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DESCRIPTION

ANION EXCHANGER, MIXTURE OF ANION EXCHANGER AND CATON
EXCHANGER, MIXED BED COMPRISING ANION EXCHANGER ANLCCATION
EXCHANGER, PRODUCTION PROCESSES THEREFOR, AND METBIBOR

PURIFYING AQUEOUS HYDROGEN PEROXIDE SOLUTION

TECHNICAL FIELD
[0001]

The present invention relates to an anion exchaaguaixture that includes an
anion exchanger and a cation exchanger (anion egelnaation exchanger mixture), a
mixed bed that includes an anion exchanger anti@enaaxchanger (anion
exchanger-cation exchanger mixed bed), methodsrémucing the same, and a method

for purifying a hydrogen peroxide solution.

BACKGROUND ART
[0002]

A hydrogen peroxide solution is used in a widaetgrof fields (i.e., a
paper/pulp bleaching agent, an industrial oxidizggnt, waste water treatment, and a
cleaning agent used for a semiconductor produgtioness). In the field of a wet
cleaning process that is performed during a sendigctor production process, a large
amount of hydrogen peroxide solution is used foamonia-hydrogen peroxide
solution (RCA:SC-1) cleaning process that remowtiqulate contamination, a
hydrochloric acid-hydrogen peroxide solution (RC&:3) cleaning process that ionizes
and removes metal contamination, and the like.

[0003]

An increase in purity is desired for ultrapure evaand reagents used to remove
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such contamination, and a high-quality hydrogerxiele solution in which the content
of impurities is reduced as much as possible igetks In particular, the yield of
semiconductor devices decreases when a metal cempsuch as iron, aluminum,
sodium, calcium, or magnesium is included in a bgen peroxide solution or the like.
[0004]

A method that utilizes an ion-exchange resin antethod that utilizes reverse
osmosis membrane have been proposed as a metheddaing the impurity content
in a hydrogen peroxide solution. When an aniorharge resin (ion-exchange resin)
is used in the OH form, the decomposition reaatibhydrogen peroxide may proceed,
and the generation of heat or the production ofjerygas may occur (i.e., it may be
difficult to implement safe operation). Therefottee anion-exchange resin is used
after effecting conversion into a carbonate forna ticarbonate form.

[0005]

Patent Literature 1 discloses that a high-punigrbgen peroxide solution that
has a metal concentration of 0.1 ppb or less @nthhorganic carbon concentration of
10 ppm or less can be obtained by sequentiallizug a mixed bed ion-exchange resin,
an adsorbent device, and a mixed bed ion-exchasjye r
[0006]

Patent Literature 2 discloses that a hydrogenxigecsolution can be purified to
have high purity by sequentially bringing a hydnogeroxide solution into contact
with an H-form cation-exchange resin, akfBrm ion-exchange resin, a Goform or
HCOs-form anion-exchange resin, and ahfidrm cation-exchange resin.

[0007]

Patent Literature 3 discloses that a high-punigrbgen peroxide solution can
be obtained by sequentially bringing an ion-excleargsin into contact with a
high-purity mineral acid aqueous solution havingetal component concentration of

0.1 ppb by weight or less, and ultrapure water g metal component concentration
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of 0.1 ppb by weight or less.
[0008]

Patent Literature 4 discloses a method that bréngside hydrogen peroxide
solution into contact with an anion-exchange rdéisat is converted into a carbonate
form using ammonium carbonate, or an anion-exchaegja that is converted into a
bicarbonate form using ammonium bicarbonate.

[0009]

Patent Literature 5 discloses a method for prodyai purified hydrogen
peroxide solution that utilizes a reverse osmo&miirane formed of a
polyamide-based or polyvinyl alcohol-based comgosiembrane.

CITATION LIST

PATENT LITERATURE

[0010]

Patent Literature 1: Japanese Patent No. 3715371
Patent Literature 2: Japanese Patent No. 4056695
Patent Literature 3: Japanese Patent No. 3171058
Patent Literature 4: Japanese Patent No. 3608211

Patent Literature 5: JP-A-2011-68533

SUMMARY OF INVENTION
TECHNICAL PROBLEM
[0011]

In Patent Literature 1 to 3, a carbonate or hyeinogarbonate aqueous solution
is normally used to convert the anion-exchangenneso a bicarbonate form.
However, when using a mixture that includes anrasexchange resin and a
cation-exchange resin, or a mixed bed that inclateasnion-exchange resin and a

cation-exchange resin, a carbonate or hydrogeronatbe aqueous solution cannot be
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used to convert the anion-exchange resin into albhamate form since the cation of the
cation-exchange resin is exchanged with the catia@arbonate or hydrogen carbonate.
[0012]

In Patent Literature 4, ammonium carbonate or amumo bicarbonate is used
to convert the anion-exchange resin into a carleofoaun or a bicarbonate form.
However, when using a mixture that includes anrasexchange resin and a
cation-exchange resin, or a mixed bed that inclatesnion-exchange resin and a
cation-exchange resin, the cation of the catiorirarge resin is exchanged with an
ammonium ion. Moreover, since only the anion-exgfearesin is packed in a resin
column, converted into a carbonate form or a bicaabe form, and then mixed with the
cation-exchange resin, workability deterioratesl emntamination with impurities may
occur.

[0013]

In Patent Literature 1 to 3, a carbonate or hyeinogarbonate aqueous solution
having a salt concentration as high as 5 to 15 ist@rmally used to convert the
anion-exchange resin into a carbonate form or arbanate form. Therefore, since
the aqueous solution having a high salt concentrasi brought into contact with the
ion exchanger after removing impurities from a loggm peroxide solution, sodium
ions and the like are eluted from the resin whenrésin is brought into contact with a
hydrogen peroxide solution even if the resin isreggated and sufficiently washed with
water. Moreover, it is necessary to use a largeustnof purified water or ultrapure
water for washing the resin.

[0014]

Patent Literature 5 discloses a method that asil& reverse osmosis membrane.
In this case, however, there is a problem in wiiehmembrane may deteriorate due to
the contact with a high-concentration hydrogen pesolution, and the blocking rate

may decrease.
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[0015]

In Patent Literature 4, ammonium carbonate or amumo bicarbonate is used
to solve the above problem. However, a definitéain@mpurity) standard value is not
specified for ammonium carbonate or ammonium bimaale, and the concentration
specified by some standard values may be high, iétleare is a definite metal standard
in a part of metal species. Moreover, it is neagsto dispose of liquid waste.

[0016]

Various types of functional water other than arogen peroxide solution are
also purified using an anion-exchange resin. Samcanion-exchange resin can be
used for various applications, there is a potedgshand for a novel anion exchanger,
and a mixture or a mixed bed that includes a nam&n exchanger and a cation
exchanger.

[0017]

An object of the invention is to provide a methodproducing an anion
exchanger-cation exchanger mixture and a methogrémtucing an anion
exchanger-cation exchanger mixed bed that can cotineeanion exchanger included in
the mixture that includes the anion exchanger hactation exchanger, or the anion
exchanger included in the mixed bed that inclulesanion exchanger and the cation
exchanger, into an anion exchanger that includ#saabonate form, or includes a
bicarbonate form and a carbonate form, in a stiatiecomixture or the mixed bed.

Another object of the invention is to provide amioa exchanger that exhibits an
excellent capability to purify a hydrogen peroxgtgution, water, an aqueous solution,
or an organic solvent that is purified using aroarexchanger, a mixture or a mixed bed
that includes the anion exchanger and a cationaggdr, and methods for producing
the same.

Another object of the invention is to provide athwal for efficiently purifying a

hydrogen peroxide solution.
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SOLUTION TO PROBLEM
[0018]

Several aspects of the invention solve the abookl@ms as described below.
(1) An anion exchanger-cation exchanger mixtur&uliog a mixture that includes
an anion exchanger (A) and a cation exchanger,eimére anion exchanger (A) is an
anion exchanger that includes a bicarbonate foHT(Qs), or an anion exchanger that
includes a bicarbonate form (-HGand a carbonate form (-GO
(2) An anion exchanger-cation exchanger mixturaioled by performing an anion
exchanger conversion step (1) that brings a catlomtide aqueous solution obtained by
dissolving carbon dioxide in purified water or alure water into contact with a
mixture that includes an anion exchanger (B) andten exchanger to convert the
anion exchanger (B) into an anion exchanger (A) ittdudes a bicarbonate form, or
includes a bicarbonate form and a carbonate fayrabtain a mixture that includes the
anion exchanger (A) and the cation exchanger.
(3) The anion exchanger-cation exchanger mixtuceralng to (1) or (2), wherein
the anion exchanger (A) is an anion exchanger iiclwthe ratio of the exchange
capacity of the bicarbonate form to the total exgeacapacity of the bicarbonate form
and the carbonate form is 70 eq% or more.
4) An anion exchanger-cation exchanger mixed helliding a mixed bed that is
packed in an ion exchange column and includes &m a&xchanger (A) and a cation
exchanger, wherein the anion exchanger (A) is @naexchanger that includes a
bicarbonate form (-HC§), or an anion exchanger that includes a bicarleofoam
(-HCO;s) and a carbonate form (-G
(5) The anion exchanger-cation exchanger mixedaloedrding to (4), wherein the
anion exchanger (A) is an anion exchanger in wthetratio of the exchange capacity
of the bicarbonate form to the total exchange a@patthe bicarbonate form and the

carbonate form is 70 eq% or more.
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(6) A method for producing an anion exchanger-cagixchanger mixture including
an anion exchanger conversion step (1) that banggrbon dioxide aqueous solution
obtained by dissolving carbon dioxide in purifiedter or ultrapure water into contact
with a mixture that includes an anion exchangergi) a cation exchanger to convert
the anion exchanger (B) into an anion exchangeth{a)includes a bicarbonate form,
or includes a bicarbonate form and a carbonate,ftrrbtain a mixture that includes
the anion exchanger (A) and the cation exchanger.

(7) The method for producing an anion exchangeogaixchanger mixture
according to (6), wherein the anion exchanger §/9n anion exchanger in which the
ratio of the exchange capacity of the bicarbonatten fto the total exchange capacity of
the bicarbonate form and the carbonate form isgP@ er more.

(8) The method for producing an anion exchangeogaxchanger mixture
according to (6) or (7), wherein the anion exchamgaversion step (1) brings the
carbon dioxide aqueous solution into contact withmixture that includes the anion
exchanger (B) and the cation exchanger until thie od the electrical conductivity of
the carbon dioxide aqueous solution that has bemrght into contact with the mixture
that includes the anion exchanger (B) and the gatiachanger to the electrical
conductivity of the carbon dioxide aqueous solubeifore being brought into contact
with the mixture that includes the anion exchar{@rand the cation exchanger
((electrical conductivity after contact / electticanductivity before contact) x 100))
reaches 90% or more.

(9) A method for producing an anion exchanger-cagigchanger mixed bed
including an anion exchanger conversion step @)things a carbon dioxide aqueous
solution obtained by dissolving carbon dioxide umified water or ultrapure water into
contact with a mixed bed that is packed in an change column and includes an
anion exchanger (B) and a cation exchanger to cobthve anion exchanger (B) into an

anion exchanger (A) that includes a bicarbonatenfar includes a bicarbonate form
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and a carbonate form, to obtain a mixed bed tldes the anion exchanger (A) and
the cation exchanger.
(10) The method for producing an anion exchanggomc@&xchanger mixed bed
according to (9), wherein the anion exchanger §9n anion exchanger in which the
ratio of the exchange capacity of the bicarbonaten fto the total exchange capacity of
the bicarbonate form and the carbonate form isgP@ er more.
(11) The method for producing an anion exchanggoic@&xchanger mixed bed
according to (9) or (10), wherein the anion exclearmpnversion step (2) supplies the
carbon dioxide aqueous solution to the ion exchaog@nn until the ratio of the
electrical conductivity of the carbon dioxide aque@olution at the outlet of the ion
exchange column to the electrical conductivityrad tarbon dioxide aqueous solution at
the inlet of the ion exchange column ((electricadductivity at outlet / electrical
conductivity at inlet) x 100)) reaches 90% or more.
(12) A method for purifying a hydrogen peroxidewmn including:

an anion exchanger conversion step (2) that banggrbon dioxide aqueous
solution obtained by dissolving carbon dioxide umified water or ultrapure water into
contact with a mixed bed that is packed in an change column and includes an
anion exchanger (B) and a cation exchanger to cobthve anion exchanger (B) into an
anion exchanger (A) that includes a bicarbonatenfar includes a bicarbonate form
and a carbonate form, to obtain a mixed bed tldudes the anion exchanger (A) and
the cation exchanger; and

a hydrogen peroxide solution purification steg hgplies a crude hydrogen
peroxide solution to the ion exchange column sotti@crude hydrogen peroxide
solution is brought into contact with the mixed liedt includes the anion exchanger
(A) and the cation exchanger to obtain a purifigdrbgen peroxide solution.
(13) The method for purifying a hydrogen peroxidaugon according to (12),

wherein the anion exchanger conversion step ()|lmgthe carbon dioxide aqueous
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solution to the ion exchange column until the rafiche electrical conductivity of the
carbon dioxide aqueous solution at the outlet efitim exchange column to the
electrical conductivity of the carbon dioxide aqueaolution at the inlet of the ion
exchange column ((electrical conductivity at outletectrical conductivity at inlet) x
100)) reaches 90% or more.

(14) An anion exchanger including a bicarbonatenf(tHCQ;), or including a
bicarbonate form (-HC¢) and a carbonate form (-GO

(15) An anion exchanger obtained by bringing a cantioxide aqueous solution
obtained by dissolving carbon dioxide in purifiedter or ultrapure water into contact
with an OH-form anion exchanger.

(16) The anion exchanger according to (14) or (Mhgrein the ratio of the exchange
capacity of the bicarbonate form to the total exgeacapacity of the bicarbonate form
and the carbonate form is 70 eq% or more.

(17) A method for producing an anion exchangeriditig an anion exchanger
conversion step (3) that brings a carbon dioxidesags solution obtained by dissolving
carbon dioxide in purified water or ultrapure watgo contact with an anion exchanger
(B) to convert the anion exchanger (B) into an aregchanger (A) that includes a
bicarbonate form, or includes a bicarbonate forh acarbonate form.

(18) The method for producing an anion exchangeoraing to (17), wherein the
anion exchanger (A) is an anion exchanger in wthetratio of the exchange capacity
of the bicarbonate form to the total exchange c@patthe bicarbonate form and the
carbonate form is 70 eq% or more.

(19) The method for producing an anion exchangeoraling to (17) or (18), wherein
the anion exchanger conversion step (3) bringsahigon dioxide agqueous solution into
contact with the anion exchanger (B) until theaati the electrical conductivity of the
carbon dioxide aqueous solution that has been btootp contact with the anion

exchanger (B) to the electrical conductivity of tabon dioxide aqueous solution
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before being brought into contact with the anionhenger (B) ((electrical conductivity
after contact / electrical conductivity before amt) x 100)) reaches 90% or more.
(20) A method for purifying a hydrogen peroxidewmn including:

an anion exchanger conversion step (4) that banggrbon dioxide aqueous
solution obtained by dissolving carbon dioxide umified water or ultrapure water into
contact with an anion exchanger (B) that is packeah ion exchange column to
convert the anion exchanger (B) into an anion exgba(A) that includes a bicarbonate
form, or includes a bicarbonate form and a carl®fain; and

a hydrogen peroxide solution purification steg hgplies a crude hydrogen
peroxide solution to the ion exchange column sotti@crude hydrogen peroxide
solution is brought into contact with the anionlexieger (A) to obtain a purified
hydrogen peroxide solution.
(21) The method for purifying a hydrogen peroxidaugon according to (20),
wherein the anion exchanger conversion step (4}lamtlydrogen peroxide solution
purification step are repeated alternately.
(22) The method for purifying a hydrogen peroxidtuson according to (20) or (21),
wherein the anion exchanger conversion step (4)l®gthe carbon dioxide aqueous
solution to the ion exchange column until the rafithe electrical conductivity of the
carbon dioxide aqueous solution at the outlet efitin exchange column to the
electrical conductivity of the carbon dioxide aquesolution at the inlet of the ion
exchange column ((electrical conductivity at outletectrical conductivity at inlet) x
100)) reaches 90% or more.
ADVANTAGEOUS EFFECTS OF INVENTION
[0019]

The aspects of the invention thus provide a mefoogdroducing an anion
exchanger-cation exchanger mixture and a methogrémtucing an anion

exchanger-cation exchanger mixed bed that can cotineeanion exchanger included in
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the mixture that includes the anion exchanger hactation exchanger, or the anion
exchanger included in the mixed bed that inclulesanion exchanger and the cation
exchanger, into an anion exchanger that include$itarbonate form, or includes the
bicarbonate form and the carbonate form, in a sibtiee mixture or the mixed bed.

