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PROCESS FOR :eRQDUCilfG A PURIFIED A.QUEOUS HYDROGEN 

PEROXIDE SOLUTION 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention :relates to: a .Pf~¢ess (or proqucing a purified 
. ·: ~ .. 

aqueous hydrogen peroxide solution. Mp:re :Pa~icularly, the present 
·. . . . . 

invention relates to. a process for producing an aqueous hydrogen 

peroxide solution haying a high purity by remoVi.ng silicon components 

which are contained ·in an aqueous hydrogeri. peroxide solution. 

2. Description of the·Related,Arts 

Hydrogen pero~ide if? widely used in many fields, for example, for 

bleach of paper and,: pulp·· and as a component in chemical polishing 

fluids. In recent yea),4S, 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. Iti this .field, higher purity of used materials is 

required because of increase in the degree of integration. It is required 

for hydrogei_i peroxide that a very high purity be achieved by extremely 

decreasing the contents of all impurities including silicon components 

as well as metal components. such as Al~ Fe, and Cr. 

· Hydrogen . pe~o~~de ·is. produced ·a~most exclusively by the 

anthraquinone proce~s at • present. · Tl].e • anthraquinone process is 

generally conducted ~s foll<~ws. A deri\rativ·e:.of aµthraquinone, such as a 

2-alkylanthraquinone, is· converted ... into the corresponding 
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anthrahydroquinone by hydrogenation in a water-insoluble organic 

solvent in the presence of a hydrogenation catalyst. After the catalyst is 

removed by filtration, the reaction product is oxidized with the air to 

regenerate the original 2-alkylanthraquinone, and hyqrogen peroxide is 

produced at the same time. By extracting the produced hydrogen 

peroxi~e from the oxidation product with water, an B;queou~ solution 

containing hydrogen peroxide can be obtained. The aqueous hydrogen 

peroxide solution obtained after the extraction with water contains 

considerable amounts of impurities formed in the oxidation step, such as 

silicon components from the air such . as silicic -acid and silicates, 

organic impuritie-s such as the anthraquinone, the solvent, and 

degradation products from these substances, and metal components 

such as Al, Fe, and Cr derived from materials constituting apparatus of 

various steps. The aqueous hydrogen peroxide solution is subject to a· 

treatm.ent for purification which provides the required quality. 

As the process for purification of hydrogen peroxide, the 

distillation process; the filtration process using a membrane, the 

adsorption process using a resin, and the ion exchange resin process are 

used singly or as a cpmbination of two or more processes. 

Organic impurities are mainly removed by the distillation· process 

or the adsorption· process using a resin. Cations of metals and anions 

content are removed by the ion exchange resin process. Insoluble 

impurities having a specific diameter or larger are removed by the 

filtration process using a membrane. 

However, no prop.osal for technology of removing silicon 
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components, such as,. silicates (for example, potassium silicate, sodium 

silicat~, and alumijlp.m silicate) ~nd silicic acid; can heretofore been 
:;.:.· 

found among conventional technologies for purification of an aqueous 

hydrog~n peroxide ablution. 

For example·~ ·· the ·distillation pro,ees~, · including the step of 
· ... · '! . 

increasing the conc~ntration of hydrogen p~roxide by rei;noving water, is 

effective as a purific~t~on process of hydro.gen peroxide because organic 

impurities, particµ~~tly compounds used ip.•'.the auto-oxidation process, 

are effectively removed· by the process, and has widely been practiced. In 

this process, a purified concentrated solution can be obtained by 

vaporizing a crude:·~queous hydrogen peroxide solution, separating the 
. ' 

formed vapor from the fluid, and supplying the separated vapor to a 

fractio.nator to achjeve the concentration. However, this pro~ess has a 

problem that inorganic ions such as metal ions and other non-volatile 

matters which are derived from the materials of the apparatus and from 

the erode aqueo~s :hydrogen peroxide solution used for the distillation 

remai11 in the purified concentrated product. 

As a method :for solving the problem in the distillation process 

which is caused by the· crude aqueous hycitogen peroxide solution, for - . , : . . : . . . :~-· . 

. example, a· ·proces~t is proposed in Japah~~e Patent Application Laid­

Open Heisei 7(1995)28()227. The problem tijat the purity of the purified 

concentrated s~lutio,rt :is :decreased can be e;Wv~d by this process in which 
. . 

a multi-stage cyc~9ne constituted with'.: k ·or 3 individual cyclones 

connected in series is used as the cyclon~ 'fo~ the gas-liquid separ~tion. 
However, the product of this p.rocess c0Iita~11s impurities derived from 

.· :~ ·.:: : -~ 

·;::: ... ;: ;:·· 
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packings and materials of the concentt-1:1tion tower. Particularly, 

because interlocke4 saddles and Raschig ,t1rigs which are used as the 
. .. . . 

packings are made of ceramics containing. s{licon components, such as 

silicon, potassium, and sodium, the silicon ·components are dissolved 

into the aqueous }iydrogen peroxide solut~on. Impurities derived from 

aluminum metal and aluminum alloys which .constitute the 
:-::.: 

concentration tower are also contained in tile aqueous hydrogen peroxide 

solution. 

In the field of the semiconductor industry, ultra-pure water 

obtained by extre1n:e purification of water is used along with the aqueous 

hydrogen peroxide solution. A high purity is required also for the ultra­

pure. water. As the technology for purification of water, systems 

constituted with a combination of a plurality of apparatus, such as an RO 

(reverse osmolysis membrane) apparatus, a cation exchange resin 

tower, a decarbonation tower, an anion exchange resin tower, a Mix bed 

(a mixed bed resin), a UV (ultraviolet light) irradiation apparatus, and 

an ultra-filtration apparatus, are widely adopted. 

For example; when a system in whi~ an RO apparatus, an anion 

exchange resin tower, and a Mix bed are a:n:-~nged in this order is used, 

the concentration of silica at the outlet ~a·:the RO apparatus can be 

reduced to micrograms per liter. The coµce~tration of silica is further 
. ;,. 

·. reduced to 0.5 µg/liter or less by the additio;:ial tr~~tments with the anion 

exchange resin an4 the Mix bed. Thus, it is ~~O\Vn that ultra-pure water 
·.·.·,,: 

having a very low concentration of.:~ilica, ·.and also very low 

concentrations of oth~r impurities ~an be pto4uced by this process. It is 

:; .. ·,: .. '·':' 

':<!:--:->: 
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-also known that t}i~ silica component can. be. removed by using, as the 

anion exchange r~sin, a strongly basic 8.J1ipn exchange resin in the 

hydroxide form haYing- a qu:atemary amm:orii.um group. 

Japanese P~~ent Application Laid;;.Open Heis~i. 7(1995)-109109 

discloses a proces_s· for purification of an- aqueous hydrogen per~xide . 

solution by usi11g.· a system constitute~ with a reverse osmolysis 

membrane appar~~us, an anion exchan~e apparat:'ls, and .a cation 

exchange apparatus. 

This process is lin appli~tion of the-Elystem for production of ultra­

pure water describ~d above ·to the purification of an aqueous hydrogen 

peroxide solution. ·, However, the systelli for production of ultra-pure 

water causes some·::problems. when it is aJ>plied to the purification of an 

. aqueous hydrogen :peroxide solution. The reverse osmolysis membrane 

apparatus is operated under a high pressure of 5 to 30 kg/cm2. A 

polyamide membran,e used as the material of the apparatus is gradually 

degraded by oxida~ion because of chemical attack by hydrogen pei:oxide. 

Therefore, stable 6peration. of the system for a long time is not assured. 

