; <= >7@%e3e/m/pqustTm6mﬂmmn DCC ZQO TI TLE PROCESS FOR PRODUCING A

PURI FI ED AQUECUS HYDROGEN PEROXI DE SOLUTI ON 5 TECHNI CAL FI ELD 7Thenp t
invention relates to a process for ‘producing a purified aqueous hydrggmﬁ
per oxi de solution, and nore particularly to a process for producing an

'.'aqueous hydr ogen . perOX|de sol ution having a high purity, which 10 enables

to renove silicon oxide inpurities contained in an aqueous hydrogen

. peroxi de solution with accuracy up to ppt order (1/1012) . BACKGROUND OF
THE 1 NVENTI ON 15 An aqueous hydrogen peroxide solution is widely used in
“various fields, for exanple, for a bIe%chlng agent for paper or pulp and as
a conponent in chemcal polishing fluids. In recent years, hydrogen
peroxi de has increasingly been used in the electronic industry, for
exanpl e, as a 20 cleaning agent for si I3 edE wafers and as a cl eani ng agent
in productlon processes of sem conductors. Accordingly, hydrogen peroxide
requires a very high pur|?§O%§S%XFQBnEBQDH§éN6a§|ﬁggéFﬁéiiety of inmpurities
in an aqueous hydrogen peroxide-sol ution. -2 In general, hydrogen
peroxide is ,produced al#HEEORXcHUBRUGEY BﬁR@KI@EtEDéQEE@@ne process at
present. The ant hr aqui none process is conducted as follows. A delivative of
~-ant hraqui none) such as a 2-al kyl ant hraqui none, is 5 converted into the

-.ant hr ahydr oqui none -by hydrogenation in a water-insolubl-e solvent in the
presence df a hydrogenation catal ySICHNIGQASr R¥RImatal yst is renmoved, the
reaction product is oxidized wth air to regenerate the

2-al kyl ant hr aqui nGihe, prdskydr ogenepetoxi deelstpsodiced aprbOekhe sae
time. By extracting the produced hydrogen peroxide fromthe oxidation with
water, an aqupegsusthgdt hopuedrtainaggebudr ngeRogenoyédexcas be1aebiahned.
This process is called the anthraqui none auto-oxidation process. The
aqueous hydrogag merepade isol id1ghtprogdueced dayrbh frcﬂcﬁ;c&ﬁ@?%&saéﬁébélsns

- inorganic ions such as Al, Fe, C, Na, and Si, i nor gani ¢ conpounds

i mpurities, K@Bo@éﬁ @@ﬁdﬁ%ﬁéréﬁnﬁ@ﬁ&ﬁlﬁéslﬁ@nétmhﬁm'ﬁb [ ajHSch
Therefore, higher purity of an aqueous hydrogen peroxide solution is

achi eved 1oy r gABYKIBY £HE%EPH ishilQ@TF00ABAL O MBEE i & Nl dloh fRsisedn 20 As
the process for purification of an aqueous hydrogen peroxide sol ution by

renovi ng thosggugeursl &80 888 b &% 4 N %Tu%l'cﬁpx%l%ﬂda&%@é)&’?% ¢enpgined in
t he agueous hydrogen peroxide solution) for exanple, the process cohprising

bringing an agugays (hydpogen peroxi de sol ution

BACKGROUND QF THE TNVENTTION

15 ._ An aqueous hydrogen peroxide solution is widely used
in various fields, for example, for a bleaching agent for
éaper or éulp and as a cémponent in chemical polishing
filuids. In recent years, hydrogen peroxide has increasingly
been used in the electronic industry, for example, as a

20 .cleani.ng agent for silicon waférs and as a cleaning agent
in production processes of semiconductors. Accordingly,

- hydrogen peroxide requires a very high purity by extremely
decreasing a variety of impurities in an. agueous hydrogen

peroxide solution.



~ ~ ,~r~~ ~nn'~ -3 into contact with a strongly acidic cation exchange

resin is known. Wen the strongly acidic cation exchange resin sy ttfs 203
used, cationic nmetal ion inpurities such as Na, K and Ca can be easily
.renoved. In the process described above, 5 there remains trace anount of
anionic inpurities such as SO42--, and Al ion, Fe ion, C ion which
sonetinmes formanionic netal chelate inpurities. Therefore, such anionic
inmpurities and anionic netal chelate inpurities are generally renoved by
contacting these inpurities with the 1Q strongly acidic cation exchange
resin. However, in the above conventi Gifal processes, it is hardly possible
'to renpve silicon oxide inpurities contained in an agueous hydrogen

per oxi de solutionjlrhereforg, qﬁﬂi met hods are proposed to re v& silicon
15 oxide inpurities cBRT'ERed i'W A hedlFE geh éﬂFﬁﬁFﬁﬁisa BCiSén. For
exanpl e, Japanesi Pat ent gﬂplicati n Lai d- Open Publication No.
9(1997) - 142815%i E&la’?gé’ nridt S AT NJESFEFR oA ORFAESPAPULNG es by
bringi ng an aqueous 20 hydrogen peroxi de sol ution containing silicon oxide
i npurities i nfBESRERAOWR REaReaRi‘ohCeRERaREE dEPALPHSE HedeL iBREdF S on
mp thal . esrn
form Japanese Patent Application Laid-Open Publication No. 9(1997)- 221305
discl oses a pPéceARLRBRARERBIENg HiGh c8F 2 2 pag kglzorhragugbriade i mpsriti es
by filtrating an aqueous hydrogen peroxide solution with an ultra-filter.
.1t is destriBeaverdesi Anthathe anthrahydroquinone by hydrogenation in
a water—inscluble solvent in the presence of a
.hydrogenation catalyst. After the catalyst is removed, the
reaction product is oxidized with air to regenerate the
_'2—-alkylanthraq‘uinone, and hydrogen peroxide is produced at
10- the same time. By extracting the produced hydrogen peroxide
from the oxidation with water, an aqueous solution
containing hydrogen peroxide can be obtained. This process
is called the anthraquinone auto-oxidation process..
The aqueous hydrogen peroxide solution produced by this
15 process contains inorganic ions such as Al, Fe, Cr, Na, and
Si, and inorgariic compounds impurities, which are derived
from materials constituting apparatus. Therefore, higher
purity of an aqueous hydrogen peroxide solution is achieved
by removing these purities so as to meet a quality required.
20 As_the process for purification of an aqueous hydrogen
peroxide solution by removing those impurities such as
‘inorganic ions and compounds contained in the aqueous

"hydrogen peroxide solution, for example, the process

comprising bringing an agqueous hydrogen peroxide solution



in fhé'pfbéeés,-pHIOf hydrogen peroxide is preferably preset at 3 to 5 and

"the aqueous hydrogen peroxide solution may 5 ' be further broughé i@%g
contact with an ion exchange resin after an ultra-filtration proédsa-’ M3
Japanese Patent Application Laid-Open Publication No. 9(1997)- 235107

di scl oses a process wherein a fluoride conpound is added town aqueous

hydr ogen peroxide solution 10 and the m xture is brought into contact
firstly with an cation exchange resin in a H form having sulfonic acid
group and secondly with an ani on exchange resin. Further, Japanese Patent
Application Laid-QOpen Publication No. _31(1999)-79717 discloses a process
for 15 producing a purified agueous hydrogen peroxi de sol ution by bringing
an aqueous hydrogen roxi de_solution into contact with a strongly hasic
ani on exchang@ PESFACTACK RYBRGRI T THLY GHTaNG &=t A3 RyAERS I uor | de
of not less than 0.05 m|lliequival ent per liter of agueous hydr ogen |,
-peroxi de 20 s&ﬁu#PBHnrowgﬁnagE@oﬁ§rﬁ9& g8FifefokPld CBoPHENERISOEREL Y han

t he processes for purification described_above, there are another processes
for_purLficatFénthﬁémﬁ?eﬁhe?%Fhogbﬁém%Fa#K??¥eVEQ%%%EEﬁﬁN%%Q%f%%ﬁﬁhaﬁ%)
apparatus, a cation exchange resin tower, an anion exchange resin tower,

2 ~ C ¢ ~ 2C18ndfCarrnikaiepaimyerneeed r d8i e pragegtdesdyibedabone,
apparatus, a chelate resin treatnent, an absorption resin treatnment, an
addition of abberisenenaissssrescapaoysdd ofn acdebiltatvonr iHdowsy suchi @st he
above processes, the content of Si is 5 only reduced to about 1 ppb order.
Theref ore, anS&quearsi A}draye FepernxiCdel somitidnspuetfined Hyrmenienticonal
processes could hardly be used in the field wherein a high purity is

requi red suchmasailn tdteeXdtet d Dhpthétékect r diiexrdfiuhest rysudin t heionic
conventional processes of purification 10 described above, there was

anot her probl énpulrdt: itse mepr cslutobiti tyetod 1 r ertmiadt 4 evdelpuafi tdidd cameoxi de
inmpurities was | ow and an aqueous hydrogen peroxi de solution could not be
efficiently pgenkiradlyUrdaovieldebe coficatBiagCEsesé enEiseids iwikentoes 15
conduct ed extensive studies to solve the problens descri bed above. As the
‘result ofid hesstiddiges, addidias dHtScaVesathdmgé resin.