The aspects of the invention thus provide an aaxaihanger that exhibits an
excellent capability to purify a hydrogen peroxstaution, water, an aqueous solution,
or an organic solvent that is purified using aroarexchanger, a mixture or a mixed bed
that includes the anion exchanger and a cationaggdr, and methods for producing
the same.

The aspects of the invention thus provide a mefbodfficiently purifying a

hydrogen peroxide solution.

BRIEF DESCRIPTION OF DRAWINGS
[0020]

FIG. 1 is a flow diagram (examples).

FIG. 2 is a graph illustrating a change in thetieal conductivity of the carbon
dioxide aqueous solution at the inlet of the ionh@nge column and the electrical
conductivity of the carbon dioxide aqueous soluaaibithe outlet of the ion exchange
column (examples).

FIG. 3 is a graph illustrating a change in acatic removal with the passing of

time (Example and Comparative Example).

DESCRIPTION OF EMBODIMENTS
[0021]

An anion exchanger-cation exchanger mixture adegr one embodiment of
the invention includes a mixture that includes alwa exchanger (A) and a cation

exchanger, wherein the anion exchanger (A) is &naexchanger that includes a

11
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bicarbonate form (-HC§), or an anion exchanger that includes a bicarlsofwain
(-HCG3) and a carbonate form (-GO
[0022]

An anion exchanger-cation exchanger mixed bedrdoupto one embodiment
of the invention includes a mixed bed that is pddkean ion exchange column and
includes an anion exchanger (A) and a cation exgdrawherein the anion exchanger
(A) is an anion exchanger that includes a bicart®fam (-HCQ), or an anion
exchanger that includes a bicarbonate form (-E)&0d a carbonate form (-G
[0023]

The anion exchanger (A) used in connection withahion exchanger-cation
exchanger mixture according to one embodiment@frikiention and the anion
exchanger-cation exchanger mixed bed accordingecemnbodiment of the invention is
an anion exchanger that includes a bicarbonate f¢#@0Os), or an anion exchanger
that includes a bicarbonate form (-Hg@nd a carbonate form (-G(Ji.e., an anion
exchanger that includes an anion-exchange growhich the counter anion is a
bicarbonate ion (-HCg&ion), or an anion exchanger that includes an asxahange
group of which the counter anion is a bicarbonate(tHCQ; ion), and an
anion-exchange group of which the counter aniandarbonate ion (-C{on)). The
anion exchanger (A) is an anion exchanger thatded a resin as a base, and includes
an anion-exchange group that is introduced intod¢ba. The anion exchanger (A) is
a styrene-based gel-type or MR-type anion-exchaggja or organic porous anion
exchanger. With regard to the expressions “bigaabmform (R-HCG)” and
“carbonate form (R-Cg¢)” used herein, the carbonate form is presenterfohm of
R-HCO;y, and the bicarbonate form is present in the foffR-€0s> under actual usage
conditions.

[0024]

The anion exchanger (A) used in connection withahion exchanger-cation

12
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exchanger mixture according to one embodiment@frikiention and the anion
exchanger-cation exchanger mixed bed accordingéceanbodiment of the invention is
characterized in that the ratio of the exchangacipof the bicarbonate form to the
total exchange capacity of the bicarbonate formthactarbonate form ((number of
equivalents of bicarbonate-form anion-exchange g¥qunumber of equivalents of
bicarbonate-form anion-exchange group + numbegoivalents of carbonate-form
anion-exchange group)) x 100) is preferably 70 eq¥hore, more preferably 75 eq%
or more, and particularly preferably 80 eq% or moré/hen the ratio of the exchange
capacity of the bicarbonate form to the total exgeacapacity of the bicarbonate form
and the carbonate form is within the above rartge,pgossible to obtain a high
capability to purify a hydrogen peroxide soluti@rgter, an aqueous solution, or an
organic solvent that is purified using an anionraxger.

[0025]

The anion exchanger (A) used in connection withahion exchanger-cation
exchanger mixture according to one embodiment@frikiention and the anion
exchanger-cation exchanger mixed bed accordingéceanbodiment of the invention
may further have an ionic form other than the Woaate form and the carbonate form
as long as purification is not adversely affectell.is preferable that the ratio of the
total exchange capacity of the bicarbonate formthectarbonate form to the total
exchange capacity of the anion exchanger ((numbeguvalents of bicarbonate-form
anion-exchange group + number of equivalents dfaraate-form anion-exchange
group) / total number of equivalents of anion-exgegroup) x 100) be 50 eq% or
more, more preferably 60 eq% or more, still moefgnably 70 eq% or more, still more
preferably 80 eq% or more, still more preferablye®S6 or more, still more preferably
99 eg% or more, and still more preferably 100 eq¥hen the ratio of the total
exchange capacity of the bicarbonate form and dneonate form to the total exchange

capacity of the anion exchanger is within the ab@weye, it is possible to obtain a high
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capability to purify a hydrogen peroxide solutiarater, an aqueous solution, or an
organic solvent that is purified using an anionraxger.
[0026]

When the anion exchanger (A) used in connectidh thie anion
exchanger-cation exchanger mixture according toemnieodiment of the invention and
the anion exchanger-cation exchanger mixed beddiogpto one embodiment of the
invention further has an ionic form other than biearbonate form and the carbonate
form, the ionic form other than the bicarbonaterf@and the carbonate form may be a
Cl form, an OH form, or the like. Note that thecdmposition reaction of hydrogen
peroxide may easily proceed when purifying a hydrogeroxide solution if the content
of OH form in the anion exchanger (A) is too highlherefore, when the anion
exchanger (A) is used to purify hydrogen peroxitle,ratio of the exchange capacity of
the OH form to the total exchange capacity of thiemexchanger (A) is preferably 1
eq% or less, more preferably 0.1 eq% or less, aniicplarly preferably 0 eq%.

[0027]

A styrene-divinylbenzene copolymer is preferaldéhee resin (into which the
anion-exchange group is introduced) that is indluidethe anion exchanger (A) used in
connection with the anion exchanger-cation exchangeture according to one
embodiment of the invention and the anion exchanggon exchanger mixed bed
according to one embodiment of the invention.

[0028]

Examples of the anion exchanger (A) used in caorewvith the anion
exchanger-cation exchanger mixture according toesnieodiment of the invention and
the anion exchanger-cation exchanger mixed bed@iogpto one embodiment of the
invention include a strongly basic type | anionteaeger that includes a quaternary
ammonium group as a functional group, wherein anlyalkyl group is bonded to the

nitrogen atom of the ammonium group; a stronglydoggpe 1l anion exchanger that
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includes a quaternary ammonium group as a fundtgnoap, wherein an alkyl group
and an alkanol group are bonded to the nitrogem aticthe ammonium group; and a
weakly basic anion exchanger that includes a pyrt@tertiary amino group as a
functional group. Among these, the strongly bagie | anion exchanger is
preferable.

[0029]

When the anion exchanger (A) used in connectidh thie anion
exchanger-cation exchanger mixture according toesnieodiment of the invention and
the anion exchanger-cation exchanger mixed bed@ogpto one embodiment of the
invention is a particulate anion-exchange resia average particle size of the
anion-exchange resin is preferably 0.2 to 1.0 mud,@articularly preferably 0.4 to 0.8
mm. When the anion exchanger (A) used in conneaetith the anion
exchanger-cation exchanger mixture according toemnieodiment of the invention and
the anion exchanger-cation exchanger mixed beddiogpto one embodiment of the
invention is an organic porous anion exchangerptganic porous anion exchanger has
a structure in which a number of cell-like macr@moverlap each other, and
communicating holes formed by the macropores thetlap each other are formed in
the skeleton formed of a resin (i.e., continuousnogore structure).

[0030]

The cation exchanger used in connection with thenaexchanger-cation
exchanger mixture according to one embodiment@frikiention and the anion
exchanger-cation exchanger mixed bed accordingéceanbodiment of the invention is
a cation exchanger that includes a resin as a baddncludes a cation-exchange group
that is introduced into the resin. The cation exxjer is a styrene-based gel-type or
MR-type cation-exchange resin or organic porouseixchanger. A
styrene-divinylbenzene copolymer is preferablenasrésin (into which the

cation-exchange group is introduced) included endation-exchanger.
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[0031]

Examples of the cation-exchange group (that i@dhiced into the resin)
included in the cation exchanger used in connedtiitimthe anion exchanger-cation
exchanger mixture according to one embodiment@frikiention and the anion
exchanger-cation exchanger mixed bed accordingéceanbodiment of the invention
include a sulfonic acid group.

[0032]

When the cation exchanger used in connection thétanion exchanger-cation
exchanger mixture according to one embodiment@frikiention and the anion
exchanger-cation exchanger mixed bed accordingecemnbodiment of the invention is
a particulate cation-exchange resin, the averagelgasize of the cation-exchange
resin is preferably 0.2 to 1.0 mm, and particulangferably 0.4 to 0.8 mm. When the
cation exchanger used in connection with the aakathanger-cation exchanger mixture
according to one embodiment of the invention amdahion exchanger-cation
exchanger mixed bed according to one embodimethisofnvention is an organic
porous cation exchanger, the organic porous catxahanger has a structure in which a
number of cell-like macropores overlap each otaed, communicating holes formed by
the macropores that overlap each other are form#étkeiskeleton formed of a resin (i.e.,
continuous macropore structure).

[0033]

The mixture that includes the anion exchangeraidg the cation exchanger (i.e.,
the anion exchanger-cation exchanger mixture acoptd one embodiment of the
invention) includes a particulate anion-exchangaréA) and a particulate
cation-exchange resin in a mixed state.

[0034]
The mixed bed that includes the anion exchangga(l the cation exchanger

(i.e., the anion exchanger-cation exchanger mixeetdzcording to one embodiment of
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the invention) may be (i) a bed that is formed byigture that includes a particulate
anion-exchange resin (A) and a particulate catisfange resin (i.e., mixed bed), or
(ii) a bed that includes a layer that is formedhmy anion exchanger (A) (e.g.,
particulate anion-exchange resin (A) or organiopsranion exchanger (A)), and a
layer that is formed by the cation exchanger (@aticulate cation-exchange resin or
organic porous cation exchanger) (i.e., dual-ldoget that includes the layer formed by
the anion exchanger (A) and the layer formed bycHt®n exchanger).

[0035]

A method for producing an anion exchanger-catikahanger mixture according
to one embodiment of the invention includes anmeixchanger conversion step (1)
that brings a carbon dioxide aqueous solution abthby dissolving carbon dioxide in
purified water or ultrapure water into contact watimixture that includes an anion
exchanger (B) and a cation exchanger to convewiian exchanger (B) into an anion
exchanger (A) that includes the bicarbonate fomindudes the bicarbonate form and
the carbonate form, to obtain a mixture that inekithe anion exchanger (A) and the
cation exchanger.

[0036]

A method for producing an anion exchanger-catiehanger mixed bed
according to one embodiment of the invention inekidn anion exchanger conversion
step (2) that brings a carbon dioxide aqueousisoluibtained by dissolving carbon
dioxide in purified water or ultrapure water intontact with a mixed bed that is packed
in an ion exchange column and includes an aniohanger (B) and a cation exchanger
to convert the anion exchanger (B) into an aniacharger (A) that includes the
bicarbonate form, or includes the bicarbonate fand the carbonate form, to obtain a
mixed bed that includes the anion exchanger (A)thadtation exchanger.

[0037]

The method for producing an anion exchanger-caiamanger mixture

17
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according to one embodiment of the invention amdniethod for producing an anion
exchanger-cation exchanger mixed bed accordingéceanbodiment of the invention
differ from each other in that the method for pradg an anion exchanger-cation
exchanger mixture brings the carbon dioxide aqusoligion into contact with the
mixture that includes the anion exchanger (B) dwadciation exchanger, and the method
for producing an anion exchanger-cation exchangeedrbed brings the carbon

dioxide aqueous solution into contact with the rdibed that is packed in an ion
exchange column and includes the anion exchangean@the cation exchanger.

Note that the method for producing an anion exchaggtion exchanger mixture
according to one embodiment of the invention amdntiethod for producing an anion
exchanger-cation exchanger mixed bed accordingéceanbodiment of the invention
are identical to each other in that the carbonid®®aqueous solution is brought into
contact with the anion exchanger (B) in the presaiche cation exchanger to convert
the anion exchanger (B) into the anion exchanggti{at includes the bicarbonate form,
or includes the bicarbonate form and the carboicaia.

[0038]

The anion exchanger conversion step (1) bringsdhnieon dioxide aqueous
solution into contact with the mixture that inclgdee anion exchanger (B) and the
cation exchanger to convert the anion exchangem@)ded in the mixture into the
anion exchanger (A) that includes the bicarbonaten f or includes the bicarbonate
form and the carbonate form. The anion exchangeversion step (2) brings the
carbon dioxide aqueous solution into contact withrmixed bed that is packed in an ion
exchange column and includes the anion exchangean@the cation exchanger to
convert the anion exchanger (B) included in theediked into the anion exchanger (A).
Note that the mixture that includes the anion erglea (B) and the cation exchanger
includes a particulate anion-exchange resin (B)apdrticulate cation-exchange resin

in a mixed state. The mixed bed that includesattien exchanger (B) and the cation

18



10

15

20

25

exchanger may be (i) a bed that is formed by auméxthat includes a particulate
anion-exchange resin (B) and a particulate catiaima&nge resin (i.e., mixed bed), or
(ii) a bed that includes a layer that is formedhmy anion exchanger (B) (e.g.,
particulate anion-exchange resin (B) or organiopsranion exchanger (B)), and a
layer that is formed by the cation exchanger (@aticulate cation-exchange resin or
organic porous cation exchanger) (i.e., dual-ldoget that includes the layer formed by
the anion exchanger (B) and the layer formed byc#t®n exchanger).

[0039]

The anion exchanger (B) used in connection wighathion exchanger
conversion step (1) and the anion exchanger coiovessep (2) is an anion exchanger
that is converted into the anion exchanger (A) theludes the bicarbonate form, or
includes the bicarbonate form and the carbonata.foWhen a crude hydrogen
peroxide solution is purified using an OH-form angxchanger (i.e., an anion
exchanger in which the counter anion of the anixehiange group is an OH ion) (i.e.,
strongly basic anion exchanger), hydrogen perosidiecomposed when hydrogen
peroxide is brought into contact with the OH-formaa exchanger. When a crude
hydrogen peroxide solution is purified using a @ipfi anion exchanger (i.e., an anion
exchanger in which the counter anion of the anixehange group is a Cl ion), the CI
ions flow out into the treatment solution due ta@mexchange reaction with the target
ions (i.e., it is impossible to effect purificatjon Therefore, the method for producing
an anion exchanger-cation exchanger mixture aaegrdi one embodiment of the
invention and the method for producing an aniorherger-cation exchanger mixed
bed according to one embodiment of the inventiarved the anion exchanger into the
anion exchanger (A) that includes the bicarbonaten f or includes the bicarbonate
form and the carbonate form.