¥oreover, the reve:rse osmolysi$. apparatus must be· operated while an 

aqueous hydrogen peroxide solution containing impurities in higher 

concentrations i~: .~oritinuously discharg~4. This requirement causes 
.• .· 

decrease in the yi~d of t4e, puri~ed aqu~oii,s hydrogen peroxide solution. 

An exam pl~ of· the. techn()logy ·for ,·~he· purification of an aqueous 

. hydrogen peroxid.e solu,tio1,1 by :ust:ng· an i~~ ·exchange resin is described 
' ~, .. _, ..... . 

in Japanese Paterit·Publication·showa 2S(i953)-3816. In this technology, 
.· .,·: .·. .. ' ·' .. 

an aqueous hydrogen pefo~de .solution j's 'b:rought into contact with a 
:·-'.~· 

-----·-- .. ·----··-·-· -----· ·------- -·-·-·-----·'······--·- -··-·-
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sulfon:ated aromatic hydrocarbon type catiOn exchange resin to remove 

mainly, metal cations. 

·In Jap~nese Patent Publication Show'.~ a5(l960)-16677 and in the 

United' States Pate:q.t No. 3297 404, pro~0:ss·es for r~moving anionic 

~mpuriµes in an aq~eous hydrogen peroxi.d~. solution by µi;ing an anion 
• • . I . . • 

e~charige resin haYi11g a quaternary amm~~tim group-are described. It 
':;·,.·.:·:, 

is also described that the quaternary a~o:nium gr(>up· is used in the 

form ot carbonate or ~icarbonate. The us~·of·a resin·having a carbonate 
.: . ' ,. 

. . 

form. or a bic~rbonate ·form which has. a lower basicity was proposed 

because hydrogen _peroxide is very rapidly decomposed by an anion 

exchange resin in the hydroxide form. 

~n the United ~tates Patent No. 4999179, a process for obtaining a 

purified aqueous h:Y;d.rogen· peroxide solution by passing an aqueous 

hydro~en peroxide s.olution, continuous,ly through a layer of a cation 

excha~ge resi!l havi11g sulfonic acid group, a layer of an adsorbing resin 

contaihing ·a halogen~. -and a Jayer of an:icn:i exchange resin having a · 

quaternary ammonium group is described. In this process, the anion 

exchange resin is use4 in a· carbonate fomi or a bicarbonate form. It can 
; ,; .·· 

be uncierstood frolll. these descriptions t~a~ rigorous safety control and 

management for ~afety are required wh¢h"~n anion exchange resin in 
: ~-: · .. .'.· ·.. . . . --.. .. . .. . . 

.. 

the hydroxide forfu<is used for purific~tio1f of hydrogen peroxide, and 

this situation caus~s a big problem in .it: commercial plant. Moreover, 
. ·, :· ,· ..... 

i;ilicoii component~ in .an aqueous hydr9g~~j'peroxide solution cannot be 

removed even when an anion exchan~~+~~~~n in the hydroxide form is 

used. 

i -·---- - -·-----. --- --- ---- ------· -· - ' 6 
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In the above con-\ieritional processes, it is not possible that silicon 

components in the· aqueous hydrogen pero:xide solution; such as silicates 

(for example, p()tassfufu silicate, sodium silicate, and aluminum 

silicate) and silici~'.:a~d, are removed and a purified aqueous hydrogen 

peroxide solution,llf)_~ing, a·yery high purity and substantially no silicon 

content are obtained: 

SUMMARY OF THEINVENTION . . . ·. ··,: .·. . . . · . 
. · .. 

· The prese11f invent~on has an object to solve the problems in·. the 
. . 

conventional tech,Ii.ologies and to provide a process for producing a 

purified aqueous ·hy4rogen peroxide solution having a high purity by 

removing impuritl.es containing silicon, such as silicates and silicic 

acid, which are cont~ined. iri an aqueous hydrogen peroxide solution. 

The prese11£i~ve11tots conducted extensive studies to develop a 

process for prod11cin.g a p~rified aqueous hydrogen peroxide solution 
·. ·: .. 

having a high pu,rlty by removing silicon components, such as silicates 

and silicic acid, frow an aqueous hydrogen peroxide solution. As the 

result of the studie.~, it was discovered that, when an aqueous hydrogen 
.. ·; 

peroxide solution,_coritaining.,impurities w~s. brought into contact with an 

anion exchange _r~s~n.ii:l t}ie nuoride form,·: the silicon components were 

removed, and a: ~11rifi~d·.: aqueous hyd~ogen peroxide solution was 

obtained. It was.~lso cJfacoyered that, when, the above aqueous hydrogen 

peroxide solutiori<¢ontajpi:rl,g impurities was brought into contact with 

the anion exchall.ge resin. in the fluoride form in combination with an ion 
··· . . ·( .. 

exchange resin which. was a. Combination. of a strongly cation exchange 
.:.·= 
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resin having sulfonic acid group and an anion exchange resin in the 

bicarbonate form, Ji, purified aqueous hydrogen peroxide solution having 
. '~ . . . . . . .. 

a still higher, purity,~ould be produced. The·present invention has been 
:, ·. . ··. . . 

compl~ted on the basis, of thes,e discoveries. 
. . :"; ·.··.·. 

Accordingly/ the present inventio11 , provides a process for 

prod~cing a puriflecl aqueous hydrogen ,p~ro;xide solution comprising 

bringiilg an aque~us hydrogen peroxide soljl.tion containing impurities 
.. . . . . . . -

into contact with,'a*'anion exchange resin in,the fluoride form., 

... ·. . 

DESCRIPTiON OF THE PREFERRED EMBODiMENTs 
. . . . . . .. : ·: ~ . 

, As the aniol:1 ~:X:change resin used in the present invention, a resin 

obtained by converting a basic anion exchange resin in the fluoride form ... . :· . · . 
.. . ·. . . 

is used. Examples of the basic anion exchange resin which can 
"\·· 

. .. . 

generally be used,in the present invention include strongly basic anion 

exchal,i:ge resin~ '):obtained by chloromethylation of a styrene­

dh~illylbenzene ct6s~linked copolymer, followed by amination of the 

pr~d~ct·by trim~t~ylamine or dimethylethaµolamine and subseque~tly 
' .·~--- . 

by forming a qua,temery salt of the .product of amination; weak basic 

aniQ.n: 'exchange r~srns· derived from the;,sa:me styrene-divinylbenzene 
t: . .. . ; ~- :. . . 

·~Oslilinked'.Jopol~~ as that descrd.rbqve and having a primary, 

secondary, or te~iary amine as the J..on excha;nge group; resins derived 
. . ... 

from an acrylic cro~slinJted polymer· and ha'7ing a tertiary amine as the 

exchange group; ah4;;pyridine type anion':e~c11ange resins comprising a 
_,:-·. 

polymer haVirig·'.pYtldyl ·~roqp or a substitlited pyridyl group. Among 
. . .. :· '. :: . 

. .. · ... ··;-.: : 

these resi~S,~i str~ngly J>asi~ ~nion ~xchange resins having a ·quaternary 
.. . .... ' , ... · ... ·. ·. . : .; .::-: :-

,,._ ....... 

·--·-···-·----.:.... ___ . __ ~~---1·-.: .:::: '·: 
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ammonium groµp, such as trimethylammonium group and 

dimet}).ylethanolammonium group, as th~ ion exchange group are 

preferable. Many types of strongly basic ~~Qri exchang~ resins having a 

quatert,iary ammori,ium group are commetcl.liuY available. 
··: ;.·. 

