11 MAY 2005 1 Process for producing a purlfled aqueous hydrogep: p& OX|de
.solution Filed of the invention 5 The present invention relate AX 2008
process for producing a purified agqueous hydrogen peroxide solution. More
~particularly, the present invention relates to a process for producing a
hi gh purity aqueous hydrogen peroxide solution capable of renoving netal
and cation 10 inpurities (nmetal ion inpurities) contained in an aqueous
hydr ogen peroxi de solution as inpuritiesqwmth high precision to a ppt

| evel- (1/1012) or its wvicinities. 15 Background of the invention An
aqueous hydrogen peroxide solution is widely wused in various fields, for
exanpl e, for a bleaching agen f aper ul p_and as a conponent in
cheém cal polishing f|UIdS In%Fe%eng Eéar?rogﬁglg ueous 20 hydrogen

per oxi de -sol uti on Qa RN re S|n% % en used in the elec ronlc i ndustry,
for exanple, as a ¢l 8aning” “ageht P& gIFP@SH R&fer's 9and a8t eani ng
agent in production processes of sem conductors. Accordingly it 1is
required for the aqueous hydrogen peroxide solution 11 MAY 2005 2

Filed of the invention

5 _ The present invention relates to a process for
producing a purified aqueous hydrogen peroxide solution.
More perticularly, the present invention relates to a
process for producing a high purity aqueous hydrogen
peroxide solution capable of removing metel and cation
10  impurities (metal ion impurities) contained in an
aqueous hydrogen peroxide solution as impurities with
high precision to a ppt level (1/10') or its

vicinities.

15 : Background of the invention

An aqgueous hydrogen peroxide solution is widely

-used in various fields, for examplé, for a bleaching
agent for paper or'pulp and as a component in chemical
polishing fluids. in recent years,-the.aqueous

_H20 hydrogen peroxide solution has increasingly been used
in the electronic industry, for example, as a cleening
agent for silicon wafers and as a cleaning agent in
production processes of semiconductofs. Accordingly it

is required for the aqueocus hydrogen peroxide solution



. having the concent

that a very high purity be achieved by extremely decreasing alf Ti Fijdr 2i0es
~contained in the aqueous hydrogen peroxi de solution. Hydrogen peroxide is
produced al nost exclusively 5 by the anthraqui none process at present. The
ant hraqui none process is generally conducted as follows. A derivative of
ant hr aqui none, such as 2- al kyl ant hraqui none, is converted into.

ant hr ahydr oqui none by hydrogenation in a water 10 insoluble solvent in the
presence of a hydrogenation catalyst. Affer the catalyst is renmoved, the
reaction  product is oxidized with air to regenerate the original

2- al kyl ant hraqui none, ‘and at the sane ti.ne hydrogen peroxide is produced.

By extracting r ed . r.ogen _peroxi de fromthe oxidation product
with water, ghggqgeg%ggsgﬁé?i%ﬁ%égﬁt%enﬁgélﬁyﬁﬁo& n ®F&F6Xde can be
obt ai ned. Thi h S -cal l ed, ant hr agui_ none aut ooxi dati on net hod. The
aqueous hydroéggg%%gngdgigo % HEA Fdhtalc g al3§ s kPg REUFSY Scont ai ns
metal ion inpurities such as Al, _Fe, and C originated frommaterials of
equi pment . ﬁgFggFV,p?ﬁ@ﬁlQSnSP%BEFPPFeS are contained in an anount of
tens-of ng to a few g/liter in an, guéous hydr ogen peroxi de sol ution

T BYRBRIGR BeIORAIS2605DE00LE°A050MBS tnerghRtE 1vely

5 by the anthraquinone process at present. The
.anthraquinone procéss is.generally conducted as follows.
A derivative of anthraquinone, such as 2-
alkylanthraquinone,'is converted into
anthrahydroquinone by hydrogenafion in a water-

.10 'insolﬁble solvent in the presence of a hydrogenation
catalyst. After the catalyst is removed, the reaction
product is oxidized with air to regenerate thé original
2—alkylanthraquinone, and at the same time hydrogen
peroxide is produced. By extracting the produced

15 hydrogen peroxide from fhe.oxidation ﬁrodﬁct with water,
an agueous solutipﬁ containing hydrogen peroxide.can'be
obtained. This method is SOmcalled.énthraquinone
autooxidation method.

The agqueous hydrogen peroxide SoLution.obtained

20 by said method contains metal ion iméurities such as Al,

"Fe, and Cr criginated from materials of equipment..

Generally, such ion impurities are contained in an

amount of tens of mg to a few pg/liter in an agueous

hydrogen peroxide scluticn having the concentration of



When such aqueous hydrogen peroxi de solution containing netal ion
inmpurities is used in the field of production processes of seﬁidoM@ng%Es,
the reliability 5 of obtained sem conductors is sonetines considerably"

| owered. Particularly, recently the required level for reliability of

sem conduct or becomes much higher. Therefore, an aqueous hydrogen peroxide
solution is necessarily purified to a further |ower Ievel of 10
concentration of each of metal ion conpogents, for .exanple, to a ppt

| evel . Conventionally, as a nethod of purifying and renoving netal ion
inpurities contained in. an aqueous hydrogen peroxide solution, there is

proposed a netjod,15,conp i@gﬁgg%inging a H+ type strongly acidic cation
exchange resin containing~a sul’fornic acidic group into contact with an

~aqueous hydrogen perpxide sol ution. ver, merely by cqntacting the
strongly acid catioﬁgegxgﬁgﬁgngggPﬁ ﬁ&gﬁoﬁﬁg RGGesdsehy ®Tper oxi de 20

sol uti on, aIthOﬁgh.netal i inpuri.ties sych - as Na are renoved, it is

n .
difficult to FeHbIE ERPuPEERes Wi dAPETE L1865t 16i 861V dd Ehmpifésdidy 9fh t he
aqueous hydrogen geroxide sol uti on and/ or which are originated from netal
such as Al, FBTSAUCELCBaBIPEerSrmi R &CEBRErectormnyY tP605 o4 igkin idy

-hydroxideé(NL There is a further problemthat o
o of obtained semiconductors 1s someCimes considerably

lowered. Particulafly, recently the requifed level for
reliability ef:semiconductor becomes mech higher; |
: Therefore, an agueous hydfogen peroxide solution 1is
necessarily purified to a further lower level of
10 edncentration of each of metal iQn components, fer
example; to a ppt level. |
Conventiocnally, as a method of pufifying and
removing metal ion impurities.contained in an aqueocus
hydrogen peroxide soclution, there is proposed a method
15 - comprises bringieg a H' type strongly acidic cation
exchange resin eontaining a sulfonic acidic group into
contact with an aqueous hydrogen peroxide solution. |
However,.merely by contacting the strongly acid cation
exchange resin with the adueous nydrogen peroxide
20 eolutien; eltheugh metal ion impurities such as Na are
removed, it is difficult to remove impurities which are
not dissolved coﬁpletely in the aqueous hydrogen
perexide solution ahd/or which are originated from

metal such as Al, Fe and Cr easily forming a complex



a cation exchange resin is deteriorated by contacting wth thq @qﬂgp#%
hydr ogen peroxi de solution, and thereby, a |large anmount of sulfate io p@
generated 5 froma SO3H group of the cation exchange resin. Due to solve
t he above problens, there is also known a nethod that after a contact of
an aqueous hydrogen peroxide solution and a cation exchange .resin,
further a:contact with an O+ type strongly basic anion 10 exchange resin
~having a quarternary amoniumgroup is @arried out. By said nethod, the
inmpurities which can not be renpbved by a strongly acidic cation exchange
resin can be renoved. However, in the use of the O4 type strongly 15

basi c. ani on ¢ nge 1.0; Lh quepus. hydr oge eroxide solutjon is
somet i mes dec%%%@sgdh%§§%g% %c??ﬁg 3??%r%yﬂ?o iggrfgﬁr(ﬁfp?f%%n%é?ﬁed in
t he anion exghgn e resin, _and the.deconﬁ%%ition iis sometinmes further

o]

accel erated by The 8Ri St&H2RIGF FREcHl =P §rinpareti 8y sqekessipg and o

i n the aqueous. hydr ogen eroxjde solution. I n the_ neantinme, as a nethod
renovi ng netaylg%nEhgn%ﬁPgPPashﬁﬁFP@eBoHFFSFPﬁﬁgSﬁéééﬁﬁﬁsiﬁP@n of an

" aqueous hydr ogen %groxide sol ution, for exanple, 11 MAY 2005 5 Japanese
Patent Publ i cBtFERXKo. 2358168071288 70L sulfate ion is generated

5 from a SO3H group of'the cation exchange resin.
Due to.solve the abdve problems, there is also
.known a method.that after a contact of an aqueous
hydrogen peréxide solution and a cation exchange resin,
- further a contact with an OH™ type strongly basic anion
10 exchange resin having a quartérnary’amﬁonium grbup ié
cérried‘out. By said method, the impurities which can
not be removed by a strongly acidic cation exchangé
resin can be removed.
However, in the use of the OH™ type strongly
16 Dbasic anion exchange resin, the.équeoué hydrogen
peroxide solution is sometiﬁes decomposed by contacting
with hydroxide ion (OH") contained in £he anion
exchange resin, and the'decompdsition is Sometimes.
further accelerated by the existéncerof métal ion
20 impurities such as Fe and.Cf in the aqueous hydrogen
peroxide solution.
.In the meantime, as a method removing metal ion
impurities while contfolling decdmpositipn_of an

agueous hydrogen peroxide solution, for example,



di scl oses that an ion formin an anion exchange resin is contel t¥Y 28%m a
hydr oxi de ion type into a carbonate ionic type or a bicarbonate i.on type,
that neans 5 | owering the degree -of the basicity, and thereby the anion
exchange resin can be used. Al so, Japanese Patent Laid-open Publication
No. 5(1993)-17105 discloses a nmethod that at bringing an aqueous hydrogen
peroxide solution into contact with an ani on exchange 10 resin, acid is
added. However, in the above cases, not @i ssolved netal ion inpurities in
- an aqueous hydrogen peroxide solution and metal ion inpurities easy to
forma conplex together with a hydroxi de ion are not renoved 15 conpletely

and remain. Therefore Pi urit queoys . S r n roxi de can not be
obt ai ned. EUeH%%a?%%e ?ﬁ F%gng E%%¥Fﬁéoﬁeﬁgr i &Bgﬁﬂég%égéy to forma
~conpl ex toget er Tﬁth a gggroxide ign and the renmained netal ion
inpurities, itiPS QPFFit £8 £ yOpFevBnd 201PRe cHEEEREGSITEISIR of
hydrogen peroxide. As a result, it is difficult to purify an aqueous
hydr ogen per ox? de°"E8F bEfoh 8% 8| §YIRe*4ddpeiRBAtYBE pREQUSI FgTHRNEILE and
effectively a high purity aqueous hydrogen peroxide solution from6 which
the metal ionlPhparfFYPesCrstichigadrRphare ann twre,atbatemsaad up to a | over
concentration, for exanple, ' ' '
: 5 1ower1ng the degree of the basicity, and thereby the
anion exchange resin can be used. Also, Japanese
Patent Laid-open Publication No. 5(1993)-17105
discloses a methed that at_bringing an aqueous'hydrogen
pérOxide solution into contact with an anion exchange
10 resin, acid is added.
However, in the above cases, not dissolved metal
“ion impurities in an aqueous hydrogen peroxide solution
~and metal ion impurities easy to form a complex
together with a hydroxide ion are not removed
15_ completely and remain. Therefore a high puiity agueous
hydrogen peroxide can not be obtained. Due to the
influence of the metal impurities easy to form a
complex together with a hydroxide ion and the remained
metal ion impurities, it is difficult to fully prevent
20 the decomposition of hydrogen peroxide. As a result,
it is difficult to purify an aqueous hydrogen peroxide
sclution safely.

As a method for producing safely and effectively

a high purity aqueous hydrogen peroxide solution from



in the Japanese Patent Lai d-open Publication No. 8- 73205, t'h ef e@gsz
proposed a nmethod that ‘at purifying an 5 aqueous hydr ogen perOX| )
solution, to the aqueous hydrogen peroxide solution is added acid haV|ng
an acid dissociation index (pKa) of 5 or less in an anount of 0.05 to 5
mlligramequivalent per 1 liter of the hydrogen peroxide solution,

foll owed by bringing the 10 solution into contact with a H+ type strongly
acidic cation exchange resin containingg sulfonic acid group or a m xed
bed of a H+ type strongly acidic cation exchange resin containing a

sul fonic acid group and a strongly basi ¢ ani on exchange resin. 15 Further,

Japanese Pategblgglg gpﬁ@tggb ﬁaﬁhgﬁrN%les7 187616 diy §C|%Se%l &ethod

using a strongly aC| ani on exchange resi'n haV|ng a7¢ross éﬁe degree
of 5 or less a Pat e ai en Publ i
di scl oses a ne{% g@@g?ﬁd ﬁh g%.%nlgygﬁaﬁ§80F8§Fﬁ 28 y%@&fﬁ&@“ﬁl(ﬁ
carbonate ion.,fy blcarbo e |o ni um carbonate or
annDnlun1b|car%o§§ eJaPﬁneﬁgpgﬁéggtP OP&Pd EEECPGBIHC§F10%7W1
7- 172805, égﬂ% gbsclosed t hat the anlon exchange resin is .used

in

optionally |n Pofi WPt RTRPESEFoR BRChRAgENEE RkYPYEES vieg sn

FurthernDEF Banese Pat ent Lai d-open Publication No. 8-337405 dlscloses
that metal® i ofdueous hydrogen peroxide solution, to the aqueous

hydrogen_peroxmde solution is added acid having an acid
dissociaticn index (pK,) of 5 or less in an amouﬁt of
0.05 to 5 milligram equivalent per 1 liter of the
hydrogen perocoxide solution, follewed by_bringing the

10 solution into contact with a H' type strongly acidic
cation exchange resin containing a sulfonic acid group
or a mixed bed of a H' type strongly acidic cation
exchange resin containing a sulfonic acid group and a
strongly besic anion exchange reein.'-

15 ' Further, Japanese Patent Laid-open Publicétioﬁ No. - :
7-187616 discloses a method using a strengly acidic
anion exchénge resin having a cross-linkage degree of 5
or less. Japanese Patent Laid—open Publication No. 7-
172805 discloses a method using an anion exchaﬁge resin

