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TITLE
PROCESS FOR PRODUCING A PURIFIED

AQUEOUS HYDROGEN PEROXIDE SOLUTION

IECHNICAL FIELD
_The present. invention relates to a process for
pfoducing a purified aqueous hydrogen peroxide soiution,
and more barticularly to a process for producing an aqueous
hydrogen peroxide solution having a high purity, which
enables to remove silicon oxide impurities contained in an
agueous hsrdrogen peroxide solution with accuracy up to ppt

order (1/10%).

W

An aqueous hydrogen peroxide solution is widely used
in various fields, for example, for a bleaching agent for
paper or bulp and as alcc-)mponent in chemical polishing
fluids. In recent years, hydrogen peroxide 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,
hydrogen peroxide requires a very high purity by extremely
decreasing a variety of impurities in an aqueous hydrogen

peroxide solution.
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In general, hydrogen peroxide is produced almost
exclusively by an anthraquinone process at present. The
anthraquinone précess is conducted as follows. Adelivative
of anthraquinong,. such as a 2-alkylanthraquinone, is
converted into the anthrahydroquinone by hﬂrbgenation in

a water-insoluble solvent in the presence of a

'hydrogenation.catalyst. After the catalyst is removed, the

reaction prbduct is bxidized with air to regenerate the
2-alkylanthraq:uinone,- and hydrogen peroxide is produced at
the same time. By extracting the produced hydrogen peroxide:
from the oxidatim-'l with water, an aqueous solution
containing hydrogen peroxide can be obtained. This process
is called the anthraquinone auto-oxidation process.

The aqueous hydrogen peroxide solution produced by this

process contains inorganic ions such as Al, Fe, Cr, Na, and

Si, and inorganic compounds impurities, which are derived
from materials constituting apparatus. Therefore, higher
purity of an aqueous hydrogen peroxide solution is achieved
by removing these purities so as tomeet a quality required.

As_the process for purification of an aqueous hj/drogen
peroxide solution by removing those impurities such as’
inorganic ions and compounds contained in the aqueous
hydrogen peroxide solution, for éxample, the process

comprising bringing an aqueous hydrogen peroxide solution
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into contact with a strongly acidic cation exchangé resin
is known. When the strongly acidic cation exchange resin
.is thus used, cationic metal ion impuri_ties such as Na, K
and Ca can be easily removed. In thé process described above,
there remains trace amount of anionic impurities such as
so,%, and Al ion,_ Fe ion, Cr ion which sometimes form anionic
metal chelate j.mpurities. Therefore, such énionic
'impurities and anionic metal chelate impurities are
generally removed by contactil_:lg these impurities with the
strongly acidic cation exchange resin.

However, in the above ;_:onventional processes, it is
hardly possible to remove silicon oxide impurities
contained in an aqueous hydrogen peroxide solution.

Therefore, many methods are proposed to remove silicon
oxide impurities contained in an aqueous hydrogen peroxide
solution. |

For example, Japanese Patent Application Laid-Open

. Publication No. 9(1997)-142812 discloses a process for

removing ‘silicon oxide impurities by bringing an agueous
hydrogen peroxide solution containing silicon oxide
impurities into contact with an anion exchange resin in the
flu._oride ion form.

Japanese Patent Application Laid-Open Publication No.

9(1997)- 221305 discloses a process for removing silicon
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oxide impurities by filtrating an aqueous hydrogen peroxide
solutionwithanultra-filter. It isdescribed therein that,
in the process, pH of hydrogen peroxide is preferably preset

at 3 to 5 and the aqueous hydrogen peroxide solution may

be further brought into contact with an.ion exchange resin

afte_r an ultra-filtration process.
3apénese Patent Application Laid-Open Publication No.

9(1997)~ 235107 discloses a process wherein. a fluoride_

compound is added to an agueous hydrogen peroxide solution

and the mixture is brought into contact firstly with an
cation exchange resin ina H* form having sulfonic acid group-
and secondly with an anion exchange resin.

Further, Japanese Patent Application Laid-Open
Publication No. 11(1999)-79717 discloses a process for
producing a purified aqueous hydrogen peroxide solution by
bringing an agueous hydrogen peroxide solution into cori_tact
with a strongly basic anion exchange resin in a hydroxide

ion form after adding hydrogen fluoride of not less than

- 0.05milliequivalent per liter of aqueous hydrogen peroxide

solution to an aqueous hydrogen peroxide solution.

Other than the processes for purification described
above, there are another processés for purification known,
wherein some of RO(reverse osmolysis membrane) apparatus,

a cation exchange resin tower, an anion exchange resin tower,
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aMix bed(amixedbed resin), anultra-filtration apparatus,
a chelate resin treatment, an-absorption resin treatment,
an addition of absorbent and so on are used in combination.

However, in the above processes, the content of Si is

~only reduced to about 1 ppb order. Therefore, an aqueous

hydrogen peroxide solution pui:ified by conventional -
processes could hardly be used in the field whereiﬁ a high
purity is_reciuired such as in the field of the electronic
industry. iri the conventional processes of purification
described above, there was another problem that the
reproducibility of removal level of silicon oxide
impurities was low and an aqi.xebus hydrogen peroxide
solution could not be efficiently purified.