Typic~l examples of· the conimercially available anion exchange 

resin having a q114ternary ammonium group inclu.de products of 

DIAION PA serie~. (such as PA316 and PA3l8) and DIAION SA series 

(such as SAlO,:A,) produced by MJTSUBISHI CHEMICAL 

CORPORATION, Ltd.. and products of AI)iberlite IRA series (sucJi as 

IRA-900 and IRA-904) produced by ORGANO Co., Ltd. These resins are 

generally available as resins in the chloride'fQrm. 

In the prese11t invention, as the. basic anion exchange resin used 

for obtaining a re~in}n the fluoride form, a commercially·available resin 

in the chloride fol'µl DJ.ay be used directly. ~esins in the hydroxide form, 

the bicarbonate form, and the carbom1te form which are used in 

conventional techµo}ogies for purification. of an aqueous hydrogen 
"; , . ."'. ·. 

peroxide solution nia:y also be used. Resins· in other forms may be used 

as well withou~ any problem. 

In the presen.~. invention, a basic a,n~on exchange resin can be 
:\.:·;_,' 

converted into the ~btr~~pon<Ung resin in: :i~*· fluoride form by bringing 

the basic anion e:x:cha~ge re~in into conta~i.: with an aqueous solution 

containing fluori4~ io11. The method :~£<bringing the basic anion 
·._;.:,:-·· .. :··: 

exchange resin iil.t()~;_cqntact with the -~ql.leous solution containing 

fluoride ion is not par~icµlarly limited, a~J::~ri'.Y of a batch process and a 
. ·. · .. ..;,: .· ,·. 

continuous flow process. can be used. The;·£~t;~~ss i~ which, after a basic 
?;~: .. , ::_):::.: 

·.i 
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anion exchange resin is packed "into a column, an aqueous solution 

containing fluoride. ion is passed through thf:~o)tim.n and then the resin 

in the column is thoroughly washed with_'pJ~:r~;.pure water is effective 

and preferable as the industrial process. T~e condition of the continuous 

flow of the aqueous' s~lution containing fl~oride ion is not particularly 

limited and can be. adjusted to a conveptfortal condition which is 

generally used in adjustment of the salt fon,n ofan ion exchange resin. 

The fluoride compound used for ·pf.eparation of the aqueous 

solution containing fluoride ion is not partiC1llarly limited as long as the 

fluoride compound j.s dissociated to form fluoride ion in the aqueous 

solution. Compouncis easily soluble in wa~er, such as hydrofluoric acid, 

sodium fluoride, hydrogen sodium flu~ride, potassiu1J1 fluoride, 

hydrogen potassilJ.In fluor:lde, ammonium fluoride, and hydrogen 

ammonium fluoricJ.e, are preferable because the amount of the solution 

required for conver.sion of a basic anion exchange resin in the fluoride 

form cari be held· small . 

. The aqueous hydrogen peroxide sol'µ.tion ~ontaining impurities 

which is treated by the -process of" the present invention can be prepared 

by any of the desir~(i processes including the. ~nthraquinone process and 
· .. 

the direct synthesis in which hydrogen and.oxygen are directly brought 
. ... ;;· . . ... :··_· ..... 

into ·the reaction. As described ;above, h~4r~gen peroxide is currently 

produced almost exclusively by the anthraqriiriO.ne process. The aqueous 
. : .... ----~: .. : .. :··· .: 

hydrogen pero~ide solution obtained by. ·th~: .t:lnthraquinone process is 

trea~d by a purification process which :i~ ·s~l~cted in accordance with 
.: ... ··.· 

~ ·. ; . ·. ;. , . 

requirements. The ·aqueous hydrogen peroxi,d~ solution obtained after 
-. .. :··. 
: <"·. :· 

;--·---- -----···· ····-··· -----·------:---·- --··-···-·· -~- .: .... 
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the p~rification contains impurities, stich";:i;s_ silicon components, 

organi.c substances, and metals, and· ~cfci1Honal purification is 
. : . . : '. ~ ·' . . . . 

necessary. 

In the present invention, any of a c~ntinuous flow process and a 

batch process may be used as the process· for_ bringing the aqueous 

hydrogen peroxide solution containing impurities into contact with the 

anion exchange resin in the fluoride form .. ~ .·8; c;ontinuous flow process, 

for example, the aqueous hydrogen peroxide solution containing 

impurities is continuously supplied to pass tlirough the anion exchange 

resin in the fluoride form which is packed into a column. In a batch 

process, for example, the anion exchange resin in the fluoride form and 

the aqueous hydrogen peroxide solution containing impurities are mixed 

together for a prescribed time while being stirred, then the resin is 

separated, and the purified hydrogen peroxide is taken out. For 

industrial production, the continuous flow process using a column 

packed with the resin is preferable because it is necessary that the salt 

form is adjusted and the resin is regenerated when the adsorption a~ility 

of the resin decreased. In the continuous flow process, it is pr~ferred 

that the aqueous hydrogen peroxide solution.is passed through the resin 

layer in the column at a linear velocity (LV) h1 .the .range of 1 to 500 m/Hr 
\ 

and a space velocity (SV) in the ran~ of 1 to 300:/Hr. · 

The temperature of bringing the anio;n exchange resin in the 

fluoride form and the aqueous hydrogen flu_(>rid~ solution into contact 

with each other is described in the folloW:iiig~ In a conventional 
: ~;·\ -~ '.:'. 

technology using an anion exchange -resin, il1; tqe hydroxide form, the 

11 



bicarbonate form, or the carbonate form, a temperature of 30°C or lower 

is preferred, and a · lowest possible temperature is used. This 

temperature is regulated in order to prevent degradation of the resin by 

oxidation with hydrogen peroxide and. to solve the problems on safety by 

suppressin~ generation of gases and heat caused by decomposition of 

hydrogen peroxide during the contact between the resin and the aqueous 

solution. In .the ·process of the present invention using the resin having a 

fluoride form, a. temperature in the range of 30°C or lower is also 

preferable, and a temperature in the range of -10 to 20°C is more 

preferable, as the temperature of bringing the resin and the aqueous 

solution into contact with each other in order to prevent degradation of 

the resin by oxidation .. However, a method to prevent the problem caused 

by the gases generated by the decomposition of hydrogen peroxide and to 

assure the safety is hardly required because the amount of gases 

generated by decomposition of hydrogen peroxide in the presence of the 

resin in the fl.uonde fonn is as small as 1/10 of that in the presence of the 

resin in the bicarbonate form and as small as 1/300 of that in the 

presence of the resin in the hydroxide form. · 

In the process of the present invention, it is also effective that an 

acid having an acid dissociation constant pKa of 5 or less in water is 

added to the aqueous hydrogen peroxide ~Qlution containing impurities, 
. . 

and the resultant solution is brought iI1to contact with the anion 

exchange resin in the fluoride form describeq above. By adding the acid, 

the silicon components which are most difficult to be removed from the 

aqueous hydrogen peroxide solution can more easily be removed. 

:---·-~------· ·---------·---:- .:..-.. ____ ----·--·--·-· -·· 
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The acid added to the aqueous hydrogen ~ero~ide solution is an 

acid having an acid dissociation constant pKa of 5 or less in water at 

25°C. Examples of the acid include inorganic acids, such as 

hydrochloric acid, sulfuric acid, nitric acid, phosphoric acid, 

hydrofluoric acid, chlorous acid, phosphinic acid, phosphonic acid, 

diphosphoric acid, and tripolyphosphoric acid, and organic acids, such 

as formic acid, acetic acid, chloroacetic acid, fluoroacetic acid, oxalic 

acid, benzoic acid, organic phosphonic acids, and organic sulfonic acids. 

Among these acids, inorganic acids, such as hydrochloric acid~. nitric 

acid, phosphoric acid, and sulfuric acid, are preferable. 