20 converted into ca;bonate ion type or bicarbonate'ien
type by ammonium carbonate or ammonium bicarbonate. In -
Japanese Patent Laid-open Publicetion No. 7-172805,
there is disclosed that the anion exchange resin is

used optionally in combination with a cation exchange



inpurities are reaned by the use of an ion exchange 5 resin whif ch MAY. 2005
primarily contacted with a high purity inorganic acid aqueous solution
having a netal ion content of 0.1 ppb by weight or less and then with an
ultra-pure water having a nmetal ion content of 0.1 ppb by weight or |ess.
Japanese Patent Laid-open 10 Publication No. 9-12306 di scl oses a net:hod
that metal +don inpurities are renoved by the use of an ion exchange resin
contacted wi th an aqueous hydrogen perox de solution having a netal ion
content of 20 ppt or less. 15 However, by using the above nentioned

met hods, netal ion inpurities can be renoved nerely to 1 ppb |evel.
Therefore, aqug@ug hydrogen peroxide solutions purified by conventionally
known nethods are difficult to be used for the field such as the

el ectronic 20 i ndus Lng r|t qual,ity. Further, sone of
above nentioned congg%Fﬁggggpurﬂgylng netﬁ&&ét §F I 8ract|cal use since

th duct hi gh ty d
Geous sol b BN BAEESR" MHaosus TAdPopen ReraR: G5 SSoriRtidn LEb NAY 2005 8

aqueous solu
havi ng a netakmlon onent concegs%atl n of 20fppt or less. Under these
ci r cumst ances; PH@lﬁﬁs efit ©i AVERTE ¢ use of an ion exchange

5 resin which is primarily contacted with a high purity
inorganic acid aqueous sOiution having a metal ion
content of 0.1 ppb by weight of less and.then with an.
ultra-pure water having a metal ion content of 0.1 rpb
by weight or less. Japanese Patent Laid-open

10 Publication No. 9-12306 discloées a method that metal
ion impurities are removed by the use of an ion
_exchange resin coﬁtactéd with an aqueous hydrogen

'.peroxide solution having a metal ion content of 20_pp£
or less. |

15 However, by using the above mentioned methods,
metal ion impurities can.be rembved merely to 1 ppb
level. Therefore, aqueous hydrogen peroxide.solutions
purified by conVentionally kndwn methods aré difficult
to be used fqr the field such as the electronic

20 'iﬁdustry requiring a high burity qualit&. Further,
éome of abovée mentioned conventiocnal purifying methods
are not.practical use since the production cost is
expensive by using a high purity inorganic acid aqueous

solution and an aqueous hydrogen peroxide solution'



conduct ed extensive studies to solve the above 5 nentioned probllelmdiindggs
found that netal
can be. renoved
hydr ogen peroxi de solution into contact with firstly with a H type cation
exchange resin, secondly with a 10 carbonate ion (C032-) type or

bi carbonate ion (HCO3-) type anion exchange resin, optionally with a

ion (F) type anion exchange regn, and thirdly again wth a H+
type cation exchange resin and further that the purifying nethod has the
hi gh duplicativity of the 15 nmetal ion inpurities renmoving | evel. The

fluoride

pr esent

di scoveri es. _ _
contacting an,; agyeous hydr ogen peroxi de 20 solution with a cation exchange
resin and then wWth an anion exchange resin and a purifying method using a

m xed bed of a cati

exanpl e,

ion inpurities 1in an aqueous hydrogen peroxide solution
up to a ppt level (1/1012) by bringing the agueous

[ ' h [ th [ f th
co. e O T RR S rbuN % CRIPT ARG, At AU PR | ses

e resin _and an anion exchange resin. (For

Qndexcgﬁng
see Japanese®Pht BRESCLGHGCHPERPGEFY c APPORTRESNE- 73765 LPLS

| nventors,
i mpurities suth”

'“finally-u§§

exi st as

10

20

15

howev

§§é 1 1 MAY 2005 found, in the nmethods, netal ion

KG9 ektERALRP, sbrgrRated SPAdm the akPds-exchange resin

d elute into an aqueous hydro%en peroxi de solution, and thereby
tamethopﬁguprp;ems and Toun

that metal ion impurities

in an aqueous hydrogen peroxide sclution can be removed

up to a ppt level (1/10%) by bringing the agueous

hydrogen peroxide solution into contact with firstly

with a H' type cation exchange resin, secondly with a

carbonate ion {C03%7) type or bicarbonate ion (HCO4™)

type anion exchange resin, optionally with a fluoride

ion (F'} type anion exchange resin, and thirdly égain

with a H® type cation exchange resin and further that

the purifying method has the high duplicativity of the

metal ion impurities removing level. The present

invention has been accomplished on the basis of these

discoveries.

There are conventionally known a purifying method .

comprises contacting an agqueous hydrogen peroxide

solution with a cation exchange resin and then with an

anion exchange resin and a purifying method using a

mixed bed of a cation exchange resin and an anion

exchange resin. (For example, see Japanese Patent

Laid—open Publication No. 8-73205.) Tnventors, however, -



5 Furthernore the inventors found that when the netal ion |np h%ss ﬁﬂCh
as Na, Kand A, originated fromthe anion exchange resin are é
again by the cation exchange resin, nmetal ion inpurities can be renoved up
to a considerably high purity level and also the 10 duplicativity of
removing level is high. Qobject of the invention The present invention has
an object to provide a purifying process of an aqueous hydrogen peroxi de
15 solution in which nmetal ion inpuritie® and the nmetal ion inpurities are
renmoved as conpletely as possible. Summary of the invention The process for
produci ng a purified aqueous 20 hydrogen peroxi de solution of the present
invention coppnhgesiRORhaChkREAR, a&%%%ﬁs1%%dr%%§QiQ§r%X%%%h $Ql yti on

containing metal ion Inpurities firstl e cation exchdnge

resin, second thya 2- blcarbonate i on
(HooB-) 11 m%yzﬁgﬁ%ﬂ:lm ?Eilg?g%?%ﬁ gg@ﬁ‘g% raééuoﬁpgx Sepge CrdfyWith a H

~type cation exghap Lesi Dq,,Further E rocess prodUC|n purified
~aqueous hydr ogen e§o§|§ SO u |0P1L%ofg hé F@Eénpy §°gﬁ9eHFF % ri ses
q y g p h d | o
Copury 11 og 2MBRMERYR, MAHORRR-BBL LIS LSRRI, IR Ton
inmpurities
5 Furthermore the inventors found that when the metal ion
impurities such as Na, K and Al, originated from the
~anion exchange resin are removed again by the cation
exchange resin, metal ion impurities can be removed up

to a considerably high purity level and also the

10 duplicativity of removing level is high.

Object of the invention

The present invention has an object to provide a
‘purifying process of an agqueous hydrogen peroxide
15 solution in which metal ion impurities and the metal

ion impurities are removed as completely as possible.

Summary of the invention

The érocess for producing a purified aqueous
':20 hydrogen-péroxide solution of the present invention -
comprises contacting an aqueous.hydrogén peroxide
solution containing metal ion impurities firgtly with a
H* typé pation exchange resin, secondly with a

carbonate ion  (CO5%7) type or bicarbonate ion (HCO3)



firstly with a H+ type cation exchange resin, secondly wth a fluoride ion
(F) type anion exchange resin, thirdly with a carbonate ion ?db
bi carbonate 10 ion (HCO3-) type anion exchange resin, and fourthly wth a
H+ type cation exchange resin. As described above, the treatnents of
three-step or four-step of ion exchange resin | ead to produce a
hi gh- purity aqueous hydrogen peroxide solution from 15 which ion inpurities
are renoved as conpletely as possible. {@ said process for producing a
. purified aqueous  hydrogen peroxide solution, it is desirable to bring an
aqueous hydrogen peroxide solution into contact with 20 the adsorption
resin before Ehe agueous héﬁrogen er oxi de sgLution i,s contacted with the
first H+ type YRGt7Bh BxEhaNgBYPesPR "saPdiHENiyHeYcHEEBn2eRchbhE® resin is
preferably regenerated by repeating a process, 2 or nore tines, in 1 1 MAY
2905 11 whi ch® t%%?i%ﬁcﬁﬁﬁﬂﬁngﬁsﬁﬁsin is treated with an inorganic acid
aqueous solution and then washed with ultra-pure water. Al so, said
carbonate ion (C032EYTthpe bResPEPESPBoRAr ePFBAUEHTER) PEYpELGAI on exchange
resin is preferably regenerated by repeating a process, 2 or '

]

‘agueous hydrogen peroxide solution of the present
5 inVention comprises contacting an aqueous_hydrogeh
.peroxide solution containing metal ion impurities
firstly with a H' type cation exchange résin, secondly
with a fluoride ion (F7) type anion exchangé resin,
thirdly with a carbonate ion (C0:*") type or bicarbonate
10 ion (HCO3; ) type anion exchange resin, and fourfhly
with a H' type cation excﬁange resin. - |
As described abové, the treatments of three—step
or four-step of ion exchange resiﬁ lead to produce a
high-purity aqueous hydrogen peroxide solution from
15  which ion impurities are removed as completély as
possible.
In said process for producing a pﬁrified aqueous
_hydrogen peroxide.solution, it is desirable to bring an
aqueous hydrogen peroxide solution into contac£ with
- 20 .the adsorption resin before the aqﬁeous hydrogen
peroxide solution is contacted with the first H' type
cation exchange resin.
Said H' type cation exchange resin is preferably

regenerated by repeating a process, 2 or more times, in




nmore times, in which an anion exchange resin is treated with & godiv

carbonate or sodi um bi carbonat e aqueous sol ution and then washed wit
ultra-pure water. 10 The fluoride ion (F) type anion exchange resin
preferably regenerated by repeating a process, 2 or nore tines, in which

~an -ani on exchange resin is treated wth at

2005
h .

is

| east one fluorine conmpound

aqueous solution selected fromthe group consisting of sodiumfluoride,

pot assi um fl uori de and amoni um fl uori det&nd t hen
wat er. The adsorption resin is preferably regenerated by
al cohol aqueous solution as a

washed with ultra-g
treating with an
regenerant and then washing with ultra-pure

pure

“water. 20 TheyhYdhogepraRebLaXicdeHEOREEHIAL QR i} Al solution is
desirably 40 to 70 % by wei ght, prgﬁﬁrably 45 to gﬁﬂggﬁﬁlméVbht. The use

of an aqueous;hydragen ARSLOBIGR oAl W1 DAY LG SYEh, ?%%gg@g}gfat

makes it possiblé particularl’y to renove i npuri

res’1 2

effectively. u§@EQ~BEEEfM?Qe%q“eOUS hydr ogen peroxi de solution is
. ot h

pref erabl y obtal ned

i on

trating a solid inpurities contained in the

agueous hydr ogen pegggggesgghutio% %d' 5.mhi%% a}flgcculating agent has

‘been prelimnary ad

by eacf FR&PIPEEr 2By (5Pal ¥ mtW&RFy ®4ddi ng a

_flocculaudmlbicarbonate ion (HCO;3") type anion exchange resin. is

- 10 .

15

20

.45 to 65

preferably regenerated.by repeating a process, 2 or
more times, in which an anion exchange resin is treated
with a sodium carbonate or sodium bicarbonate aquéoug
solution and then washed with ultra-pure wéter. |

The fluoride ion (F") type anion exchange resin
is preferably regenerated by repeating a process,.Z or
more times, in which an anion exchange résin is_tﬁeated
with at least one fluorine compound aqueous solution
selected from the group consisting of sodium'flﬁoride,

potassium fluoride and ammonium fluoride and then

- washed with ultra-pure water.

The adsorption resin is preferably regenerated by
treating with an alcohol aqueous solution as a

regenerant and then washing with ultra-pure water.

The hydrogen peroxide concentration in an aqueous .

solution is desirably 40 to 70 % by weight, preferably

by weight. The use of an agueous hydrogen

o

peroxide solution having such high concentration makes

it possible particularly to remove impuritiés‘

15



agent into an aqueous hydrogen peroxide solution and filtratithd Migu2disi es
by a fine filter, the insoluble netal ion inpurity conponents which can
not be renoved 10 by the ion exchange treatnment are renoved. As a result,
metal ion inpurities in the aqueous hydrogen peroxide solution can be .
renoved up to a ppt level (1/1012) or its vicinities. Further, such
filtration | eads high duplicativity of the metal ion inpurities renpving
151 evel which is acconplished at a treat2Zrent by an ion exchange resin, as
described later. Said flocculating agent is preferably at |east one
phosphorus conmpound sel ected fromthe group consisting of phosphoric acid,
pol yphosphori grastdiva0vaci di ¢ sodi um pyrophosphat e,
aninotri(nethylenephospﬁonic acid) and salt thereof, and

et hyl enedi ani net et r 84 pgt Pyt epepROSRNLBILE ﬁgagggégggezﬁaﬁdéh%ggfgi?ﬁre

phosphorus conmpound is added in an” anount "t atomc ra I P) of

he Al ion 1 1oMWYe bBPYE hE| i2i0edn| . i
e T e e S e i i

compound i n te53E, Ofed EHOﬁH@Ogaaeaagvpgagg-ggggﬁgéxggajgpﬁxggggichdn

filtration, ins bl e metal 1on I npur i
oxi de based &ﬂPHﬂ'gl§§08£815L538t5¥8£¥ ggnﬁggh preliminary added,

by a fine filter. By preliminary adding a flocculating

.agent into an aqueous hydrogen peroxide solution and
filtrating impurities by a fine filter, the insoluble_
metal ion impurity components which can not be.removed

10 by the ion eichange-treatment are removed. As a reéult,
metal ion impurities in the agueous hydrogen peroxide
solution can be removed up to a ppt level (1/10%?) or
its vicinities. Further,.such filtration leads high
duplicativity of the metal ion impurities removing

16 level which is accomplished at a treatment by an ion
exchénge reéin, as described later.

Said flocculating agent is preferably at least
one phosphorus compound selected from the group
consisting of phosphoric acid, bclyphosphoric acid,

20 acidic sodium pyrophosphate, |
amiﬁotri(methylenephosphonic acid) and salt thereof,
and ethylenediaminetetra(methylenephosphonic acidi and
salt therecf. The phosphorus compound is added in an

amount that the atomic ratio (Al/P) of the Al ion



- The fine filter used for the present invention preferably ha?«ﬁ@iav?g
-pore size of 0.2 mor less. 10 Detail ed description of the |nvent|on

process for producing a purified aqueous hydrogen peroxide sol ution of the

present invention is described nore in detail. In the present

speci fication, % ppm ppb and ppt denote % by wei ght, 15 ppm by wei ght,

ppb by wei ght and ppt by weight, respectively. The starting aqueous

hydr ogen peroxi de solution produced by d43known nethod such as the

ant hraqui none process or a direct synthetic process conprising 20 reacting

hydr ogen and oxygen directly is used in the present invention. Generally,

an. aqueous -hydreaen tRRKLOHLE 3@l 110N t?f\eorlatcﬁié?ﬁlssﬁ\ﬁ&%%;eg?%é%}Ef of ppm

| evel of -metal 1on inpurities. The inpurities iInc |on MAY

2005 14 i npur bbﬂﬁ%l%%crinasteé%’s '%lf e AU ﬁﬁbnﬁ%:}d%%ﬂt%%ﬁ)%p udo O,

Fe, Ga, Ge, In, K Li, M, Na, Nb, N Ti, Tl
Va2 sl g 0 O 0 TS,

II’TpUI’ItIGS are oril gl nate exarrp

used in produging.an. aqggoyﬁeh¥9£99591086fgéggﬁuaﬁ'“t'% 1PYhhe

ant hr aqui none process

5  impurity components as well as silicon oxide based
impurities are effectively removed.
The'fine filter used for the present invention

preferably has an average pore size of 0.2 um or less.

