering a small amount of
scandium contained in nickel oxide ore from a solution
obtained by acid leaching of the nickel oxide ore.

Patent Document 1: Japanese Unexamined Patent Application,
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Publication No. 2000-234130

Patent Document 2: Japanese Unexamined Patent Application,
Publication No. 2007-327085

Patent Document 3: Japanese Unexamined Patent Application,
Publication No. 2013-216966

Patent Document 4: Japanese Unexamined Patent Application,
Publication No. 2013-189675

Non-Patent Document 1: K. Shimojo, H. Naganawa, J. Noro,
F. Kubota and M. Goto; Extraction behavior and separation of
lanthanides with a diglycol amic acid derivative and a
nitrogen-donor ligand; Anal. Sci., 23, 1427-30, 2007 Dec.

For example, in the case of the above acid solution
obtained by acid leaching of nickel oxide ore, the
concentration of scandium contained in the acid solution is
about several to several tens mg/l, which is extremely low.
When the above amide derivative is used for solvent extraction
treatment, because the concentration of scandium contained in
the acid solution is extremely low, a large amount of
extractant is required for the solvent extraction treatment.
Furthermore, due to the large amount of extractant, the
equipment sizes, extraction tank and ligquid storage tank for
example, are also expanded on a similar scale, and thus the
increase in spending on the equipment necessary becomes a
problem.

In general, in the case of the solvent extraction
treatment, when the conditions such as the mixing ratio of

extractant and acid solution and liquid temperature are not
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constantly maintained, extraction characteristics are changed,
and stable operations tend to be difficult to accomplish.
Therefore, detailed operation control is required. In addition,
when air is caught during extraction operation, inclusion
called CRUD is produced by oxidization of iron ions contained
in the solution, and this involves solvent extraction
operations being inhibited. In particular, a high
concentration, several g/l or more, of divalent iron ion is
contained in the above acid solution obtained by acid leaching
of nickel oxide ore in many cases, and thus it is preferred
that the acid solution be used for a solvent extraction step
after the concentration of divalent iron ions contained
therein is kept as low as possible.

As described above, it is required that a large amount of
raw material be treated and detailed operation control be
carried out in this treatment, when, for example, recovering a

trace metal from nickel oxide ore.

DISCLOSURE OF THE INVENTION
The present invention seeks to provide a system to
efficiently recover a trace metal from a large amount of raw
material, for example when a trace metal is recovered from

nickel oxide ore.

In an embodiment the present invention provides a method

for adsorbing and separating a metal, the method comprising:
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applying an acid solution containing one or more metals
selected from cobalt, nickel, scandium and rare earth elements
to an ion exchange resin to adsorb the metal on the ion
exchange resin, and

recovering the metal adsorbed on the ion exchange resin,

wherein the ion exchange resin has an amide derivative

represented by the following general formula (I) on a

carrier:
R4
R1
t:N OH
2
R \\ﬂ///\\\T 0
0 R3 O

wherein, R' and R? each represent the same or different
alkyl groups,

the alkyl group is optionally a straight chain or a
branched chain,

R’ represents a hydrogen atom or an alkyl group, and

R represents a hydrogen atom or an arbitrary group other
than an amino group bonded to o carbon as an amino acid, and

wherein the carrier includes 3-aminopropyl silica gel
and/or 3-(ethylenediamino)propyl silica gel.

According to the present invention it may be possible to
efficiently recover a trace metal from a large amount of raw
material, for example when a trace metal is recovered from

nickel oxide ore.
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Throughout this specification and the claims which follow,
unless the context requires otherwise, the word "comprise",
and variations such as "comprises™ and "comprising”, will be
understood to imply the inclusion of a stated integer or step
or group of integers or steps but not the exclusion of any
other integer or step or group of integers or steps.