Under these circumstances_, the present inventors
conducted extensive studies to solve the problems described
above. As the result of the studies, it was discovered that
there exists both soluble silica and insoluble silica
(suspended pafticles or colloid) in the silicon oxide
impurities contéi_ned in an aqueous hydrogen peroxide
solution. It was also discovered thaﬁ, when insoluble
silica is filtered out with a precision filter after adding
a flocculating agent to an aqueous  hydrogen peroxide
solution and soluble silica is further removed by using an

anion exchange resin changed into a fluoride ion form by
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at least one fluoride compound which contains 0.05 % by
weight or less of SiF; and is selected from the group
consisting of sodium fluoride, potassium fluoride and
ammonium fluoride, the cqncentration of Si in an aqueoué
hydrogen peroxide solution could be reduced up to ppt order
(1/10%), and the reproducibility of removing silicon oxide
impurities level was very high. The present invent.ion has
been completed on the basis of these findings.

The above Japénese Patent Application Laid-Open
Publication No. 9(1997)- 142812 also discloses a process
for removing silicon oxide impurities by bringing an
aqueous hydrogen peroxide solution containing silicon
oxide impurities in{:o contact with an anion exchange resin
in the fluoride ion form. Usually, silicon compounds such
as SiFg are contained in high amounts as impurities in sodium
fluoride, potassium fluoride, ammonium fluoride and the
like (hereinafter called “regenerant”) which are used when
changing an anion exchange resin into the fluoride ion form.
As a result_ of the present inventors’ further studies, it
was discovered that such silicon compound impurities in the
regenerant could hardly be removed from an ionl exchange
resin to a sufficient degree a_nd therefore, silicon
comi)ound impuri_tie's derived from the regenerant might be

mixed into an aqueous hydrogen peroxide solution when an
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aqueous hydrogen peroxide solution was brought into contact
with the ion exchange resin,.which caused the inferior
reproducibility of .the concentration of Si in an purified
aqueous hydrogen peroxide solution. On the other hand, when
the regenerant co_ntaining a coﬁtrolled amount of SiF, to
a certain level or less is used in the present invention,
silicon compound impurities do not remain in an ion e>.:.change
resin, thereby silicon oxide impurities can be removed to
an extremely high degree and it is also possible to realize
a higher reproducibility of the removal level.
OBJECT OF THE INVENTION _

The object of t;he present invention is to provide a
process for producing a highly purified aqueous hydrogen
peroxide solution from which silicon oxide impurities are
removed to a minimum by purifying an aqueous hydrogen .
peroxide solution containing si.licon oxide impurities.

SUMMARY OF THE INVENTION

The present invention pfo_vides a process for producing
a highly pﬁrified aqueous hydrogen peroxide solution by
removing silicon oxide impuriﬁies contained in ah agueous
hydrogen peroxide solution, which comprises:

adding a flocculating agent to' an aqueous hydrogen

peroxide solution containing silicon oxide impurities, and

‘filtering out impurities of solid content contained in the
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aqueous hydrogen peroxide solutionwith a precision filter,
thereafter

bringing the ' aqueous hydrogen peroﬁcide solution
obtained as above into contact with an anion exchange resin
in a fluoride foi:m changed by at least one fluoride compound
which contains 0.05 % 'by w'eight 'or_ less of SiF; and is
selected from the group consisting éf sodium fl;ior;i.de,
potassium fluoride and'ammonium fluoride.

Thus, a flocculating agent is added to an aqueous
hydrogen peroxide solution in advéhce, then insolubie
silica is removed by filtration using a precision filter.
Subsequently, soluble silica is removed by using an anion
exchange resin in a fluoride form changed by a fluoride
compoﬁnd wherein the amount of SiF; is controlled to a
certain amount or less. AS a result, it_becomes possible
to remove the silicon oxide impurities contained in an
aqueous hydrogen peroxide solution up to ppt order (1/10%?%).
Fufthe’rmore, the present process realizes the higher
reproducibility of removing such silicpn oxide impurities.

The present invention also provides a process for
produciné a purified aqueous hydrogen peroxide solution by

removing silicon oxide impurities contained in an aqueous

- hydrogen peroxide solution to a minimum, which comprises:

adding a flocculating agent to an aqueocus hydrogen
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peroxide solution containing silicon oxide impurities, and

filtering out impurities of solid content contained in the -

- aqueous hydrogen peroxide solution with a precision filter,

thereafter

bringing the obtained aqueous hydrogen peroxide
solution into contact with;
(i) an H* cation:excﬁahge resin, then
(ii)-én anion exchange resin changed in a fluoride form by
at least one fluoride compound which contaiﬂs 0.05 % by

weight or less of SiF, and is selected from the group

consisting of sodium fluoride, potassium fluoride and

ammonium fluoride, thén
(iii) an anion exchange resin in the carbonate form or
bicarbonate form, thereafter
(iv) a cation exchange resin in H' form.

In the present invention, it is preferred that the
concentration of hydrogen peroxide contained in an aqueous
hydrogen peroxide solution is 40 to 70 % by weight.

Especially, silicon oxide impurities can be removed with

.efficiency when the aqueous hydrogen peroxide solution

having such concentration is used.
" It is preferred that a flocculating agent is at least
one phosphorus compound selected from the group consisting

of phosphoric acid, polyphosphoric, disodium dihydrogen



10

15

20

-10-

pyrophosphate, aminotri (methylenephosphonic acid) and the
salt thereof, and . ethylenediaminetetra
(methylenephosphonic acid) and the salt thereof. It is
preferred that the said phosphorus compound be adcied in an
amount that the atomic ratio (Si/P) of silicon oxide
impurities contained in an agueous hydrogen ' peroxide
solution in terms of silicon atom to the phosphorus cc.>'mpound
in terms of phosphorus atom is 0.0001 or less.