The amount of the acid added to the aqueous hydrogen peroxide 

solution is not particularly limited. It is preferred that the amount is 

generally adjusted in the range of 0.05 to 5 meq/liter. Wh~n the amount 

is less than 0.05 meq/liter, there is the possibility that the fraction of the 

remov~d silicon impurities is decreased, and the· amoµnt is not 

advantageous for the efficiency. When the amount is ·more than 5 

meq/liter, a problem occasionally arises in that the process for 

purification is required to have additional capability for removing the 

added acid, and the amount is not preferable. 

As described above, the process of the present invention can be 

conducted by bringing the aqueous hydrogen peroxide solution 

containing impurities into contact with the anion exchange resin in the 

fluoride. form. It is also possible to obtain a purified aqueous hydrogen 

peroxide solution having a still higher purity when ~h~ aqueous 

hydrogen peroxide solution containing impurities 'is .bro.ught into contact 

13 
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with a strongly cation exchange resi~ havin.g sul(onic acid group and an 

anion exchange resin in the bicarbonate form in combination with the 

anion exchange resin in the fluoride form.:/- WheI;t this process is used, 

the order of the columns -through which th~' aqueous hydrogen peroxide 

solution containing impurities is passed (t~e order of the ion exchange 

resins with which the aqueous solution is brought into. contact) can be 

selected as desired and not particularly'limited. For example, the 

aqueous hydrogen peroxide solution ~?.Y:·}>e passed through (1) the 

column packed with the strongly acidic ~8.tion exchange resin having 

sulfonic acid group, the c~lumn pack with the anion exchange resin in 

the fluoride form, and the column pack wi~h __ the anion exchange resin in 

the bicarbonate form, in this order, or (2)-~he column packed with the 

anion exchange resin in the fluoride form, the column packed with the 

strongly acidic cation exchange resin having sulfonic acid group, and 

the column packed with the anion exchange resin in the bicarbonate 

form, in this order. A method suitable for tp.e components contained in 

the aqueous hydrogen peroxide solution con_taining impurities_ can be 

adopted. In another way, an ion exchange resin in which the strongly 

acidic cation exchange resin having sulfont<: acid group and the anion 

exchange __ resin in the bicarbonate form are :1*ixed together may be used 
--";": 

in combi~tion with the anion exchange resin in the fluoride form. The 

ord~~ of cont~ct can be selected as desired also in this case. It is 
··::~· .. -. -

preferred that, after the aqueous hydrogen :~~roxide solution containing 

impuritles is brought into contact with the, ~ii.ion exchange resin having 

a. fluoride form, the aqueous solution is brought into contact with the ion 

: :Tliis:Sh~~t}h1s ]3een,Replaced 

-. 'ltllllllilll~l llll:"f II" 1111-
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excha~ge resin in which the strongly acidic .c.ati.Qn exchange resin 

having· sulfonic acid group and . the filifoD. -~)[change resin in the 
>-./ ~: .; .. 

bicarbonate form are mixed together. · ·· · 

As described above, a purified aquebµs· hy4rog~n peroxide solution 

having a high purity from which· silicons,}Iil~tais·/~d- anions have been 
.· . .. 

removed can be produced by using the :8.mon :eJr:cl:i~nge resin in the 
: . .. ':' .. :-_:. ·.... ~ :· 

fluoride form in combination with convent~()ri.aJ icih. e:'J[change resins. 

In the present invention, a vecy spe'd.fi.c phep.orn,enon can be found 

in that the silicon components are more :-~ffe~tiv~ly ,removed at higher 
. : · .. ·· .. 

concentrations of hydrogen peroxide in the aqueous hydrogen peroxide 

solution which is brought into contact with.the anion exchange resin in 
•. .. ·. . 

. the fluoride form. In other words, the. eft'~ct of th.e resin to remove the 

silicon .components is significantly exhibit~d when the concentration of 

hydrogen peroxide is 15 % by weight ·or more· while t4e effect is 
, 

considerably decreased when the concentration is 10 % by weight or less. 

Therefore, it is effective that an aqueous hydrogen peroxide solution 

having a concentration of hydrogen peroxide of 15 % by weight or more, 

particularly 15 to 40 % by weight, is used. On the other hand, an aqueous 

hydrogen peroxide solution having a concentration of hydrogen peroxide 

of 20 to 40 % by weigh~ is widely used dll processes for producing 

semiconductors. Therefore, an aqueous hydrogen peroxide solution 

having a concentration of hydrogen peroxide 'i~· the range of 20 to 40 % by · 
. ~; . : 

weight is preferable because an additi~nal adjustment in the 

concentration is not necessary. However, the. concert.tration of hydrogen 

peroxide is not limited to this range, and a concentration of more than 40 
:-··.''"' ,.: . 

15 



····----------·--···· ·-·--·------------~-~ 

% by weight may be used. When a co~centration of more than 40 % by 

weight is used, it is preferred that the temperature is kept low when the 

degradation of the resin by oxidation and the safety" which have ·been 

described above are considered. 

According to the process of the present invention, silicon 

components, such as silicates and silicic ac~d, can be r.emoved from an 

aqueous hydrogen peroxide solution by bri:p.ging the aqueous solution 

into contact with the anion exchange resin in the fluoride form described 

above, and a purified aqueous hydrogen peroxide solution having a high 

purity can be obtained. 

The present invention is described more specifically with reference 

to examples. However, the present invention is not limited to the 

examples. 

In the present invention, the measurements of the contents of 

impurities in a aqueous hydrogen peroxide solu~ion were conducted in 

accordance with the following methods. The contents of cationic 

iinpurities, silicon. (Si), and potassium (K) were measured by using a 

flameless atomic absorption spectroscopy (a product _of VARIAN Co., 

Ltd.; AA400Z). When the content of silicon was measured, a calcium 

(Ca) modifier was used to enhance the sensitivity. 

The contents of cations (except· for silicon) in small amounts were 

measured by the ICP-MS (inductive coupling mass spectrometry) using 
'. 
l; 

an appara~us PMS-2000 (a product of YC}KOGA WA ANALYTICAL 

SYSTEMS Co., Ltd.) . 

. ,..·. 
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Example 1 

A strongly b.~sic anion exchange resin. PA318 in the chloride form 

(quaternary ammoniuill I type) produced by MITSUBISHI CHEMICAL 

CORPORATION, J;:,td. was packed into a column made of Teflon. After a 

2 N aqueous solution of sodium hydroxicie was passed through the 

prepared column at -~n SV of 20 Hrl for !>'::hours, ultra-pure water was 

passed through tli~ column for washing at ·~n SV of 20 Hr-1 for 10 hours 
.. 

to prepare an ani<;>n :exchange resin in the hydroxide form. Then, after 

an- aqueous solution of hydrofluoric acid ii); a concentration of 2 mol/liter 

(2M) was passed through the column at an SV of 20 Hr-1 for 5 hours, 

ultra-pure water was passed through the column for washing at an sv 

of 20 Hr·l for 10 hou:I's to prepare an anion exchange resin in the fluoride 

form.· 

A crude 31 %, aqueous hydrogen peroxide solution containing 26 

ppb of Si, 180 pphof K, and 0.1 ppb or less each of Na, Al, Fe and other 

metals was passed::\through an ion exchange resin tower which is a 

column having an inside diameter of 10 nim, made of Teflon, and packed 

with 10 ml of the ·above-prepared anion exchange resin in· the fluoride 

form at a temperature of 1°C at an SV of 20 Hr-1 for 1.5 hours. 