However, in the above conventional processes, it is
hardly possible to remove silicon oxide impurities
contained in an aguecus hydrogen peroxide solution.

Thefefore, many methods are proposed to remove sj___‘_Licon

15 .oxide impurities contained in an agqueous hydrogen peroxide
solution.

For example, Japanese Patent Application Laid-Open
Publication No. 9(1997)-142812 discloses a process for
removing‘silicon oxide impurities by bringing an agueous

20 hydrogen peroxide solution containing silicon oxide
impurities into contact with an anion exchange resin in the
flupride ion form.

Japanese Patent Application Laid-Open Publication No.

9 (1997)- 22130% discloses a process for removing silicon



‘there exists both soluble silica and insoluble silica (suspended particles

or colleid)-in the silicon oxide inpurities contained in an aqu&ou$tl 2003
hydrogen peroxi de 20 solution. It was al so discovered that, when insoluble
silicais filtered out with a precision filter after adding a floccul ating
agent. to-an aqueous hydrogen peroxide solution and soluble silica is
further renoved by using an ani on exchange resin changed into a fluoride
ion form by 2 2 ~ ~r 200 at |east one fluoride conmpound whi ch contains
0.05 s by weight or less of SiFb and is selected fromthe group consisting
of sodium fluoride, potassium fluoride4and amoni um fluoride, the
concentration of Si in an aqueous 5 hydrogen peroxide solution could be
reduced up to t order (1/101Z)_, and the reproducibiljity of renoving
silicon oxi deCfhPErMRWE R PYviasl Vet 1 BF GR. ATHROPT SYEROCISRRAE PHRIRasS
been compl eted on the basis of these findings. The above Japanese Patent
Appl ication ZﬁPauEE@ﬁVE@ﬂPﬂBNLQﬂQTﬁF¥&ﬁr9@%9@??95§429?QQﬂ@ﬁﬁ%ﬁ§bﬁ§ses a
process for renoving silicon oxide inpurities by bringing an aqueous

hydr ogen per okRddspracEsa ., clheainider et PesRxadiedes pirpdeireibdy Presetont act
wi th ‘an ani on exchange resin in the fluoride ion form Usually, silicon
-conpounds sucatl3 ae %idwndarke comtadnednydrhigh peoemideasolnpuentinay in
sodi um fl uoride, potassiumfluoride, amonium fluoride and the |ike _

~ (her ei naf ther -bal fiedtHe e demerarit 'intovbbolaatewisedambieom ekahgngg masani on
exchange resin into the fluoride ion form As a result of the present

i nventors' fuafher shudilexa-iftil2@awdordippeensersed t hat such silicon conpound
inpurities in the.regenerant could hardly be renoved from an i on exchange
resin to a sufficiueptneegr eetand Ahel tot ton Jididc@ptoPpRlad aitipw Kbl es
derived fromthe regenerant mght be m xed into an aqueous hydrogen

per oxi de sol upiopowhenzan1072 disclofe@ni3process wherein a fluoride

compound is added .to an aqueous hydrogen peroxide solution
10 and the mixture is brought into contact firstly with an
' cation exchange resin in a H* form having sulfonic acid group-
and secondly with an anion exchange resin.
Further, Japanese Patent Application Laid-Open
Publication No. 11(1999)—.79717 discloses a process for
15 producing a purified agueous hydrogen peroxide solution by
bringing an agueous hydrogen peroxide soclution into contact
with a strongly basic anion exchange resin in a hydroxide
“ion form after adding hyarogen fluoride of not less than
0.05 milliequ_ivalent per liter of aqueous hydrogen peroxide
. 20 solution to an agqueous hydrogen peroxide solution.
Other than the processes for purification described
above, there are another processés for purification known,
wherein some of RO(feverse osmolysis membrane) apparatus,

a cation exchange resin tower, an anion exchange resin tower,



. peroxide sol ufio

aqueous hydrogen peroxi.de solution was brought into contact with the ion
"~ exchange resin,. which caused the inferior reproducibility of the - -
concentration of Si in an purified aqueous hydrogen peroxide-soluf%gnDEE}ZMB
- the other hand, when 5 the regenerant containing a controlled anmount of
SiFsto a certain level or less is used in the present invention, silicon
-.conpound inpurities do not renmain in an ion exchange resin, thereby silicon
oxi de inpurities can be renoved to.an extrenely high degree and it is also
possible to realize 10 a higher reproducibility of the renoval |evel
'OBJECT OF THE | NVENTI ON The obj ect of "Phe present invention is to provide a
process for producing a highly purified agqueous hydrogen peroxi de sol ution
from which siljgpp ' ' itd 15 renmoved, a_mninmumb
puritying an SaicobedFarLERbed EEo M, Bt o bhEETRIRE B i de
impurities. S THE. ] NVENTI ON The present .inventiaon provides a
process for pgo ugiﬁggarﬁ?éﬁPgé%%$$??5dEﬁg' FH%&Fb&@ﬁlﬁeES?PG@e§6hution
by 20 renoving_sil.i,con oxide.i rities contained in an aqueous hydrogen
B %‘f‘d\}xﬁi‘-fiﬂ ¢ r%g’&n%aﬂpnﬁo £ pEecH e itAycagbanata oan
aqueous hydrogen peroxi de solukion containing silicon oxide inpurities, and
filtering out inpurG¥TeEst ofTs & d2EBNEeRT CEB8REEENnebhe reamesnt 0D 9B isC 200
~$_ aqueo hydrogen peroxi de solution with a precision filter, thereafter
bringi ng the RHJEoGEMFE LGN 2pesxildEPboPatiesn Bbeaefedeasanbevseomtso
contact with an anion exchange resin 5 in a fluoride formchanged by at
| east’ one fl| ub¥YPdOIESNpBEHFG=MIiSchsedutiions pugs fiedy hei ghonwenkéssadf SiFs
and is selected fromthe group consisting of sodiumfluoride, potassium
fluori de and BARERSSHS Fablddesrdhyusye asfdddauthei hige hgeriteisiraddadgho an
aqueous 10 hydrogen peroxide solution in advance, then insoluble silica is
renoved by fiPerativohsuseagiaegreetkian in [the fiSukbedqueht| ylesokuhle
silica is renoved by using an anion exchange resin in a fluoride form
changed by a fhdusitds -cdmpduned asreregitii drieel gomoird s 9és ShEbpiisicoaktobhed to

a. 15 certain anount or less. As a result, it becones possible
10 described above, there was another problem that the

reproducibility of removal level of silicon oxide

impurities was low and an aqueous hydrogen peroxide
solution could not be efficiently purified.