It is preferred that the average pore diameter of the
precision filter used in the present invention be 0.2um

or less.

D C 0 VE N
A process for producing a purified aqueous hydrogen

peroxide solution according to the present invention is

described in detail hereinafter. Ppm, ppb and ppt used in

the present specification means ppm by weight, ppb by weight
and ppt by weight, respéctively. | |

An aqueous hydrogen peroxide solution used as a
feedstock ih the present invention is produced by a publicly
knowh procéss such as an anthraquinone auto-oxidation
proc;ess, a direct synthesis process by a direct reaction
of hydrogen and oxygen, and so on.

In the aqueous hydrogen peroxide solution, silicon

<
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oxide impurities are generally contained in an amount of

a few to a few tens of ppm. These silicon oxide impurities

are derived from water used in production (extraction,

distillation and dilution), silica'componénts suspended in

the air and materials constituting production facilities.
Such silicon oxid; .impuritie.s include both ingoluble

silica compohents and soluble silica components. Insoluble

silica components are particles or colloidal silica, and

soluble silica components are silicate and the like.

In a process for producing a purified aqueous hydrogen
peroxide solution according to the present invention, f;’.i:st,
a flocculating ageni: is added to an aqueous hydrogen
peroxide solution, thereafter thé resulting solution is

filtered out using a precision filter, and insoluble silica

components contained in the aqueous hydrogen peroxide

solution. afe removed as impurities of solid materials.
fhe concentration of hydrogen peroxide in such aqueous
hycirdgen peroxide solution is 40 to 70 % by weight,
preferably 45 to 65 % by weight. Eépec_ially, silicon oxide
impurities can be removed with efficiency when the aqueous
h.ydi:.ogen peroxide solution having such high concentration
is-used.
A flocculating agent is added in order to flocculate

and filter out the insoluble silica components contained
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in an aqueous hydrogen peroxide solution. As the
flocculating agent, a phosphorus compound is usually used.
As the phosphorus compound, at least one phosphorus
compound selected from the group consisting of phosphoric
gcid, polyphosphoric acid, disodium dihydrogen
pyrophosphate, aminotri (methylenéphosphonic acid) and the
salt thereof, and ethylenediamiﬁetetra
(methylenephosphonic acid) and the salt thereof, is
preferably used.

It is preferred th_at the said phosphorus compound be
added in an amount that the atomic ratio (Si/f) of silicop
oxide impurities contained in an aqueous hydrogen peroxide
solution in terms of silicon atom to the phosphorus compound
in térms of phosphorus atom is 0.0001 or less, desirably
0.00001 - 0.0001.

The solution is desirably,aged for one déy or more,
preferably for one qay.t_o'S days after adding the phosphorus
compound thereto. The aging may be carried out under the
conditioﬁ of either stirring or not stirring. By this aging,
insoluble silica components are flocculated and grow so as
to be filtered out..

The insoluble lsilica components are filtered out using
a cartfi_d‘gé—type precision filter.

The average pore diameter of the precision filter used
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iﬁ the present invention is desirably 0.2 um or less,
preferably 0.1 u m or 1less. There is no particular
restriction on materials constituting the precision filt’er
on condition that they do not contain components which may
be eluted into an aqueous hydrogen peroxide solution. For

example, the filer made from fluororesin, polyolefin resin

such as polyethylene or polypropylene, polysulfone .resin,

or polycarbonate resin are used. Among them, the filter made
from fluororesin is particularly preferable.

'According to the present invention, a flocculating
agent is added to an aqueous hydi:ogen peroxide solution foJ-*:
filtration using a precision filter, and thereafter, the
hydrogen peroxide may be brought into contact with an
absorption resin. By contact with the absorption resin,
organic impurities can be further_gremoved to a higher
degree.

As the absorption resin, a porous resin having is used.
The porous resin comprises & styrene-divinylbenzene

copolymer and has no ion exchange group. The porous resin

desirably has a specific surface area in a dry state (BET

method (Ng)) of about 200 to 900 m’/g, preferably 400 to
900 m’/g. Further, such resins are desirable having a
continuous pore of a pore volume in a dry state of about

0.6 to 1.2 ml/g, preferably about 0.7 to 1.12 ml/g as
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measured by the mercury porosimetry method. As the porous

resin, a resin which is constituted from styrene

‘crosslinked byl divinylbenzene and has a network structure

is used. Such the absorption resin includes Amberlite
XAD-2 and XAD-4 produced by Rohm & Haas company and HPiO,
HP20, HP21, HP30, HPAO, HP50, SP800 and SP900 produced by
MI.TSUBISHI CHEMICAL CORPORATION. ‘-

Further, a porous resin containing halogen can be used

as an absorption 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 'v"inyltoluene and an aromatic polyvinyl

monomer such as divinylbenzene and trivinylbenzene, a
crqsslinked polymer of a halogenated aromatic monovinyl
monémer such as monochlorostyrene and monobromstyrene and
an aromatic polyvinyl monomer and a crosslin_.ked 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-divinylbenzene copolynier is preferably used, and,

~ for example, the trade name, “SEPABEADS SP207”, which is

a . copolymer of brominated styrene-divinylbenzene and has

- a specific gravity of about 1.2, can be listed. Further

there can be used the absorption resin in which a
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hydrophilic group such as a hydroxyl group, chloroalkyl
group or an alkyl hydroxide group is introduced into a
crosslinked copglymer of an aromatic monovinyl mohomer and
an aromatic polyvinyl monomer. The chloroalkyl group is
fepresented by the formula of - (&;Hz) »«Cl and the hydroxy alkyl
group is représented by the formula of -(CH,),OH. The
longer a straight chaih of alkyl group is, the weaker the
hfdrophilic 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
“bophachett EP63” produced bj Bayer is well known.

