“PROCESS FOR PRODUCI NG A PURI FI ED AQUEOUS HYDROGEN
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'PEROXI DE "SQLUTI'ON  BACKGROUND OF THE INVENTION 1. Field of the Invention
e present invention relates to a process for producing a purified aqueous-

hydr ogen peroxide solution. Nore particularly, 4he present invention
relates to a process for praducing an aqueous hydrogen peroxide sol ution
h%vrng a high purity by renoving silicon conponents which are contained in

an agueous hyﬂkﬁl‘?ﬁs@%ﬁﬁ PROTULING A ﬁuﬂﬁ‘iﬁﬁ R@ﬁﬁo‘ﬁs%ﬁ%@hiﬁ Arts

PEROXIDE SOLUTION

1. Fleld of the Inventlon

The present: mventlon relates to a process for producing a purified

aqueous hydrogen peromde solution. More : partlcularly, the present
invention relates _to_____ a process for produ_-_clng an aqueous hydrogen
peroxide solution havmg a high purity b}; ?femoﬁng silicon components
which are containe"d 1n an acjueous hydrogéii peroxide solution.
2. Description of the Related Arts

Hydrogen perox1de is widely used in many fields, for example, for

bleach of paper and pulp and as a component in chemical polishing

fluids. In recent Yéa_lis, hydrdgeu peroxide has increasingly been used in -

the electronic mdustry, for example, as a cleaning agent for silicon
wafers and as a.j'-?. cleaning agent in production processes of
semiconductors. I-x'i this ':ﬁeld higher purity of used materials is
required because of i mcrease in the degree of integration. It is required
for hydroge_u perox1d_e that a very h1gh punty be achieved by extremely
decreasing the contents of all impurities including silicon components
as well as metal coﬂiponents .-such as Al, Fe, and Cr.

"Hydrogen perox1de is produced almost exclusively by the
anthraqulnone process at: present. - The anthraqumone process is

generally conducted ;_as follows.- A denvahv_e-.;:o_f apthraqulnone, such as a

2-a1kylanthraquij'n'o_;ne, is:. converted . into the corresponding
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Hydr'qgen peroxide is widely used in many fields, for exanple, for bleach of
paper and:pulp and as a conmponent in chem cal polishing fluids. In recent
years, hydrogen peroxide has increasingly been used in the electronic

i ndustry, for exanple, as a cleaning agent for silicen wafers and as a

cl eani ng agent.in production processes of sem conductors. In this field,
hi-gher purity of used materials is.required because of increase in the

degree of i -"ﬁa{ﬁwa%oghinéﬁe rl?}ql}i}fd%‘égfeﬂhti'&&d 1RI§ nw&%ﬁ%ﬁ?ﬁu‘bﬂ@t%z%a‘iﬁéy

hi gh purity be achi"eved by extrenely decreasing the contents of

i mpuriti es, dol¢éniin €hé iprbddiite 6T DiydnéFerititi oM batadpstEAfler GRBRAIERYsE iSUCH
as Al, Fe, and Cr. Hydr ogen peroxide is produced al nost exclusively by

t he ant hr aguemaoved bycfibirationp rthecrdactibne paodiictais oridticed withsthd 2ir to
generally conducted as follows.” A derivative of anthraqui none, such as a
2- al kyl ant hregenerate, the originak RtadRyldnthraqtirone; andebhpdrafemgperoxide is
| produced at the same time. _By extracting the produced hydrogen
ﬁ'erokide_ from the oxidation pro_duct with water, an aqueous 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 impurities such as the anthraquinone, the solvent, and .
dégradation 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-
treatment 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 combination of two or more processes.

Organic impurities are mainly removed by the distillation process
or the adsorptioh'pi'ocess 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 proposal for technology of removing silicon
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2 anthrahydrqu|none by hydrogenation in a water-insoluble organic sol vent
in the :presence of a hydrogenation: catalyst. After the catalyst is renoved
by-filtration, the reaction product is oxidized with the air to regenerate
the origi hal 2-al kyl ant hraqui none, and hydrogen peroxide is produced at the
sanme time. By extracting the produced hydrogen peroxide fromthe oxidation
product with water, an aqueous sol.ution containing hydrogen peroxi de can be

ot ract on GPEPURERLE, DU anaIRHe L7 SRRl hAB AT HHE bR g | .
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t he sol vent fodh

ng among conventxonal technologies for punﬁcatlon of an aqueous
hydrogen perox:de solutlon

For example, the ‘distillation process, 1nc1ud1ng the step of
increasing the concentratlon of hydrogen peromde by removing water, is
effective as a punﬁcatlon process of hydrogen peroxxde because organic
1mpur1t1es, partlcularly compounds used i m ‘the auto-oxidation process,
are effectively removed by the process, and has widely been practiced. In
this process, a punfied concentrated solutlon can be obtained by
vapon_zmg a crude--j-_a___gueous hydrogen peroxzide solution, separating the
formed vapor from the fluid, and supplying the separated vapor to a
fractiohator to achJeve the concentration. However, this process has a
problem that inorganic jons such as metal ions and other non-volatile
matters which are .-fder.i\'red from the materials of the apparatus and from
the crude aqueou_js.}-fhydrogen peroxide solution used for the distillation
remain in the punﬁed 'cOncentrated product.

As a method-.;l'or solving the problem in the distillation process
which: 1s caused by the crude aqueous hydrogen peroxide solution, for
_example, a- process 1s proposed in Japanese Patent Application Laid-
Open Heisei 7(1995)-80227 The problem that the purity of the purified

concentrated solutlon is decreased can be solved by this process in which

a multl-stage cyclone constituted W1th 2 -or 8 individual cyclones

connected in series is used as the cyclone for the gas-liquid separatlon

However, the product of thls process conta-ms impurities derived from
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degrédation.products fromthese substances, and netal conponents such as
A, Fe, -and €& derived frommaterials constituting apparatus of various
st.eps. The, aqueous hydrogen peroxide solution is subject to a treat ment
for purification which provides the required quality. ‘As the process
for purification of hydrogen peroxide, the distillation process, the
filtration process using a nenbrane, the adsorption process using a resin,
and the ion_exghange sin ess e used si.n as a £omii nat i on of
tvo or mor 6 PRCEIEES and atgnaﬁﬁavﬁ %enﬁamr}fgé%g?ﬁe%wry e A
distillatio [0CessS ss USi N resin tions of
netal s and &ﬁ?ﬁﬂ%e &Bﬁ?’@%‘ik"?r b@ &; 'E}Hggx h%@rﬁe%ﬁ%ﬁﬁo
| nsol ubl e i r by
. gmkiﬁ%caré*%ag dt (?eQ'ar%lfcé %oﬁ't&i‘}’ﬁhg ﬁ_gE:oxll %Oﬁo(ﬂglﬁgbgﬂgg{ i

the filtratron process "usrn wever
technol ogy @fliéTPYbEHEsTun, GHH sodium, the s111cor; ‘components are dissolved

into the aqueous hydrogen peroxide solution. Impurities derived from

aluminum metal and aluminum all’_bj_gs Whi-éh constitute the
concentration tower are also contained in the E_'aquébi;s hydrogen peroxide
solution. | |
In the field of the semiconductor industry, ultra-pure water
- obtained by extrenge purification of water is used élong with the aqueous
hydrogetl peroxide solution. A high purity is required also for the ultra-
pure water. As the technology for purification of water, systems
cbnstit_uted with a cbmbination ofa pluralit'y.r"'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 lighti irradiation apparatus, and
an ultra-filtration apparatus, are widely adopted.
" For example, t.vhen a system in Whlch an RO apparatus, an anion
exchaxige resin tower, and a Mix bed are ai‘i‘anged in this order is used,
the concentration of silica at the outlet of the RO apparatus can be

reduced to m1crograms per liter. The con fntratlon of silica is further

". reduced to 0.5 ug/hter or less by the addltlo alz treatments with the anion

exchange resin and the Mix bed. Thus, it :1___s__  " own that ultra-pure water

having a very low concentration of" -1__1_1.ca _a_nd also very low

concentrations of other impurities can be produced by this process. It is
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REPLACEMENT SHEET : 3 conponents, such as
“silicates (for .exanple, potassiumsilicate, sodiumsilicate, and al uni num
sil:icate). and silicic acid, can heretofore been found anobng conventi onal
technologles for purlflcatlon of an aqueous hydrogen peroxi de sol uti on.

For -exanple, the distillation process, including the step of increasing the
concentration of hydrogen peroxi de by renoving mater 15 effective as a

AR R R e g A %‘iﬁsﬁrﬁmew
bur 1 ed corbaifR: %%E@ﬁgg?u%%ﬁs@?ﬁ%ﬁ%ﬁfﬁ#‘rgaﬁmégeﬁﬁ}e?@ ggae:
aqueous hydrﬁg&ﬂtb’&&é?W%éﬁh?a%gﬁlatéﬁwamomf%%d vapor fromthe

flui d,. and supplying e sepa vapor
Japanese Patent Apphcatlon Laid- Open Hersel 7(1995)-109109

dlscloses a process for purlﬁcatlon of an aqueous hydrogen peroxide -
solution by us1ng,_;._.a system. constltut_e:g_iz__._wlth ‘a reverse osmolysis
membrane appar__étus'-, an anion exch—'an_'ge apparatus, and a cation
exchange apparatds. | |
This process_-' is an apphcatxon of the:system for production of ultra-
pure water descnbed aboﬁ_e-'to t-lie pur'iﬁee;tion of an aqueous hydrogen
peroxide solution-;;'if:'; However, the sjst'ern' for production of ultra-pure
water causes some'i:'?broblems-when it is applied to the purification of an
. aqueous hydrogen perox1de solutlon The Teverse osmolysis membrane
apparatus is operated under a high pressure of 5 to 30 kg/em2. A
polyamide membrane used as the matenal. of the apparatus is gradually
degraded by oxiddtion Because- of chemic:«;;ll; attack by hydrogen peroxide.
Therefore, stable"";jperation' of the systeni5=‘for a long time is not assured.
Moreover, the _reirerse osmolysis;. apparetus must be operated while an
. aqueous hydrogen peroxide solution conta-ining impurities in higher
concentrations 1s contmuously dlscharged This requirement causes
decrease in the y:eld of the punﬁed aqueous hydrogen peroxide solution.

An exampl:e_.; of- the--techn_ql_ogy fo

e purification of an aqueous

hydrogen peroxi__d_iﬁe '_so_luti_on”:by usmg an "";o_x_f_r__fejxchange resin is described

in Japanese Patent PubhcatlonShowa 28(1953)-38 16. In this technology,

an aqueous hydrdgen peromdesolutlon 'Sjbrought into contact with a
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fractionator to achieve the concentration. However, this process has a
proHIen1that i nor.gani ¢ ions such as netal ions and other non-vol atile
gatters’ which are derived fromthe materials of the apparatus and fromthe
crude aqueous .hydrogen peroxi.de solution used for the distillation remain
in the purified concentrated product. As ‘a net hod for solving the

problemin the distillation process which is caused by the crude aqueous
hydr ogen peroxide sol ution,

di or, exanpl e, r,QCess gse in panese
Patent Appl SuHON3keq fArame i?yﬁé? 0?(@%? té%??mh?ﬂg dl%d’d} th et he
purity of the rifi ncentrated sol ution is decreased can be sol ved by
this proces?ﬁlﬁﬂ ﬁﬂ aﬁ'kﬂ”csl stage cyclone constituted with 2 or 3

ne- 11 aua Shoar JEIAPRAGRLEHAR, PESFRIR S ARCI4A0 fostoRRa e uid

@EL&E&%&WS&% Patent No. 3297404, processes for removing anionic

1mpunt1es in an aqueous hydrogen peromd solutlon by usmg an anion

exchange resin having a quaternary amim "'m group are descnbed It

is also described that the quaternary amm mum group is used in the
form of carbonate or b1carbonate The use of a resm havmg a carbonate
form or a blcar-bonate form which has a 1_ower basicity was proposed
becaus'fe hydrogen peroxide is very rapldly decomposed by an anion
exchange resin in the hydroxide form. B

In the United States Patent No. 4999179 a process for obtamlng a
punﬁed aqueous _h)_(__drogen peroxide solution by passing an aqueous
hydrogen peroxide solution\continuously t‘hrough a layer of a cation
exchaiige -resin ha_vi_n:'g. sulfonic acid group, a layer of an adsorbing resin
containing a halogen;: and a layer of an;_io'n exchange resin having a-
quaternary ammonium group is describedj In this process, the anion
exchange resin is used in a carbonate form ora bicarbonate form. It can

be understood from these descriptions. that'ngorous safety control and

management for _-s_af ty are required wk an anion exchange resin in

_the hydroxide form used for purifi t_10n_;§'1 »f hydrogen peroxide, and
this situation cauée's a big problem in"; COmmercial plant. Moreover,
silicon components in an aqueous hydro_ eroxide solution cannot be

removed even when an anion exchang e 1n in the hydroxide form is

used.

e e 6
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4 packings and materials of the concentration tower. Particularly, because
interl ocked saddl-es and Raschig rings which are used as the packings are
npde of ° ‘cerami cs.'contai ning silicon conponents, such.as silicon, potassium
and sodium the silicon conmponent's are dissolved into the aqueous hydrogen
peroxi de solution. Inpurities derived fromalum numnetal and al um num
~all.oys-which constitute the concentration tower are al so contained in the
aqerus hydr ogen peroxi de sol ution. ' In the field of the sem conductor
i ndustry, ul tra-pﬁ'& ombowemen@angypmassﬂ% ibusingtcpessihlesthakeailicon s
used along with the aquequs*hydrog per oxi de sql utj on. A hi gh purity is
required aI sQS’mB?anFf@ o) ﬁh%aQBﬁﬁ"és ﬁadmgemperm ieateeat i on

of water, tens contltuted wi.th conbi natj on of pIurallt of, -
appar at us, % ﬁ%a%ii £0 Rlag PeTYR &gﬁ%%l §°ﬁi¥,HBr &Hé‘}a*&ppﬂp uminum; on

exchange re5| d -are removed and ‘a purified aqueous hydrogen

1Picate) and Slhcll.-

peroxide solution: havmg a‘'very high punty and substantially no silicon

content are obtalned

- The prese'nifﬁ: .'"':véhtion. has an object to solve the problems in the
conventional technologles and to prov1de a process for producing a
purified aqueous- hydrogen peroxide solutlon having a high punty by
removing 1mpur_1_1;}=_es contammg silicon, such as silicates and silicic

acid, which are c"o".'

ned in an aqueous hydrogen peroxide solution.

The present mventors conducted extensive studies to develop a
process for produclng a punfied aqueous hydrogen peroxide solution
having a high punty by removmg silicon components, such as silicates
and silicic acid, from an agueous hydrogen peroxide solution. As the
result of the studles, it was discovered that, when an aqueous hydrogen

peroxide solutlon contalmng impurities was brought into contact with an

anion exchange resm 1n the fluoride form, the silicon components were
removed, and a punﬁed aqueous hydrogen perox1de solution was
obtained. It was, also dlscovered that, when the above aqueous hydrogen
peroxide solutlon contalmng 1mpunt1es was brought into contact with
the anion exchang___resm in the fluoride form in combination with an ion

exchange resin whlch was a combmatlon of a strongly cation exchange
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tower, a decarbonation tower, an anion exchange resin tower, a Mx bed

‘mxed bed r
glfra- filtr

esin), a W (uItraV| olet light) irradiation apparatus, and
ation-.apparatus, are wi dely adopted. For exanpl e, whe

'system in which an RO apparatus, an anion exchange resin tower, and a

bed are arr
outl et of t
concentrat i
the additio
Thus, it is
silica and

by this pro
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anged in this order is used, the concentration of silica at
he RO apparatus can be reduced to mcrograns per liter. The
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SO very [ ow (‘:o 185 can
(ae§ﬁll hfglle? punty could be produced The present invention has been

completed on the bas1s of these discoveries.