Under these circumstances, the present inventors

15 conductedextensivestudiestosolvetheproblemsdescribed'

.above. As the result of the studies, it was discovered that

- there exists both soluble silica and insoluble silica

(suspended particles or colloid) in the silicon oxide

impurities céntéined.jjl an agueous hydrogen peroxide

20 solution. It was also discovered that, when insoluble

"silica is filtered out with a precié_ion filter after adding

a flocculating agent to an aqueous hydrogen peroxide

solution and soluble silica is further removed by using an

anion exchange resin changed into a fluoride ion form by



to remove the silicon oxide inpurities contained in an aqueous hydrogen

per oxi de sol.ution up to pt order (I1/1012) . Furthernore, the present .
process realizes the higher reproducibility of renoving such si | ¥ oREéxLHB
dinmpurities. 20 The present invention also provides a process for producing
a purified aqueous hydrogen peroxide solution by renmoving silicon oxide
inpurities contained in an aqueous hydrogen peroxi de solution to a m ni num
- which conprises: adding.a floccul ati ng agent to an aqueous hydrogen
_-peroxide solution containing silicon oxide inpurities, and filtering out
dmpurities of solid content contained-6n the aqueous hydrogen peroxide
solution with a precision filter, thereafter 5 bringing the obtained
aqueous hydrogen peroxide solution into contact with; (i) an H  canon
exchange resi Rt &S (iR i Ui lsie ssemreged relieh changainpn0a0f| Gobivde
formby at |east one fluoride conpound which contains 0.05 o by 10 wei ght
or less of SiPFeighd iar skeeet ed Fidmm tanel gidupedensist ifrprof tsodiguoup
fluoride, potassiumfluoride and anmonium fluoride, then (iii) an anion
‘exchange resi gons Listid ngarddnavdifor nf orobhider bppake sf.omm £ her bdé t endl5
(iv) a cation exchange resin in H form In the present invention, it is
preferred t hagmrpeicondénbrddeon thfe lydregen apdcox iode Sdtonhaknedqgusoas
aqueous hydrogen peroxide solution is 40 to 70 % by wei ght. Especially,
silicon 0X3 dehiyripogieni psroahdbesslnoied cuivilld B widiciengyt whgit bhaeaqueous
hydr ogen peroxi de sol ution having such concentration is used. It is
preferred that(la10fMygcahating rageriducs bl It8ASE ©afoPhes RIS 1Cerpaund
sel ected fromthe group consisting of phosphoric acid, polyphosphoric,

di sodi um di hydmpgeitiesdleVelk GasFéry -hidy! AHOERRA®R L invention has
am notri (met hyl enephosphoni ¢ acid) and the salt thereof, and.

et hyl enedi ani Betsat campTeikd erepesphanis cieandeihei sght thereof. It is

| The above Japanese Patent BApplication Laid-Open
iO Publication No. 9(1997)- 142812 also discloses a process
for removing silicon oxide impurities by bringing an
aqueous hydrogen peroxide solution containing silicon
oxide impurities into contact with aﬁ anion exchange resin

in the fluoride ion form. Usually, silicon compounds such

15 as SiF;are contained in high amounts as impurities in sodium
fluoride, potassium fiuoride, ammonium fluoride and the
like(hereinaftercalled“regenerénﬂ’)whidnareusedwhen
changing an anion exchange resin into the fluoride ion form.

As a result.of the present inventors’ further studies, it

20 wasdiscdveredthatsuchsiliconcompoundimpuritiesinthe
-regenerant could hardly be removed from an ion exchange
resin to a sufficient degree and therefore, silicon
compound impurities derived from the regenerant might be

mixed into an aqueous hydrogen peroxide solution when an



preferred that the said phosphorus conpound be added in an 5 anount that
the atomc ratio (Si/P) of silicon oxide inpurities contained ingqugqp@ﬂﬁ§
hydr ogen peroxide solution in terns of silicon atomto the phosphorus ™ ~*
conmpound in ternms of phosphorus atomis 0.0001 or less. It is preferred
that the average pore diameter of the 10 precision filter used in the
present invention be 0.2 a mor |ess. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
A process for producing a purified aqueous hydrogen 15 peroxi de sol ution
according to the present invention is described in detail hereinafter. Ppm
ppb and ppt used in the present specif¥tation nmeans ppm by weight, ppb by
- wei ght and ppt by weight, respectively. An aqueous hydrogen peroxide
sol ution use f I r (. j ! r ed by a
ubl i cl'y know Brors SyUERER RS R LA R IR b DY LR BRERE Y 2
di rect synthqu process by .a %ir%Fteggﬁgtiwni f Qégrggenh%ndr8¥ en, and
so on. In the Heftieots ﬁ?ﬁr 65# S@foiﬁ & 5ol Utton, “8HP o = i %:2903
-11 oxide inpurities are generally contained. i.n an unt of a fewto a few
ens of ppm  HHRERAT LA B e MmGOR e SRS AT Yod: F oA e Red i n
production (extraction, distillation and diJutiagn), silica conponents
suspended i n FYHI Y LI STaPRF PAL SN TIW 1 FF ProfrsoRardeiiiq% es.
Such silicon oxide inpurities include both insoluble silica conponents and
sol ubl e sPl i dhorpBRRPERNt | AIBFabReng| Bi EANESRPORENEECHNE B S1disd or
~colloidal silica, and soluble silica conponents are silicate and the Iike.
10 I n a proces$FEraigt dhugIh§ralessi fFedsagubdushh RN peY i desol ut i on
according to the present invention, first, a flocculating agent is added to
an aqueous hygir bigeen gerpouds SopuribhestdweprehfiamairhenagsbpniakFissida ion is
filtered out using a precision filter, and insoluble silica 15 conponents
cont ai ned i n témimqudnishy dridgarerpexdxied é mpulrdtiies. canebe eppvretedsto
impurities of solid materials. The concentration of hydrogen peroxide in
such aqueous dwyexdgemeder bibdedsptatizond is 49 aled @okshiplwetghtsalprad er abl y
45 to 65 % by weight. Especially, silicon oxide 20 inpurities can be
renoved ot h afiighencyepheduthieiadgogoons hirdr agewvedr dewed -sol uti on havi ng
such high concentration is used.

' ' - OBJECT OF THE INVENTION

The object of the present invention is to provide a
process for producing a highly purified aqueous hydrogen
peroxide solution from which silicon oxide impurities are

15 removeci' to a minimum by pur.j.J‘_’yinc.;,r an agqueous hydrogen .
peroxide solutibn contéining s:%licon oxide impurities.
SUMMARY OF THE TINVENTION

The present invéntion provides a process for producing

a highly pﬁrified aqueous hydrogen peroxide solution by

2O removing silicon oxide impurities contained in. an aqueous
hydrogen peroxide solution, which comprises:

.adding a flocculating agent to an aqueous hydfoagen

peroxide solution containing silicon oxide impurities, and

filtering out impurities of solid content contained in the



A flocculating agent .is added in order to flocculate and filter out the

i nsol uble silica conponents contained ~ 2z ~ a ~ ~00~ -12.in an 3gﬂe%us 3
hydr ogen peroxi de solution. As the floccul ating agent, a phospho? At
~conmpound i s -usually used. As the phosphorus conpound, at |east one
phosphor us conpound sel ected fromthe group consisting of phosphoric 5

aci d, pol yphosphoric acid, disodium di hydrogen pyrophosphate,
~am notri (net hyl enephosphoni ¢ acid) and the salt thereof, and

et hyl enedi ami netetra (et hyl enephosphonic acid) and the salt thereof, is
preferably used. 10 It is preferred thkat the said phosphorus conpound be
added in an anount that the atomc ratio (Si/P) of silicon oxide inpurities
contained in an aqueous hydrogen peroxi de_sol uti i . fesilicon atom
to the phospf?o‘?‘if%&é%ﬁﬁgﬁr?@einrﬁ?ﬁ?&d%fsOgﬁlécsl&noy%gﬂeﬁ@an:éégg.ogo%ﬁiéoérlc‘l ess,
desirably 15 0.00001 - 0.000l. The solution is desirably aged for one day
.OF nore, pref%ﬂ%ﬁﬁ%f?%¥ one day to 5 days after adding the phosphorus
conpound thereto. The aging may be carriﬁgﬁgut under t he, ondition.of

either stirring oPTHBELBE| r FRRAg. 2BEPRFs HRFED0 BHSYFT e 91 PR
conponents are floccul ated and grow so as to be filtered out. The insoluble
silica conmporbtained S pPevedi®® SR avdhhiat 4G oryRECRRBEFST O Ri I ter.
The average pore dianeter of the precision filter used -13 in the present
i nventi onbi s tes fhpbyide Xarmrbanpgeddy gitelerablapofiucgigpgiomrRed There
is no particular restriction on materials constituting the precision filter
on conditi on wiratht hegtdénsot) .@éntiaiky ceapahenes Weisch dfaySEFbend ut®ed into
an aqueous hydrogen peroxide solution. For exanple, the filer made from
fluororesin, polyotedi firvesithesumtrus pohyéshynenefosodisny pkopyr ede,
pol ysul fone resin, or polycarbonate resin are used. Among them the filter
made from f | uosoaesiomi §1lpartideubad pmproefieralfligiori@ieAccording to the
present invention, a flocculating - )
' - Thus, a flocculating agent is added to an aqgueous
10 hydrogen peroxide solution in advéhce, then insoluble
silica is removed by filtration using a precision filter.
Subsequently, soluble silica is removed by using an anion
exchange resin in a fluoride form changed by a fluoride
compoﬁnd wherein the amount of SiF; is controlled to a
15 certain amount or less. Aé a result, it becomes possible
to remove the silicon oxide impurities contained-in an
 aqueous hydrogen peroxide solution up to ppt order (1/10%).
Furthermore, the present process realizes the higher
reproducibilityofIemovingsuchSiliconoxideimpurities;
20 The present invention also provides a process for
producingeapurifiajaqueoushydrogenperoxidesolutionby
removing silicon oxide impurities contained in an agqueous

