-PROCESS FOR PRODUCING A HI GH PURI'TY AQUEQUS SOLUTI ON OF HYDROGENW
BACKGROUND OF THE I NVENTION 1. Field of the Invention The present'inventi on
Felates to a process for purifying an aqueous solution of, hydrogerppm;érom de
contai ning inorganic inpurities safely and produci ng an aqueous sol ugjggn of
hydrogen peroxi de having a very high purity with stability. The aqueou

sol ution of hydrogen peroxide purified in accordance with this process is

Preia 2o CEBORSs hoBPEQDUCHE Bl TURIY AR RG0S sORLRdR, °
ggfggfggswﬁmgﬁ peromgﬁbﬁ] the autoxidation proces\s/ Aqueoqs

1. Field of the Invention |

The present invention relates to a process for purifying an aqueous
solutiqn of hydrogen peroxide containing inorganic impurities safely and
producing an aqueous solution of hydrogen peroxide having a very high
purity with stability. The aqueous solution of hydrogen peroxide purified
in accordance with this process is particularly used in the production of
semiconductors and in the medical field.

2. Description of the Related Arts

Hydrogen peroxide has been producéd mainly in accordance with
the autoxidation process. Agqueous solutions of hydrogen peroxide
produced in accordance with this process contain various inorganic
impurities. @ An aqueous solution of hydrogen peroxide having a
substantially practical concentration, i.e., 5 to 70% by weight, generally
contains several hundreds ugﬂiter of inorganic impurities. On the other
hand, an aqueous solution of hydrogen peroxide containing residual
inorganic impurities in an amount of several hundredths ug/liter or less is
required in recent years in the production of semiconductors.

As the process for purifying an aqueous solution of hydrogen
peroxide by removing inorganic impurities cohtained, processes in which
an ion exchange resin is brought into contact with the aqueous solution of
hydrogén peroxide have been known. Examples of such processes include |

processes disclosed in the specifications of Japanese Patent Publication No.
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produced in accordance with this process contain various inorganic
Fmpurities. An aqueous solution of hydrogen peroxi de having a
substantially practical concentration, i.e., 5 to 70% by weight, generally
contains several hundreds [err]g/liter of inorganic inpurities. On the

ot her hand, an aqueous sol ution of hydrogen peroxide containing residual

I norganic inpurities in an anmount of several hundredths [err]g/liter or
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4222109, and Japanese Patent Application Laid-Open No. Heisei 7(1995)-
172805. |
In the purification of an aqueous solution of hydrogen peroxide, a strong
acidic cation exchange resin of a hydrogen type which comprises a
copolymer of styrene and divinylbenzene as the base component and a
sulfonic group as the ion exchange group and a strong basic anion
exchange resin of a carbonate type, a bicarbonate type or a hydroxide type
which comprises a copolymer of styrene and divinylbenzene as the base
component and a quaternary ammonium group as the ion exchange group
are génerally used.

A cation exchange resin is used as an important agent to remove
cationic species derived from metals and metal compounds contained in an
aqueous solution of hydrogen peroxide. However, metals are contained
not only as cations but also as anions, such as ions of metal oxides.
Anionic species such as the anions of metals, chlorine ion and sulfate ion
cannot be removed with a cation exchange resin.

In contrast to the cation exchange resin, an anion exchange resin is
effective for removing metal compounds in the form of anions and other
anionic species. However, cationic species cannot be removed with an
énion exchange resin.

Therefore, an aqueous solution of hydrogen peroxide is purified with
a cation exchange resin and an anion exchange resin successively in this

order or in the reverse order. An aqueous solution of hydrogen peroxide

AR
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-2- Showa 35(1960)-16677, German Patent Application Laid-COpen No. 4214075,
French Patent No. 2677011, Japanese Patent Application Laid- Open No.

Hei sei 5(1993)-17105, German Patent Application Laid-Open No. 4222109, and
Japanese Patent Application Laid-Open No. Heisei 7(1995)- 172805. In the
purification of an aqueous solution of hydrogen peroxide, a strong acidic
cation exchange resin of a hydrogen type which conprises a copol yner of
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However, when an équeous solution of hydrogen peroxide is purified
in accordance with the above processes, chromium and iron are left
remaining in the purified solution in larger amounts than those of other
mefals, and this situation causes a problem in the production of a high
purity aqueous solution of hydrogen peroxide required in the ﬁeld of

semiconductors. It is not easy to purify an aqueous solution of hydrogen

peroxide to such a level that the content of each metal impurity is several

hundredths ppb.

SUMMARY OF THE INVENTION

An object of the present invention is to provide an aqueous solution of
hydrogen peroxide having a very high purity from an aqueous solution of
hydrogen peroxide containing inorganic impurities which comprises
metals and metal compounds.

The present invention has been completed as the result of intensive
studies by the present inventors on a process for purification of an aqueous
solution of hydrogen peroxide using an ion exchange resin.

Accordingly, the present invention provides a process for producing
a high purity aqueous solution of hydrogen peroxide which comprises
bringing an aqueous solution of hydrogen peroxide into contact with a
strong acidic cation exchange resin of a hydrogen type which comprises a
copolymer of styrene and divinylbenzene as the base component and
sulfonic group as the exchange group and is a porous type having a degree

of crosslinking of 6 to 10 or a gel type having a degree of crosslinking of 6 to
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whi ch conprises a copol ymer of styrene and divinyl benzene as the base
conponent and a quaternary anmoni um group as the ion exchange group are
generally used. A cation exchange resin is used as an inportant agent to
renove cationic species derived fromnetals and netal conpounds contai ned
I n an aqueous sol ution of hydrogen peroxi de. However, netals are contained
not only as cations but also as anions, such as ions of netal oxides.

Ani oni ¢ spegies such as the anions of nmetals, chlorine ion and sulfate ion
cannot be r¥noved with a cation exchange resin. In contrast to the cation
exchange resin, an anion exchange resin is effective for renoving netal
conpounds in the formof anions and other anionic species. However,

cationic SPARIR -.. resin.

The resin used in the present invention comprises a copolymer of styrene
and divinylbenzene as the base component. The copolymer is obtained by
copolymerization of a mixture of styrene monomer and divinylbenzene
monomer and has a steric network structure in which flexible styrene
chains are crosslinked with divinylbenzene units. The larger the relétive
amount of divinylbenzene in the copolymerization, the tighter the network
structure. The smaller the relative amount of divinylbenzene in the
copolymerization, the lobsér the network structure. Thus, the content of
crosslinking varies depending on the relative amount of divinylbenzene
used, and tightness of the network structure also varies depending on the
relative amount of divinylbenzene. A degree of crosslinking is defined as
the fraction (% by weight) of divinylbenzene monomer in the total amount
of the monomers used.

The cation exchange resin of the gel type is an ion exchange resin
which contains micropores, is almost transparent and has a gel structure.
The cation exchange resin of the porous type is essentially the same as the
cation exchange resin of the gel type except that the cation exchange resin
of the porous type contains macropores which are physically formed and is
opaque. The cation exchange resin of the porous type is referred to
differently by each manufacturer. For example, the resin is referred to as
a resin of the porous type by MITSUBISHI CHEMICAL Co., Ltd. and as a
resin of an MR type (Macro-reticular type) by ORGANO Co., Ltd.

When a cation exchange resin has a small degree of crosslinking,
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Therefore, an aqueous sol ution of hydrogen peroxide is purified with a
cation exchange resin and an ani on exchange resin successively in this
order or in the reverse order. An aqueous solution of hydrogen peroxide
-3- can also be purified by bringing the solution into contact with a
m xture of a cation exchange resin and an ani on exchange resin. However,
when: an aqueous sol ution of hydrogen peroxide is purified in accordance

Wi th the abguion! (TGREGATmpUMRE SEHAIKE +dspd iREE 1Js 8hiall ©MAOREPEr, lslic iaf&e

purified solution in largér anounts than those of other metal s,

situation crusbehas spsmblleselédtivityecqptficient aad oot dlivahtageously used for
the purification because there are some metal species which are not easily
remo_ved. Moreover, the contact with hydrogen peroxide which is an
oxidizing agent for a long period of time causes irreversible swelling of the
resin to decrease the physical strength.. Therefore, such a resin is not
-advantageous in the practical application.