ﬁy such the treatment process with the porous resin,
impurities (TOC) such as organic impurities contained in
an aqueous-hydrogen peroxide solution can be highly
removed..

For .the next step, the aqueous hydrogen peroxide
solution is brbught into contact with an anion exchange
resin changed (converted) into the fluoride ion form by at
least one fluoride éompouhd which contains a very small

amount of SiFy; and is selec¢ted from the group consisting

- of sodium fluoride, potassium fluoride and ammonium

fluoride (Such fluoride compound is hereinafter called
“regenerant”).

By contact with an anion exchange resin in the fluoride
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ion form, a soluble silica dissolved in the aqueous hydrogen
peroxide solution is trapped by an anion exchange resin and
removed.

It is preferred that the amount of SiF, contained in

| a fluoride compound as a regenerant be 0.05 % by weight or

less, more preferably 0.01 % by weight or less. When the

amount of SiF¢ contained in the regenerant is such as ébove,
it is possible to remove the silicon oxide. impurities
conta;ined-.in a.n aqueous hydrogen peroxide solution up to
ppt level (1/10%), and furthermore, the reproducibility
level of removing such silicon oxide impurities is also
high.

When SiF, content in the regenerant is larger than the
above, SiFg cannot be thoroughly removed by washing after
the regenerétion of an anion exchange resin in the fluoride
ion form_. Therefore, it happens that SiF; derived from the
regenérant leaks out to get rﬁixed into the purified aqueous
hydrogen peroxide . solution when ah .aqueoﬁs'. hydrogen
peroxide solution is brought into contact with an anion
exchange resin in the fluoride ion form. And the Si content
remained in the purified aqueous hydrogen peroxide soluf.ion
may be .ranged.

As the anion exchange resin used in this invention,

strongly basic anion exchange resins obtained by
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chloromethylation of a styrene-divinylbenzene crosslinked
copolymer, .foll-owed by amination qf the product by
trirﬁethylaxhine or dimethylethanolamine and subsequently by
forming a quaternery salt of the product of amination (the
exchange resin is a quaternary ammonium group) ; weak basic
anion.exchange. résins derived from a. styrene-
divinylbenzene érossi_l.inked copolymer and having 'a px:imary,
secondary, or tertiary amine as the ion exchange group; an
acrylic aéid type croéslinked polymer having a tertiary
amine as the exchange group; and pyridine type anion
exchange resins comprising a polyfner having a pyridyl group
or a substituted pyridyl group. Of these, strongly basic
anion exchange resins having a quaternary ammonium group
as a exchange group is preferably used in the present
invention. |

Various anion- exchange resins having a quaternary
ammonium ‘group as an exchange group are commercially
available. For example, products of DIAION PA series such
as PA3.16 and pPA4lse, .D.'IAI(.)N SA series such as SA10A and SA20A
and products of Amberlite IRA series such as IRA-400,
IRA-410, IRA-900 and IRA-904 are exemplified. Such resins
are generally commercially available in the form of a
chloride ion form.

In the present invention, as an ion formbefore changing.
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into a fluoride ion form, a commercialiy available chloridé
ion form may be used per se..The ion forms used in' the
conventionai technology for pﬁrification. of hydrogen
peroxide, such as a hydroxide ion form, a carbonate ion form
or bicarbonate ion form, are also available. Moreover, an
ion form other than those may be used.

An anion exchange resin can be changed into f.he fiﬁoride
ion form by bringing the aqueous shiution containing the
regenerant described above into contact with the anion
éxchange resin. The following process may be used to bring
the aqueous solution containing the regenerant into contéct

with an anion exchange resin; an anion exchange resin is

. packed into an ion exchange resin tower (a regeneration

tower) :an a confinuous flow process, and the agueous
solution containing the regeneranf is passed through
downward, thereafter ultra-pure water is passed from below
upward. This operation counts as._one step. The resin is
desirably regenerated by conducting the above step twice
or mhre, preferably 2 to 12 tifnes.l
Usually, an anion exchange resin is brought into

contact with a regenerant aqueous solution 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 passing of



10

15

20 -

-19-

regeneran.t/ultra—pure water washing is desirably repeated
pért_icularly two or more times. By repeating the fluorine
compound aqueous solution/ultra-pure water passing, an ion
exchange resin can be effectively and homogenously
regenerated. and further can be washed up to the inside of
the resin due to contraction and swelling of the resin.

The concentration of the regenerant is usualiy 1 to
4 % by weight, preferably 2 to 4 % by weight. The amount

of the regenerant aqueous solution to be passed through is

‘three times or more, preferably 4 to 12 times of the resin

volume.