_hydrogen peroxide solution to a minimum, which comprises:

adding a flocculating agent to an aqueocus hydrogen.



agent is added to an aqueous hydrogen-peroxi de solution for filtration
using a precision filter, and thereafter, the hydrogen peroxide ﬁ?yrﬁ§t zmﬁ
brought into contact with an absorption resin. By contact with t et v _
absorption resin, 15 organic inpurities can be further renoved to a higher
degree. As. the absorption resin, a porous resin having is used. The porous
resin conprises a styrene-divinyl benzene copol yner and has no i on exchange
group. The porous resin-20 desirably has a specific surface area in a dry
state (BET nethod (N2)) of about 200 to 900 m/g, preferably 400 to 900
n2/g. Further, such resins are desirabPe having a continuous pore of a pore
volunme in a dry state of about 0.6 to 1.2 m /g, preferably about 0.7 to
1.12 mM/g as ~= KC~1<3 -, I y r U I Ly hod.
As the porousp?%%%ﬁ#gg&ﬁggf%ﬁﬁgﬁgﬁgﬁgqggkg%??ﬁ?@éﬁgf%%?@?g?ggg%gfd%??inked
by divinyl benze. ne_and has .a_net.warKk r eis u ..Such _t he rption
resin incLudeélig%E%P?t%P' lﬁfﬁﬁﬁwﬁﬁﬁi§kﬁ?§i%§53&§§3§§%°ﬁ§ﬁﬁﬁ- gggp%%ngany
and HP10, HP20) HP21 30, HP40, HP50, SP800 and. SP900 produc b
W TSUBI SH - CHENFEAES BREOERER LU oo tE 1 BEPRICORT T FB hal ogen
can be used as, an absorption resin. Preferable exanples of the 10
haIogen-ContaF%?ﬁ%agB?Bus resin include a halide of a crosslinked polyner
- of an aromatic nmonovi nyl nononmer such as styrene and yi-nyltol uene and an
aromatic pol yvi nyPTiBASRSr EBEN ABTALVEHAYI HIRGERB PSP NP PEMSERR, a
crosslinked polyner of a hal ogenated aromatic nmonovinyl 15 nononer such as
'nDnochIorosty$@ﬁ@taﬂH #bRBbFOREEFteétiid an aromatic pol yvi nyl nononer and
a crosslinked folyner+of a hal ogenat ed aronatic nonovinyl nononer, an
aromati ¢ monoV# hygnnBnomdriamdesphargeareeipel YOPAYl nononer. As the
hal ogen-contai ni ng porous resin, a halide of 20 styrene-divinyl benzene
copol ymer is piéf ermbiniarsegchandge reslaxahprecdt e a fdde ridee f oTBEPABEADS
SP207", which is : :
at least one fluoride compound which contains 0.05 % by

 10  weight or less of SiF, and is selected from the group
bﬁnsisting of sodium fluoride, potassium fluoride and
ammoniﬁm fluoride, thén
(1ii) an anion exchange resin in the carbonate form or
"bicatbonaté form, thereafter
15 (iv) a cation exchange resin in H' form.

In the present invention, it is preferred that the
concentration of hydrogen peroxide contalned in an agueous
'hydrogen'peroxide solution is 40 to 70 % by weight.
-Especiélly, silicon oxide impurities can be removed with

20 ~efficiency ﬁhen the aqueous hydrogen peroxide solution
| having such concentration is used.

It is preferred that a flocculating agent is at least

one phosphorus compound.seiected from the group consisting

of phosphoric acid, polyphosphoric, discdium dihydregen



a copolyher of bronfnatéd styrene-divinylbehzehe ahd Ha§“a%spééific gravify

of ‘about 1.2, can be listed. Further there can be used the absorpti g@'
in whicha ~~ 0" 0 Z003 -15 hydrophilic group such as a hydrdxyﬁﬂag @?
chl oroal kyl group or an al kyl hydroxide group is introduced into a
crosslinked copol yner of an aronatic nonovi nyl nonomer and an aronatic
pol yvi nyl nmononer. . The chl oreoal kyl group is 5 represented by the fornmula of
- (CH2) "Cl and the hydroxy al kyl group is represented by the fornula of
-(CHz)"OH. The longer a straight chain of alkyl group is) the weaker the
hydrophilic property is, and therefore,~l%ractically preferable are those
having n of | to 5. The resins are 10 comercially available itens. For
- exanpl e, the trade nane "bophachett. " P yer: 1S I nown.

By such the. CRESTRINETR re R & M S B i LB s "o
as organic i ities contained in an aqueous hydr n,_per.oxi.de .sal ution
can be highl&B#@:renove§%95ﬁofkhe nexfggfép, th§Qﬁ¥i§d%§%%ﬂﬁQ%ﬁéiééwoxide'
solution is brought_into contact with an anjon exchange,resin changed
(converted) i SR RESHERR? FRBOTOA PSFHSb? gh%s?a@ﬂe%PFGSP?deq&b%ﬁ%und
which contains a very small 20 ampunt of SiFs and isliilectgg fromthe
group consi stRFREALEJdinAR thgoFPe, PPRTRRST i FIRA TR PengddRfiohl (R
quoride“éSuch fluoride conpound is hereipafter called "regenerant” ) . By
contact wPth amewmE ofhekcHdiggeatesils itrtHe fPhdFldeet 3121EPD OB - 16
ion form a soluble silica dissolved in the agueous hydrogen peroxjde
solution is tieppettbys acomtiagmaskchange r @siugoasd REABOGEN R Hieferred
that the anount of SiF6 contained in 5 a fluoride conpound as a regenerant
be 0.05 % by swightomrin eszms it 1 ptedbrdisinyto We shpgrherghtcadrIwrd. Wien
the amount of SiFs contained in the regenerant is such as above, it is
possi bl e to riempwverhnfeofi phosphoxiideatompdsi 0i.890domtrailesd -i n an aqueous
hydrogen peroxide solution up to

' ' It is preferred that the average pore diameter of the

10 precision filter used in the present invention be 0.2pum

or less.

DETAILED DESCRIPTION OF THE INVENTION
A process for pfoducing a purified aqueous hydrogen
15 peroxide solution according to the present invention is
described in detail hereinafter. Ppm, ppb.and ppt used in
| the present specification means ppm by weight, ppb by weight
and ppt by weight, respectively.
An aqueous hydrogen peroxide solution used as a
20 feedstockjlithepresentinventionjjsproducedbyeapublicly
knoﬁn process such as an anthraquincne auto-oxidation
process, a direct synthesis process by a direct reaction
'of hydrogen énd oxygen, and sSo on.