Accordlngly,“ the present 1nvent10n provides a process for
producmg a punﬁed aqueous hydrogen peroxxde solution comprising
bnngmg an aqueous hydrogen peroxide solutmn containing impurities

into co_ntact with’ _an anion exchange resin in’ ‘the fluoride form. -

As the anio‘" '-5"exchange resin used in the present invention, a resin

obtalned by convertmg a basic anion exchange resin in the fluoride form
is used. Examples of the basic anion' exchange resin which can
generally be used 1n the present invention include strongly basic anion

e_thang.e_. res1n_ "E":._obtamed by chloromethylatlon of a styrene-

diyiﬁylbenaene ¢ ."1-1-nked copolymer, followed by amination of the

product by tnmethylamlne or dimethylethanolamine and subsequently

by formmg a qua" ernery salt of the product of amination; weak basic

an1on exchange resms derived from the_ same styrene-divinylbenzene

crosslmked copolymer as that des _}_’be ,'above and having a primary,

secondary, or tertlary amine as the 1on exchange group; resins derived

from an acrylic cr'l linked polymer and havmg a tertiary amine as the

exchange group an " yrldlne type amon;_ change resins comprising a

polymer havmg pyndyl group or a subst1tuted pyndyl group. Among

these resms_: st_ ongly _hasxc amon exchange esins having a quaternary
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5 also known that the silica conponent can be renoved by using, as the
ani on exchange resin, a strongly basic anion exchange resin in the

hydr oxi de forn1haV|ng a quat ernary anmoni um group. Japanese Pat ent
Appllcatlon Lai d- Open Hei sei  7(1995)-109109 discl oses a process for
purification of an aqueous hydrogen peroxide solution by using a system
constituted with a reverse osnolysis nenbrane apparatus an ani on exchange
apparatus, and a cation exchange apparatus. This process is an

appl i cation %‘T‘n??l’é“é‘?st ERP¥HBy c??ontlﬁmﬁﬂhylémm%%t é}r‘d&crﬁ%

f hyd sol ution
B O B E AR}l 0 BSOSV S SR R O nSae Bren BrObi e
wh t of an -a"ueous hydr ogen axi de
hen 181 ARkERAC Ry ki bf BtroREnCbadl ApR RS SRED ABES. 1 g

pressure of r‘gléus 08 rg_lggtﬁgﬁfﬂ[]n gt%dbohi‘é‘%ﬂﬁn ) :_j_:;j_.lﬁ"h%a‘fﬁa%(fe as the mat eri al

of the appa

Typlcal examples of the commerclallj available anion exchange
resin having a g_na.t_ernary ammomum_g_.:_._ g-_roup include products of
DIAION PA seriee_-; (éuCh as PA316 and PA318) and DIAION SA series
(such as SAIOA) produced by MI_TSUBISHI CHEMICAL
CORPORATION, Ltd and products of Aniherlite IRA series (such as
IRA-900 and IRA-904) produced by ORGANO Co., Ltd. These resins are
generally available:' aé' resins in the chloﬁdé';f’erm

In the present 1nvent10n as the bas1c anion exchange resin used
for obtaining a resm m the fluoride form, a commercially available resin
in the chloride form ; may be used directly. -B,esms in the hydroxide form,
the bicarbonate form, and the carbonaté* form which are used in
conventional tech_f_n___qiogies for puriﬁcation of an aqueous hydrogen
peroxide solution niay- also be used. Resin's'-in other forms may be used
as well without any problem

In the present 1nvent10n, a basic a' ion exchange resin can be

converted into the cfl_" re spondmg resin in' the fluoride form by bringing
the basic anion exchange resin into contact; with an aqueous solution

containing fluoride 1on The method * of brmgmg the basic anion

exchange resin mto contact with the 'u_eo_us solution containing

fluoride ion 1s not. part1cularly limited, an y of a batch process and a

continuous flow process can be used The process in which, after a basic

9 _ This SheetH
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degraded by oxi dati on- because of chem cal attack by hydrogen peroxi de.

Ther'efore, stable operation of the systemfor a long time is not assured.

- Moreover, the reverse osnolysis apparatus nust be operated while an aqueous
hydrogen peroxide sol ution containing inpurities in higher concentrations

I's continuously discharged. This requirenent causes decrease in the yield

of the purified aqueous hydrogen peroxi de sol ution. An exanpl e of the

oo R0 b SrBUEAEA SEH s ha R IFD L BHHRBI S, PERAC st 0" O
e 2B AR, oridl Tod g%@g%g&xhrapg@m%%ﬁmm%ﬁeﬂ%ex,eegﬁl

in the column is thoroughly washed with ligga:-pure water is effective

and preferable as the industrial process. The é‘éﬁdition of the continuous
flow of the aqueoﬁs'_ solution containing ﬂuonde ion is not particularly
limited and can ‘oe ‘adjusted to a con\fe‘h.:tioﬁal condition which is
generally used in adJustment of the salt form of an 1on exchange resin.

The ﬂuorlde compound used for preparatlon of the aqueous
solution containing ,ﬂ-uonde ion is not part_lcul_arly limited as long as the
fluoride comp_ouﬂ(i 1s dissociated to form='ﬂ_u'oride ion in the aqueous
solution. Compouhgl's easily soluble in water, such as hydrofluoric ecid,
sodium ﬂuoxl'ide,.. hydrogen sodium ﬂuo:rid'e, potassium fluoride,
hydrogen potassi.-_ﬁ{m fluoride, ammon:iu.-m. fluoride, and hydrogen
ammonium ﬂuoride; are preferable because the amount of the solution
required fof conve_l:sion of a basic anion exchange resin in the fluoride
form can be held s'_rhall. | |

The aqueou_s hydrogen peroxide solution oontaining impurities
which is treated b.y-'t.ihe process of the pre‘s‘eht invention can be prepared
by any of the des1red -processes including the anthraqulnone process and

the direct synthe31s in which hydrogen and ixygen are directly brought

into the reaction. As described :above, h': drogen peroxide is currently

produced almost excluswely by the anthra \ none- process. The aqueous

hydrogen peroxide solution obtamed byf ___e nthraquinone process is
treated by a purification process whlch IS 8¢ ected in accordance with

requirements. The aqueous hydrogen perox1de solution obtained after
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6 sulfonated aromatic hydrocarbon type cation exchange resin to renove
mai nly netal cations. I n Japanese Patent Publication Showa
~35(1960) 16677 and in the United States Patent- No. 3297404, processes for
removing anionic inpurities in an aqueous hydrogen: perOX|de sol ution by
using an ani on exchange resin having a quaternary amdni um group are
described. It is also descrlbed that the quaternary annnnlun1group I s used

in the fornﬁff car, or hi carbonate.,.The use:of a.,resin having a
car bonat o { i BRFILCAHON Hombatng mmtw,hsgcﬁ Pamgahqs’ys.cemm%;t&
db e. hyd dlav:id .ani
B ohores T oefhs ML ReRS A opidtals YaddP alulubRAP TRRR e AoBT i *Ro.

4999179, a p for obtaining a purlfled aqueous hydr ogen per oxi de
"sol ution by paSS|n§ an aqueous hydrogen peroxidesol ution continuously

o oust ) Y B el SEURNER KRS ot 0 ety s, @

exchange r e5atth'@¢bedks?may be used as the process for bringing the aqueous
hydrogen peroxide solution containing impﬁrities into contact with the
anion éxchange resin in the fluoride form. '_Ig_if__.s'a.;-_'jqpntinuous flow process,
for example, the aqueous hydrogen p_ezj_qxi"de' solution ‘containing
impurities is continuously supplied to p‘as',é through 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 ability
of the resin decreased. In the continuous flow process, it is preferred
that the aqueous hydrogen peroxide solution is passed through the resin
layer in the column at a linear velomty IV)1 m the range of 1 to 500 m/Hr
and a space velocity (SV) in the rang of 1to 300 /I-Ir

The temperature of bringing the anion exchaﬁge resin in the

fluoride form and the aqueous hydrogen fluoride solution into contact
with each other is described in the following. In a conventional

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

1 . This Sheet Has Bee

'lllllll i II!I i



quaternary ammoni um group is described. In this process, the anion exchange
resin is usedin a carbonate formor a bicarbonate form It can be
ynderstood fromthese descriptions that rigorous safety ‘control and
nanagenent for safety are required when an ani on exchange resin in the
hydroxide formis used for purification of hydrogen peroxide, and_thls
Situation causes a big problemin a comercial plant. Mreover, silicon

whon_an-ani dHCERaTAtgdoTme b (b PHBORSER Diach ferReratizseef 30°C or lower ° "
REPLACEMENT ¢ H%%gferred, and a -lowest possible te'mperatur7e 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
suppressing 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, aﬁd 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 niethod 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 decoxhposition of hydrogen peroxide in the preeence of the
resin in the fluoride form 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 di_séociation constant pKa of 5 or less in water is
added to the aqueeus ‘hydrogen peroxide QQiution containing impurities,
and the resultant. solution is brought 1nto contact with the anion
exchange resin in the fluoride form describéél_ above. By adding the acid,
the silicon components which are most dlfficult to be removed from the

aqueous hydrogen peroxide solution can more easily be removed.

“This Sheet Has BcenReD " 12

tlllllﬂ IIIII' ’l!l !lf !II.



I n .the above conventional processes, it is not possible that silicon
conponents in the agueous hydrogen peroxide solution, such-as silicates
*(for exanpl e, potassium silicate, sodiumsilicate, and alum num silicate)
-and silicic acid, are renoved and a purified aqueous hydrogen peroxide
solution having a very high purity and substantially no silicon content
are obt-ai ned. SUMVARY OF THE | NVENTI ON The present invention has an

el el g b e

such s s |4ce§q§azwaﬁga§ Pﬁqlé %S%%qlﬁﬁowﬁoeﬁt%?"ﬁpiwﬁsﬁngaqizﬁ éﬂ;c‘gﬁfﬂoﬁ -

ot oe ' b B o ERAHIUIRE: of  ghe AR CUrTEHe  SPNFRLHCS 3080 Ui ik

per oxi de_sql | h1BR "feid, MsUERHE a6y HERY! Bid) | pROBPROMECRAES: Such
' 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 phoéphonic acids, and organic sulfonic acids.

Among these acids, inorganic acids, suéh as hydrochloric acid,. nitric
' acid, phosphoric acid, and sulfuric acid, are preferable.

The amount of the acid added to the aqlieous hydrogen peroxide
solution is not particularly limited. It is preferred that the amount is
generally adjusted in the range of 0.05 to 5 meqg/liter. When the amount |
is less than 0.05 meg/liter, there is the possibility that the fraction of the
-remov_ed silicon impurities is decreased, and the amount is ndt
advantégeous for the efficiency. When the amount is more than 5
meq/liter, a problem occasmnally 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 tile_'present iﬁvéntion can be
conducted by bringing the aqueous hydrogen peroxide solution
containing impurities into contact with the anion excﬁangg resin in the
fluoride form. It is also possible to obtain a purified équeous‘ hydrogen
peroxide solution having a still higher purity when the aqueous

hydrogen peroxide solution containing impurities is brought into contact

l‘nw Sheet Ilas Been Rerla
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and silicic acid, froman aqueous hydrogen peroxide solution. As the result
of the studies, it was discovered that, when an aqueous hydrogen per oxi de
solutlon containing inpurities was brought into contact with an anion
exchange resin in the fluoride form ‘the silicon conponents were renoved,
and a purified aqueous hydrogen peroxide solution was obtained. It was also
di scovered that when t he above aqueous hydrogen peroxi de sol ution

cont ai ning i urltles vvas brought into QO aGt WI t. he i on excha
resin in .t hWith agtronelycation e gRTen ‘Pﬁg %cé P@glwgwhlch

&ELicgwgqéEnx&aﬁges reresar?rgu}/ tﬁat '182r1]rbeo)§1%qgr}%rm in combination with the

~anion exchange resin in the fluoride form,_;;:; When this process is used,
the order ef the columns through which the aqueorls hydrogen peroxide
solution containing impurities is passed (the order of the ion exchange
resins ﬁrith which the aqueous solutiorr i's:-.-_l".j;rought into contact) can be
selected as desired and not particqlerlj 11m1ted For example, the
aqueous hydrogen peroxide solutior_i. maybe pass_ed through (1) the
column packed with the strongly acidic catlon exchange resin having
sulfonic acid group, the column pack with the anion exchange resin in
the fluoride form, and the column pack wi;th-:'__;the anion exchange resin in
the bicarbonate form, in this erder, or (2) i__(;:he column packed with the
anion exchange resin in the ﬂnoride' form, _the column packed mth 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 f,__he components contained in
the aqueous hydrogen peroxide solution cbffr_rtaining impurities can be
adopted. In another way, an ion exchange resin in which the strongly
acidic cation exchange resin having sulfonie acid group and the anion

exchange resin in the bicarbonate form are mxxed together may be used

in combmatmn with the anion exchange res in the fluoride form. The
order of contact can be selected as desxred also in this case. It is
preferred that after the aqueous hydrogen perox1de solution containing
impurities is brought into contact thh the mon exchange resin having

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

14




resin having sulfonic acid group and an ani on exchange resin in the
blcarbonate form a purified agueous hydrogen peroxide sol ution having a
;Still higher purity could be produced. The present invention has been
conpleted on the basis of these discoveries. - = “Accordingly, the present
i nvention provides a process for producing .a purified aqueous hydrogen

per oxi de sol ution conprising bringing an aqueous hydrogen per oxi de

| fﬁleu]'s : 82“08& | n| rég rh%’éﬁ,{;ﬁ' dwng#e cant act Wi ttEw_ an anl on xchélélgrees’rﬂgmt Eel n

conver 1 ng BABRE SUADE skthApHH d ﬁ%“vﬁﬁ%bfﬁspﬁaééég?ﬁ%é?ﬁﬁﬂeby
Exanpl es of | in whi'ch can generally be used in

- the pr esentbﬁ H&é‘ﬁfaq%r:foﬁ%cﬁ%déﬁgﬁlgﬁ%f@%gas| C an| on exchange resins obt ai.ned

by chl oronet hyl aj i fasefihad HhovENE purified aqueous hydrogen peroxide solution

having a high purity from which s111cons,_3:-n;etals,<- and anions have been

removed can be produced by using the amon ":h-ange resin in the
fluoride form in combination with conventlonal ion, exchange resins.

In the present invention, a very spemﬁc phenomenon can be found
in that the silicon components are more. eﬁ‘ectwely removed at hlgher
concentratlons of hydrogen peroxide in the aqueous hydrogen peroxide
solutlon which is brought into contact w1th the anion. exchange resin in
the fluoride form. In other words, the effe_e_t,-_:of the .1_-._esm to remove the
silicon components is significantly exhibii;_:_e_;id.:vvhen the concentration of
hydrogen peroxide is 15 % by weighﬁ -or more while the effect is
considerably decreased when the concentration ia 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 weight is widely used 'fi:ri processes for producing

semiconductors. Therefore, an aqueous hydrogen peroxide solution

having a concentration of hydrogen peroxide "n the range of 20 to 40 % by -
weight is preferable because an add1t1 nal adjustment in the
concentration is not necessary. However, the concentratxon of hydrogen

peroxide is not limited to this range, and a concentpatlon of more than 40

" This Sheet:Has Been,Repl
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di vi nyl benzene crosslinked copol yner, followed by am nation of the product
by trimethylam ne or dinethyl et hanol am ne and subsequently by formng a
;quaternery salt of the product of amination; weak basic anion exchange
*résins derived fromthe sanme styrene- d|V|nbeenzene crosslinked copol yner
as that described above and having a primary, secondary, or tertiary am ne
as the ion exchange group; resins derived froman acrylic crosslinked

oL o on BN 8@2&%‘5@&%&“ A t“epmqre““aﬁia%ma%‘” bithgh B0
subst |t ut ed ﬁgaﬁgsvpgag 15 RS SR 1S B ipe R AT Yo ek tne

exchange re

degradation of the resin by oxidation and the safety‘ which have 'bee_n
described above are considered.

According to the process of fhe present invention, silicon
components, such as silicates and silicic acid, can be removed from an
aqueous hydrogen peroxide solution by bringing the aqueous solution
into confact with the anion exchange resin in the fluoride form described
above, and a purified aquebus hydrogen perbxide 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 hydrogeﬁ pefo_xide solution were conducted in
acéordance with the following methods. The contents of cationic
impurities, silicon (Si), and potassium (K) were measured by using a
flameless atomic absorption spectroscopy (a i)roduct of VARIAN Co.,
Ltd.; AA400Z). When the content of silicon was measured, a calcium
(Ca) modiﬁez_' was used to enhance the sensitivity.

The contents of cations (except-for siliéon) in small amounts were
measured by the ICP-MS (inductive couphng mass spectrometry) using
an apparatus PMS-2000 (a product of YOKOGAWA ANALYTICAL
SYSTEMS Co., Ltd.).