On the other hand, when a cation exchange resin has a large degree
of crosslinking, elution of metal impurities from the cation exchange resin
itself increases although the exchange volume and the selectivity
coefficient increase and the physical strength is enhanced. Therefore, it is
difficult to obtain an aqueous solution of hydrogen peroxide having a very
high purity using such a cation exchange resin.

In general, a cation exchange resin is commercially available in the
form of the sodium salt. Therefore, it is necessary that a commercially
aﬁra.ilable cation exchange resin be converted into the hydrogen type before
being used in the present invention. The agent used for this purpose is
not particularly limited. A mineral acid such as hydrochloric acid and
sulfuric acid is generally used. |

Thé process for converting a cation exchange resin from the sodium
salt type into the hydrogen type is not particularly limited. A batch
process in which a cation exchange resin is dipped into an agent or a
continuous process in which a column is packed with the cation exchange
resin and an agent is passed through the column may be used. From the
standpoint of the operability and the efficiency of the conversion, the

continuous process is more effective. For example, a column is packed
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purity aqueous sol ution of hydrogen peroxide required in the field of

Sem conductors. It is not easy to purify an aqueous solution of hydrogen
peroxide to such a level that the content of each nmetal inpurity is severa
hundr edt hs ppb. SUMMARY OF THE | NVENTI ON An obj ect of the present invention
IS to provide an aqueous sol ution of hydrogen peroxide having a very high
purity froman aqueous sol ution of hydrogen peroxi de containing inorganic

i it Lch tal's and netal . The, Nt
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I nvention péd)d’i'vgfe%t% RIR&S the fe%hgﬁgg ¢oldiHe of the cation exchange resin or

more, and the resin is converted into the hydrogen type. The converted

resin is washed with ultra-pure water and used for the purification of an
aqueous solution of hydrogen peroxide. Before the conversion of the
cation exchange resin into the hydrogen .type with an acid, the resin may
be washed with a solution of an acid, a solution of an alkali, an organic
solvent, or a combination of these washing liquids in advance.

In the process of the present invention, an aqueous solution of hydrogen
peroxide can be purified with a combination of the above cation exchange
resin and an anion exchahge resin. It is preferable that these ion
exchange resins are used as a mixture. The ratio of the amount of the
cation exchange resin to the amount of the anion exchange resin is 9:1 to
1:9, preferably 8:2 to 2:8, based on the exchange volume.

The anion exchange resin used in the above is a strong basic anion
exchange resin which comprises a quaternary ammonium group as the
exéhange group and has been converted into the carbonate type, the
bicarbonate type or the hydroxide type. In the present invention, when
an aqueous solution of hydrogen peroxide is purified with a mixture of the
ion exchange resins, the aqueous solution of hydrogen peroxide may be
purified with a cation exchange resin alone, an anion exchange resin alone,
or a combination of these ion exchangé resins before the above purification.
It is preferable that the mixture of the ion exchange resins is used in the
final step of the purification. |

The concentration of hydrogen peroxide in the aqueous solution
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a high purity aqueous solution of hydrogen peroxide which conprises

bri ngi ng an aqueous sol ution of hydrogen peroxide into contact with a
strong acidic cation exchange resin of a hydrogen type which conprises a
copotynmer of styrene and divinyl benzene as the base conponent and sul fonic
group as the exchange group and is a porous type having a degree of
crosslinking of 6 to 10 or a gel type having a degree of crosslinking of 6

s AR OGE R AR i i 7

of hydrogen peroxide havmg a substantially practical concentration, i.e., 5

to 70% by weight, is used. The temperature during the purification of the
aqueous solution of hydrogen peroxide is not particularly limited, either.
A temperature in the range from the freezing point of the aqueous solution
of hydrogen peroxide to 30°C is preferable because hydrogen peroxide is
decomposed at a temperature over 30TC.

The process of bringing the aqueous solution of hydrogen peroxide
into contact with the ion exchange resin is not particularly limited. A
batch process in which the ion exchange resin is placed into the aqueous
solution of hydrogen peroxide and the mixture is left standing or stirred
together or a continuous process in which the aqueous solution of hydrogen
peroxide is passed through a column packed with the ion exchange resin
may be used. The continuous process is preferable from the standpoint of
the operability and the degree of purification. As for the speed of passing
the solution through the column, the SV (space velocity) is 1 to 500 hr™.

To summarize the advantages obtained by the present invention, an
aqueous solution of hydrogen peroxide containing inorganic impurities
such as metals and metal compounds can be purified, and an aqueous

solution of hydrogen peroxide having a very high purity can be produced.

EXAMPLES

The present invention will be described with reference to the
following Examples. However, the present invention is not limited to the
Examples. The concentration of a metal was measured in accordance

with the ICP-MS (Inductive Coupling-Mass Spectrometry).
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and di vi nyl benzene as the base conponent. The copol ymer is obtained by
copol yneri zation of a mxture of styrene nononer and divi nyl benzene nononer
and has- a steric network structure in which flexible styrene chains are
crosslinked with divinyl benzene units. The larger the relative anmunt of

di vi nyl benzene in the copol ynmerization, the tighter the network structure.
The snmaller the relative anount of divinyl benzene in the copol ynerization,
the | ooser the network structure. Thus, the content of crosslinking varies
depending on the rel ati ve anount of divinyl benzene used, and tightness of

t he networkgstruectyre al so vari es depending on the relative amount of
divinylbenz%ﬁ%p“ﬁsgegree of crosslinking is defined as the fraction (% by

YELINE) O 0 L AL RE g i AL p Bl I FARIE >0
70 ppb by weight of aluminum, 5 ppb by weight of chromium and 4 ppb by
weight of iron as impurities was purified by passing through a column
packed with a strong acidic cati(_)n exchange resin of the porous type PK212
manufactured by MITSUBISHI CHEMICAL Co., Ltd. (degree of
crosslinking, 6; the hydrogen type) and a column packed with a strong
basic anion exchange resin IRA900 manufactured by ORGANO Co., Ltd.
(the bicarbonate type) successively at an SV of 200 hr'. The

concentrations of the metals after the purification are shown in Table 1.

Example 2

The same aqueous solution of hydi'ogen peroxide as that used in
Example 1 was purified in accordance with the same procedure as that in
Example 1 except that a strong acidic cation exchange resin of the porous
type PK220 manufactured by MITSUBISHI CHEMICAL Co., Ltd. (degree
of crosslinking, 10; the hydrogen type) was used as the cation exchange
resin. The concentrations of the metals after the purification are shown

in Table 1.

Example 3
The same aqueous solution of hydrogen peroxide as that used in
Example 1 was purified in accordance with the same procedure as that in

Example 1 except that a strong acidic cation exchange resin of the gel type

SK1B manufactured by MITSUBISHI CHEMICAL Co., Ltd. (degree of
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whi ch contains nmicropores, is alnost transparent and has a gel structure.
The cation exchange resin of the porous type is essentially the sane as the
cation exchange resin of the gel type except that the cation exchange resin
of the porous type contains macropores which are physically forned and is
opaque. The cation exchange resin of the porous type is referred to
differently by each nanufaCturer For exanple, the resinis referred to as

of an VR ty[TSTIEERE P ERS BPiroRep Pl ras s e Cition SHhER fpion
exchange r e’f‘hg cgﬁéer&rgﬂgﬁé ofia% fhe tgis st ﬁlle' Bﬁ'iﬁ%atmn aré shown in Table
1.

Example 4
- The same aqueous solution of hydrogen peroxide as that used in
Example 1 was purified in accordance with the same procedure as that in
Example 1 except that a strong acidic cation exchange resin of the gel type
| XT-1004 manufactured by ORGANO Co., Ltd. (degree of crosslinking, 6;
the hydrogen type) was used as the cation exchange resin. The

concentrations of the metals after the purification are shown in Table 1.