In the agueous hydrogen peroxide solution, silicon



10 ppt level (1/1012), and furthernore, the reproducibility level of -
“renpvi ng such silicon oxide inpurities i.s also high. Wen SiFs cont gmte in@,
the regenerant is |arger than the above, SiFs cannot be thoroughly reﬁo&“@
by washing after 15 the regeneration of an anion exchange resin in the
fluoride ion-form Therefore, it happens that SiFs derived fromthe
regenerant | eaks out to get mxed into the purified aqueous hydrogen
peroxi de sol ution when an aqueous hydrogen peroxi de solution is brought
into contact with an anion 20 exchange resin in the fluoride ion form And
the Si content remained in the purified apueous hydrogen peroxi de sol ution:
may be ranged. As the anion exchange resin used in this invention, strongly
basi ¢ ani on eégggggﬁmresi s _agbtain

_ gsip tai ed b% 112 ~Oo~c.zcg3. 17
chl oromet hyl ation-o Et 9 8Re2EPVPR)FEBA2EnECRFBBFANEBA2BopBPYRESr OF
fol I oned by am'lgati on of. the Erﬁgﬁm by %rére#h l,am ne or . .
di met hyl et hanBl 2% i 4ndS¥ubgRgRhERM b 'ﬁél§°&u3¥é?ﬁe+@p%5¥F16ﬁ t he
product of anination,&;he 5 exchaqge resin.is a quaternaréeannoniun1group)
- weak basic ahFofSTdYeradd®m ¢4 Her dBFEded RARAB AT NESFF VR AYEBBNZENe
crosslinked cqpol yner and havin& a primary, secondary, or tertiary am ne as
the ion exchafgetatoapionmnd Apivtigd)d sbbcareumanmnes sospeadeshinng a
tertiary 10 amine as the exchange group; and pyridine type ani on exchange
resins compri ShARE FEId AateRaRlsgCanpyitufingr pupdeet hosubseit it bdspyri dyl
-group. O these, strongly basic ,

, Such silicon oxide impurities include both insoluble
silica components and soluble silica components. Insoluble
silica components are particles or colloidal silica, and
soluble silica components are silicate and the like.

10 In a process for producing a purified agqueous hydroge_n
peroxide solution according to the present invention, first,

a flocculating agent is added to an agqueous hydrogen
 peroxide solution, thereafter the resulting solution is
filteredoutusing;aprecisionfilter,andinsolublesilica

i5 components contained in the aqueous hydrogen peroxide
solution are removed as impurities of sblid materials.

The concentration of hydrogen peroxide in such agueous
- hydrogen peroxide solution is 40 to 70 % by weight,
preferably 45 to 65 % by weight. Especially, silicon oxide
20 impurities can be removed with efficiency when the aqueous
hydrogen peroxide solution having such high concentration

is used.

A flocculating agent is added in order to flocculate

and filter out the insoluble silica components contained



ani on- exchange resins having a quaternary ammoni um group as a exchange ’

group is preferably used in-the present 15 inventi-on. Various anhayg ¢ 003
exchange resins having a quaternary ammoni um group as an exchangé group are
commercially avail abl e. For exanple, products of DI AlON PA series such as
PA316 and PA416, DI AION SA series such as SA10A and SA20A 20 and products
of Anberlite |RA series such as. | RA-400, I RA-410, I RA-900 and | RA-904 are
~exenplified. Such resins are generally comrercially available in the form
.of a chloride ion form In the present invention, as anion form before
changing 2 z ~~c zoo3 -1% into a fluanikde ion form a commercially
avail abl e chloride ion formmy be used per se.-The ion fornms used mthe
~conventional technology for purification of hydrogen peroxide, sucqlas a
hydr oxi de i onifiorap a2@uepBRat BYRSRILH mPSLEXifice arsyordt @ on 5%r nft Gr e
al so avail able. Moreover, an ion formother than those may. be_used. An
ani on exchangéleesihating Fgerian §ephPRPBOLAE FIMRAURR LiSoRSEBEAYIYS$E i ngi ng
t he agueous sol ution containing the regenerant described above into contact
with the ani dbs 1&hexchhpngehoesisn. campctintl ovithg lgecEesenfmPIFesRIBRE1E 0
bring the aqueous solution containing the regenerant into contact with an
ani on exchangeomgsing seilanted fxonaige gresipncosspatkad thtphespheonic
exchange resin tower (a regeneration tower) in a continuous flow process,
and the agueoasidp sobulliy@hoepiicaiid ng &bedy egedésant urs paderddrdgetgh
downward, thereafter ultra-pure water is passed from bel ow upward. This
oper ati on coupysoghoc 8pRaskemmilhet f Lomathgldrsphabbyonegeneidl etdoyhe
“conducting the above step twice or nore, preferably 2 to 12 tines. 20
Usual |y, an aghop exchangge+&8EN IS broaught into eadnibaicdddthimetegeaer ant
aqueous solution by a process that the regenerant aqueous solution is
passed t-hrOug%@eﬁyiaﬁepﬁbhpﬁom&:e wat gy isn@asged tshrneughhbeeofashisg the
resin, In the present -invention, a cycle of passing of

preferably used.
| 10 : It is preferred that the said phosphorus compound be
. added in an amou.nt that the atomic ratio (Si/.P) of silicon
éxide impurities contained in an aqueous hydrogen peroxide
solution in terms of silicon atom to the phosphorus compound
in terms of phosphorus atom is 0.0001 or less, desirably
15  0.00001 — 0.0001.

The solution is desirably aged for one day or more,
preferably for one day to 5 days after adding the phosphorus
compound thereto. The aging may be carried out under the
corllditior..l of either stirring or not stirring. By this aging,

20 insocluble silica components are floccuiated and grow so as
| to be filtered out..

The insoluble silica components are filtered out using
a cartridge-type precision filter.

The average pore diameter of the precision filter used



2 < @:G2n0ar egenerant/ul tra-pure water washing i s desirabl y repeat ed

particularly two or nore tines. By repeating the fluorine conpound aqgueous
solution/ultra-pure water passing, an ion exchange resin can be effectively
and honogenously 5 regenerated and further can be washed up to the inside
of the resin due to contraction and swelling of the resin. The
concentration of the regenerant is usually 1 to 4 o by weight, preferably 2
to 4 s by weight.. The arount of the regenerant aqueous-solution to be
passed through is 10 three tines or nore,. preferably 4 to 12 tinmes of the
resin volunme. Such regenerant aqueous sdlution is usual | y passed through of
a downfl ow at SV (space velocity) = 1to 5 H-1, and BV (Bed Vol une;

showi ng the volu of ion _exchange resin_15 pr.ocesse upi t_ i -R" -
‘0.5 to 1 L/L-B gﬁ%n,pr&l - pUPE Wt @Y 18 f)jaers‘)sslg&% rg%gﬁuo an 3lp %w at SV
= 10 to 30 Hr-1 and BY = 0.1 to 0.5 L/L-R for,,washing. After the regenerant
sol ution and RESFEEFREE hter s YassEF S-hr SUGHE aﬁ%t HeY \ﬁefsrhrilncaﬂ%g]fh
ultra-pure water is 20 conducted to further wash an ion exchangg resin
after regenerk®$oRl CEHOR MnsMFBRERLAGS TS shlibhee e Erﬁ‘é%\ﬁ%f’ﬁ%%a]ﬁ%e’apf | ow
of ultra-pure water is taken as one step and 4 to 9 steps are carried out.
1t is preferren adntitinn ghetatpavedQdialy 08 tFdss 6aMPRASUER BRIGRMIW at SV
= 10 to -20 530 Hr 1 and BY = 3to 5 L/L-R . and of downflow at SV = 10

~ to 30 Hr-$% arteBMutdsltiot® phl apuepus| Bydrogepreeeprédet pRtuthenwaSPr ng i s

conducted with 30 to 60 tines volune of ultra-pure water relative to the

resin vol urme. eddus] e bytheefédernpgadad fambiliuee or@sdounpohpasefsn resin

~solution-ultra-pure water passing, an ion exchange resin can be effectively
and honpgenoushyh reeg eodvatéy lard bur pheéyprapybengaspedysplfonehecshizi de of
the resin due to contraction and swelling of the resin. 10 In the present

—invention, a eppidlwarbdiawe pestessre used. Among them, the filter made
from fluororesin is particularly preferable.