10 . Detailed description of the invention
The process for producing a purified aqueous
hydrogen peroxide.Solution of the presént invention is
described more in detail. In the present
specifidatibnf %, ppm, ppb and ppt denote %:by weight,
15 bpm by wéight, ppb by weight and ppt by weight,
respectivelj.
The starting aqueous hydrogen perdxide solution
produced by a known method such as the anthraquinone .
process or a direct synthetic process comﬁrising
20 reacting hydrogen and oxygen difectly is used in the
Ppresent invention.
Generally, an aqueous hydrogen_peroxide selution’
‘contains several ppk to tens of ppm level of meﬁal'ion

impurities. The impurities include metal ion



deconposition products of anthraqui none, solvents used in prodqci Afﬁ%ﬂg
agueous. hydrogen peroxide solution, 10 water used in producing (‘e 3@ i
extracting, distilling and diluting of the aqueous hydrogen peroxide),
floating dust in the air and materials of production equipnents. The

hydr ogen peroxi de concentration in its 15 aqueous solution is desirably 40
to 70 % by weight, preferably 45 to 65 % by weight. The use of an aqueous
hydr ogen peroxi de sol ution having such hl4h concentration is capabl e of
~renoving particularly silicon oxide based inpurities effectively. 20

[ Adsorption resin treatnent] In the process for producing a purified

agueous hydrg@p@rpgi@giggcﬁohgthgp gﬁ,tﬁgrphggegg ggveggiogi,a@a,aqueous
hydr ogen peroxi de solution may be contacted 11 MAY 2005 15 with an

adsorption reshp bsfore, breughl,i BLo ggptggtLimAMB afol Ofzexghan resin.
As the adsorption resin, a porous resin having no”’ion"exchangéability is

used. The porews besipcp 6HMPELSee,a shyr ene- gl vhpylhgngene ool yner and -
has no ion exchange group. The porous resih désirably has a “specific :
SUfface area’&@i&@ fﬁﬁéP{@geraﬁETogSgHQQ impurities. The
L 5 impurities are originated frbm, fdr éxample, residues
such as catalysts used in producing_aﬂ aqueous hydrogen
peroxide solution by the anthraquinoﬁe process,
decomposition products of anthraquinone, solvents used
in producihg of an aqueous hydrogen peroxide solution,
10 ‘water used in producing (e.g. extfacting,-distilling
and diluting éf thé aqueous hydrogen peroxide},
floating dust in thé air and materials of production
‘equipments.
The hydrogen peroxide concentration in its
 15 - aqueous solution ié_desirably 40 to 70 % by'weight,
preferably 45 to 65 % by weight.  The use.df an aqﬁeoué
- hydrogen peroxide solution héviﬁg such high
concentratioﬁ is capable of removing particularly
silicon cxide baéed impurities effectively.
20
[Adsorption resin treatment]
In the process for producing a purified agueous:
hydrogen peroxide solution of the present invention, an

aqueoUs hydrogen peroxide solution may be contacted



using nitrogen gas, in a dry resin of about 200 to 900 nR/g, P meﬁgnagﬁ

400 to 900 nR/g. Further such resins 10 are desirable as having. contlnuous
pore of a pore volune in a dry state of about 0.6 to 1.2 mi/g, preferably
- about 0.1 to 1.1 m/g as neasured by mercury porosinetry nethod. As the
porous resin, a resin which is constituted from polystyrene crosslinked by
15 d|V|nbeenzene and having a network structure can be wused. Such
adsorption resin includes Arberlite XAD-25 and XAD-4 produced by Rohm &
Haas conpany and HP10, HP20, HP21, HP30, HP40, HP50, SP800 and SP900
produced by M TSUBI SH CHEM CAL CORPORATICN 20 Further, a porous resin

‘contai ning ha,9gRnaganalerpUsed 28-3R adsonLpt i ?(:?:%ug%st Nl % elable exanpl es
of 'the hal ogen-containing porous resin inclu de © crossllnked

pol ymer of anwgﬁgngﬁlgogngg&hgxgeng@gqgr such as styrene and V|nyltoluene
and an aromatic 11 MAY 2005 16 pol yvi nyl" nononer such as divinyl benzene and

trivinyl benzene, a ggoﬁﬁgiggggrﬁghga éeggngb?gkggégghgggﬁ& gg%éh%hggng|nyl

~nmononer such as nmonochl orostyrene

pol yvi nyl non r sslinked pal yngr of a hal ogenated aronatic
nonovi nyl nnngﬁgreggﬁgg %ﬁ% it %Xnngvpﬁgg'ngﬁ%ﬁe?oﬁﬂﬂsaﬁgsé?onat|c pol yvinyl -

nonoirer . @§ t he halogen cogtalnln%
. COmpriseés a styrene-divinylbenzene copolymer and has no

ion exchange group. The porous resin desirably has a
7specifié surface aréa which measured by BET method
using nitrogen gas, in a dry resin of about 200 to 900
n?/g, preferably 400 to 900 m*/g. Further such resins

10 Vare desirable as haﬁing continuous pore of a pore
volume in a dry state of about 0.6 to.1.2 ml/g,
.preferably_about 0.1 to 1.1 ml/g as measured by mercury
porosimetry method. As the porous resin, a resin which
is constituted from polystyrene crosslinked by

15 divinylbenzene and having a netwofk structufe'éan be
used. Such adsorption resin includes Amberlite XAD-2
and XAD-4 produced by Rohm & Haas company and HP10,
HP20, HP21, HP30, HP40, HPS0, SP800 and SP900 produced
by MITSUBISHI CHEMICAL CORPORATION.

20 Further, a porous resin containing halogen can be :
used as an adsorption resin. Preferable examples of
the halogen—containing porous resin include a halide of
a crosslinked poiymer of an“aromatic monovinyl monomer

such as styrene and vinyltoluene and an aromatic



porous resin, a halide of styrene-divinylbenzene copol yner | rﬁ&erﬁgﬂy
-used, and, for exanple, the 10 trade nane, " SEPABEADS SP207" |ch
copol ymer of brom nated styrene and divinyl benzene and has a specific
gravity of about 1.2, can be listed. Further there can be used the
adsorption resin in mhlch a hydrophilic group such as a hydroxyl group,
chl oroal kyl 15 group or a hydroxy al kyl group is introduced into a
crosslinked copol yner of an aromatic nonggi nyl nonomer and an aronmatic
pol yvi nyl nononer. The chloroal kyl group is represented by the fornula of
-(CH2)nA and the hydroxy alkyl group is represented by the formula 20 of
-(CH2) " OH. ThE hgggﬁ&lamghgghgh%u%gaﬁg %qulk by e n9r.Qup 5 t he weaker the

hydrophilic prop erefore, "practically pref%rable are those

havi ng n of %rgglgxlgggzggglng %E§§§ﬁg%%%c aII avalka $ |ten§Eﬁx§§yer AG ._-

exanpl e, the trad azit pro ué
is well knomn §% §u treatnment proce npurltl%%ghgspeC|ally organi c

inpurities coffarfsdCi BORRVALYEoN “ﬁ?&Foﬁ gér 8% SIFQE T < be
hi ghly reduced, ,and_apount of 5 tot ani c _carbon (TOC). in an aqueous
hydr ogen per899d@0§8ggPW85y5§Heb§n eaacgaom?ﬁécaeeéwaeea& méﬁmeQs
deSirab!ylgeggggratggoggllnked polymer of a halogenated aromatic
monov1nyl monomer, an aromatic monovinyl monomer and an
aromatic polyvinyl monomexr. As the halogen-containing
porous resin, a halide of styrene-divinylbenzene
copolymer is preferably used, and, for example, the
10 trade name, “SEPABEADS SP207”, which is a copolymer of
‘brominated styrene and divinylbenzene and has a
'specific gravity of about 1.2, can be listed. Further
there can be used the adsorption resin in which a
hydrophilic group such as a hydroxyl group, chldroalkyl
15 group or a hydroxy alkyl group_is iﬁtroduced inte'a o
croeslinked copolymer of an aromatic monovinyl monomer'
and an aromatic polyvinyl monomer. The Chloroélkyl
group is represented.by the formula of - (CH:),Cl and
the hydroxzy alkyl group is represented:by the formula
20 of ~(CH;),0H. The longer a sfraight chain of alkyl
group is, the weaker the hydrophilic property is, and
therefore, practically preferable are those having n of

1 to 5. The resins are commercially available items.

For example, the trade name “Bofazit EP63” produced by



an al cohol aqueous sol ution as a regenerant and further deswrd .MLZE
regenerated by washing by ultra-pure water 10 after the treatnent by p%e

al cohol aqueous. solution as a regenerant. As an al cohol, enployable is-

nmet hanol, ethanol and 2-propanol. The concentration of the al cohol aqueous
solution 15 is preferably 10 to 60 % by weight, nore preferably 25 to 45
% by weight. The regenerant is used in a volune equivalent to that of the
adsorption resin to be treated or nore, 1preferably 2 to 4 tines as nmuch as’
the vol une that. of 20 adsorption resin. The nmethod contacting an adsorption
resin and a regenerant is a continuous flow process in which through the
col um packedpui/bh AR adsqepti @pcwn€Sin, a regenerant is passed through
upward at a SV (space velocity) of 3 to 6 H-1 and a BV (Bed vol une 11 NAY

2005 18 shows how rrgpyshl:HE%r@Bth'éﬁt\( r%%s%f ?Rgaur%i%é %%%%lr_:ulra{l%g eat ed

with and the unit is represented by

after the flow.gknthe; Egﬁneﬁgg ?Qa%%% u tra g%f%r”%g%&bgg rocess 5

conpri sing passing thro Iom1o "upf | ow of

h_the
ultra- fg;gnergggamgegsm%ﬁ b2 be! hIERILO UL, W e of

5 total organic carbon (TOC) in an aqueous hydregen
peroxide solution can be reduced. |
The adsorption resin is desirably regenerated by
an alcohol aquecus eolution as.a regenerant end further
desirably regenerated by washing by ultra—pure water
10  after the treatment by the elcohol_aqueous solution as
a regenerant;
As an alcohol, employable is methanol, ethanoi
and Z-propanol.
The concentration ef'the alcohol aqueous selution
15 is.preferably 10.£o 60 % by weight, more preferably 25
to 45 % by weight. |
| The regenerant is used in a volume equivalent to
that of the adsorption resin to be treated.or more;
preferably 2 to 4 times as much as the volﬁme that of
20  adsorption resin. The method contacting an adsorption
resin and a regenerant is a continuous fiow process in.
which through.the column packed with an adsorption
resin, a regenerant is.passed through upwerd at a SV

{space velocity} of 3 to.6 Hr™! and a BV {Bed volume



exchange resin. The upflow of ultra-pure water is passed througp MAY 2005
preferably at a SV of 10 to 30 Hr-1 and 10 a BV of 3 to 5 L/L-R aﬁd
~downfl ow of ultra-pure water -is preferably passed through at a SV of 10 to
30 Hr-1 and a BV of 3to 5 L/L-R It is preferred that washing is carried
out with ultra-pure water in an anmount (volune) of 30 to 60 tinmes as nuch
‘as that of the resin. 15 [H+ type cation exchange resin treatment (first)]
In the process for producing a purified ggueous hydrogen peroxide solution
of the present invention, after the aqueous hydrogen peroxide solution is
20 optionally treated with the adsorption resin, the aqueous hydrogen

“per oxi de SO'Uéhemsiﬁo%0ﬁ5%§F%QM@st%;gfhgheoﬁﬁﬁﬁﬁ%ﬁi?ﬁw@ %ﬁ@@gﬁﬂﬁ§§%$idlgﬁlyi

H+ type cation exchange resin used i'nvention i $ One conv

known as a steenglyal ol WAY,2005 192040 09l on exchanas testny Generally:’

the strongly acid cation exchange resin preéefer

.Structure in i gh u oni ¢ Aci roup.is_introduced _into a
styrene-di vi ny bgn§§n§ %nggrin %59% 50I5§t?? gﬁ?hgfaﬂg?gegh? cross |inkage

of such cation_exchan resin,.is usually 6 to 10, preferably 7 to 9. The
He type StronGr§oaer 8 Eat Fon ekERaRYS o dsiteE washing process

5 comprising passing through Qf downflow of ultra—pure.
water and upflow of ultra-pure water is repeated 4 to 9
timeé to further wash the after-regenerated ion |
exchange resin.. The upflow of ultra-pure water is
passed through preferably at a SV of 1b to 30 Hr! and

10 a BV of 3 to 5 L/L-R and downflow of ultranure water}
ié preferably passed through at a SV of 10 to 30 Hr™
and a BV of 3 to 5 L/L-R. It is preferred that washing
is carried out with ultra—puré_water in an amount | |
{volume) of 30 to 60 times as much as that of the resin.

15
[H" type cation exchange resin treatment (firStj]

In the process for producing a purified agueous
hydrogen peroxide solution of the present inVention,
- after the aqueous hydrogen peroxide solution is
20 .optionaliy treated with the adsorption resin, the
' équeous hydrogen peroxide solution is contacted with a
H+ type cation exchange resin.
The H' type_cation exchahge resin used for the

invention is one conventionally known as a strongly



i ncludes, for exanple, PK216, SK1B and | R-120B. The H+ type cdiﬂoﬂA?xgmgnge
resin is preferably 10 regenerated by repeating a process, 2 tines or

nore, preferably 2 to 12 tinmes, in which an cation exchange resin is
treated with a downflow of inorganic acid aqueous solution (a regenerant)
and then washed with upflow of ultra-pure water. 15 Usually, regeneration
of a cation exchange resin 1is carried out by a process that the regenerant
aqueous solution is passed through and 1@en ultra-pure water is passed

t hrough for washing the resin. In the present invention, a cycle of
regenerant flow ng/ultra-pure 20 water washing is desirably repeated

particularly 2coH cHBRBA! LIBS-nBY KEREaLI N h ngr ganj.c i.d aqueous
solution/ultra?purg métgr floﬁréthe egb anggﬁggg?ggéaﬁﬂéngg?ggg ively and

homogenous! y. heganenated agnbiekhelq;can heyaghed up Lo Lhe dnsi de of the

resin due to 1 1 MAY 2005 ontraction~and swel'Fi ng o

norgenic_eciditarise b spnveny analiv knon, ) norganle goid sheh g

sul furic acid an ydrochloric aci _ _ c acid
prefer iy e Bt o3duERYR Bk e ByaBeRh e ot oT i Hhet Lol yme O+ MOre
' _5 The degrée of cross linkage of such cation exchange
:resin'is usually 6 to.10, préférably 7 té 9.
The H' type strongly acid cation exchange resin
~includes, for example, PK216, SK1B and IR-120B.
The H' type cation_exchange_resin is preferably
' 10- regenerated by repeating a pfocésé,_Z timés OQr more,
preferably 2 to 12 times; in which.an cation exchange
resin is treated with a downfiow of inorganic acid
équeous solution (a regenerant) . and then washed with
upflow of ultra-pure water. |
15 Usually, regeneration of a cation'exchangé resin
~ is carried out by a process that the regenerant aqueéus
.solution is passed through and then ultra-pure water.is
passed through for washing the fesin.. In the present
inventioﬁ, a cycle of regenerant flowing/ultra-pure
20 water washing is desirably repeated particularly 2 or
_more times. By repeating the inorganic acid aqueﬁus
solution/ultra-pure water flow, the exchange resin éan
be effectively ana homegenously regenerated and further

can be washed up to the inside of the resin due to



volune of the regenerant for use is desirably 3 or nore tinesg p@Eﬁegﬁﬁfy
4 to 12 times, as nmuch as that of the 10 cation exchange resin to be
treated. The regenerant is passed through downward usually at a SV (space
velocity) of 1'to 5 H-1 and a BV of 0.5 to 1 L/L-R and then ultra-pure
water is passed through upward for washing at a SV of 10 to 30 H -1 and a
"BV of 15 0.1 to 0.5 L/L-R After the flow of the regenerant and ultra-pure
wat er, an ultra-pure water washing proce3@ conprising passing through of
ultra-pure water downflow and upflow, is repeated 4 to 9 tinmes to further
wash the after- 20 regenerated ion exchange resin. The ultra-pure water is

desirably passgd+i-hreugh I t SY (0f ;10 0 H-1and a BV of 3'to.
5 L/L-R and passeg th?%ug ﬁﬁé&ﬁ%&% a¥faE§% %%f to 30 Hr-1 and a BV of 3

to 5 L/L-R The io e, i S|rabl h i,th, 11 MAY 2005 21

ultra-pure water in an hunt volune) s “BOER as t hat

f th h tho t t start, yd
per oxi de. sol ut PRRUANER HoR %3%‘9%5{?%&fgr&c%&a&%p@? 0 57 he

invention, usually a continuous flow process is enployed and the aqueous
hydr ogen peroﬁ?ﬁg solution is passed through the cation

5 - The concentration of inorganic acid in a
regenerant aqueous solution is preferably 5 to 15 % by
weight, more preferably 5 to 12 % by weight. The
volume of the regenerant for use is desirably 3 or more
:times, preferably 4 to 12 times, as much as that of the

10  cation exchange resin to be treated.