Such regenlerant aqueous solution .is usually passed
through of a downflow at SV (space velocity) =1 to 5 Hr™?,
and BV (B..ed Volume; showing the volume of ion exchange resin
processed. A unii; is L/L-RY = 0.5 to 1 L/L-R. Then,

ultra-pure water is passed through of an upflow at SV =10

to 30 Hr™ and BV = 0.1 to 0.5 L/L-R for washing.

After the regenerant solution and ultra-pure water was
passed t'hrough, another washing with ultra-pure water is
conducted to further wash an ion exchange resin after

regeneration. In this washing, the sequence of a downflow

- and upflow of ultra-pure water is taken as one step and 4

to 9 stéps are carried out. It is preferred that the

ultra—bure water be passed through of upflow at SV = 10 to
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30 Hr™ and BV = 3 to 5 L/L-R, and of downflow at SV = 10
to 30 Hr™ and BV = 3 to 5 L/L-R. It is also preferred that
the washing is conducted with 30 to 60 times volume of
ultra-pure wa_t-er relative to the resin volume.

‘Thus, by repeating the fluorine. compound aqueous-

solution-ultra-pure water passing, an ion exchange resin

can be effectively and homogenously regenerated and further
can be washed up to the inside of the resin due to contraction
and swelling of the resin.

In the present invention, a continuous flow process
is used for bringing thé aqueous hydrogen peroﬁide solution
containing impurities into contact with the anion exchange
resin in the fluoride ion form. It is preferred that the
agqueous hydrogen peroxide solution be passed through the
resin lay.er at a sl.oa-ce velocity (SV) of 5 to 40 Hr™,
preferably 10 to 30 Hr™.

In case of the anion exchange resin in the fluoride
ion form, an aqueous 'hydrogen peroxide solution is not
decomposed. Therefore, safety precaution such as the
prevention for '_ci:acked_ gases is hardly required.

It is also effective that, after the agqueous hydrogen

peroxide solution is brought into contact with the anion

.exchange resin in the fluoride ion form to reduce silicon

oxide impurities, the aqueous hydrogen peroxide solution
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is further brought into contact with publicly known resins,
namely, a strongly acidic cation exchange resin having a
sulfonic acid group and a strongly basic anion exchange
resin such as an anion exchange resin in a bicarbonate form.
The purified aqueous hydrogen peroxide solution processed
wiﬁh an anion'exchangé resin in the fluoridé ign form
contains _,i:he fluoride ion generated by ion exchange; which
can .b.e removed by contact with a normal anion exchange resin
in a bicarbonate form, and the like. Thus, when an anion
exchange resin in the fluéride ion form is used in
combination with a known anion and cation exchange resin,
the order of contact can be properly selected according to
the components of the purified aqueous hydrogen peroxide
solution to be used.

In combination of an énion and cation exchange resin,
it is preferred that the aqueous hydrogeh"faeroxide solution
be passed through a cation exchange ré_siri, an anion exchange
resin in the fluoride ion form, an anion exchange resin,
and an cation exchange resin, in this Brder.

Especially, when the aqueous hydrogen peroxide

.solution is passed through H' cation exchange resin, an

anion exchange resin in the fluoride ion form, cation
exchange resin in the  carbonate ion form or in the

bicarbonate ion form and H" cation exchange resin in this
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order, even impurity components other than silicon oxide
impuritieslcan be removed to a minimum. As a result, metal
ion impurities contained in an aqueous hydrogen peroxide
solution can be effectively femovéd, and a very high-
quality aqueous hydrogen peroxide solution having a metal

ion impurity content of a few ppt-levels or its vicinities

- can be produced. Further, the agueous hydrogen peroxide

solution purified by the process of the present invention

has a good and stable duplicativeity of level of removing
metal ion impurities.

To the aqueous hydrogen peroxide solution thus
obtained, ultra-pure watef is further added as neéessary
to prepare the concentration of hydrogen peroxide. The
ultra-pure water, wherefrom impurities are removed to a
high degree, is preferably used.

- Following the procedure descfibgd above, 1t is possible
to produce a highly purified aqueous hydrogen peroxide
solution, wherefrom.silicon oxide impurities are removed
ué to ppt level.

In the present invention, pridr to the procedure
described above, a purified aqueous hydrogen peroxide
solution, wherefrom other metal ion impurities are highly
removed by a known process, may be used. As an alternative

way, from the highly pure aqueous hydrogen peroxide
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solution obtained by the process of the present inveﬁtion,
other meta_l ion impurities may be removed by using a known
process. The known procésses to remove the 6ther metal ion
impurities and the 1like include a distillation, an

ultra-filtration, a process using an absorption resin, and

a chelate resin and so on. When these processes are combined

with the process of the present invention, not only silicon
oxide impurities but also other metal ion impurities and

the like can be highly removed.

According to the present invention, silicon oxide
impurities contained in an aqueoﬁs hydrogen peroxide
solution can be removed effectively to produce an aqueous
hydrogen peroxide solution of very high quality, v-therein
a content of Si is' 50 ppt or less. Further, in the process
of the present invention, the reproducibility of the

content of Si is high and stable.

Example -

The present invention 1is further descried with

reference to the following examples. However, it should be

construed that the present invention is in no way limited

to those examples.
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In the examples, metal iqn impurities were measured
by a flameless atomic absorption spectroscopy, ICP-AES and
ICP-MS. Ppm, ppb and ppt means ppm by weight,' ppb by weight

and ppt by wéight, respectively.