The reference in this specification to any prior
publication (or information derived from it), or to any matter
which is known, is not, and should not be taken as an
acknowledgment or admission or any form of suggestion that
prior publication (or information derived from it) or known
matter forms part of the common general knowledge in the field

of endeavour to which this specification relates.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 i1s a graph showing the relationship between the pH
of the post-extraction liquid and the adsorption rate on the
resin when using the ion exchange resin according to Example 1.
Fig. 2 i1s a graph showing the relationship between the pH
of the post-extraction liquid and the adsorption rate on the

resin when using the ion exchange resin according to Example 2.

PREFERRED MODE FOR CARRYING OUT THE INVENTION
The specific embodiments of the present invention will
now be described in detail. It should be noted however that

the present invention is not limited to the following
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embodiments, and can be carried out with modifications within
the scope of the object of the present invention.
<Ion Exchange Resin>

The ion exchange resin used in the present invention has,
on a carrier, an amide derivative represented by the following
general formula (I). In the present invention, lipophilicity
is increased by introducing an alkyl group into the skeleton
of amide, and 1t can be used as a functional group when
adsorbing one or more metals selected from cobalt, nickel,

scandium and other rare earth elements.

R4
R1
N
RZ//N N OH
| (D
o) R3 0

As long as the ion exchange resin can suitably adsorb a
trace metal (one or more trace metals selected from cobalt,
nickel, scandium and other rare earth elements) contained in
an acid leaching solution of, for example, nickel oxide ore,
and the metal adsorbed on the resin can be suitably recovered
by later treatment, the type of ion exchange resin is not
particularly limited.

Solid extractants such as ion exchange resins have

advantages including physically stable handling being possible,
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it being possible to carry out operations using simple
equipment, and separation can be comparatively stably carried
out even when operating conditions change. In addition, the
reaction by ion exchange does not have many physical movements,
for example mixing an extractant and a solution in the solvent
extraction method, and the contact of the ion exchange resin
and the solution is generally carried out in a sealed column
in many cases. Therefore, there are also features in which
catching e.g. air is prevented, the production of CRUD is thus
suppressed, and operations are stably carried out.

[Amide Derivative]

In the formula, substituents R1 and R2 each represent the
same or different alkyl groups. In Rl and R2, the alkyl group
may be a straight chain or a branched chain. In Rl and R2, the
number of carbons in an alkyl group is not particularly
limited, and is preferably 5 or more and 11 or less.

R3 represents a hydrogen atom or an alkyl group. R4
represents a hydrogen atom or an arbitrary group other than an
amino group bonded to o carbon as an amino acid.

As long as the amide derivative can adsorb one or more
metals selected from cobalt, nickel, scandium and other rare
earth elements, the type of the above amide derivative is not
particularly limited, and the amide derivative 1s preferably a
glycinamide derivative from the viewpoint that the derivative
can be easily produced. When the amide derivative is a
glycinamide derivative, the above glycinamide derivative can

be synthesized by the following method. First, a 2-halogenated

14-00320US (SMMF-065)
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acetyl halide is added to an alkylamine having a structure
represented by NHR1IR2 (R1 and R2 are the same as the above
substituents R1 and R2), and the hydrogen atom of amine is
substituted with 2-halogenated acetyl by the nucleophilic
substitution reaction to obtain 2-halogenated(N,N-
di)alkylacetamide.

Next, the above 2-halogenated (N,N-di)alkylacetamide is
added to a glycine or N-alkylglycine derivative, and one of
the hydrogen atoms of the glycine or N-alkylglycine derivative
is substituted with an (N,N-di)alkylacetamide group by the
nucleophilic substitution reaction. A glycine alkylamide
derivative can be synthesized by the two-step reaction.

A histidinamide derivative, a lysinamide derivative or an
aspartic acid amide derivative can be synthesized by
substituting glycine with histidine, lysine or aspartic acid.