The regenerant is passed through downward usually
at a SV (space velocity) of 1 to 5 Hr! and a BV of 0.5
to 1 L/L—R and then ultra-pure water is passed fhrough
upﬁard for washing at a SV of 10 to 30 Hrﬂ_and a BV of

15 0.1 to 0.5 L/L-R.

After the flow of ﬁhe fegenerant and ultra-pure
water, an ultra-pure water Washing process comprising
passing_through of ‘ultra-pure water downflow and upflow;,
is rebeaféd 4 to 9 times to further wash the after-

20 regenerated ion exchange.resin. " The ultra—pure water
is desirably passed through upward at a SV of 10 to 30
Hr™* and a BV of 3 to 5 L/L—R.and passed through
downward at a 5V of 10 to.30 Hr™' and a BV of 3 to 5

L/L-R. The ion exchange resin is desirably washed with



exchange resin |layer desirably at a space velocity (SV) of 5t I;
preferably 10 to 30 Hr-1. 10 In the above manner, by treating ﬂ?gﬁqé*1$dﬁ
type cation exchange resin, cationic netal ion inpurities in an agueous
hydr ogen peroxi de solution are renoved. [Anion exchange resin treatnent] 15
Carbonate ion (CO32-) type or bicarbonate ion (HC03-) type anion exchange
resin In the present invention, next, the aqueous hydrogen peroxide
solution is brought into contact with a@1anion exchange resin. 20 As the
ani on exchange resin, enployable are a carbonate ion (C032-) type or

bi carbonate ion (HC03-) type anion exchange resin. The carbonate ion
(C032-) type an tRhcanbenate dronn GHQR Y P& AN eXChangs rgsin is a

conventionally "1 1 MAY P 22 known ani on exchange resin regenerated to the

carbonate i o0R3ifEA32%) mMpe Q' Ricarongre jqn (HO-) type anion exchange
resin. As the conventionally known ani on 'exchange resin, 5 strongly basic

oo, B8 SRR o TR P S st o o ehe
product. by tr{,gRthyL AT e 0 ff TRhhyliethancham ne and oo
5 _éxchange resin used for the inﬁéntion, usually a
continuous flow process is employed énd the aqueous
hydrogen peroxide solution is passed thfough the cation
exchange fesin layer desirabiy at a space velocity (8V)
of 5 to 40 Hr™, preferably 10 to.3O Hrt. o
10 In the above manner, by treating with a H*Itypé
cation exchange resin, cationic metal ion impuritiés in

an aqueous hydrogen peroxide solution are removed.

[Anion exchange resin treatment]

15 Carbonate ion (CO527) type or bicarbonate ion {(HCO37)

type anion exchange resin

In the present invéntidn, next, the aqueous
hydrogen peroxide solution is brought into contact with
an anion exchange resin.

20 As the anion exchange resin, employable are a
carbonate ion (C0s*7) type or bicarbonate ion (HCOs")
type anion exchange resin.

The carbonate ion (C0;%7) tyﬁe or bicarbonate ion

(HCO37) type anion exchange resin is a conventionally



subsequently by form.ng a quaternery salt of the 10 product di 1 I 268
(the exchange resin is a quaternary anmoni um group); weak basic exchange
resins derived froma styrene-divinyl benzene crosslinked copolynmer and
having a prinmary, secondary, or tertiary amne as the exchange group;
resins derived froman 15 acrylic acid based crosslinked polynmer and havi ng
‘a tertiary am ne as the exchange group; and pyridine based anion exchange
resins conprising a polyner having a py@Rdyl group or a substituted
pyridyl group. O these, strongly basic anion exchange resins having a 20
quat ernary anmoni um group as the exchange group are preferably used in the

present invenkinemn MANYKicads0fganian £xchangs ,pqt_iagernary
ammoni um group as the exchange group are conneré§§1ly avalpgﬁﬁé

exanpl e, prodyegts @fOBZU, MR 2005 123 L g\gsé;?oiy roro}tugf?s %1& and

‘PA416, DI AION SA cycle such as SA10A an hberlite
"I RA cycle such,asah3A- 40Q, | RA-410, 1 RA-900 and IRA-904 are typical
exanples These resins are connerC|aIIy 5 available generally in the form

f hi d t Nat Cc32- bi bonat
of ‘a chloride ion type,,As the carl g&h%%ntﬁg 6$§3 erﬁ%wé%%%%hona e

ion (HC03-) type ani on exchange re5| t he

_abovennyuson%g a gn %é%q%n%nlon exchange resins obtained by

chloromethylation of a styrgne—divinylbenzeﬁe
crosslinked copolymer, followed by amination of the
préduct.by trimethylamine or dimethylethanolamine and
subéequently by forming a quaternery'salt of the
10  product of amination (the exchange resin is a -
~quaternary ammonium group); weak basic exchange résins
derived from a styrene-~divinylbenzene crosslinked
copolyme: and having a primary, secondary, or tertiary
amine as the exchange group; resins derived from an
15. .acryiic acld based crosslinked polymer aﬁd having a
_tertiary amine as the.exchange group; and pyridine
based anion exchange resins comprising a polymer hav1ng
ra pyridyl group or a substituted pyridyl group. Of
these, strongly basic anion exchange resins having a
20 quaternary ammonium group as the exchangé group are
preferably.used in the present invention.
Many kinds of anion exchange resins having a
quaternarY-ammonium group as the.exchange group are

commercially available. For example, products of



resin, such as a chloride ion type, converted into a 10 carbonate i
(C032-) type or bi car bonate ion (HC03-) type is used. The anion exchdﬁ@é
resin before converted into a carbonate ion (C032-) type or bicarbonate
~ion (HCO03-) type may not be only a chloride ion type but also a hydroxide
ion type and afluoride 15 ion type resin. Regeneration of the carbonate
~ion (C032-) type or bicarbonate ion (HC03-) type ani on exchange resin for
use in the invention is carried out by c2hverting the chloride ion type
-ani-on exchahge resin into a hydroxide 20 ion type resin and then into a
carbonate ion type or bicarbonate ion type resin. Al'so, regeneration of

‘the carbonat epiANONCER2cyct kpeueh hisC2nbaratedi @%4(1'@00%%1%%1@”' on
exchange resin which has been used is carried out, in the same 11 MAY 2005

24 manner, bYC9@m¥eEEngaEh@A@bhoﬁh@eSh@@At&Bﬁ %Qb%%ct%x%qaﬂ%%erﬁsln into a
hydrOX|de ion type resin and then 1into a carbonate 1on type oOr blcarbonate

ion type resipraTQ E@QVgﬁEh'BEOIQAhM@bOXEQﬂ 4,99 tYR&_anion Cﬁgﬁpg%qge

reS|n it is preferre that a process, whi'ch an” ani on e resinis

520 R, Pl umL PR ek Bl en (g goeneran)
5 available generally in the form of a chlorlde ion type.
As the carbonate ion (C05%7) type or’ blcarbonate
ion (HCO3;") type anion exchange resin used in-the.
present invention, the abovefmentioned anion exchange
resin, such as a chloride ion type, converted into a
10 carbonate ion (C05%7) type or bicarbonate ion (HCO;5 )
type is used. The anion exchange resin before
converted into a carbonate ion (C0:*) type or
bicarbonate ion (HCO3") type may not be only a chloridé
ion type but also a hydroxide ion type and a fluoride
18  ion type resin. |
| Regeneration of the carbonate ion (CO03%7) type or
bicarbonate ion (HCO;") type anion exchange resin for
use in the invention is carried out by convertlng the
chloride ion type anion exchange resin into a hydroxide
20 ion type resin and then into a carbonate ion type or.
bicarbonate ion type resin. | |
Also, regeneration of the carbonate ion (CQ3%)
.type or bicarbonate ion. (HCO3;™) type aniocon exchaﬁge

resin which has been used is carried out, in the same



water, is repeated 2 or nore tinmes thereby to 10 regenerate. LEdbﬂINAY agmos
ani on exchange resin is- brought into contact wth a regenerant aqueous
solution by a process that the regenerant aqueous solution is passed

t hrough and washed by ultra-pure water. In the present invention, a cycle
of passing of 15 regenerant/washing with ultra-pure water is de5|rably
repeated particularly 2 or nore times. By repeating the strongly alkali
aqueous solution/ultra-pure water flow 284he exchange resin can be

~-effectively and honpogenously regenerated and further can be washed to 20

the inside of the resin due to contraction and swelling of the resin. As

the strongly akkakir, @yCQ@h@@&tQﬂ@Ikmek@®Mbrfaé“¥dn $edi um
hydr oxi de .and pot assi um hydroxide  is used. 1 NAY 2 5 25 The strongly

al kal i concentkahkaBeCoBLALNGH tin 5 tRGL8dene e ol ut
preferably 2 to 10 96 by wei ght, r?org%pfef?r}"ab %?Dlég[%%%ya\%éigj‘rh

volure of thesnegenctanhotgteUse, 3 ﬁg%chyatl%o%ratSe e S e

preferably 4 to 12 tines, as muc he "anion éxc n ¢ F%edin to

pe Leites T rpageL ey T MR =
5 exchange.resin, it is preferred that a process, in

which.an anion exchange resin is treated with a
downflow of strongly alkali aqueous solﬁtion
(:egenerant) and then treated with upflow of uitranbure
wéter, ié repeated 2 or more times thereby to

10 regenerate. Usually, an anion exchaﬁge resin is
brought into contact with a regenerant aqueous solution
by a process that the regenerant aqueous solution is
passed through.and washed by ultra-pure water. In the
present invention, a cycle of passing of

15 regenerant/washing with pltra—pure water 1is desirably'
repeatéd parficularly 2 or more times. By repeating'
the strongly alkali aqueous solutiqn/ultra—pure water
flow, the exchange resin can be effectively and
homogenousliy regenerated and further can be washed.to

20 the inside of the resin due to contraction and sweiling
of the resin.

As the strongly alkali, a conventionally knéwn

alkali such as sodium hYdroxide and potassium.hydroxide

is used.



tol L/L-R and then ultra-pure water is passed through 10 upmaﬁq h%i ?
washing at a SV of 10 to 30 Hr-1 and a BV of 0.1 to 0.5 L/L-R A r mﬁe
flow of the regenerant and ultra-pure water, an ultra-puré water washing
process conprising passing through of ultra-pure water is passed through
15 downward and upward, is repeated 4 to 9 tines to further wash the
after-regenerated ion exchange resin. The ultra-pure water is desirably
passed t hrough upward at a SV of 10 to 2 Hr-1 and a BV of 3 to 5 L/L-R
and * passed through downward at a SV of 10 to 30 Hr-1 and a 20 BV of 3 to 5
L/L-R The ion exchange resin is desirably washed with ultra-pure water in

an anount  (vol une)TRE 30-5R469 Bhﬁ§§ia§oﬂgﬁgg§§tﬁ ﬁtcgﬁtEQQgﬁeﬁhn' Next,

t he ani on exchange resin converted into a roxi de ron as described above

is treated mj%Hearégén@@ghgoga%ggugagB?B@g§nfgﬁbb%@%ggggﬁgtgqﬁ%oﬂ% sol ution

(regenerant) to be converted (regenerate o-a car ype or

bi car bonat e i t ni X i . .The carbonate,type.or
bi car bonat e i% ?%% hghi@ﬁr85ﬁg§g%gﬁég§rgsF§ Eof égewﬁﬁgp é p?gient

\Twention |2 (BUGkE abLypLonenelabed Py opest ing aprocers, 2 o0 o e
.describedsng¥§rést££ggEegore preferably 4 to 12 times, as much as
that of the anion exchange resin to be treated.

The regenerant is passed through downward usually
at a SV (space velocity) of 1 to 5 Hr ! and a BV of 0.5
to 1 L/L-R and then ultranure water is passed through

10° upward for washing at a SV of 10 to 30 Hr™! and a BV of .
0.1 to.0.5 L/L-R.

After the flow of the regenerant aﬁd ultra-pure
water, an ultra-pure water_ﬁaéhing process.comprisihg
passing through of ultrampure water is.passed through

15  downward and upward, 1s repeated 4 to 9 times to
further wash the after—regenerated ion e#change'resin{
The ultra-pure water is desirably passed through upward
at a SV of 10 to 30 Hr™! and a BV of 3 to 5 L/L-R and -
passed through downward at a SV of.lo to 30 Hr™' and a -

.20 BV of 3 to 5 L/L-R. The ion exchange resin is
desirably washéd with ultra-pure water in an amount
(volume) of 30 to 60 times as ﬁuch as that of the resin.