[0040]

The anion exchanger conversion step (1) bringsdhnieon dioxide aqueous
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solution into contact with the mixture that inclsden OH-form anion exchanger, a
Cl-form anion exchanger, or the like (i.e., an angxchanger (anion exchanger (B))
that is converted into the anion exchanger (A) theludes the bicarbonate form, or
includes the bicarbonate form and the carbonata)fand the cation exchanger to
convert the anion exchanger (B) included in thetarexinto the anion exchanger (A)
that includes the bicarbonate form, or includeshiicarbonate form and the carbonate
form. When the treatment target water (i.e., arbgen peroxide solution, water, or an
aqueous solution that is purified using a mixtina includes an anion exchanger and a
cation exchanger) is continuously purified using mhixture that includes the anion
exchanger (A) (that includes the bicarbonate fammncludes the bicarbonate form and
the carbonate form) and the cation exchanger,itatimnate ions included in the anion
exchanger (A) included in the mixture are exchangi impurity anions included in
the treatment target water. Therefore, when #itnent target water has been
continuously purified for a certain time, it is @ssary to regenerate the anion
exchanger that has been subjected to the ion-egeh@action with impurity anions

into the anion exchanger (A) that includes the ficaate form, or includes the
bicarbonate form and the carbonate form. The aekmhanger (B) (that is converted
into the anion exchanger (A) that includes the fficaate form, or includes the
bicarbonate form and the carbonate form) thatligestied to the anion exchanger
conversion step (1) that is performed to obtainathien exchanger (A) that includes the
bicarbonate form, or includes the bicarbonate fand the carbonate form, includes the
anion exchanger that is converted into the aniahanger (A), and the anion exchanger
that has been subjected to the ion-exchange reaettb impurity anions included in

the treatment target water during the purificabbthe treatment target water (e.g.,
hydrogen peroxide solution), and is subjected atgathe anion exchanger conversion
step (2).

[0041]
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The anion exchanger conversion step (2) bringsdhnieon dioxide aqueous
solution into contact with the mixed bed that isked in an ion exchange column and
includes an OH-form anion exchanger, a Cl-form amgchanger, or the like (i.e., an
anion exchanger (anion exchanger (B)) that is caegénto the anion exchanger (A)
that includes the bicarbonate form, or includeshiicarbonate form and the carbonate
form) and the cation exchanger to convert the aaiananger (B) included in the
mixed bed into the anion exchanger (A) that inctuthe bicarbonate form, or includes
the bicarbonate form and the carbonate form. Whertreatment target water (i.e., a
hydrogen peroxide solution, water, or an aqueoligiea that is purified using a mixed
bed that includes an anion exchanger and a catidmeager) is continuously purified
using the mixed bed that includes the anion exabiaf®y (that includes the bicarbonate
form, or includes the bicarbonate form and the @aalte form) and the cation
exchanger, the bicarbonate ions included in theraexchanger (A) included in the
mixed bed are exchanged with impurity anions inetlith the treatment target water.
Therefore, when the treatment target water has bestmuously purified for a certain
time, it is necessary to regenerate the anion exgghahat has been subjected to the
ion-exchange reaction with impurity anions into #meon exchanger (A) that includes
the bicarbonate form, or includes the bicarbonatenfand the carbonate form. The
anion exchanger (B) (that is converted into th@mamixchanger (A) that includes the
bicarbonate form, or includes the bicarbonate fand the carbonate form) that is
subjected to the anion exchanger conversion sheh#Ris performed to obtain the
anion exchanger (A) that includes the bicarbonaten f or includes the bicarbonate
form and the carbonate form, includes the aniomamnger that is converted into the
anion exchanger (A), and the anion exchanger @sblen subjected to the
ion-exchange reaction with impurity anions includedhe treatment target water
during the purification of the treatment targetevge.g., hydrogen peroxide solution),

and is subjected again to the anion exchanger csiovestep (2).
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[0042]

The anion exchanger (A) obtained by the anion axghr conversion step (1)
and the anion exchanger conversion step (2) isieom&xchanger that includes a
bicarbonate form (-HC§), or an anion exchanger that includes a bicarlsofwain
(-HCG3) and a carbonate form (-GO The ratio of the total exchange capacity of the
bicarbonate form and the carbonate form to the &xtehange capacity of the anion
exchanger (A) is not particularly limited, but ieeferably 50 eq% or more, more
preferably 60 eq% or more, still more preferablyef®o or more, still more preferably
80 eg% or more, still more preferably 95 eq% oremetill more preferably 99 eq% or
more, and still more preferably 100 eq%. The ratithe exchange capacity of the
bicarbonate form to the total exchange capacitheticarbonate form and the
carbonate form is preferably 70 eq% or more, moeéepably 75 eq% or more, and
particularly preferably 80 eq% or more.

[0043]

The anion exchanger (B) that is subjected to theneexchanger conversion
step (1) and the anion exchanger conversion s)ap éh anion exchanger that includes
aresin as a base, and includes an anion-exchaogp tpat is introduced into the resin.
The anion exchanger (B) is a styrene-based gelaypéR-type anion-exchange resin
or organic porous anion exchanger. A styrene-gllibenzene copolymer is preferable
as the resin (into which the anion-exchange greuptroduced) included in the anion
exchanger (B).

[0044]

Examples of the anion exchanger (B) that is suégeto the anion exchanger
conversion step (1) and the anion exchanger coiwvestep (2) include a strongly basic
type | anion exchanger that includes a quaternamypanium group as a functional
group, wherein only an alkyl group is bonded torlieogen atom of the ammonium

group; a strongly basic type Il anion exchanget itheludes a quaternary ammonium
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group as a functional group, wherein an alkyl graod an alkanol group are bonded to
the nitrogen atom of the ammonium group; and a Wydaksic anion exchanger that
includes a primary to tertiary amino group as afiomal group. Among these, the
strongly basic type | anion exchanger is preferabken OH-form anion exchanger is
preferable as the anion exchanger (B) that is stdyjeto the anion exchanger
conversion step (1) and the anion exchanger coiovessep (2).

[0045]

When the anion exchanger (B) that is subjecteadaa@nion exchanger
conversion step (1) and the anion exchanger coiovessep (2) is a particulate
anion-exchange resin, the average particle sitlieeofnion-exchange resin is preferably
0.2 to 1.0 mm, and particularly preferably 0.4 8 dm. When the anion exchanger
(B) that is subjected to the anion exchanger caivprstep (1) and the anion exchanger
conversion step (2) is an organic porous anionaxgér, the organic porous anion
exchanger has a structure in which a number oflikellmacropores overlap each other,
and communicating holes formed by the macropora@saverlap each other are formed
in the skeleton formed of a resin (i.e., continumaropore structure).

[0046]

The cation exchanger that is subjected to thenagxahanger conversion step
(1) and the anion exchanger conversion step @)xation exchanger that includes a
resin as a base, and includes a cation-exchange gnat is introduced into the resin.
The cation exchanger is a styrene-based gel-tyMRotype cation-exchanger. A
styrene-divinylbenzene copolymer is preferablenasrésin (into which the
cation-exchange group is introduced) included endation-exchanger.

[0047]

Examples of the cation-exchange group (that i@dhiced into the resin)

included in the cation exchanger that is subjetagtie anion exchanger conversion

step (1) and the anion exchanger conversion sy@pdide a sulfonic acid group.
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[0048]

When the cation exchanger that is subjected tami@n exchanger conversion
step (1) and the anion exchanger conversion s)ap &particulate cation-exchange
resin, the average particle size of the cation-amrgb resin is preferably 0.2 to 1.0 mm,
and particularly preferably 0.4 to 0.8 mm. Whea tlation exchanger that is subjected
to the anion exchanger conversion step (1) andriien exchanger conversion step (2)
IS an organic porous cation exchanger, the orgamigcus cation exchanger has a
structure in which a number of cell-like macropoogsrlap each other, and
communicating holes formed by the macropores thatlap each other are formed in
the skeleton formed of a resin (i.e., continuousnmgore structure).

[0049]

The carbon dioxide aqueous solution that is usexnnection with the anion
exchanger conversion step (1) and the anion exenaagversion step (2) is obtained
by dissolving carbon dioxide in purified water dirapure water. The purified water
or the ultrapure water is obtained by treating veater using a water purifier or an
ultrapure water system that removes ions and agmo-substance from raw water. It
is preferable to use purified water having a restgtof 1.0 MQ-cm or more, more
preferably ultrapure water having a resistivitylOfMQ-cm or more, and particularly
preferably ultrapure water having a resistivityl8fMQ-cm or more.

[0050]

The carbon dioxide concentration in the carboxidi® aqueous solution that is
used in connection with the anion exchanger converstep (1) and the anion
exchanger conversion step (2) is not particulaniytéd (as long as carbon dioxide is
dissolved in purified water or ultrapure water)t lsupreferably 1 to 2,000 mg/L, and
particularly preferably 20 to 2,000 mg/L. It isg3ible to reduce the treatment time
and the amount of water used by increasing theocadipxide concentration in the

carbon dioxide aqueous solution.
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[0051]

The carbon dioxide aqueous solution may be prep@ee, carbon dioxide may
be dissolved in purified water or ultrapure wateing an arbitrary method. For
example, the carbon dioxide aqueous solution mgyéeared using a method for
producing functional water that is used for washetegtronic parts. For example, the
carbon dioxide aqueous solution may be preparedyasimethod that dissolves carbon
dioxide using a hollow fiber membrane, a method kthéobles carbon dioxide directly
into a pipe, a method that injects carbon dioxadel dissolves the carbon dioxide using
a dispersion means such as a static mixer, a métlabgupplies carbon dioxide to a gas
dissolution tank on the upstream side of a pumpsiigplies ultrapure water, and
dissolves the carbon dioxide by stirring inside penp, or the like. It is preferable to
dissolve carbon dioxide using a hollow fiber mennieran order to efficiently dissolve
carbon dioxide up to the saturation concentratioWhen using a gas cylinder in order
to supply carbon dioxide, it is preferable to pdeva particulate removal filter that
removes microparticles having a particle size bfin or less in a gas supply pipe. It
Is particularly preferable to provide a particulegenoval filter that removes
microparticles having a particle size of @u# or less.

[0052]

When preparing the carbon dioxide aqueous soluti@supply amount of
carbon dioxide that is dissolved in purified wateultrapure water is controlled using a
gas mass flow controller. The carbon dioxide catre¢ion is continuously monitored
using a conductivity meter.

[0053]

The temperature at which the carbon dioxide agsisolution is brought into
contact with the mixture that includes the anioohenger (B) and the cation exchanger
or the mixed bed that includes the anion excha®)eand the cation exchanger in the

anion exchanger conversion step (1) or the anichanger conversion step (2) is
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preferably set to be as low as possible in ordérdease the solubility of carbon
dioxide, but is preferably 5 to 20, and particular preferably 10 to°80) from the
viewpoint of energy consumption. When the carbioxide aqueous solution is
passed through the ion exchange column that iseglaekh the mixed bed that includes
the anion exchanger (B) and the cation exchanggeinion exchanger conversion
step (2), the carbon dioxide aqueous solution neagupplied to the ion exchange
column by a single-pass operation. Note that gcledank and a recycle pump may
be provided in the subsequent stage of the ionamgdhcolumn, and the used water
may be recycled as raw water for preparing thearadioxide aqueous solution in order
to reduce the amount of purified water or ultrapueger to be used. When recycling
water, the amount of carbon dioxide to be suppteat be reduced by feeding back the
value measured by a conductivity meter, and cdirigothe amount of carbon dioxide
to be supplied.

[0054]

In the anion exchanger conversion step (1), sanad of the counter anions
included in the anion exchanger (B) that is inctldethe mixture that includes the
anion exchanger (B) and the cation exchanger areected into a bicarbonate ion
(-HCG:3) or a carbonate ion (-Gpto obtain the anion exchanger (A) that includes t
bicarbonate form, or includes the bicarbonate fanu the carbonate form. In the
anion exchanger conversion step (2), some or aletounter anions included in the
anion exchanger (B) that is included in the mixed that includes the anion exchanger
(B) and the cation exchanger are converted intcaonate ion (-HCg) or a
carbonate ion (-C¢) to obtain the anion exchanger (A) that includeshicarbonate
form, or includes the bicarbonate form and the @aabe form.

[0055]
The anion exchanger (A) that is obtained by theraaxchanger conversion step

(1) and the anion exchanger conversion step @) @nion exchanger that includes a

26



10

15

20

25

bicarbonate form (-HC§), or an anion exchanger that includes a bicarlsofwain

(-HCG3) and a carbonate form (-GJi.e., an anion exchanger that includes an
anion-exchange group of which the counter aniabgarbonate ion (-HC{on), or

an anion exchanger that includes an anion-exchgragg of which the counter anion is
a bicarbonate ion (-HC{ on), and an anion-exchange group of which thentznanion

is a carbonate ion (-GQon)). With regard to the expressions “bicarberfarm
(R-HCGs)” and “carbonate form (R-C£)' used herein, the carbonate form is present in
the form of R-HC@, and the bicarbonate form is present in the foflR-€0O:;> under
actual usage conditions.

[0056]

The ratio of the total exchange capacity of tleathonate form and the
carbonate form to the total exchange capacity @fifion exchanger (A) (that is
obtained by the anion exchanger conversion stepndthe anion exchanger
conversion step (2)) is not particularly limiteditlis preferably 50 eq% or more, more
preferably 60 eq% or more, still more preferablyef®6 or more, still more preferably
80 eq% or more, still more preferably 95 eq% oremsetill more preferably 99 eq% or
more, and still more preferably 100 eq%. Spedificthe anion exchanger conversion
step (1) and the anion exchanger conversion s)apri(®)s the carbon dioxide aqueous
solution obtained by dissolving carbon dioxide umified water or ultrapure water into
contact with the mixture that includes the anioor&nger (B) and the cation exchanger,
or the mixed bed that includes the anion excha®)eand the cation exchanger, until
the ratio of the total exchange capacity of theatbonate form and the carbonate form
to the total exchange capacity of the anion excba() preferably reaches 50 eq% or
more, more preferably 60 eq% or more, still moefgnably 70 eq% or more, still more
preferably 80 eq% or more, still more preferablye®86 or more, still more preferably
99 eq% or more, and still more preferably 100 eq%.

[0057]
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The ratio of the exchange capacity of the bicadt®form to the total exchange
capacity of the bicarbonate form and the carbofoate included in the anion
exchanger (A) that is obtained by the anion excbhangnversion step (1) and the anion
exchanger conversion step (2) is preferably 70 eg%ore, more preferably 75 eq% or
more, and particularly preferably 80 eq% or mor8ince the selectivity coefficient of
the bicarbonate form is smaller than that of thdaaate form, the bicarbonate form is
effective for improving the treatment performanaehwespect to an anion having low
selectivity, and a low-concentration ion excharggdl The capability to purify a
hydrogen peroxide solution and the like increasetha ratio of the bicarbonate form in
the anion exchanger increases. Specifically, #paloility to purify a hydrogen
peroxide solution and the like increases when dhie of the exchange capacity of the
bicarbonate form to the total exchange capacityhetbicarbonate form and the
carbonate form included in the anion exchangengAyithin the above range.