"ﬁu ' 'eeL ilas Been Rep laced 16
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ammpni um group, such as trinmethyl ammoni um group and di net hyl et hanol ammoni um
group, as the ion exchange group are preferable. Many types of strongly
Jasic anion exchange resins having a quaternary ammoni um group are '
connerC|aIIy avai |l abl e. - Typical exanples of the commercially avail able
ani on exchange resin having a quaternary ammoni um group include products of
DI Al ON- PA series (such as PA316 and PA318) and DI AlON SA series (such as
SA10A) prodagg : y M TSUBI SH CHEM CAL CORPORATI ON, Ltd. and products of
Anberlite | (such as | RA-900 and | RA-904) produced by ORGANO Co.

fédt hlhﬁfiséﬁf'P?@Zﬁ%?qr%‘iyf:a"%ﬁéé% ASp SRR o8 T SRRl B ™
Che-chl o1 adaPapialy SEmi 9@?4?33r°§a§9§‘§fx- HRRORRAT AR o
Cechnol ogi o< PRPQRATHON, 41, 478 Rackid ALk ouiah 4888 or rdfih A e

2 N aqueous sol.ut,;pn of sodium hydroxide was passed through the

prepared column aft_-ian SV of 20 Hr1 for 5 hours, ultra-pure water was
passed through thé _;:'_olumn for washing at an SV of 20 Hr-1 for 10 hours
to prepare an amon .exchange resin in the-.;g_h.ydroxide form. Then, after
an aqueous solution __o_f hydrofluoric acid 1na concentration of 2 mol/lliter
(2M) was passed -ihxjough the column at an SV of 20 Hr-! for 5 hours,
ultra-pure water was passed through the column for washing at an SV
of 20 Hr-1 for 10 hdu?s to prepafe an anion exchange resin in the fluoride
form." |

A crude 31 %-;.-aqueo_us hydrogen peroxide solution containing 26
ppb of Si, 180 ppb:':éf K, and 0".1:ppb or less each of Na, Al, Fe and other.
metals was passagi:.a=r.;through an ion exchange resin tower which is a
column having an inside diameter of 10 m'n}, made of Teflon, and packed
with 10 ml of the '_above-.ptepared 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 solutwn coming out at the outlet of

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

metals contained i m the sample hydrogen perox1de solution after the flow

through the column were analyzed The sample solution contained 1 ppb

or less of Si, 180 ppb of K, and 0.1 ppb or of other metals. Thus, the

obtained solution was found to be an aque ‘hydrogen peroxide solution
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per.oxi de solution may al so be used. Resins in other fornms may be used as
wel |l w thout any problem In the present invention, a basic anion

. exchange resin can be converted into the corresponding resin in the
“fluoride formby bringing the basic anion exchange resin into contact wth
an aqueous solution containing fluoride ion. The nmethod of bringing the
basi c ani on exchange resin into contact with the aqueous sol ution

Cpeoss o iR d%%%@'l%%%%ﬁ%&é@‘%iﬁ' be used: The  prokess n ahi ch
after a basic 10 :
Example 2 | .
The same procedures were conducted as those conducted in
E:iample 1 except that a crude aqlieous_%'_. hydrogen peroxide solution
containing 20 % of hydrogen peroxide, 21 ppb of Si, 180 ppb of K, and 0.1
ppb or less each of Na, Al, Fe, and other m@_als-waé used.
The aqueous hydrogen peroxide soIii-_ti-o‘n obtained after the flow
through the column contained 5 ppb of Si, 180 ppb of K, and 0.1 ppb or less
" each of other metals. Thus, the obtained "éolntion 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 excepi_;;_é that a crude aqueous -liydrogen peroxide solution
containing 15 % of hydrogen peroxide, 21 ppb of Si, 180 ppb of K, nnd 0.1
ppb or less each of Na, Al, Fe, and other meﬁtais; was used.

The aqueous hydrogen peroxide solution obtained after the flow
through the column contained 16 ppb of Si,. 180 ppb of K, and 0.1 ppb or
less each of other metals Thus, the obtamed solutlon was found to be an

aqueous hydrogen p_erox1de solution containing a reduced amount of Si.

Example 4 -

. The same procedures were conducted as those conducted in

Example 1 except _'i:hat a crude aqueous hydrogen peroxide solution

Tlus Sheet Has Been Reilaced
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ani.on exchange resin-is packed into a colum, an aqueous sol ution
containing fluoride ion is passed through the colum and then the resin in
;the colum is thoroughly washed with ultra-pure water is effective and
‘preferable as the industrial process. The condition of the continuous flow
of the aqueous solution containing fluoride ion'is not particularly limted
and can be adjusted to a conventional condition which is generally used in
adj ust nment Eﬂ% 4.0 i _ esg _ I i de
conpound us(g;&lt or p%?%p%r(gﬂg%mg?ntﬁ%og‘é%%g&t}giggl(?ﬁlé%)ﬁngoroﬂlagﬁigr% éori de
ion is not pajl| ' yal iyl t he- ori de conpound is

di ssoci.ated to -*’%?mgﬁ’quir’iB:Fé #@naﬁérﬁﬁgt@glﬁ%ﬁggé&ol ution. Conpounds easily

sol ubl e in wat erThgUsdudsud K§arigdiP pefodidideolatidhUohldined | diter N6 rAEHN
sodi um fl uori de, potassium fluoride, hydrogen potassiumfluoride, anmonium

fluoride, agisrolighribeasol @nmDeintainddd 8 Ppleof Sirnd 0l ppblokdedicamissf étheramount

of the solution required for conversion of a basic:anion exchange resin in
the fluori dmetatsn cThulss thel dbsaitldd solution Thasafsand stohédr ageagueobasi de
solution containing inpurities S i

hydrogen peroxide solution of a high ‘purity containing a reduced

amount of Si.

Example 5

The same procedures were conducted as those conducted in
Example 1 except that a crude aqueous hydrogen peroxide solution
containing 31 % of hydrogen peroxide, 28 ppb of Si, 0.3 pprb of Al, 8 ppb of
Na, and 0.1 ppb or less each of K, 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 péroxi-d‘e solution containing a

reduced amount of Si.

Example 6

P; 318 in the chloride form
TSUBISHI CHEMICAL
_é_de bf Teflon. After a

A strongly basic anion exchange res_';':::':'
(quaternary ammonium I type) produced by
CORPORATION; Ltd. was packed into a colum
5 % aqueous solution of _sodium bicarbdriﬁéﬁas passed through the

prepared column at an SV of 20 Hr! for. .ultra-pure water was
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whi.ch is treated by the process of the present invention can be prepared by
any of the desired processes including the anthraqui none process and the
,direct synthesis in which hydrogen and oxygen are directly brought into the
reaction. As described above, hydrogen peroxide is currently produced

al nost excl usively by the anthraqui none process. The aqueous hydrogen
peroxi de sol ution obtained by the anthraquinone process is treated by a
purification prqcess which i sel ected, | n accordance requjrenents.
The aqueouspaé)ﬁfﬁoému%grﬁ;a eplugst for yishmephan A t«@frzdvﬁr 16521 Hours

11 ; .

to prepare an anion exchange resin in the _-bl_t_:arbonate form. Then, after

a2M aciueous'" solution of hydrofluoric ac1d 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! for 10 hours to

prepare an anion exchange resin in the fluoride form.

A crude aqueous hydrogen peroxi@% éélﬁtion containing 31 % of
hydrogen peroxide, 26 ppb of Si, 180 ppb ofK,and 0.1 ppb 6r less each of
Na, Al, Fe, and other metals was treated w1ththe above-prepared anion
exchange resin in the ﬂuorfde form in j:éa.ccordance with the same

: procedﬁres as those conducted in Example 1.

The obtair}ed solution contained 4 ppb of Si, 180 ppb of K, and 0.1

ppb or less of other metals. Thus, the _sql'ution was found to be an

aqueoﬁs hydrogen peroxide solution containing a reduced amount of Si.

Example 7

A strongly basic anion exchange resin PA318 in tl_;e chloride form
(quaternary anmimonium I type) produéed by MITSUBISHI CHEMICAL
CORPORATION- Ltd. was packed into a colﬁmn made of Teflon. After a
5 % aqueous solution of sodium b1carbonate was passed through the
prepared 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 h}cggbonate form. Then, after
a 1 M aqueous solution of sodium ﬂuondwas =pas;sed through the

column at an SV of 40 Hr-1 for 5 hours, u

ra-pure water was passed

; Thls Sheet Has Been Re laced -
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the purification contains inpurities, such as silicon conponents, organic
subst ances, and netals, and additional purification is necessary. I n
sthe present invention, any of a continuous flow process and a batch process
may be used as the process for bringing the agueous hydrogen peroxide
solution containing inpurities into contact wth the ani on exchange resin
in the quoride form In a continuous flow process, for exanple, the

agueous hyd Xi de soI tion ,contajnin ti.e nuousl y
suppl i ed to 1?&?’8 ﬁ‘ﬂ ﬁl%ﬁ %‘%3h %e {H%u#(% I'Fﬁg hruﬁﬁriﬁ’ T8 0Pm
which is pa l.n exanpl e, the anion
exchange reiﬁgg?%e %‘ﬁeﬁ}lﬁﬁo%gnggrr%sghiﬁ?hg m@%ggr%dr ogen per oxi de .
sol ution contai ni Lgi m - r r t
whi e being sti r ALy AgREShd v en kTl Foltion” cofl BEAIRET BITH $EP
peroxide is tre @l , _
per oxi o | MGl erodil, JOGHB 408, 18008 B0 100 b M ec U
necessary ting, ANeFéaand fo%é‘i‘ hietall Wakadedted &r'i‘ﬁl {56 aBobé- Sﬂﬁﬂﬂé‘ﬁﬂﬁl when
the adsorpti on ability of the resin decreased.-In the continuous flow
process, it exghahgberésid 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 solution 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
(quat',ernafy ammonium I type) produéed 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, u‘gltra—pure water was passed
through the column for washing at an SV .of 20 Hrl fdr 10 hours to
prepare an anion exchange resin in the bicgg_bonate form. Then, after a
0.5 M aqueous solution of hydrogen odit?;m);:fz‘;l_uoride was passed through

the column at an SV of 80 Hr1 for 5 houfs;--fiﬁitra-pure water was passed

through the column for washing at an: SV f 20 Hr-1 for 10 hours to
prepare an anion excharige resin in the ﬂuonde form.
An aqueous hydrogen perox1de solutmn containing 31 % of

hydrogen peroxide, 27 ppb of Si, 180 ppb pf K, and 0.1 ppb or less each of
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t hat the aqueous hydrogen peroxide solution is passed through the resin

| ayer in the colum at a linear velocity (LV) in the range of 1 to 500 m Hr
.and a space velocity (SV) in the rang of 1 to 300 /Hr. The
t'enperature of bringing the anion exchange resin in the fluoride formand

t he agqueous hydrogen fluoride solution into contact with each other is
described in the follomﬁng In a conventional technol ogy using an anion

T D car DAL Fbr ARotoahaneaIB v breptedwith the AhoTeRTERBred 8RR | C or
| over exchange resin in the fluoride form ini'accordance with the same
procedures as those conducted in Example 1.
The obtained solution contained 2 ppb of Si, 180 ppb of K, and 0.1
ppb or less of other metals. Thus, the_:_s___olutlon was found to be an

aqueous hydrogen peroxide solution contaif_xi_iig.‘ a reduced amount of Si. -

Example 9

| A strongly basic anion exchange resin PA318 in the chloride form
(quaternary ammonium I type.) produced by MITSUBISHI CHEMICAL
CORPORATION, Ltd. was pecked into a col@mn made of Teflon. After a
| 5 % aqueous solution of sodium bicarbon'afte 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, aﬂ;er a
2 M aqueous solution of hydrofluoric acid was passed through the
column at an SV of 20 Hr-1 for 5 hours, uftra-pure water was passed
through the column for washing at an SV of 20 Hr-! for 10 hours to

prepare an anion exchange resin in the ﬂuo;ri_z__ie form.- |
The above-prepared anion exchange resm in the fluoride form in
an amount of 10 ml was packed into a column havmg 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 mm and made of Teflon was

packed with 10 ml of a mixed resin prepared by-.mlxmg a strongly acidic

cation exchange resin havmg sulfonic 1d_ _;gro.up (a product of

- This Qhect Has Been R 22
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is preferred, and a lowest possible tenperature is used. This tenperature
is regulated in order to prevent degradation of the resin by "oxi dation w th
_hydrogen perOX|de and to solve the problens on safety by suppressing

" generation of gases and heat caused by deconposition 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

enper at ur MITSUBISET it ICopFiorRiton LR EREOR Rakuarly.*
b each cefb Al %bd%&t@%éﬁébqﬁt%ﬁe bRaRRHAER Brm 8k R e BORERT o,

However, a jretjhpd l-fpcﬁég\lﬁrgecbﬁ& 181‘1%5#4:?1 &Y5wer. b?l‘l{el‘%]caﬁﬁ%?n%ﬁﬁﬁ?d by

t he decorrp03|t|on 0 rogen per ox to assure the safety Is hardly
required beﬁ‘o%#@nev&d%ec&l@é&bd% ﬂ?é%v&?be%hQYﬁﬂﬁcméibkaﬂge %W@‘drogen
peroxide in the ‘presence of the resin in the fluoride formis as small as
1/10 of th r@ﬂeamsence of the resin in the bicarbonate formand as
smal |l as 1/ 0 of that in the presence of the resin in the hydroxide form

In the process’ oA éﬂ‘iﬁld)BQS%naquWhydﬁogeﬂ pegosideosaluitient eortaihizig 28
ppb of Si, 0.3 ppb __o_f.EAl, 8 ppb of Na, and 0.1 ppb or less each of K, Fe, and

LZ

othe,i_"__'f metals was :?aseed through the first and second ion exchange
towef&at a temperature of 1°C at an SV of 20 Hr1 for 15 hours.

A sample was 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
metals contained in the sample of hydrogen peroxide solution after the
flow through 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 obtamed solutlon was found to be a highly purified aqueous hydrogen

: peroxxde solution. .

Comparatlve Example 1
(quaternary ammomum 1 type) produced by MITSUBISHI CHEMICAL
CORPORATION Ltd was packed into a column made of Teflon, and
ultra-pure water was passed through the prepared column for washing
at an SV of 20 Hr-1 for 10 hours.

An aqueous hydrogen peroxide solutlon containing 31 % of

hydrogen perox1de, 26 ppb of Si, 180 ppb of K and 0.1 ppb or less each of

heet HasBeen Reflaced
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-aci d having an acid di-ssoci ation constant pKa of 5 or less in water is
added to the aqueous hydrogen peroxide solution containing inpurities, and
fhe resultant solution is brought into contact with the anion exchange
resin in the fluoride formdescribed above. By adding the acid, the silicon
conponents which are nost difficult to be removed fromthe aqueous hydrogen
per oxi de solutlon can nore easily be renbved.

13, bt e B P b RS NI SR P 5 R o™
anion exchange resin PA318 in the chloride form in accordance with the
same procedures as those conducted in Exa_rhple 1.
The obtaineqij_ solution contained 27 ppb of Si, 180 pi)b of K, and 0.1
ppb or less of other metals. Tht_xs, the cont‘_é'n_t- of Si in the solution was not

reduced.

Comparative Exam'ﬁ_le 2

A strongly ba_gic 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
5 % aqueous solution of. sodium bicarbonate was passéd through the
_column at an SV of 20 Hr-1 for 5 hours, @ltra-pure water was passed
through the column for washing at an SV of 20 Hr-1 for 10 hours to
prepare an anion éx#hange resin in the bicarbonate form.

An aqueous hydrogen peroxide sOl_ution containing 31 % of
hydrogen peroxide; .13 ppb of Si, 180 ppb of K, and 0.1 ppb or less each of
Na, Al, Fe, and other metals was treated with the above anion exchange
resin in the bicar_b__qﬁate form in accordance with the same procedures as
those conducted in Example 1. -

The obtainea'- _:s:'blution contained 13 ppb pf Si, 180 ppb of K, and 0.1
ppb or less of othei inetals. Thus, the content _';of Si in the solution was not

reduced.

Comparative Example 3
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25[err] C.
hydrochloric acid, sulfuric acid, nitric acid, phosphoric acid,

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

di phosphoric acid, and tri pol yphosphoric acid, and organic acids, such
formc acid, acetic acid, chloroacetic acid, fluoroacetic acid, oxalic
aci d, benzoic acid, organic phosphonic acids, and organic sulfonic aci

| QE‘SQShéi‘?ieaﬁfhdiaﬁ' SBER7f P MPh ENe Seat PRI Enhlbridl

aci d added
[imted.
of 0.05 to

Exanpl es of the acid include inorganic acids, such as
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IS nore

han 5 neg/liter, a problemoccasionally arises in that

process forapghi SVQﬂ‘QOOHrTJSfdr@lhbﬁﬁsj ulora puse wdet wmpamﬂamrbugh ther
renovi ng the added acid, and the anmount is not preferable.

descri bed abeluwenn tfdmwasbmgs at ain SWeofi20:3Eni fomledtums togrepare an amon

exchange resin in the hydroxide form. |

An aqueous hydrogen peroxide sgiﬁtién containing 31 % of
hydrogen peroxide, 20 ppb of Si, 180 ppb of K, éh_d-O.l 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 .cond.ucted in Example 1. |

The obtained solution contained 20 ppb of Si, 180 ppb of K, and 0.1
ppb or lesg of other metals. Thus_, the content of Si in the solﬁtion was not

reduced.