A sample was; taken from the solution. coming out at the outlet of 
: ·.:· . :-·-·; 

the column 0.5 hour after the start of tht{'flow of the solution. Si and 

metals contained int.he sample hydrogen pe~qxide solution after the flow 

through the column w~r~ analyze~. The .s~m~le solution contained 1 ppb 

or less of Si, 180 ppb. of K, and 0.1 ppb or f~:ss: of other metals. Thus, the 
~/" ·: ·' .• ! : 

obtained solution was found to be an aque~~'.~!ihydrogen peroxide solution 
. ,; . ~ .. 

-·~ --- ---- --- --- - - --- ----··-· ----
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containing a reduced amount of Si. 

Example 2 

The same . procedures were cond~ct.ed as those conducted in 

Example 1 except that a crude aqueou~ · hydrogen peroxide solution 

containing 20 % ofhydrogen peroxide, 21 ppl:f of Si, 180 ppb of K; and 0.1 

ppb or less each of Na, Al, Fe, and other m~~ls· was used. 

The aqueous hydrogen peroxide solution obtained after the flow 

throUgh the column contained 5 ppb of Si, 180 ppb ofK, and 0.1 ppb or less 

each of other metals. Thus, the obtained ·solution was found to be an 

aqueous hydrogen peroxide solution containing a reduced amount of Si. 

Example 3 

The same :Procedures were conducted as those conducted in 

Example 1 excep~i· that a crude aqueous hydrogen peroxide solution 

containing 15 % of hydrogen peroxide, 21 ppb of Si, 180 ppb ofK, and 0.1 
. . 

ppb or less each of Na, Al, Fe, and other metals: was used. 

The aqueous·· hydrogen peroxide solu.tion obtained after the flow 

through the column, contained 1,6 ppb of Si,·1~0 ppb ofK, and 0.1 ppb or 

less each of other metals. Thus, the obtained.solution was found to be an 
... ~. 

aqueous hydroge1:1 peroxide solution containtD.g a reduced amount of Si. 

Example 4 · 

. The same. procedures were conducted '.·as those conducted in 

Example 1 except .that a crude aqueous · •. h;~rogen peroxide solution 

···--··--··---··---· -·-- ·-- ··- ··.-···-········-·· ··-·-·-··- ····-·--·- ---
' 
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containing 31 % of hydrogen peroxide, 43 ppb .. of Si and 0.1 ppb or less 

each. of K~ Na, Al, Fe, and other metals w*1s used. 

The aqueous hydrogen peroxide s9lutio.11 obtaine4 -~fter the flow 

through the column contained 8 ppb of Si an~ <tl ppb or less each of other 

metals. Thus, the obtained solution was found to be. an aqueous 

hydrogen peroxide solution of a high .·purity contai_ning a reduced 

amount of Si. 

Example 5 

The same procedures were condµcted as those conduct~d . in 

Example 1 except that a crude aqueous hydrogen peroxide solution 

containing 31 % of hydrogen peroxide, 2_8 ppb of Si, 0.3 ppb of Al, 8 ppb of 

Na, and 0.1 ppb or less each ofK, Fe, and other metals was used. 

The aqueous hydrogen peroxide solution obtained after the flow 

through the column contained 1 ppb or less of Si, 0.3 ppb of Al, 8 ppb of 

Na, and 0.1 ppb or less each of other metals .. Thus, the obtained solution 

was found to be an aqueous hydrogen peroxide solution containing a 

reduced amount of Si. 

Example 6 

A strongly basic anion exchange reslh P:l\318 in.the chloride form 
. ' ... ,,... . 

(quaternary ammonium I type) prod,uced by M:iTS.UBISHI CHEMICAL 

CORPORATION~ Ltd. was packed into a .cqluro~··;rnade of Teflon. After a 

5 % aqueous solution of sodium bicarbo~~te ·;.as passed through the 
• .=:: . 

prepared column at an SV of 20 Hr-l. for .5:'.:~()U.~~,. ultra-pure water was 

19 
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passed through_ the column "for washing at an SV of 20 Hr-1 for 10 hours 

to prepare an anion exchange resin in the bicarbonate form. Then, after . ·. . . 

a 2 M aqueous solution of hydrofluoric acid was passed through the 
. ;.-..:· 

column at an SV of 20 Hr-1 for 5 hours, ultra-pure water was. passed 
. I 

through the column for washing at an sV of 20 Hrl for 10 hours to 

prepare an anion exchange resin in the flµqtjde. form. . 

A cru~e aqueous hydrogen peroxideisqlution containing ~1 % of 

hydrogen peroxide, 26 ppb of Si, 180 ppb of~~ and 0.1 ppb or less each of 

Na, Al, Fe, and other metals was treated ·\\'ith the above-prepared anion 

exchange resin· in the fluoride form in accordance with the same 

procedures as those conducted in Example 1. 

The obtained solution contained 4 ppb of Si, 180 ppb of K, and 0.1 

ppb or· 1ess of other metals. Thus, the solution was found to be an 

aqueous hydrogen peroxide solution containing a reduced· amount of Si. 

Example 7 

A strongly basic anion exchange resin :PA318 in the chloride form 

(quaternary ammonium I type) produced b~ MITSUBISHI CHEMICAL 

CORPORATION, Ltd. was packed into a column made of Teflon. After a 

5 % aqueous solution of sodium bicarbo~~t;~ was passed through the 
·.:::: 

prepared column· at an SV of 20 Hrl for 5 hours, ultra-pure water was 

passed through the column for washing at ari SV of 20 Hrl for 10 hours 

to prepare an anion exchange resin in the b.foarbonate form. ·Then, after 
::; :'.:·.·.:; 

a 1 M aqueous solution of sodium· fluo~~~-\was passed through the 

column at an SV of 40 Hr-1 for 5. hours, ~ltra-pure water was passed 
' /.: .. '. ~ 

.·.·.,.".' 
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through the column for washing at an SV of 20 Hr-1 for 10 hours to 

prepare an anion exchange resin in_ the fluoride form. 

An aqueous hydrogen peroxide· solution containing 31 % of 

hydrogen peroxide, 25 ppb of Si, 180 ppb of JC, and 0.1 ppb or less each of 

Na, Al, Fe, and other metals was treated with the above-prepared anion 

exchange resin in the fluoride form in ·accordance . with the same 

procedures as those conducted in Example -1~ 

The obtained. solution contained 4 ppb of Si, 180 ppb of K, and 0.1 

ppb or less of other metals. Thus, the f;Olution was found to be an 

aqueous hydrogen peroxide solution containing a reduced amount of Si. 

Example 8 

-A strongly basic anion exchange resin PA318 in the chloride form 

(quaternary ammonium I type) produced J;>y MITSUBISHI CHEMICAL 

CORPORATION, Ltd. was packed into a column made of Teflon. After a 

5 % aque0us solution of sodium bicarbonate was passed through the 

column at an SV of 20 Hr-1 for 5 hours, ultra-pure water was passed 

through the column for washing at an SV of 20 Hr-1 for 10 hours to 

prepare an anion exchange r~sin in the bicarbonate form. Then, after a 

0.5 M aqueuus solution of hydrogen sodiun{:'~uoride was passed through 

the column at an SV of 80 Hr-1 fQ.r 5 hours/ultra-pure water was passed 

through the column for washing at an .SVrbf 20 Hr-1 for 10 hours~ 
. <:·.:::.; 

prepare an anion exchange resin in. the fluotjde form. 

An aqueous hydrogen peroxide ; soltf tion · containing 31 % of 

hydrogen peroxide, 27 ppb of Si, 180 ppb 0f Kf and 0.1 ppb or less each of 

---- ------ -·------­. ----- ----- ------
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Na, Al, Fe, and other metals was treated w~th the above-prepared anion 

exchange resin in the fluoride form in: ·accordance with the same 

procedures as those conducted in Example 1. 