Comparative Example 1

The same aqueous solution of hydrogen peroxide as that used in
Example 1 was purified in accordance with the same procedure as that in
Example 1 except that a strong acidic cation exchange resin of the porous
type PK208 manufactured by MITSUBISHI CHEMICAL Co. (degree of
crosslinking, 4; the hydrogen type) was used as the cation exchange resin.

The concentrations of the metals after the purification are shown in Table

1.

Comparative Example 2

The same aqueous solution of hydrogen peroxide as that used in
Example 1 was purified in accordance with the same procedure as that in -
Example 1 except that a strong acidic cation exchange resin of the porous

type 200C manufactured by ORGANO Co., Ltd. (degree of crosslinking, 20;
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elution of metal inpurities fromthe resin itself is small. However, such a
resin has a small selectivity coefficient and is not advantageously used
for the purification because there are sone netal species which are not
easity renoved. Moreover, the contact with hydrogen peroxide which is an
oxi dizing agent for a long period of tinme causes irreversible swelling of
the resinto decrease t he physical strength. Therefore, such a resin is not

xchange. ot otr%g%rlas‘éo'eeﬁ A Siesi” abodhe el StaHAmESn Sfinoy e
Crouri¢res {agtie idifd &er@ﬁ BukithShion' 6/ SR LTRARPD L e
exchange volune an e se y coe I ncrease and € physical

strength is enhanced. Therefore, it is difficult to obtain an agueous
solution of hydrogen peroxide having a very high purity using such a cation

exchange r eGbmparative Example 3
-The same aqueous solution of hydrogen peroxide as that used in
Example 1 was purified in accordance with the same procedure as that in
Example 1 except that a strong acidic cation exchange resin of the gel type
SK104 manufactured by MITSUBISHI CHEMICAL Co., Ltd. (degree of
crosslinking, 4; the hydrogen type) was used as the cation exchange resin.

The concentrations of the metals after the purification are shown in Table

1.

Comparative Example 4

The same aqueous solution of hydrogen peroxide as that used in
'Example 1 was purified in accordance with the same procedure as that in
Example 1 except that a strong acidic cation exchange resin of the gel type
SK110 manufactured by MITSUBISHI CHEMICAL Co., Ltd. (degree of
crosslinking, 10; the hydrogen type) was used as the cation exchange resin.

The concentrations of the metals after the purification are shown in Table

1.
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[n general, a cation exchange resin is comercially available in the form
of the sodiumsalt. Therefore, it is necessary that a commercially
avai |l abl e cation exchange resin be converted into the hydrogen type before
being used in the present invention. The agent used for this purpose is not
particularly limted. A mneral acid such as hydrochloric acid and sul furic
acid is generally used. The process for converting a cation exchange resin
fromthe sodi Tmbdallt Comentration bbmeyaksdigdhepyrifiedaqoeoymsdlitiohaf] y
limted. A batch process in whic cation exchange resin is dipped into an
agent or a continuous process i n WEEFHPEH is packed with the cation
exchange resin and an agent is passed through the colum may be used. From
t he standpoint of the operability and the efficiency of the conversion, the
continuous process Is nore effective. For exanple, a colum Ts packed

Cr Fe

(pptby wt.) (pptbywt.) (ppt by wt.)

Example 1 34 28 20

Example 2 24 31 24

Example 3 35 30 22

Example 4 31 34 29

Comparative 95 80 52
Example 1

Comparative 102 120 71
Example 2

Comparative 63 75 76
Example 3 '

Comparative 63 71 52
Example 4

Example 5

A 30% by weight aqueous solution of hydrogen peroxide containing 3
ppb by weight of aluminum, 2 ppb by weight of chromium and 0.5 ppb by
weight of iron as impurities was purified by passing through a column
packed with a mixture of a strong acidic cation exchange resin of the
porous type PK212 manufactured by MITSUBISHI CHEMICAL Co., Ltd.
(degree of crosslinking, 6; the hydrogen type) and a strong basic anion
exchange resin IRA900 manufactured by ORGANO Co., Ltd. (the
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-6- with a cation exchange resin and a solution of an acid having a
concentration of 0.1 to 10 Nis passed through the colum in an anount by
equi valent 5 tinmes the exchange vol ume of the cation exchange resin or
nore; and the resin is converted into the hydrogen type. The converted
resin is washed with ultra-pure water and used for the purification of an
aqueous sol ution of hydrogen peroxide. Before the conversion of the cation
exchange r

i N ) i th aci he ' b hed
exchange rogit AL, Lie ML Q0EHNRERILLD AL ac e 4 eadS51 B 08 veshe:
a conbi nat i g, of nEGGHYRS gf' P Meclbﬂsdéftérnt}?ed\plﬁxq(ﬁ%'ation are shown in Table

| 2. |

Example 6 |

The same aqueous solution of hydrogen peroxide as that used in
Example 5 was purified in accordance with the same procedure as that in
Example 5 except that a strong acidic cation exchange resin of the porous
type PK216 manufactured by MITSUBISHI CHEMICAL Co., Ltd. (degree
of crosslinking, 8; the hydrogen type) was used as the cation exchange
resin. The concentrations of the metals after the purification are shown

in Table 2.

Example 7

The same aqueous solution of hydrogen peroxide as that used in
Example 5 was purified in accordance with the same procedure as that in
Example 5 except that a strong acidic cation exchange resin of the porous
type PK220 manufactured by MITSUBISHI CHEMICAL Co., Ltd. (degree
of crosslinking, 10; the hydrogen type) was used as the cation exchange
resin. The concentrations of the metals after the puriﬁcatién are shown

in Table 2.

Example 8 °
The same aqueous solution of hydrogen peroxide as that used in
Example 5 was purified in accordance with the same procedure as that in

Example 5 except that a strong acidic cation exchange resin of the gel type
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In the process of the present invention, an aqueous sol ution of hydrogen
peroxi de can be purified with a conbination of the above cation exchange
resin and an ani on exchange resin. It is preferable that these ion exchange
resins are used as a mixture. The ratio of the ampunt of the cation
exchange resin to the anmobunt of the anion exchange resinis 9:1 to 1:9,
preferably 8:2 to 2:8, based on the exchange vol une. The ani on exchange

ot Siidéﬁaﬁ&?@%%%eﬁpim%y?@%ﬁ RHENRE g, 3 %&%s:ﬂ%igfb_egn
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peroxi de i STEE gbﬁ&aﬂrmiaﬂs Bf the Héftglsoiftéﬂ‘ﬁxé gﬁriﬁ[éﬁﬂéﬂ & Fsﬁ%%v’hsixh'&‘ﬂﬁleaq”eous
yar . [ W a ca

sol ution of ogen peroxi de may be purifie I'on éxchange resin
al one, an agi on exchange resin al one,

Example 9 |
The same aqueous solution of hydrogen peroxide as that used in
Example 5 was purified in aécordance with the same procedure as that in
Example 5 except that a strong acidic cation exchange resin of the gel type
XT-1004 manufactured by ORGANO Co., Ltd. (degree of crosslinking, 6;
the hydrogen type) was used as the cation exchange resin. The

concentrations of the metals after the purification are shown in Table 2.

Example 10 |

The same aqueous solution of hydrogen peroxide as that used in
Example 5 was purified in accordance with the same procedure as that in
Example 5 except that a strong acidic cation exchange resin of the gel type
IR-120B manufactured by ORGANO Co., Ltd. (degree of crosslinking, 8;

the hydrogen type) was used as the cation exchange resin. The

concentrations of the metals after the purification are shown in Table 2.