Example 10

as

ds.
aci d,
f the
Iy
range
here
IS

t he
t he

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 solui_:ion of sodium hydroxide 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 éf 20 Hr'l for 10 hours to
prepare an anion exchange resin in the hyd?z;blkide form. Then, after a 1

M aqueous solution of sodium fluoride was;:_:__ﬁ_;assed- through the column
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conducted by bringing the aqueous hydrogen peroxi-de sol ution contai ning
Impurities into contact with the ani on exchange resin in the fluoride form
It is also possible to obtain a purified agqueous hydrogen peroxide sol ution
having a still higher purity when the aqueous hydrogen per oxi de sol ution
containing inpurities is brought into contact -

REPLACEMENT SHEET s with a strongly

h d :
cati on. exchads, BehPal L g.skii anlovfch: %ﬁ %{“ﬁa@‘%ﬁ"ﬁ‘a T
in the Tl uord ' BofoianX}ﬁﬂgtAP an Wfs? 20 H?‘l%?ciﬂ hours to prepare an anion

exchange resin in the fluoride form. The _prep d anion exchange resin

in the fluoride form in an ainount of 12. 5m1 packed into a column

made of Teﬂon and having an inside d1ametj

A strongly acidic cation exchange resin 'P "28 (H-type) produced
by MITSUBISHI CHEMICAL CORPORA_’I__‘IQ -'td. in an amount of 5
ml was mixed with 5 ml of a resin in theblcarbonate form which was
prepared by converting a strongly basic anlonexchange resin PA318 in
the chloride form (quaternary ammomum I : _t_ype) 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 inside diameter of 10 mm. The packed column
was connected in series to the down flow of the ¢olumn 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 the concentrations of hydrochloric acid in the resultant
solution was adjusted to 0.07, 0.12, 0.25,.01'73- 1.2 meq/liter; Thus, four
aqueous hydrogea peroxide solutions contaifri_ii;_l__g__zthe different amounts of
hydrochloric acid were prepared. The prepared solutions were passed
through the combined columns prepared above ata temperature of 1°C at

" a speed of 500 ml/Hr for 1.5 hours.

A 'sample was taken from each aqueous ‘hydrogen peroxide

26 ', ‘This Sheet Has Been R
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the order of the colums through which the agueous hydrogen peroxide
solution containing inpurities is passed (the order of the ion exchange
resins-wi th which the aqueous solutionis brought into contact) can be

sel ected as desired and not particularly limted. For exanple, the aqueous
hydrogen peroxi de solution may be passed through (1) the colum packed with
the strongly acidic catlon exchange reS|n haV|ng sul fonic acid group, the

T L Bl S i
flucri o rochem e GniBhnEpnct el ol i) 0P W“ﬁ‘)‘*’*‘*’gﬁgwe
fe>c<)(r:hsﬂgecgespﬁr‘il?sf’h%’lltig’egib%ﬁﬁ'tpéh?oﬂw f‘%r%#@%??@ﬁ RSB tho Eh ?%a‘gl e
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contal ning I er way, I on exchange resin

in which th d
|n which the fhkangl Yol 'Grlf@ga@ellogfétf@mgﬁngg 1pH6} MessoedtOBr factals

group and the anion exc resi onate form are m xed
together may oprap$hdn Si and 3 ppb or less of chlorine ion. Thus, the obtained

solutions were found to be aqueous hydrogen peroxide solutions

containing a reduced amount of Si.

Table 1
amount of added Si in the aq. soln. of HoOg fraction of
HCl after flow through columns ‘removed Si
(meq/liter) (ppb) (%)
007 09 769
0.12 _. 06 84.6
0.25 I VS 89.7
1.20 o 03 92.3

Example 11

The same procedures as those .cofﬁducted in Example 10 were
conducted except that a crude 31 % aquek_ms 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 écid was added in place of
hydrochloric acid in such amounts that t?xe concentrations of nitric acid

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

e 2
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in conbination with the anion exchange resin in the fluoride form The
order of contact can be selected as desired also in this case. It is
preferred‘that after the aqueous hydrogen peroxide solution containing
impurities is brought into contact with the anion exchange resin having a
fluoride form the aqueous solution is brought into contact with the ion
REPLACEMENT SHEET exchange resin in

whi ch the strongl acidl catlon exc e i.n havi.ng oni c_acid group
and the anion excéar’f’jlénp i%ag b Baﬁg‘r @Wﬁhsabé’%:ﬁ’g% PerRtde, .

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 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 containe& 0.1 ppb or less each of tnetals_ |
other than Si, 180' ppb of K, and 3 ppb or less of NO3 ion. Thus, the
obtained solutions were fdund to be aqueoué hydrogen peroxide solutions

containing a reduced amount of Si.

Table 2
amount of added Si in the aq. soln. of HoO9 fraction of
HNO3 after flow through columns removed Si
(megq/liter) (ppb) : (%)
0.04 | 13 66.7
0.07 ' 0.8 79.5
0.14 0.5 87.2

o 0.4 | 89.7

Example 12

The same procedures as those conducted in Example 10 were
conducted except that a crude 31 % aquedus 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 phosphox‘it’:é acid was added in place of

hydrochloric acid in such amounts that the concentrations of phosphoric

eet Has Been Replaced '
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As descri bed above, a purified aqueous hydrogen peroxi de solution having a
hi gh purity fromwhich silicons, netals, and anions have been renoved can -
.be produced by using the anion exchange resin in the fluoride formin
“conbination with conventional ion exchange resins. In the present

I nvention, a very specific phenonenon can be found in that the silicon
conponents are nore effectively renoved at higher concentrations of
hydrogen peroxide in the aqueous hydrogen peroxide solution which is

br ought i nt @cm)mea@tadmstndgﬁ@ Q{ﬁi(biz gaaﬁa@@ 0 medfliterne fluoride form In
ot her words, the effect of the resin to remgve t he silicon conponeng

si gni fi cant I y exi psamplenwas ﬁ%k%n nq'bna‘b‘?e?%r}&&gw% M9@$% 15 %
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per oxi de sol ution
shown in Table 3. The solutions contained . 0. 1 ppb or less each of metals

other than Si and 3 ppb or less of POy i ion. Thu__s, 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 HzO2 fraction of
H3PO4 after flow through columns removed Si
(megq/liter) (ppb) (%)
0.07 1.0 _ 74.4
0.12 _ 1.0 744
0.23 0.6 846

0.98 04 89.7

Example 13

| The same procedures as those conducted in Example 10 were
conducted except that a 31 % crudé aqueous hydrogen peroxide solution
containing 3.9 ppb of Si, 70 ppb of Al, and l_ppb or less each of Na, Fe,.and

other metals was used, and sulfuric acid was added in place of

Thls Sheet Has: Been RT 2
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having a concentration of hydrogen peroxide in the range of 20 to 40 % by
wei ght is preferabl e because an additional adjustment in the concentration
,1s not necessary. However, the concentration of hydrogen peroxide is not
limted to this range, and a concentration of nore than 40

16 % by weight may be used. \Wen a concentration of nore than 40 % by
weight is used, it is preferred that the terrperature I s kept | ow when the

degradati onyofy LAG resL RPN, QU303 A0 HRuRR bohtentith Rbnl ARG
acid were adjusted to 0.05, 0.09, 0.18, and 0.91 meq/liter.

A sample was taken from each aqueous hydrogen peroxide
solution at the outlet of the second column '-0 5 hour after the start of the
flow of the solution. Si and metals contamed in the sample solutions of
hydrogen perox1de 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 4. The solutions contained 0.1 ppb or less each of metals
other than Si and 3 ppb or less of SO4 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
HsS04 after flow through columns removed Si
(meg/liter) : (ppb) (%)
0.05 ' © 24 . 38.5
0.09 ' 2.0 : 48.7
0.18 . 11 - 71.8

0.91 0.7 82.1

Comparative Example 4
A strongly acldlc catlon exchange resm PK228 (H-type) produced
by MITSUBISHI CHEMICAL CORPORATION Ltd. in an amount of 5

ml was mixed with 5§ ml of a resin in the lg_lgarbonate form which was

Thx., Sheet Has Been R 30
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According to the process of the present invention, silicon conponents, such
as silicates and silicic acid, can be renoved from an aqueous hydrogen
.peroxide sol ution by bringing the agueous solution into contact with the

. ani on exchange resin in the fluoride formdescribed above, and a purified
adqueous hydrogen peroxide solution having a high purity can be obtained.

The present invention is described nore specifically with reference to

h T he o co SHBDRRA I el 'Qeée““°E‘féssls%%témeatshﬁﬂg%%e%ﬂlel’%ﬁ?{rfighin
h
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Cpect r oscopy LA BT CHEMIGRL DORT GRATIND S0V dire & el

il con was GERQEti6RY THe pRbkER KA1 R bk ﬂmea%% té’ccﬂﬁ?:i’x‘ﬂ‘iﬁadé‘%f

sensitivity. he coiftents of cations (except for silicon) in snal

anount s mr@é&ﬁfﬁhﬁ%@ﬁng%mdmém@dé&cwwmpl ing mass Spectrometry)
usi ng

The prepared column was washed WIth.;ultra-pure water at a
speed of 500 ml/Hr for 1 hour. Hydrochloﬁ'c 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 peroxidé 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 solution containing hydrochloric
acid was passed through the above-prepared column at a temperature of
1°C ata spéed of 500 ml/Hr for 1.5 hours.

A sample was taken from the agqueous hydrogen peroxide solution
at the outiet 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 ahalyzed. 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 and 3 ppb or less of chlorine ion.

Comparative Example 5
The same procedures as those conduct.ed in Comparative Example
4 were conducted except that the strongiy acldlc cation exchange resin

PK228 (H-type) produced by MITSUBISHI CHEMICAL CORPORATION,

as Been Repiaced
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an _appar at us PV5-2000 (a product of YOKOGAWA ANALYTI CAL SYSTEMS Co., Ltd.).
17 Exanple 1 A strongly basic ani on exchange resin PA318 |n t he
schloride form (quaternary amonium | type) produced by M TSUBI SH CHEM CAL
CORPORATI ON, Ltd. was packed into a colum nmade of Teflon. After a 2 N

agqueous sol ution of sodi um hydroxi de was passed through the prepared col um
at .an SV of 20 Hr[err] for 5 hours, ultra-pure water was

Ltd. in an amount of 56 ml was mixed w1th 5 ml of a resin in the

hydroxide form which was prepared by convertmg the strongly basic

anion exchange resin PA318 in the:"'_ '_'_hlorlde form (quaternary
ammonium 1 type) produced by MITSUBISHI CHEMICAL
CORPORATION, Ltd. under a specific i‘cond;_t;qn_,- and the prepared
mixed resin was packed into a column made of Teﬂon and having an
inside diameter of 10 mm. i o |

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 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.

This Sheet: I-Ias Been R
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passed through the colum. for washing at an SV of 20 Hr[err] for 10 hour s
to prepare an anion xchange resin in the hydroxide form Then an
aqueous sol ution of “hydraf luoric acid in a concent _;_,lon of 2. rml/liter

(2M was passed thréugh the colum at an SV of .20 ' ' m\‘“m‘s
ultra-pure water was: passed.through the col um:fq H 1““ of 20
repare an anion exchangeﬁeeslm I notAe-f1 dori de

Hr{err] for 10 houts:
form tldfs qgs hydrogen peroxi de 'selut: +of cont ai ni ng 26
ppb of Si, 180 ppb of -and 0.1 ppb or less each of Na, Al, Fe and other
metal s was passed through an ion-exchange resi.n tower mhlch s a colum

f 10 mm nade of Teflon, and packed with 10 m

havi ng an i nsi de diane _

of  the abovelpremapﬁﬁe for predacing aewmﬁedtd@édummyﬁ»ogennpetomde
tenperature of 1[err].C NSV of 20 Hr[err] for 1.5 hours. A sanpl e
was taken f rgohutiom comirisimgs bringjnguan asquéms hiyideogen péroxide wolutios hour
after the start of ‘the:flow of the solution. Si and netals contained in the
sanpl e hydr oqmtapnmg( impusitien inte edntect withraranion exghange resinim ther e

anal yzed The sanpl-e:solution contained 1 ppb or less of Si, 180 ppb of K

and 0.1 ppb fnori fQJ‘m-ot'her metals. Thus, the
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obt ai ned sol ution was -found to be an aqueous hydrogen peroxide sol ution
18 containing a reduced anount of Si. Exanple2 The saime

procedures were conducted as those conducted in
crude aqueous hydrogen peroxi de sol ution contalm
21 ppb of Si, 180 ppb of K, and 0.1

per oxi de,

,_mmnmnnmﬂm““ a

5. A process -accotding to Claim 2 wherein the aqueous hydrogen
peroxide solution c'ontaining impurities is. brought into contact with the
anion exchange resm in the fluoride form, and subsequently with a

mixed ion exchange resin comprising the strongly acidic cation

' exchange resin having sulfomc acid group and the anion exchange resin

in the b1carbonate form

6. A process for producing a purified "aqueons hydrogen peroxide
solution comprisin_g-gadding an acid having-".an.acid'diss.ociation constant
pKa 'of 5 or less. m water to an aqueous hydrogen peroxide solution
containing impurities and bringing the resultant aqueous solution into

contact with an anion exchange resin in the fluoride form.

7. A process foi_'f producing a purified aqueous hydrogen peroxide
solution_ comprisirjg ;adding an acid havin'g- an acid dissociation constant
pKa of 5 or less -j'i-n water to an aqueous hydrogen pei'oxide solution
contalmng 1mpur1t1es and bnngmg the resultant aqueous solution into

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

~ acidic catlon exchange resin having sulfomc acid group, and an anion

exchange resin in’ the bicarbonate form, in a suitable order.

8. A process'accor._t‘__i_i_,ng to Claim 7 wherein-?the' aqueous solution obtained
by adding the acid to the aqueous hydrog".ein peroxide solution is brought

into contact withf’ the anion exchange resm in the fluoride form, the

: -E Thig: Sheet

lm i //mﬁii?““'



ppb_or less each of Na, A, Fe, and other netals was used. ___ The
hydrogen per oxi de sol utron obt ai ned after the flow through the col tirm .
contained 5 ppb of Si, 180 ppb of K, and 0.1 ppb or . ﬁmmﬂmﬂuuﬂtﬂm
nmetal s. Thus, the obtained solution was found to be ! a

peroxr de sol ution containing a reduced anount of Si. .- The
sape procedures were conducted as those conducted in Exarrpl e 1 except t hat

a crude aque, I | t f o)
et o e 5 PAOpBLIRRRER BRSO AShAREY JeAfh AGIAL N HiR! gRifK DRa

Fe, and ot hethd'RhitrSexX@fartecfbsin in theﬂi@aﬁiﬁﬁ%‘?oﬂﬁd{@m RFepxi de sol Ut i on
obtained after the flow through the colum contai ned 16 ppb of Si, 180 ppb
of K,"and 0.1 ppb or |ess each of other metals. Thus, the obtai ned sol ution
was found to be an aqueous hydrogen peroxide solution containing a reduced
amount of Si9. 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 anion exchange resin in the blcarbonate 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 according 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.
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Exampl e 4 The same procedures were conducted as those “conduct ed in
Exanpl e 1 except that a crude aqueous hydrogen:p

19 containing 31 % of hydrogen peroxide, 43 ppbﬂmﬂma‘wHHMb or less
each of K, Na, A, Fe, and other netals was used. s ¢ = {dhet aguedus hydrogen
petoxi de sol uti on obtai ned after the flow through the colum contained 8
ppb of Si and 0.1 ppb or Iess each of other- nmetals. Thus, the obtained

SOl ULl on oy O e Bfa 4R BF QAR A FBed Lol 1ardglh o

peroxide solution Whlch has been converted to a fluoride form.
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anount of Si. Exanpl e 5 The sane procedures were conducted as those
cohducted in Exanple 1 except that a crude aqueous hydrogen peroxide
.sol.ution containing 31 % of hydrogen peroxide, 28 ppb of Si, 0.3 ppb of A,
i ppb of Na, and 0.1 ppb or less each of K Fe, and other netals was used.
The aqueous hydrogen peroxi de solution obtained after the flow through the
CQlunn contained 1 ppb or less of Si, 0.3 ppb of A, -8 ppb of Na, and 0.1

ppb or Iesséﬁ?%&nomﬂg w the obtai ned sol ution was found to
.-bean aqueo ogeT per OX contai ning a reduced amount of Si.
Exarrpl e 6 _ _ ori de
form (quaternary aﬁ%nl um?lb?ﬁggglagiﬁo%u?ﬁgh! %\@E@sﬁﬁa@?ﬁ]éﬁg&m :

solution comprising bringing an aqueous hydrogen perox1de solution

containing impurities into contact with an anion exchange resin in the
fluoride form is disclosed.