The obtained solution contained 2 ppq of Si, 180. ppb of K, and 0.1 

ppb or less of other metals. Thus, the_ solution was found to be an 

aqueous hydrogen peroxide solution containing: a reduced amount of Si. · 

Example 9 

A strongly basic anion exchange resin P .t\318 in the chloride form 

(quaternary ammonium I type) produced ~i MITSUBISHI CHEMICAL 

CORPORATION, Ltd. was packed into a cohimn made ofTeflori. After a 
5 % aqueous solution of sodium bicarbonate was passed through the 

column at an SV of 20 Hr-1 for 5 hours, ultra-pure water was passed 

through the column for washing at an SV ·of 20 Hr-1 for 10 hours to 

prepare an anion exchange resin in the bicarbonate form. Then, after a 

2 M aqueous solution of hydrofluoric acicl was passed through the 

column at an SV of 20 Hr-1 for 5 hours, ultra-pure water was passed 

through the column for washing at an SV of 20 Hrl for 10 hours to 

prepare an anion exchange resin in the fluoride form. · 

The above-prepared anion exchange r~sin in the fluoride form in 
· .. '·.,;. 

an amount of 10 ml was packed into a colunu1'having an inside diameter 

of 10 mm and made of Teflon to prepare the. :first ion exchange tower. A 

column having an inside diameter of 10 ~xn ~nd made of Teflon was .. ·, .. 

packed with 10 ml of a mixed resin prepared<b;,mixing a strongly acidic 

cation exchange resin havi~g sulfonic ~·~id , gro.up (a pro.duct of 

---- ---- ---------

· Thfa S.l;leet J::l3$ B.een Re&Jaced ' 
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MITSUBISHI CHEMICAL CORPORATION, Ltd.; DIAION PK228LH) 

aild a~ anion exch~ge ion in the bicarbonate form in relative volumes of 

1: ft() prepare·the·second fon exchange tower. The second ion exchange 

towei<.was connect~d to the down flow of the first ion exchange tower 

prepared above. 

· A crude 31 % aqueous hydrogen peroxide solution containing 28 
. ·.' . ." :·· . 

ppb ·()fSi, 0.3 ppb :(JfAl, 8 ppb of Na, and O. l pph or less each of K," Fe, and 

other metals wa~. passed through the first and second ion exchange 

tower8 at a temperature of 1°C at an SV of 20 Hrl for 1.5 hours . 
. : .· 

'A sample w~~ taken from the solution coming out at the outlet of 

the colUmn ·0.5 hour after the start of the flow of the solution. Si and 

met~ls': containe~ in the sample of hydrogen peroxide solution after the 

flow th.rough the column were analyzed. The sample solution contained 
':. . : 

1 ppb or less of Si .and 0.1 ppb or less of Al, Na, and other metals. Thus, 

the ol:)t~ined solutiQi;t was found to be a highly purified aqueous hydrogen 

peroxici~ soluti9n .. 

Compafative Example 1 

Ji_ stro.ngly·basic anion exchange resin PA318 in the chloride form 

(quatern,ary ammoliium I type) produced.by MITSUBISHI CHEMICAL 

CORPORATION, Ltd. was packed into a co_lumn mad~ of Teflon, and 
. ·. ::·· ·:: 

ultra-pure water '1V:~S passed through the pr;~pared column for washing 

at an SV of 20 Hr·l for 10 hours .. 

An aqueous •· hydrogen peroxide solution · containing 31 % of 
. ... .. .,. 

hydrogen peroxidE!, :~a ppb of Si, 180 ppb of K~· and 0.1 ppb or less each of 

.. · : ~: .----·---· - - -- - -------- - -- ----- - -- -
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Na, Al, Fe, and other metals was treated with the above strongly basic 

anion exchange resip. PA318 in the chloride form in accordance with the 

same procedures as those conducted in Example 1. 

The obtained· solution con~ined 27 ppb of Si, 180 ppb of K, and 0.1 

ppb or less of other metals. Thus, the content of Si in. the solution was not 

reduced. 

Comparative Example 2 

. A strongly ba~ic anion exchange resh1 PA318 in the chloride form 

(quaternary ammonium I type) produced by MITSUBISHI CHEMICAL 

CORPORATION, Ltd. was packed into a column made of Teflon. After a 

5 % aqueous solution of sodium bicarbonate was passed through the 

column at an SV of 20 Hr-1 for 5 hours, ultra-pure water was passed 

through the coluD1Il for washing at an SV of 20 Hr-1 for 10 hours to 

prepare an anion exchange resin in the bic~rbonate form. 

An aqueous hydrogen peroxide solution containing 31 % of 

hydrogen peroxide, 13 ppb of Si, 180 ppb ofK, and 0.1 ppb or less each of 

Na, Al, Fe, and other metals was treated with the above anion exchange 

resin in the bicarl>o~ate form in accordance .with the same procedures as 

those conducted in E:xample 1. 

The obtained _solution contained 13_ ppb 9f Si, 180 ppb of K, and 0.1 
·. :·· .. : . 

ppb or less of other metals. Thus, the conte~t ·of Si in the solution was not 

reduced. 

.. .. ·.:' 

Comparative Example 3 

--------·-- ----
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A strongly basic anion exchange resin PA318 in the chloride form 

(quaternary ammonium I type) produced,.b~ l\ilT~UBISHI CHEMICAL 

CORPORATION, Ltd. was packed into a colwnn made of Teflon. After 

an aqueous sodium hydroxide solution was passed through the column 

at an SV of 20 Hr-1 for 5 hours, ultra-pure-water was passed through the 

column for washing at an SV of 20 Hr-l for 10 hours to prepare an anion 

exchange resin in the hydroxide form. 

. ; 

An aqueous hydrogen peroxide splution containing 31 % of 

hydrogen peroxide, 20 ppb of Si, 180 ppb of}:{, and 0.1 ppb or less each of 

Na, Al, Fe, and other metals was treated with the above anion exchange 

resin in the hydroxide form in accordance with the same procedures as 

those conducted in Example 1. 

'1:1he obtained solution contained 20 ppb _of Si, 180 ppb ofK, and 0.1 

ppb or less of other metals. Thus, the content of Si in the solution was not 

reduced. 

Example 10 

A strongly basic anion exchange resin PA318 in the chloride form 

(quaternary ammonium I type) produced by MITSUBISHI CHEMICAL 

CORPORATION, Ltd. was packed into a column made of Teflon. After a 

2 N (normal) aqueous solution of sodium hyd_roxide was passed through 

the column at an SV of 20 Hr-1 for 5 hours, ,uJ,tra-pure water was passed 

through the column for washing at an SV of 20 Hr~l for 10 hours to 

prepare an anion exchange r(:}sin in the hydz:oxide form. Then, after a 1 

M aqueous solution of sodium fluoride was_passed through the colu~n 

25 
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at an SV of 20 Hr-1 for 5 hours, ultra-pure --~ate.r:_\lvE!s passed through the 
. . 

column for washing at an SV of 20 _Hr-1 for l0-~9t1rt:i to prepare an anion 

exchange resin in the fluoride- form. The ~~ep~fed. anion exchange resin 

in the fluoride form in an amount of 12.5,,.m.twaerpacked into a column 

made of Teflon and having an inside cliame~~:r q(l,O mm. 