Next, the anion exéhange resin converted into a

hydroxide ion as described above is treated with a



mnth a dOMﬂf|OM/Of carbonate or bicarbonate aqueous 10 solut|0p1 HAY gmm
(regenerant) and then treated with upflow of ultra-pure water. As
carbonat e or bicarbonate, a conventionally known carbonate or blcarbonate
such as sodi um carbonate, sodi um bi carbonate, potassium carbonate and
pot assi um 15 bi carbonate is used. By repeating the carbonate or
bi car bonat e aqueous solution/ultra-pure water flow, as described above,
t he exchange resin can be effectively a@f honogenously regenerated and
further can be washed to the inside of the resin due to contraction and 20
swelling of the resin. The concentration of carbonate or bicarbonate in a

regenerant aq lLu [ %
preferably 5 tggg%gnaggywv%g:&glﬁ%ﬂrﬁae&eab%%e%&so Sh:ie ‘?le%%n‘\fé%ﬁ‘? se is

desirably 3 OEP”B%ec%n¥e¥%ﬁéﬂ% ré% éfé?é& Ib e{?g; Q?n%%l tlnes as

much as that of the anion excha resin ant is

passed t hroug r SV (s ace veIOC|ty) of 1 to 5 Hr-1
~and a BV of OBégggBto % Lﬁ%%RaﬁE) ﬁgﬁ‘r1trégﬁﬁ¥% ater™ i s passed through
upward for washing a SV.o 0 to 30 Hr-1 and a Bv of 0.1 to 0.5 L/L-R
After the flow of tﬁé rES§RSP§% INE Y & %Onate ion type anion

5 ‘exchange resin for use in the present invention is
preferably regenerated by repeating a procéss, 2 or
ﬁore times, in which the hydroxide ion type anion
exchange resin treated as described above is treated
with a downflow Qf carbonafe or bicarbonate équeous

10_ solution (regenerant) and then treated with.ﬁpflow of
ultrafpure water.

As the carbonate or bicarbonate, a convéntipnally
known carbonate or bicarbonate such as sodium carbonate,
sodium bicarbonate, potassium carbdnate and pofassium

15 bicarbonate is used. By repeating the carbonate or
bicarbonate aqueous solution/ultra-pure water.flow; aé
described above, the exchange resin can be effectively
and homogenously regenerated and further ban be washed
to the inside of the resin due to contraction and

20 éwelling of the resin.

The concentration of carbonate or bicarbonéte in
a regenerant aqueous solution is preferably.5 to 15 %
by weight, more preferably 5 tc 12 % by weigh?- Thé

volume of the regenerant for use is desirably 3 cor more



wat er, further an ultra-pure water washing process 10 conpris'ngvgﬁzﬁfgg
t hrough of. downfl ow of ultra-pure water and upflow of ultra-p r é 0ps
repeated 4 to 9 times to further wash the after-regenerated i on exchange.
resin. The upflow of ultra-pure water is passed through preferably at a SV
of 10 to 30 H-1 and 15 a BV of 3 to 5 L/L-R and downfl ow of ultra-pure
water is preferably passed through at a SV of 10 to 30 Hr-1 and a BV of 3
to 5 L/L-R It is preferred that washing@zis carried out with ultra-pure
water in an amount (volune) of 30 to 60 tinmes as nuch as that of the
resin. 20 As the method contacting an aqueous hydrogen peroxide solution

Wih a carbonal el oneLYPEy g5, DUCALDRALENEAN LYPG. AR 09 gxchange fesin.

) : o)
used for the 1nvention, usua a continuous OW process Is e

The aqueous h e .d utiop_is_1 Y 2005 28 passed through
YA 89e0, PRLAXLAZSOhULLORT £ LT MY

t he ani on exchangé resin Fayer sirably Space velocity (SV) of 5 to
40 Hr-1, preferanyT%O to 30 Hr- of ani on exchan%e resin
y .

1. The.contact a
and 5 aqueous hydr ogén 5%?%§?ﬁangofﬁtP8ﬁng géFPF%H aawnaﬁrﬁ upgt |
esi m by oxi GRE1reV pt SURHEI ALBFLEGLchrr dnc8 o1 HEracier A For Hydr ogen
-perQXIde ?ﬁq to 1 L/L-R and then ultra-pure wate: is passed through |
| upward for washing at a SV of 10 to 30 Hr'' and a BV of
0.1 to 0.5 L/L—R..
After the flow of the regenerant and uitra~pure
water, further an ultra-pure water washing process
. 10 comprising passing through_of downflow of ultra-pure
water énd upfléwrof ultra-pure water is repeated 4 to 9
ﬁimes to further wash the after—regenerated ion 7"
exchange resin. The upflow of ultra-pure water is
passed through preferably at a SV of.lo to 30 Hr™' and
18 a BV of 3 to 5 L/L-R and downflow of.ultra—pure water
is preferably passed through at a SV of 10 to 30 Hrﬂ
and a BV of 3 to 5 L/L-R. It is preferred that washing
is car;ied out with ultra—pure water in an amount
(velume) of.30 toIGO times as much as thét of the resinf
20 _ As the method cohtacting an aqﬁeous hydrogen
peroxide solution with.a carbonate ion type or |
:bicarbonate ion type anion exéhange resin used for the

invention, usually a continuous flow process is

employed. The aqueous hydrogen peroxide sclution is



heat'generation by deconposition of hydrogen peroxide 10 at_thq eqqéﬁc%m
Particularly, in the aqueous hydrogen peroxide solution treated w ﬁH

~‘type cation  exchange resin, H+ is sonetinmes contained nore than that

generated by dissoci ation of the aqueous hydrogen peroxide solution, and
the H+ and an ani on exchange 15 group CO03 2- or HCO3- react neutrally each
- other. and sonetinmes heat generation occurs. Further, in contacting the
carbonate ion type or bicarbonate type 28n type ani on exchange resin and
t he agueous hydrogen peroxide solution, cracker gas is occurred by 20
deconposi ti on of the aqueous hydrogen peroxide solution and further heat

‘generation bypdeseapesirbiugA BRY Qﬁ@@h-exE%bnb@er%QQ%31%@%E!%%%qrr%ﬁﬁan, in
treating an aqueous hydrogen peroxide soluti'on with an~ anion exgha ge

ating an us | | de. Y, 2005 29
resin, it isaprgfephed thabcihe agygous @y@%oqgn&ﬁerpﬁ%%§3éﬁﬁag$‘1@

solution has been cooled at a | Ow tenperature, or ide ion
(F) type ani op,exghapege resin 5 In the process for producing a purified
aqueous hydrogen peroxide solution of the -present invention, the aqgueous

rychogen per o e, RULLTCERY, B SAURCHR D OOy R, o o
o 5 agueous hydrogen pe;oxide solution is cérried out at a

low'temperature in view of safety such as prevention of
degradation of the resin by oxidation, prevention of
occurrence of cracker gas from hydrogen peroxide and
heat generation by decomposition of hydrogen peroxide

10 -at the contact. Particularly, in the aqueous.hydrogen
peroxide solution treated'with'a H* type cation
exchange resin, H' is sometimes contained more'than
that generated by dissociation of.the aqueous hydrogen
peroxide solution, and the H' and an anion exchenge

15 group CO3°" or HCO; react neutrally each other_end
sometimes heat generation occurs. Further, in
Coﬁtacting the carbonate ion.type or bicarbonate fype
ion type anion exChange resin and the aqueoes hydrogen
peroxide solution, cracker gas is occurred by

20 decomposition of_the agueous Hydrogen peroxide solution
-and furthe; heat generation by decomposition may eccurh
For the above meniioned reasons, in treating an aqueous

hydrogen peroxide solution with an anion exchange resin

it is preferred that the aqueous hydfogen peroxide



.10 resin, before brought into contact with the above nentioned CFWHQ“%@
ion (C032-) type or bicarbonate ion (HC03-) type anion exchang resin. @@
contacting the anion exchange resin converted ‘into a fluoride ion type

w th an aqueous hydrogen 15 peroxide solution, silica dissolved in the
aqueous hydrogen peroxide solution is captured by the anion exchange
resin and renpved. The fluoride ion (F) type anion exchange resin, is one
in which the conventionally known ani on 2xchange 20 resin is regenerated
to a fluoride ion type. As the conventionally known ani on exchange resins,

- enpl oyabl e are the same as nentioned above. The fluoride ion type anion
exchange resigousedofiorakhgeRhesS8RY clNYENLi [ exeha esin. |n
1 1 MAY 2005 30 which one of a chl orldeglgngeypgeg Fg%kggghaﬁge%?ggrn a
“hydroxi de ion type anion exchange resin, a carbonate ion type anion
exchange resin and a bicarbonate ion type anion exchange resin. 5 The
‘regenerant used for converting into a fluoride ion type anion exchange
resin is at |least one kind of fluorine conpounds selected fromthe group
onS|st|ng ofnggiyg%flggrlge)A@ 5a55|un1flu ride and ., anmoni um f | uori de.

e 4arnlon excnange I'eSll'l

5 - In the process for producing a purified aqueous
hydrogen peroxide solution of the bfesent invention,
the aqueous hydrogen peroxide solution may be contacted
-with a fluoride ion type anion exchange resiﬁ after
brought into contact with the H' type cation exchange

10 resin, before brought into contact Qith the above
mentioned carbonate ion (COf') type ot bicarbonate ion
{HCO3") type anion exchange resin.

By contacting the anion exchange resin converted
into a fluoride ion typé with an aqueous hydrogen

15 peroxide solution, siliéa dissolved in the agueous
.hydrogen peroxide solution is captured by the anion
exchange resin and removed.

The fluoride ion .(F7) type anion exchange resin
is one in which'the conventionally known anion exéhange_

20 resin is regenerated to a fluoride ion fype.

As the conventionally known anion éxchange resins,
employable are.the same as mentioned above.
The fluoride ion type anion exchange resin used

for the present invention is an anion exchange resin in



10 To convert the anion exchange resin into a fluoride ion typ e &%ﬂ on
exchange resin is contacted with the above nentioned aqueous so ut|o
containing a regenerant. Effective process for contacting the anion
exchange resin and the aqueous 15 hydrogen peroxide solution is a
continuous flow process - in which the anion exchange resin is packed into a
colum and then the regenerant aqueous solution is passed through the
colum, ultra-pure water is passed throggh to wash the ani on exchange
resin thoroughly. 20 The concentration of the regenerant is usually 1 to 4
% by weight, desirably 2 to 4 %by weight. The amount (vol une) ?f tBF 4
regenerant f S rqu .S: qdesira nor.e preferably

9 O&hPéﬁ bﬂg B@ 9“1??1%@ $bh ghée afli oL C%awﬁg 35668731 | n the

to 12 ti mes, as that o e exch e resin.

t th h . fluoride
Pon type. “!52% 92% bRUFENYEE. FOfe A81BR Bl chEenattite " sorarronatt

|t deS|rab eated 2 or e tine 5 Specifically, a
gyc{g g?rflo&?% g frow 6 chf gagnﬁﬁﬁﬁp 38508u91§8F EP8iCar@ upf | ow of

ultra-pure ter |s deS|raE ¥ egeated 2 or nore tinmes. By repeating the
f1uorine con%%ﬂ%ﬁ ARheBUS*CLBIERI bRPNtr a- pure wat er flow, the ion exchange

resin 5 The regenerant used for convertlng into a
fluorlde ion type anion exchange resin is at least one
kind of fluorine compounds selected from the group
consisting of sodium fluoride, potassium fluoride and
ammonium fluoride. |

10 - To convert the anion exchange fesin_into a
flﬁoride ion type, the anion exchange resin is
contacted with the abqve mentioned aqueous'solution
containing a regenerant. REffective process for
contacting the anion exchange fesin and the équeous

15 hydrogen peroxide solution is a continuous flow process
_iﬁ which the anion exchange resin is packed into a
column and then the regeneraht agqueous solution is
passed through the column, ultra—pure water is passed
through to wash the anion exchange resin thoroughly.

20 The concentration of.the regenerant is usually 1 to 4 %
by weight, desirably 2 to 4 % by weight. The amount’
(volume) of the regenerant for passing through is
desirably 3 or more timés, preferably 4 to 12 times,.as

much as that of the exchange resin.



10 can be effectively and honbgenously regenerated and furtheﬁ fq@“quﬁ
washed up to the inside of the resin due to contraction and swelling o
the resin. The regenerant is passed through downward usually at a SV
(space velocity) of 1 to 5 H-1 and a BV of 0.5 15 to 1 L/L-R and then
ultra-pure water is passed through upward for washing at a SV of 10 to 30
H-1 and a BV of 0.1 to 0.5 L/L-R After the flow of .the regenerant and
ul'tra-pure water, further an ultra-pured3hater washing process 20
conpri sing passing through of downflow of ultra-pure water and upfl ow of
~ultra-pure water is repeated 4 to 9 tinmes to further wash the

after-regenerated i oA tR¥ChaBgenteshRenthenuph howeat cuht ha- PULe paler is
passed t hrough preferably at a SV of 10 to 30 Hr-1 and 1 MAY 2005 32 a BV

of 3 to 5 L/ LeR-BRAgtheedownt how af rulbrazrure er iss pr ef grably: passed
t hrough at a SV of 10 to 30 Hr-1 and a BV of 3 ?%bS'LFLPR.% tl%EC%feferred

that “washingeisyCaErtRE oubehbkny! LERCBULE JMLES ohn 238 B13FuAL, Lyl ume)

of 30 to 60 tines as nuch as that of ‘the resin. reati ng w

fluoride ion {ypgrantofes eXaBANILLESLRY 3N AAHBQUS fydrogen peroxide
solution 1is not necessari y cooled at contacting Wltl the
5 ‘Specifically, a cycle of flow of a downflow of '
.regenerant aqueous solution and upflow of ultra-pure
water i1s desirably repeated 2 or more times.
By repeating the flﬁorine compound agueous
solution/ultra-pure water flow, the ion exchange resin
10 can be effectively and homogenously'regénerated and_
further can be washed up to the inside of the resin due
to contraction and swelling of the resin. |
The regenerant.is passed through downward usually
at a SV (space velocity) of 1 to 5 Hfﬂ'and a BV of 0.5
16 to 1 L/L-R and then ultraHpﬁre water is passed throﬁgh
upward for washing at a SV of ZLO.-to’3OHr"1 and a BV of
0.1 to 0.5 L/L-R.
After the flow of the regenerant and ultra-pure
water, further an ultra-pure water washing process
20 compfising passing through of downflow of ultra-pure
water and upflow of ultra-pure water is repeated 4 to 9
times to further wash the.after—regenerated ion
exchange resin. The upflow of ultra-pure water is

" passed through preferably at a SV of 10 to 30 Hr™* and



. renpved. 10 [

10 exchange resin as the case of contacting the solution wth tfﬁ@f i
carbonate type or bicarbonate type anion exchange resin, si ncéd ‘%@@gbus
hydr ogen peroxide solution is not easily deconposed. In the present
i-nvention, as the nethod 15 contacting the aqueous hydrogen peroxide
solution with the fluoride ion type anion exchange resin, usually a
continuous flow process is enployed and the aqueous hydrogen peroxide
solution is passed through the anion ex3hange resin |layer desirably at a
space velocity (SV) 20 of 5 to 40 Hr-1, preferably 10 to 30 H-1. In the

"~ purified aqueous hydrogen peroxide solution treated with the fluoride ion

type anion exchange sesbng flHoRi deqdi eng aeeHEned By tHe . on, exchange are
cont ai ned. However, the fluoride ions can 11 MAY 2005 33 ge enoved by

contacting wiyhan 20l oeexchBngesEesh cAYElgRSthe aboue- gntiongd

carbonate or bicarbon type fesin ve nanner by contactlng'

the ‘anion 5 gxehange.resi %fm§kh§hglgqy%pus @ygro er ox g sol ution,
gles aﬁ

di ssol ubl e S|I|ca and anionic netal conplex “inpar Plate i ons

| derived 11 oM S (AnL 008 200 SREDL Ky YO 2L L0n, Sxglangs pesins are
| 5 amount {volume) of 30 to 60 times as much as that of &
the resin.

