
SPECIFICATION                          TITLE OF THE INVENTION
Method for Preparing High-Purity  5                  Aqueous Hydrogen
Peroxide                       BACKGROUND OF THE INVENTION
(1) Field of the Invention                The present invention relates to
a method for  10   stably preparing extremely high-purity aqueous hydro-
gen peroxide by safely purifying aqueous hydrogen       peroxide containing
inorganic impurities. Aqueous       hydrogen peroxide purified by the
present invention       can be used particularly in a semiconductor
manufac-  15   turing field.                (2) Description of the Related
Arts                At present, hydrogen peroxide has mainly been
manufactured by an anthraquinone process, but in aque-       ous hydrogen
peroxide prepared by this method, various  20   kinds of inorganic
impurities are contained.  In gen-       eral, several hundreds
[err]g/[err] of the inorganic impurities       are contained in aqueous
hydrogen peroxide having a       concentration of 5 to 70% by weight which
is a sub-       stantially practical concentration. On the other hand,  25
in a semiconductor manufacturing field, the high-       purity aqueous
hydrogen peroxide is required, and in       recent years, such extremely
high-purity aqueous hy-       drogen peroxide that the concentration of the
remain-    



-2-         ing inorganic impurities is about 0.05 [err]g/[err] or less has
been required.               Heretofore, as a technique for removing the
inorganic impurities from aqueous hydrogen peroxide to  5   purify the
same, there is known a method which com-       prises bringing aqueous
hydrogen peroxide into contact       with an ion exchange resin. Most of
metals contained       in aqueous hydrogen peroxide can be removed
therefrom       by bridging aqueous hydrogen peroxide into contact  10
with a strongly acidic cation exchange resin.  Fur-       thermore,
chloride ion, sulfate ion and a part of       metallic compounds can be
removed by bringing aqueous       hydrogen peroxide into contact with a
strongly basic       anion exchange resin.  15           That is to say,
the purification of aqueous       hydrogen peroxide can be carried out by
using the       strongly acidic cation exchange resin singly, the
strongly basic anion exchange resin singly, a mixture       thereof singly,
or a combination of these ion exchange  20   resins.  Examples in which the
purification of aqueous       hydrogen peroxide can be carried out by the
use of       these ion exchange resins have been disclosed in Ja-
panese Patent Publication No. 16677/1960, German Pat-       ent Application
Laid-open Nos. 4214075 and 4222109,  25   French Patent No. 2677011, and
Japanese Patent Appli-        cation Laid-open Nos. 17105/1993 and
172805/1995.                Particularly, in order to obtain, by the puri-
fication, such extremely high-purity aqueous hydrogen    



-3-         peroxide as to be required in the semiconductor manu-
facturing field, it is usual to use the cation ex-       change resin and
the anion exchange resin together.       That is to say, the anion exchange
resin which can be  5   used in the purification of aqueous hydrogen
peroxide       occupies an influential position together with the
cation exchange resin.               In Japanese Patent Publication No.
16677/1960       mentioned above has described a method for purifying  10
aqueous hydrogen peroxide through an anion exchange       resin converted
into a bicarbonate form by treating it       with an aqueous sodium
bicarbonate solution. However,       when this method is merely used
together with the       cation exchange resin, there cannot be obtained the
15   high-purity aqueous hydrogen peroxide having a metal       impurity
concentration of about 0.05 ppb by weight or       less which has been
required of late. That is to say,       metals such as calcium, copper and
iron cannot suffi-       ciently be removed by this purification, so that
they  20   inconveniently remain in aqueous hydrogen peroxide.
Furthermore, in Japanese Patent Application       Laid-open No. 172805/1995
mentioned above, there has       been disclosed a method for purifying
aqueous hydrogen       peroxide through an anion exchange resin converted
25   into a carbonate form or a bicarbonate form by treat-       ing the
anion exchange resin with an aqueous ammonium       carbonate or ammonium
bicarbonate solution in order to       prevent sodium from dissolving out
from the anion    