A strongly ac:i,clic cation exchange ~e-siil. ~!@28· (H-type) produced 

by MITSUBISHI CHEMICAL CORPORA'I,1I{)J,.Ltd. in an amount of 5 

ml was mixed with 5 ml of a resin in the ·bi~a:rbonate form which was 

·prepared by converting a strongly basic apion e~~hange resin PA318 in 
·,·· .. -::·· .::··.··· 

the chloride form (quaternary amm~ni,µ~-: I . type) produced. by 
.·-: 

MITSUBISHI CHEMICAL CORPORATION, Ltd. under a prescribed 

condition. The prepared mixed resin was packed into a column made of 

Teflon and having an i~side diameter of 10 mm. The packed column 

was connected in series to the down flow of the column prepared above. 

The combined columns were washed with ultra-pure water at a 

speed of 500 ml/Hr for 1 hour. To a crude 31 % aqueous hydrogen 

peroxide solution containing 3.9 ppb of Si, 70 ppb of Al, and 1 ppb or less 

each of Na, Fe, and other metals, hydrochloric acid was added in such 

an amount that th~ concentrations of hydrochloric acid in the resultant 

solution was adjusted to 0.07, 0.12, 0.25, ol'· 1.2 meq/liter. Thus, four 

aqueous hydrogen peroxide solutions contaii,'iiI1g_the different amounts of 

hydrochloric acid were prepared. The pr~j>~I"ed solutions were passed 

through the combined.columns prepared ab()v~ at.a_ temperature of 1°C at 
~- ., . . . 

a speed of 500 ml/Hr for 1.5 hours. 

A sample was taken from each aqu~ous hydrogen peroxide 
.:._~- < .... '.; \' 
< < :-./: ••• 
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solution at the outlet of the second column 0.5 hour after the start of the 

flow of the solution. Si and metals contained in the sample hydrogen 

peroxide solutioll,s after the flow through ·the columns were analyzed. 

The contents of Si in the solutions after the flow through the columns are 

shown in Table 1. The solutions contained 0.1 ppb or less each of metals 

other than Si and 3 ppb or less of chlorine ion. Thus, the obtained 

solutions were fcmnd to be aqueous hydrogen peroxide solutions 

containing· a reduced amount of Si. 

Table 1 

amount of added Si in the aq. soln. of H202 fraction of 
HCl after flow through columns removed Si 

(meq/liter) (ppb) (%) 

0.07· 0.9 76.9 

0.12 0.6 84.6 

0.25 0.4 89.7 

1.20 0.3· 92.3 

Example 11 

The same. procedures as those conducted in Example 10 were 
. . 

conducted except that a crude 31 % aqueous hydrogen peroxide solution 

containing 3.9 ppb of Si, 70 ppb of Al, and 1 ppb or less each of Na, Fe, and 

other. metals was used, and ·nitric acid was added in place of 

hydrochloric acid in such amounts that the concentrations of nitric acid 

were adjusted to 0.04, 0.07, 0.14, and 0.71 ~eq/liter . 

............ ,,. ________ _ 
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A sample was taken from each aqueous hydrogen peroxide 

solution at the outlet of the second colwm). 0.5 hour after the start of the 

flow of the solution. Si and metals contained in the sample solutions of 

hydrogen peroxide after the flow through the columns were analyzed. 

The contents of Si in the solutions after the flow through the columns are 

.shown in Table 2. The solutions contained 0.1 ppb or less each of metals 

other than Si, 180 ppb of K,· and 3 ppb or less of NOa ion. Thus, the 

obtained solutions were found to be aqueous hydrogen peroxide solutions 

containing a reduced amount of Si. 

Table 2 

amount of added Si in the a,q. soln. ofH202 fraction of 
HNOa after flow through columns removed Si 

(meq/liter) (ppb) (%) 

0.04 1.3 66.7 

0.07 0.8 79.5 

0.14 0.5 87.2 

0.71 0.4 89.7 

Example 12 

The same procedures as those conducted in Example 10 were 

conducted except that a crude 31 % aqueous hydrogen peroxide solution 

contajning 3.9 ppb of Si, 70 ppb of Al, and 1 ppb or less each of Na, Fe, and 

other metals was used, and phosphorie; acid was added in place of 

hydroc~oric acid in such amounts that the concentrations of phosphoric 

---- -- ··-- -- ---· 
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acid were adjusted to 0.07, 0.12, 0.23, and 0.9$ meq/liter. 

A sample was taken from each :aqueous hydrogen peroxide 
····. · .. ·:: .. ···.-

solution at the outlet of the second colum~·_-g.5 hour after the start of the 

flow of the solution. Si and metals contained in< the sample solutions of 

hydrogen peroxide after the flow through; th~ columns were analyzed. 

The contents of Si in the solutions after the flow t}irough the columns are 

shown in Table 3. The solutions contained:().l.ppb or less each of metals 

other than Si and 3 ppb or less of P04 ion.. Thus, the obtained solutions 

were found to be aqueous solutions of hydrogen peroxide containing a 

reduced amount of Si. 

Table 3 

amount of added Si in the aq. soln.· of H202 fraction of 
H3P04 after flow through columns removed Si 

(meq/liter) (ppb) (%) 

0.07 1.0 74.4 

0.12 1.0 74.4 

0.23 0.6 84.6 

0.98 0.4 89.7 

Example 13 

The same procedures as those conducted in Example 10 were 

conducted except that a 31 % crude aqueous hydrogen peroxide solution 

containing 3.9 ppb of Si, 70 ppb of Al, and 1 ppb or less each of Na, Fe,.and 

other metals was used, : ~u;:id sulfuric acid was added in place of 

-----------·······-··-------------



hydrochloric acid in such amounts that the concentrations of sulfuric 

acid were adjusted to 0.05, 0.09, 0.18, and 0.91 meq/lit;er. 

A sample was taken from each aqueous hydroge:n peroxide 

solution at the outlet of the second column 0.5 hour after the start of the 

flow of the solution. Si and metals contai11e4 in the sample solutions of 

hydrogen peroxide after the flow through the column~ were analyzed. 

The contents of Si in the solutions after the flow through the columns are 

shown in Table 4. The solutions contained 0.1 ppb or less each of metals 

other than Si and 3 ppb or less of S04 ion. Thus, the obtained solutions 

were found to be aqueous hydrogen peroxide solutions containing a 

reduced amount of Si. 

Table 4 

amount of added Si in the aq. soln. of H202 fraction of 
H2804 after flow through columns removed Si 

(meq/liter) (ppb) (%) 

0.05 2.4 38.5 

0.09 2.0 48.7 

0.18 1.1 71.8 

0.91 0.7 82.1 

Comparative Example 4 

A strongly acidic cation exchange res~n PK228 CH-type) produced 
' :: ' 

by MITSUBISHI CHEMICAL CORPORATlpN,.Ltd. in an amount of 5 

ml was mixed with 5 ml of a resin in the bi~arbonate form which was 

-- -----····-·-- .. ----------- --- -- -- -·------·---·- -----··: 
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prepared· by converting a strongly basic ani<>n exchange resin PA318 in 

the chloride form (quaternary ammonium _I type) produced by 

MITSUBISHI CHEMICAL CORPORATION, Ltd. under a specific 

condition. The prepared mixed resin was· pa,c]ted into a column made of 

Teflon and having an inside diameter of 10 nun· 
The prepared column was washed with< ultra·pure · water at a 

speed of 500 ml/Hr for 1 hour. Hydrochloric acid in an amount to adjust 

the concentration in the resultant solution to 0.25 meq/liter was added to 

a crude 31 % aqueous hydrogen peroxide solution containing 3.9 ppb of 

Si, 70 ppb of Al, and 1 ppb or less each of Na, Fe, and other metals. The 

prepared aqueous hydrogen peroxide sol~tfon containing hydrochloric 

acid was passed through the above·prepared column at a temperature of 

1°C at a speed of 500 ml/Hr for 1.5 h()urs. 