[0058]

In the anion exchanger conversion step (1), theure that includes the anion
exchanger (B) and the cation exchanger may benpautontainer that is provided with
a carbon dioxide agqueous solution supply pipe acatlaon dioxide aqueous solution
discharge pipe, and the carbon dioxide agueousi@olnay be continuously brought
into contact with the mixture that includes theaanexchanger (B) and the cation
exchanger while supplying the carbon dioxide aqeesmlution to the container, and
discharging water from the container, for examplin this case, the electrical
conductivity of the carbon dioxide aqueous solut®measured before and after the
carbon dioxide aqueous solution is brought inta@cinwith the mixture that includes
the anion exchanger (B) and the cation exchangeg asconductivity meter that is
provided to the carbon dioxide aqueous solutioplupipe and the carbon dioxide
agueous solution discharge pipe, for example, baadarbon dioxide aqueous solution

is brought into contact with the mixture that ird#s the anion exchanger (B) and the
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cation exchanger until the ratio of the electrmahductivity of the carbon dioxide
agueous solution that has been brought into contiffctthe mixture that includes the
anion exchanger (B) and the cation exchanger teldwatrical conductivity of the
carbon dioxide aqueous solution before being brbumb contact with the mixture that
includes the anion exchanger (B) and the catiohaxger ((electrical conductivity after
contact / electrical conductivity before contact)30)) reaches 90% or more
(preferably 95% or more). It is possible to eadiyermine the timing of completion
of the anion exchanger conversion step (1) by bxjnthe carbon dioxide aqueous
solution into contact with the mixture that inclgdee anion exchanger (B) and the
cation exchanger while calculating a change irrdtie of the electrical conductivity of
the carbon dioxide aqueous solution that has bemrght into contact with the mixture
that includes the anion exchanger (B) and the gatiechanger to the electrical
conductivity of the carbon dioxide aqueous solubeifore being brought into contact
with the mixture that includes the anion exchar{@rand the cation exchanger. In
the anion exchanger conversion step (1), the mgjoficarbon dioxide (bicarbonate
ions or carbonate ions produced due to the dissalof carbon dioxide in water)
included in the carbon dioxide aqueous solutioroissumed due to the ion-exchange
reaction of the anion exchanger (B) with the bicadie form or the carbonate form for
a while after starting to bring the carbon dioxadpieous solution into contact with the
mixture that includes the anion exchanger (B) d&mdcation exchanger, and the
bicarbonate ion concentration or the carbonatedrtentration in the carbon dioxide
agqueous solution decreases to a large extent. effiner the electrical conductivity of
the carbon dioxide aqueous solution that has bemrght into contact with the mixture
that includes the anion exchanger (B) and the gaiechanger is very low for a while
after starting to bring the carbon dioxide aquesnlation into contact with the mixture
that includes the anion exchanger (B) and the waiahanger. The amount of carbon

dioxide consumed for the ion-exchange reaction Wiéhbicarbonate form or the
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carbonate form gradually decreases as the ion-ageh@action of the anion exchanger
into the bicarbonate form or the carbonate fornteeals, and the amount of
anion-exchange groups that have undergone thexicimage reaction increases.
Therefore, the electrical conductivity of the carlmboxide aqueous solution that has
been brought into contact with the mixture thatudes the anion exchanger (B) and
the cation exchanger gradually increases sincbitabonate ion concentration or the
carbonate ion concentration in the carbon dioxgleeaus solution gradually increases.
It is determined that the majority of the anion{esege groups included in the anion
exchanger (B) have been converted into the bicateciorm or the carbonate form (i.e.,
the anion exchanger (A) has been obtained) wheratteeof the electrical conductivity
of the carbon dioxide aqueous solution that has besught into contact with the
mixture that includes the anion exchanger (B) ddcttion exchanger to the electrical
conductivity of the carbon dioxide aqueous solubeifore being brought into contact
with the mixture that includes the anion exchar(@rand the cation exchanger
((electrical conductivity after contact / electticanductivity before contact) x 100))
has reached the above range. Note that the elatonductivity when the carbon
dioxide aqueous solution has been brought intoambntith the mixture that includes
the anion exchanger (B) and the cation exchangex éertain time, and the electrical
conductivity has become almost constant, is takahe electrical conductivity of the
carbon dioxide aqueous solution before being broungb contact with the mixture that
includes the anion exchanger (B) and the catiohaxger in the anion-exchange resin
conversion step (anion exchanger conversion step).
[0059]

In the anion exchanger conversion step (2), awcindty meter may be
provided to the inlet and the outlet of the ionteage column, and the carbon dioxide
aqueous solution may be supplied to the ion exaapntumn until the electrical

conductivity of the carbon dioxide aqueous soluabthe outlet of the ion exchange

3C



10

15

20

25

column to the electrical conductivity of the carlaioxide aqueous solution at the inlet
of the ion exchange column ((electrical conducyit outlet / electrical conductivity at
inlet) x 100)) reaches 90% or more (preferably 35%nore). It is possible to easily
determine the timing of completion of the anionteager conversion step (2) by
supplying the carbon dioxide aqueous solution éidim exchange column while
calculating a change in the ratio of the electramaiductivity of the carbon dioxide
agueous solution at the outlet of the ion exchaodiemn to the electrical conductivity
of the carbon dioxide aqueous solution at thetialehe ion exchange column. In the
anion exchanger conversion step (2), the majofitsadoon dioxide (bicarbonate ions or
carbonate ions produced due to the dissolutioraddan dioxide in water) included in
the carbon dioxide aqueous solution is consumedaltles ion-exchange reaction of
the anion exchanger (B) with the bicarbonate forrthe carbonate form for a while
after starting to bring the carbon dioxide aquesnlstion into contact with the mixed
bed that includes the anion exchanger (B) anddliercexchanger, and the bicarbonate
ion concentration or the carbonate ion concentmatidhe carbon dioxide aqueous
solution decreases to a large extent. Therefoeeglectrical conductivity of the
carbon dioxide aqueous solution at the outlet efitm exchange column is very low for
a while after starting to bring the carbon dioxadpieous solution into contact with the
mixed bed that includes the anion exchanger (B)theaation exchanger. The
amount of carbon dioxide consumed for the ion-engkaeaction with the bicarbonate
form or the carbonate form gradually decreaseb@agn-exchange reaction of the
anion exchanger into the bicarbonate form or tibaraate form proceeds, and the
amount of anion-exchange groups that have undelthenien-exchange reaction
increases. Therefore, the electrical conductieitihe carbon dioxide aqueous
solution at the outlet of the ion exchange columadgally increases since the
bicarbonate ion concentration or the carbonatedntentration in the carbon dioxide

agueous solution at the outlet of the ion exchawyemn gradually increases. ltis
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determined that the majority of the anion-exchagrgeips included in the anion
exchanger (B) have been converted into the bicateciorm or the carbonate form (i.e.,
the anion exchanger (A) has been obtained) wheratteeof the electrical conductivity
of the carbon dioxide aqueous solution at the bofléhe ion exchange column to the
electrical conductivity of the carbon dioxide aquesolution at the inlet of the ion
exchange column ((electrical conductivity at outletectrical conductivity at inlet) x
100)) has reached the above range. Note that@b&ieal conductivity when the
carbon dioxide aqueous solution has been brougihtontact with the mixed bed that
includes the anion exchanger (B) and the catiohaxger for a certain time, and the
electrical conductivity has become almost consiarigken as the electrical
conductivity of the carbon dioxide aqueous soluaabithe inlet of the ion exchange
column in the anion-exchange resin conversion @&efn exchanger conversion step).
[0060]

When continuously bringing the carbon dioxide agugesolution into contact
with the mixture that includes the anion exchar{@rand the cation exchanger, or the
mixed bed that includes the anion exchanger (B)taedation exchanger, to convert
the anion exchanger (B) into the anion exchanggrtt® conversion performance
increases as the number of anion-exchange groapari converted into the
bicarbonate form or the carbonate form increasssdan the total number of
anion-exchange groups included in the anion exatrangr herefore, when converting
the anion exchanger (B) into the anion exchanggri{ds preferable to bring the
carbon dioxide aqueous solution into contact waghmixture that includes the anion
exchanger (B) and the cation exchanger, or thedribeel that includes the anion
exchanger (B) and the cation exchanger, until élie of the total exchange capacity of
the bicarbonate form and the carbonate form tddte¢ exchange capacity of the
anion-exchange groups included in the anion exatraregches 80 eq% or more

(particularly preferably 95 eq% or more).
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[0061]

The exchange capacity of the anion-exchange grogpgied in the anion
exchanger (before bringing the carbon dioxide agseolution into contact with the
anion exchanger) that do not have the bicarbomate 6r the carbonate form can be
calculated by analyzing the anion exchanger bdfarging the carbon dioxide aqueous
solution into contact with the anion exchanger. th# entirety of the supplied carbon
dioxide is used for the ion-exchange reactiorg fiossible to obtain an anion exchanger
in which the ratio of the total exchange capacitthe bicarbonate form and the
carbonate form to the total exchange capacity @ftion-exchange groups included in
the anion exchanger is 100 eq% by supplying thiearedioxide aqueous solution to the
anion exchanger until the amount (equivalentsfie exchanger) calculated by
“carbon dioxide concentration (equivalents/l) imbzan dioxide aqueous solution x
space velocity (SV) (I/I-anion exchanger) x passinge (h))” (expression (1)) reaches
the exchange capacity (equivalents/I-anion excharmgehe anion-exchange groups
included in the anion exchanger that that do neelihe bicarbonate form or the
carbonate form. However, the entirety of the sigojptarbon dioxide is not
necessarily used for the ion-exchange reactionpandof the carbon dioxide is
necessarily discharged without being used for dneeixchange reaction since the
supplied carbon dioxide is not sufficiently dissd\(i.e., a given concentration is not
reached), or leakage of part of the carbon dioamieeous solution occurs due to the ion
exchange equilibrium, for example. Therefores ihécessary to set the supply amount
of the carbon dioxide aqueous solution to be iresgavith respect to the supply amount
of the carbon dioxide aqueous solution when theevablculated by the expression (1)
reaches the exchange capacity of the anion-exclgnoges that do not have the
bicarbonate form or the carbonate form so thatdkie of the total exchange capacity
of the bicarbonate form and the carbonate fornméatdtal exchange capacity of the

anion-exchange groups included in the anion exaras0 eq% or more (preferably

33



10

15

20

25

95 eq% or more).
[0062]

However, since it is impossible to remove the a@rchanger and analyze the
amount of bicarbonate form and carbonate form duitie anion exchanger conversion
step (1) or the anion exchanger conversion stept(@)difficult to determine the
amount of the carbon dioxide aqueous solution reduo adjust the ratio of the total
exchange capacity of the bicarbonate form and dnleonate form to the total exchange
capacity of the anion-exchange groups includetiénainion exchanger to 80 eq% or
more (preferably 95 eq% or more) when the supplgwarof the carbon dioxide
aqueous solution is merely controlled. Specificallis necessary to supply the
carbon dioxide aqueous solution in large exceshatthe anion-exchange groups are
reliably converted, and the carbon dioxide aquesmligtion is wasted.

[0063]

It is possible to determine the timing at which thtio of the total exchange
capacity of the bicarbonate form and the carbofuate to the total exchange capacity
of the anion-exchange groups included in the asiamanger reaches 80 eq% or more
(preferably 95 eq% or more) by measuring the atedtconductivity of the carbon
dioxide aqueous solution before being brought aaotact with the anion exchanger
and the electrical conductivity of the carbon diexaqueous solution that has been
brought into contact with the anion exchanger,daling the ratio of the electrical
conductivity of the carbon dioxide aqueous soluttwet has been brought into contact
with the anion exchanger to the electrical conditgtiof the carbon dioxide aqueous
solution before being brought into contact with #méon exchanger, and supplying the
carbon dioxide aqueous solution until the ratithef electrical conductivity of the
carbon dioxide aqueous solution that has been btontp contact with the anion
exchanger to the electrical conductivity of theboar dioxide agueous solution before

being brought into contact with the anion exchamgaches 90% or more (preferably
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95% or more). Itis also possible to adjust thraf the total exchange capacity of
the bicarbonate form and the carbonate form tddte¢ exchange capacity of the
anion-exchange groups included in the anion exavaiog80 eq% or more (preferably
95 eq% or more) while supplying a moderate amoftititeocarbon dioxide aqueous
solution (i.e., it is possible to prevent a sitaatin which the carbon dioxide aqueous
solution is wasted).

[0064]

The method for producing an anion exchanger-caiamanger mixture
according to one embodiment of the invention predue mixture that includes the
anion exchanger (A) and the cation exchanger by preeforming the anion exchanger
conversion step (1). The method for producingrdaraexchanger-cation exchanger
mixed bed according to one embodiment of the in@argroduces a mixed bed that
includes the anion exchanger (A) and the catiomamxger by thus performing the anion
exchanger conversion step (2). Since the methoprémlucing an anion
exchanger-cation exchanger mixture according toemnieodiment of the invention and
the method for producing an anion exchanger-catiamanger mixed bed according to
one embodiment of the invention utilizes the carbimxide aqueous solution to convert
the anion-exchange group included in the anion axgér (B) into the bicarbonate form
or the carbonate form without using a carbonateydrogen carbonate aqueous solution,
it is possible to prevent a situation in which tdagion of the cation-exchange group of
the cation exchanger used in combination with tieraeexchanger is exchanged with
the cation of carbonate or hydrogen carbonate.

[0065]

An anion exchanger-cation exchanger mixture agegrib one embodiment of
the invention is a mixture that is obtained by dinén exchanger conversion step (1)
and includes the anion exchanger (A) and the catkashanger. An anion

exchanger-cation exchanger mixed bed accordingecemnbodiment of the invention is
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a mixed bed that is obtained by the anion exchaogeversion step (2) and includes
the anion exchanger (A) and the cation exchanger.
[0066]

A method for purifying a hydrogen peroxide solataccording to a first
embodiment of the invention includes an anion englkaconversion step (2) that
brings a carbon dioxide aqueous solution obtainedigsolving carbon dioxide in
purified water or ultrapure water into contact wétimixed bed that is packed in an ion
exchange column and includes an anion exchangean@ha cation exchanger to
convert the anion exchanger (B) into an anion exghga(A) that includes the
bicarbonate form, or includes the bicarbonate fand the carbonate form, to obtain a
mixed bed that includes the anion exchanger (A)thactation exchanger, and a
hydrogen peroxide solution purification step that@ies a crude hydrogen peroxide
solution to the ion exchange column so that theetydrogen peroxide solution is
brought into contact with the mixed bed that inelsidhe anion exchanger (A) and the
cation exchanger to obtain a purified hydrogen yieesolution.

[0067]

Specifically, the method for purifying a hydrogeeroxide solution according to
the first embodiment of the invention brings thebca dioxide aqueous solution into
contact with the anion exchanger (B) in the presaid¢he cation exchanger to convert
the anion exchanger (B) into the anion exchanggtt{at includes the bicarbonate form,
or includes the bicarbonate form and the carboiwaibe (anion exchanger conversion
step), and supplies the crude hydrogen peroxiddisnlto the ion exchange column to
purify the crude hydrogen peroxide solution.

[0068]

The anion exchanger conversion step (2) includdede method for purifying a

hydrogen peroxide solution according to the firebediment of the invention is the

same as the anion exchanger conversion step Zstimeluded in the method for
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producing an anion exchanger-cation exchanger needaccording to one
embodiment of the invention.  Specifically, theanexchanger (B), the anion
exchanger (A), the cation exchanger, the purifiadiew the ultrapure water, the carbon
dioxide, the dioxide aqueous solution, the mixed that includes the anion exchanger
(B) and the cation exchanger, and the mixed bedrbkides the anion exchanger (A)
and the cation exchanger that are used (obtainemrinection with the method for
purifying a hydrogen peroxide solution accordingfte first embodiment of the
invention are respectively the same as the anichanger (B), the anion exchanger (A),
the cation exchanger, the purified water, the plira water, the carbon dioxide, the
dioxide aqueous solution, the mixed bed that inefuithe anion exchanger (B) and the
cation exchanger, and the mixed bed that includeshion exchanger (A) and the
cation exchanger that are used (obtained) in cdiumewith the method for producing
an anion exchanger-cation exchanger mixed bed diogpto one embodiment of the
invention.