Accordihg to the process, impurities in -:_tlfl_e aqueous hydrogen

peroxide solution, particularly impurities contéining silicon, such as
silicates and silicic abid, can efficiently be removed, and a purified
aqueous hydrogen peroxide solution having a high purity can be

obtained.
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S S REPEALEMEN] onktt
CCRPCRATI ON, Ltd. was packed into a colum made of Teflon. Aft eminazsBo
_aqueous sol ution of. sodi um bi carbonate was passed through the prepar ed
~¢colum at an SV of 20 H[err] for 5 hours, ultra-pure water was

20 passed through the colum for washing at ‘an SV of 20 Hr[err] for 10

““hours to prepare an ani on exchange resintin the bicarbonate form Then,
after a 2 Maqueous solution of hydrofluoric acid was passed through the

B fﬁ' ought he-cof HCRES BEH PROBDCINGA Bonlsiieh BY GRS HYRRACEN

| PEROXIDE SOLU.._-TION

1y
1. Field of the Invention

The present invention relates to a pi';;eéss for producing a purified
aqueous hydrogen peroxide solution. M'ore. particularly, the present

invention relates to a process for produclng an aqueous hydrogen

- peroxide solution having a high purity by removmg silicon components
which are contained in an aqueous hydroge_n peroxide solution.
2. Description of the Related Arts | |
“Hydrogen peroxide is widely used m many fields, for example, for
bleach of paper and pulp and as a component in chemical polishing
fluids. In recent years, hydrogen peroxide :h_as increasingly been used in

the electronic ifldustry, for example, as a cleaning agent for silicon

wafers and as a cleaning agent i-nf. production processes of

semiconductors. In this field, higher punty of used materials is

required because of increase in the degree of integration. It is required
for hydrogen peroxide that a very high punty be achieved by extremely
decreasing the contents of all impurities;:'_iir_icluding silicon eomponents
as well as metal components such as Al, Fe, gjand Cr.

Hydrogen peroxide is produced :-éf:étlz-most exclusively by the
anthraquinone process at present. The anthraqumone process is
generally conducted as follows. A denvatwe of anthraqumone such as a

2-alkylanthraquinone, is converted_,_:;;mto the corresponding
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“prepare an ani on exchange resin in the fluoride form - A crude aqueous
:hydr ogen peroxi de solution containing 31 % of hydrogen peroxide, 26 ppb of
.Si, 180 ppb of K, and 0.1 ppb or less each of Na, A, Fe, and other netals
-was treated with the above- prepared ani%n exchange resin in the fluoride
-formin accordance with the sanme proceddres as those conducted in Exanple
1. The obtai ned solution contained 4 ppb of Si, 180 ppb of K, and 0.1
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. produced at the same time. By extracting the produced hydroge_n
peroxide from th_-e.;omdatlon product wit]:jxtj:?ivater, an aqueous solution
containing hydro.ge_r_x peroxide can be obtaihed. The aquebus hydrogen
peroxide solution obtained after the ext_;action with water contains
considerable amounts of impurities formed in the oxidation step, such as
silicon components fme the air such as silicic acid and silicates,
organic impuriti'esl_- such as the anthraquinone, the solvent, and
degradation prodﬁct.s :"'from these substantes, and metal components
such as Al, Fe, and Cr derived from materials constituting apparatus of
various steps. The aqueous hydrogen peréxide solution is subject to a
treatment for purification which provides the required quality.

As the process for purification 6f hydrogen peroxide, the
distillation proces-s:',l' "the filtration process using a membrane, the
adsorption process uSirig-a resin, and the ion exchange resin process are
used singly or as a combmatlon of two or more processes.

Organic 1mpur1t1es are mainly removed by the distillation process

or the adsorption’ proce.s_s using a resin. Cg__:;ons of metals and anions
content are rempvg.§ by the ion exchangé}--resin process. Insoluble
impurities having a. specific diameter or Igrger are removed by the

filtration process using a membrane.

However, no préposal for technology of removing silicon
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>"to prepare an anion exchange resin in the bicarbonate form Then, after a

1 M aqueous solution of sodiumfluoride was passed through the colum at an
SV of 40 Hr[err] for 5 hours, ultra-pure water was passed

21  through the colum for washing at gn SV of 20 Hr[err] for 10 hours to

prepare an ani on exchange resin in the fluoride form " An aqueous
. ~RAydrogen peroxi de solution containing 31 % of hydrogen peroxi de, 25 ppb of -
.8i, 180 ppb of K, and 0.1 | ess each of Fe, d ot her,. netal s
._';was treated APEIPODEBLELBYRH @seﬁiwéaesa nexamp otassmm silicate, sodium

silicate, and aluminum silicate) and sﬂxclc acid, can heretofore been
found among conventional technologies for purification of an aqueous
hydrogen peroxi_-de solution. | |

For exami)le, the distillation pi'ocess,. including the step of
increasing the concentration of hydroge'n'_ peroxide by removing water, is

effective as a purification process of hydrogen peroxide because organic

impurities, particularly compounds used in the auto-oxidation process,
are effectively removed by the process, ai;d has widely been practiced. In
this process, a -puriﬁed concentrated solution can be obtained by
vaporizing a crude aqueous hydrogen peroxide solution, separating the
formed vapor from the fluid, and suppi)dng the separated vapor to a
fractionator to gchieve the concentration. However, this process has a
problem that ifx_dzjganic ions such as metal ions and other non-volatile
matters which aﬁfe derived from the materials of the apparatus and from
the crude aqueous hydrogen peroxide solu'f.ion used for the distillation
remain in the purified concentrated product.

As a method for solving the probi_em in the distillation process
which is caused by the crude aqueous Hydrogen peroxide solution, for
example, a process is proposed in Japanese Patent Application Laid-
Open Heisei 7(1995) 80227. The problem that the purity of the purified

concentrated solutlon is decreased can be solved by this process in which
a multi-stage cyclone constituted w1th 2 or 3,individual cyclones
connected in series is used as the cyclone__; fgr the gas-liquid separation.

However, the product of this process coh:i‘:,ains impurities derived from
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s “exchange resin in the fluoride formin accordance with the sane procedures
as those conducted in:Exanple 1. The obtained sol ution contained 4
ppb of Si, 180 ppb of - nd 0.1 ppb or less of other metals. Thus, the

~golution was found to b raqueous hydrogen peroxi de solution containing a
reduced anmount of Si. mple 8 4 strongly basic anion exchange
rFesin PA318 in the ch ydeﬁforn1(quaternary anmoni um | type) produced by
M TSUBI SHI . CAL CORPORA

Tef Lon. ATt GPESKEPER AR JASLROPL 0 t’aefg obeiFarel: BaRefe EArRHGHY.

h h th
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colum at an sﬂ%&i‘ a'd&hﬁﬁr Jadd@5odidiAVthe &iicoa- %ﬁoﬂ@ﬁ% avesdisasived
through the col um or:-wash |ng at an SV of 20 Hr-1 for 10 hours to

into the agqueous hydrogen pero:ude solution. Impurities derived from

‘aluminum etal and alumlnum alloys which constitute the

concentration -tower are also contained in the aqueous hydrogen peroxide

solution. . -

In the ﬁeld of the semiconductor industry, ultra-pure water
obtained by e _reme purification of water 1s used along with the aqueous
hydrogen per 1nde_ s_p_l__utlon. A high purity is required also for the ultra-
pure waterlf As the technology for puriﬁcation of water, systems

constituted thh a comblnatlon of a plurality of apparatus, such as an RO

(reverse osmoly51 .'\_membrane) apparatus, a cation exchange resin

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

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

an ultra-ﬁltr_ 1on apparatus, are widely adopted

_'"""ple, when a system in which an RO apparatus, an anion
exchange resm'j:tower, and a Mix bed are arranged in this order is used,
the concentratlon of sﬂlca at the outlet of the RO apparatus can be

reduced to mlcrograms per liter. The concentratlon of silica is further

reduced to 0. 5 ug/hte r or less by the addxtmnal treatments with the anion
nd the Mix bed. Thus, it i is known that ultra-pure water

having a very low concentratlon of sxhca and also very low

concentrations’ of' other impurities can be produced by this process. It is

REPLACEMENT SHEET -
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s ‘prepare an ani on exchange resin in the fluoride form An aqueous
hydrogen peroxide solution containing 31 % of hydrogen peroxide, 27 ppb of
'Si, 180 ppb of K, and 0.1 ppb or |ess each of :
REPLACEMENT SHEET | 22 Na, Al, Fe, and
other netals was treated with the above-Erepared ani.on exchange resin in
the fluoride formin accordance with the sane procedures as those conducted
in Exanple 1. - The_obt ai ned sol ution contiai ned 2 ppb of Si, 180 ppb of
K, and 0.1 ppilseknoyes tbat thensilicamoamponerntuegn thecreropved by naing @snthe o be
‘an L ..
. anion exchange resin, a strongly basig:§ anion exchange resin in the
hydroxide form having a quaternary am@bhium-'group. _
Japanese Patent Application Lai-d'-Qpen Heisei 7(1995)-109109
discloses a process for purification of an aqueous hydrogen peroxide
solution by using a system constitu'téa with a reverse osmolysis
membrane. apparatus, an anion exchange apparatus, and a cation
_exchange apparatus. o
This process is an application of the system for production of ultra-
pure water described above to the puﬁﬁégtion of an aqueous hydrogen
peroxide solution. However, the system for production of ultra-pure
water causes some problems when it is aﬁplied 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/em2. A
polyamide membrane used as the materia_I of the apparatus is gradually
degraded by oxidation because of chemicai -attack by hydrogen peroxide.
Therefore, stable operation of the system for a long time is not assured.
Moreover, the reverse osmolysis apparatus must be operated while an
aqueous hydrogen peroxide solution con-t‘a__in_ing impurities in higher
concentrations is continuously discharge'g_; This requirement causes
decrease in the yield of the purified aqueoxg__é_'__:_'_éhydrogen peroxide solution.
An example of the technology for the puriﬁcation of an aqueous
hydrogen peroxide solution by using an :_ii(";gi__-_i_exchange resin is described
in Japanese Patent Publication Showa 28(1953)-3816 In this technology,

~ an aqueous hydrogen peroxide solution 1s _rbugh_t into contact with a

|REPLACEMENT SHEET
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aqueous hydrogen peroxi de solution containing a reduced anmount of Si.

Exanple 9 A strongly basic ani on exchange resin PA318 in the chloride
form (quaternary ammonium | type) produced by M TSUBI SH CHEM CAL

'CORPORATI ON, Lt d. was packed into a colum nade of Teflon. After a 5 %

aqueous sol ution of sodi umbicarbonate was passed through the col utm at an
SV of 20 Hr[err] for 5 hours, ultra-pure water was passed through the

colum for was |ng an SV’SO{% éo Hr[err] for 10 houxbas to prepare an anion
exchange resP Pﬂa§ 35?’@& yexocashon type tatipn exchange reginetn Eemeret i on
of hydrofluorlc fCId S g assed through the colum at an SV of 20 Hr[err]
for 5 hours, %‘tﬁ'g@ *was passed through the colum for vvashl ng at

'l uor i de for ﬂ[erﬂl iﬁﬁéfﬁﬁﬁ@ﬁﬂ*ﬁ%&%@ BB AR 0ePEIBRTY Rl ih Rnbo, | e
o amot or o T aniF R cpa it A, kg@?ﬁ?&?&?&%ﬁ@ ?@ﬁ%?éﬂ&*&e

tower. A impurities in an aqueous hydrogen peroxide solution by using an anion

exchange resin ha"iring a quaternary ammonium group are described. It
is also described ;that the quaternary ammonium group is used in the
form of carbonate br bicarbonate. The use of a resin having a carbonate
form or a bicarbt_._inate form which has a 1ower basicity was proposed
because hydrogen ';h;)e.roxide is very rapi-&l_y decomposed by an anion
exchange resin inﬁﬁhe hydroxide form.

In the Umted States Patent No. 4999179, a process for obtaining a
purified aqueous hydrogen peroxide solution by passing an aqueous
hydrogen peroxidé__sblution_ continuously through a layer of a cation
exchange resin havi_r’xg sulfonic acid group_,'_'a layer of an adsorbing resin
containing a halogéh, and a layer of anion exchange resin having a
quaternary ammonium group is described. In this process, the anion
exchange resin is used in a carbonate form or a bicarbonate form. It can
be understood from these descriptions that. ngorous safety control and
management for safety are required when an anion exchange resin in
the hydroxide forrn__--a__s_. used for punﬁcathg.,-.of hydrogen peroxide, and
this situation cause.'s“ a big problem in a éb;rxmercial plant. Moreover,
silicon components in an aqueous hydrogen perox1de solution cannot be
removed even when an anion exchange resm in the hydroxide form is

used.
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scolum having an inside dianeter of 10 nm and nade of Teflon was packed
wth 10 M of a mxed resin prepared by m xing a strongly acidic cation
-exchange resin having sulfonic acid group (a product of ‘
23 M TSUBI SH CHEM CAL CORPORATI ON, Ltd.; DI AlON PK228LH) and an ani on
exchange ion in the bicarbonate formin rélative volunes of 1: 1 to prepare
the second i on exchange tower. The second ion exchange tower was connected
to the down flow of the first ion exchange tower prepared above. .
In the above-conventional processes, it is not possible that silicon
components in the aqueous hydrogen pe-i;oi_cide solution, such as silicates
(for example, potassium silicate, sod_ium silicate, and aluminum
silicate) and silicic.acid, are removed and a purified aqueous hydrogen
peroxide solution ,_h_aving a very high purity and substantially no silicon

content are obtained.

- The prese_ri_t-_invention has an objéct to solve the problems in the
conventional tec‘hihologies and to provide a process for producing a
purified aqueous hydrogen peroxide solution having a high purity by
removing impuritiies containing silicon, such as silicates and silicic
acid, which are .cgntained.in-an aqueous _hydrogen peroxide solution.

The present inventors conducted extensive studies to develop a
process for produéi'ng a purified aqueoué hydrogen peroxide solution
having a high purity by removing silicon components, such as silicates
and silicic acid, frqm an aqueous hydrogen peroxide solution. As the
result of the studi_es, it was discovered that, when an aqueous hydrogen
peroxide solution.containing impurities was'brought into contact with an
anion exchange 1:_ésin in the fluoride form, the silicon components were
removed, and a _puriﬁed aqueous hydfo-gen peroxide solution was
obtained. It was EAISO HiScovered that, when the above aqueous hydrogen
peroxide solutibn_ containing impuritiesfvg’_ras brought into contact with
the anion exchange resin in the fluoride form in combination with an ion
exchaﬁge resin which.was a combinatio;x _Eof a strongly cation exchange

*
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- A crude 31 % aqueous hydrogen peroxide solution containing 28 ppb of Si,
0.3 ppb of A, 8 ppb of Na, and 0.1 ppb or less each of K, Fe, and ot her
netal s was passed through the first and second ion exchange towers at a
tenperature of 1[err]C at an SV of 20 H[err] for 1.5 hours. A sanpl e
was taken fromthe solution com ng out at® the outlet of the colum 0.5 hour
after the start of the flow of the solution. Si and nmetals contained in the
sanpl e of hydrogen peroxide solution after the flow through the colum were
anal yzed. Theesimhavipgl sulfomiccaeidagneup anshenoanias ¢xghagge aegim in o or
|l ess of Al, Na, and other netals. Thus, the obtained solution was found to
be a highly picarhanatafosm.a pymfisdeaqpequskhydrogen persxide solutinn having

Exanmple 1 frongly ,basic i on exchan resin PA318 i.n the chloride
form (quat er rﬁaﬁy’ﬁa rUPRTILY ygel)da §¢ ATeceeedy Therrigsentinvepiipedas been

CORPORATI ON, Ltd. ked i.ntp..a col.um made of Teflon, and ultra-pure
wat er was pas@@?ﬁ%ﬂﬁﬁ‘&ﬁ?%g thess diSFUNRI%or washi ng |
Accordingly, the present invention provides a process for
producing a purified aqueous hydrogen peroxide solution comprising
bringing an aqueous hydrogen peroxide solution containing impurities

into contact with an anion exchange resin in the fluoride form.

| PREFE D
As fhe anion exchange resin used in the present invention, a resin
obtained by converﬁng 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
exchange resins ‘obtained by chloromethylation of a styrene-
divinylbenzene crosslinked copolymer, followed by amination of 'the
product by trimethylamine or dimethylethanolamine and subsequently
by forming a quaternery salt of the product of amination; weak basic
anion exchange resins derived from the same styrene-divinylbenzene
crosslinked copolymer as that described a;i!Bove and having a primary,
‘secondary, or tertiary amine as the ion exchange group; resins derived
from an acrylic crosslinked polymer and having a tertiary amine as the
exchange group; and pyridine type anion exchange resins comprising a
polymer having pyridyl group or a substituted pyridyl group. Among

these resins, strongly basic anion exchange resins having a quaternary




-
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* at an SV of 20 Hr[err] for 10 hours. An aqueous hydrogen peroxi de

solution containing 31 % of hydrogen peroxide, 26 ppb of Si, 180 ppb of K
and 0.1 ppb or |ess each of . 20 JAN 1997
REPLACEMENT SHEET . 9 24

ammonium group, such as trimet;hylammonium group and
dimethylethanolammonium group, as the ion exchange group are
preferable. Many types of strongly basic anion exchange resins having a
‘quaternary ammonium group are commercially available.