10 ‘According to the present invention, a flocculating
agent is added to an agueous hyd}:ogen peroxide solution for
filtration using a precision filter, and thereafter, the
hydrogen peroxide may be brought into contact with an
absorption resin. By contact with the absorption resin,

15 organic impurities can be further. removed to a higher
degree.
As the absorption resin, a porous resin having is used.
" The porous resin comprises d styrene-divinylbenzene
copolymer and has no ion exchange group. The porous resin

20 desirably has a specific surface area in a dry state (BET
method (N,))} of about 200 to 900 m’/g, preferably 400 to
900 m*/g. Further, such resins are desirable having a

continuous pore of a pore volume in a dry state of about

0.6 to 1.2 ml/g, preferably about 0.7 to 1.12 ml/g as



is used for brrngrng the aqueous hydrogen per oxi de squt|on contarn
“i-npurities-into contact with the anion exchange resin in the quorrdgefgﬁ& 2053
~form It is preferred that the aqueous hydrogen peroxide solution be passed
through the 15 resin layer at a space velocity (SV) of 5 to 40 Hr-1,
‘preferably 10 to 30 H-1. In case of the anion exchange resin in the
fluoride ion form an aqueous hydrogen peroxide solution is not deconposed.
Therefore, safety precaution such as the 20 prevention for cracked gases is
hardly required. It is also effective that, after the aqueous hydrogen
peroxi de solution is brought into contact with the anion exchange resin in
the fluoride ion formto reduce silicon oxide inpurities the aqueous
hydr ogen peroxi de sol ~r_~ou3.-21 | into
Cont oot w th BROFRERY KhaRs PESPREY RARERTE AT E AT adir e e Bk
exchange resin having a sulfonic, acid rou and tron basi ¢ ani on
exchange resif®S4Eh gsrﬁﬁlﬁnwaﬁch&ﬁa ‘ﬁ (é%ﬁ%ﬁﬁﬁe form 5 The
puri fied aqueous h drogen per oxj de squtron processed wi th_an ani on
exchange resi ﬁr?ﬁsihékﬁﬁﬁyr%ﬂ%‘hll?%‘?%‘?%%rﬁrﬁ N$'% RePPFHBF K& T BR-YEfer at ed
by ion exchange, which can be renmpved by contact with a normal anion
exchange . r esi hsi nsadbi cHtPfonahe 2PFATLERENt KESLPKANCENGSS RS thi on 10
exchange resin in the fluoride ion formis used in conbination mnth a known
ani on and Scat XBR-2xahdngRDT e rndudrd drvidiolet scHaasceorRAMeapRoPBE My
sel ected according to the conmponents of the purified agueous hydrogen
per oxi de sol ukPa, tioPhe, KR, P40, UHEA nRHEGW ehdafP&RiConraddcednbsn
exchange resin, it is preferred that the aqueous hydrogen peroxide sol ution
be passed thrME@EUBISHEiGHEMKCR&h@@RﬂQﬁAﬂIQNLahion_exchange resin in the
fluoride ion form an ani on exchange resin, and an cation exchange resin,
in this order. 20Fospéeirgl &ypowhen rdsd ragoecas nhydr bgéogprroxi de sokdti on
is passed through H cation exchange resin, an anion exchange resin in the
fluoride ion eran apsBompeichanges iresi Rrifetrheleachanmutles arf fdrem or in the
bi carbonate ion formand H cation exchange resin in this :

10 HhHalogen-containing porous resin include a halide of a

'qrosslinked polymer of an aromatic monovinyl monomer such
~as styrene and vinyltoluene and an aromatic polyvinyl
monomer such as divinylbenzene and trivinylbenzene, a
cfosslinked polymer of a halogenated aromatic monovinyl
15 monomer such as monochlorostyrené and monobromstyrene and
an aromatio polyvinyl monomer and a crosslinlked polymer of
a halogenated aromatic monovinyl monomer, an aromatic
monovinyl.monomer and an aromatic polyvinyl monomer. As
the halogen-containing porous resin, a halide of |
20. styrene~divihylbenzene copelymer is preferably used, and,
for example, the trade name, “SEPABEADS SP207”, which is
a copolymef of brominated styrene—divinylbenzene and has
" a specific gravity of about 1.2, can be listed. Further

there can be used the absorption resin in which a



.~ ~ E O 2003 order, even inpurity conmponents other than silicon oxide
inpurities-can be renoved to a mnimum As a result, netal ion inpu?ﬂhﬂgg 2003
‘contai ned in an aqueous hydrogen peroxide solution can be effectively
renoved, and a very high 5 quality agueous hydrogen peroxide sol ution
- having a nmetal ion inpurity content of a few ppt levels or its vicinities

can be produced. Further, the aqueous hydrogen peroxide solution purified
by 't he process of the present invention has a good and stable
duplicativeity of level of renoving 10 netal ion inpurities. To the aqueous
“hydr ogen peroxide solution thus obtaineds-ultra-pure water is further added
as necessary to prepare the concentration of hydrogen peroxide. The _
ultra-pure ter. erefrominpurities are renmoved to a 15 _high ree, is
breferably uaiEERB b i S PRE St & SeeEPAYad Tt SR HHRET b e o
produce .a highl urified ueous hydr.ogen peroxi de sol ufion, wherefrom
silicon oxidegF%Bﬁr?Fiﬁg ﬁigyﬁeﬁggé o 84&&?I%ﬁuﬁthR#qQ?qrﬁpﬁﬁe%ent
invention, prior to ,the procedure described above, a purified aqueous
‘hydr ogen per o%F ‘d%sgbph??o?ﬁp%ﬁéfil%? NP BtHA et AONGY Y durPRPes raaed hi ghl y
renoved by a known process, may be used. As an alternative way, fromthe
highly pure a¥edtRUAYHE opehYperpki Bencmery Fhie chhgmoabkyt i orcept b$ ned by

t he process of the present invention, other netal ion ingurities may- be
removed by usTRBrasKRAbeA it Beedprmia RAowtHh) dtkssdst e hydrowe 2 hley bt her
“metal ion inpurities and the like include-a distillation, an 5
ultra-filtratgoeeupalproepsesastad by dbsofprimodar ofi m (Ghd.GHchdlhet e resin
and so on. Wen these processes are conbined with the process of the
present i nventémper ndtstordyglst |dleoim i dd kydpgriotpes shuthal geabeherheret al
ion inpurities-and the |like can be highly renoved. Effect of the invention
Accordi ng to bhpdrppesént pneperignissi kindomhexiede neypyniadtascaiong ai ned i n
an aqueous hydrogen peroxi de solution can be renoved effectively to produce
an aqueous 15ptwfieogieheperextdessohatiog of o¥eiythi Gh (riad i teysindeseesn a
content of Si  is SO ppt or less. Further, in the process of the present
i nventi o t heomeprodatibidvd ylafl4 Heetant eFbrodxShpis, Rightaadestabd e. 20
Exanpl e

“bophachett EP63” produced by Bayer is well known.

By such the treatment process with the porous resin,

impurities (TOC) such as organic impurities contained ih
~-an aqueous hydrogen peroxide solution can be highly
15. lremoved.

For the next step, the aqueous.hydrogen peroxide
solution is brbught into contact with an anion exchange
resin changed (convertéd) into the fluoride ion form by at
least one fluoride compound wﬁich contains a very small

20 amount of SiF, and is selected from the group consisting
of sodium £fluoride, potassium fluoride and ammonium
fluoride (Such flucride compound is hereinafter. called
“regenerant”).