Iﬁ treating with a fluoridé ion.type anion
exchange resin, an agueous hydrogen peroxide solution
is not neceséarily Qoqled at contagting with the

10 exchange reéih as the case of contacting the soiution
with the carbonate type or'bicafbonate type anion
exchange resin, since the aqueous hydrogeﬁ peroxide
solution is not easily decomposed.

In the présent invention, as the method

15 :Contacting the adﬁeous hydrogen peroxide solution witﬁ
the fluoride ion type anion exchange resin,_ﬁsually a
éontinuous flow process is employed and the aéuequs
hydrogen peroxide solution is passed through the anion
exchange resin layer desirably at a space velocity-(SV)

20 of 5 to 40 Hr™*, preferably 10 to 30 Hr™*

In the purified aqueous hydrogen peroxide
solution treated with the fluoride ion type anion

exchange resin, fluoride ions occurred by the ion

exchange are contained. However, the fluoride lons can



In the present invention, after the anion exchange resin is contpﬁtﬁﬂixhhg
the aqueous hydrogen peroxide solution in the above manner, again a

type. cation exchange resin is contacted with the agueous 15 hydrogen
peroxide solution. As the H+ type cation exchange resin, there can be used
the same ones as nentioned above. Bringing the aqueous hydrogen  peroxide

solution into contact with the cation exchange resin is carried out by the -

continuous flow process. 20 The aqueous #¥ydrogen peroxide solution is
passed through the H type cation exchange resin |layer desirably at a
space velocity (SV) of 5 to 40 H-1, preferably 10 to 30 H-1. By treating

wih the H typereabien sychanagctinlfhy:ef03,34085! 0,89800, gLena mnute

anount of Na+, K+ and Al3 contained in the anion exchangé€ resin as
inpurities ca e.Le e n ] |, i.on, i npurities.can,be renoved up
tgpthe-very h?%ﬁgl%%ePﬂéugﬁoggngg%ﬁgghggeF%EPOPF§6506i%Fﬁﬁfpggét@bunter

i ons of Nat+, gi gng é&ﬁ+, which is to be renoved, are carbonate ions or-
bi car bonate i 6h3- WArch are evapor at ed as carbon di oxide after the cation
-exchange and therebg dg not. remai n in“thg agueous ,hydrogen peroxi de

sol ution. When the aQueBEs®RYYF YRR 26 pBYokPBERSEI DI bRSI 8MABY t r eat ed

with the gsecond H+ , .
S 3 exchange resin with the aqueous hydrogen peroxide

solution, dissoluble silica and anionic metal complex
impurities and sulfate ions derived from other anions

and spent H' type cation exchange resins are removed.

10 [H* type cation exchange resin treatment (second)]
In the present invention, after_the.anion

exchange resin is contacted with the aqueous hydrogen.
~peroxide solution in the above manner, again a H" type
cation exchangé resin is contacted with the aqueous

15_ 'hydrogen peroxide solution. As the H+ type cation
exchange resin, there can be used the séme oneé as
mentioned above. Bringing the aqueous hydrogen
peroxide solution into contact with the cation exchange
resin is carried out by the continuous flow pr0ceSS.

20 The aqueous hydrogen peroxide solution is passed
thrﬁugh the H' type cation exchange resin layer
desirably at a space velocity (SV) of 5 to 40 Hr_ﬂ
-prefefably 10 to 30 Hrt.

By-tredting with the H' type cation exchange



type cation exchange resin, the mnute amount of netal ions con aiqﬁﬁ,
inpurities sonetinmes may not be renoved. 15 [Filtration treatne 2005
process for producing a purified aqueous hydrogen peroxide solution of the
tion,

present inven
exchange resi

ns,

it

prior to the three-step or four-step treatnent with ion
is preferred that the aqueous 20 hydrogen peroxide

solution to mhlch a flocculating agent is added be filtrated by a fine
renmove insoluble nmetal 3#&n inpurities contained in the
aqueous hydrogen peroxide solution as solid inpurities. The insoluble netal

filter so as

‘to

- ion inpurities as well as 11 MAY 2005 35 dissoluble nmetal ion inpurities

are ori ginat edeSianubhen, wabeh UsdndkPLAUUGLI 07 RbhYRr agen peroxi de,
t inthe air and nmaterials of productlon equi pnent's. The

floccul ating aggphihaqagddednsoaas oho&eRdanse »oiLh .agsqhB%E F”%tal Ion

- floating dus

inpurities in the aqueous hydrogen peroxide s6rati on to

Itra “8d and

S, Qusually anphospiorts opmRopthe PLET PLEbl fol2; 2o gggghgégg%ggﬁ und

selected fromthe group consi st

dtﬂ§d@gggnhEgEOReeéﬁh%h%h %g'goggk<qz 1! gpeghosphon

aci'd, disodiu
aC|d) and sal

100

phospnorTc

ereo

'§ wvicinities. Counter ions of Na', K' and A1, Which is

to be removed, are carbonate ions or bicarbonate ions

which are évaporated as . carbon dioxide after the cation

exchange and thereby do not remain in the aqueous

hydrogen peroxide solution. When the aquebus_hydrogen

10 peroxide solution is not treated with thé second HY

type cation exchange resin, the minute amount of metal.

ions contained as impurities sometimes may not be

removed.

.15

[Filtration treatment]

The process for producing a purified aqueocus

hydrogen peroxide solution of the present invention,

prior to the three—step or four-step treatment with ion

exchange resins, it is preferred that the agueous

20 - hydrogen peroxide solution to which a flocculating

agent is added be filtrated by a fine filter so as to

remove insoluble metal ion impurities contained in the

aqueous hydrogen peroxide solution as solid impurities.

The insoluble metal ion impurities as well as



et hyl enedi ami net et r a( net hyl enephosphoni ¢ acid) and salt theredf] MAY 2805
Particularly when. Al ion inpurities are contained 15 in an agueous

‘hydr ogen peroxide solution, the phosphorus based conpound is preferably
added in an anount that the atomc ratio (AI/P) of the Al ion inpurities
contained in the aqueous hydrogen peroxide solution in ternms of an Al atom
to the phosphorus based 20 conpound in terns of a phosphorus atom (P) is
0.045 or less, preferably 0.005 to 0.04%5 After the phosphorus based
conpound is added, it is preferred that the aqueous hydrogen peroxide

sol uti on has been aged. for usually nore than a day, 11 MAY 2005 36
preferably 1 a Agin be carri.ed out thout stirring.
By the aglng,&?%ggg %?e W%ia '|on lmﬁﬁu%F% &8s Pﬁégéaﬁégggfﬁ§ﬁi5

per oxi de solutlﬁn are .fl ccurg .and %rﬁmg to be filtrated. The fine
filter for usé&rh" tﬂﬁeﬁrﬁ eRECFRY ﬁPPoﬁ rﬁﬁeﬁvgﬁﬁﬁélgSVe %Pf§189‘0 2 m
or |ess, prefg X gn1or | ess, rials constituting the fine filter
are not restrfefkd Hst?ﬁr a& fhe WﬁF@Fﬁé § 86 REPIUEHTLAPN SEUHPBITE s
solving into the a ueous hydrogen 10 peroxi de sol ution. However, materials
conprising fluorin ?e§Fﬁ§cubéF989eFEﬁnFeéﬁn§d§9éh585aﬁoF?eFﬁ?ﬁ@ﬁée

5 the insoluble metal ion impurities in the agqueous
hydrogen peroxide solutioﬁ to be filtrated and is
usually a phosphorus compound. Preferable is a
phosphorus compound selected from the group consisting
of phosphoric acid, polyphosphoric acid, disodium

10 dihydrogen pyrophosphate, aminotri(methylenephoséhénic
acid) and salt thereof, and |
ethylenediamirnietetra (methylenephosphonic acid) and sait
thereof.

Particularly when Al ion impurities are cbntained

15 in an aqueous hydrogen ?eroxide solution, the
phosphorus based compound is preferably added in an
amoﬁnt thét the atomic rafio {(Al/P) of the Al ion
‘impurities contained in the aqueous hydrogen perokide
solution in terms of an Al atom td_the phosphorus based
-__20 compound in terms of a pﬁosphorus atom (P) is 0.045 or

less, preferably 0.005 to 0.045.

After the phosphorus based compound is added, it -
is preferred that the aqﬁeous.hydrogen peroxide

solution has been aged for usually more thar a day,



~and pol ypropyl ene, polysul fone resins and pol ycarbonate resins1aqre;aflégﬂ»s?ﬁ[g;r :
O these, materials conprising fluorine resins are preferable. 15 Fur , :
optionally, ultra-pure water is added to the aqueous hydrogen peroxide
obt ai ned by the above nentioned process according to the present invention

so as to regulate the hydrogen peroxide concentration. As the ultra-pure

wat er, one fromwhich inpurities are 20 highly renoved is preferably used.

By the above operation, a high-purity pu86éfied aqueous hydrogen peroxide
solution fromwhich metal ion inpurities are renoved up to a ppt |evel or

its -vicinities can be prepared. 11 MAY 2005 37 Furthernore, in the present

Nt on.  { REesmBNnIbe used sadayEl ]| £0189uRRYSLDY 0L pOPOARBEN I8 SOl Lt on
fromwhich other inmpurities such as organiC inpurities and silicon oxide

conpounds havg,bge | ki nari Ly 5greppye t he conventionally.known
met hods. The hfgh-B%EP?t§%%g?ﬁ??ed % ugg%sgﬂgﬁgbggﬁgggFggéd@eg%hu%PBn

Cbtained oY, | BRpRLOEesS oh LHE LRYERLLOD LS LULLACH. RUTLiLed bY the

conventional |y known nethods by~ ‘renovin mpur it H°4s organic
| mpuri Ui es 10,200,51LEGOD, 01 de conpetinds, s Lhe. Geaventional Iy known
e ; S o

nmet hods to renove ot her I ipurl such “as

' | 5 ‘The fine filter for use in the present invention
has an average pore size of 0.2 um or less, preferably
0.1 pm or less. Materials constituting tﬁe fine filter
are not restricted as far as the materials do not |
contain compbnents solving into the aqueous hydrogen

10 peroxide solution. However, materials coﬁprising
filuorine resiné, polyolefin resins such as polyethylene
and polypropylene, polyéulfone resins-ahd polycarbonate
resins are used. df these, materials comprising
fluorine resins are ﬁreferable.

15 Further, optionally, ultra—puré water is added to
the aqueous hydrogen peroxide obtained by the above
.mentioned process according to the present invention 'so
as to regulaterthe'hydrogen peroxide concentration. As
the ultré—pure water, one from which impurities are

20 highly remoﬁed_is preferably used.

By the above operation, a high-purity purified
aqueous.hydrogen peroxide solution from which metal ion
_impurities are removed up to'a ppt lével or its

vicinities can be prepared.



organic inmpurities and silicon oxide conpounds, nethods using%q v
distillation, an ultrafiltration film a chelate resin and th |W£e.2m$
conbi ni ng those nmethods 15 and the process of the present invention, not
only netal ion inpurities but also other inpurities can be highly
renoved. Effect of the invention 20 According to the process of the present
invention, mnetal ion inpurities contained in an aqueous hydrogen peroxide
solution can be effectively renoved, andg3a. very high-quality aqueous
hydrogen peroxide solution having a netal ion inpurity content of a.few
ppt level 1 1 MAY 205 38 or its vicinities can be produced. Further, the

agueous hydrogen peroxij ti rified by the process,of the present
invention has a googgg%ﬁggﬁgkgé 95UBE?C§FF§FP¥ 6PVF8§éPHOf%P§r vifid net al

ion inmpurities. Exanples Tge gresent inyention is descrjbed ngre
“specifically é?tHs?g?grEHEé 5 eRdMprEs. GER, PEREX L GfeSEMt i Nention i's
not limted tg t he exapples. 10 The.contents of metal ion inpurities were
‘neasured by a FPﬁnﬂpéggpagsﬁ?clgB§5ﬁ t£6n SYFEcPPoEPAPIC HEPIAES 378t hod and

| CP- M5 nethod. The contents of organic inpurities (TOC. total _organic
carbon) were and silicon oxide compounds have been preliminarily

_5 removed by the conventionalily known methods. The high—
purity purified aqueous hydrogen peroxide sclution
obtained by the process of the invention may be furthér_
pu;ified by the conventionally known methoas by
removing other impurities such as organic impqrities*

10 and silicon oxide compounds. Aé the conventionaily.
“known methods to remove other impurities such as
organic impurities and silicon oxide compounds, methods
using a distillation, an ultrafiltration film, a
chelate resin and the like. By combining those methods .

15 and the process of the present invegtion, not only
metal ion impurities but alsc other impurities cén be

.highly removed.

Effect of the invention

20 According to the process.of the present invention,
metal ion impurities contained in an.aqueous hydrogen
peroxide soluticn can be effectively removed, and a
very high~quality aqueocus hydrogen peroxide solution

having a metal ion impurity content of a few ppt'level



measured by a conbustion-infrared nethod. Further, ppb 15 and ppt denote
ppb by weight and ppt by weight, respectively. Exanple 1 Acid@c,ygﬁiw@q
pyr ophosphat e was added to 60.1 % 20 by wei ght of aqueous hydroge -
peroxi de solution . containing netal ion inmpurities shown in the follow ng
~Table 1 to prepare 0.070 g/liter of the m xed solution. Then the m xture
was aged without stirring for 3 days and filtrated by a filter of an
average pore size of 11 MAY 2005 39 0.1 38 The ratio (AI/P atomc ratio) of
metal atom Al in netal ion inpurities to phosphorus atomin the added
aci di ¢ sodi um pyrophosphate was 0.039. The filtrated aqueous hydrogen
peroxi de sol ugi-0Ry 5 ORLILN S hro ol packed with a
H+ type catio%keggﬁag3§§ng?%baggg ?%a@§%§§%§?rtygggﬁﬁegbfng H-1to
contact with S e i resi.n,. secondl '
LOgebhEShyliobURepEaLLOR. BXGNANAR LASER: SERONALY,

continuously passe oug col um “pac a“bicarbdnate i on type

[ 10 h ' 1.Lh ' . -3.C | oci t S f
15 br-1 to conrae s Ch LRE BrearbondfyonTofrt PpE BnORTeXPRaRGE e h, and

ook BUEYSLY  FESSH LU SO BIEARS, A Tl IR S0 on
o o . . | : . - o
Examgles.
The present invention ié described more
specifically with reference to examples. However, the
present invention is not limited to the examples.
10 _.  The contents of metal ion impurities were

measured by a flameless atomic absorption spéctrometry,

ICP-AES method énd ICP-MS method. The contenﬁs of

organic impgrities {TOC: total organic carbon).were

measured by a combustion-infrared method. Eurther,_ppb
15 and ppt denote ppb by weight and ppt by weight,:

- respectively.