The extraction behaviors of a glycine alkylamide
derivative, a histidinamide derivative, a lysinamide
derivative, and an aspartic acid amide derivative are thought
to be within the scope of the results obtained by using a
glycine derivative from the stability constants of complexes
of manganese, cobalt and the like, which are subjects.
[Carrier]

As long as the carrier is a solid material which can bond
the above amide derivative, is chemically stable with the acid
solution which is adsorbed, not physically affected when put
into a column and a solution, and not deteriorated during

adsorption operations, the carrier 1is not particularly limited.

14-00320US (SMMF-065)
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From the viewpoint of chemical stability, for example, the
carrier preferably includes a primary amine and/or a secondary
amine. The carrier more preferably includes a primary amine
particularly to be able to selectively adsorb a trace metal
which is a subject.

Specific examples of carriers include 3-aminopropyl
silica gel, 3-(ethylenediamino)propyl silica gel, and the like.
<Adsorption of Valuable Metals on Resin>

The techniques for adsorbing a valuable metal ion using
e.g. the above ion exchange resin include a method called a
batch method or a resin-in-pulp method, in which while
adjusting the acid solution containing the target wvaluable
metal ion, this acid solution is brought into contact with the
above ion exchange resin etc., and further a column method in
which the above ion exchange resin etc. is filled in a column
and the above acid solution is applied to this column to come
into contact therewith, and the 1like. Using these techniques,
a target valuable metal ion can be selectively adsorbed on the
substituents R1 and R2 of the above ion exchange resin, etc.
[Adsorption of Cobalt]

When efficiently adsorbing cobalt from an acid solution
containing cobalt and manganese, the pH of the acid solution
is preferably 3.5 or higher and 5.5 or lower, and more
preferably 4.0 or higher and 5.0 or lower. When the pH is
lower than 3.5, there is a possibility that cobalt cannot be
sufficiently adsorbed. When the pH is above 5.5, there is a

possibility that not only cobalt but also manganese is

14-00320US (SMMF-065)
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adsorbed.
[Adsorption of Scandium]

When adsorbing scandium from an acid solution containing
scandium, the pH of the acid solution is preferably 0.5 or
higher and 2.5 or lower, more preferably 1.0 or higher and 2.0
or lower, and even more preferably 1.5 or higher and 2.0 or
lower. When the pH is lower than 0.5, there is a possibility
that scandium cannot be sufficiently adsorbed. In a case when
the acid solution is an acid solution obtained by acid
leaching of nickel oxide ore, for example, when the pH is
above 2.5, there is a possibility that not only scandium but
also aluminum, =zinc, nickel, cobalt and the like contained in
the acid solution are adsorbed, and thus the amount of work
involved may increase, for example purification is required in
the following step.

[Adsorption of Europium]

When adsorbing europium from an acid aqueous solution
containing several types of rare earth metal such as europium
and yttrium, and zinc, the pH of the acid solution is
preferably 2.0 or higher and 3.0 or lower. When the pH is
lower than 2.0, there is a possibility that europium cannot be
sufficiently extracted. When the pH is above 3.0, there is a
possibility that not only europium but also other rare earth
metals including yttrium are adsorbed.

[Adsorption of Rare Earth Elements (Light Rare Earth Elements)]
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The ion exchange resin used in the present invention etc.
has a feature in that light rare earth elements and middle
rare earth elements are more easily adsorbed than heavy rare
earth elements. Because of this, particularly while adjusting
the pH of a solution containing both heavy rare earth elements
and light rare earth elements, the solution is allowed to come
into contact with the ion exchange resin of the present
invention, thereby being able to selectively adsorb light rare
earth elements from the solution. As a result, light rare
earth elements and heavy rare earth elements can be separated.
In addition, when a solution further contains middle rare
earth elements, an eluent recovered from the above ion
exchange resin etc. by a technique described in <Recovery of
Valuable Metals from Resin> mentioned below is used for
solvent extraction, for example using an organic solvent
containing an amide derivative represented by the above
general formula (I), thereby being able to suitably separate
light rare earth elements and middle rare earth elements.