Example 1

Disodium dihydrogen pyrophosphate was added fo 60 %
by weight of an aqueous hydrogen peroxide solution
cqntaining silicon oxide impurities (concentration of Si:
2 ppb) to attain a concel-ntration of 0.077g/liter. Then, the

solution was allowed to stand for 3 days to be aged,

thereafter it was subjected to filtration with a filter

having an avefage pore diameter of 0.1 um. The ratio of
phosphorus atom in disodium dihydrogen pyrophosphate added.
aﬁd Si atom in silicon oxide impurities (si/p atomic ratio)
was 0.00009.

The agueous hydrogén peroxide solution after
filtration.was passed continuously at a space velocity (SV)

= 15 Hr™* through the column into which an anion exchange

resin in the fluorid ion form was packed, and brought into

contact with an anion exchange resin in the fluoride ion
form to be purified.
As the anion ekchange resin in the fluoride ion form,

the spent anion exchange resin SA20A in the bicarbonate form
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v}as regenerated to the fluoride ion form. As the regenerant,
3 % by weight of sodium fluoride solution (amount of SiFg :
100 ppm or less) was used. The regeneration of the anion
exchange resin in the fluoride ion form was conducted as
follows. Thé anion exchange resi'n.in .the bicarbonate form
was packéd intoa regeneratioh tower which is different from
one for purif.ication. The regenerant solution was..passed
through at SV = 2.25 Hr™? and BV = 0.75 L/L—ﬁ of .a downflow,
then the flow of the solution was s{:opped, and ultra-pure
water was passed through at SV =13.2 Hr'' and BV = 0.3 L/L-R
of an upflow. This operation was taken as one stefJ and this
step was repeated 6 times. 'i'hen, ultra-pure water was passed
through at SV = 13.2 Hr™? and BV = 3.3 L/L-R of a downflow,
thereafter at the same rate of SV and BV of an upflow. This
operation wés taken as one step. This step was repeated 6

times to wash with ultra-pure water and prepare the anion

- exchange resin in the fluoride ion form. The anion exchange

resin in the fluoride ion form thus regenerated was packed
into a purification tower (an ion exchange resin tower) in
slurry.

Thereafter, the sdlution.was diluted with ultra-pure
water (concentratlion pf Si: 50.ppt or less) to prepare the
aqueous hydrogen peroxide solution having a concentration

of hydrogen peroxide of 31 % by weight.
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The -concentration of Si in the purified aqueous
hydrogen peroxide solution obtained was measured. It was

not more than 50 ppt.

Example 2

Aminotori (methylenephosphonic acid) was added to Gd $
by weight of an aqueous hydrogen peroxide sc.alutioh'
containing silicon oxide impurities (concentration of Si:
43 ppb) to attain a concentration of 1;39g/liter. Then, the
solution was allowed to stand for 3 days to be aged,
the;eafter it was subjected té filtration with a filter
haviné an average pore diameter of 0.1 um. The ratio of

phosphorus atom in aminotori (methylenephosphonic

acid)added and Si atom in silicon oxide impurities (Si/P

atomic ratio) was 0.0001.

The aqueous hydrogén' peroxide solution after

filtration was passed continuously at a space velocity (SV)

= 15 Hr™? through the column into which the same anion

exchange resin in the fluoride ion form as that in Example

1 was packed, and brought into contact with an anion

'exchange resin in the fluoride ion form to be purified.

The aqueous hydrogen peroxide solution coming out of
the purification tower was diluted with ultra-pure water

(concentration of Si: 50 ppt or less) to prepare the agueous
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hydrogen peroxide solution having a concentration of
hydrogen peroxide of 31 % by .weight.

The con;::entration of Si in .the purified aqueous
hydrogen peroxide solution obtained was measured. It was

not more than 50 ppt.

Example 3

. AS- in Example 1, the agueous hydrogen pel;oxide solution
after filtration was passed continuo'us.ly at 15 Hr? of a
space velocity (SV) through the column into which a cation
exchange resin in the H' form was packed, and brought into
contact with the cation exchange resin .in the H* form.
Thereafter, the solution was passgd continuously at 15 Hr™!
of a space velocity (SV) through thelcolumn into which an
anion exchange resin in the fluoride ion form was packed,
and brought into contact with the anion exchange resin in
the 'fluo'r_ide ion form. After that, with cooling to -3C,
the sélution was. passed continuously at 15 Hr™! of a-épace
velocity (SV) through the column into whicﬁ an. anion
exchange resin in the bicarbonate ion form was packed, and
brought into contact with the anion exchange resin in the
bicarbonate ion form. Subsequently, the solution was passed
continuously at 15 Hr! of a space velocity (SV) through

the column into which a cation resin in the H' form of the
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second step was packed, and brought into contact with the
cation exchange resin in the H" form of the second step.

Each ion ex'chan.ge resin used was regenerated as
follows.

The regeneration of the above ién exchange resin was
coﬁdubted in the ion exchange tower (regeneration tower)
which is different from the purification tower —for an
aqueous hydrogen peroxide solution.

R ti £ . 1 .