Typical examples of the commerci;'_all_y available anion exchange
resin having a quaternary ammoniun_i group include products of
DIAION PA series (such as PA316 and PA318) and DIAION SA series
(such as SA10A) produced by MITSUBISHI CHEMICAL
CORPORATION, Ltd. and products of Amberlite IRA series (such as
TRA-900 and IRA-904) produced by ORGANO Co., Ltd. These resins are -
generally available as resins in the chloride form.

In the present invention, as the basic anion exchange resin used
for obtaining a resin in the fluoride form, a commercially available resin
in the chloride form may be used directly.'. Resins in the hydroxide form,
the bicarbonate form, and the carbonate form which are used in
conventional technologies for purification of an aqueous hydrogen
peroxide solution may also be used. Resins in other forms may be used
as well without any problem.

In the present invention, a basic anion exchange resin can be
converted into the corresponding resin in; the fluoride form by bringing
the basic anion exchange resin into cont'_-:a_ct with an aqueous solution
containing fluoride ion. The method of bringing the basic anion
exchange resin into contact with the ;i’a;queous solution containing
fluoride ion is not particularly limited, and any of a batch process and a

continuous flow process can be used. The process in which, after a basic

|REPLACEMENT SHEET
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* Na, A, Fe, and other netals was treated with the above strongly basic

ani on exchange resin PA318 in the chloride formin accordance with the sane
procedures as those conducted in Exanple 1. _ The obt ai ned sol ution
cont ai ned 27 ppb of Si, 180 ppb of K, and 0.1 ppb or |ess of other netals.
Thus, the content of Si in the solution S not reduced. Conpar ati ve
Exanple 2 A strongly basic ani on exchange resin PA318 in the chloride
form (quaternary ammonium | type) produced by M TSUBI SH CHEM CAL

CORPORATI ON, anmn wxshpngkerksimtis paclkedirintorsal €obimbef dwnaquéaus salition
aqueous sol ution of sodi um bicarbonate was passed through the colum at an
SV of 20 Hr[ etorjtainingsflneride ionlisrpassed dhrough the sopumseand thendihet resin
colum for washing atf an SV of 20 Hr[err}]1 ({or,ﬁﬁo hours to prepare_. an_ ani on
exchange resi¥ thegobumn:1s therquehiyrwashed withuliraroyre wotarorerlisetivgi de

sol Ut on cont i g1 ng 31y b6 of By 9L O9ER. ASLOXL 40 73 BRlkiShn Stund SnBB0S

flow of the aqueous solution containing ..__ﬂ:uoride ion is not particularly
limited and can be adjusted to a conventional condition which is -
generally used in adjustment of the salt form of an ion exchange resin.

| The fluoride compound used for preparation of the aqueous
solution containing fluoride ion is not pai_t_-,_ig:ularly limited as long as the
fluoride combound is dissociated to fo@.'ﬂuoﬁde ion in the aqueous
solution. Compounds easily soluble in water, such as hydrofluoric acid,
sodium ﬂuofide, hydrogen sodium fluoride, potassium fluoride,
hydrogen potassium fluoride, ammorﬁﬁm fluoride, and hydrogen
ammonium fluoride, are preferable because the amount of the solution
required for conversion of a basic anion exchange resin in the fluoride
form can be held small.

The aqueous hydrogen peroxide solution containing impurities
which is treated by the process of the present invention can be prepared
by any of the desired processes including the anthraquinone process and
the direct synthesis in which hydrogen and oxygen are directly brought
into the reaction. As described above, hydrogen peroxide is currently
produced almost exclusively by the anthiééﬁinone process. The aqueous
hydrogen peroxide solution obtained bythe anthraquinone process is
treated by a purification process which i.'is:.f-_;-selected in accordance with

réquirements. The aqueous hydrogen pe,_i;bxide solution obtained after
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- Na, A, Fe, and other netals was treated wth the above ani on exchange
resin in the bicarbonate formin accordance with the same procedures as
t hose conducted in Exanple 1. The obt ai ned sol ution contained 13 ppb
of Si, 180 ppb of K, and 0.1 ppb or |ess,of other netals. Thus, the content
81‘5 Si in the solution was not reduced. < rrp_ar.at I ve Exanple 3
the purification contains impurities, such as silicon components,
organic subst_ahces, and metals, angl additional purification is
necessary. | | N
In the presént invention, any of_.a continuous flow process and a
batch process may be used as the prb_qé__ss for bringing the aqueous
hydrogen peroxide solution containing impurities into contact with the
anion exchange resin in the fluoride form. In a continuous flow process,
for example, the aqueous hydrogen peroxide solution containing
impurities is continuously supplied to pASS. through 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 acolumn
packed with the resin is preferable beca;ué.e it is necessary that the salt
form is adjusted and the resin is regenerated when the adsorption ability
of the resin decreased. In the continudqs flow process, it is preferred
that the aqueous hydrogen peroxide solution is passed through the resin
layer in the column at a linear velocity (LV) in the range of 1 to 500 m/Hr
and a space velocity (SV) in the rang of 1 to300 /Hr.
The temperature of bringing th§ fanion exchange resin in the
fluoride form and the aqueous hydrogex_’_i’;_{]?-gf._luoride solution into contact
with each other is described in the followmg In a conventional

technology using an anion exchange resm in the hydroxide form, the
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- A strongly basic anion exchange resin PA318 in the chloride form
(quaternary ammonium | type) produced by M TSUBI SH' CHEM CAL CORPORATI QN,
Ltd. was packed into a colum made of Teflon. After an agueous sodi um

hydr oxi de sol uti on was passed through the columm at an SV of 20 Hr[err] for
5 hours, ultra-pure water was passed thr?aagh the columm for washing at an
SV of 20 Hr[err] for 10 hours to prepare an ani on exchange resin in the
hydr oxi de form " An aqueous hydrogen peroxide solution containing 31 %
of hydrogen peicaxbargteforpyordthestarbosate firmyfa kempegature ¢fp30%rF or dewerach
of Na, Al, Fe, and other netals was treated with the above ani on exchange
resin in the tsydrefexred; orndi @ dowestapossihle htemperaturepriscaigedes Fhis hose

conducted in Exanple 1. . The ,obt gi ned sol utji Qqn copt ai ne 0 ppb of Si,
180 ppb of K, tefRperatyre is reguiated inrorgerdp nrayents eﬂﬂsﬁh%eg Eéﬁt’féﬁp by si

'n the sol uti g}?ld\g@i%nnv?r{thr ﬁgtl'llx?oeg%h peroxide and to solve the problems on safety by

suppressing generation of gases and heat caused by decomposition of
hydrogen peroxide during the contact bet;vge_'en the resin and the aqueous

solution. In the process of the present imi_ehtion using the resin having a

fluoride form, a temperature in the r-a_ﬁge 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 acjueous

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 decompositioﬁ of hydrogen peroxide and to

assure the safety is hardly required because the amount of gases

generated by deco_mposition of hydrogen.pe'roxide in the presence of the

resin in the fluoride form is as small as 1/10 of that in the presencé 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 constanti_:pKa of 5 or less in water is
added to the aqueous hydrogen peroxide ;g;glution containing impurities,
and the resultant solution is brought 1to contact with the anion
exchange resin in the fluoride form descnbed above. By adding the acid,
the silicon components which are most dlfﬁcult to be removed from the

aqueous hydrogen peroxide solution can rrid-’z:'e easily be removed.

REPLACEMENT SHEET
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« Exanple 10 A strongly basic anion exchange resin PA318 in the

chloride form (quaternary amonium | type) produced by M TSUBI SH CHEM CAL
. CORPORATI ON, Ltd. was packed into a colum made of Teflon. After a 2 N
(normal ) aqueous sol ution of sodi um hydroxi de was passed through the col um
at an SV of 20 Hr[err] for 5 hours, ult ré3pure wat er was passed through the
colum for washing at an SV of 20 H[err]for 10 hours to prepare an anion
exchange resin in the hydroxide form Then, after a 1 M aqueous sol ution of
sodi um f1 uori de waTheasciddaddedtghthenaquesusnbydrogen peroxide solution is an
20 acid having an acid dissociation constant'p'Ka'of 5 or less in water at
25°C. Examples of the acid includé inorganic acids, such as
hydrochloric acid, sulfuric acid, nitric _acid, phosphoric acid,
hydfoﬂuoric acid, chlorous acid, phospﬁinic acid, phosphonic acid,
| diphosphoric acid, and tripolyphosphoric acid, and organic acids, such
as formic acid, acetic acid, chloroacetic:::_'écid, fluoroacetic acid, oxalic
acid, benzoic acid, organic phosphonic acids, and organic sulfonic acids.
Among these acids, inorganic acids, such as hydrochleric acid, nitric
acid, phosphoric acid, and sulfuric acid, are preferable.

The amount of the acid added to the aqueous hydrogen peroxide
solution is not particulérly limiﬁed. It is preferred that the amount is
generally adjusted in the range of 0.05 to 5 meqg/liter. When the amount
is less than 0.05 meqg/liter, there is the possibility that the fraction of the
removed silicon impurities is decreas'ed, and the amount 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 havé additional capability for removing the
added acid, and the amount is not preferaljlfe.

As described above, the process ofi_tih'e present invention can be
conducted by bringing the aqueous fhydrogen peroxide solution
containing impurities into contact with tlfg anion exchange resin in the
ﬂu_oride form. It is also possible to obtam a purified aqueous hydrogen
peroxide solution having a still hlgher purity when the aqueous

hydrogen peroxide solution containing irx}ﬁﬁrities is brought into contact
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“at an SV of 20 Hr[err] for 5 hours, ultra-pure water was passe Lﬁ‘rou
colum for washing at an SV. of 20 H[err]for 10 hours to prepare an anion
exchange resin in the fluoride form The prepared anion exchange resin in
the fluoride formin an amount of 12.5 nl_ was packed into a colum nade of
Tefl on and havi ng an inside dianeter of 14 mm A strongly acidic
cation exchange resin PK228 (Htype) produced by M TSUBI SH CHEM CAL
CORPORATI ON, Ltd. in an anbunt of 5 mM was mxed with 5 mM of a resinin
the bi car bonatwithoa stromigly cationpeeshangd regirc havirig sulfonicsacidngrlonpbesd an
ani on exchange resin PA318 in the chloride form (quaternary anmmoni um I
type) producedrign MXDQBB@HI'GSBHEM tha bzerborate ‘€m Lindcombiteatien withcthiebed
condi tion. The‘ﬁrepar d mxed . resin was packed ‘into a columm made of Teflon

and having an$& QPché‘lc t’@s‘%f‘nll uoride B’& bd”b@nuﬁfmvaH?Eisﬁggﬁenbafﬁ%dl n
' to the down flo e _Cco e ove

col ums ver o JEGHEGeR AR collingty Hthuleby Which thp atiegns dustrpesnrpaTKide

hour. To a cr yifyfdn %oﬁga'!lﬁ‘%ﬁ 1%19 riHes is passed (the order of the ion exchange

resins with which the aqueous solution 1 1s brought info contact) can be

selected as desn'ed and not partlcularly limited. For example, the
aqueous hydroge_n peroxide solution may be passed through (1) the
column packed iwith the strongly acidic.c'ation exchange resin having
sulfonic acid group, the column pack with the anion exchange resin in
the fluoride form, - and the column pack thh the anion exchange resin in
the bicarbonate fo‘rm, in this order, or (2___) the column packed with the
anion exchange resin in the fluoride forrn,_the_column packed with the
strongly acidic cation exchange resin he;\iing sulfonic acid group, and
the column packed with the anion exch__é.nge resin in the bicarbonate
form, in this orde"r:.". A method suitable for the components contained in
the aqueous hydrogen peroxide solution fc__ontaining impurities can be
adopted. In another way, an ion exchange resin in which the strongly
acidic cation exchnnge resin having sul-fo'nic acid group and the anion
exchange resin in the bicarbonate form are mlxed together may be used
in combination thh the anion exchange resm in the fluoride form. The
order of contact can ‘be selected as de51red also in this case. It is
preferred that, after the aqueous hydrogen peroxrde solution containing
impurities is brought into contact with the_-ﬁ;amon exchange resin having

a fluoride form, the aqueous solution is brought into contact with the ion
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- peroxide solution containing 3.9 ppb of Si, 70 ppb of A, and 1 ppb or Iless

each of Na, Fe, and other netals, hydrochloric acid was added in such an
anount that the concentrations of hydrochloric acid in the resultant
sol ution was adjusted.to 0.07, 0.12, 0.25_or 1.2 neq/liter. Thus, four
aqueous hydrogen peroxi de sol utions contésning'the di fferent anmounts of
hydrochl oric acid were prepared. The prepared sol utions were passed through
the combi ned col ums prepared above at a tenperature of 1[err]C at a speed
of 500 m/H feschiange hmesin.in whichA thenptrongly acidin dation exchaageecvesin
hydrogen peroxi de . . . ..
REPLACEVENT Shmwing sulfonic acid group and the anion exthange resin in the
bicarbonate form are mixed together.

As described above, a purified aquégps hydrogen peroxide solution
having a high purity from which silicons, metals, and anions have been
removed can be produced by using the anion exchange resin in the
fluoride form in combination with conventional ion exchange resins.

In the present invention, a very spe.ciﬁc phenomenon can be found
in that the silicon components are more_. effectively 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 effect of the resin to remove the
silicon components is significantly exhibited when the concentration of
hydrogen peroxide is 15 % by weight or more while the effect is
considerably decreased when the concentfgtion is 10 % by weight or less.
Therefore, it is effective that an aqueo@s 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 weight is widely used in processes for producing
semiconductors. Therefore, an aqueoug j'f_hydrogen peroxide solution
having a concentration of hydrogen peroxi@é_'-in_the range of 20 to 40 % by
weight is preferable because an adﬂi;:ﬁtional adjustment in the
concentration is not necessary. However, the concentration of hydrogen

peroxide is not limited to this range, and '_'___"_-éongentration of more than 40
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“solution at the outlet of the second columm 0.5 hour after the start of the

flow of the solution. Si and netals contained in the sanple hydrogen

peroxide solutions after the flow through the colums were anal yzed. The

contents of Si in the solutions after the flow through the colums are

shown in Table 1. The sol utions contai ned®0. 1 ppb or | ess each of netals

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

solutions were found to be aqueous hydrogen peroxi de sol uti ons cont ai ni ng

a reduced ano@mtbyoweight may be used. V‘%len a concentration of mabé dhan 4hGaby of

added Si in_the ag. soln. of Her rL&err] “fraction of HCl
after flow t hweight ibusedisit is prefasved tBat the¢ temperatarp is kept low when the
(ppb) |

degradation éf(ygﬁe resin by oxidation and the safety which have been
described above are considered. :

According to the process of th_e_' ﬁresent invention, silicon
components, suéh--as silicates and silici?:‘.__ -écid, can be removed from an
aqueous hydrogén peroxide solution by éb'ringing the aqueous solution
into contact with the anion exchange resiil' .in the fluoride form described
above, and a purified aqueous hydrogen.ﬁéroxide solution having a high
purity can be'obtained. _

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

In the present invention, the mea,s-urements of the contents of
impurities in a aqueous hydrogen peroxide solution were conducted in
accordance with the following metho__ﬁci_s. The contents of cationic
impurities, silicon (Si), and potassium _:_(-'K) were measured by using a
flameless atomic absorption spectrosco_éy (a product of VARIAN Co.,
Ltd.; AA400Z). When the content of Silicon was measured, a calcium
(Ca) modifier was used to enhance the sé_ﬁéitiﬁty.

The contents of cations (except fo.:r._.é.ilicon) in small amounts were
measured by the ICP-MS (inductive couphng mass spectrometry) using
an apparatus PMS-2000 (a product of OKOGAWA ANALYTICAL
SYSTEMS Co., Ltd.). o
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* 0.07 0.9 76.9 0.12
0. 84.6 0.25 0.4
89.7 1.20 0.3 - 92.3 Exanpl e
11 The sane procedures as those conﬂ.yct ed in Exanpl e 10 were conducted
except that a crude 31 % aqueous hydrogen’ peroxi de solution containing 3.9

ppb of Si, 70 ppb of A, and 1 ppb or |ess each of Na, Fe, and other netals
was used, and_nitric _acid was added in place of hydrochloric acid in such
amounts that EX8MR@dentrations of nitric acid were adjusted to 0.04, 0.07,

0.14, and 0.71 rrquI s';ttrg_rrxgly basic anion exchange resin PA318 in the chloride form

. (quaternary ammonium I type) produceé-.‘_il;)_:y MITSUBISHI CHEMICAL
CORPORATION, Ltd. was packed into acolumn made of Teflon. After a
2 N aqueous solution of sodium hydr'p:ifide was passed through the
prepared column at an SV of 20 Hr! for 5 hours, ultra-pure water was
passed through the column for washing gt: an SV of 20 Hr1 for 10 hours
to prepare an anion exchange resin in the _hydroxide form. Then, af_ter
an aqueous solution of hydrofluoric acid 'i#_;g__concéntration of 2 mol/lliter
(2M) was passed through the column at an SV of 20 Hr-1 for 5 hours,
ultra-pure water was passed through th','e*.é_olunm for washing at an SV
of 20 Hr-1 for 10 hours to prepare an anién::-' éxchange resin in the fluoride
form.

