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Process for producing

a purified aqueous hydrogen peroxide solution

Filed é% the invention

The present invention relates to a process for
producing a purified aqueous hydrogen peroxide solution.
More particularly, the present‘inventibn relates to a
process for producing a high purity aqueous hydrogen
peroxide solution capable of removing metal and cation
impurities (metal ion impuritiesf contained in an
aqueous hydrogen peroxide solution as impurities with
high precision to a ppt lével (1/10*?) or its

vicinities.

Background of the invention

An aqueous hydrogen peroxide solution is widely

.used in various fields, for examplé, for a bleaching

agent for paper or'pulp and as a component in chemical
polishing fluids. In recent years, the agueous

hydrogen peroxide.solution has increasingly been used

'in the electronic industry, for example, as a cleaning

agent for silicon wafers and as a cleaning agent in

production processes of semiconductors. Accordingly it

is required for the aqueous hydrogen peroxide solution
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that a very high purity be achieved by extremely

decreasing all impurities contained in the aqueous

hydrogen peroxide solution.
Hydrogen peroxide is produced almost exclusively

by the anthraquinone process at present. The

_anthraquinone process is generally conducted as follows.

A derivative of anthraquinoné, such as 2-
alkylanthraquinone, is converted into
anthrahydroquinone by hydrogenation in a water-
insoluble solvent in the presence of a hydrogenation
catalyst. Aftér the catalyst is removed, the reaction
product is oxidized with air to regenerate the original
2-alkylanthraquinone, and at the same time hydrdgen
peroxide is produced. By extracting the produced
hydrogen peroxide from the oxidation product with water,
an aqueous solution containing hydrogen peroxide can be
obtained. This method is so—calléd anthpéquinbné
autooxidation method.

The aqueous hydrogen-peroxidé solution obtained
by said method contains metal iqn impuritiés such as Al,
Fe, and Cr originated from matérials of equipment..
Generally, such ion impurities are contained in an
amount of tens of mg to a few pg/liter in an aqﬁeous

hydrogen peroxide solution having the concentration of
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10 to 70 % by weight.

When such aqueous ﬁydrogen peroxide solution
containing metal ion impurities ‘is used in the field of
production processes ofdéemiconductors, the reliability
of obtained semiconductors is sometimes considerably
lowered. Particularly, recently the required level for
reliability of semiconduétor becomes mﬁch higher.
Therefore, an aqueous hydfogen peroxide solution is

neCessarily purified to a further lower level of

concentration of each of metal ion components, for

example; to a'ppt level.

Conventionally, as a method of purifying and
removing metal ion impurities contained in an aqueous
hydrogen peroxide solution, there is proposed a method
comprises bringing a H® type strongly acidic cation
exchange resin ¢ontaining a.sulfonic acidic group into'.
contact with an aqueous hydrogen peroxide soiutibn.'
However, merely by contacting the strongly.acid,cation
exchange resin with the aqueous hydrogen peroxidé
Solution; although metal ion impurities such as Na are
removed, it is difficult to remove impurities which are
not dissolved completely in the aqueous hydrogen

peroxide solution and/or which are originated from

metal such as Al, Fe and Cr easily forming a complex
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with a hydroxide ion. There is a further problem that
a cation exchange resin is deteriorated by contacting
with the aqueous hydrogen peroxide solution, and
thereby, a large amount'gf sulfate_ion is generated
from a Soﬂi group of the cation exchange resin.

Due to sol&e the above problems, there is also
known a methoq that after a confact of an aqueous
hydrogen peroxide solution and a cation exchange resin,
further a contact with an OH™ type strohgly baéic anion
exchange resin having a quarternary ammonium group is
carried.out. By said method, the impurities which can
not be removed by a strongly acidic cation exchange
resin can be removed.

However, in the use of the OH" type strongly
basic anion exchange resin, the agqueous hydrogen
peroxide solution is sometimes decomposed by contaqting
with hydroxide ion (OH”) contained in the anion
exchange resin, and the deéomposition is sometimes'
further accelerated by the existénce of metal ion
impurities such as Fe and Cr in-the aqueous hydrogen
peroxide solution.

In the meantime, as a method removing metal ion
impurities while controlling decompoéition of an

aqueous hydrogen peroxide solution, for éxample,
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Japanese Patent Publication No. 35(1960)-16677
discloses that an ion form in an anion exchange resin
is converted from a hydroxide ion type into a carbonate
ionic type or a bicarboeete ion type, that means
loweriﬁg the degree of the basicity, and thereby the
anion exchange resin can be used. Also, Japanese
Patent Laid-open Publication No. 5(1993)-17105
discloses a method that at bringing an aqueous hydrogen
peroxide solution into contact wirh an anion exchange
resin, acid is added.

However, in the above cases, not dissolved metal
ion impurities in an aqueous hydrogen peroxide sqlution
and metal ion impurities easy tb form a complex
together with a hydroxide ion are not removed
completely and remain. Therefore a high purity aqueous
hydrogen peroxide can not be obtained. Due to the
influence of the metal impurities easy to form a;
complex together with a hydroxide ion and the remained
metal ion impurities, it is difficult to fully prevent
the decoﬁposition of hydrpgen peroxide. As a result,
it is diffieult to purify an aqueous hydrogen peroxide
solution safely.

As a method for producing safely and effectively

a high purity aqueous hydrogen peroxide solution from
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which the metal ion impurities, such as Al, Fe and Cr,
are removed up to a lower concentration, for example,
in the Japanese Patent Laid-open Publication No. 8-
73205, there is proposeé.a method that at purifying an
aqueous hydrogen peroxide solution, to the aqueous
hydrogen peroiidé solution is added acid having an acid
dissociation index (pK;) of 5 or less in an amount of.
0.05 to 5 milligram equivalént per 1 liter of the
hydrogen peroxide solution, followed by bringing the
solution into contact with a H* type strongly acidic
cation exchange resin containing a sulfonic acid group
or a mixed bed of a H" type strongly acidic cation
exchange resin containing a sulfonic acid group and a
strongly basic anion exchangé resin.

Further, Japanese Patent Laid-open Publication No.
7-187616 discloses a method using a strongly acidic

anion exchange resin having a cross-linkage degree of 5

‘or less. Japanese Patent Laid-open Publication No. 7-

172805 discloses a method using an anion exchange resin
cénverted into carbonate ion type or bicarbonate i;n'
type by émmoﬁium carbonate or ammonium bicarbonate. In
Japanese Patent Laid—open‘Publicétion No. 7-172805,

there is disclosed that the anion exchange resin is

“used optionally in combination with a cation exchange
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resin.

Furthermore, Japanese Patent Laid-open
Publication No. 8-337405 discloses that metal ion
impurities are removed g§ the use of an ion exchange
resin which is primarily contacted with a high purity
inorganic acid aqueous solution having a metal ion
content of 0.1 ppb by weight or less and‘then with an
ultra-pure watér having a metal ion content of 0.1 ppb
by weight or less. Japanese Patent Laid-open
Publication No. 9-12306 discloses a method that metal

ion impurities are removed by the use of an ion

exchange resin contacted with an aqueous hydrogen

peroxide solution having a metal ion content of 20 ppt
or less.