When adsorbing light rare earth elements from an acid
solution containing heavy rare earth elements and light rare
earth elements, the pH of the acid solution is preferably 1.7
or higher and 2.7 or lower. When the pH is lower than 1.7,
there i1s a possibility that light rare earth elements cannot
be sufficiently adsorbed. When the pH is above 2.7, there is a
possibility that not only light rare earth elements but also

heavy rare earth elements are adsorbed.
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The mechanism via which the resin used in the present
invention exhibits behaviors of adsorption or extraction
different from those of conventional ion exchange resins etc.
and extractants for solvent extraction is unclear; however, it
is thought that the effects which have not been conventionally
obtained are displayed due to the structural features of the
ion exchange resin used in the present invention.
<Recovery of Valuable Metals from Resin>

With respect to an ion exchange resin after adsorption of
a valuable metal ion, the ion exchange resin is washed with
e.g. pure water to remove a part of the above acid solution
attached to the surface, and an eluent adjusted to a pH lower
than that of the above acid aqueous solution is then applied
thereto as known in conventionally known methods, thereby
being able to recover a target valuable metal ion from the ion
exchange resin.

The eluent is not particularly limited as long as the pH
thereof is adjusted to be lower than that of the above acid
aqueous solution, and examples thereof include an aqueous
solution in which nitric acid, hydrochloric acid, or sulfuric
acid is diluted, and the like. 1In addition, a target valuable
metal ion can be concentrated by appropriately changing the
contact time of the ion exchange resin and the eluent, i.e.

the time the eluent is in the column, and the like.
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types of valuable metal.

EXAMPLES

The present invention will now be described in more
detail by way of examples thereof. It should be noted however
that the present invention is not limited to these
descriptions.
<Preparation of Ion Exchange Resin Having Amide Derivative>
[Example 1]

As an example of amide derivatives forming an ion
exchange resin according to the present invention, N-[N,N-
bis (2-ethylhexyl)aminocarbonylmethyl]glycine (or also referred
to as N,N-di(2-ethylhexyl)acetamide-2-glycine, and hereinafter
referred to as “D2EHAG”) into which two 2-ethylhexyl groups
were introduced was used. The chemical formula of D2EHAG is
described in Patent Document 3 mentioned above.

An ion exchange resin having D2EHAG was prepared as
follows.

(1) 4.37 g of chloroacetyl chloride (corresponding to 3
equivalents with respect to the amine of silica gel which is
supported) and 1.32 g of triethylamine (TEA) were collected,
and these were dissolved by adding 70 ml of dichloromethane
(DCM) .

(2) 10 g of 3-aminopropyl silica gel was added to the
solution obtained in (1), and the obtained mixture was stirred
for a day while maintaining room temperature.

(3) After stirring, the product was filtered, and washed

14-00320US (SMMF-065)
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by adding methanol.

(4) After washing, the product was dried to obtain about
10 g of pale yellow intermediate silica gel. The recovery rate
calculated from the amount of substance was about 92%.

(5) 70 ml of methanol solution is added to 5.85 g of
glycine (corresponding to 6 equivalents with respect to the
amine of silica gel similarly to the above) and 3.15 g of
sodium hydroxide, and the obtained mixture is mixed, and
gradually added to 8 g of the intermediate silica gel
mentioned in (4) above.

(6) The obtained mixture is allowed to react over 15
hours while maintaining 60°C.

(7) The obtained reaction product is washed by
successively adding ethyl acetate, methanol, acetone and water,
and then dried.

(8) By undergoing (1) to (7) above, 7.94 g of product
(glycine acetaminopropyl silica gel) was obtained. This
product is used as the ion exchange resin according to Example
1. The recovery rate of the product was about 96%.