[0069]

When implementing the method for purifying a hygkeo peroxide solution
according to the first embodiment of the inventithre anion exchanger conversion step
(2) is performed. The anion exchanger conversiep &) brings the carbon dioxide
aqueous solution into contact with the mixed bed ih packed in an ion exchange
column and includes the anion exchanger (B) anddkien exchanger to convert the
anion exchanger (B) included in the mixed bed pddkehe ion exchange column into
the anion exchanger (A).

[0070]

When implementing the method for purifying a hygkeo peroxide solution
according to the first embodiment of the inventitire hydrogen peroxide solution
purification step is performed after the anion exaler conversion step (2). The

hydrogen peroxide solution purification step sugplihe crude hydrogen peroxide
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solution to the ion exchange column that is packitd the mixed bed that includes the
anion exchanger (A) and the cation exchanger ddhkacrude hydrogen peroxide
solution is brought into contact with the mixed liedt includes the anion exchanger
(A) and the cation exchanger to obtain a purifigdrbgen peroxide solution.

[0071]

In the hydrogen peroxide solution purificationpstéhe crude hydrogen peroxide
solution is preferably brought into contact witle tmixed bed that includes the anion
exchanger (A) and the cation exchanger at -10 16 ,28nd particularly preferably -5 to
10°C. In the hydrogen peroxide solution purificati&iap, the crude hydrogen
peroxide solution is preferably supplied to the @change column at a space velocity
(SV) of 1 to 30 H, and particularly preferably 1 to 15-h
[0072]

The method for purifying a hydrogen peroxide solutaccording to the first
embodiment of the invention thus purifies the crbgidrogen peroxide solution.

[0073]

When most of the bicarbonate ions (counter aniomté)ded in the anion
exchanger (A) have been exchanged with impuritgraincluded in the crude
hydrogen peroxide solution as a result of contimslypperforming the hydrogen
peroxide solution purification step included in thethod for purifying a hydrogen
peroxide solution according to the first embodimafthe invention, the anion
exchanger conversion step (2) may be performedhdgaionvert the anion exchanger
(anion exchanger (B)) included in the mixed bed haacked in the ion exchange
column and includes the anion exchanger and thencakchanger into the anion
exchanger (A), and the hydrogen peroxide solutimifipation step may then be
performed. Specifically, when implementing the ek for purifying a hydrogen
peroxide solution according to the first embodimafthe invention, the anion

exchanger conversion step (2) and the hydrogerxjergolution purification step may
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be repeated alternately.
[0074]

The anion exchanger conversion step (2) includdede method for purifying a
hydrogen peroxide solution according to the firebediment of the invention is
preferably performed so that the ratio of the ergeacapacity of the bicarbonate form
to the total exchange capacity of the bicarbonatte fand the carbonate form included
in the anion exchanger (A) is 70 eq% or more, npoederably 75 eq% or more, and
particularly preferably 80 eq% or more. When innpéaiting the anion exchanger
conversion step (2) included in the method forfgurg a hydrogen peroxide solution
according to the first embodiment of the inventitig carbon dioxide aqueous solution
obtained by dissolving carbon dioxide in purifiedter or ultrapure water is preferably
brought into contact with the mixed bed that inelsidhe anion exchanger (B) and the
cation exchanger until the ratio of the total exaf@capacity of the bicarbonate form
and the carbonate form to the total exchange cpaicihe anion exchanger (A)
reaches 50 eq% or more, preferably 60 eq% or muwes preferably 70 eq% or more,
still more preferably 80 eq% or more, still moreferably 95 eq% or more, still more
preferably 99 eq% or more, and still more preferdl@lo eq%.

[0075]

When implementing the anion exchanger converdiem @) included in the
method for purifying a hydrogen peroxide soluti@e@ding to the first embodiment of
the invention, a conductivity meter may be provitiethe inlet and the outlet of the ion
exchange column, and the carbon dioxide agueousi@oimay be supplied to the ion
exchange column until the electrical conductivityhe carbon dioxide aqueous
solution at the outlet of the ion exchange columthe electrical conductivity of the
carbon dioxide aqueous solution at the inlet ofitimeexchange column ((electrical
conductivity at outlet / electrical conductivityiatet) x 100)) reaches 90% or more

(preferably 95% or more).
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[0076]

It is possible to determine the timing at which thtio of the total exchange
capacity of the bicarbonate form and the carbofwaite to the total exchange capacity
of the anion-exchange groups included in the aaiathanger reaches 80 eq% or more
(preferably 95 eq% or more) by measuring the atedtconductivity of the carbon
dioxide aqueous solution before being brought aaietact with the anion exchanger
and the electrical conductivity of the carbon diexaqueous solution that has been
brought into contact with the anion exchanger,daling the ratio of the electrical
conductivity of the carbon dioxide aqueous solutiwat has been brought into contact
with the anion exchanger to the electrical conditgtiof the carbon dioxide aqueous
solution before being brought into contact with #meon exchanger, and supplying the
carbon dioxide aqueous solution until the ratithef electrical conductivity of the
carbon dioxide aqueous solution that has been btootp contact with the anion
exchanger to the electrical conductivity of theboar dioxide agueous solution before
being brought into contact with the anion exchamgaches 90% or more (preferably
95% or more). Itis also possible to adjust th®raf the total exchange capacity of
the bicarbonate form and the carbonate form tddteé exchange capacity of the
anion-exchange groups included in the anion exatraiog80 eq% or more (preferably
95 eq% or more) while supplying a moderate amoftititeocarbon dioxide aqueous
solution (i.e., it is possible to prevent a sitaatin which the carbon dioxide aqueous
solution is wasted).

[0077]

An anion exchanger according to one embodimetttefnvention is an anion
exchanger that includes a bicarbonate form (-BE)C@ an anion exchanger that
includes a bicarbonate form (-H@and a carbonate form (-GO Specifically, the
anion exchanger according to one embodiment ofhtrention is the same as the anion

exchanger (A) that is used in connection with thiemexchanger-cation exchanger
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mixture according to one embodiment of the invanaad the anion exchanger-cation
exchanger mixed bed according to one embodimethisonvention. Therefore, the
anion exchanger according to one embodiment ohtrention may be hereinafter
referred to as “anion exchanger (A)”.

[0078]

The anion exchanger according to one embodimetieoihvention (anion
exchanger (A)) is an anion exchanger that incladegarbonate form (-HC{D or an
anion exchanger that includes a bicarbonate foHE ;) and a carbonate form (-GO
(i.e., an anion exchanger that includes an aniamaxge group of which the counter
anion is a bicarbonate ion (-HG@@n), or an anion exchanger that includes an
anion-exchange group of which the counter aniabgarbonate ion (-HC on), and
an anion-exchange group of which the counter aisi@ncarbonate ion (-GQon)).

The anion exchanger (A) is an anion exchangertichtdes a resin as a base, and
includes an anion-exchange group that is introdutidthe resin.  The anion
exchanger (A) is a styrene-based gel-type or MR-fuion-exchange resin or organic
porous anion exchanger. With regard to the exmpmessbicarbonate form (R-HCY
and “carbonate form (R-C{) used herein, the carbonate form is presenterfdhm of
R-HCO;y, and the bicarbonate form is present in the foffR-€0s> under actual usage
conditions.

[0079]

The ratio of the exchange capacity of the bicadt®form to the total exchange
capacity of the bicarbonate form and the carbofoate included in the anion
exchanger according to one embodiment of the immerfanion exchanger (A)) is
preferably 70 eq% or more, more preferably 75 eq¥hare, and particularly
preferably 80 eq% or more. When the ratio of tkéhange capacity of the
bicarbonate form to the total exchange capacitheticarbonate form and the

carbonate form is within the above range, it issfme to obtain a high capability to
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purify a hydrogen peroxide solution, water, an agisesolution, or an organic solvent
that is purified using an anion exchanger.
[0080]

The anion exchanger according to one embodimetieoihvention (anion
exchanger (A)) may further have an ionic form otttian the bicarbonate form and the
carbonate form as long as purification is not aselgraffected. It is preferable that
the ratio of the total exchange capacity of theatbhonate form and the carbonate form
to the total exchange capacity of the anion excbahg 50 eq% or more, more
preferably 60 eq% or more, still more preferablyef®6 or more, still more preferably
80 eg% or more, still more preferably 95 eq% oremetill more preferably 99 eq% or
more, and still more preferably 100 eq%. Wherr#ti® of the total exchange
capacity of the bicarbonate form and the carbofwaite to the total exchange capacity
of the anion exchanger is within the above rarge,possible to obtain a high
capability to purify a hydrogen peroxide soluti@rater, an aqueous solution, or an
organic solvent that is purified using an anionraxger.

[0081]

When the anion exchanger according to one embadiofehe invention (anion
exchanger (A)) further has an ionic form other thi@bicarbonate form and the
carbonate form, the ionic form other than the oaate form and the carbonate form
may be a Cl form, an OH form, or the like. Notattthe decomposition reaction of
hydrogen peroxide may easily proceed when purifgitnydrogen peroxide solution if
the content of OH form in the anion exchanger @poo high. Therefore, when the
anion exchanger (A) is used to purify hydrogen pigl®, the ratio of the exchange
capacity of the OH form to the total exchange capad the anion exchanger (A) is
preferably 1 eq% or less, more preferably 0.1 eq¥ss, and particularly preferably 0
eq%.

[0082]
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A styrene-divinylbenzene copolymer is preferatsehe resin (into which the
anion-exchange group is introduced) included inathien exchanger according to one
embodiment of the invention (anion exchanger (A)).

[0083]

Examples of the anion exchanger according to am@diment of the invention
(anion exchanger (A)) include a strongly basic tkpaion exchanger that includes a
quaternary ammonium group as a functional grougreih only an alkyl group is
bonded to the nitrogen atom of the ammonium graugirongly basic type Il anion
exchanger that includes a quaternary ammonium gaswpfunctional group, wherein
an alkyl group and an alkanol group are bondetiéattrogen atom of the ammonium
group; and a weakly basic anion exchanger thatided a primary to tertiary amino
group as a functional group. Among these, thengtyobasic type | anion exchanger is
preferable.

[0084]

When the anion exchanger according to one embadiofehe invention (anion
exchanger (A)) is a particulate anion-exchangenrébe average particle size of the
anion-exchange resin is preferably 0.2 to 1.0 nmd,@articularly preferably 0.4 to 0.8
mm. When the anion exchanger according to one dimtamt of the invention (anion
exchanger (A)) is an organic porous anion exchartlgerorganic porous anion
exchanger has a structure in which a number ofli&elimacropores overlap each other,
and communicating holes formed by the macroporasaverlap each other are formed
in the skeleton formed of a resin (i.e., continumaropore structure).

[0085]

A method for producing an anion exchanger accgrthrone embodiment of the
invention includes an anion exchanger conversiep ) that brings a carbon dioxide
aqueous solution obtained by dissolving carbonidmin purified water or ultrapure

water into contact with an anion exchanger (B)dowert the anion exchanger (B) into
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an anion exchanger (A) that includes the bicartfain, or includes the bicarbonate
form and the carbonate form.
[0086]

The anion exchanger conversion step (3) includdede method for producing
an anion exchanger according to one embodimeihteoiht/ention brings the carbon
dioxide aqueous solution into contact with the aregchanger (B) to convert the anion
exchanger (B) into the anion exchanger (A) thaluides the bicarbonate form, or
includes the bicarbonate form and the carbonata.for
[0087]

The anion exchanger (B) used in connection wighathion exchanger
conversion step (3) is an anion exchanger thainserted into the anion exchanger (A)
that includes the bicarbonate form, or includeshiicarbonate form and the carbonate
form. When a crude hydrogen peroxide solutioruisfigd using an OH-form anion
exchanger (i.e., an anion exchanger in which thmtar anion of the anion-exchange
group is an OH ion) (i.e., strongly basic anionrextger), hydrogen peroxide is
decomposed when hydrogen peroxide is brought imtact with the OH-form anion
exchanger. When a crude hydrogen peroxide soligiparified using a Cl-form
anion exchanger (i.e., an anion exchanger in winetcounter anion of the
anion-exchange group is a Cl ion), the Cl ions ftaw into the treatment solution due
to an ion-exchange reaction with the target iores, (it is impossible to effect
purification). Therefore, the method for producarganion exchanger according to
one embodiment of the invention converts the aedxahanger into the anion exchanger
(A) that includes the bicarbonate form, or incluttes bicarbonate form and the
carbonate form.

[0088]
The anion exchanger conversion step (3) bringsdhigon dioxide aqueous

solution into contact with an OH-form anion exchan@ Cl-form anion exchanger, or
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the like (preferably an OH-form anion exchangesg.(ian anion exchanger (anion
exchanger (B)) that is converted into the aniorharger (A) that includes the
bicarbonate form, or includes the bicarbonate fand the carbonate form) to convert
the anion exchanger (B) into the anion exchanggti{at includes the bicarbonate form,
or includes the bicarbonate form and the carboiwate. When the treatment target
water (i.e., a hydrogen peroxide solution, wategroaqueous solution that is purified
using a mixed bed that includes an anion exchaaggia cation exchanger) is
continuously purified using the anion exchangertf#st includes the bicarbonate form,
or includes the bicarbonate form and the carboieauie, the bicarbonate ions included
in the anion exchanger (A) are exchanged with intypanions included in the
treatment target water. Therefore, when the treatrarget water has been
continuously purified for a certain time, it is @ssary to regenerate the anion
exchanger that has been subjected to the ion-egeh@action with impurity anions
into the anion exchanger (A) that includes the fficaate form, or includes the
bicarbonate form and the carbonate form. The aexmhanger (B) (that is converted
into the anion exchanger (A) that includes a bicadte form, or includes a bicarbonate
form and a carbonate form) that is subjected tathien exchanger conversion step (3)
that is performed to obtain the anion exchangettlfa) includes the bicarbonate form,
or includes the bicarbonate form and the carboiwate, includes the anion exchanger
that is converted into the anion exchanger (A), dwedanion exchanger that has been
subjected to the ion-exchange reaction with imguatitions included in the treatment
target water during the purification of the treattnarget water (e.g., hydrogen
peroxide solution), and is subjected again to tlieraexchanger conversion step (3).
[0089]

The anion exchanger (A) obtained by the anion axghr conversion step (3) is
an anion exchanger that includes a bicarbonate fdi@0Os), or an anion exchanger

that includes a bicarbonate form (-Hg@nd a carbonate form (-GO The ratio of
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the total exchange capacity of the bicarbonate famohthe carbonate form to the total
exchange capacity of the anion exchanger (A) igpadicularly limited, but is
preferably 50 eq% or more, more preferably 60 eq¥hare, still more preferably 70
eq% or more, still more preferably 80 eq% or metidl, more preferably 95 eq% or
more, still more preferably 99 eq% or more, anllirstore preferably 100 eq%. The
ratio of the exchange capacity of the bicarbonatten fto the total exchange capacity of
the bicarbonate form and the carbonate form isepabty 70 eq% or more, more
preferably 75 eq% or more, and particularly prdigr&0 eq% or more.

[0090]

The anion exchanger (B) that is subjected to thenaexchanger conversion
step (3) is an anion exchanger that includes a eesa base, and includes an
anion-exchange group that is introduced into tsenre The anion exchanger (B) is a
styrene-based gel-type or MR-type anion-exchangje i@ organic porous anion
exchanger. A styrene-divinylbenzene copolymerédgrable as the resin (into which
the anion-exchange group is introduced) includethénanion exchanger (B).