However, by using the above mentioned methods,
metal ion impurities can_be removed merely Eo 1 ppb
level. Therefore, aqueous hydrogen peroxide solutiéns
purified by conVentionally known methods aré difficult
to be used fof the field such as the electronic
industry requiring a high purity quality; Further,
some of above mentioned conventional purifying methods
are not practical use since the production cost is
expensive by using a high purity inorganic acid aqueous

solution and an aqueous hydrogen peroxide solution
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having a metal ion component concentration of 20 ppt or
less. |

Under these circumstances, the present inventors
conducted extensive stuéies to solve the above-
mentioned problems and found that metal ion impurities
in_an aqueous hydrogen peroxide solution can be removed
up to a ppt level (1/10*%) by bringing the-aqueous
hydrogen peroxide'solution into contact with firstly

with a H' type cation exchange resin, secondly with a

carbonate ion (COs*") type or bicarbonate ion (HCO; )

type anion exchange resin, optionally with a fluoride
ion (F7) type anion exchange resin, and thirdly again
with a H" type cation exchange resin and further that
the purifying method has the high duplicativity of the
metal ion impurities'remdving level. The present
invention has been accomplished on the basis of these
discoveries.

There are conventionally known a purifying'meﬁhod'
comprises contacting an aqueogs hydrogen peroxide |
solution with a éation exchange resin énd then with an
anion exchange resin and a pufifying method using a
mixed bed of a cation exchange resin and an anion
exchange resin. tFor example, see Japanese Patent

Laid-open Publicatioh No. 8-73205.) Inventors, however, -
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found, in the methods, metal ion impurities such as Na,
K and Al, originated from the anion exchange resin
finally used elute into an aqueous hydroggn peroxide
solution, and thereby egist as metal ion impurity.
Furthermore the inventors found that when the metal ion
impurities such as.Na, K and Al, originated from the
anion exchénge resin are rgmoved again by the cation
exchangé resin, metal ion impurities can be removed up
to a considerably high purity level and also the

duplicativity of removing level is high.

Object of the invention

The present invention has an object to provide a
purifying process of an aqueous hydrogen peroxide
solution in which metal ion impurities and ;he metal

ion impurities are removed as completely as possible.

Summary of the invention

The process for producing a purified aqueous
hydrogen ‘peroxide solution of the preéent invention
comprises contacting an aqueous.hydrogen peroxide
solution containing metal ion impurities fir;tly with a
H' type cation exChange resin, secondly with a

carbonate ion (COf') type or bicarbonate ion (HCO;3")
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type anion exchange resin, and thirdly with a H' type
cation exchange resin.

Further the process for producing a purified
aqueous hydrogen peroxiaé solution of the present
invention comprises contacting an aqueous hydrogen'
peroxide solution containing metal ion impurities.
firstly wifh a H' type cation exchange resin, seéondly.
with a fluoride ion (F") type anion exchange resin,
thirdly with a carbonate ion (CO05%7) type or bicarbonate
ion (HCO3") type anion exchange resin, and fourfhly
with a H' type cation exchange resin.

As described above, the treatments of three-step
or four-step of ion exchange resin lead to produce a
high-purity aqueous hydrogen peroxide solution from
which ion impurities are removed as completely as
possible.

In said process for ﬁroducing a purified aqueous
hydrogen peroxide solution, it is deéirable to bring an
aqueous hydrdgen peroxide sdlution into contact with
the adsorption resin before the aqueoué hydrogén
peroxide solution is contacted with the first H* type
cation exchange resin. |

Said H' type cation exchange resin is preferably

regenerated by repeating a process, 2 or more times, in
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which a cation.exchange resin is treated with an
inorganic acid aqueous solution and then washed with
ultra-pure water.

Also, said carbonéfe ion (CO0s3*) type or
bicarbonate ion (HCO3") type anion exchange resin is
preferably regenerated by repeating a process, 2 or
more times, in ﬁhich an - anion exchange resin is treated
with a sodium carbonate or sodium bicarbonate aqueoué
solution and then washed with ultra-pure water.

The fiuoride ion (F7) type anibn exchange resin
is preferably regeneratéd by repeating a process, 2 or
more times, in which an anion exchange resin is treated
with at least one fluorine compound aqueous solution
selected from the group consisting of sodium fluoride,
potassium fluoride and ammohium fluoride and then
washed with ultra-pure water. |

The adsorption resin is préferably.regeheratéd by
treating with an alcohol aqueous solution as a
regenerant and then'washing with ultra-pure water.

The hydrogen peroxide concentration.in an agqueous

solution is desirably 40 to 70 % by weight, preferébly

\o

45 to 65 % by wéight. The use of an aqueous hydrogen
peroxide solution having such high concentration makes.'

it possible particularly to remove impurities
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effectively.

Said purified aqueous hydrogen peroxide solution
is preferably obtained by filtrating a solid impurities
contained in the'aqueou;.hydroéen peroxide solution to
which a flocculating agent has been preliminary added,-
by a fine filter. By preliminary adding a flocculating
agent into an aqueous hydrogén péroxidé solution and
filtrating impurities by a fine.filter, the insoluble
metal ion impurity components which can not be removed
by the ion ekchange treatment are removed. As a resuit,
metal ion impurities in the aqueous hydrogen peroxidé
solution can be removed up to a ppt level (1/10”) or
its vicinities. Further, such filtration leads high
duplicativity of the metal ion impurities removing
level which is acéomplished at a treatment by an ion
exchange resin, as described later.

.Said flocculating égenf is preferébly at.least
one phosphorus compound selected from thexgroﬁp :
consisting of phosphofic.acid, polyphosphoric acid,
acidic sodium pyrophosphate,
aminotri(methylenephdsphonic acid) and salt thereof,
and ethylenediaminetetra(methylenephosphonic écid) and
salt thereof. _The phosphorus compound is added.in an

amount that thé atomic ratio (Al/P) of the Al ion
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impurities contained in the aqueous hydrogen peroxide
solution in terms of a metal atom Al to the phosphorus

based compound in terms of a phosphorus atom is 0.045

-or less. By the filtration, insoluble metal ion
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impurity éomponents as well as silicon oxide based
impurities are effectively removed.
The fine filter used for the present invention

preferably has an average pore size of 0.2 um or less.

Detailed description of the invention

The process for prodﬁcing a purified aqueous
hydrogen peroxide solution Qf the present invention is
described more in detail. In the present
specification, %, ppm, ppb and ppt denote % by weight,
ppm by wéight, ppb by weight and ppt by weight,
respectively. |

The starting aqﬁeous hydrogen peroxide solution
produced by a known method such as the anthraquinone
process or a direct synthetic process comprising'
reacting hydrogen and oxygen directly is used in the
present invention.

Generally, an aqueous hydrogen peroxide Sdlutibnf
contains severai ppb to tens of ppm level of metal ion

impurities. The impurities include metal ion
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impurities such as Ag, Al, As, Au, B, Ba, Be, Bi, Ca,
Ccd, Co, Cr, Fe, Ga, Ge, In, K, Li, Mg, Mo, Na, Nb, Ni,
Pb, Pd, Pt, Sb, Sr, Ta, Ti, Tl, V, Zn and Zr, silicbn.
oxide impurities and oréénic impurities. The
impurities are originated from, fdr example, residues
such as catalysts used in producing an aqueous hydrogen
peroxide solution by the anthraquinone process,
decomposition products of anthraquinone, solvents used
in prdducing of an aqueous hydrogen peroxide solution;
water used in producing (e.g. extracting,-distiiliné
and diluting of thé aqueous hydrogen peroxide),
floating dust in the air and materials of production
equipments.