[Example 2]

The ion exchange resin according to Example 2 (glycine
aceto(ethylenediamino)propyl silica gel) was obtained in the
same manner as in Example 1 except that 3-aminopropyl silica
gel was changed to 3-(ethylenediamino)propyl silica gel.

A glycinamide derivative and further a normal-
methylglycine derivative, a histidinamide derivative and the

like are also known as an amide derivative, and these can be

14-00320US (SMMF-065)
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also supported as a functional group on a carrier to make an
ion exchange resin as in the case with the above glycinamide
derivative.
<Evaluation>

Eight types of acid solution were prepared, which each
contained scandium (Sc), yttrium (Y), neodymium (Nd), europium
(Eu), dysprosium (Dy), lanthanum (La), iron (Fe), cobalt (Co),
nickel (Ni), zinc (Z2n), aluminum (Al) and manganese (Mn) at 1
x 10-4 mol/l and were adjusted to pH 0.7, 1.0, 1.5, 2.0, 2.5,
3.0, 3.3 and 3.7. The pH was adjusted using sulfuric acid,
ammonium sulfate and ammonia with a concentration of 0.2 mol/1l.

Next, with respect to the ion exchange resin according to
Example 1, 50 ml of the above acid solution and 0.5 dry-g of
the ion exchange resin according to Example 1 were put into a
beaker, and the obtained mixture was maintained at 25°C and
stirred using a stirrer for an hour. With respect to the ion
exchange resin according to Example 2, 50 ml of the above acid
solution and 0.3 dry-g of the ion exchange resin according to
Example 2 were put into a beaker, and the obtained mixture was
maintained at 25°C and stirred using a stirrer for an hour.

After stirring for an hour, the ion exchange resin and a
post-adsorption liquid were obtained by solid-ligquid
separation using filter paper, and the pH of the post-
adsorption ligquid was measured. Next, the ion exchange resin
was washed by a water pouring treatment using a small amount
of pure water, and the post-adsorption liquid and washing

water were combined to obtain a new post-adsorption liquid.

14-00320US (SMMF-065)
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The volume thereof was measured, and the concentration of the
components, which were contained in the starting liquid, in
the post-adsorption liquid was measured using an inductively
coupled plasma atomic emission spectrometer (ICP-AES). From
the measurement results, the adsorption rate (distribution) on
the ion exchange resins was defined from changes in the amount
of substance in an acid solution before and after adsorption
using (1 - Amount of Substance after Adsorption/Amount of
Substance before Adsorption), and found. The results for
Example 1 are shown in Table 1 and Fig. 1, and the results for
Example 2 are shown in Table 2 and Fig. 2. In Figs. 1 and 2,