A sample was taken from the aqueous hydrogen peroxide solution 

at the outlet of the column 0.5 hour after the start of the flow of the 

solution. Si and metals contained in the sample of hydrogen peroxide 

solution after the flow through the column were analyzed. The content of 

Si in the solution after the flow through the column was 3.9 ppb and 

showed no decrease from the original value. The solutions contained 0.1 

ppb or less each of metals other than Si arid a ppb or less of chlorine ion. 

Comparative Example 5 

The same procedures as those conducted in Comparative Example 

4 were conducted except that the strongly :at_i~.ic cation exchange resin 

PK228 (H·type) produced by MITSUBISHI QHEMICAL CORPORATION, 

31 
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Ltd. in an amount of 5 ml was mixed:Wf~h:5 ·m} of a resin in the 
.. . . 

hydroxide form which was prepared by ~co~yerti11g- the strongly basic 

anion exchange resin PA318 i~ the 
0

.chlort~~.::-form {quaternary 
~ . . . . 

ammonium I type) produced by . ¥ITSUBISHI CHEMICAL 

CORPORATION, Ltd. under a specific ._,~oiidition, and the prepared 
.: ... ~,:· ,.. . . 

mixed resin was packed into a column ni~de 6f Teflon .and having an 

inside diameter of 10 mm. 

A sample was taken from the aqueoti~: hydl'ogen peroxide sol~tion 
,.-, . 

at the outlet of the column 0.5 hou_r afterJhe . s~art of the flow of the 

solution. Si and metals contained in the sampl~ of hydrogen peroxide 

solution after the flow through the column .-w~re analyzed. The content of 

Si -in the- solution.after the flow through.the· column was 4.0 ppb and 

showed no decrease from the original value. The solutions contained 0.1 

ppb or less each of metals· other than Si and 3 ppb or less of chlorine ion. 

· .. ··._, 

--- -----·------·---·-··-···· . 
. . 

32 



• 
····.• .. 

.- ~ • • • ~- • • ._i. • ••• 
·.".: .·;·· ·. s.: 

WHAT is ctA.!MEn is: 
.. · //:: ... : 

:• ..... 

1. A p~(>~~s~:·f.<fr producing a purified aqueous hydrogen peroxide 

solution ~oiiip~~j~g: bringing an aqueou~· ·hydrogen peroxide solution 

containi~gdfu~J~tj~s into contact with an. anion e·xchange resin in the 
. . ·~· .·,~. . 

:··.:;·.···· 

fluoride forin.. · · 

-~ .:· 

2. A proce'ss f<>~- producing a purified_· aqueous hydrogen peroxide 

solutioq.· c~mp~sipg. bringing an aqueou~. ·hydrogen peroxide solution 

containing"itti~u:riti¢s into contact with an anion exchange resin in the 
.• '. . . =. : . :·.,_ .. . . . . ~-.:' :·.· 

fluoride .forli)., . ;· _strongly acidic cation e:lC¢hange resin having sulfonic 
.··.:.':. 

acid group·,·~~d.,·an -anion exchange resin in the bicarbonate form, in a 

suitable' orcl~r. '.·; 

3. A pi-o_c~eu(:)~c¢ording to Claim 2 wherein the aqueous hydrogen 
·. :. ,.:..-· · .... -~· .. ~ ·, . :·: . 

peroxide soluti.Oii#>iltaining impurities is· brought into contact with the 
. . . .. . .. ·· .. ··.· ... 

anion excJiaii~ir¢sin in the fluoride forPi, the strongly acidic cation 
'·;.,, ·. 

excha:D.ge ~~si,h,i having sulfonic acid group, and the anion exchange 

resin inth~bi~~rbonate form, in this order. . . :.:-:· .. ::<··· . ·:. :---:- ·. . 

.. ·,_··: 

4. A process aec9rding to Claim 2 wherein a mixed ion exchange resin 
. .. ... .. . .. ·, 

comprising th~--~tr()ngly acidic cation ex~hange resin having sulfonic 
' . ·.·. '•• . ,,_,·;: . 

acid group·~~'.the anion exchange resin·.i.4 the b.icarbonate form is used 

as the ·st:r."~~~it acidic cation exchange re~in:: having sulfonic acid group 
... ;· . . ..... '.::.: . 

and the ariio~ exchange resin in the bicarb~nate form. 
~ . : : ; .. ' 

----··-·------ ------···--·--· ··- --'-'--·· ., 
; 

· ~1~i11ti1~11i1P~ 1 
• · 

'• . ~-, . . ·. i.: 
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5. A process accq:rding to Claim 2 wherein the aqueous hydrogen 

peroxide solution containing impurities is. brought into contact with the 

anion· exchange r~sin in the fluoride form, and subsequently with a 

mixed ion exchange resin comprising the strongly acidic cation 

exchange resin having sulfonic acid group and the anion exchange resin 

in the·,bicarbonate. form. 

6. . A process for producing a purified aqueous hydrogen peroxide 

solution comprising~adding an acid having·an acid.dissociation constant 

pKa of 5 or less in water to an aq~eous ·hydrogen peroxide solution 

containing impurities and bringing the resultant aqueous solution into 

contact with an aiµon exchange resin in the fluoride form. 

7. · A process for' producing a purified aqueous hydrogen peroxide 

solution comppsi:Q.g adding an acid having an acid dissociation constant 

pKa of 5 or less in water to an aqueous hydrogen peroxide solution 

containing impunti~s and bringing the resultant aqueous solution into 

contact with an apion exchange resin in the fluoride form, a strongly 

acidic cation exchange resin having sulfo~c acid group, and an anion 
. \ . . . 

exchange resin in:the bicarbonate form, in ·a suitable order. 

8. A process· accordi,ng to Claim 7 wherei1l::the aqueous solutio:n obtained 

by adding the acid: to the aqueous hydroge~ peroxide solution is brought 

into contact with. the anion exchange r~~in in the fluoride form, the 
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strongly acidic cation exchange resin having sulfonic acid group, and 

the anion exchange r~sin in the bicarbonate form, in this order. 

9. A process according to Claim 7 wherein a mixed ion exchange resin 

comprising the strongly acidic cation exchange resin having sulfonic 

acid group and the ~nion exchange resin in the bicarbonate form is used 

as the· strongly acidic cation exchange resin having sulfonic acid group 

and the anion exchange resin in the bicarbonate form.· 

10. A process accord.ing to Claim 7 wherein the aqueous solution 

obtained by adding the acid to the aqueous hydrogen peroxide solution is 

brought into contact with the anion exchange resin in the fluoride form, 

and subsequently with a mixed ion exchange resin comprising the 

strongly acidic cation exchange resin having sulfonic acid group and the 

anion .exchange resin in the bicarbonate form. 

11. A process according to any of Claims 1, 2, 6, and 7 wherein the 

aqueous hydrogen peroxide solution containing impurities contains 15 to 

40 % by weight of hydrogen peroxide. 

12. A ·process according to any of Claims 6 and 7 wherein the amount of 

the acid added to the· aqueous hydrogen peroxide solution containing 

impurities is adjusted so. that the concentration of the acid is in the range 

of 0.005 to 5 meq/liter. 

_!,....- -- ---;---·-----·------- ---~ 
..... ---- ..... ---···-----. ---

··. 1biili1fiC \. 
,. . ~>~ ' 
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13. An anion excJ:iange resin for producing a purified aqueous hydrogen 

peroxide solution w:hich has been converted to a fluoride form . 

. -·--------·······- -·-- - -------
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