Example 1
Acidic sodium pyrophosphate waS'added'to 60.1 %
20 Dby weight of aqueous hydrogen peroxide solutioh |
containing metal ion impurities shown in the following
 Table 1 to prepare 0.070 g/liter of the mixed solution.
'Then.the_mixture was aged without stirring for 3 days

and filtrated by a filter of an average pere size of



15 contact with the second H+ type cation exchange resin. Regeneration of
the ion exchange resin was carried out at an ion exchange to T MAY 2005
(regeneration tower) which was different from an aqueous hydrogen

per oxi de solution purifying tower. 20 As the first and second H+ type
cation exchange resins, the spent SKIB which was regenerated was used. As
a regenerant, 10 % by wei ght of hydrochloric acid aqueous solution was
used. The regeneration of the cation exghange resin was carried out as
follows. The 1 1 MAY 2005 40 cation exchange resin was packed into the
‘regeneration tower different fromthe purifying tower. After an aqueous
solution contgining t regener ant. was_passed__downward through the_tower
at a SV of 2. gSTH’”—gl gﬁﬁea By ﬁl%ﬁ?‘%{?lﬂ%ﬁ *3heCt | Bty IB‘f’tf‘%egF%@eﬁérant

was term nated. Subsequentl ultra-pure water was passed upward through
i b

the tower at a"SUFoHF

wer e consi dered. as

1399 fPhrafdes B9 PHPSORSEPE- REoThd Nakdve 28Gcksses

one cycle of processes and the cycle was repeated 10 10

times. Next, @FtFaCpardiwlt BYTRRECFRE8EE H8WnWaPd -t hr ough at a SV of 13.2
"Hr-1 and a BV-of 3.3L/L-R and 15 then passed through upward at the sane SV
and BV rates. The PRBcéssbsafiefleagsfsidehedrasesnpecpaideotoprsdesses

5  was continuously paSSed through a column packed with a

H® type cation exchange resin at a space velocity (SV)

of 15

Hr' to contact with the first H* type cation

exchange resin, secondly continuously passed through a

column packed with a bicarbonate ion type anion

10 exchange resin with cocoling at -3 °C at a space

velocity (SV) of 15 Hr ™' to contact with the bicarbonate

“ion type anion exchange resin, and thirdly dontinuously

passed through a column packed with a H' type cation

- exchange resin at a space velocity (SV) of 15 Hr! to .

16 contact with the second H' type cation exchange reéin,

Regeneration of the ion exchange resin was

carried out at an ion exchange tower (regeneration

tower) which was different from an aqueous hydrogen

'peroxide solution purifying tower.

20

As the first and second H' type cation exchange

resins, the spent SKIB which was regenerated was used.

As a regenerant, 10 % by weight of hydrochloric acid

aqueous solution was used. The regeneration of the

cation exchange resin was carried ocut as follows. The



and the cycle was repeated 6 tines for washi ng. As the bicarbonate i on type
ani on exc%ange resin, the spent SA20A which was regenerated iat NAed005
First, the spent anion exchange resin was regenerated by sodi um hydroxide.
As a regenerant, 5 % by weight of sodium hydroxide aqueous sol ution was
used. The anion 20 exchange resin was packed into the regeneration tower
different fromthe purifying tower. After an aqueous solution containing
the regenerant was passed downward throg@gh the tower at a SV of 2.25 H-1
and a BV of 0.75L/L-R the flow of the regenerant was terminated. 11 MAY
2005 41 Subsequently, ultra-pure water was passed upward through the tower

at a SV of 13 \ 0 / h 0 pr. s.were -
‘consi dered ascéﬁgﬁncigegagggpfg%égsgggahg kﬁE & %e%%gsrr§%§§t§&16H¥lnes 5

Ne | t hrou at a .SV of 13.2 H-1
angta %V g? gH ﬁ?%aéﬁ %ﬁgﬁgﬁ%gggsgggnpﬂrou r"dp V& at %ﬁ% €Lafft sv and BV

rates. The S nsi dered.as c e of processes and the
cycle was repegﬁgéag ?ﬁ%glﬁgr%ﬁgs ArRg"Po %Feﬁ PENEF Ry VA5 BSSShhi on
~.exchange resip, . ani on exch%&ge reS|n was, IH?enerated by

sodlun1b|carbona?gargsEgr?gagnéﬁgeFowe§ Po-by ght “of> s&&tﬂﬁ car bonat e -

_aqueou;sﬂﬁtﬂhgnof 0.75L/L—R,'the_flqw of the regenerant was
| terminated. Subsequently, ultra—puré water was passed
upward through the tower at a SV of 13.2 Hr™ and a BV
cf 0.3L/L-R. The above processes were considered as
one cycle of processes and the cycle was repeated 10
10 times. Next, ultra-pure water was passed downward
through at a SV of 13.2 Hr™! and a BV of 3;3L/L—R and
then péssed through upward at the same SV and BV rates.
The processes were conéidered as one cycle of processes-
_ and the cyclé was repeated 6 times for washing.

15 As the bicarbonate ion type anion.exchange resin,.
the spent SA20A which was regenerated was used. First,
the spent anion exchange resin was regenerated by
sodium hydroxide. As a regenerant, 5 % by Weight of

—sodium hydroxide agueous soiution was used. The anion

20 exchange resin was packed into the regenefation tower
differeht from thé purifying tower. Aftér an aqueous
soluticn containing the regeneranﬁ was passed downward
through the tower at a SV of 2.25 Hr™' and a BV of

0.75L/L-R, the flow of the regenerant was terminated.



was used. At regenerating of the sodium bicarbonate, 15 al so th?.ﬁygﬁ? -
exchange resin was packed into the regeneration tower differen ?W§
purifying tower. After an aqueous sol ution containing the regenerant was
passed- downward t hrough the tower at a SV of 2.25 H-1 and a BV of
. 0.75L/L-R, the flow of the regenerant was 20 term nated. Subsequently,
ultra-pure water was passed upward through the tower at a SV of 13.2 Hr-1
and a BV of 0.3L/L-R The above processg? were considered as one cycle of
processes and the cycle was repeated 12 imes. Next, ultra-pure water was
passed downward 1 1 MAY 2005 42 through at a SV of 13.2 H-1 and a BV of
3.3L/L-R and tEen assed through upward at the sanme SV and BV rates. The
UBSREPaBF 2

processes werg GBFed r a8 1oRE BYLFe VS Fr HEss SesSeghyrrRedycl e was
repeated 6 tines for washing to prepare a HCO3- type anion exchange resin.
Each of ion ekXBRaHEE FBSi KV FPEgeherattdd oifn 1he HabovandrentBorel nanner were
packed into each of purifying colums in a slurry state, respectively.
After an aqueBudLhPdRegeRperloRvderEorasren wasel0opasdedethaougheeach of
i on exchange resin colums, the .purified agqueous hydrogen peroxide
sol ution di schgFrgedotf poaceRseti pad Hhecayicds exchaegeartesi 6 ¢dlmerm was
diluted with ultra-pure water fromwhich inpurities
Next, ultra-pure water was passed downward through at a
SV of 13.2 Hr™' and a BV of 3.3L/L-R and then passed
through upward at the same SV and BV rates. The
processes were considered as one cycle of processes and
the cycle was repeated 5 times for washing to prepare
10  an OH™ type anion exchange resin.
Next, the OH type anion exchange resin was
regenerated by sodium bicarbonate. As a régenerant,
8 % by weight of sodium bicarbonate aqueous solution
was used. _At regenerating of the sodium bicérbonafe;
15 also the anion exchange resin was packed into the
regeneration tower different from the purifying tower.
After an aqueous solution containing the regenerant was
passed downward through the tower at a SV of 2.25 Hr™'
and a BV of 0.75L/L-R, the flow of the regenerant was
20 terminated. Subsequently, ultra-pure water was passed
~upward through the tower at a SV of 13.2 Hr™' and a BV
of 0.3L/L-R. The above processes were considered as

one cycle of processes and the cycle was repeated 12

times. Next, ultra-pure water was passed downward



were highly renoved to prepare a solution having a 15 hydrogen peroxide
concentration of 31 %by weight. The metal ion inpurity concent Aatli&bn2086
the obtained purified aqueous hydrogen peroxi de solution was neasured by
framel ess atom c absorption spectronetry and | CP-MS nethod. Further, netal
ion 20 inpurities: contained in the starting aqueous hydrogen peroxide
- solution were neasured by franel ess atomic absorption spectronetry and
| CP- AES nethod. Organic inpurities were asured by conbustion-infrared
type TOC neasuring apparatus. 11 MAY 20 43 The results were shown in
Table 2. Table 1 Metal inpurities contained in the starting aqueoug ) Fed &
| . . > . ol
- hydrogen per oxfde Sl uti onglmpyuri Ll gsfnal yzed valpe (ppo), AlTT0 O |

then passed through upward at the same SV and BV rates.

The processes were considered as one cycle'of procésses
énd the cycle was repeaééd 6Itimes for washing to
5 'prepare a HCO3;  type anion exchaﬁge resin. |
Fach of ion exchange resins regenerated in the
‘above méntioned manner were packed into each of
purifying columns in a slurry state, reSpectiﬁely._
After an aqueoﬁs hydrogen peroxide solution was
10 passed through each of ion exchange resiﬁ.columns, the
purified aqueous hydrogen peroxide solution discharged
from the final H' cation exchange resin column was
diluted with uitra—pure water from which impurities
were highly removed to prepare a solution having a
15 hydrogen peroxide concentration of 31 % by weight.
| The metal ion impurity concentration of the .
~obtained purified aqueous hydrogen peroxide solution
was measured by frameless atomic absorption
spectrometry and ICP-MS method. Further, metal ion
20 impurities contained in the starting aqueous.hydrogen
peroxide solution.were measured by frameless atomic
absorption spectrometry and ICP-AES method. Organic
impurities were measured by combustion-infrared type

TOC measuring apparatus.



My0. 6 Table 2 Anmounts of net aI impurities contained in the obt’ qmeﬂm mg
purified aqueous hydrogen peroxide solution 11 MAY 2005 44 neasuring
measured neasuring neasured limt value limt value ( t)( t)( t)( t).
Ag0. 5NDmrg 0. 2ND Al 0. 20. 2Wh0. 3ND As2NDVb0. 3ND Au0. 2NDNa0O. 5ND B4NDNbO. 1ND
'Ba0. INDNi 0. 7ND Be5NDPbO 1ND Bi 0. 2NDPd0 3ND Ca2NDPt 0. 2ND CdO. 3NDSbO 3ND
CblNDSnO 8ND

43

The results were shown in Table 2.

Table 1

Metal impurities contained in the starting:aqueous

5 hydrogen peroxide solution

Impurities |Analyzed value
(ppb)
Al ?70
Cu | 0.2
Fe : 4.5
K | 132
Na 15160
Pb | 2
| Ca 0.6'
Mg 0.6

Table 2

Amounts of metal impurities contained in the obtained

10 purified aqueous hydrogen peroxide solution



Cr11Sr 0. O5ND Cu0Q. 5NDTa0. 1ND Fe0. 50. 7Ti 2ND Ga0. 5NDTI 0. IND Ge2NDVIND

| n0. INDZn2ND K2NDZr 0. 10. 1 Li 0. 02ND ND means not nore than the nda$MAhgM5
limt. Exanple 2 Acidic sodi um pyrophosphate was added to 60.1 % by wei ght
of aqueous hydrogen peroxi de solution 5 containing netal ion inpurities in
an anount shown in Table 1 except that the Al ion concentration was 0.9
ppmto prepare 0.062 g/liter of a mxed solution. Then the m xture was
left alone for 3 days to be aged and figf4rated by a filter of an average-
pore size of 0.1 m. 10 The ratio (Al/P atomc ratio) of the Al atomto the
phosphorus atomin the added aci di c sodium pyrophosphate was 0.052. The

resul tant aqueous hydroge;l:nﬁeemﬁxg Resrdt [ oN Imlad¥hyg [AHdR45 was brought
into contact with ion|exc angﬁtreFiﬂﬁmandL purifimd 1N $ng dane manner. as
in Exanple 1. The netal___ilonpptipul i tgptgontent [atbpem of fHhe dbtai ned aqueous

Ag 0.5 ND Mgz 0.2 ND

Al |- 0.2 0.2 Mn 0.3 ND

As 2 ND |t Mo 0.3 ND

Au i - 02 ND Na 0.5 ND

B 4 ND Nb 0.1 ND

Ba 0.1 ND Ni 0.7 ND

Be 5 ND Pb 0.4 ND

Bi 0.2 ND Pd 0.3 ND

Ca 2 ND Pt 0.2 ND

Cd 0.3 ND Sh 0.3 ND

Co 1 ND Sn 0.8 ND

Cr 1 1 Sr 0.05 ND

Cu 0.5 ND Ta 0.1 ND

Fe 0.5 0.7 Ti 2 ND

Ga 0.5 ND TI 0.1 ND

Ge 2 ND \' 1 ND

In 0.1 ND Zn 2 ND

K 2 ND Zr 0.1 0.1

Li j 002 ND

ND means not more than the measuring limit.

Example 2

o

Acidic sodium pyrophosphate was added to 60.1
by weight of aqueous hydrogen peroxide solution |
5 containing metal ion.impurities in an améunt shown in
Table 1 except that the Al ién concentration was 0.9
“ppm to prepare 0.062 g/liter of a mixed solution. Then
the mixture_was left alone for 3 days to be aged and |
filtrated by a filter of an average pore size of 0.1 pm.
10 | The ratio (Al/P atomic ratio) of the Al atom tb the
- phesphorus atom in the added acidic sodium
.pyropﬁosphate was 0.052.

The resultant aqueous hydrogen peroxide solution



hydrogen peroxi de solution was 81 ppt of an Al ion. concentratipgxﬁﬁgzédger
metal ion inpurities were renoved as the sane as in Exanple 1. a

An aqueous- hydrogen peroxide solution was 10 purified in the sane manner as
in Exanple 1 except that the filtrated aqueous hydrogen peroxi de sol ution
was  contacted with a fluoride ion type anion exchange resin after the
solution was treated with an adsorption resin XAD-4 and contacted with the
first H+ type cation 15 exchange resin apg before contacted with a

bi carbonate ion type ani on exchange resin, and then contacted with

bi carbonate ion type anion exchange resin and subsequently contacted with
the second H+ tgpg catkgn. %xchan e resi.n., 20 The adsorption resin XAD 4
was regener at 88°a8TFaMFond FO3§°8 By Wit 160 SXSPapaRoIres<nE PdGener ant
was passed througgéugmard t a SVof 48 H-1 and a BY of 3L/L-R and then
ul tra- pure wabBF WaS9paBstfct RFBGgR2NESNREr d atxameNcofl -13TheHmetaind a BV
~of 3.3L/L-R and 1,1 MAY 2005 46 passed through upward at the sanme SV and BV
“rates. The ptBRes¥BErwEYeCEBRENGERED RS Cdnéhey obEadhegr agesses and the

- cycle was repeated 6 tinmes for washing to prepare the adsorption resin for
use. . hydrogen peroxide solution was 81 ppt of an Al ion

S concentration and other metal ion impurities were

removed as the same as in Example 1.