-4-         exchange resin. Even by the use of this method, it is
difficult to obtain the high-purity aqueous hydrogen       peroxide having
a metal impurity concentration of       about 0.05 ppb by weight or less.
5                       SUMMARY OF THE INVENTION               An object of
the present invention is to       provide an anion exchange resin which can
suitably be       used to purify aqueous hydrogen peroxide containing  10
inorganic impurities such as metals and metallic com-       pounds, thereby
preparing high-purity aqueous hydrogen       peroxide in which the amounts
of these impurities are       extremely small.               Another object
of the present invention is to  15   provide a method for purifying aqueous
hydrogen perox-       ide by the use of the above-mentioned anion exchange
resin.               The present inventors have intensively inves-
tigated to achieve the above-mentioned objects, and as  20   a result, it
has been found that, when an aqueous       solution of a carbonate, a
bicarbonate or a hydroxide       passed through a filter having an average
pore diame-       ter of 1.0 [err]m or less is used as a liquid agent in
converting a strongly basic anion exchange resin into  25   a carbonate
form, a bicarbonate form or a hydroxide       form, metallic impurities
such as calcium, copper and       iron which remain in the anion exchange
resin can be       removed therefrom to the utmost, and thus, when aque-



-5-         ous hydrogen peroxide is purified through the carbon-       ate
form, the bicarbonate form or the hydroxide form       strongly basic anion
exchange resin prepared in the       above-mentioned manner, the purified
aqueous hydrogen  5   peroxide having a higher purity than in a
conventional       case can be obtained. In consequence, the present
invention has been completed.               That is to say, the present
invention is di-       rected to a method for preparing high-purity aqueous
10   hydrogen peroxide by bringing aqueous hydrogen perox-       ide into
contact with a strongly basic anion exchange       resin, said method
comprising the step of using the       strongly basic anion exchange resin
which is converted       into a form of an exchange group at the time of
the  15   purification of aqueous hydrogen peroxide by bringing       the
strongly basic anion exchange resin into contact       with a liquid agent
passed through a filter having an       average pore diameter of 1.0 [err]m
or less.   20            DETAILED DESCRIPTION OF THE INVENTION
An anion exchange resin which can be used in       the present invention is
a strongly basic anion ex-       change resin having a quaternary ammonium
group as an       exchange group. Usually, commercially available is  25
the strong basic anion exchange resin in which the       form of the
exchange group is a halide form, and hence,       prior to its use for in
the purification of aqueous       hydrogen peroxide, the strongly basic
anion exchange     



-6-         resin is required to be converted into a carbonate       form,
a bicarbonate form or a hydroxide form by bring-       ing the strongly
basic anion exchange resin into con-       tact with an aqueous solution
containing a dissolved  5   carbonate, bicarbonate or hydroxide.
The conversion of the anion exchange resin       into the carbonate form,
the bicarbonate form or the       hydroxide form can be directly carried
out from the       commercially available resin having the above-  10
mentioned form, or prior to this conversion, the anion       exchange resin
may be washed with an acidic solution,       an aqueous alkali solution
and/or an organic solvent       for the purpose of removing impurities from
the ion       exchange resin.  15           In the present invention, the
strongly basic       anion exchange resin can be converted into the carbon-
ate form, the bicarbonate form or the hydroxide form       with a liquid
agent passed through a filter having an       average pore diameter of 1.0
[err]m or less, preferably  20   0.05 to 1.0 [err]m.                In the
present invention, the pore diameter of       the filer can be regulated in
a manner using polysty-       rene latex standard particles. As the
polystyrene       latex standard particles, for example, particles made  25
by Dow Chemical Co. or Japan Synthetic Rubber Co., Ltd.       can be used.
The pore diameter can be determined by       passing each of ultrapure
waters, in which the poly-       styrene latex standard particles having
different     