Comparative Example 5
The same aqueous solution of hydrogen peroxide as that used in
Example 5 was purified in accordance with the same procedure as that in

Example 5 except that a strong acidic cation exchange resin of the porous

type PK208 manufactured by MITSUBISHI CHEMICAL Co., Ltd. (degree

—_—
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or a conbination of these ion exchange resins before t he above _
purification. It is preferable that the mxture of the ion exchange resins
i's used in the final step of the purification. The concentration of

hydr ogen peroxide in the aqueous sol ution -7- used for the purification .
is not particularly limted.” An aqueous solution of hydrogen peroxide
havi ng a substantially practical concentration, i.e., 5 to 70% by wei ght,

; . : g ; ; et ;
hyrogen pedb a4 tiq RYahel ey, ¥R 80 se BE SHoR BRSNS | 1 1t he
range from e, freRgidddcitrBtioRl of tfie HEGIY ifligltwe'ﬂ}iﬁcation are shown

in Table 2.

Comparative Example 6

| The same aqueous solution of hydrogen peroxide as that used in
Example 5 was purified in accordance with the same procedure as that in
Example 5 except that a strong acidic cation exchange resin of the porous
type PK228 manufactured by MITSUBISHI CHEMICAL Co., Ltd. (degree
of crosslinking, 14; the hydrogen type) was used as the cation exchange
resin. The concentrations of the metals after the purification are shown

in Table 2.

Comparative Example 7

The same aqueous solution of hydrogen peroxide as that used in
Example 5 was purified in accordance with the same procedure as that in
Example 5 except that a strong acidic cation exchange resin of the porous
type 200C manufactured by ORGANO Co., Ltd. (degree of crosslinking, 20;
the hydrogen type) was used as the cation exchange resin. The

concentrations of the metals after the purification are shown in Table 2.

- Comparative Example 8
The same aqueous solution of hydrogen peroxide .as that used in
Example 5 was purified in accordance with the same procedure as that in
Example 5 except that a strong acidic cation exchange resin of the gel type

SK104 manufactured by MITSUBISHI CHEMICAL Co., Ltd. (degree of
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of hydrogen peroxide to 30[err]C is preferable because hydrogen peroxide is
deconposed at a tenperature over 30[err]C. The process of bringing the
aqueous sol ution of hydrogen peroxide into contact with the ion exchange
resin is not particularly limted. A batch process in which the ion
exchange resin is placed into-*the agqueous sol ution of hydrogen peroxi de and
the mxture is left standing or stirred together or a continuous process in

Eﬂifﬁﬁdt Eulet ﬁ%ﬁéﬁgﬁ%é&i %3%5%%%%5} e e ' f'_.es %ﬁfeggfiq?{ %mm;hr&”e%?@?@é S i
puri 11 cat | ohps RebeGFeAREERE Mle BletplCaPREL butipafPh #5 RRHEN REPeol uim,

the SV (spage velocity) is 1 to 500 hr[err]. To summarize the advantages

obt ai ned by the present invention, an aqueous sol ution of hydrogen peroxide-
containing inorganic inpurities

Comparative Example 9
The same aqueous solution of hydrogen peroxide as that used in
Example 5 was purified in accordance with the same procedure as that in
Example 5 except that a strong acidic cation exchange resin of the gel type
SK110 manufactured by MITSUBISHI CHEMICAL Co., Ltd. (degree of-
- crosslinking, 10; the hydrogen type) was used as the cation exchange resin.
The concentrations of the metals after the purification are shown in Table

2.
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such as netals and netal conpounds can be purified, and an aqueous sol ution
of hydrogen peroxi de having a very high purity can be produced. EXAMPLES
The present invention will be described with reference to the foll ow ng
Exanpl es. However, the present invention is not limted to the Exanpl es.
The concentration of a netal was neasured in accordance with the I CP-M5

(I nductive Cou | i ng- Mass Spectronetry). -8 - Exanple 1 A 30% by wei ght
aqueous sol ut @ble) Hyenasgération ofmetalsdntthemurified aqueous solution of
hydrogen peroxide
Al Cr Fe

(ppt by wt.) (pptby wt.) (ppt by wt.)

Example 5 32 29 21
Example 6 : 23 28 19
Example 7 18 20 27
Example 8 27 ' 31 13
Example 9 33 29 17
Example 10 20 | 11 24
Comparative 82 72 49
Example 5 '
Comparative 68 90 69
Example 6
Comparative 91 102 66
Example 7 '
Comparative | 62 71 70
Example 8 .
Comparative 57 64 42
Example 9
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70 f)pb by wei ght of alum num 5 ppb by weight of chrom umand 4 ppb by

wei ght of iron as inpurities was purified by passing through a colum
packed with a strong acidic cation excﬂ [ e porous type PK212
manuf actured by M TSUBI SH CHEM CAL Co ﬂmﬂuﬂmﬂﬂﬂ Hl f crosslinking, 6;
t he hydrogen type) and a col umm packed ™ th & st'romg basic ani on exchange
resin | RA900 manufactured by ORGANO Co., Ltd. (the bicarbonate type)
successi vel r[err]. The concentrations of the netals
after the Wﬁ}‘ﬂ‘%éﬁ‘%&&{@g@am in Table 1. Exanple 2 The sanme aqueous
sol ution of hydr ogen peroxide as that used in Exanple 1 was purified in
accordance with the sane procedure as that in Exanple 1 except that a

LTI U Arhidiad S0 BRARGER| o, pObh RiOhGHSndsY B EISASE HPRMIAR' U o

perox1de which comprises bringing an aqueous solution of hydrogen

peroxide into contact with a strong acidic cation exchange resin of a
hydrogen type which comprises a copolymer of styrene and divinylbenzene
as a base compbnent and sulfonic group as an exchange group, has a

degree of crosslinking of 6 to 10 and is a porous type.

2. A process for producing a high purity aqueous solution of hydrogen
peroxide which comprises bringing an aqueous solution of hydrogen
peroxide into contact with a strong acidic cation exchange resin of a
hydrogen type which comprises a copolymer of styrene and divinylbenzene
as a base component and sulfonic group as an exchange group, has a

degree of crosslinking of 6 to 8 and is a gel type.

3. A process according to Claim 1, wherein an anion exchange resin is

mixed with the strong acidic cation exchange resin.

4. A process according to Claim 2, wherein an anion exchange resin is

mixed with the strong acidic cation exchange resin.
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-of "crosslinking, 10; the hydrogen type) was used as the cation exchange
‘fesin. The concentrations of the nmetals after the purification are shown in
.Table 1. Exanple 3 The sane aquéous sol ution of hydrogen peroxi de as that
used in Exanple 1 was purified in accordance with the sane procedure as
that in Exanple 1 except that a strong acidic cation exchange resin of the
gel -type SK1B nanufactured by M TSUBI SH CHEM CAL Co., Ltd. (degree of

-9- crossli 3 was used as the cation exchange
resin. : _

A process for producing a high purity aqueous solution of hydrogen
peroxide which comprises bringing an aqueous solution of hydrogen
peroxide iﬁto contact with a strong acidic cation exchange resin of a
hydrogen type which comprises a copolymer of styrene and divinylbenzene
as the base component and sulfonic group as the exchange group and is a

-porous type having a degree of crosslinking of 6 to 10 or a gel type having a
degree of crosslinking of 6 to 8. An aqueoﬁs solution of hydrogen peroxide
containing inorganic impurities can be purified safely, and an aqueous
solution of hydrogen peroxide having a very high purity can be produced

with stability.
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The concernitrations of the netals after the purification are shown in Table
1. Exanple 4 The sane aqueous sol ution of hydrogen peroxide as thaﬂmgéﬂql.p
Exanple 1 was purified in accordance with the same procedure as that in
Exanpl e 1 except that a strong acidic cation exchange resin of the gel type
XT- 1004 manufactured by ORGANO Co., Ltd. (degree of crosslinking, 6; the
hydr ogen type) was used as the cation-éxchange resin. The concentrations of
the netals after the purification are shown in Table 1. Conparative Exanple
1 The same aqueous sol ution of hydrogen peroxide as that used in Exanple 1
was purifi RROCESSFORRRODIINGA HIGH PUREDY AQUEQUSISOLUTIONI e 1

except that a strong acidic cation exchange restgsgith
OF HYDROGEN PEROXIDE 1 REPLACEMENT SHEBTS  SG
Description : paged ... to paged .14,

i Claim(s) :paged ). to paged 7.