A crude 31 % aqueous hydrogen peroxide solution containing 26
pPpb of Si, 180 ppb of K, and 0.1. ppb or less -each of Na, Al, Fe and other
metals was passed through an ion excfliange resin tower which is a
column having an'inéide diameter of 10 mm, made of Teflon, and packed
with 10 ml of the above-prepared anion- e:;;change 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 thé sohizf,i;n. coming out at the outlet of
the column 0.5 hour after the start of theﬂow of the solution. Si and
metals contained in the sample hydrogen peroxlde solution after the flow
through the column were analyzed. The sample solution contained 1 ppb
or less of Si, 180 ppb of K, and 0.1 ppb orless of other metals. Thus, the

obtained solution was found to be an aqueg);t__;_s hydrogen peroxide solution

REPLACEMENT SHEET]
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- 28 A sanple was taken from each aqueous hydrogen peroxi de sol ution
at the outlet of the second colum 0.5 hour after the start of the flow of
the solution. Si and netals contained in the sanple solutions of hydrogen
peroxi de after the flow through the col uan were anal yzed. The contents of
Si in the solutions after the flow throub the columms are shown in Table
2. The solutions contained 0.1 ppb or | ess each of netals other than Si,
180 ppb of K, and 3 ppb or less of NOQwerr] ion. Thus, the obtained
sol utions wer eontaiming @ redueed emanntyefiSgen per oxi de sol utions containing a
reduced amount of Si. Table 2
Example 2
The same’ procedures were conducted as those conducted in
Example 1 exce_pfl_ that a crude aqueous hydrogen peroxide solution
containing 20 % of hydrogen peroxide, 21 ppb of Si, 180 ppb of K, and 0.1
ppb or less each :o_f Na, Al, Fe, and other metals was used.
The aqueol'_;e; hydrogen peroxide s'_ollution obtained after the flow
through the column contained 5 ppb of Si, 180 ppb of K, 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 exce-ﬁt that a crude aqueoo.s hydrogen peroxide solution
containing 15 %.'o_'f hydrogen peroxide, 21:ppb of Si, 180 ppb of K, and 0.1
ppb or less each of _Na., Al, Fe, and other metals was used.

The aqueode' hydrogen peroxide solution obtained after the flow
through the column contamed 16 ppb of Sl, 180 ppb of K, and 0.1 ppb or
less each of other metals Thus, the obtamed solution was found to be an

aqueous hydrogen perox1de solution contammg a reduced amount of Si.

Example 4

. The same procedures were conducted as those conducted in

Example 1 except that a crude aqueous hydrogen peroxlde solution

[REPLACEMENT S|
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v anount of added Si in the aq. soln. of Herr](err] fraction of
HNJ err] after flow through col ums renoved Si (nmeg/liter)
- (ppb) ' (9 0.04 _ : 1.3
66.7 - 0. 07 _ - 0.8 o 79.5 0.14
0.5 87.2 0.71 12 | 0.4
89.7 Exanple 12 The sane procedures as those conducted in Exanple

SO et on” oot ShRFBNSS 31, O hyrSade Sedande: 0 ol S SAT D LREROTess o
of hlfﬁr ocni or eaeh ot s e, BT 804 oBher BENARCWaE 588nc r ot ons of phosphor | ¢
The aqueous hydrogen peroxide s___c_lution obtained after the flow
through the column contained 8 ppb of Sland 0.1 ppb or less each of other
metals. Thus, the obtained solution '_j;}w'as found to be an aqueous
hydrogen peroxide solution of a hlghpunty containing a reduced

amount of Si.

Example 5 |

The same _'procedures were conc_iu_éted as those conducted in
Example 1 except that a c_rude aqueo_ﬁ}s’l_., hydrogen peroxide solution
containing 31 % of hydrogen peroxide, 28 'fp_pb of Si, 0.3 ppb of Al, 8 ppb of
Na, and 0.1 ppb d.r‘_ less each of K, Fe, and;;_di;her metals was used.

The aqueous hydrogen peroxide s.__dlution 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 i)eroxide solution containing a

reduced amount of Si.

Example 6

A strongly basic anion exchange resm PA318 in the chloride form
(quaternary ammonium I type) produceéifgzﬁgr MITSUBISHI CHEMICAL
CORPORATION; Litd. was packed into acolumn made of Teflon. After a
te was passed through the

5 % aqueous solution of sodium bicarb

prepared column at an SV of 20 Hr-1 for ours, ultra-pure water was

REPLACEMENT SHEET|
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* 29 acid were adjusted to 0.07, 0.12, 0.23, and 0.98 rreq/liﬁgrP.LACtMtN,lA SH
sanpl e was taken from each aqueous hydrogen peroxide solution at the outl et
of the second columm 0.5 hour after the start of the flow of the solution.
Si and netals contained in the sanple sol utions of hydrogen peroxide after
the flow through the col ums were anal yz%%l. The contents of Si in the
solutions after the flow through the colums are shown in Table 3. The
solutions contained 0.1 ppb or |ess each of netals other than Si and 3 ppb
or | ess of PCpassed throughtihe, cdlhmmﬁmawashmg) ndS¥ of 20 Hr-1 for 10 hours

to prepare an anion exchange resin in th c__:arbo_nate form. Then, after

a 2 M aqueous solution of hydroﬂuorx_(:__=,_gcid was passed through the
column at an SV of 20 Hr'l for 5 hours;f_ul'tra'-pure water was passed
through the column for washing at anSV 'of 20 Hr! for 10 hours to
prepare an anion exchange resin in the -ﬁuoﬁde form.

A crude aqueous hydrogen perox1d_ solutlon containing 31 % of
hydrogen peroxide, 26 ppb of Si, 180 ppb of K and 0.1 ppb or less each of
Na, Al, Fe, and other metals was treate_d_-_.w_lth the above-prepared anion
exchange resin in the fluoride form in -..accordance with the same
procedures as those conducted iu'Example 1

The obtained solution contained 4 ppb of Si, 180 ppb of K, and 0.1
pprb or less of other metals. Thus, the. solutmn was found to be an

aqueous hydrogen peroxide solution cont__al_umg a reduced amount of Si.

Example 7

A strongly basic anion exchange res.i.h 'PA318 in the chloride form
(quaternary ammonium I type) produced-hjr MITSUBISHI CHEMICAL
CORPORATION Ltd. was packed into a: column made of Teflon. After a

5 % aqueous solution of sodium bxcarbonate was passed through the

prepared column at an SV of 20 Hr1 for'__-'"m hours, ultra-pure water was

passed through the column for washing at_ __n SV of 20 Hr! for 10 hours
to prepare an anion exchange resin in the blcarbonate form. Then, after
a 1 M aqueous solution of sodium flu de was passed through the

column at an SV of 40 Hr-1 for 5 hour l-l.tr-a-pure water was passed

REPLACEMENT SHEET|
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- were found to be aqueous solutions of hydrogen peroxide containing a

reduced anpunt of Si. _ Tabl e 3 anmount of
added Si in the aq. soln. of Herr](err] fraction of Herr]PJ err]
after flow through col.umms renoved Si (meg/liter) ' (ppb)
(% 0.07 1. 0?1 - 74. 4

74. 4 0. 23 _ 0 6
84 6 0.98

through the column for washmg at an. SV of 20 Hr-1 for 10 hours to
prepare an anion exchange resin in the-ﬂuonde form.

An aqueous hydrogen peroxide "é.o-lution containing 31 % of
hydrogen peroxide, 25 ppb of Si, 180 ppb of K and 0.1 ppb or less each of
Na, Al, Fe, and other metals was treated w1th the above-prepared anion
exchange resin in the fluoride form _n} ‘accordance . with the same
procedures as those conducted in Examp1§: 1.

- The obtained solution contained 4 ppb of Si, 180 ppb of K, and 0.1
pprb or less of other metals. Thus, thé; solution was found to be an

aqueous hydrogen peroxide solution contai_ning a reduced amount of Si.

Example 8

A strongly basic anion exchange resin PA318 in the chloric_le 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 bicarboixate was passed through the
column at an SV of 20 Hr-! for 5 hours, ultra-pure water was passed
through the column for washing at an SV of 20 Hr-! for 10 hours to
prépare an anion exchange resin in the bicarbonate form. Then, after a
0.5 M aqueous solution of hydrogen sodiuﬁi fluoride was passed through
the column at an SV of 80 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 ﬂuonde form.

An aqueous hydrogen peroxide solutlon containing 31 % of

hydrogen peroxide, 27 ppb of Si, 180 ppb ofK, and 0.1 ppb or less each of

REPLACEMENT SHEET
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* Exanmpl e 13 The sane procedures as those conducted in Exanple 10 were
conduct ed except, that a 31 % crude aqueous hydrogen peroxide sol ution
containing 3.9 ppb of Si, 70 . ppb of A, and 1 ppb or |ess each of Na, Fe,
and other netal s was used and sul furic %%I d was added in place of
REPLACEMENT SHEET : 30 hydrochloric acid
in such anounts that the concentratlons of sulfurl c acid were adjusted to
0.05, 0.09, 0.18, and 0.91 neg/liter. A sanpl e was taken from each
aqueous hydr od¥a Ak Reiatel ether metalst wab etrenﬁeﬂewwhf thehabows prepareduamiofl. 5

hour after the start. of th
exchange resm_.

'-3"'the fluoride form 1n accordance with the same
procedures as th' ""se conducted in Example 1

The- obtaxned solution contained 2 ppb of Si, 180 ppb of K, and 0.1

ppb or less ol other metals Thus, the solutmn was found to be an

aqueous hydrogen'__z'_ero:nde solution contammg a reduced amount of Si.

Example 9

A strongli':'""ﬁasic anion exchange resin PA318 in the chloride form
(quaternary ammomum I type) produced by MITSUBISHI CHEMICAL
CORPORATION td. was packed into a column made of Teflon. After a

5 % aqueous solutxon of sodium blcarbonate was passed through the
column at an SV of 20 Hr-l 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 amon exchange resin in the b1carbonate form. Then, after a
2 M aqueous solutlon of hydrofluoric -ac1d 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 amon"- _change resin in the ﬂuonde form.

The abov; prepared anion exchange resm in the fluoride form in

an amount of 10 ml was packed into a co inn having an inside diameter

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

column havmg an 1ns1de diameter of 1' -'mm and made of Teflon was
packed with 10ml of a mixed resin pre ed;;-:by mixing a strongly acidic

cation exchange; resin having sulf ac1d group (a product of
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* flow of the solution. Si and netals contained in the sanple solutions of

hydr ogen peroxi de after the flow through the colums were anal yzed. The
- contents of Si in the solutions after the flow through the colums are
- -shown in Table 4. The sol utions containeg 0.1 ppb or less each of netals

other than Si and 3 ppb or less of SO er ? I on. Thus, the obtained

sol utions were found to be aqueous hydrogen peroxide sol utions containing a

reduced anount of Si. _ Tabl e 4 anount of
added S MITSWBiSHIs CHEMICAL CORRARATIONaditdgnDIAION PK228LH)
Herr]Sqerr] after flow through col umms renoved Si

(meg/liter) ~andan anion exchangejion in the bicarbox_}qt_;e formy ig relative vijup®s of |
3847 0.1g 1 to preggi'eSthe secon?i' i%?xle}:g:hange tower. The secoxé'li%gx exchange
| tower was connected to the down flow df the first ion exchange tower
prepared above. .

A crude 31 % aqueous hydrogen peroxide solution containing 28
ppb of Si, 0.3 ppb of Al, 8 ppb of Na, and 0.1 ppb or less each of K, Fe, and
other metals was passed through the first and second ion exchange
towers 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 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 sample solution contained
1 ppb or less of Si and 0.1 ppb or less of Al, Na, and other metals. Thus,
the obtained solution was found to be a highly purified aqueous hydrogen

peroxide solution.

Comparative Example 1

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 ..c_:élumn made of' Teﬂon, and

ultra-pure water was passed through thé ;iprepared column for washing

at an SV of 20 Hr-1 for 10 hours.
An aqueous hydrogen peroxide solution containing 31 % of

. hydrogen peroxide, 26 ppb of Si, 180 ppb of K, and 0.1 ppb or less each of -

2.0 JAN 1997
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*+0.91 _ 0.7 82.1 Conpar ati ve Exanpl e

4 A strongly acidic cation exchange resin PK228 (Htype) produced by

M TSUBI SH CHEM CAL CORPORATION, Ltd. in an anmpunt of 5 m was mxed with 5
-m of a resin in the bicarbonate formwhi,zgh was.

31

Na, Al, Fe, and other metals was treaf.ed-i_‘;with the above strongly basic
anion exchange resin PA318 in the chlonde form in accordance with the
same procedures as those conducted in Example L

The obtained solution contained 2_7. ppb of Si, 180 ppb of K, and 0.1

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

reduced.

Comparative Example 2

A strongly basic anion exchange resm PA318 in the chloride form
(quaternary ammonium I type) produc‘e‘d-..:j by MITSUBISHI CHEMICAL
CORPORATION, Ltd. was packed into a c__;(')lumn made of Teflon. After a
5 % aqueous solution of sodium bicarbonate was passed through the
_column at an SV of 20 Hr'! 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 b'it%arbonate form.

An aqueous hydrogen péroxide _-'sglution containing 31 % of
hydrogen peroxide, 13 ppb of Si, 180 ppb of K, and 0.1 ppb or less each of
Na, Al, Fe, and other metals was treated with the above anion exchange
resin in the bicarbonate form in accord_an,_éé_' with the same procedures as

those conducted in Example 1.

pb.of Si, 180 ppb of K, and 0.1
ppb or less of other metals. Thus, the conte

The obtéin_ed solution contained 1%

t of Si in the solution was not

reduced.

Comparative Example 3
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» prepared by converting a strongly basic anion exchange resin PA318 in the
chloride form (quaternary ammonium | type) produced by M TSUBI SHI

.CHEM CAL CORPORATI ON, Ltd. under a specific condition. The prepared m xed
resin was packed into a colum nade of Teflon and having an inside dianeter
of 10 mm ~ The prepared col um was weshed wit h ultra-pure water at a
speed of 500 m/H for 1 hour. Hydrochloric acid in an anount to adjust
the concentration in the resultant solution to 0.25 neqg/liter was added to
a crude 31% aqueousA sgrhnglgrbasic eniate eschangoresionPA3#8 ig theocldppidef fogm 70
ppb of A, and 1 ppb or less each of Na, Fe, and other netals. The prepared
aqueous hydr od@uapemarydamspeniune ] tyme) preduged by MSIIJBésbﬂiGHE@MQG ed
t hrough the above-prepared.colum at a_tenperature of 1[err]C at a speed of
500 m /Hr for QOEH%BAQ‘.ION, Ltd.awag packegainte A splump made ofTefien Dgen
peroxi de solution at the :

at-I f ot | 0. h f
the flow of t#R §8€“&9P§rﬁ°&§;¥‘§188m3‘%1 gssc" ‘bﬁfr’rﬁii‘ﬁég H‘ﬁ%gg‘ﬁgi’%g\rﬁlit‘ 3?‘81‘5‘E ';}%'r‘ggen
i d | uti,on e &l t,h h,th | | d. Th
P ontant o s At BV 6 20 M G SIS ER WHlr FRE sRERed Eifonetithe |,

and

column for washmg at an SV of 20 Hr-1 for 10 hours to prepare an anion
exchange resin mthe hydroxide form.

An aqu:_e‘_-tz_)'.né hydrogen peroxide solution containing 31 % of
hydrogen peromde, 20 ppb of Si, 180 ppb of K, and 0.1 ppb or less each of
Na, Al, Fe, andother metals was treated with the above anion exchange

~ resin in the hydrox1de form in accordance with the same procedures as
those _conductefd_:__ﬁ m Example 1.

The obtalned solution contained 20 ppb of Si, 180 ppb of K, and 0.1

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

reduced.

Examplé 10
A strong_lfy{-.l_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 hydroxide was passed through
" the column at an SV of 20 Iir'l 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 ani_o‘ti exchange resin in the hydroxide form. Then, after a 1

M aqueous solution of sodium fluoride was passed through the column
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showed no decrease fromthe original value. The solutions contained 0.1 ppb
or less each of netals other than Si and 3 ppb or less of chlorine ion.-
Conpar ati ve Exanple 5 The sane procedures as those conducted in
Conpar ati ve. Exanpl e 4 were conducted except that the strongly acidic cation
exchange resin PK228 (H-type) produced M TSUBI SH CHEM CAL CORPORATI ON,
REPLACEMENT SHEET : 32

at an SV of 20 Hr'! 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 fluoride form. The prepared anion exchange resin
in the fluoride form in an amount of 12.5 ml was packed into a column
made of Teflon and having an inside diameter of 10 mm:.