Example 3
'.An équeous hydrogen peroxide solution was

410 purified in the.same manner as in Example 1 except that
the filtrated aqueous hydfogen peroxide scolution was
contacted with a fluoride ion type anion exchange resin
after the solution was treated with an adsorption resin
XAD—A and contacted with the first H' type cation

15 .exchange resin and before contactéd with a bicarbonate
ion type anion.exchange resin, and then contacted with
bicarbonate ion type anion exchange resin and
‘subsequently contacted with the second H* tYpe cation
exchange resin.

20 The adsorptioﬁ resin XAD-4 was regeherated.as
follows. 39 % by weight of 2-propancl as a regenerant
-was passed through upwardrét a SV of 4.8 Hr™ and a BV
of 3L/L-R, and then ultra-pure water was passed through

downward at a SV of 13.2 Hr™! and a BV of 3.3L/L-R and



5 As the fluoride ion type anion exchange resin, the spent SAJOA M&Y cpas -
regenerated was used. As a ~regenerant, 3 % by weight of sodiumfluoride
aqueous solution (having SiF6 of 100 ppmor |ess) was used. The
regeneration of the fluoride ion type anion 10 exchange resin was carried
out in the follow ng manner. The spent ani on exchange resin was packed
into the regeneration tower different fromthe purifying tower. After an
aqueous sol.ution containing the regeneraﬂé (sodium fl uoride) was passed
downward t hrough the tower 15 at a SV of 2.25 H-1 and a BV of 0.75L/L-R
the flow of the regenerant was term nated. Subsequently, ultra pure water
was passed upward throu%h the tower at a SV of 13.2 H -1 and a BV of
0.3L/L-R ThePaBs¢e prébegsesPvigce adtorksicderad &Y arel &iclwatsss pr Bbesses
and the cycle 20 was repeated 6 tines. Next, ultra-pure water was passed
t hr ough downwBFBCEES§SSVesFE £312 Lderecand 1BV cyefle3 ofl MroRemwk s end passed
through upward at the same SV and BV rates. The processes were considered
as one cycl etBf pi¥edées¥as dR@ermeccPcltdmaas fogpeatsdd g thonmgsebalrdVAY 2005 -
47 for washing. As a result, inpurities can be removed to the same |eve
as that of Exahpl edsorpitheresin dddi tisen to the inpurities shown in
~Table 2, Si ion and organic _
5 As the fluoride ion type anion exchange resin,
the spent SA20A which was regeneratéd was used. BAs a
regenerant, 3 % by weight of scdium fluoride aqueoﬁs
solution {(having SiFs of 100 ppm or less) was used.
The regeneration of the fluoride ion type anion
10 exchange resin was carried out in the following manner;
The spent anion exchange resin was packed into the
- regeneration tower different from the purifying tower.
After an aqueous solution containing the regenerant
(sodium fluoride) was passed downward through the tower
15 at a SV of 2.25 Hr™' and a BV of 0.75L/L-R, the flow of
the regenerant was terminated. Subsequently, ultra-
pure water was passed upward through the tower at a SV
of 13.2 Hr™* and a BV of 0.3L/L-R. The above processes
were considered as one cycle of processes and the cYclé
20 was repeated 6 times. Next, ultra-pure water was
passed through downward at a SV of 13.2 Hr! and a BV
of 3.3L/L-R and then passed through upward at the same

SV and BV rates. The processes were considered as one

cycle of processes and the cycle was repeated 6 times



5 inpurities were also renoved. Si ion was renoved up to 50 pp% OHAYeﬂms
Si ion concentration is 2.4 ppb, before 60 % aqueous hydrogen AFOXIde
solution was purified. TOC was renoved up to around 3 ppm TOC
concentration is 55 ppm before 60 % aqueous hydrogen 10 peroxi de sol ution
was purified. Conparative Exanple 1 In Exanple 1, after the H type cation
exchange resin treatnent was carried out and further an aqueous 15

hydr ogen. peroxi de sol uti on was passed thgpugh the bicarbonate ion type

ani on exchange resin, the solution took out fromthe outlet was dil uted
“with ultra-pure water to prepare 31 % by wei ght aqueous hydrogen peroxide
sol ution. Theg tagsk?g inpurity 20 concentration of the obtai ned aqueous
hydr ogen peroXide S ufion was hi gh such that Na ion concentration.is 21
ppt, K ion concentration_is 14 ppt and Al ion oncentration is 38 ppt. 11
MAY 2005 48 Conparative EXSHple 2"PHTEXARS €28, P&r ¢&MorRE HO e cation
exchange resin treatnent carried out and an aqueous hydrogen peroxide
"sol ution was F?@ﬁtiav§ﬁtﬁ3?%§aFl85r@§€mP&ﬁ gt ypBrAREEn éRcAdAgELIPBSi n and

t hen passed through the bicarbonate ion t¥Pe ani on exchange resin, - the
solution  to the impurities shown in Table 2, Si ion and organic

5  impurities were also remdﬁed. Si ion was removed up to
50 ppt or less. Si ion concentration is 2.4 ppb,
" before 60 % aqueoﬁs hydrogen peroxide.solution was
pu;ified. TOC was removed up to around 3 ppm.' TOC
concentration is 55 ppm before 60 % agueous hydrogen

- 10 peroxide solution was purified.

Comparative Example 1

In Example 1, after theIH+ type cation exchange

resin tfeatment was carried out and furthef an aquéous_

15 hydrogen peroxide solution Qas péssed through the
bicarbonate ion type anion exchange resin, the solution
took out from the outlet was diluted with ultra-pure
water to prepare 31 % by wéight aqueous hydrogen_
peroxide solution. The ﬁetal-ion impurity

20 concentration of the obtained aqﬁeoué hydrogen peroxide
solution was high such that Na ion concentration is_?l

ppt, K ion concentration is 14 ppt and Al ion

concentration is 38 ppt.



took out fromthe outlet was diluted with ultra-pure water to ﬁeﬂgyeiﬁg %
by wei ght aqueous hydrogen peroxide solution. The netal ion i&guri y % :
concentration of the obtained agueous hydrogen peroxide solution was high
such that Na ion concentration is 250 ppt, Kion concentration is 10 ppt,
Al ion -concentration is 20 ppt and Ti ion concentration is 25 ppt. 15 11
MAY 2005 49 What is clained is: 5 1. A process for producing a purified
aqueous hydrogen peroxi de solution conpggsing contacting an agueous

hydr ogen peroxi de solution containing netal ion inpurities in a three-step
i.on exchange resin consisting of firstly with a H+ type cati on exchange

Lhom) Ty pe. B T “and Thitdly with a I type cation
cont acted w th an adbobBERBAC el ATRaN hosth CVaR GREAANGBAERFPES and
Lype cation EXEREnGBePEtRt 1852 RraRsat FF Froddtiony s TR
hyerogen per oRFABRSHRUEPOHEGM A G SRBES Tk i GENged Ha f our -st ep
ion exchaqpe E?éé”aﬁ?2§i§§kﬂ%ngg resin and then passed through the
bicarbonate ion type anion exchange resin, the solutidn
took out from the cutlet was diluted with ultra—pufe
water to prepare 31 % by weight'équeous hydrogen
'peroxide-solution._ The metal ion impurity
10  concentration of the obtained.aqueous ﬁydfogen‘peroxidé
solution was high such'that.Na ion concentration is 250
ppt, K ion concentration is 10 ppt, Al_ion.
concentration is.20 ppt and Ti ion concentration is 25

- ppt.
15



firstly with a it type cation exchange resin, 20 secondly with a fluoride
ion (F) type anion exchange resin, thirdly with a carbonate ion §dO®RY) onnt
type or bicarbonate ion (HCO3) type anion exchange resin, and fourthly
with a it type cation exchange resin, wherein the aqueous hydrogen

peroxi de solution is contacted with an adsorption resin having zero ion
exchangeability 25 and having an organic inpurity elimnate ability before
contacted with the it type cation ech nge resin. 1 1 MAY 2005 50 3. The
process for producing a purified aqueo hydr ogen peroxi de sol ution as
claimed in any one of clains 1 or 2, wherein said H+ type cation exchange
resin is regenerated by repeating a process, 2 or nore tinmes, in which the
cation sxgladngRih&sish is treated with a 5 downward fl ow ng i norganic acid
aqueous solution and then washed with ultra-pure water. 4. The process for
produci ng a purified aqueous hydrogen peroxide solution as clained in any
one fcggai g 1 to g, wherein the carbon ion (C032-) type or bicarbonate 10
i on ? HOEB)  t oS dAT Bsednainge neiisd qagep pEeTERFTRYide spbionng a process,

2 or nmo LN wWhi j esin is treated.-with a
sod um comph e onlRitB i dgbe i IR R AHE s LEET coRal RN Nachec
Wit h ul imhpurptigseinwethfde-stbp ioHéxcRaRELRSInf @hsREiRLWEI Ng a purified aqueous
hydrogen peroxide solution as 15 clained in any one of clains 2 to 4,
wher ei nfigily witherl depk eati¢rrexahapge gasion exchange resin is regenerated by
repeating a.process, .2 or nor b.reS, in.whjch the [ on_exchange resinis
t r eat eds%opﬁﬂza\yﬁﬁgé@{bo&%e ‘PPémsnng@&%mf?%%wﬁ& vl Y8R 28Wect ed from
t he1gr oURchaf@B$dsdd i Ng of sodium fluoride, potassiumfluoride and ammoni um
fluoride and 't hen

and thirdly with a H" type cation exchange resin, wherein the aqueous hydrogen peroxide

solution is contacted with an adsorption resin having zero ion exchangeability and
having an organic impurity eliminate ability before contacted with the H' type cation
exchange resin.
15
2. A process for producing a purified aqueous hydrogen peroxide solution
comprising contacting an aqueous hydrogen peroxide solution containing metal ion
impurities in a four-step ion exchange resin consisting of
firstly with a H' type cation exchange resin,
20 secondly with a fluoride ion (F') type anion exchange resin,
thirdly with a carbonate ion (CO5>) type or bicarbonate ion (HCOy) type anion exchange
resin,
and fourthly with a H" type cation exchange resin, wherein the aqueous hydrogen
peroxide solution is contacted with an adsorption resin having zero ion exchangeability
25 and having an organic impurity eliminate ability before contacted with the H' type cation

exchange resin.



20 washed with ultra-pure water. 6. The process for producing a7ﬂUMMWig%5
aqueous hydrogen peroxide solution as clained in any one of clains | t0"5,
wherein the adsorption resin is regenerated by treating with an al cohol
aqueous solution as a regenerant and then washing with ultra- 25 pure
water. 7. The process for producing a purified aqueous hydrogen peroxide
solution as clainmed in any one of clains 1 to 6, wherein the hydrogen

per oxi de concentration in the aqueous @ydrogen peroxi de solution is 40 to
70% by weight. 11 MAY 2005 51 8. The p?ocess for producing a purified
aqueous hydrogen peroxide solution as claimed in any one of clains 1 to 7,
wher ei naysai b ; i L K i by
1 trating Soanprgs o BONIPE AR IRACIyRSLC KRB b Utk o TR,
sol uti o awy i oficlairhd boe Ul atliciginagrnH ' baw dagien epelelngairasdn Vs Rgdedatcbya
fine filter. 9. The process for producing a purified aqueous hydrogen

per oxi dEEPSAIRE AHOERsS.c} ar mede timescinawhich theweatial exchange fasbcisureatddngithgent

conet st PauryRRp RAAREAREHA0RE3EE FORRBL SR S5 e bPH FoBL SlPmpre

pyr ophosphat e, am notri (et hyl enephosphoric acid) and salt thereof, and

et hyl enedi am net et r a( et hyl enephosphoric acid) and salt thereof. 10. The
process for producing a purified aqueous hydrogen peroxide sol ution as
clainmed, in ?hain19, wh rein(fald phosphor us based conpound .is added in an
amount fhat 1A PEOCSEONMOE PRRJUSIIEAR /MoYITsd 2ausons hydiosermeretige sehtianmmsd in

t he aqu@%ﬂﬁ%@\ﬁggﬂﬂ%ﬁe B?rc%fﬂ;ngqt ‘[é)f%\”ﬁ%rggl fh% S0 (Cg?ggﬁ]tt?ée gl[ g%]gf%on%ﬁ% the

phosphorus based conpoun 0 hosphorus or less.

11. 1Theiqr G6€6s) frpse miiod wxchdhge msiniif iretbnaauedys r%&iﬁ%%n?ﬂ@@éﬁxkdﬁ B6feut i on
as 20 clained in anﬁ one of clains 8 to 10, wherein the fine filter has an
aver agellppeilshichpfthe anion exchange resin is treated with a sodium carbonate or

sodium bicarbonate aqueous solution and then washed with ultra-pure water.

5. The process for producing a purified aqueous hydrogen peroxide solution as
15  claimed in any one of claims 2 to 4, wherein the fluoride ion (F) type anion exchange

resin is regenerated by repeating a process, 2 or more times, in which the anion exchange

resin 1s

treated with at least one fluorine compound aqueous solution selected from the group

consisting of sodium fluoride, potassium fluoride and ammonium fluoride and then

20 washed with ultra-pure water.

6. The process for producing a purified aqueous hydrogen peroxide solution as
claimed in any one of claims I to 5, wherein the adsorption resin is regenerated by
treating with an alcohol aqueous solution as a regenerant and then washing with ultra-

25  pure water.

7. The process for producing a purified aqueous hydrogen peroxide solution as claimed
| in any one of claims 1 to 6, wherein the hydrogen peroxide concentration in the aqueous

hydrogen peroxide solution is 40 to 70% by weight.
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8. The process for producing a purified aqueous hydrogen peroxide solution as claimed
in any one of claims 1 to 7, wherein said purified aqueous hydrogen peroxide solution is
obtained by filirating a solid impurities contained in the aqueous hydrogen peroxide

solution to which a flocculating agent has been preliminary added, by a fine filter.

9. The process for producing a purified aqueous hydrogen peroxide solution as claimed
in claim 8, wherein said flocculating agent is at least one phosphorus based compound
selected from the group consisting of phosphoric acid, polyphosphoric acid, acidic
sodium pyrophosphate, aminotri(methylenephosphoric acid) and salt thereof, and

cthylenediaminetetra(methylenephosphoric acid) and salt thereof,

10. The process for producing a purified aqueous hydrogen peroxide solution as claimed
in claim 9, wherein said phosphorus based compound is added in an amount that the
atomic ratio (Al/P) of the Al ion impurity contained in the aqueous hydrogen peroxide
solution in terms of a metal atom Al to the phosphorus based compound in terms of a

phosphorus atom is 0.045 or less.

11. The process for producing a purified aqueous hydrogen peroxide solution as
claimed in any one of claims 8 to 10, wherein the fine filter has an average pore size of

0.2 yum or less.