0 Drawing(s) : paged ..... to paged .....
BACKGROUND OF THE INVENTION [ Abstract  :paged !%. to paged .. .

1. Field of the Invention

_DATE OF RECEPT ... o(!%¢ ..
The present invention relates to a process for purifying an aqueous

solution of hydrogen peroxide containing inorganic impurities safely and
producing an aqueous solution of hydrogen peroxide having a very high
purity with stability. The aqueous solution of hydrogen peroxide purified
in accordance with this process is particularly used in the production of
semiconductors and in the medical field.

2. Description of the Related Arts

Hydrogen peroxide has been produced mainly in accordance with
the autoxidation process. Aqueous solutions of hydrogen peroxide
produced in accordance with this process contain various inorganic
impurities. ~An aqueous solution of hydrogen peroxide having a
substantially practical concentration, i.e., 5 to 70% by weight, generally
contains several hundreds pg/liter of inorganic impurities. On the other
hand, an aqueous solution of hydrogen peroxide containing :residual
inorganic impurities in an amount of several hundredths pg/liter or less is
required in recent years in the production of semiconductors.

As the process for purifying an aqueous solution of hydrogen
peroxide by removing inorganic impurities contained, processes in which
an ion exchange resin is brought into contact with the aqueous solution of
hydrogen peroxide have been known. Exémples of such processes include
processes disclosed in the specifications of Japanese Patent Publication No.
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type PK208 manufactured by M TSUBI SHI.:"CHEM CAL Co. (degree of crosslinking,
.4; the hydrogen type) was used as the cation exchange resin. The
concentrations of the nmetals after the purification are shown in Table 1.
Conpar ati ve Exanpl e 2 The sane aqueous sol ution of hydrogen peroxi de as
that used in Exanple 1 was purified ipgaccordance with the sane procedure
as that in Exanple 1 except that a stronhg acidic cation exchange resin of

t he porous type 200C nanufactured by. ORGANO Co., Ltd. (degree of

crosslinki rghowd): 35(1960346677, German Patent Application Laid-Open No.
4214075, French Patent No. 2677011, Japanese Patent Application Laid-
Open No. Heisei 5(1993)-17105, German Patent Application Laid-Open No.
4222109, and Japanese Patent Application Laid-Open No. Heisei 7(1995)-
172805. |
In the purification of an aqueous solution of hydrogen peroxide, a strong
acidic cation exchange resin of a hydrogen type which comprises a
copolymer of styrene and divinylbenzene as the base component and a
sulfonic group as the ion exchange group .and a strong basic anion
exchange resin of a carbonate type, a bicarbonate type or a hydroxide type
which comprises a copolymer of styrene and divinylbenzene as the base
component and a quaternary ammonium group as the ion exchange group
are generally used.

A cation exchange resin is used as an important agent .to remove
cationic species derived from metals and metal compounds contaiﬁed in an
aqueous solution of hydrogen perbxide. However, metals are contained
not only as cations but also as anions, such as ions of metal oxides.
Anionic species such as the anions of metals, chlorine ion and sulfate ion
cannot be rémoved with a cation exchange resin.

In contrast tq the cation exchange resin, an anion exchange resin is
effective for removing metal compounds in the form of anions and other
anionic species. However, cationic species cannot be removed with an
anion exchange resin.

Therefore, an agueous solution of hydrogen peroxide is purified with
a cation exchange resin and an anion exchange resin successively in this

order or in the reverse order. An aqueous solution of hydrogen peroxide
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t he hydrogen type) was used as the cation exchange resin. The '
.concentrations of the netals after the purification are shown in Table 1.
Conpar ati ve Exanpl e 3 The sanme aqueous sol ution of hydrogen peroxi de as
that used in Exanple 1 was purified in accordance with the sane procedure
as that in Exanple 1 except that a st rgﬂg acidic cation exchange resin of
the gel type SK104 manufactured by M T80BI SH CHEM CAL Co., Ltd. (degree of
crosslinking, 4; the hydrogen type) was used as the cation exchange resin.
The concentrations of the netals after the purification are shown in Table

1. Conpar ataw alsedempuirifiedyebringingthecsolationlinte contatt mith ageixtpes ofki de as
that used in Exanple 1 was purified in accordance with the sane procedure

as that i na cation exchange resin and an anion exchange resin.

However, when an aqueous solution of hydrogen peroxide is purified
in accordance with the above processes, chromiuﬁ and iron are left
remaining in the purified solution in larger amounts than those of other
metals, and this situation causes a problem in the production of a high
purity aqueous solution of hydrogen peroxide required in the field of
semiconductors. It is not easy to purify an aqueous solution of hydrogen
peroxide to such a level that the content of each metal impurity is several

hundredths ppb.

SUMMARY OF THE INVENTION

An object of the presenf invention is to provide an aqueous solution of
hydrogen peroxide having a very high purity from an aqueous solution of
hydrogen peroxide containing inorganic impurities which comprises
metals and metal compounds.

The present invention has been completed as the result of intensive
studies by the present inventors on a process for purification of an aqueous
solution of hydrogen peroxide using an ion exchange resin.

Accordingly, the present invention provides a process for producing
a high purity aqueous solution of hydrogen peroxide which comprises
bringing an aqueous solution of hydrogen peroxide into contact with a
strong acidic cation exchange. resin of a hydrogen type which comprises a
copolymer of styreﬁe and divinylbenzene as the base component and
sulfonic group as the exchange group and is a porous type having a degree

of crosslinking of 6 to 10 or a gel type having a degree of crosslinking of 6 to
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Exanple 1 except that a strong acidic cation exchange resin
.SK110 manufactured by M TSUBI SH CHEM CAL Co., Ltd. (degree of

of the gel

type

crosslinking, 10; the hydrogen type) was used as the cation exchange resin.

The concentrations of the netals after the purification are

shown in Tabl e

1. Table 1 Concentration of netals iy the purified aqueous sol ution of
hydr ogen peroxi de Al Cr — Fe (ppt by wt.) (ppt by wt.)
(ppt by wt.) Exanple 1 _ 34 28 20

8.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The resin used in the present invention comprises a copolymer of styrene
and divinylbenzene as the base component. The copolymer is obtained by
copolymerization of a mixture of styrene monomer and divinylbenzene
monomer and has a steric network structure in which flexible styrene
chains are crosslinked with divinylbenzene units. The larger the relative
amount of divinylbenzene in the copolymerization, the tighter the network
structure. The smaller the relative amount of divinylbenzene in the
copolymerization, the looser the network structure. Thus, the content of
crosslinking varies depending on the relative amount of divinylbénzene
used, énd tightness of the network structure also varies depénding on the
relative amount of divinylbenzene. A degree of crosslinking is defined as
the fraction (% by weight) of divinylbenzene monomer in the total amount
of the monomers used.

The cation exchange resin of the gel type is an ion exchange resin
which contains micropores, is almost transparent and has a gel structure.
The cation exchange resin of the porous type is essentially the same as the
cation exchange resin of the gel type except that the cation exchange resin
of the porous type contains macropores which are physically formed and is
opaque. The cation exchange resin of the pbrous type is referred to
differently by each manufacturer. For example, the resin is referred to as
a resin of the porous type by MITSUBISHI CHEMICAL Co., Ltd. and as a
resin of an MR type (Macro-reticular type) by ORGANO Co., Ltd.