[0091]

Examples of the anion exchanger (B) that is suégeto the anion exchanger
conversion step (3) include a strongly basic typaibn exchanger that includes a
quaternary ammonium group as a functional grougreih only an alkyl group is
bonded to the nitrogen atom of the ammonium graugirongly basic type Il anion
exchanger that includes a quaternary ammonium gaswpfunctional group, wherein
an alkyl group and an alkanol group are bondetiémitrogen atom of the ammonium
group; and a weakly basic anion exchanger thatided a primary to tertiary amino
group as a functional group. Among these, thengtyobasic type | anion exchanger is
preferable. An OH-form anion exchanger is preflras the anion exchanger (B) that
Is subjected to the anion exchanger conversion(8)ep

[0092]
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When the anion exchanger (B) that is subjecteada@a@nion exchanger
conversion step (3) is a particulate anion-exchaagim, the average particle size of the
anion-exchange resin is preferably 0.2 to 1.0 nmd,@articularly preferably 0.4 to 0.8
mm. When the anion-exchange resin (anion exchaBethat is subjected to the
anion exchanger conversion step (3) is an orgammioys anion exchanger, the organic
porous anion exchanger has a structure in whiamaber of cell-like macropores
overlap each other, and communicating holes forbyetthe macropores that overlap
each other are formed in the skeleton formed ekanr(i.e., continuous macropore
structure).

[0093]

The carbon dioxide agueous solution that is usednnection with the anion
exchanger conversion step (3) is obtained by digsplcarbon dioxide in purified water
or ultrapure water. The purified water or theajture water is obtained by treating
raw water using a water purifier or an ultrapurd¢enaystem that removes ions and a
non-ionic substance from raw water. It is prefeab use purified water having a
resistivity of 1.0 M2-cm or more, more preferably ultrapure water ha@amgsistivity
of 10 MQ-cm or more, and particularly preferably ultrapweger having a resistivity of
18 MQ-cm or more.

[0094]

The carbon dioxide concentration in the carboxidi® aqueous solution that is
used in connection with the anion exchanger comverstep (3) is not particularly
limited (as long as carbon dioxide is dissolveg@umified water or ultrapure water), but
is preferably 1 to 2,000 mg/L, and particularlyferably 20 to 2,000 mg/L. Itis
possible to reduce the treatment time and the abhafwmater used by increasing the
carbon dioxide concentration in the carbon dioxidaeous solution.

[0095]

The carbon dioxide aqueous solution may be prep@ee, carbon dioxide may

47



10

15

20

25

be dissolved in purified water or ultrapure wateing an arbitrary method. For
example, the carbon dioxide aqueous solution mgyéeared using a method for
producing functional water that is used for washeregtronic parts. For example, the
carbon dioxide aqueous solution may be preparedywasimethod that dissolves carbon
dioxide using a hollow fiber membrane, a method kthéobles carbon dioxide directly
into a pipe, a method that injects carbon dioxadel dissolves the carbon dioxide using
a dispersion means such as a static mixer, a métlabgupplies carbon dioxide to a gas
dissolution tank on the upstream side of a pumpsiaplies ultrapure water, and
dissolves the carbon dioxide by stirring inside penp, or the like. It is preferable to
dissolve carbon dioxide using a hollow fiber mennieran order to efficiently dissolve
carbon dioxide up to the saturation concentratioWhen using a gas cylinder in order
to supply carbon dioxide, it is preferable to pdeva particulate removal filter that
removes microparticles having a particle size bfin or less in a gas supply pipe. It
is particularly preferable to provide a particuledenoval filter that removes
microparticles having a particle size of Qu# or less.

[0096]

When preparing the carbon dioxide aqueous soluti@supply amount of
carbon dioxide that is dissolved in purified wateultrapure water is controlled using a
gas mass flow controller. The carbon dioxide catre¢ion is continuously monitored
using a conductivity meter.

[0097]

In the anion exchanger conversion step (3), thieoradioxide aqueous solution
may be brought into contact with the anion excha(@®using an arbitrary method.

For example, the carbon dioxide aqueous solution lmeabrought into contact with the
anion exchanger (B) using a method that adds tloae @&xchanger (B) to the carbon
dioxide aqueous solution, and stirs the mixtuneeshod that puts the anion exchanger

(B) in a contact container provided with a carb@xile agueous solution supply pipe
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and a carbon dioxide aqueous solution discharge pipd discharges water from the
container while supplying the carbon dioxide aqsesniution to the container, a
method that packs an ion exchange column with tienaexchanger (B), and supplies
the carbon dioxide aqueous solution to the ion argk column. The temperature at
which the carbon dioxide aqueous solution is brougb contact with the anion
exchanger (B) in the anion exchanger conversign (gis preferably set to be as low
as possible in order to increase the solubilitgarbon dioxide, but is preferably 5 to
40°C, and particular preferably 10 to°80) from the viewpoint of energy consumption.
When the carbon dioxide aqueous solution is pagsedgh an ion exchange column
that is packed with the anion exchanger (B) inahen exchanger conversion step (3),
the carbon dioxide aqueous solution may be supphi¢le ion exchange column by a
single-pass operation. Note that a recycle tawkaarecycle pump may be provided in
the subsequent stage of the ion exchange colurdrtharused water may be recycled as
raw water for preparing the carbon dioxide aquesmlistion in order to reduce the
amount of purified water or ultrapure water to Isedt When recycling water, the
amount of carbon dioxide to be supplied can beaediby feeding back the value
measured by a conductivity meter, and controllmamount of carbon dioxide to be
supplied.

[0098]

In the anion exchanger conversion step (3), sanadl of the counter anions
included in the anion exchanger (B) are conveméa a bicarbonate ion (-HGPDor a
carbonate ion (-C¢) to obtain the anion exchanger (A) that includeshicarbonate
form, or includes the bicarbonate form and the @aale form.

[0099]

The anion exchanger (A) that is obtained by theraexchanger conversion step

(3) is an anion exchanger that includes a bicargoimam (-HCQ), or an anion

exchanger that includes a bicarbonate form (-B)&0d a carbonate form (-Gi.e.,
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an anion exchanger that includes an anion-exchgragg of which the counter anion is
a bicarbonate ion (-HC{on), or an anion exchanger that includes an asiamange
group of which the counter anion is a bicarbonate(tHCG; ion), and an
anion-exchange group of which the counter aniandarbonate ion (-C{on)). With
regard to the expressions “bicarbonate form (R-B)Cénd “carbonate form (R-C£y
used herein, the carbonate form is present indire 6f R-HCQ', and the bicarbonate
form is present in the form of R-GOunder actual usage conditions.

[0100]

The ratio of the total exchange capacity of tleathonate form and the
carbonate form to the total exchange capacity @fifion-exchange groups included in
the anion exchanger (A) (that is obtained by theragxchanger conversion step (3)) is
not particularly limited, but is preferably 50 eg®¥more, more preferably 60 eq% or
more, still more preferably 70 eq% or more, stitirmpreferably 80 eq% or more, still
more preferably 95 eq% or more, still more prefgr&9 eq% or more, and still more
preferably 100 eq%. Specifically, when implemegtihe anion exchanger conversion
step (3), the carbon dioxide agueous solution nbthby dissolving carbon dioxide in
purified water or ultrapure water is preferablydmght into contact with the anion
exchanger (B) until the ratio of the total exchangpacity of the bicarbonate form and
the carbonate form to the total exchange capatitiyeoanion-exchange groups
included in the anion exchanger (A) reaches 50 egftore, preferably 60 eq% or
more, more preferably 70 eq% or more, still moefgnably 80 eq% or more, still more
preferably 95 eq% or more, still more preferablye@96 or more, and still more
preferably 100 eq%.

[0101]

The ratio of the exchange capacity of the bicaat®form to the total exchange

capacity of the bicarbonate form and the carbofoate included in the anion

exchanger (A) that is obtained by the anion excbhangnversion step (3) is preferably
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70 eq% or more, more preferably 75 eq% or more panticularly preferably 80 eq%
or more. Since the selectivity coefficient of thiearbonate form is smaller than that
of the carbonate form, the bicarbonate form isatiffe for improving the treatment
performance with respect to an anion having lowdelity, and a low-concentration
ion exchange load. The capability to purify a logmn peroxide solution and the like
increases as the ratio of the bicarbonate forrheranion exchanger increases.
Specifically, the capability to purify a hydrogearpxide solution and the like increases
when the ratio of the exchange capacity of therbmaate form to the total exchange
capacity of the bicarbonate form and the carbofoate included in the anion
exchanger (A) is within the above range.
[0102]

In the anion exchanger conversion step (3), th@naexchanger (B) may be put
in a container that is provided with a carbon diexaqueous solution supply pipe and a
carbon dioxide aqueous solution discharge pipetlaadarbon dioxide aqueous
solution may be continuously brought into contatthwhe anion exchanger (B) while
supplying the carbon dioxide aqueous solution éoctbntainer, and discharging water
from the container, or packing an ion exchangeroolwith the anion exchanger (B),
and discharging water from the ion exchange colwiite supplying the carbon
dioxide aqueous solution to the ion exchange coldomexample. In this case, the
electrical conductivity of the carbon dioxide aquesolution is measured before and
after the carbon dioxide aqueous solution is brough contact with the anion
exchanger (B), and the carbon dioxide aqueousisnlig brought into contact with the
anion exchanger (B) until the ratio of the eleeticonductivity of the carbon dioxide
aqueous solution that has been brought into contéictthe anion exchanger (B) to the
electrical conductivity of the carbon dioxide aqueaolution before being brought into
contact with the anion exchanger (B) ((electricalauctivity after contact / electrical

conductivity before contact) x 100)) reaches 90%nore (preferably 95% or more).
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It is possible to easily determine the timing ofngdetion of the anion exchanger
conversion step (3) by bringing the carbon dioxadeeous solution into contact with
the anion exchanger (B) while calculating a changée ratio of the electrical
conductivity of the carbon dioxide aqueous soluttwett has been brought into contact
with the anion exchanger (B) to the electrical agivity of the carbon dioxide
aqueous solution before being brought into contattt the anion exchanger (B). In
the anion exchanger conversion step (3), the mgjoficarbon dioxide (bicarbonate
ions or carbonate ions produced due to the dissalof carbon dioxide in water)
included in the carbon dioxide agueous soluticzoissumed due to the ion-exchange
reaction of the anion-exchange resin (anion exabdr{@) with the bicarbonate form or
the carbonate form for a while after starting tmiprthe carbon dioxide aqueous
solution into contact with the anion exchanger @jd the bicarbonate ion
concentration or the carbonate ion concentratigdhencarbon dioxide aqueous solution
decreases to a large extent. Therefore, the igl@atonductivity of the carbon dioxide
aqueous solution that has been brought into comtiictthe anion exchanger (B) is very
low for a while after starting to bring the carbdinxide aqueous solution into contact
with the anion exchanger (B). The amount of cantioride consumed for the
ion-exchange reaction with the bicarbonate forrthercarbonate form gradually
decreases as the ion-exchange reaction of the-arirange resin (anion exchanger)
into the bicarbonate form or the carbonate fornteeals, and the amount of
anion-exchange groups that have undergone thexicimaage reaction increases.
Therefore, the electrical conductivity of the carleboxide aqueous solution that has
been brought into contact with the anion exchafBggradually increases since the
bicarbonate ion concentration or the carbonatedntentration in the carbon dioxide
aqueous solution that has been brought into contitictthe anion exchanger (B)
gradually increases. It is determined that theonitgj of the anion-exchange groups

included in the anion exchanger (B) have been atedénto the bicarbonate form or
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the carbonate form (i.e., the anion exchanger @s)lteen obtained) when the ratio of
the electrical conductivity of the carbon dioxidguaous solution that has been brought
into contact with the anion exchanger (B) to thectlcal conductivity of the carbon
dioxide aqueous solution before being brought aaietact with the anion exchanger
(B) ((electrical conductivity after contact / elecal conductivity before contact) x

100)) has reached the above range. Note thatehtieal conductivity when the
carbon dioxide aqueous solution has been brougihtontact with the anion exchanger
(B) for a certain time, and the electrical conduitgihas become almost constant, is
taken as the electrical conductivity of the cardmxide aqueous solution before being
brought into contact with the anion exchanger (Bhie anion-exchange resin
conversion step (anion exchanger conversion s8p) (

[0103]

When continuously bringing the carbon dioxide agugesolution into contact
with the anion exchanger (B) to convert the anixchanger (B) into the anion
exchanger (A), the conversion performance increaseése number of anion-exchange
groups that are converted into the bicarbonate farthe carbonate form increases
based on the total number of anion-exchange grimghsded in the anion exchanger in
the same manner as in the anion exchanger conuestap (1) and the anion exchanger
conversion step (2). Therefore, when convertirgathion exchanger (B) into the
anion exchanger (A), it is preferable to bring tlagbon dioxide aqueous solution into
contact with the anion exchanger (B) until theaati the total exchange capacity of the
bicarbonate form and the carbonate form to the &tehange capacity of the
anion-exchange groups included in the anion exdararegches 80 eq% or more
(particularly preferably 95 eq% or more).

[0104]
The exchange capacity of the anion-exchange grogpgied in the anion

exchanger (before bringing the carbon dioxide agsieolution into contact with the
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anion exchanger) that do not have the bicarbomate 6r the carbonate form can be
calculated by analyzing the anion exchanger bdfarging the carbon dioxide aqueous
solution into contact with the anion exchanger. th# entirety of the supplied carbon
dioxide is used for the ion-exchange reactiors gassible to obtain an anion exchanger
in which the ratio of the total exchange capacftthe bicarbonate form and the
carbonate form to the total exchange capacity @fifion-exchange groups included in
the anion exchanger is 100 eq% by supplying thieoradioxide aqueous solution to the
anion exchanger until the amount (equivalentsfliera exchanger) calculated by
“carbon dioxide concentration (equivalents/l) imbzan dioxide aqueous solution x
space velocity (SV) (I/l-anion exchanger) x passingg (h))” (expression (1)) reaches
the exchange capacity (equivalents/I-anion exchargehe anion-exchange groups
included in the anion exchanger that do not hagétbarbonate form or the carbonate
form. However, the entirety of the supplied carblaoxide is not necessarily used for
the ion-exchange reaction, and part of the carliaxidk is necessarily discharged
without being used for the ion-exchange reactiogesthe supplied carbon dioxide is
not sufficiently dissolved (i.e., a given concetibm is not reached), or leakage of part
of the carbon dioxide aqueous solution occurs duke ion exchange equilibrium, for
example. Therefore, it is necessary to set thplgwgmount of the carbon dioxide
aqueous solution to be in excess with respectastipply amount of the carbon dioxide
aqueous solution when the value calculated byxpeession (1) reaches the exchange
capacity of the anion-exchange groups that do ae¢ lthe bicarbonate form or the
carbonate form so that the ratio of the total erngeacapacity of the bicarbonate form
and the carbonate form to the total exchange chpaicihe anion-exchange groups
included in the anion exchanger is 80 eq% or moref¢rably 95 eq% or more).
[0105]

However, since it is impossible to remove the ar@rchanger and analyze the

amount of bicarbonate form and carbonate form duitie anion exchanger conversion
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step (3), it is difficult to determine the amouffitlee carbon dioxide aqueous solution
required to adjust the ratio of the total exchacgeacity of the bicarbonate form and
the carbonate form to the total exchange capatitiyeoanion-exchange groups
included in the anion exchanger to 80 eq% or mopref¢rably 95 eq% or more) when
the supply amount of the carbon dioxide aqueougisol is merely controlled.
Specifically, it is necessary to supply the carbdaxide aqueous solution in large
excess so that the anion-exchange groups arelyetiabverted, and the carbon dioxide
agueous solution is wasted.