The hydrogen peroxide concentration in its
aqueous solution is desirably 40 to 70 % by weight,
preferably 45 to 65 % by weight. The use of an aqueous

hydrogen peroxide solution having such high

_ concentration is capable of removing particularly

silicon oxide based impﬁrities effectively.

[Adsorptioh resin treatment]
In the process for producing a purified aqueous-
hydrogen peroxide solution of the present invention, an

aqueous hydrogen peroxide solution may be contacted
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with an adsorption resin before brought into contact
with an ion exchange resin.

As the adsorption resin, a porous resin having no
ion exchangeability is &éed. The porous resin
comprises a styrene-divinylbenzene copolymer and has no
ion exchange group. The porous resin desirably has a

specific surface area which measured by BET method

using nitrogen gas, in a dry resin of about 200 to 900

lnﬁ/g, preferably 400 to 900 nf/g. Further such:resins'

10

15

are desirable as having continuous pore of a pore

volume in a dry state of about 0.6 to 1.2 ml/g,

preférably about 0.1 to 1.1 ml/g as measured by mercury

pdrosimetry method. As the porous resin, a resin which
is constituted from polystyrene crosslinked by

divinylbenzene and having a network structure can be

used. Such adsorption resin includes Amberlite XAD-2

20

and XAD-4 produced by Rohm & Haas company and HP10,
HP20, HP21, HP30, HP40, HP50, SP800 and SP900 producéd
by MITSUBISHI CHEMICAL CORPORATION..

Further, a porous resin containing halogen can be
used as an adsorption resin. Preferable examples of
the halogen-containing porous resin include a halide of
a crosslinked polymer of an aromatic monovinyl monomer

such as styrene and vinyltoluene and an aromatic
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polyvinyl monomer such as divinylbenzene and
trivinylbenzene, a crosslinked polymer of a halogenated
aromatic monovinyl monomer such as monochlorostyrene
and monobromstyrene and“én aromatic polyvinyl monomer
and a crosslinked polymer of a halogenated aromatic
monovinyl monomer, an aromatic monovinyl monomer and an
aromatic polyvinyl monomer. As the halogen—-containing
porous resin, a halide of styrene—divinylbenzené
copolymer is preferably used, and, for example, the
trade name, “SEPABEADS SP207”, which is a copolymer of
brominated styrene and divinylbenzene and has a
specific gravity of about 1.2, can be listed. Further
there can-be used the adsorption resin in which a
hydrophilic group such as a hydroxyl group, chloroalkyl
group or a hydroxy alkyl group is iﬁtroduced into a
crosslinked copolymer 6f an aromatic monovinyl monomer
énd_an aromatic polyvinyl moaner. The chloroalkyl
group is represented b& the.formula of - (CH2),Cl and
the hydroxy alkyl group is represented by the formula
of -(CHz),OH. The longer a straight chain oflalkyl
group is, the weaker the_hydiophilic property is, and
therefore, practically preferable are those having n of
1 to 5. The resins are commercially available items.

For example, the trade name “Bofazit EP63” produced by
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Bayer AG is well known.

By such treatment process, impurities,_especially
organic impurities contained in an aqueous hydrogen
peroxide solution can bé.highly reduced, and amount of
total organic carbon (TOC) in an-aquéous hydrogen
peréxide solution can be reduced.

The adsorption resin is desirably regenerated by
an alcohol aqueous solution as.a regenerant énd further
desirably regenerated by washing by ultra—pure water
after the treatment by the alcohol aqueous solution as
a regenerant.

As an alcohol, employable is methanol, ethanol
and 2-propanol.

The concentration of the alcohol aqueous sélution
is preferably 10 to 60 % by weight, more preferably 25
to 45 % by weight. | | |

The regenerant is used in a volume equivalent to
that of the adsorption resiﬁ to be treated or mbre, |
preferably 2 to 4 times as much as the volume that of
adsorption resin. Thé method contacting an adsorﬁtion
resin and a regenerant is a continuous flow process in
which through the column packed-with.an adsorption |
resin, a regenerant is passed thréugh upwaid at a SV -

1

(space velocity) of 3 to 6 Hr™ and a BV (Bed volume
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shows how many times of the volume of the ion exchange

it treated with and the unit is represented by L/L-R.)

of 2 to 4 L/L-R. Further, after the flow of the
regenerént, an ultra—puéé water washing process
comprising passing through of downflow of ultra—pure.
water and upflow of ultra-pure water is repeated 4 to 9
times to further wash the after—regenefated ion
exchange resin. The upflow of ultra—pure water is
passed tﬁrough preferably at a SV of 10 to 30 Hr™! and
a BV of 3 to 5 L/L-R and downflow of ultra-pure water
is preferably passed through at a SV of 10 to 30lHr'1
and a BV of 3 to 5 L/L-R. It is preferred that washing
is carried out with ultra—purelwater in an amount

(volume) of 30 to 60 times as much as that of the resin.

[H* type cation exchange resin treatment (first)]
In the process for producing a purified aqueous
hydrogen perokide solution of the present invention,

after the aqueous hydrogen peroxide solution is

optionally treated with the adsorption resin, the

aqueous hydrogen peroxide solution is contacted with a
H* type cation exchange resin.
The H* type cation exchange resin used for the

invention is one conventionally known as a strongly
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acid cation exchange resin. Generally, the strongly
acid cation exchange resin preferably has a network
structure in which a sulphonic acid group is introduced’
into a styrene—divinylbéﬁzene crosslinked copolymer.
The degree of cross linkage of such cation exchange
resin is usually 6 to 10, preferably 7 tp 9.

The H® type strongly acid cation exchange resin

~includes, for example, PK216, SK1B and IR-120B.

The H' type cation exchange resin is preferably
regenerated by repeating a process, 2 times or more,
préferably 2 to 12 times, in which an_cation exchange
resin is treated with a downflow of inorgaﬁic acid
aqueous solution (a regenerant) and then washed with
upflow of ultra-pure water.

Usuaily, regeneration of a cation exphange tesin
is carried out by a process that the regenerant aqueous
solution is passed through and then ultra-pure water is
passed through for washing the resin;. In the present
invention, a cycle of regenerant flowing/ultra-pure
water washing is desirably repeated particﬁlarly 2 or
more times. By repeating the inorganic acid aqueoﬁs
solution/ultra-pure water flow, the exchange resin éan
be effectively ana homogenously regenerated and further

can be washed up to the inside of the resin due to



10

15

20

20

contraction and swelling of the resin.

Inorganic acid for use is conventionally known
inorganic acid such as sulfuric acid and hydrochloric
acid.

The concentration of inorganic acid in a
regenerant aqueous solution is preferably 5 to 15 % by
Qéight, more preferably 5 to 12 % by weight. The.
volume of the regenerant for use ié desirably 3 or more
times, preferably 4 to 12 times, as ﬁuch as that of the
cation exchange resin to be treatéd.