When a cation exchange resin has a small degree of crosslinking,
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Exampl e 2 24 31 24 Exanple 3

35 30 22 Exanple 4 31 34

'29 Conparative 95 80 52 Exanple 1

Conpar ati ve 102 120 71 Exanple 2 Conparative
63 75 76 Example 3 nparative 63

71 52 Exanple 4 Exanple 5 A 38% by wei ght aqueous sol ution of

hydr ogen peroxi de containing 3
elution of metal impurities from the resin itself is small. However, such a

resin has a small selectivity coefficient and is not advantageously used for
the purification because there are some metal species which are not easily
removed. Moreover, the contact with hydrogen peroxide which is an
oxidizing agent for a long period of time causes irreversible swelling of the
resin to decrease the physical strength. Therefore, such a resin is not
advantageous in the practical application.

On the other hand, when a cétion exchange resin has a large degree
of crosslinking, elution of metal impurities from the cation exchange resin
itself increases although the exchange volume and the selectivity
coefficient increase and the physical strength is enhanced. Therefore, it is
difficult to obtaiﬁ an aqueous solution of hydrogen peroxide having a very
high purity using such a cation exchange resin. _

In general, a cation exchange resin is commercially available in the
form of the sodium salt. Therefore, it is necessary that a commercially
available cation exchange resin be converted into the hydrogen type before
being used in the present invention. The agent used for this purpose is
not parf:icularly limited. A mineral acid such as hydrochloric acid and
sulfuric acid is generally used. |

The process for converting a cation exchange resin from the sodium
salt type into the hydrogen type is not particularly limited. A batch
process in which a cation exchange resin is dipped into an agent or a
continuous process in which a column is packed with the cation exchange
resin and an agent is passed through the column may be used. From the
standpoint of the operability and the efficiency of the conversion, the

continuous process is more effective. For example, a column is packed
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ppb by weight of alum num 2 ppb by weight of chrom umand 0.5 ppb by

.weight of iron as inpurities was purified by passing through a colum
packed with a m xture of a strong acidic cation exchange resin of the

porous type PK212 nmanufactured by M TSUBI SH CHEM CAL Co., Ltd. (degree of

crosslinking, 6; the hydrogen type) apg_a strong basic ani on exchange resin
| RA900 manuf actured by ORGANO Co., LtdT™ (the - 12 - bicarbonate type) in

a ratio by exchange volune of 6:4 at an SV of 200 hr[err]. The

concentratigns of the nmetals after, the purif'ication are shgwﬁ inh Table 2.
with a cation exchange resin and a solution of an acid having a

concentration of 0.1 to 10 N is passed through the column in an amount by
equivalent 5 times the exchange volume of the cation exchange resin or
more, and the resin is converted into the hydrogen type. The converted
resin is washed with ultra-pure water and used for the puriﬁcation of an
aqueous solution of hydrogen peroxide. Before the conversion of the
cation exchange resin into the hydrogen type with an acid, the resin may
be washed with a solution of an acid, a solution of an alkali, an organic
éolvent, or a combination of these washing liquids in advance.

In the process of the present invention, an aqueous solution of hydrogen
peroxide can be purified with a combination of the above cation exchange
resin and an anion exchange resin. It is preferable that these ion
exchange resins are used as a mixture. The ratio of the amount of the
cation exchange resin to the amount of the anion exchange resin is 9:1 to
1.9, preferably 8:2 to 2:8, based on the exchange volume.

The anion exchange resin used in the above is a strong basic anion
exchange resin which comprises a quaternary ammonium group as the
exchange group and has been converted into the carbonate type, the
bicarbonate type or the hydroxide type. In the present invention, when
an aqueous solution of hydrogen peroxide is purified with a mixture of the
ion exchange resins, the aqueous solution of hydrogen peroxide may be
purified with a cation exchange resin alone, an anion exchange resin alone,
or a combination of these ion exchange resins before the above purification.
It is preferable that the mixture of the ion exchange resins is used in the

final step of the purification.

The concentration of hydrogen peroxide in the aqueous solution
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Exanpl e 6 The sanme aqueous sol ution of hydrogen peroxide as that used in
Exanple 5 was purified in accordance with the sane procedure as that in
" Exanpl e 5 except that a strong acidic cation exchange resin of the porous
type PK216 manufactured by M TSUBI SH CHEM CAL Co., Ltd. (degree of
crosslinking, 8; the hydrogen type) wag used as the cation exchange resin.
The concentrations of the netals aftef.fhe purification are shown in Table
2. Exanple 7 The sanme aqueous sol ution of hydrogen peroxide as that used in
Exanpl e 5 was purified in accordance with the same procedure as that in
Exanpl e 5 wusedkfor thegpurificationds aot giarticulariynlimitddanAn agienus sokutiompor ous
type PK220 nmanufactured by M TSUBI SH CHEM CAL Co., Ltd. (degree

of hydrogen peroxide having a substantially practical concentration, i.e., 5

to 70% by weight, is used. The temperature during the purification of the

aqueous solution of hydrogen peroxide is not particularly limited, either.

A temperature in the range from the freezing point of the aqueous solution

of hydrogen peroxide to 30C is preferable because hydrogen peroxide is

.decomposed at a temperature over 30T.

The process of bringing the aqueous solution of hydrogen peroxide

into contact with the ion exchange resin is not particularly limited. A

batch process in which the ion exchange resin is placed into the aqueous

solution of hydrogen peroxide and the mixture is left standing or stirred

together or a continuous process in which the agueous solution of hydrogen

peroxide is passed through a column packed with the ion exchange resin

may be used. The continuous process is preferable from the standpoint of

the operability and the degree of purification. As for.the speed of passing

the solution through the column, the SV (space velocity) is 1 to 500 hr™.

To summarize the advantages obtained by the present invention, an
aqueous solution of hydrogen peroxide containing inorganic impurities
such as metals and metal compounds can be purified, and an aqueous

solution of hydrogen peroxide having a very high purity can be produced.

EXAMPLES

The present invention will be described with reference to the
following Examples. However, the present invention is not limited to the
Examples. The concentration of a metal was measured in accordance

with the ICP-MS (Inductive Coupling-Mass Spectrometry).
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of “crosslinking, 10; the hydrogen type) was used as the cation exchange
resin. The concentrations of the netals after the purification are shown in
Tabl e 2. Exanple 8 The same aqueous sol ution of hydrogen peroxi de as that
used in Exanple 5 was purified in accordance with the sane procedure as
that in Exanple 5 except that a stronggacidic cation exchange resin of the
gel type -13 - SK1B manufactured by—M TSUBI SH CHEM CAL Co., Ltd.

(degree of crosslinking, 8; the hydrogen type) was used as the cation
exchange resin.

Example 1

A 30% by weight aqueous solution of hydrogen peroxide containing
70 ppb by weight of aluminum,. 5 ppb by weight of chromium and 4 ppb by
weight of iron as impurities was purified by passiné through a column
packed with a strong acidic cation exchange resin of the porous type PK212
manufactured by MITSUBISHI CHEMICAL Co., Ltd. (degree of
crosslinking, 6; the hydrogen type) and a column packed with a étrong
basic anion exchange resin JRA900 manufactured by ORGANO Co., Litd.
(the bicarbonate type) successively at an SV of 200 hr'. The

concentrations of the metals after the purification are shown in Table 1.

Example 2

The same aqueous solution of hydrogen peroxide as that used in
Example 1 was purified in accordance with the same procedure as that in
Example 1 except that a strong acidic cation exchange resin of the porous
type PK220 manufactured by MITSUBISHI CHEMICAL Co., Ltd. (degree
of crosslinking, 10; the hydrogen type) was used as the cation exchange

resin. The concentrations of the metals after the purification are shown

in Table 1.