The spent SKI1B was used as a cation exchange resin in

thé H' form of the first and second steps. 10 % by weight

of an aqueous hydrochloric acid solution was used as the

‘regenerant. The solution containing the regenerant was

passed through at SV = 2.25 Hr™ and BV = 0.75 L/L-R of a

downflow, then the flow of the solution was stopped, and

ultra-—p.ure water was passed through at SV = 13.2 Hr™? and
BV = 0.3 L/L-R of an upflow. This operation was téken as
one step and this step was repeated 10 times. .Then,
ultra-pure water was passed through at SV = 13.2 Hr'l-_and
BV = 3.3 L/L-R of a downflow, thereafter at the same rate
of SV and BV of an upflow. This operation was taken as one
process steé. This step was repeated 6 times to wash with

ultra-pure water and prepare a regenerated cation exchange

resin in H' form.
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As the anion exchange resin in the fluoride ion form,
the spent SA20A was regenerated and used. As the regenerant,
3 % by weight of sodium f£luoride solution (amount of SiFg :
100 ppm or less) was used. The regenerant solution was

passed through at SV = 2.25 Hr™? and BV = 0.75 L/L-R of a

downflow, then the flow of the solution was stopped, and

ultra-pure water was passed through at SV = 13.2 ‘Hr™ and
BV = 0.3 L,/L;R of an upflow. This operation was taken as
one step and this step was repeated 6 times. Then,
ultra-pure water was passed throuéh at SV = 13.2 Hr™? and
BV = -3.3 L/L-R of a downflow, thereafter at the same rate
of SV and BV of an upflow. This 6peration wé:_ts taken as one
process step and this step was repeated 6 £imes for washing
with ultra-pure water to prepare the regenerated anion
exchange resin in the fluoride ion form.

As the anion exchange resin in the bicarbonate form,

the spent SA20A was used. First, it was regenerate.d with

sodium hydroxide. As the regenerant, 5 % by weight of

aqueous sodium hydroxide solution was used. Subsequently,
the regenerant solution was passed through at SV = 2.25 Hr™

and BV = 0.75 L/L-R of a downflow, then the flow of the

solution was stopped, and ultra-pure water was passed

through at SV = 13.2 Hr?' and BV = 0.3 L/L-R under an

upward-moving stream. This operation was taken as one
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process step and this step was repeated 6 times. Then,
ultra-pu;e'water was passed through at SV = 13.2 Hr™ and
BV = 3.3 L/L-R of a downflow, thereafter at the same rate
of SV and BV of an upflow. This operation was taken as one
step and this step was repeated 5 times for washing with -
ultra-pure water. |

_Si:bs_equently, this anion exchange resih was
regenerated with sodium bicarbonate. As the regenerant, 8%
by weight of aqﬁeous sodium bicarbonate solution was used.
First, the regenerant solution was passed through at SV =
2.25 Hr™ and BV = 0.75 L/L-R of a downflow, then the flow
of the sqlution was stopped, and ultra-pure water was passed
through at SV = 13.2 Hr™ and BV = 0.3 L/L-R of an upflow.
This operation was taken as one step and this step was
repeated 12 times. Then, ultra—pure water was passed
through at SV = 13.2 Hr™ and BV = 3.3 L/L-R of a downflow,
thereafter at the same _rate of SV and BV of an upflow. This
operatieh Qas i:aken as one step and this step was repeated
6 f.imes_'for washing with ultra—pure water. The regenerated
anien exchange resin in the bicarbenate form was thus
prepared. |

Each exchange resin 'J:_‘egenerated as above was packed,
in slurry, into each purification column.

After the flow of aqueous hydrogen peroxide solution .
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through the column, the purified aqueous hydrogen peroxide -
solution was diluted with uitra—pure water, wherefrom
impurities were highly removed, to prepare the aqueous
hydrogen pefoxide solution having a concentration of
hydfogen peroxide of 31 % by weight.

The concentration of Si in the purified aqueous
hydrogep peroxide solution obtained was measdred;:lt was
not more than 50 ppt. And other impurities are also removed.

The amount of impurities contained in the purified

aqueous hydrogen peroxide solution obtained is shown in

Table 1.

Table 1

An amount of impurities in the aqueous hydrogen peroxide solution

measuring | measured measuring | measured
. limit {ppt) | value (ppt) limit (ppt) | value (ppt)
Ag 05 ND || Mg 0.2 ND
Al 02 02 {§ Mn 0.3 ND
As —2 ND “ Mo 0.3 ND
Au 0.2 ND Na 05 ND
B 4 ND  f  Nb 0.1 ND
Ba 0.1 ND_ || Ni 0.7 ND
Be 5 ND || Pb 0.1 ND
Bi 02 ND || Pd 0.3 ND
Ca | 2 ND | Pt | 02 _ND
~ Cd -0.3 ND I Sb 0.3 ND
Co 1 ND |} Si 50 ND
Cr 1. 1 I sn | 08 ND
Cu 05 ND |  Sr 0.05 ND
Fe 0.5 .07 I Ta 0.1 ND
Ga 0.5 - ND lF Ti 2 ND
Ge 2 ND Tl 0.1 ND
In 0.1 ND IV 1 ND
K 2 ND i Zn 2 ND
Li 0.02 ND || Zr 0.1 0.1

ND shows the measured value is not more than the measuring limit.
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Comparative example 1

Disodium dihydrogen pyrophosphate was added to an 60 %
By weight of an aqueous hydrogen peroxide solution
containingsiliconoxideimpuritiés.Then,theéolutionwas
allowed t;o étand for 3 dajrs to-prepare a maﬁured -;queous
hydrc;gen peroxide solution. The concentration in the
obtained agueous hydrogen peroxide solution was 3.8 ppb and
phosphor-us conceﬁtration in the solution ion was i6 pPpm.
The ratio of phosphorus atom in the aqueous hydrogen
peroxide solution and Si ion in silicon oxide impurities
(Si/P atomic ratio) was 0.0002.

| Without filtration, this aqueous hydrogen peroxide

solution was passed continuously at a space velocity (SV)
= 15 Hr™? throuéh the column into w’hi_ch ;:ﬂhe same anion
exchénge resin in the fluoride ion form as that in Example
1 was packed, and brought into contact with an anion
exchange resin in the fluoride. ion form to be purified.