The regeneraht is passed through downward usually
at a SV (space velocity) of 1 to 5 Hr™! and a BV of 0.5
to 1 L/ﬂ—R and then ultra-pure water is passed fhrough
upward for washing at a SV of 10 to 30 Hrd‘and a BV of
0.1 to 0.5 L/L-R.

After the flow of the regenerant and ultra-pure

water, an ultra-pure water washing process comprising

 passing_through of -ultra-pure water downflow and upflow,

is rebeafed 4 to 9 times to further wash the after-
regenerated ion exchange resin. The ultra-pure wéter
is desirably passed through upward at a SV of 10 to 30
Hr™* and a BV of 3 to 5 L/L-R and passed thrdugh
downwafd'at a Sv of 10 to 30 Hr™ and a BV of 3 to 5

L/L-R. The ion exchange resin is desirably washed with



10

15

20

21

ultra-pure water in an amount (volume) éf 30 to 60
times as much as that of the resin.

As the method contacting the starting aqueous
hydrogen peroxide solutién with a H' type cation
exéhange resin used for the inventionr usually a
continuous flow process is employed and the aqueous
hydrogen peroxide soiution is passed through the cation
exchange resin layer desirably at.a space.velocity (SV)
of 5 to 40 Hr*, preferably 10 to 30 Hr™l.

In the above manner, by treatihg witﬁ'a H type
cation eXchange resin, cationic metal ion impurities in

an aqueous hydrogen peroxide solution are removed.

[Anion exchange resin treatment]

Carbonate ion (cof") type or bicarbonate ion (HCO;37)

type anion exchange resin

In the present invéntion, next, the aqueous
hydrogen peroxide solution is brought into contact with
an anidn’exchange resin.

As the anion.exchange resin,_employable are a
carbonate ion (CO05%7) type or bicarbonéte ion (HCO3")
type anion ethange resin.

The carbonate ion (Cof')-tybe or bicarbonate ion

(HCO3") type anion exchange resin is a conVentionally
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known anion exchange resin regenerated to the carbonate
ion (CO3%7) type or bicarbonate ion (HCO;~) type anion
exchange resin.

As the conventionéily known anion exchange resin,
strongly basic anion exchange resins obtained by
chloromethylation of a styrepe—divinylbenzene

crosslinked copolymer, followed by amination of the

. product by trimethylamine or dimethylethanolamine and

subéequently by forming a quaternery salt of the
product of amination (the exchange resin is a
quaternary ammonium group); weak basic exchange resins
derived from.a styrene—divinylbenzene crosslinked
copolymer and having a primary, secondary, or tertiary
amine as the exchange group; resins derived from an
acrylic acid based crosslinked polymer and having a
tertiary amine as the exchange group; and pyridine
based-anion exchange resins comprising a polymer having
a pyridyl group.or a substituted'pyridyl'group. Of |
these, stroﬁgly basic aﬁion exchange.resins having a
quaternary ammonium group as the exchangé group are
preferably used.in the present invention.

Many kinds of anion exchange resins ha&ing é'
quaternafy ammonium group as the“exchange group are

commercially available. For ekample, products of
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DIAION PA cycle such as PA316 and PA416, DIAION SA
cycle such as SAl10A and SA20A and products of Amberlite
IRA cycle such as IRA-400, IRA-410, IRA-900 and IRA-904
are typical examples. These resins are commercially
available generally in the form of a chloride ion type.

As the carbonate ion (CO53%7) type or bicarbénate
ion (HCO3;") type anion exchange.resin used in the
present invention, the ébovg—mehtioned anion exchange
resin, such as a chloride ion type, éonvefted into a
carbonate ion (C0;327) type or bicarbonate ion (HCO;57)
type is used. The anion exchange resin before
converted into a carbonate ion (CO0s*") type or
bicarbonate ion (HCO3”) type may not be only a chloridé
ion type but also a hydroxide ion type and a fluoride
ion type resin.

Regeneration of the carbonate ion (C03%7) type or
bicarbonate ion (HCO;7) typé anion.exchange resin for
use in the invention is carriéd out by converting the
chloride ion type anion exchange fesin into a hydrokide
ion type resin and then into a carbonate ion type or
bicarbonaté ion type resin.

Also, regenefation 6f the carbonate ion (C05%7)
type or bicarbonate ion (HCO;3”) type anion exchange

resin which has been used is carried out, in the same
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manner, by converting the chloride ion type anion
exchange resin into a hydroxide ion type resin and then
into a carbonate ion type or bicarbonate ion type resin.

To convert into a”ﬁydrOXide ion type anion
exchange resin, it is preferred that a process, in
which an anion exchange resin is treated ﬁith a
.dowhflow of strongly alkali'aqueous solution
(regenerant) and then treated with upflow of ultra-pure
water, is repeated 2 or more times thereby to
regenerate. Usually, an anion exchange resin is
brought into contact with a regenerant aqueoﬁs_solution
by a process that the regenerant aqueous solution is
passed through and washed by ultra-pure water. 1In the
present invention, a cycle of passing of
regenerant/washing with ultra-pure water is desirably
repeated particularly 2 or more times. By repeating
the strongly alkali aqueous.solutiqn/ultra—pure water
fléw, the exchange resin.can bé effectively ahd
homogenously regenerated and further caﬁ be.washed to
the inside of the reéin due to contraction and swelling
of the resin.

As the strohgly alkali, a conventioﬁally known
alkali such as sodium hydroxide and potassium hydroxide

is used.
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The strongly alkali concentration contained in
the regenerant aqueous solution is preferably 2 to 10 %
by weight, more preferably 2 to 8 % by weight. The
volume of the regenerang.for use is preferably 3 or
more times, more preferably 4 to 12 times, as much as
that of the anion exchange resin to be treatedf

The regenerant is paésed through downward usually
at a SV (space velocity) of 1 to 5 Hr™?! and a BV of 0.5
to 1 L/L-R and then ultra-pure water is passed through
upward for washing at a SV of 10 to 30 Hr! and a BV of
0.1 to 0.5 L/L-R.

After the flow of the regenerant and ultra-pure
wafer, an ultra-pure water washing process comprising
passing throu&ﬁ of ultra-pure water is passed through
downward and upward, is repeated 4 to 9 times to
further wash the after-regenerated ion exchange resin.
The ultra;pure-water.is desirably passed through upward
at a SV of 10 to 30 Hr™?! and a BV of 3 to 5 L/L-R and -
péssed through downward at a SV of 10 to 30 Hr* and a
BV of 3 to 5 L/L-R. The ion exchange resin is
desirably washed with ultra-pure water in an amount
(volume)lof 30 to 60 times as ﬁuch as that of the resin.

Next, the anion exdhange resin converted into a

hydroxide ion as described above is treated with a



10

15

20

26

carbonate or bicarbonate aqueous solution (regenerant)
to be converted (regenerated) into a carbonate type or
biéarbonate ion type anion exchange resin.

The carbonate typé.or bicarbonate ion type anion
exchange resin for use in the present invention is
preferably regenerated-by repeating a process, 2 or
more times, in which thé hydroxide ion type anion
exchange reéin treated as described above is treated
with a downflow of carbonate or bicarbonate aqueous
solution (regenerant) and then treated wifh upflow of
ultra-pure water.