[0106]

It is possible to determine the timing at which thtio of the total exchange
capacity of the bicarbonate form and the carbofuate to the total exchange capacity
of the anion-exchange groups included in the aaiathanger reaches 80 eq% or more
(preferably 95 eq% or more) by measuring the atedtconductivity of the carbon
dioxide aqueous solution before being brought aaietact with the anion exchanger
and the electrical conductivity of the carbon diexaqueous solution that has been
brought into contact with the anion exchanger,daling the ratio of the electrical
conductivity of the carbon dioxide aqueous soluttwet has been brought into contact
with the anion exchanger to the electrical conditgtiof the carbon dioxide aqueous
solution before being brought into contact with #méon exchanger, and supplying the
carbon dioxide aqueous solution until the ratithef electrical conductivity of the
carbon dioxide aqueous solution that has been btootp contact with the anion
exchanger to the electrical conductivity of theboar dioxide agueous solution before
being brought into contact with the anion exchanmgaches 90% or more (preferably
95% or more). Itis also possible to adjust th®raf the total exchange capacity of
the bicarbonate form and the carbonate form tddte¢ exchange capacity of the
anion-exchange groups included in the anion exatraiog80 eq% or more (preferably

95 eq% or more) while supplying a moderate amoftititedcarbon dioxide aqueous
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solution (i.e., it is possible to prevent a sitaatin which the carbon dioxide aqueous
solution is wasted).
[0107]

A method for purifying a hydrogen peroxide solataccording to a second
embodiment of the invention includes an anion englka conversion step (4) that
brings a carbon dioxide aqueous solution obtainedigsolving carbon dioxide in
purified water or ultrapure water into contact watt anion exchanger (B) that is packed
in an ion exchange column to convert the anion axghr (B) into an anion exchanger
(A) that includes the bicarbonate form, or incluties bicarbonate form and the
carbonate form, and a hydrogen peroxide solutiaifipation step that supplies a crude
hydrogen peroxide solution to the ion exchangeralso that the crude hydrogen
peroxide solution is brought into contact with #reon exchanger (A) to obtain a
purified hydrogen peroxide solution.

[0108]

The anion exchanger (B), the anion exchangert®)purified water, the
ultrapure water, the carbon dioxide, and the di@@adueous solution that are used
(obtained) in connection with the anion exchangewersion step (4) included in the
method for purifying a hydrogen peroxide soluti@e@ding to the second embodiment
of the invention are respectively the same as tieneexchanger (B), the anion
exchanger (A), the purified water, the ultrapurdesghe carbon dioxide, and the
dioxide aqueous solution that are used (obtaimedpnnection with the anion
exchanger conversion step (3) included in the mietboproducing an anion exchanger
according to one embodiment of the invention.

[0109]

When implementing the method for purifying a hygin peroxide solution

according to the second embodiment of the inventlmanion exchanger conversion

step (4) is performed. The anion exchanger corestep (4) brings the carbon
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dioxide aqueous solution into contact with the areachanger (B) that is packed in an
ion exchange column to convert the anion excha®)gpacked in the ion exchange
column into the anion exchanger (A). In the are@nhanger conversion step (4), the
anion exchanger (B) is packed in the ion exchaogen, and the carbon dioxide
aqueous solution is supplied to the ion exchangigmo packed with the anion
exchanger (B) to bring the carbon dioxide aqueoligisn into contact with the anion
exchanger (B).

[0110]

When implementing the method for purifying a hygkeno peroxide solution
according to the second embodiment of the inventloahydrogen peroxide solution
purification step is performed after the anion exaler conversion step (4). The
hydrogen peroxide solution purification step sugplihe crude hydrogen peroxide
solution to the ion exchange column that is packigd the anion exchanger (A) so that
the crude hydrogen peroxide solution is brought adntact with the anion exchanger
(A) to obtain a purified hydrogen peroxide solution
[0111]

In the hydrogen peroxide solution purificationpstéhe crude hydrogen peroxide
solution is preferably brought into contact witle tinion exchanger (A) at -10 to°25
and particularly preferably -5 to 4D. In the hydrogen peroxide solution purification
step, the crude hydrogen peroxide solution is pablg supplied to the ion exchange
column at a space velocity (SV) of 1 to 3§ bnd particularly preferably 1 to 15h
[0112]

The method for purifying a hydrogen peroxide solutaccording to the second
embodiment of the invention thus purifies the crbgidrogen peroxide solution.

[0113]
When most of the bicarbonate ions (counter aniomté)ded in the anion

exchanger (A) have been exchanged with impuritgraincluded in the crude

57



10

15

20

25

hydrogen peroxide solution as a result of contislyoperforming the hydrogen
peroxide solution purification step included in thethod for purifying a hydrogen
peroxide solution according to the second embodirogtihe invention, the anion
exchanger conversion step (4) may be performedhdgaionvert the anion exchanger
(anion exchanger (B)) that is packed in the iorhexge column into the anion
exchanger (A), and the hydrogen peroxide solutimifipation step may then be
performed. Specifically, when implementing the hoek for purifying a hydrogen
peroxide solution according to the second embodiroktihe invention, the anion
exchanger conversion step (4) and the hydrogerxjgiergolution purification step may
be repeated alternately.

[0114]

The anion exchanger conversion step (4) includdede method for purifying a
hydrogen peroxide solution according to the sea@nbodiment of the invention is
preferably performed so that the ratio of the ergeacapacity of the bicarbonate form
to the total exchange capacity of the bicarbonate fand the carbonate form included
in the anion exchanger (A) is 70 eq% or more, npoederably 75 eq% or more, and
particularly preferably 80 eq% or more. When innpéaiting the anion exchanger
conversion step (4) included in the method forfyurg a hydrogen peroxide solution
according to the second embodiment of the inventlmcarbon dioxide aqueous
solution obtained by dissolving carbon dioxide umified water or ultrapure water is
preferably brought into contact with the anion exter (B) until the ratio of the total
exchange capacity of the bicarbonate form and dneonate form to the total exchange
capacity of the anion exchanger (A) reaches 50 eqftore, preferably 60 eq% or
more, more preferably 70 eq% or more, still moefgnably 80 eq% or more, still more
preferably 95 eq% or more, still more preferablye®®6 or more, and still more
preferably 100 eq%.

[0115]
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When implementing the anion exchanger converdiem @) included in the
method for purifying a hydrogen peroxide soluti@e@ding to the second embodiment
of the invention, an electrical conductivity meteay be provided to the inlet and the
outlet of the ion exchange column, and the carboxide aqueous solution may be
supplied to the ion exchange column until the eleaitconductivity of the carbon
dioxide aqueous solution at the outlet of the imchange column to the electrical
conductivity of the carbon dioxide aqueous soluaaibithe inlet of the ion exchange
column ((electrical conductivity at outlet / elecal conductivity at inlet) x 100))
reaches 90% or more (preferably 95% or more).

[0116]

It is possible to determine the timing at which thtio of the total exchange
capacity of the bicarbonate form and the carbofwaite to the total exchange capacity
of the anion-exchange groups included in the asiamanger reaches 80 eq% or more
(preferably 95 eq% or more) by measuring the atedtconductivity of the carbon
dioxide aqueous solution before being brought aaotact with the anion exchanger
and the electrical conductivity of the carbon diexaqueous solution that has been
brought into contact with the anion exchanger,daling the ratio of the electrical
conductivity of the carbon dioxide aqueous solutiwat has been brought into contact
with the anion exchanger to the electrical conditgtiof the carbon dioxide aqueous
solution before being brought into contact with #meon exchanger, and supplying the
carbon dioxide aqueous solution until the ratithef electrical conductivity of the
carbon dioxide aqueous solution that has been btootp contact with the anion
exchanger to the electrical conductivity of theboar dioxide agueous solution before
being brought into contact with the anion exchamgaches 90% or more (preferably
95% or more). Itis also possible to adjust thraf the total exchange capacity of
the bicarbonate form and the carbonate form tddted exchange capacity of the

anion-exchange groups included in the anion exaraiog80 eq% or more (preferably
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95 eq% or more) while supplying a moderate amoftititeocarbon dioxide aqueous
solution (i.e., it is possible to prevent a sitaatin which the carbon dioxide aqueous
solution is wasted).

[0117]

In the anion exchanger conversion step, the cadimade aqueous solution in
which carbon dioxide is dissolved is used to exgeahe counter anion of the anion
exchanger (B) with the bicarbonate ion. Sincectimbon dioxide aqueous solution is
weakly acidic, the carbon dioxide agueous soluiticiudes monovalent bicarbonate
ions in a high ratio. Therefore, an anion exchamgevhich the ratio of the
bicarbonate form is high (i.e., an anion exchamgevhich the ratio of the exchange
capacity of the bicarbonate form to the total exgeacapacity of the bicarbonate form
and the carbonate form included in the anion exgea(A) is 70 eq% or more,
preferably 75 eq% or more, and particularly prefer&0 eq% or more) can be
obtained by the anion exchanger conversion step.

[0118]

According to a known method, a hydrogen carboagteous solution is used to
exchange the counter anion of the anion exchang¢owever, since the hydrogen
carbonate aqueous solution is weakly alkalinehgfrogen carbonate aqueous solution
includes divalent carbonate ions in a high ratidherefore, the ratio of the bicarbonate
form is low when using a known method.

[0119]

Since the ion-exchange capability of the bicarb@mam is higher than that of
the carbonate form, an anion exchanger that ineltitke bicarbonate form in a high
ratio exhibits an excellent capability to purifyrgdrogen peroxide solution and the like
as compared with an anion exchanger that inclutebitarbonate form in a low ratio,
and is considered to exhibit improved treatmentgoarance with respect to an anion

with low selectivity and low-concentration ion exctye load. According to the
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embodiments of the invention, since the anion exgbaconversion step ensures that
the ratio of the exchange capacity of the bicarbof@m to the total exchange capacity
of the bicarbonate form and the carbonate formhesa@0 eq% or more, preferably 75
eq% or more, and particularly preferably 80 eq%mnore, it is possible to obtain an
anion exchanger that exhibits an excellent capgghdi purify the treatment target water
(i.e., a hydrogen peroxide solution, water, an aggesolution, or an organic solvent
that is purified using an anion exchanger, or atanéxor a mixed bed that includes an
anion exchanger and a cation exchanger), and ¢éximipproved treatment performance
with respect to an anion with low selectivity aogviconcentration ion exchange load.
[0120]

Therefore, it is possible to increase the amotitrieatment target water that can
be treated until the next anion exchanger conversiep is performed. Specifically,
when the anion exchanger conversion step and tth@fgn peroxide solution
purification step are repeated when implementirgntiethod for purifying a hydrogen
peroxide solution according to the embodimentdefitvention, the frequency of the
anion exchanger conversion step can be reducedt snubssible to efficiently purify a
hydrogen peroxide solution.

[0121]

According to the method for purifying a hydrogesrgxide solution according
to the embodiments of the invention, the anion arger (A) that is used to purify a
crude hydrogen peroxide solution is prepared ugiegcarbon dioxide agueous solution.
Since a salt such as ammonium bicarbonate is Bsbl#ed in the carbon dioxide
agueous solution, it is unnecessary to remove anumoions after converting the anion
exchanger into the bicarbonate form (differing frarknown method that uses an
ammonium bicarbonate aqueous solution). Spediidhle method for purifying a
hydrogen peroxide solution according to the embedits of the invention can

implement the hydrogen peroxide solution purificatstep immediately after the anion
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exchanger conversion step without washing the aexahanger (A). Therefore, the
method for purifying a hydrogen peroxide soluti@e@ding to the embodiments of the

invention can efficiently purify a hydrogen peroigolution.

EXAMPLES
[0122]

The invention is further described below by wagrdmples. Note that the
invention is not limited to the following examples.
[0123]
Example 1

An ion exchange column made of PFA (copolymeetffluoroethylene and
perfluoroalkyl vinyl ether) (inner diameter: 16 mheight: 30 cm) (see FIG. 1) was
provided with a PFA mesh (at the bottom), and pdaetih 50 mL of a mixed bed
including a strongly basic anion exchanger (OH foamd a strongly acidic cation
exchanger (H form) (“ESP-1" manufactured by Org@uoporation, mixed bed ratio:
1:1). Ultrapure water and carbon dioxide (con&wlusing a gas mass flow controller)
were supplied to a gas dissolution hollow fiber rbesine, and the carbon dioxide was
dissolved in the ultrapure water to obtain a candoxide aqueous solution. The
carbon dioxide aqueous solution was supplied taahexchange column, and passed
through the ESP-1 packed bed. The flow rate ingideon exchange column was set
to 1.5 L/h, and the amount of carbon dioxide swgapto the hollow fiber membrane
was adjusted so that the electrical conductivitthatinlet of the ion exchange column
was 38uS/cm. The carbon dioxide aqueous solution wasmeodsly passed through
the packed bed until the electrical conductivityre outlet of the ion exchange column
became equal to the electrical conductivity ($3cm) at the inlet of the ion exchange
column (about 90 minutes) to obtain a mixed bedduding the anion exchanger and

the cation exchanger. FIG. 2 illustrates a changdlee electrical conductivity of the
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carbon dioxide aqueous solution at the inlet ofitimeexchange column and the
electrical conductivity of the carbon dioxide aque@olution at the outlet of the ion
exchange column. Asillustrated in FIG. 2, thectleal conductivity of the carbon
dioxide aqueous solution at the inlet of the ionh@nge column changed to some
extent for a while after starting to supply thebzar dioxide aqueous solution to the ion
exchange column, but became constaniu@&m) when about 45 minutes had elapsed
after starting to supply the carbon dioxide aquesmistion.

[0124]

Ultrapure water was supplied to the ion exchargdenon for 10 minutes, and
the water discharged from the ion exchange coluas sampled. The ammonium ion
concentration in the discharged water was measaretifound to be less than 0.1 mg/L
(less than the lower detection limit).

[0125]

In order to calculate the ion conversion rate (&), the rate of conversion into
the carbonate form or the bicarbonate form) ofath@n exchanger included in the
mixed bed A including the anion exchanger and #t®n exchanger, a sodium nitrate
aqueous solution was passed through a packed mhecheatralization titration of the
obtained solution was performed using sodium hydendicator:
phenolphthalein-methyl red mixture). The resulssshown in Table 1.

[0126]

The relationship between the electrical condutgtiof the carbon dioxide
aqueous solution at the inlet of the ion excharayencn, the electrical conductivity of
the carbon dioxide aqueous solution at the ouflgteion exchange column (see FIG.
2), and the conversion rate (i.e., the rate of eogien into the bicarbonate form, or the
bicarbonate form and the carbonate form) of theraeixchange resin was determined.
When the electrical conductivity of the carbon da@<aqueous solution at the outlet of

the ion exchange column had reacheqdiS/&m, the electrical conductivity of the
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carbon dioxide aqueous solution at the inlet ofitimeexchange column was 88/cm,
the ratio of the electrical conductivity of the lsan dioxide aqueous solution at the
outlet of the ion exchange column to the electrocadductivity of the carbon dioxide
aqueous solution at the inlet of the ion excharayenen was 90%, and the conversion
rate (i.e., the rate of conversion into the bicadie form, or the bicarbonate form and
the carbonate form) of the anion-exchange resin9923%. When the electrical
conductivity of the carbon dioxide aqueous soluaaibithe outlet of the ion exchange
column had reached 365/cm, the electrical conductivity of the carbonxiile aqueous
solution at the inlet of the ion exchange columms ®8uS/cm, the ratio of the electrical
conductivity of the carbon dioxide aqueous soluabthe outlet of the ion exchange
column to the electrical conductivity of the carlmboxide aqueous solution at the inlet
of the ion exchange column was 95%, and the coiorerate (i.e., the rate of
conversion into the bicarbonate form, or the bioadie form and the carbonate form)
of the anion-exchange resin was 99.9%. Note tietonversion rate (i.e., the rate of
conversion into the bicarbonate form, or the bioadie form and the carbonate form)
of the anion-exchange resin was calculated asibdesidoelow. The carbon dioxide
load per unit time with respect to the anion-exgearesin was calculated from the
difference between the electrical conductivitytu tarbon dioxide aqueous solution at
the inlet of the ion exchange column and the dl=dtconductivity of the carbon
dioxide aqueous solution at the outlet of the imch@ange column, and integrated
corresponding to the passing time to calculate#tbon dioxide load. The total
carbon dioxide load when the electrical condugtivit the carbon dioxide aqueous
solution at the inlet of the ion exchange columd tre electrical conductivity of the
carbon dioxide aqueous solution at the outlet efitim exchange column became
identical to each other was calculated, and the@mion rate was calculated by
“(carbon dioxide load / total carbon dioxide load) 00 (%)”.