By contact with an anion exchange resin in the flucride



The present invention is further descried wth reference to the foll ow ng

- exanpl es. However, it should be construed that the present |nvent|qulgfgrpmh
no way limted to those exanples. = 2 2 t~EC 2a@ In the exanples, netal

ion inpurities were neasured by a flaneless atonmic absorption spectroscopy,

| CP- AES and 1 CP-M5. Ppm ppb and ppt neans ppm by wei ght; ppb by wei ght and
“ppt by weight, respectively. Exanple 1 Disodi um di hydrogen pyrophosphate

‘was added to 60 by wei ght of an aqueous hydrogen peroxide sol ution
containing silicon-oxide inpurities (concentration of Si: 10 2 ppb) to
attain a concentration of 0.077g/liter-1%hen, the solution was allowed to
stand for 3 days to be aged, thereafter'it was subjected to filtration with

a filter havin n_avera re aneter 0 The rati hosphor us
atomin di sodi GFﬁyd?ﬁggH%&ﬁ' b%%ﬁ&? Q%Eﬁ%l&ghﬁhaq%?oﬁ?%ﬁ4 %ﬁqlcon
oxide inmpurities (Si/P atonmic ratio %@g@ 00009. The ueous h r (in
peroxi de sol REHFHAE &OHLGRESdnF %Qéfs%ﬁ T R I”)?e feﬁ p?a{g

velocity (SV) = 15 Hr-1 through the colum into which an anion exchange 20
resin in the ¥eu5#¢4d- i on form was packed, and brought into contact w.th an
ani on exchange resin in the fluoride ion formto be purified. As the anion
exchange resin i nTthésfpuefedseilohhfbr et ABoYpéneia i Ba condpditrd rigsin
SA20A in the bicarbonate form 2 2 DEC 2Gu~ was regenerated to the
fluori de Bon & dimorAsid¢ kempegerepsng, r3I9sdyankikmt0 .30 Sobyuneishiorere
solution (amount of SiF6 100 ppmor |ess) was used. The regeneration of the
ani on exchangessesimoia phefdétanlyde. 9dns floy mevaght omduct st ddhan ftdie ows.
- The ani on exchange resin in the bicarbonate formwas packed into a
regenerati on dmonvett wii shrj sodithfiercentin futemregenerant is such as above,
it is possible to remove the silicon oxide. impurities
contéined:in an agueous hydrogen peroxide solution up to
10 ppt level (1/10%), and furthermore, the reproducibility
level of removing such silicon oxide impurities is also
high.
When SiFecontent in the regenerant is larger than the
above, SiF, cannot be thoroughly removed by wéshing after
15 the regeneration of an anion exchange resin in the flucride
ion form. Therefore, it happens that SiF, derived from the
regenérant leaks out to get mixe.d into the purified aqueous
~ hydrogen peroxide. solution when an agqueous hydrogen
peroxide solution is brought intoc contact with an anion
20 exchange resin in the fluoride ion form. And the Si content
remainedjJ}thepurifiedaqueoushydrogénpefoxidesolution
may be ranged.

As the anion exchange resin used in this invention,

strongly basic anion exchange resins obtained by



‘one for purification. The regenerant solution was passed through at SV =
2.25 H-1 and BV = 0.7S L/L-R of .a downflow, then the flow of the &d}Egimn3
was stopped, and ultra-pure 10 water was passed through at SV = 13.2 H 1
and BV = 0.3 L/L-R of an upflow. This operation was taken as one step and
this step was repeated 6 tinmes. Then, ultra-pure water was passed through

at SV = 13.2 H-1 and HVY = 3.3 L/L-R of a downflow, thereafter at the same
rate of SV and BV of an upflow. This 15 operation was taken as one step.
This step was repeated 6 tinmes to wash with ultra-pure water and prepare

t he ani on exchange resin in the fluoride7yon form The ani on exchange resin
inthe fluoride ion formthus regenerated was packed into a purification

tower (an ion_exchan resi.n_tower).in 20 slurry. reaf - | ution
was dil uted &Pfﬁﬁrarﬂﬁgiy&&?é%?ﬁﬁ %‘Eéfﬁc‘?élr‘?t @ét"ilél&léofgq’%e%:ae éggﬁﬁﬁ‘gg‘ﬁé ess) to
prepare the aqueqQus hydrogen peroxi de sol.ution Vi ng a concentration of
hydr ogen perﬁgf-’ﬂ W%l.f%%ﬁf“%é{&%.am%‘ﬁ&??l gt%gpg%(glﬁ%%n Yation of Si
in the purified agqueous hydrogen perqxide saol ution ohtained was sured.

It was not mbFETEREY 156HR OB Fo AT RIS OAY: aci d)

was added to-60 s by weight of an aqueous hydrqgen per oxi.de sol ut B%
cont ai ni ng- SEPFEGAIOR| T2 § PHRRTY i B8l ¥ dnEBRIPEPTORE AL gMingd i YtHE attain
a-concentration of L39g/liter. Then, the 10 solution was allowed tqQ stand
for 3 days texpbaagedresin is a quaternary ammonium group) ; weak basic

énion_exchange resins derived from a styrene-
divinyl’benzene crosslinked copolymer and having a primary,
secondary, or tertiary amine as the ion exchange group; an
acryiic acid type croéslinked polymer having a tertiary
10 amine as the éxchange .group; and _pyridine type anion
“exchange resins comprising a polymer having a pyridyl group
or a substituted pyridyl group. Of these, strongly basic
anion exchange resins having a quaternary ammonium group
as a exchange group is 'preferably used in the present
15 invention.

Various anionr exchange resins having a quaternary
ammonium group as an exchange group are corﬁmercially
available. For example, products of DIAION PA series such
as PA3716 aﬁd PA4lée, D_IAIQN SA series such as SA10A and SAZ20A

20 and products of Amberlite IRA series such as IRA-400,
| TRA-410, IRA-900 and IRAR-904 are exemplified. Such resins
are generally commercially available in the form of a
chloride ion form.

In the present invention, as anion formbefore changing.



thereafter it was subjected to filtration with a filter having an qyerage

pore diameter of 0.1u m The ratio of phosphorus atomin 2 UEC 2003
am not ori (et hyl enephosphoni ¢ aci d)added and Si atomin silicon oxide
inmpurities (Si/P. 15 atomc ratio) was 0.000l. The aqueous hydrogen peroxi de
solution after fi-ltration was passed continuously at a space velocity (SV)
=15 H 1 through the colum into which the sane ani on exchange resin in
the fluoride ion formas that in Exanple 20 | was packed, and brought into
contact with an anion exchange resin in the fluoride ion formto be
purified. The aqueous hydrogen peroxi de solution com ng out of the
purification tower was diluted with ulfﬁgfpure wat er (concentration of Si:

50 ppt or less) to prepare the aqueous 2 2D E C 200, hydro roxi de
sol ution havi Oaac@ﬁtfg?ﬁ%ﬁ%ng%mhﬁ?888ﬁr8é? %Pfaae"%%f%"iies %yrl-c’\%gﬁdg) t. The
~concentration of Si in the purified aqueous Q¥dro e Beroxidg s?l%&{on
- obt ai ned was TREastREY. MY REs USSP STore t nhH SJOOIgp OLERahSFE a1
Exanpl e 1, the aqueous hydrogen peroxide solutign after filtratjon was
passed conti MRt RNal (echnsileg v 0 LoFacBuvEF bEREYORS\IT t Al She
colum into which a cation exchange resin in the H- formwas packed, and
brought i nt o rEomz=icie wistieht #i@ achvisaxégersyéords| fH Garbore e 1ppriRrm
Thereafter, the solution was passed continuously at 15 H -1 of a space
vel oci ty BSV)or hrisugtbdrtes & dlamm ot 02wk @hsare s bl bh- HIReGe re¥in in
the fluoride ion formwas packed, and brought into contact with the anion
exchange resiipin nfdire dthueri deanonhbeenmanf ber uskat-, with cooling to -3C,
the sol ution was passed continuously at 15 Hr-1 of a space velocity (SV)
t hrough the col unanianti@mbkchaageanisim 28ndehbaggedasitp thetfherd)id@ bonat e
ion formwas packed, and brought into contact with the ani on exchange resin
in the bicar bonatfoiwbY Grandbs edueddysouhessoluionrcomspassed the
continuously at 15 Hr-1 of a space velocity (SV) through the colum into
which a cati ofed&séfaht tBecHibbar miafvd hinto contact with the anion
| | 10 exchange resin. The following process may be used to bring
theaqueoussolutioncontainingtheregenerantintocontact
with an anion exchange resin; an anion exchange resin is
- packed into an ion exchange resin tower {(a regeneration
'tower) in a continuous flow process, and the agueous
15 solution containing the regenerant is passed through
downward, thereafter ultra-pure water is passed frombelow
upward. This operation counts as one step. The resin is
desirably regenerated by conducting the above step twice
or more, preferably 2 to 12 times.
20 Usually, an anion exchange resin is‘brought into
contact with a regenerant aqueous solution by a process that
the regenerant aqueous solution is passed through and then

ultra-pure water is passed through for washing the resin.