As the carbonate or bicarbonate, a conventionally
known carbonate or bicarbonate such as sodium carbonate,
sodium bicarbonate, potassium carbonate and potassium
bicarbonate is used.. By repeating the carbonate or
bicarbonate aqueous solution/ultra—pufe wéter.flow, as
described above; the eXchange resin can be effectivély
and homogenously regenérated and further éan be washed
to the inside of the resin due to contraction and
swelling of the resin.

The concentration of carbonate or bicarbonéte in
a regenerant aqueous solution is preferabiy 5 to 15 %
by weight, more preferably 5 to 12 % by weigh;. Thé

volume of the regenerant for use is desirably 3 or more
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times, preferably 4 to 12 times, as much as that of the
anion exchange resin to be treated.

The regenerant is passed through downward usually
at a SV (space velocityj“of 1 to 5 Hr! and a BV of 0.5
to 1 L/L-R and then ultra-pure water is passed through
upward for washing at é-SV of 10 to 30 Hr™? and a BV of
0.1 to 0.5 L/L-R. |

After the flow.of the regenerant and ultra—pure
water, further an ultra-pure water washing process
comprising passing through of downfiow of ultra-pure
water and upfléwlof ultra—pufe water is repeated 4 to 9
times to further wash the after—regenerated ion_.
exchange resin. The upflow of ultra-pure water is
passed through preferably at a SV of 10 to 30 Hr™! and
a BV of 3 to 5 L/L-R and downflow of ultra-pure wéter
is preferably passed through at a SV of 10 to 30 Hr™
and a BV of 3 fo 5.L/L—R. It is preferred that washing
is carried out with ultra-pure water in an amount
(volume) of 30 to 60 times as much as:thét of the resinT

As the method cohtacting an‘aqueous.hYdrdgén,
peroxide solution with a carbonate'ion'type or
bicarbonate ion type anion exéhange resin usedlfor the
invention, usually a continuous flow process is

employed. The aqueous hydrogen peroxide solution is
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passed through the anion exchange resin layer desirably
at a space velocity (SV) of 5 to 40 Hr™, preferably 10
to 30 Hrl.

The contact of an-énion exchange resin and
aqueous hydrogen peroxide solution is carried out at a
low temperatufe in view of safety such as prevention of
degradation of the resin by oxidation, prevention of
occurrence of cracker gas from hydrogen peroxide and
heat generation by decomposition of hydrogen peroxide
at the contact. Particularly, in the aqueous hydrogen
peroxide solution treated'with a H' type cation
exchange resin, H' is sometimes contained more than
that generated by dissogiation-of the aqueous hydrogen
peroxide solution, and the H' and an anion exchange
group COs*” or HCO;™ react neutrally each other and

sometimes heat generation occurs. Further, in

.contacting the carbonate ion type or bicarbonate type

ion type anion exchange resin and the aqueous hydrogen

peroxide solution, cracker gas is occurred by

-decomposition of the aqueous hydrogen peroxide solution

and further heat generation by decomposition may 6ccur2
For the above mentioned reasons, in treating an aqueous
hydrogen peroxide solution with an anion exchange resin, -

it is preferred that the aqueous hydrogen peroxide
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solution has been cooled at a low temperature, 5 °C or

less.

Fluoride ion (F7) type anion exchange resin

In the process for producing a purified aqueous
hydrogen peroxide solution of the present invention,
the aquéous hydrogen peroxide solution may be contacted
with a fluoride ion type anion exchange resin after
brought into contact with the H* type cation exchange
resin, before brought into contact with the above
mentioned carbonate ion (CO03%7) type or bicarbonate ion
(HCO{) type anion exchanée resin.

By contacting the anion exchange resin converted
into a fluoride ion type with an aqueous hydrogen ‘
peroxide solution, siliéa dissolved in the aqueous
hydrogen peroxidé solution is captﬁred by the anion
exchange resin and removed. |

The.fluoride ion (F") type anion exchange resin
is one in which the conveﬁtionally known anion exchangé
resin is regenerated to a fluoride ion fype.

As the conventionally known anion exchangé resins,
employable are the same as mentioned above.

The fluoride ion type anion exchange resin used

for the present invention. is an anion exchange resin in
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which one of a chloride ion type anion exchangé resin,
a hydroxide ion type anion exchange resin, a carbonate
ion type anion exchange resin and a bicarbonate ion
type anion exchange resiﬂ.

- The regenerant used for converting into a
fluoride ion type anion eXchaﬁge resin is at least one
kind of fluorine compounds selectéd from the group |
consisting of sodium fluoride, potassium fluoride and
ammonium fluoride.

To convert_the anion exchange resin into a
fluoride ion type, thé.anion exchange resin is
contacted with the above mentioned aqueous solution
containing a regenerant. Effective process for
contacting the anion exchange resin and the aqueous
hydrogen peroxide solution is a continuous flow process
in which the anion exchange resin is packed into a
column and then the regenetant aqueous solution is
passed thrbugh the column, ultré—pure water is passed
through to wash the anion exchange resin thoroughly.
The concentration of the iegenerant is usually 1 to 4 %
by wéight, desirably 2 to 4 % by weight. The amount |
(volume) of the regenerant for passing through is
desirably 3 or more times, preferébly 4 to 12 times; as

much as that of the exchange resin.
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In the present invention, in converting the anion
exchange resin into a fluoride ion type, such cycle of
flow of the regenerant aqueous solution and ultra-pure
water is desirably repegfed 2 or more times.

Specifically, a cycle of flow of a downflow of

.regenerant aqueous'éolution-and upflow of ultra-pure

water is desirably repgated 2 or more times.

By repeating the flﬁorine cpﬁpound agueous
501ution/ultra—pure water flow, the ion exchange resin
can be effectively and hbmogenously regenerated and
further can be washed up to the inside of the.resin due
to contraction and swelling of the resin.

The regenerant is passed through downward usually
at a SV (space velocity) of 1 to 5 Hr™! and a BV of 0.5
to 1 L/L-R and then ultra-pure water is passed through

upward for washing at a SV of 10 to 30 Hr4 and a BV of

0.1 to 0.5 L/L-R.

After the flow of the regenerant and ultra-pure
water, further an ultra-pure'water washing procéss
comprising passing thrdugh.of downflow of ultra-pure

water and upflow of ultra-pure water is repeated 4 to 9

times to further wash the after-regenerated ion

exchange resin. The upflow of ultra-pure water is

passed through preferably at a SV of 10 to 30 Hr™! and
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a BV of 3 to 5 L/L-R and the downflow of ultra-pure
water is preferably passed through at a SV of 10 to 30
Hr™ and a BV of 3 to 5 L/L-R. It is preferred that
washing is carried out Qith ultra-pure water in an
amount (volume) of 30 to 60 times as much as that of
the resin.

In treating with a fluofide.ion type anion .
exchange resin, an aqueous hydrogen peroxide solution
is not necessarily cooled at contacting with the
exchange resin as the case of contacting thelsolution
with the cérbonate type or bicarbonate type anion
exchange resin, since the aqueous hydrogeh peroxide
solution is not easily decomposéd.