A strongly acidic cation exchange résin PK228 (H-type) produced
by MITSUBISHI CHEMICAL CORPORATION, Ltd. in an amount of 5
ml was mixed with 5§ ml of a resin in the bicarbonate form which was
prepared by converting a strongly basic anion exchange resin PA318 in
the chloride form (quaternary ammonium I type) produced by
MITSUBISHI CHEMICAL CORPORATIO_N, Ltd. under a prescribed
condition. The prepared mixed resin was packed into a column made of
Teflon and having an inside diameter of 10 mm. The packed column
was connected in series to the down flow of the cblumn 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 the concentrations of hydro_c:hloric.acid in the resultant
solﬁtion was adjusted to 0.07, 0.12, 0.2_5__, or 1.2 meq/liter. Thus, four
aqueous hydrogen peroxide solutions contéir';ih_g the different amounts of
hydrochloric acid were prépared. The piepared solutions were passed
through the combined columns prepared above at a temperature of 1°C at
a speed of 500 ml/Hr for 1.5 hours. |

A sample was taken from each. aqueous hydrogen peroxide

REPLACEMENT SHEET
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sLtd. in an amount of 5 M was mixed with 5 M of aresinin the hydr oxi de
formwhi ch was prepared by converting the strongly basic ani on exchange
resin PA318 in the chloride. form (quaternary amonium | type) produced by
M TSUBI SH CHEM-CAL CORPORATI ON, Ltd. under a‘specific condition, and the
prepared m xed resin was packed into a céflum made of Teflon and having an
inside dianeter of 10 mm = .. A sanple was taken fromthe aqueous hydrogen
per oxi de solution at the OUt'I'et of the colum 0.5 hour after the start of
the flow of tgehstdeniatdhe cutletrof thet sdcond welwnned 5 Houhefteathe ataft dfilieogen
peroxi de solution after the flow through the colum were anal yzed. The
content of Si flaw tofetheoseltition. aiSicand mefdlswonbaimedhir ithe canuple hgdrogen ppb
and showed no decrease fromthe original value.. The solutions contained 0.1
ppb or |ess ewnomrdeneolaﬂtmnst hftert then flsw ahnbuglpdheocroluams wfere malyred.i on.

The contents of Sl in the solutions after---the flow through the columns are

. The solutions contamed 0.1 ppb or less each of metals
other than Si and 3 ppb or less of chlonne ion. Thus, the obtained
solutions were "-'":-’found to be aqueous . hydrogen perox1de solutions

containing a reduced amount of Si.

Table 1 -
amount of adde'__d_':_i-;'f; .. Siin the aq. soln; of HoO» fraction of
- HCl o after flow through columns removed Si
(meq/liter) . (ppb) (%)
007 09 769
012 .. 0.6 846
025 .. 04 89.7
120 0.3 92.3

Example 11 L _
The same___-;procedures as those conducted in Example 10 were

conducted excep hat a crude 31 % aqueous hydrogen peroxide solution

containing 3.9 pp : of Sx, 70 ppb of Al, an__ ""-'ppb or less each of Na, Fe, and

other metals was used and mtnc acid was added in place of
hydrochloric amd in such amounts that he concentrations of nitric acid

were adjusted to 0 04 0.07, 0.14, and 0. 71 meq/hter
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* 33 VWHAT IS CLAI MED | S: 1. A process for producing a purified aqueous
hydrogen peroxide solution conprising bringing an aqueous hydrogen peroxide
solution containing inpurities into contact with an ani on exchange resin in
the fluoride form 2. A process for producing a purified aqueous hydrogen
peroxi de sol ution conprising:-bringing an:%hueous hydrogen peroxide sol ution
containing inmpurities into contact with an anlon exchange resin in the

A sample ‘was taken from each aqueous hydrogen peroxide

solution at the outlet of the second column 0.5 hour after the start of the
flow of the soluhon Si and metals contamed in the sample solutions of
hydrogen peromde after the flow through the columns were analyzed.

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

shown in Table 2 he solutlons contamed 0 1 ppb or less each of metals

other than Si, 180_ ppb of K, and 3 ppb or less of NO3 ion. Thus, the

obtained solutlo_ns -were found to be aque_o\us hydrogen peroxide solutions

containing a reduced amount of Si.

Table 2
amount of adde'd;;i . Siintheaq. soln.'o:fH_zOz fraction of
HNO3 ;v - after flow through columns removed Si
(meg/liter) = (ppb) ‘ (%)
004 13 66.7
007 0.8 - 795 i
014 0.5 872
1/ SR 04 . 89.7

- Example 12

The same "i'ociedufes as those cf;hducted in Example 10 were

~ conducted excepf 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 phosphonc acid was added in place of

hydrochloric acld 1n such amounts that th' ‘concentrations of phosphoric

REPLACEMENT SHEET
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*fluoride form a strongly acidic cation exchange resin having sulfonic acid
group, and an ani on exchange resin in the bicarbonate form in a suitable
order. 3.. A-process according to Claim?2 wherein the aqueous hydrogen

per oxi de sol ution containing inpurities is brought into contact with the
ani on exchange resin in the fluoride ford’ the strongly acidic cation
exchange resin having sulfonic acid group, and the anion exchange resin in
t he bicarbonate form in this order. 4. A process according to Claim?2
wherei n a m xeatid eereadjustgd to @07 0:D2;0.28; amyd OIO8 miegditeky aci dic cation
exchange resin having sul fonic acid group and the ani on exchange resin in

t he bi carbonate fordnsampledwas takentfromyl gachialjeeans i hydrogenapgroxids n

havi ng sul fonic_acid group:'and the ani on exchange resin in the bicarbaqgnate
form solution at the outlet of the second column 0.5 hour after the start of the

Qo

flow of th_e solu_'i'-._i-_{)_i.__l.-j Si and metals cont@iﬁed in the sample solutions of
hydrogen peroxidéi é;‘fter the flow throu_g‘_.b : the columns were analyzed.
The contents of S1mthe solutions after: the flow through the columns are
shown in.Table_ 3 The solutions containe.jtjil":'o.l ppb or less each of metals
other than Si and 3 ppb or less of POy 1on 'Thus, the obtained solutions
were found to bfé_'ia'qﬁeous solutions of liydrogen peroxide containing a

reduced amount of Si.

Table 3
amount of added- - Siin the aq. soln. of HoO9 fraction of
H3PO4 - after flow through columns removed Si
(meg/liter) (ppb) (%)
007 10 744
012 10 744
023 . 06 846
098 04 89.7

Example 13

The same "ﬂﬁfocedures as those c_:{)i_r‘x;glucted in Example 10 were

conducted excep‘.'t_',_; that a 31 % crude aqueous hydrogen peroxide solution
containing 3.9 pp:_b__fof Si, 70 ppb of Al, and'i'?_i:fppb or less each of Na, Fe, and

other metals was used, and sulfuric'ffég:id was added in place of
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* REPLACEMENT SHEET 5. A process according to Caim2 wherein the

aqueous hydrogen peroxide solution containing inpurities is brought into
contact with the anion. exchange resin in the fluoride form and

subsequently with a .m xed ion exchange resin conprising the strongly acidic
cation exchange resin having sulfonic ad® group and the ani on exchange

resin in the bicarbonate form :

hydrochloi'ic acid in such amounts that the concentrations of sulfuric
acid were adjusted to 0.05, 0.09, 0.18, and 0 91 meq/liter.

A sample was taken from each aqueous hydrogen peroxide
“solution at the outlet of the second column 0.5 hour after the start of the
flow of the solutmn Si and metals contamed in the sample solutions of
hydrogen perox1de after the flow through the columns were analyzed.
The contents of Sl in the solutions after the ﬂow through the columns are
shown in Table 4 The solutions contamed 0.1 ppb or less each of metals
other than Si and 3 ppb or less of SO4 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 HoO9 fraction of
HaS04 - after flow through columns removed Si
(meg/liter) - (ppb) (%)
005 © 24 385
0.09 - 2.0 48.7
0.18 11 718

0.91 07 82.1

Comparative Example 4 |
A strongly acidic cation exchange fésin PK228 (H-type) produced
by MITSUBISHI CHEMICAL CORPORATION Ltd. in an amount of 5

ml was mixed w1th 5 ml of a resin in the bicarbonate form which was

[REPLACEMENT SHEET|
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* 6. A process for producing a purified agqueous hydrogen peroxi de sol ution
conpri sing addi ng.an .acid having an acid dissociation constant pKa of 5 or
less in water to an aqueous hydrogen peroxide solution containing
i npurities and bringing the resultant agueous solution into contact with an
ani on exchange resin.in the fluoride fo R 7. A process for producing a

. purified aqueous hydrogen peroxide solution conprising adding an acid
havi ng an acid di ssoci ati an constan a.of 5 05 less in water an ,
aqueous hydr @genalr%ir le“&éW%‘PHE abﬁtwfulhaiswganmpx@ha;rsgqaﬁesxsrf’ﬁéiﬂgnt he
resul tant aqugous Into cogntact with an, anlgf )ﬁgSan e,resin .in the
fuori do T or Hieachigridg) Josm e STRBRY cREMRAGUMeSh b 'WS'OQHFF@nPé’ aci d

O dep °"8 “RPSERRKE BHNARAL BORPORRTION, Lhd Shflston2spbtrgD ©

obt ai ned

condltlon The prepared mixed resin was packed into a column made of
Teflon and havmg an inside diameter of 10 mm.

The prepared column was washed w1th ultra-pure water at a
speed of 500. mI/Hr for 1 hour. Hydrochloncac1d in an amount to adjust
the concentratlon in the resultant solution _to_ 0.25 meq/liter was added to
a crude 31 '_.%d_dueous 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 solution containing hydrochloric
acid was passed through the above-prepared column at a temperature of
1°C ata speed of 500 mV/Hr for 1.5 hours. |

A sa_xh_ple.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. Sl and metals contained in the sample of hydrogen peroxide
solution aﬁerthe flow through the column were analyzed. The content of
Si in the. _s:olut_ion' after the flow through the column was 3.9 ppb and
showed no :'decr.'ea_-se 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.

Comparatlve Example 5
The same: procedures as those conducted in Comparative Example
4 were conducted except that the strongly ac1d1c cation exchange resin

PK228 (H-type) produced by MITSUBISHI CHEMICAL CORPORATION,

REPLACEMENT SHEET
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by adding the acid to the aqueous hydrogen ‘peroxi de solution is brought
into contact with the anion exchange resin in the fluoride form the

REPLACEMENT SHEET strongly acidic cation exchange resin having
sul fonic acid group, and the anion exchggge resin in the bicarbonate form
in this order. 9. A process according fo C.aim7 wherein a m xed ion

exchange resin conprising the strongly acidic cation exchange resin having
ceen ¢ 2 Bed o s amount of 5 ml was maixed with 5 i of a resth in the >
hydroxide form which was prepared by converting the strongly basic
anion exchange resin PA318 in the'.__.:'-_”t,:hloride form (quaternary
ammonium I type) produced by -'_MITSUBISHI CHEMICAL .
CORPORATION, Ltd. under a specific c(_jndition, and the prepared
mixed resin was packed into a column made of Teflon and having an
inside diameter of .10 mm.
A sample was taken from the aqueous hydrogen peroxide solution
at the outlet of the column 0.5 hour aftéi- the start of the flow of the
solution. Si and metals contained in the .;;_s"ample of hydrogen peroxide
solution after the flow through the column wére 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.

REPLACEMENT SHEET
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- as’ the stron“gl‘zrm—drc—cah—eﬁ -exchange resin having sulfonic acid group and
“the ani on .ex he bi carbonate form 10. A process according
- to daim7 \Aﬁmrml E L’Em;s sol ution obtained by adding the acid to the
;- ~aqueous hydr ogere par. ution is brought into contact with the anion
. exchange resin’in the fl-uoride form and 33ubsequently with a mi xed ion

- exchange resin conprising the strongly acidic cation exchange resin having

sul fonic acid_gro g% t i&] exchange resin in the bicarbonate form
11. A process Yat¢ d Légf’;ﬁﬁ - Clains 1, 2, 6, and 7 wherein the aqueous
hydr ogen peroxide solution.containing inpurities contains 15 to 40 % by

wei ght of hydrogen peroxi de. 12. A process according to any of Clains 6

- and 7 wherein theAag?oé]etss E’or producing a purified aqueous hydrogen peroxide

solution compn-"s_jng bringing an aqueous hydrogen peroxide solution
containing impui-ities into contact with an anion exchange resin in the

fluoride form.

2. A process for producing a purified aqueous hydrogen peroxide
solution compﬁéing bringing an aqueous hydrogen peroxide solution
containing impurities into contact with an anion exchange resin in the
fluoride form, a strongly acidic cation exchange resin having sulfonic
acid group, and an anion exchange resin in the bicarbonate form, in a

suitable order.

3. A process according to Claim 2 wherein the aqueous hydrogen
peroxide solutiox_i containing impurities is brought into contact with the
anion exchange resin in the fluoride form, the strongly acidic cation
exchange resin having sulfonic acid group, and the anion exchange

resin in the bicarbonate form, in this order.

4. A process 'acéord'ing to Claim 2 wherein a mixed ion exchange resin
comprising the étrongly acidic cation exchange resin having sulfonic
acid group and the anion exchange resin in the bicarbonate form is used
as the strongly f'acidic cation exchange resin having sulfonic acid group

and the anion exchange resin in the bicarbonate form.

-
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- the acid added to the aqueous hydrogen peroxide sol ution containing
_=ijpurities is adjusted so that the concentration of the acid is in the
_range of 0.005 to 5 meq/llter

REPLACE 3 6 13. An anion
__:__-exchangg/ﬁ II“"IHH"III ng a purified d¢ueous hydrogen peroxide sol ution

whi ch has*been 'com/erSt ed to a fluoride form

5. A process according to Claim 2 wherein the aqueous hydrogen
_pgrogide solution containing impurities is brought into contact with the
anidp-e:xchange-'re_sin in the fluoride form, and subsequently with a
: mxxed ion exch-a_._nge resin compfising the strongly acidic cation
exéh%én_g,e ,r,.e'sin. havmg sulfonic acid group and the anion exchange resin

in the bicarbonate form.

é. A process for producing a purified aqueous hydrogen peroxide
solution ¢ombrising adding an acid having an.acid dissociation constant
pKa;' of 5 or less m water to an aqueous hydrogen peroxide solution
co;ntéining impurities and bringing the reéultant aqueous solution into

contact with an anion exchange resin in the fluoride form.

7. A process for producing a purified aqueous hydrogen peroxide
solutlon compnsmg adding an acid having an acid dissociation constant
pKa of 5 or less in water to an aqueous hydrogen peroxide solution
containing impurities and bringing the resultant aqueous solution into
contb.ct with an anion exchange resin in the fluoride form, a strongly
ac1d1c cation exchange resin having sulfonic acid group, and an anion

exchange resin m the blcarbonate form, in a suitable order.

8. A process according 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, the

»
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strongly acidic 'é:_étion exchange resin having sulfonic acid group, and

the anion exchange resin in the bicarbonate form, in this order.

9. A process according to Claim 7 wherein a mixed ion exchange resin
comprising the --;'s_t'.rongly acidic cation exchange resin having sulfonic
acid group and ﬁie anion excha;nge 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-'_-a_ccording to Claim 7 wherein the aqueous solution
obtained by adding the acid to the aqueous hydrogen peroxide solution is
brought into confact with the anion exéhange resin in the fluoride form,
and subsequenﬁy with a mixed ion exchange resin comprising the
strongly acidic c_ation exchange resin having sulfonic acid group and the

anion exchange resin in the bicarbonate form.

11. . A process écéording to any of Claims 1, 2, 6, and 7 wherein the
aqueous hydrog__é___r'l___'_.peroxide solution containing impurities contains 15 to

40 % by weight 6£.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 meqg/liter.
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-13. An anion exchéhge resin for producing a purified aquéous hydrogen

peroxide solution Wthh has been conv_erte'd to a fluoride form.
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- 37

PROCESS FOR PRODUCING A PURIFIED AQUEOUS HYDROGEN
: PEROXIDE SOLUTION

A process for producing a punﬁed aqueous hydrogen peroxide

__. solutlon compnsmg bringing an aqueous hydrogen peroxide solution
_' contammg 1mpunt1es into contact with an amon exchange resin in the
ﬂuonde form is disclosed.

Accordmg to the process, 1mpur1t1es in the aqueous hydrogen

_ peroxxde solution, particularly impurities contammg silicon, such as
111cates and silicic acid, can efficiently be removed, and a purified
aqueous hydrogen peroxide solution havmg a high purity can be

obtamed
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