-7-         average diameters are dispersed, through the filter,
measuring turbidities of the ultrapure water by ul-       traviolet light
before and after the passage, and then       calculating a ratio of the
particles which are pre-  5   vented from passing therethrough.  In the
passage test,       the standard particles having a plurality of different
average diameters are successively passed through the       filter. When
the passage prevention ratio is in ex-       cess of 70% for the first
time, the average diameter  10   of the particles at this time is regarded
as the aver-       age pore diameter of the filter.               No
particular restriction is put on a material       of the filter, and any
material is acceptable, so long       as it is not deteriorated by the
liquid agent and  15   components are scarcely dissolved out from itself.
Examples of the suitably usable filter material in-       clude polyether
sulfones, polypropylene and polytetra-       fluoroethylene. A shape of the
filter is not limited,       either. That is to say, the filter may take
any shape  20   of a plane film, a pleat, a spiral and a hollow string.
The liquid agent which can be used to convert       the form of the
exchange group of the anion exchange       resin into the carbonate form,
the bicarbonate form or       the hydroxide form can be prepared by, for
example,  25   dissolving a sodium salt, a potassium salt or an ammo-
nium salt of carbonic acid or bicarbonic acid, or       sodium hydroxide,
potassium hydroxide or aqueous ammo-       nia (NH[err]0H) in utrapure
water. A concentration of such     



-8-         an agent can be set up to its solubility in water, and       no
particular restriction is put on the concentration       of its aqueous
solution, so long as it is within the       concentration range in which
the agent is dissolved.  5   In the case that the aqueous solution having a
high       concentration is afterward passed through the filter,
however, this filter tends to clog with, particularly,       crystals of
the carbonate or the bicarbonate, so that       the passage of the liquid
agent might be difficult.  10           In view of this fact, in the case
of sodium       carbonate, its concentration is preferably in the
range of 0.1 to 0.6 mol/[err]; in the case of sodium bi-       carbonate,
its concentration is preferably in the       range of 0.1 to 0.8 mol/[err];
and in the case of ammonium  15   bicarbonate, its concentration is
preferably in the       range of 0.1 to 1.5 mol/[err]. Furthermore, in each
case       of potassium carbonate, ammonium carbonate, potassium
bicarbonate, sodium hydroxide, potassium hydroxide and       aqueous
ammonia, its concentration is preferably in  20   the range of 0.1 to 2
mol/[err].               No particular restriction is put on a tempera-
ture of the liquid agent at the time of the passage       through the
filter, but it is preferably in the range       of 0 to 50[err]C. A passage
velocity of the liquid agent  25   is not limited, either, and an optional
passage veloc-       ity can be selected, so long as it is a practical
velocity. In addition, the liquid agent is required       to be passed
through the filter at least once, but it     



-9-         may be passed therethrough several times.               Next,
the strongly basic anion exchange resin       is converted into the
carbonate form, the bicarbonate       form or the hydroxide form with the
liquid agent  5   passed through the filter.  This conversion manner is
not restrictive, either. That is to say, there may be       employed either
of a batch system in which the anion       exchange resin is poured into
the aqueous solution and       then allowed to stand or stirred, and a
continuous  10   system in which the anion exchange resin is filled
into a column and the aqueous solution is then passed       through the
column. However, the continuous system is       more effective from the
viewpoints of operativity and       a conversion efficiency. For example,
the anion ex-  15   change resin is filled into the column, and the liquid
agent is then passed through the column in such an       amount that an
equivalent of the liquid agent is five       time or more as much as a
capacity of the anion ex-       change resin, whereby it is converted into
the carbon-  20   ate form, the bicarbonate form or the hydroxide form.
Afterward, the anion exchange resin is washed with       ultrapure water,
and then used for the purification of       aqueous hydrogen peroxide. In
this case, the dissolu-       tion, into aqueous hydrogen peroxide, of
sodium or  25   potassium derived from the salt present in the liquid
agent can be prevented by sufficiently washing the       exchange resin
with ultrapure water.                In the purification of aqueous
hydrogen perox-     