In the present invention, aé the method
contacting the aqueous hydrogen peroxide solution with
the fluoride ion type aniqn exchange resin, usualiy a
continuous flow process is'empléyed and the aqueous
hydrogen peroxide solution is paésed through the anion
exchange resin layer desirably at a space velocity (SV)
of 5 to 40 Hr™', preferably 10 to 30 Hrl.

In the purified aquedus hydrogen peroxide
solution treated with the'fluoride ion type anion
exchange resin, fluoride ions occurred by the ion

exchange are contained. However, the fluoride ions can
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be removed by contacting with an anion exchange resin
such as the above-mentioned carbonate or bicarbonate
type resin.

In the above manné},'by contacting the anion
exchange resin with the aqueous hydrogen peroxide
solution, dissoluble silica and anionic metal complex
impurities and sulfate ions derived from other anions

and spent H' type cation exchange resins are removed.

[u* tyﬁe cation exchange resin treatment (second)]

In the present invention, after the anion
exchangé resin is contacted with the aqueous hydrogen
peroxide solution in the above manner, again a H' type
cation exchange resin is contacted with the aqueous
hydrogen peroxide solution. As the H' type cation
exchange-resin, there caﬁ be used the s;mé ones as
mentioned above. Bringing the‘aqueoﬁs hydrogen
péroxide solutioﬁ into confact with the cation exchange
resin is éarried out by the continUous flow process.
The aqueous hydrogen peroxide solution ié passed
through the H' type.cation exchange resin layer
desirably at a space velocity (SV) of 5 to 40 Hr’%,

preferably 10 to 30 Hr™l.

By treating with the H' type cation exchange
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resin again, even a minute amount of Na*, K' and A13*
contained in the anion exchange resin as impurities can
be removed. Namely metal ion impurities can be removed

up to the very high level such as a ppt level or its

vicinities. Counter ions of Na*, K' and Al%*, which is

to be removed, are carbonate ions or bicarbonate ions
which are evaporatgd'ééfcarbon dioxide after the cation
exéhange and thereby do not remain in the aqueous
hydrogen peroxide solution. When the aqueous hydrogen
peroxide solution is not treated with the second H*
type cation exchange resin; the minute amount of metal
ions contained as impurities sometimes may not be

removed.

[Filtration treatment]
The process for producing a purified aqueous
hydrogen peroxide solution of the present invéntion;

prior to the three-step or four-step treatment with ion

-exchange resins, it is preferred that the aqueous

hydrogen peroxide solution to which a flocculating
agent is added be filtrated by a fine filter so as to
remove insoluble metal ion impurities contained in the
aqueous hydrogen peroxide solution as solid impurities.

The insoluble metal ion impurities as well as
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dissoluble metal ion impurities are originated from the
water used at production of hydrogen peroxide, floating
dust in the air ana materials of production equipments.
| The flocculating ééent is added so as to condense
the insoluble metal ion impurities in the aqueous
hydrogen peroxide_solution to be filtrated and is

usually a phosphorus compound. Preferable is a

‘phosphorus compound selected from the group consisting

of phosphoric acid, polyphosphoric acid, disodium
dihydrogen pyrophosphate, aminotri (methylenephosphonic

acid) and salt thereof, and

ethylenediaminetetra (methylenephosphonic acid) and salt

thereof.
Particularly when Al ion impurities are contained

in an aqueous hydrogen peroxide solution, the

‘phosphorus based compound is preferably added in an
"amount that the atomic ratio (Al/P) of the Al ion
impurities contained in the aqueous hydrogen peroxide

solution in terms of an Al atom to the phosphorus based

compound in terms of a phosphorus atom (P) is 0.045 or
less, preferably 0.005 to 0.045. |

After the phosphorus based compound is added, it
is preferred that the aqueous hydrogen peroxide

solution has been aged for-usually more than a day,
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preferably 1 to 5 days. Aging may be carried out with
or without stirring. By the aging, insoluble metal ion
impurities in the aqueous hydrogen peroxide solution
are floccurated and groﬁﬁ to be filtrated.

The fine filter for use in the present invention
has an average pore size of 0.2 pum or less, preferably
0.1 pym or léss. Materials constituting the fine filter
are not restricted as far as the.matérials do not
contain components solving into the aqueous hydrogen
peroxide solution. However, materials comprising
fluorine resins, polyoléfin tesins such as polyethyiene
and polypropylene, poly#ulfone resins and polycarbonate
resins are used. Of these, materials cbmprising
fluorine resins are preferable.

Further, optioﬁally, ultra-pure water is added to
the aqueous hYdrOgen peroxide obtained by the above
mentioned process éccdrding to the ptesent invention -so -
as to regulate!the hydrogen peréxide coneentration.- As
the ultréépure watef, one from which impﬁtities ére
highly removed'is-preferably used.

By the above'operatioﬁ, a high—purity purified

aqueous hydrogen peroxide solution from which metal ion

impurities are removed up to'a ppt level or its

vicinities can be prepared.
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“Furthermore, in the present invention, there may
be used a purified aqueous hydrogen peroxide solution
from which other impurities such as organic impurities
and silicon oxide compoﬁﬁds have been preliminarily
removed by the conventionally known methods. The high-
purity purified aqueous hydrogen peroxide solution
obtaihed by the process of the‘ihvention may be further
pu;ified by the conventionally known methdds by
removing other impurities such as organic impurities-
and siiicon oxide compounds. As thé conventionally
known methods to remove other impurities such as
organic impurities and silicon oxide compounds, methods
using a distillation, an ultrafiltration film, a
chelate resin and the like. By combining those methods_'
and the process of the present invention, not only
metal ion impurities but alsoc other impurities cén be

highly removed.‘

Effect of the invention

. According to the prOcess'df the present invention,
metal ion impurities contained in an aqueous hydrogen
peroxide solution can be effectively removed, and a
very high—quality aqueous hydrogen peroxide solution

having a metal ion impurity content of a few ppt'lével
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or its vicinities can be produced. Further, the
aqueous hydrogen peroxide solution purified by the
process of the present invention has a good and stable

duplicativity of level of removing metal ion impurities.

Examples

The pfesent invention is described more
specifically with reference to examples. However, the
present invention is not limited to the examples.

The contents of metal ion impurities were
measured by a flameless atomic absorption spectrometry,
ICP-AES method and ICP-MS method. The cqntents of
organic impgrities (TOC: total organic carbon) were
measured by a:combustion—infrared method. Further, ppb
and ppt denote ppb by weight and ppt by weight,

respectively.

Example 1
Acidic sodium pyrophosphate was added to 60.1 %

by weight of aqueous hydrogen peroxide solution
containing metal ion impurities shown in the following
Table lhto prepare 0.070 g/liter of the mixed solution.
Then the mixture was aged without stirring for.3'days

and filtrated by a filter of an average pore size of
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0.1 pym. The ratio (Al/P atomic ratio) of metal atom Al

in metal ion impurities to phosphorus atom in the added
acidic sodium pyrophosphate was 0.039.

The filtrated aquééus hydrogen peroxide solution
was continuously passed through a column.packed with a
H* type cation exchange resin at a spacé vé;ocity (SV)
of 15 Hr™! to contact with the fiist H* type cation
exchange resin, secondly continuously passed through a
column packed_with a bicarbonate ion type anion
exchange resin with cooling at -3 °C at a space
velocity (SV) of 15 Hr”‘to-contact with the bicarbonate
ion type anion exchange resin, and thirdly continuously'
passed through a column packed with a H type cation
exchange resin at a space velocity (SV) of 15 Hr™? to
contact with the second H* type cation éxchange resin.