the pH of an acid solution is the abscissa, and the extraction

rate (Unit: -) of metal elements is the ordinate.
[Table 1]
Modified 3—aminopropyl silica gel(D2EHAG) |
A:0.5g/50ml 0.2M S04 (H2S04-(NH4)2S04)
pH(before) [pH(after)| Sc Y Nd Eu Dy La Fe Co Ni Zn Al Mn
0.7 07| 024 o0.01 0.02| o0.01 0.00| 003 0.8 000 001 0.02| 0.00| 0.00
1.0 1.0/ 035 000/ 003 0.0 0.00| 000| 039 000 001 0.00] 0.00] 0.00
1.5 1.5 0.55 0.00 0.03 0.02 0.01 0.01 0.76 0.01 0.04 0.01 0.00 0.00
2.0 20/ 075 0.01 006/ 006/ 005 0.01 095 000 0.10] 0.01 0.00| 0.00
2.5 2.4 0.90 0.06 0.12 0.17 0.15 0.02 0.99 0.03 0.30 0.09 0.04 0.01
3.0 2.8 0.97 012 0.21 0.31 0.28 0.03 1.00 0.05 0.52 0.20 0.04 0.05
3.3 3.1 0.99 0.16 0.26 0.39 0.38 0.04 1.00 0.06 0.63 0.19 0.02 0.02
3.7 3.2 1.00 0.23 0.32 0.47 0.45 0.07 1.00 0.10 0.73 0.25 0.06 0.03
[Table 2]
Modified 3—(ethylenediamino)propyl silica gel(D2ZEHAG)
B:0.3g/50ml 0.2M S04 (H2S04-(NH4)2S04)
pH (before) [pH(after)| Sc Y Nd Eu Dy La Fe Co Ni Zn Al Mn
0.7 07| 007/ 000 000/ O000f 000 001 008 002 0.0 0.01 0.00[ 0.01
1.0 1.0/ 016] 000] 0.03] 0.00] 0.00] 0.01 017 0.00/ 0.01 0.00] 0.00] 0.00
1.5 15/ 036/ 000 004 002 000 000 042 002 004 001 0.00[ 0.01
2.0 20 0.60 0.01 0.10 0.09 0.06 0.02 0.65 0.02 0.10 0.01 0.00 0.01
2.5 2.6 0.83 0.07 0.19 0.25 0.20 0.05 0.79 0.05 0.28 0.08 0.00 0.03
3.0 3.3 0.96 0.21 0.39 0.50 0.44 0.11 0.82 0.10 0.60 0.19 0.00 0.03
3.3 4.0 1.00 042 0.58 0.71 0.68 0.20 0.86 0.20 0.84 0.38 0.08 0.03
3.7 5.1 1.00 0.63 0.72 0.84 0.84 0.31 0.73 0.52 0.98 0.71 0.40 0.06
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From Tables 1 and 2 and Figs. 1 and 2, it was verified
that, when the ion exchange resins in Examples were used, one
or more metals selected from cobalt, nickel, scandium and rare
earth elements could be selectively adsorbed by suitably
adjusting the pH of an acid solution. From the results, it can
be also said that a metal (one or more metals selected from
cobalt, nickel, scandium and rare earth elements) contained in
an acid leaching solution obtained by high pressure acid

leaching of nickel oxide ore can be selectively adsorbed.

14-00320US (SMMF-065)
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method for adsorbing and separating a metal, the method
comprising:

applying an acid solution containing one or more metals
selected from cobalt, nickel, scandium and rare earth elements
to an ion exchange resin to adsorb the metal on the ion
exchange resin, and

recovering the metal adsorbed on the ion exchange resin,

wherein the ion exchange resin has an amide derivative

represented by the following general formula (I) on a carrier:

R4
R’I
~
R2/N y OH
| D
0 R3 O

wherein, R' and R? each represent the same or different
alkyl groups,

the alkyl group is optionally a straight chain or a
branched chain,

R’ represents a hydrogen atom or an alkyl group, and

R represents a hydrogen atom or an arbitrary group other
than an amino group bonded to o carbon as an amino acid, and

wherein the carrier includes 3-aminopropyl silica gel

and/or 3-(ethylenediamino)propyl silica gel.
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2. The method for adsorbing and separating a metal according
to claim 1, wherein the amide derivative is a glycinamide

derivative.

3. The method for adsorbing and separating a metal according
to claim 1 or 2, wherein the acid solution is in an acid
leaching solution obtained by high pressure acid leaching of
nickel oxide ore, and the method comprises adsorbing a metal
contained in the acid leaching solution on the ion exchange
resin and recovering the metal adsorbed on the ion exchange

resin.
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FIG. 1

RELATIONSHIP BETWEEN pH OF POST-EXTRACTION LIQUID AND ADSORPTION RATE
ON RESIN WHEN USING ION EXCHANGE RESIN ACCORDING TO EXAMPLE 1
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ADSORPTION RATE
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FIG. 2

RELATIONSHIP BETWEEN pH OF POST-EXTRACTION LIQUID AND ADSORPTION RATE

ON RESIN WHEN USING ION EXCHANGE RESIN ACCORDING TO EXAMPLE 2
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