The aqueous hydrogen peroxide solution coming out of
the purification tower was diluted with ultra-pure water
(concentration of Si: 50 ppt or less) to prepare the aqueous
hydrogen pero#ide solution having a concentratibn of -

hydrogen peroxide of 31 % by weight. -
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The Si concentrafion in the purified aqueous hydrogen

peroxide solution obtained was measured. It was 0.23 ppb.

Comparative example 2.

Disodium dihydrogen 'pyrophbsphate was added to an 60 %

by weight of an aqueous hydrogen peroxide solution

containing silicon oxide impurities (concentratioﬁ of Si:
2.4 ppb) to attain a concentration of phosphorus ion of 20
ppm. Then, the solution was allowed to stand for 3 days to
be matured, thereafter it was subjected to filtration with
a filter having an average pore diameter of 0.1 um. The ratio
of P atom in disodium dihydrogen pyrophosphate added and
Si atom in silicon oxide impurities (Si/P atomic ra_tib) was
0.00012.

The aqueous hydrogen peroxide solution. after
filtration was passed continuously at a space velocity (SV)
= 15 Hr?! through the column into which an anion exchange
resin in the fluoride ion form was pa'cked, and brought into
contact with an anion_exchénge resin in the fluoride ion
form to be purified. As the anion éxchahge resin in the
fluoride ion form, the spent anion exchange resin SA20A in
the bicarbonate form was uéed after regeneration with
following regenerant as in Example 1. As the regenérant,

1.5 $ by weight of sodium fluoride solution (amount of
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‘SiFg :0.1 - 0;3 % by weight) was used.

The purified agqueous hydrogen peroxide'solution was.
diluted with ultra-pure water (concentration of Si: 50 ppt
or less) to prepare the aqueous hydrogen peroxide solution
having a concentration of hydrogen peroxide of 31 % by
weight5

The Si concentration in the purified aqueous ﬁ&drogen

peroxide solution obtained was measured. It was 1.1 ppb.
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Claims
1. A process for pro.ducing a purified aqueous
hydrogen perbxide' solution _by removing silicon oxide

impurities contained in an aqueous hydrogen peroxide

- solution, which comprises:

adding a fiocculating agent to an aqueous hydrogen

peroxide solution containing silicon oxide impurities, and

filtering out impurities of solid content contained in the
aqueous hydrogen peroxide solution with a precision filter,
thereafter

bringing the aqueous hydrogen peroxide solution

obtained as above into contact with an anion exchange resin

-in a fluoride ion form chahged by at least one fluoride

compound which contains 0.05 % by weight or less of SiF;

and is selected from the group consisting of sodium fluoride,

" potassium fluoride and ammonium fluoride.

2. A process for producing a purified aqueous

hydrogen peroxide solution by removing silicon oxide

impurities contained in an aqueous hydrogen peroxide.

solution, which comprises:

addfi.ng a flocculating agent to an aqueous hydrogen
peroxide solution containing silicon oxide impurities, and

filtering out impurities of solid content contained in the

* c L M s *
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aqueous hydrogen peroxide solutionwith a precision filter,
thereafter

bringing the obtained aqueous hydrogen peroxide
solution into contact with;
(1) a cation exchange resin in H' form, then
(ii) an anion . exchenge- resin in the fluoride ion form
changed by at least one fluoride compound which centains
0.05 % by weight or less of SiF; and is selected from the
greup consisting of sodium fluoride, potassium fluoride and
ammonium fluoride, then
(iii) an anion exchangelresin in the carbonate ion form or
bicarbonate form, thereafter

(iv) a cation exchange resin in H' form.

3. The process for producing a purified aqueous

"hydrogen peroxide solution as claimed in claim 1 or 2,

whe.rein the concentration of hydrogen peroxide is 40 to 70 %

by weight.

4. The process for producing a purified aqueous
hydrogen peroxide solution as claimed in any one of claim

1 to 3, wherein the said flocculating agent is at least one

_phosﬁahor_us compound selected from the group consisting of

. phosphoric acid, polyphosphoric aeid, disodium dihydrogen

I :
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pyrophosphate, aminotri (methylenephosphonic acid) and the

salt thereof, and ethylenediaminetetra

- {methylenephosphonic acid) and the salt thereof.

5. The pi:ocess for producing a purified aqueous
hydrogen peroxide solution as claimed in claim 4, .wherein‘
_ﬁhe said phosphorus compound is added in an amount fhat the
atomic ratio (Si/P) of silicon oxide iﬁtpurities contained

in an aqueous hydrogen peroxide solution in terms of silicon

atom to phosphorus compound in terms of phosphorus atom is

"0.0001 or less.

6. The process for producing a purified agqueous
hydrogen peroxide solution as claimed in any one of claim

1l to 5, wherein the average pore diameter of the precision .

filter is 0.2um or less.

o A ) A