- 10 -         ide, the thus prepared anion exchange resin can be
used singly, but the use of a combination of the anion       exchange resin
and a cation exchange resin is more       effective. Examples of the usable
combination include  5   a combination of this anion exchange resin and a
hy-       drogen form cation exchange resin, a mixture of these       ion
exchange resins, and a combination of these ion       exchange resins and
the ion exchange resin mixture.       The cation exchange resin which can
be used herein is  10   a strongly acidic cation exchange resin which has a
sulfonic group as the exchange group and which is       converted into the
hydrogen form.               No particular restriction is put on a hydrogen
peroxide concentration of aqueous hydrogen peroxide to  15   be purified,
but a practical concentration of 5 to 70%       by weight is used.
Furthermore, a temperature of       aqueous hydrogen peroxide at the time
of the purifica-       tion is not limited, either, but at an excessively
high temperature, the decomposition of hydrogen perox-  20   ide may
inconveniently be caused.  Therefore, the       temperature of aqueous
hydrogen peroxide is preferably       in the range of from the freezing
point of the aqueous       hydrogen peroxide to 30[err]C.               No
particular restriction is put on a manner  25   of bringing the ion
exchange resin into contact with       aqueous hydrogen peroxide. That is
to say, there may       be employed either of a batch system in which the
ion       exchange resin is poured into aqueous hydrogen perox-     



ide and then allowed to stand or stirred, and a con-       tinuous system
in which the ion exchange resin is       filled into a column and aqueous
hydrogen peroxide is       then passed through the column. However, the
continu-  5   ous system is more effective from the viewpoints of
operativity and a purification degree.               According to the
present invention, aqueous       hydrogen peroxide containing inorganic
impurities such       as metals and metallic compounds can be purified to
10   prepare extremely high-purity aqueous hydrogen perox-       ide.
Next, the present invention will be described       in accordance with
examples, but the scope of the       present invention should not be
limited to these exam-  15   ples at all.  Incidentally, an analysis of a
metal       concentration was carried out by an ICP-MS (induc-       tively
coupled plasma-mass spectrometry) method.               Example 1
A powder of sodium carbonate (JIS special  20   grade, made by Kanto
Chemical Co., Inc.) was dissolved       in ultrapure water to prepare a 0.5
mol/[err] solution.       Next, this solution was filtered through a filter
of       polytetrafluoroethylene having an average pore diame-       ter of
0.2 pm made by Toyo Roshi Kaisha, Ltd. On the  25   other hand, a strongly
basic anion exchange resin IRA-       904 (chloride form) made by Organo
Corporation was       filled into a column, and this filtered aqueous solu-
tion was then passed through the column at an SV     



- 12 -         (space velocity) of 10 hr[err] for 2 hours. Afterward,
ultrapure water was passed therethrough at an SV of 10       hr[err] for 3
hours to obtain a carbonate form anion       exchange resin.  5
Next, 30 wt% aqueous hydrogen peroxide con-       taining 2 wt ppb of Ca,
0.5 wt ppb of Cu and 4 wt ppb       of Fe as impurities was passed through
a column filled       with a hydrogen form strongly acidic cation exchange
resin 201B made by Organo Corporation and another  10   column filled with
the strongly basic anion exchange       resin obtained by the
above-mentioned procedure at an       SV of 200 hr[err] in this order to
purify aqueous hydrogen       peroxide. Metal concentrations in the thus
purified       aqueoushydrogen peroxide are shown in a table.  15
Example 2               Aqueous hydrogen peroxide was purified by the
same procedure as in Example 1 except that a filter of
polytetrafluoroethylene having an average pore diame-       ter of 1.0
[err]m made by Toyo Roshi Kaisha Ltd. was used.  20   Metal concentrations
in the purified aqueous hydrogen       peroxide are shown in the table.
Example 3               Aqueous hydrogen peroxide was purified by the
same procedure as in Example 1 except that sodium  25   bicarbonate (JIS
special grade, made by Kanto Chemical       Co., Inc.) was used in place of
sodium carbonate.       Metal concentrations in the purified aqueous
hydrogen       peroxide are shown in the table.     