Regeneration of thé ion exchange resin was -
carried out at an ion exchange tower (regeneraﬁion_
tower) which was different from an'aquedus hydfogéh
peroxide solution purifying tower. |

As the first and second H* type qation exchénge
resins, the spent SKI1B which was regenerated wés used.
As a regenerant, 10 % by weight of hydrochloric acid
aqueous solution was used. The regeneration of the

cation exchange resin was carried out as follows. The
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cation exchange résin was packed into the regeneration
tower different from the purifying tower. After an
aqueous solution containing the regenerant was passed
downward through the togér at a SV of 2.25 Hr™? énd a
BV of 0.75L/L-R, the flow of the regenerant.was
terminated. Subsequently, ultra-pure water was passed
upward through theitower at a SV of 13.2 Hr™ and a BV
of 0.3L/L-R. The above processes were considered as
one cyéle of processes and the cycle was repeated 10

times. Next, ultra-pure water was passed downward

through at a SV of 13.2 Hr™! and a BV of 3.3L/L-R and

then passed through upward at the same SV and BV rates.
The processes were conéidered as one cycle of processes
and the cycle was repeated 6 times for wéshing.

As the bicarbonate ion type anion exchange resin,
the spent SA20A which was regenerated was used. First,
the séént anion exchange resin was regenerated by
sodium hydroxide. 'Ag a regenerant, 5 % by weight of
sodium hydrbxide aqueous solution was used. The anion
exchange resin was packéd into the regeneration tower
differeht from thé pgrifying tower. After an aqueous
solution contaihing thelregenerant was passed downward
through the tower at a SV of 2.25 Hr™! and a BV of

0.75L/L-R, the flow of the regenerant was terminated.
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Subsequently, ultra—pure water was passed upward
through the tower at a SV of 13.2 Hr! and a BV of
0.3L/L-R. The above processes were considered as one
cycle of processes and éﬁe cycle was repeated 6 times.
Next, ultra-pure water was passed downward through at a
SV of 13.2 Hr™' and a BV of 3.3L/L-R and then passed
through upward at the same SV and.BV rates. The
precesses were considered as one cycle of processes.and
the cycle was repeated 5 times for washing to prepare
an OH type anion exchange resin.

Next, the OH™ type anion exchange resin was

regenerated by sodium bicarbonate. As a regenerant,'

8 % by weight of sodium bicarbonate aqueous solution

was used. At regenerating of the sodium bicarbonate,
also the anion exchange resin was packed into the
regeneration towe; diffeient from‘the purifying tower.
After an aqueous solution containing the regenerant was
passed downward through the tower at a SV of.2.25 Hr™t
and'a BV of 0.75L/L-R, the flow of the regenerant Qas_
terminated. Subsequently,'ultra—pure Water.was pessed
upward through the tower at a SV of 13.2 Hr! and a BV
of 0.3L/L-R. The above.processes_were considered as
one cycle of processes and the cycle was repeated 12

times. Next, ultra-pure water was passed downward
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through at a SV of 13.2 Hr! and a BV of 3.3L/L-R and
then passed through upward at the same SV and BV rates.
The processes were considered as one cycle of proeessee
end the cycle was repeaéed 6 times for washing to
prepare a HCO; type anion exchange resin.

Each of ion exchange resins regenerated in the
above mentioned manner were packed into each of
purifying columns in a slurfy state, respectively.

After an aqueous hydrogen peroxide solution Was

passed through each of ion exchange resin columns, the

purified aqueous hydrogen peroxide solution discharged
from the final H' cation exchange resin cplumn was
diluted with ultra-pure water from which impurities
were highly removed to prepare a solution having_a |
hydrogen peroxide concentration of 31 % by weight.

The metal ion impurity concentration of the
obtained purified aqueoue hydrogen peroxide solution
was measured by frameless atomic absorption
spectrometry and ICP-MS method. Further, metal ion
impurities contained in the starting aqueous hydrogen.
peroxide solution were measured by frameless-apomic,
absorption spectrometry and ICP-AES method.. Organic
impufities were measured by combustion-infrared type

TOC measuring apparatus.
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'The results were shown in Table 2.

Table 1
Metal impurities contained in the starting aqueous

5 hydrogen peroxide solution

Impurities |Analyzed value

(ppb)

Al 770

Cu _ 0.2

Fe 4.5

K | 132

Na 15160

Pb 2

Ca 0.6

Mg 0.6

Table 2
Amounts of metal,impurities contained in the obtained

10 purified aqueous hydrogen peroxide solution
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measuring | measured measuring [ measured

fimit value limit value

(ppt) (ppt) (ppt) (ppt)
A 0.5 ND M 0.2 ND
Al 0.2 0.2 Mn 0.3 ND
As 2 ND Mo 0.3 ND
Au 0.2 ND Na 0.5 ND
B 4 ND Nb 0.1 ND
Ba 0.1 ND || Ni 0.7 ND
Be 5 ND I Pb 0.1 ND
Bi 0.2 ND |l Pd 0.3 " ND
Ca 2 ND Pt 02 ND
Cd 0.3 ND Sb 0.3 ND
Co 1 ND Sn 0.8 ND
Cr 1 1 Sr 0.05 ~ ND
Cu 0.5 ND Ta 0.1 ND
Fe 0.5 0.7 Ti 2 - ND
Ga 0.5 ND Tl 0.1 ND
Ge 2 ND \'4 1 ND
In 0.1 ND LG 2 ND
K 2 ND Zr 0.1 0.1
Li 0.02 ND

ND means not more than the measuring limit.

Example 2

Acidic sodium pyrophosphate was added to 60.1 %
by weight of aqueous hydrogen peroxide solution
containing metal ion impurities in an amount shown in

Table 1 except that the Al ion concentration was 0.9

"ppm to prepare 0.062 g/liter of a mixed solution. Thén

the mixture was left alone for 3 days to be aged and
filtrated by a filter of an avefage pore size of 0.1 pm.

The ratio (Al/P atomic :atio) of the Al atom to the.

. phosphorus atom in the added acidic sodium

pyrophosphate was 0.052.

The resultant aqueous hydrogen peroxide solution
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was brought into contact with ion exchange resins and
purified in the same manner as in Example 1. The metal
ion impurity concentration of the obtaingd agueous
hydrogen peroxide sdlutién was 81 ppt of an Al ion
concentration and other metal ion impurities were

removed as the same as in Example 1.

Example 3

An aqueous hydrogen peroxide solution was
purified in fhe same manner as in Example 1 except that
the filtrated aqueous hydrogen peroxide sélution was
contacted with a fluoride ion type anion exchange resin
after the solution was treated with an adsorption resin
XAD¥4 and contacted with the first H' type cation
exchange resin and before contacted with a bicarbonate
ion type anion.exchange resin, and then contacted. with
bicarbonate ion type anion exchange resin and
subsequently contacted with the secona H' type'cation
exchange resin.