Example 3

The same aqueous solution of hydrogen peroxide as that used in
Example 1 was purified in accordance with the same procedure as that in
Example 1 except that a strong acidic (;ation exchange resin of the gel type

SK1B manufactured by MITSUBISHI CHEMICAL Co., Ltd. (degree of
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The concentrations of the netals after the purification are shown in Table

2. Exanple 9 The sane aqueous sol ution of hydrogen peroxide as that used in
"Exanple 5 was purified in accordance with the same procedure as that
Exanpl e 5 except that a strong acidic cation exchange resin of the gel type
XT- 1004 manufactured by ORGANO Co., Ltg. (degree of crosslinking, 6;

hydrogen type) was used as the cation-exchange resin.

in

t he

The concentrati ons

of the nmetals after the purification are shown in Table 2. Exanple 10 The
sane aqueous solution of hydrogen peroxide as that used in Exanple 5 was

purified ierosginking & the hiydrogenstipe) Frascesed as bhe cation exchongaresin. except

that a str

aci dic cation exchange (esin of e gel type ,
g% concentrations o‘ri] the meta?s a{ter the puri&i%ati%n areys%own in Table
1.
Example 4

The same aqueous solution of hydrogen peroxide as that used in
Example 1 was purified in accordance with the same procedure as that in
Example 1 except that a strong acidic cation exchange resin of the gel type
XT-1004 manufactured by ORGANO Co., Ltd. (degree of crosslinking, 6;

the hydrogen type) was used as the cation exchange resin. The

concentrations of the metals after the purification are shown in Table 1.

Comparative Example 1

The same aqueous solution of hydrogen peroxide as that used in
Example 1 was purified in accordance with the same procedure as that in
Example 1 except that a strong acidic cation exchange resin of the porous
type PK208 manufactured by MITSUBISHI CHEMICAL Co. (degree of
crosslinking, 4; the hydrogen type) was used as the cation exchange resin.

The concentrations of the metals after the purification are shown in Table

1.

Comparative Example 2

The same agueous solution of hydrogen peroxide as that used in
Example 1 was purified in accordance with the same procedure as that in
Example 1 except that a strong acidic cation exchange resin of the porous
type 200C manufactured by ORGANO Co., Ltd. (degree of crosslinking, 20;
REPLACEMENT SHEET |
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| R-120B manufactured by ORGANO Co., Ltd. (degree of crosslinking, 8; the
hydr ogen type) was used as the cation exchange resin. The concentrations
"of the netals after the purification are shown in Table 2. Conparative
Exanpl e 5 The sanme aqueous sol ution of hydrogen peroxide as that used in
Exanple 5 was purified in accordancegqﬁjlthe sanme procedure as that in
Exanpl e 5 except that a strong acidic <ation exchange resin of the porous
type PK208 manufactured by M TSUBI SH CHEM CAL Co., Ltd. (degree -14- of

cross!inki Bg, a e Y9 ad YRk UB° H3°dadn' DSl eRES " iR

concentrations of the metals after the purification are shown in Table 1.

Comparative Example 3

The same aqueous solution of hydrogen peroxide as that used in
Example 1 was purified in accordance with the same procedure as that in
Example 1 except that a strong acidic cation exchange resin of the gel type
SK104 manufactured by MITSUBISHI CHEMICAL Co., Ltd. (degree of
crosslinking, 4; the hydrogen type) was used as the cation exchange resin.
The concentrations of the metals after the purification are shown in Table

1.

Comparative Example 4 _

The same aqueous solution of hydrogen peroxide as that used in
Example 1 was purified in accordance with the same procedure as that in
Example 1 except that a strong acidic cation exchange resin of the gel type
SK110 manufactured by MITSUBISHI CHEMICAL Co., Ltd. (degree of

| crosslinking, 10; the hydrogen type) was used as the cation exchange resin.

The concentrations of the metals after the purification are shown in Table

1.
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resin. The concentrations of the netals after the purification are shown in
Tabl e 2. Conparative Exanple 6 The sanme aqueous sol ution of hydrogen
"peroxi de as that used in Exanple 5 was purified in accordance with the sane
procedure as that in Exanple 5 except that a strong acidic cation exchange
resin of the porous type PK228 manufactured by M TSUBI SH CHEM CAL Co.,

Ltd. (degree of crosslinking, 14; the  fiydrogen type) was used as the cation
exchange resin. The concentrations of the nmetals after the purification are
shown i n Tabl’Palle 1CoCoat@itratiomofmdialyin'tie parified tigreoas solutionost of

hydr ogen peroxide as that used in Exanple 5 was purified in accordance with
the sane procedure as that in hydrogen peroxide :

Al \ Cr Fe
(ppt by wt.) (ppt by wt.)  (ppt by wt.)
Example 1 . 34 28 20
Example 2 _ 24 31 24
Example 3 35 30 22
Example 4 31 34 29
Comparative 95 - 80 52
Example 1
Comparative 102 120 71
Example 2 - '
Comparative 63 75 76
Example 3
Comparative 63 71 52
Example 4
Example 5

A 30% by weight aqueous solution of hydrogen peroxide containing 3
ppb by weight of aluminum, 2 ppb by weight of chromium and 0.5 ppb by
weight of iron as impurities was purified by passing through a column
packed with a mixture of a strong acidic cation exchange resin of the
porous type PK212 manufactured by MITSUBISHI CHEMICAL Co., Ltd.
(degree of crosslinking, 6; the hydrogen type) and a strong basic anion
exchange resin IRA900 manufactured by ORGANO Co., Ltd. (the
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Exanpl e 5 except that a strong acidic cation exchange resin of the porous
manuf act ured by ORGANO Co., Ltd. (degree of crosslinking, 20;

~type 200C

hydr ogen type) was used as the.cati on exchange resin.

of the metals after the purification are shown in Table 2. Conparative

Exanpl e 8 The sanme aqueous sol ution owﬁdrogen peroxi de as that used in
Exanple 5 was purified in accordance

the sane procedure as that

I n

Exanpl e 5 except that a strong aC| d| c catlon exchange resin of the gel

SK104 manu

t he

The concentrations

type

oA (ru?gte%p Ionzatg by Ees ange 08 voRirne or6:4 hf 54’ ofboo bt 1° -

The concentrations of the metals after the purification are shown in Table

2.

Example 6

The same aqueous solution of hydrogen peroxide as that used in
Example 5 was purified in accordance with the same procedure as that in
Example 5 except that a strong acidic cation exchange resin of the porous
type PK216 manufactured by MITSUBISHI CHEMICAL Co., Ltd. (degree
of crosslinking, 8; the hydrogen type) was used as the cation exchange
resin. The concentrations of the metals after the purification are shown

in Table 2.

Example 7

The same aqueous solution of hydrogen peroxide as that used in
Example 5 was purified in accordance with the same procedure as that in
Example 5 except that a strong acidic cation exchange resin of the porous
type PK220 manufactured by MITSUBISHI CHEMICAL Co., Ltd. (degree
of crosslinking, 10; the hydrogen type) was used as the cation exchange

resin. The concentrations of the metals after the purification are shown

in Table 2.

Example 8
The same aqueous solution of hydrogen peroxide as that used in
Example 5 was purified in accordance with the same procedure as that in

Example 5 except that a strong acidic cation exchange resin of the gel type
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crosslinking, 4; the hydrogen type) was used as the cation exchange resin.
The concentrations of the netals after the purification are shown in Table
" 2. Conparative Exanple 9 The sane aqueous sol ution of hydrogen peroxide as
that used in Exanple 5 was purified in accordance with the sane procedure

as that in Exanple 5 except that a str@ng acidic cation exchange resin of

the gel type SK110 manufactured by M Bl SH CHEM CAL Co., Ltd. (degree of
crosslinking, 10; the hydrogen type) was used as the cation exchange resin.

e concenit Al Oendachired By MITEUBTSHT CHEMICAE 48] 12a° @0gree of T2’ €
crosslinking, 8; the hydrogen type) was used as the cation exchange resin.
The concentrations of the metals after the purification are shown in Table

2.

Example 9

The same aqueous solution of hydrogen peroxide as that used in
Example 5 was purified in accordance with the same procedure as that in
Example 5 except that a strong acidic cation exchange resin of the gel type
XT-1004 manufactu;'ed by ORGANO Co., Ltd. (degree of crosslinking, 6;

the hydrogen type) was wused as the cation exchange resin. The

concentrations of the metals after the purification are shown in Table 2.