- 13 -                 Examle 4               Aqueous hydrogen peroxide was
purified by the       same procedure as in Example 1 except that sodium
bicarbonate (JIS special grade, made by Kanto Chemical  5   Co., Inc.) was
used in place of sodium carbonate and a       filter of
polytetrafluoroethylene having an average       pore diameter of 0.5 [err]m
made by Toyo Roshi Kaisha Ltd.       was used. Metal concentrations in the
purified aque-       ous hydrogen peroxide are shown in the table.  10
Example 5               Aqueous hydrogen peroxide was purified by the
same procedure as in Example 1 except that sodium       bicarbonate (JIS
special grade, made by Kanto Chemical       Co., Inc.) was used in place of
sodium carbonate and a  15   filter of polytetrafluoroethylene having an
average       pore diameter of 1.0 pm made by Toyo Roshi Kaisha Ltd.
was used. Metal concentrations in the purified aque-       ous hydrogen
peroxide are shown in the table.               Example 6  20
Aqueous hydrogen peroxide was purified by the       same procedure as in
Example 1 except that sodium       hydroxide (JIS special grade, made by
Kanto Chemical       Co., Inc.) was used in place of sodium carbonate.
Metal concentrations in the purified aqueous hydrogen  25   peroxide are
shown in the table.               Example 7               Aqueous hydrogen
peroxide was purified by the       same procedure as in Example 1 except
that sodium     



- 14 -         hydroxide (JIS special grade, made by Kanto Chemical
Co., Inc.) was used in place of sodium carbonate and a       filter of
polytetrafluoroethylene having an average       pore diameter of 1.0 [err]m
made by Toyo Roshi Kaisha Ltd.  5   was used.  Metal concentrations in the
purified aque-       ous hydrogen peroxide are shown in the table.
Comparative Example 1               Aqueous hydrogen peroxide was purified
by the       same procedure as in Example 1 except that an aqueous  10
sodium carbonate solution was not filtered through a       filter. Metal
concentrations in the purified aqueous       hydrogen peroxide are shown in
the table.               Comparative Example 2               Aqueous
hydrogen peroxide was purified by the  15   same procedure as in Example 1
except that a filter of       polytetrafluoroethylene having an average
pore diame-       ter of 3.0 pm made by Toyo Roshi Kaisha Ltd. was used.
Metal concentrations in the purified aqueous hydrogen       peroxide are
shown in the table.  20           Comparative Example 3
Aqueous hydrogen peroxide was purified by the       same procedure as in
Comparative Example 2 except that       sodium bicarbonate (JIS special
grade, made by Kanto       Chemical Co., Inc.) was used in place of sodium
car-  25   bonate.  Metal concentrations in the purified aqueous
hydrogen peroxide are shown in the table.                Comparative
Example 4                Aqueous hydrogen peroxide was purified by the     



- 15 -         same procedure as in Comparative Example 2 except that
sodium hydroxide (JIS special grade, made by Kanto       Chemical Co.,
Inc.) was used in place of sodium car-       bonate. Metal concentrations
in the purified aqueous  5   hydrogen peroxide are shown in the table.
Table                        (Metal concentrations in
purified aqueous hydrogen peroxide)                               Ca
Cu         Fe                         (wt ppt)  (wt ppt)   (wt ppt)
Example 1         22        10         11           Example 2         29
25         18           Example 3         21        28         20
Example 4         22        30         21           Example 5         27
32         24           Example 6         30        26         25
Example 7         35        29         30            Comp. Ex. 1      120
68         87           Comp. Ex. 2      112        49         88
Comp. Ex. 3       92        53         60           Comp. Ex. 4       79
62         50   10                                      - 16 -   



WHAT IS CLAIMED IS:                 1. A method for preparing high-purity
aqueous       hydrogen peroxide by bringing aqueous hydrogen perox-  5
ide into contact with a strongly basic anion exchange       resin, said
method comprising the step of using the       strongly basic anion exchange
resin which is converted       into a carbonate form, a bicarbonate form or
a hydrox-       ide form by bringing the strong basic anion exchange  10
resin into contact with a liquid agent passed through       a filter having
an average pore diameter of 1.0 [err]m or       less.                 2.
The method for preparing high-purity aque-  15   ous hydrogen peroxide
according to Claim 1 wherein the       average pore diameter of the filter
is in the range of       0.05 to 1.0 [err]m.                  3. The method
for preparing high-purity aque-  20   ous hydrogen peroxide according to
Claim 1 wherein the       liquid agent is an aqueous solution containing a
dis-       solved carbonate, bicarbonate or hydroxide.      25    