The adsorption. resin XAD-4 was regenerated as

follows. 39 % by weight of 2-propanol as a regenerant

‘was passed through upward at a SV of 4.8 Hr! and a BV

of 3L/L-R, and then ultra-pure water was passed through

downward at a SV of 13.2 Hr! and a BV of 3.3L/L-R and
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passed through upward at the same SV and BV rates. The
processes were considered as one cycle of processes and
the cycle was repeated 6 times for washing to prepare
the adsorption resin fo;.use.

As the fluoride ion type anion exchange resin,
the spent SAZOA'which'Was'regeneratéd was used. As a

regenerant, 3 % by weight of sodium fluoride aqueous

. solution (having SiF¢ of 100 ppm or less) was used.

The regeneration of the fluoride ion type anion

exchange resin was carried out in the following manner.

The spent anion exchange resin was packed into the

regeneration tower different from the purifying tower.
After an aqueous solution containing the regenerant
(sodium fluoride) was passed downward through the tower
at a SV of 2.25 Hr! and a BV of 0.75L/L-R, the flow of
the regenerant was terminated. Subsequently, ultra-
pure water was passed upward through the tower_at a sv
of 13.2 Hr* and a BV of 0.3L/L-R. The abqve_pfocesses
were considered as one cycie of processes and the cYclé
was.repeated.6 times. Nekt, ultra-pure water was
passed through.downward at a SV of 13.2 Hr™® and a BV
of 3.3L/L-R and then passed through upward at the same
SV and BV rates. The processes were considered as one

cycle of processes and the cycle was repeated 6 times
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for washing.

As a result, impurities can be removed to the
same level as that of Example 1. Further, in addition
to the impurities shown”in Table 2, Si ion and organic
impurities were also removed. Si ion was removed up to
50 ppt or less. Si ion_cbncentration is 2.4_ppb,
before 60 % aqueoﬁs hydrogen peroxide sqlution was
purified. TOC was removed up to around 3 ppm. TOC
concentration is 55 ppm before 60 % aqueous hydrogen

peroxide solution was purified.

Comparative Example 1

In Example 1, after the H' type cation exchange
resin treatment was carried out and further an aqueous
hydrogen peroxide solution was passed through the

bicarbonate ion type anion exchange resin, the solution

took out from the outlet was diluted with ultra-pure

water to prepare 31 % by wéight aqueous hydrogen

peroxide solution. The metal ion impurity

concentration of the obtained aqueous hydrogen peroxide’
solution was high such that Na ion concentration is 21
ppt, K ion concentration is 14 ppt and Al ion

concentration is 38 ppt.
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Comparative Example 2

| In Example 3, after the H' type cation exchange
resin treatment was carried out and an aqueous hjdrogen
peroxide solution was t;éated Qith the fluoride ion

type anion exchange resin and then passed through the

bicarbonate ion type anion exchange resin, the solution

took out from the outlet was diluted with ultra-pure
water fo prepare 31 % by weiéht.équeous hydrogen
peroxide solution. The metal ion impurity
concentfation of the obtained aqueous hydrogen peroxide
solution was high such that Na ion concentration ié 250
ppt, K ion concentration is 10 ppt; Al ion

concentration is 20 ppt and Ti ion concentration is 25

. ppt.
15



10

15

20

U0 A

What is claimed is:

1. A process for producing a purified aqueous

hydrogen peroxide solution comprising contacting an

aqueous hydrogen peroxioe solution containing metal ion.
impurities

firstly with a H® type cation exchange resin,

seoondly with a carbonate ion (C03*") type or | _ -
bicarbonate ion (HCO3;") type anion exchange resin, and

thirdly with a H' type cation exchange resin.

2. A process for producing a purified aqueous
hydrogen peroxide solution comprising contacting an
aqueous hydrogen peroxide solution containing metal ijon
impurities

firstly with a H* type cation exchange resin,

secondly with a fluoride ion (F') type anion exchange

resin,

- thirdly with a carbonate ion (CO03?") type or bicarbonate

ion (HCO3") type anion exchénge resin, and

fourthly with a H' type cation eXchange resin.

3. The process for -producing a purified aqueous
hydrogen peroXide solution as claimed in claim 1 or 2,

wherein the aqueous hydrogen peroxide solution is
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contacted with an adsorption resin before contacted

with the H* type cation exchange resin.

4. The process for pfgducing a purified aqueous
hydrogen peroxide solution as claimed in any one of
claims 1 to 3, wherein sa%d H' type cation exchange
resin is regenerated by repeating a process, 2 or more
times, in which the cation exchaﬁge resin is treated
with a_ddwnward flowing inorganic acid aqueous solution

and then washed with ultra-pure water.

5. The process for producing a purified aqueous
hydrogen peroxide solution as claimed in any one of
claims 1 to 4, wherein the carbonate ion (COs%”) type or
bicarbonate ion (HCO3") type anion exchange resin is
regenerated by fepeating a process, 2 or more times, in
which the ahion exchange resin is treated with a sodium
Carbohate or sodium bicarbonate aqueous solution and

then washed with ultra-pure water.

6. The process for producing a purified aqueous
hydrogen peroxide solution as claimed in any one of
claims 2 to 5, wherein the fluoride ion (F') type anion

exchange resin is regenerated by repeating a process, 2
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or more times, in which the anion exchange resin is
treated with at least one fluorine compound aqueous
solution selected from the group consisting of sodium
fluoride, potassiﬁm flueiide and ammonium fluoride and

then washed with ultra-pure water.

7. The process for producing a purified aqueous
hydrogen peroxide eolution es claimed in any one of
ciaims 3 to 6, wherein the adsorption reein is
regenerated by tfeating'with an alcohol aqueous
-selution as a regenerant and then washing with ultra-

pure water.

8. The process for producing a putified.aqueous
hydrogen peroxide solution as claimed in any one of
claims 1 to 7, wherein the hydrogen peroxide
concentration in the.aqueeus hydrogen peroxide solutien"

is 40 to 70 % by weight.

9. The process for producing_e purified aqueous
hydrogen peroxide selutien as claimed in any one of
claims 1 to 8, wherein said purified aqueous hydrogen
peroxide solution is obtained by filﬁrating a solid

impurities contained in the aqueous hydrogen peroxide
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solution to which a flocculating agent has been

preliminary added, by a fine filter.

10. The process for p;pducing a purified aqueous
hydrogen peroxide sdlution'as claimed in claim 9,
wherein said flocculating agent is at least one
phosphorus based compound selected from the group
consisting of phosphoric acid, polyphosphoric acid,
acidic sodium pyrophosphate, |
aminotri (methylenephosphoric acid) and salt thereof,
aﬁd ethylenediaminetetra (methylenephosphoric acid) and

salt thereof.

11.' The process for producing a purified aqueous
hydrogen peroxide solution as claimed in claim 10,
wherein said phosphorﬁs based compound is added in én
amount that the atomic ratio (Al/P) of the Al ion
impufity contained in the aqueous hydrogen peroxide
solution in terms of a metal atom Al to the phosphorué
based compound in terms of a phosphorus atom is 0.045 '

or less.

12. The process for producing a purified agueous

hydrogen peroxide solution as claimed in any one of
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claims 9 to 11, wherein the fine filter has an average

pore size of 0.2 pm or less.