[0127]
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Comparative Example 1

An ion exchange column made of PFA (inner diamdt@mm, height: 30 cm)
was provided with a PFA mesh (at the bottom), aexked with 50 mL of a strongly
basic type | anion exchanger (“‘ESG4002” manufactimgOrgano Corporation, OH
form). Ammonium bicarbonate was dissolved in yltne water to obtain a 5%
ammonium bicarbonate aqueous solution. The ammmobioarbonate aqueous
solution was supplied to the ion exchange columafiiw rate of 0.25 L/h, and passed
through the ESG4002 layer for 3 hours to obtaiarion exchanger a.

[0128]

The ion conversion rate (%) (i.e., the rate ofvasion into the carbonate form
or the bicarbonate form) of the anion exchangeaa galculated in the same manner as
in Example 1. The results are shown in Table 1.

[0129]
Comparative Example 2

An anion exchanger b was obtained in the same emamin Comparative
Example 1, except that the concentration of the amum bicarbonate aqueous
solution was changed to 0.8%, and the ammoniunriimcate aqueous solution was
passed through the ESG4002 layer for 6 hourslatarate of 0.50 L/h.

Ultrapure water was supplied to the ion exchargenon for 5 minutes, and the
water discharged from the ion exchange column wagpted. The ammonium ion
concentration in the discharged water was measaretfound to be 770 mg/L.
Ultrapure water was supplied to the ion exchandeneo for 10 minutes, and the water
discharged from the ion exchange column was sampléte ammonium ion
concentration in the discharged water was measaretifound to be 6.6 mg/L.

The ion conversion rate (%) (i.e., the rate ofvasion into the carbonate form
or the bicarbonate form) of the anion exchangeab walculated in the same manner as

in Example 1. The results are shown in Table 1.
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[0130]

TABLE 1
Example 1 Comparanlve Example| Comparatlzve Example
R-OH form (eq%) <0.1 <0.1 <0.1
R-CQO; form (eq%) 18.0 32.2 31.8
R-HCG; form (eq%) 82.0 67.8 68.2

[0131]

Example 2

Hydrogen peroxide solution purification test

A hydrogen peroxide solution purification test vipesformed using the mixed

bed A including the anion exchanger and the catiarhanger obtained in Example 1.

A 35 wt% hydrogen peroxide solution having a metaitent of 10 ppb was used as the

purification target sample.

The hydrogen peroxdeition was passed through the

mixed bed A for 4 hours in the downward directiom a&emperature of’& and a flow

rate of 0.5 L/h. The hydrogen peroxide solutioat ffowed out from the lower part of

the packed column was collected, and the metakobmtas analyzed using an ICP-MS

method. The results are shown in Table 2.
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[0132]

TABLE 2
Concentration at outlet of ion exchange column
(ppb)
Li <0.01
Na <0.01
Mg <0.01
Al <0.01
K <0.01
Ca <0.02
Cr <0.01
Mn <0.01
Fe <0.01
Co <0.01
Ni <0.01
Cu <0.01
Zn <0.01
Cd <0.01
Pb <0.01

[0133]
Example 3

An ion exchange column made of PFA (copolymeetffluoroethylene and
perfluoroalkyl vinyl ether) (inner diameter: 16 mheight: 30 cm) (see FIG. 1) was
provided with a PFA mesh (at the bottom), and pdakigh 50 mL of a strongly basic
type | anion-exchange resin (“"ESG4002” manufactimg®rgano Corporation, OH
form). Ultrapure water and carbon dioxide (conewlusing a gas mass flow
controller) were supplied to a gas dissolutiondwlfiber membrane, and the carbon
dioxide was dissolved in the ultrapure water taaoba carbon dioxide aqueous solution.
The carbon dioxide aqueous solution was suppligbdegaon exchange column, and
passed through the ESG4002 packed bed. The flewnside the ion exchange
column was set to 3.0 L/h, and the amount of carhoxide supplied to the hollow
fiber membrane was adjusted so that the electmadluctivity at the inlet of the ion
exchange column was 3&/cm. The carbon dioxide aqueous solution was
continuously passed through the packed bed umtiélctrical conductivity at the outlet

of the ion exchange column became equal to therigiglcconductivity (38.S/cm) at
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the inlet of the ion exchange column (about 90 ri@glto obtain an anion-exchange
resin A.
[0134]

In order to calculate the ion conversion rate (&), the rate of conversion into
carbonate form or bicarbonate form) of the aniooh@xge resin A, a sodium nitrate
aqueous solution was passed through the packedbeéadeutralization titration of the
obtained solution was performed using sodium hydendicator:

phenolphthalein-methyl red mixture). The resulssshown in Table 3.

[0135]
TABLE 3
Example 3
R-OH form (eq%) <0.1
R-CQ; form (eq%) 19.8
R-HCQO; form (eq%) 80.2
[0136]
Example 4

An acetic acid aqueous solution was passed thraognion-exchange resin A
prepared in the same manner as in Example 3 aharéite of 1.5L/h using a pump, and
the acetic acid removal performance was determin@the acetic acid concentration at
the inlet and the acetic acid concentration abtltéet were measured using a TOC
analyzer (“Sievers 900" manufactured by GE). Nbtd the acetic acid concentration
at the inlet was adjusted to 24.9 ppm. The resméshown in Table 3.

[0137]
Comparative Example 3

The acetic acid removal performance was determiméte same manner as in
Example 4, except that an anion-exchange resie@aped in the same manner as in

Comparative Example 1 was used. The results angrsin Table 3.
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The time elapsed until acetic acid broke was sfext the treatment
performance was low) as compared with Example 4.
[0138]
Example 5
Hydrogen peroxide solution purification test

A hydrogen peroxide solution purification test vipesformed using the
anion-exchange resin A obtained in Example 3. Av8% hydrogen peroxide solution
including10 ppb of Cr and Fe (that were preseihéform of anions) was used as the
purification target sample. The hydrogen peroxdiition was passed through the
anion-exchange resin A for 4 hours in the downveirection at a temperature of®
and a flow rate of 0.5 L/h. The hydrogen peroadkition that flowed out from the
lower part of the packed column was collected, thiecdcontent of Cr and Fe was
analyzed using an ICP-MS method. It was foundtt@atontent of Cr and Fe at the

outlet was less than 0.01 ppb.

REFERENCE SIGNS LIST

[0139]

lon exchange column made of PFA
Gas dissolution hollow fiber membrane
Gas mass flow controller

Carbon dioxide cylinder

Ultrapure water

Electrical conductivity meter

~N o o0 b~ O w NP

, 8 Valve
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CLAIMS

1. An anion exchanger-cation exchanger mixture a¢@img a mixture that
comprises an anion exchanger (A) and a cation exggrawherein the anion exchanger
(A) is an anion exchanger that comprises a bicatsoform (-HCQ), or an anion

exchanger that comprises a bicarbonate form (-fj@@d a carbonate form (-GO

2. An anion exchanger-cation exchanger mixtureinbthby performing an anion
exchanger conversion step (1) that brings a cadibmtide aqueous solution obtained by
dissolving carbon dioxide in purified water or alure water into contact with a
mixture that comprises an anion exchanger (B) acatian exchanger to convert the
anion exchanger (B) into an anion exchanger (A) cbenprises a bicarbonate form, or
comprises a bicarbonate form and a carbonate forohtain a mixture that comprises

the anion exchanger (A) and the cation exchanger.

3. The anion exchanger-cation exchanger mixturerdany to claim 1 or 2,
wherein the anion exchanger (A) is an anion exceamgwhich a ratio of an exchange
capacity of the bicarbonate form to a total excleacapacity of the bicarbonate form

and the carbonate form is 70 eq% or more.

4. An anion exchanger-cation exchanger mixed begpcising a mixed bed that is
packed in an ion exchange column and comprisegsian axchanger (A) and a cation
exchanger, wherein the anion exchanger (A) is &mnaexchanger that comprises a
bicarbonate form (-HC§), or an anion exchanger that comprises a bicatbdoem

(-HCOs) and a carbonate form (-G

5. The anion exchanger-cation exchanger mixed bearding to claim 4, wherein
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the anion exchanger (A) is an anion exchanger iictwaé ratio of an exchange capacity
of the bicarbonate form to a total exchange capadithe bicarbonate form and the

carbonate form is 70 eq% or more.

6. A method for producing an anion exchanger-cagxehanger mixture

comprising an anion exchanger conversion steghl)ldrings a carbon dioxide aqueous
solution obtained by dissolving carbon dioxide umified water or ultrapure water into
contact with a mixture that comprises an anion arger (B) and a cation exchanger to
convert the anion exchanger (B) into an anion exgba(A) that comprises a
bicarbonate form, or comprises a bicarbonate farthacarbonate form, to obtain a

mixture that comprises the anion exchanger (A)thAectation exchanger.

7. The method for producing an anion exchangecuoakchanger mixture
according to claim 6, wherein the anion exchanggig an anion exchanger in which a
ratio of an exchange capacity of the bicarbonate fiw a total exchange capacity of the

bicarbonate form and the carbonate form is 70 egfaye.

8. The method for producing an anion exchangecuoakchanger mixture
according to claim 6 or 7, wherein the anion exgeartonversion step (1) brings the
carbon dioxide aqueous solution into contact withmixture that comprises the anion
exchanger (B) and the cation exchanger until a &telectrical conductivity of the
carbon dioxide aqueous solution that has been btootp contact with the mixture that
comprises the anion exchanger (B) and the catiohasnger to electrical conductivity of
the carbon dioxide aqueous solution before beingddrt into contact with the mixture
that comprises the anion exchanger (B) and thercatichanger ((electrical
conductivity after contact / electrical conductyitefore contact) x 100)) reaches 90%

or more.
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9. A method for producing an anion exchanger-catixechanger mixed bed
comprising an anion exchanger conversion stegh@)ldrings a carbon dioxide aqueous
solution obtained by dissolving carbon dioxide umified water or ultrapure water into
contact with a mixed bed that is packed in an krhange column and comprises an
anion exchanger (B) and a cation exchanger to e¢othe anion exchanger (B) into an
anion exchanger (A) that comprises a bicarbonata,for comprises a bicarbonate

form and a carbonate form, to obtain a mixed batlcbmprises the anion exchanger

(A) and the cation exchanger.

10. The method for producing an anion exchangeot&xchanger mixed bed
according to claim 9, wherein the anion exchanggiq an anion exchanger in which a
ratio of an exchange capacity of the bicarbonate fw a total exchange capacity of the

bicarbonate form and the carbonate form is 70 egfare.

11. The method for producing an anion exchangeoc&xchanger mixed bed
according to claim 9 or 10, wherein the anion ergea conversion step (2) supplies
the carbon dioxide aqueous solution to the ion argk column until a ratio of
electrical conductivity of the carbon dioxide aqueaolution at an outlet of the ion
exchange column to electrical conductivity of tlaebon dioxide aqueous solution at an
inlet of the ion exchange column ((electrical coctddty at outlet / electrical

conductivity at inlet) x 100)) reaches 90% or more.

12. A method for purifying a hydrogen peroxide $iola comprising:
an anion exchanger conversion step (2) that banggrbon dioxide aqueous
solution obtained by dissolving carbon dioxide umified water or ultrapure water into

contact with a mixed bed that is packed in an krhange column and comprises an
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anion exchanger (B) and a cation exchanger to e¢othe anion exchanger (B) into an
anion exchanger (A) that comprises a bicarbonata,for comprises a bicarbonate
form and a carbonate form, to obtain a mixed batlcbmprises the anion exchanger
(A) and the cation exchanger; and

a hydrogen peroxide solution purification steg hgplies a crude hydrogen
peroxide solution to the ion exchange column sotti@crude hydrogen peroxide
solution is brought into contact with the mixed lledt comprises the anion exchanger

(A) and the cation exchanger to obtain a purifigdrbgen peroxide solution.

13. The method for purifying a hydrogen peroxideison according to claim 12,
wherein the anion exchanger conversion step (lmsgthe carbon dioxide aqueous
solution to the ion exchange column until a rafielectrical conductivity of the carbon
dioxide aqueous solution at an outlet of the iochexge column to electrical
conductivity of the carbon dioxide aqueous soluab@an inlet of the ion exchange
column ((electrical conductivity at outlet / elecal conductivity at inlet) x 100))

reaches 90% or more.

14. An anion exchanger comprising a bicarbonate feGHCQOs), or comprising a

bicarbonate form (-HC¢) and a carbonate form (-GO

15.  An anion exchanger obtained by bringing a cadioxide aqueous solution
obtained by dissolving carbon dioxide in purifiedter or ultrapure water into contact

with an OH-form anion exchanger.

16. The anion exchanger according to claim 14 omiierein a ratio of an

exchange capacity of the bicarbonate form to d &étehange capacity of the

bicarbonate form and the carbonate form is 70 egfare.
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17. A method for producing an anion exchanger c@my an anion exchanger
conversion step (3) that brings a carbon dioxideeags solution obtained by dissolving
carbon dioxide in purified water or ultrapure watéo contact with an anion exchanger
(B) to convert the anion exchanger (B) into an ar@gchanger (A) that comprises a

bicarbonate form, or comprises a bicarbonate farthacarbonate form.

18. The method for producing an anion exchangesrdany to claim 17, wherein
the anion exchanger (A) is an anion exchanger iictwaé ratio of an exchange capacity
of the bicarbonate form to a total exchange capadithe bicarbonate form and the

carbonate form is 70 eq% or more.

19. The method for producing an anion exchangeordang to claim 17 or 18,
wherein the anion exchanger conversion step (8pbrihe carbon dioxide aqueous
solution into contact with the anion exchanger (Bil a ratio of electrical conductivity
of the carbon dioxide aqueous solution that has besught into contact with the anion
exchanger (B) to electrical conductivity of thelmam dioxide aqueous solution before
being brought into contact with the anion exchar{ggr((electrical conductivity after

contact / electrical conductivity before contact)G0)) reaches 90% or more.

20. A method for purifying a hydrogen peroxide sl comprising:

an anion exchanger conversion step (4) that banggrbon dioxide aqueous
solution obtained by dissolving carbon dioxide umified water or ultrapure water into
contact with an anion exchanger (B) that is packeah ion exchange column to
convert the anion exchanger (B) into an anion exgha(A) that comprises a
bicarbonate form, or comprises a bicarbonate farthaacarbonate form; and

a hydrogen peroxide solution purification step gwpplies a crude hydrogen
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peroxide solution to the ion exchange column sotti@crude hydrogen peroxide
solution is brought into contact with the anionlexieger (A) to obtain a purified

hydrogen peroxide solution.

21. The method for purifying a hydrogen peroxideison according to claim 20,
wherein the anion exchanger conversion step (4}lamtlydrogen peroxide solution

purification step are repeated alternately.

22. The method for purifying a hydrogen peroxideison according to claim 20 or
21, wherein the anion exchanger conversion stepu@plies the carbon dioxide
aqueous solution to the ion exchange column umgtia of electrical conductivity of

the carbon dioxide aqueous solution at an outl#t@ion exchange column to electrical
conductivity of the carbon dioxide aqueous soluaaban inlet of the ion exchange
column ((electrical conductivity at outlet / elecal conductivity at inlet) x 100))

reaches 90% or more.