Example 10 _

The same aqueous solution of hydrogen -peroxide as that used in
Example 5 was purified in accordance with the same procedure as that in
Example 5 except that a strong acidic cation exchange resin of the gel type
IR-120B manufactured by ORGANO Co., Ltd. (degree of crosslinking, 8;
the hydrogen type) was used as the cation exchange resin. The

concentrations of the metals after the purification are shown in Table 2. -

Comparative Example 5

' The same aqueous solution of hydrogen peroxide as that used in
Example 5 was purified in accordance with the same procedure as that in
Example 5 except that a strong acidic cation exchange resin of the porous

type PK208 manufactured by MITSUBISHI CHEMICAL Co., Ltd. (degree
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- 16 - Table 2 Concentration of netals in the purified aqueous sol ution of

_hydrogen peroxide Al Cr Fe (ppt by wt.) (ppt by wt.)
(ppt by wt.) Exanple 5 : 32 29 21
Exampl e 6 23 28 , 19 Exanple 7
18 20 27 Exanple 8 4. 27 ' 31
13 Exanple 9 .33 —_— 29 17 Exanple 10
20 11 24 Conparative 82 72
49

of crosslinking, 4; the hydrogen type) was used as the cation exchange
resin. The concentrations of the metals after the purification are shown

in Table 2.

Comparative Example 6

The same aqueous solution of hydrogen peroxide as that used in
Example 5 was purified in accordance with the same procedure as that in
Example 5 except that a strong acidic cation exchange resin of the porous
type PK228 manufactured by MITSUBISHI CHEMICAL Co., Ltd. (degree
of crosslinking, 14; the hydrogen type) was used as the cation exchange

resin. The concentrations of the metals after the purification are shown

in Table 2.

Comparative Example 7

The same aqlieous solution of hydrogen perbxide as that used in
Example § was purified in accordance with the same procedure as that in
Example 5 except that a strong acidic cation exchange resin of the porous
type 200C manufactured by ORGANO Co., Ltd. (degree of crosslinking, 20;
the hydrogen type) was used as the cation exchange resin. The

concentrations of the metals after the purification are shown in Table 2.

Comparative Example 8

The same aqueous solution of hydrogen peroxide as that used in
Example 5 was purified in accordance with the same procedure as that in
Example 5 except that a strong acidic cation exchange resin of the gel type

SK104 manufactured by MITSUBISHI C LIGAL Co., Ltd. (degree of
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Exanpl e 5 Conparative 68 90 69 Exanple 6

.Conparative 91 102 66 Example 7

Conparative 62 71 70 Exanple 8

Conpar ati ve 57 64 42 Exanple 9 17
-15 -

——

crosslinking, 4; the hydrogen type) was used as the cation exchange resin.
The concentrations of the metals after the purification are shown in Table

2.

Comparative Example 9

The same aqueous solution of hydrogen peroxide as that used in
Example 5 was pur_iﬁed in accordance with the same procedure as that in
Example 5 except that a strong acidic cation exchange resin of the gel type
SK110 manufactured by MITSUBISHI CHEMICAL Co., Ltd. (degree of
crosslinking, 10; the hydrogen type) was used as the cation exchange resin.

The concentrations of the metals after the purification are shown in Table

2.
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WHAT IS CLAIMED I S: 1. A process for producing a high purity aqueous
sol ution of hydrogen peroxi de which conprises bringing an aqueous sol ution
“of hydrogen peroxide into contact with a strong acidic cation exchange
resin of a hydrogen type and subsequently with an ani on exchange resin
wherein said strong acidic cation exchgnge resin conprises a copolyner of
styrene and divi nyl benzene as a base bgﬂbonent and sul fonic group as an
exchange gro&P, has a degree of crosslinking of 6 to 10 and is a porous
type. 2. abler2 e Loncgntration of mgtalsinghe purified agueonsssalutioniofn of

hydr ogen peroxi de whi ch conprises Joringing _am aqueous sol ution of hydrogen
peroxide into contact with a stﬁﬂ'ﬁgoﬁ%‘?apg)x&‘i?i on exchange resin of a

hydr ogen type and subsequently wi th an ani on exchange resin wherein said
strong acidic cation exchange resin conprises a copolyner of styrene and

Al Cr Fe
(ppt by wt.)  (ppt by wt.)  (ppt by wt.)

Example b 32 29 21

Example 6 ) 23 28 19

Example 7 18 20 27

Example 8 27 31 13

Example 9 33 29 17

Example 10 20 11 24

Comparative 82 72 49
Example 5.

Comparative - 68 90 69
Example 6

Comparative ' 91 102 66
Example 7 '

Comparative 62 71 70
Example 8 ' :

Comparative 57 64 42
Example 9
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divi nyl benzene as a base conponent and sul fonic group as an exchange group,
has a deﬂlmumm ﬂﬂlMl ng of 6 to 8 and is a gel type. 3. A process
~accordin rein an ani on exchange resin is mxed with the
strong aci di T catlon exchange resin. 4. A process according to Claim 2,

wherei n an ani on exchange resin is n1x%p with the strong acidic cation
exchange resin.

WHAT IS CLAIMED IS:

1. A process for producing a high purity aqueous solution of hydrogen
peroxide which comprises bringing an aqueous solution of hydrogen
peroxide into contact with a strong acidic cation exchange resin of a
hydrogen type which comprises a copolymer of styrene and divinylbenzene
as a base component and sulfonic group as.an exchange group, has a

degree of crosslinking of 6 to 10 and is a porous type.

2. A process for producing a high purity aqueous solution of hydrogen
peroxide which comprises bringing an aqueous solution of hydrogen
peroxide into contact with a stroﬁg acidic cation exchange resin of a
hydrogen type which comprises a copolymer of styrene and divinylbenzene
as a base component and sulfonic group as an exchange group, has a

degree of crosslinkihg of 6 to 8 and is a gel type.

3. A process according to Claim 1, wherein an anion exchange resin is

mixed with the strong acidic cation exchange resin.

4, A process according to Claim 2, wherein an anion exchange resin is

mixed with the strong acidic cation exchange resin.
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PROCESS FOR PRODUCING A HIGH PURITY AQUEOUS

SOLUTION OF HYDROGEN PEROXIDE
ABSTRACT OF THE DISCLOSURE

A process for producing a high purity aqueous solution of hydrogen
peroxide which comprises bringing an aqueous solution .of hydrogen
peroxide into contact with a strong acidic cation exchange resin of a
hydrogen type which comprises a copolymer of styrene and divinylbenzene
as the’base component and sulfonic group as the exchange group and is a
porous type having a degree of crosslinking of 6 to 10 or a gel type having a
degree of crosslinking of 6 to 8. An aqueous solution of hydrogen peroxide
containing inorganic impurities can be purified safely, and an aqueous

solution of hydrogen peroxide having a very high purity can be produced
with stability.
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WHAT IS CLAIMED IS:

1. A process for producing a high purity aqueous solution of hydrogen
peroxide which comprises bringing an aqueous solution of hydrogen
peroxide into contact with a strong acidic cation exchange resin of a

hydrogen type and subsequently with an anion exchange resin wherein said

strong acidic cation exchange resin comprises a copolymer of styrene and

divinylbenzene as a base component and sulfonic group as an exchange

group, has a degree of crosslinking of 6 to 10 and is a porous type.

2. A process for producing a high purity aqueous solution of hydrogen
peroxide which comprises bringing an aqueous solution of hydrogen

peroxide into contact with a strong acidic cation exchange resin of a

hydrogen type and subsequently with an anion exchange resin wherein said

strong acidic cation exchange resin comprises a copolymer of styrene and

divinylbenzene as a base component and sulfonic group as an exchange

group, has a degree of crosslinking of 6 to 8 and is a gel type.

3. A process according to Claim 1, wherein an anion exchange resin is

mixed with the strong acidic cation exchange resin.

4. A process according to Claim 2, wherein an anion exchange resin is

mixed with the strong acidic cation exchange resin.
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