In the present invention, a cycle of passing of



2t DE G2003 _za_ second step was packed, and brought into contact with

‘the cation-exchange resin in'the.H formof the second step. Each ko DEC 2003
exchange resin used was regenerated as follows. 5 The regeneration o Jhe V
above ion exchange resin was conducted in the ion exchange tower o
(regeneration-tower) which is different fromthe purification tower for an
aqueous hydrogen peroxi de solution. Regeneration of an ion exchange resin

10 The spent SKI1B was used as a cation exchange resin in the H formof the
first and second steps. 10 s by weight of an aqueous hydrochloric acid
solution was used as the regenerant. Theggsol uti on containing the regenerant
was passed through at SV = 2.25 H-1 and. BV = 0.75 L/L-R of a 15 downfl ow,

through at SvFeSaaeBaRr /1 ERA-Bute WAt ekt & GRPLbP LT S OORF At fon
was  taken as one step and this step was repeated 10 ti.nes, Th ultra-pure
wat er mas_pas%%ﬁt%%?gﬁﬁﬁya&W@99ﬁﬂnT§?2tFW@S‘aﬁﬂ’f§p§9t4n§.§hflff$?5*n3 .
downfl ow, thereafter at the sanme rate of SV and BV of an upflow. This
oper ati on WasCPBReWNE R PIROPT 60454 19N L R P RSP haE R ®d28 tPhHes to
wash with ultra-pure water and prepare a regenerated canon exchange resin
in H form ezchasge zedln ggn he eidcghileloxdmghdemaaatPusithe fluoride
fon form 5 reger_ierated and fﬁrther can be washed up to the inside of |
.t.he resin due .to contraction and swelling of the resin.
The concentration of the regenerant is usually 1 to
4 % by weight, preferably 2 to 4 % by weight. The amount
of the regenerant agueous solution to be passed through is
10 three times or mére, preferably 4 to 12 times of t?he resin
volume.
Such regenerant agqueous solution ‘is usually passed
through of a downflow at SV (space velocity) =1 to 5 Hr™t,
and BV (Béd Volume; showing the volume of ion exchange resin
15 processed. A unit is L/LfR)" = 0.5 to 1 L/L-R. Then,
ultra—pure water is passed through of an upflow at SV = 10
to 30 Hr! and BV = 0.1 to 0.5 L/L-R for washing.
After the régenerant solution and ultra-pure water was
' passed through, another washing with ultra-pure water is
20 conducted to further wash an ion exchange resin after
tegeneration. In this washing, the sequen.ce of a downflow
and upflow of ultra-pure water is takén as one step and 4

to 9 steps are carried out. It 1is preferred that the

ultra-pure water be passed through of upflow at SV = 10 to



t he spent SA20A was regenerated and used. As the regenerant, 3 a b@;&@gghﬁmg
of sodium fluoride solution (ambunt- of SiFfi 100 ppmor |ess) was used. The
regenerant solution was 5 passed through at SV = 2.25 H| and BV = 0:75
L/L-R of a downflow, then the flow of the solution was stopped, and
ultra-pure water was passed through at SV = 13.2 Hl and BV = 0.3 L/L-R of
an upflow. This operation was taken as one step and this step was repeated
.6 times. Then, 10 ultra-pure water was passed through at SV =13.2 H1l and
BV = 3:3 L/L-R of a downflow, thereafter2&t the same rate of SV and BV of
an upflow. This operation was taken as one process step and this step was
repeated 6 tinmes for washing with ultra-pure water to prepare the

regener at ed A5 e c%&ng resif 4 pn the oride i r ;Ef ani on
exchange r esia:ﬂé iokﬂrt h%n%i ar'bg‘)’naiioe é]oﬂ'r/rrr&f I?hegé%eél %%%s%sﬁ. |Cr)st) it
‘was regenerated w th_sodi um hyd ﬁagg s 1 he regener ant g s b i ght of
_aqueous‘sodiUH?ﬁﬁ% xid%mggbhfi%ﬁ: slﬁ§Z&% g&b% qﬁgﬁ?lgée ?%%'ﬁgﬁ ner ant
sol uti on was passed through at SV = 2 25 Hr'i and ? =.0.75 L/L-R of _a
downfl ow, the ?h@a?hbﬂﬂogstHQHQEQEﬁqNW%ﬁE 9ogﬁe ¥ &hdes (PR Chat er
was passed through at SV = 13.2 H-1 and BVY. = 0.3 L/L-R under an .
upwar d- movi ngrEEF A rThy 3t 8pet 8L RBAVRaS Ot &kén TS IGhFolume.C 2DD3 - 30
process step and this step was repeated 6 tinmes. Then, ultra-pure water was
passed t hPough at Bws, | by2 repaathyc pihe ERieringR spmpogbinfapigous
thereafter at the same rate of SV and BV of an upflow. This operation was
t aken as one SokgepoandlthdsperepvaasSIrepeaied, 5ani hel $EPhaRehi FRE Wt h
ultra-pure water. Subsequently, this anion exchange resin was regenerated
Wi t h sodi um btzableonbfect get nendeyeneganous3yvordgeneiafied ahdalgireoier sodi um
bi carbonate sol ution was used. 10 First, the regenerant solution was passed
t hrough at S\tan Be2bashed uantb BYe=ips ¥de bfl tie ok sdandbwntbowntheetide fl ow
of the solution was stopped, and ultra-pure water was passed through at SV
= 13.2 Hl ansn®\VsweDl3nyg/ LERtbé amsupf.l ow. This operation was taken as one
step and this step was
10 In the present invention, a continuous flow process
is used for bringing thé aqueous hydrogen peroxide solution
containing impurities into contact with the anion exchange
resin in the fluoride ion form. It is preferred that the
aqueous hydrogen peroxide solution be passed through the
15 resin layer at a space velocity (SV) of 5 to 40 Hr™,
preferably 10 to 30 Hr™'.
In case of the anibn exchange resin in the fluoride
ion form, an aqueous hydrogen peroxide solution 1is not
decomposed. Therefore, safety precaution such as the
20 prevention for cfackeq gases is hardly required.
It is also effective that, after the agqueous hydrogen
peroxide solution is brought into contact with the anion

exchange resin in the fluoride ion form to reduce silicon

oxide impurities, the agueous hydrogen peroxide solution



15 repeated 12 tines Then) ultra-pure water was passed through até§¥

13.2 Hri and HV = 3.3 L/L-R of a downflow, thereafter at the sane eDEf § 2003
SV and BV of -an upflow. This operation was taken as one step and this step
was repeated 6. tinmes for washing with ultra-pure water. The regenerated 20
ani on exchange resin in the bicarbonate formwas thus prepared:. Each

exchange resin regenerated as above was packed, in slurry; into each
~purification colum. After the flow of aqueous hydrogen peroxide solution

2 ZDc C?p~3 -31 through the colum, ixe purified aqueous hydrogen '

~ ‘peroxi de soluti.-on was diluted with uItra pure water, wherefrominpurities

were highly renoved, to prepare the aqueous hydrogen peroxi de sol ution

h t f 5 dro en f 31.s wei ht. The

CZ‘ZLQ%t?af?Bﬁ?%ff@ﬂher rﬁggp R U e abhe P e esh 08 on
. Obtai ned was measur e ﬁ% not n&re t han 50 ggh. And ot her inpurities
are also remV&ds ¥he a EHPQ&V REpOLFt FBS188ne 889Fn TERE NpBAVEREd210

aqueous hydrogei Beroxrde solution obtained is shown in Table 1. Table 1 An
 amount of i npiPHEPBLC ACHRe HEEL R I r UGN DY d3a BHC sen LN oRxTBaReasur i ng
limt (ppt)measured value (ppt)nmeasuring limt_ (ppt)nmeasured val ue

(ppt) AO. 5NDVDT 9 RIBAI $H 3D 2S\R0 ENOAS SKREIVBDY 8 NIFRIT 2 RENRG. SSNDRADKD B rNDBa0. 1N
DNi 0. 7NDBe5NDPb0. 1NDBi 0. 2NDPd0. 3NDCa2NDPt 0. 2NDCd0. 3NDSb0. 3NDCo1NDSi 50NDCr 11
Sn0. SNDCU®, 5NEBE (PWSNDFed . S1H S hyNINGEER 5 KB FOXNOGe 2 NDTEG ohNDE 60 $ BNt NDK2N

DZn2NDLi 0. 02NDZr 0. 10. 1 ND shows the. measured value is not nore than the
measuring |inWith an anion exchange resin in the fluoride ion form

-cont.ain.s ,’r:he fluoride ion generated by ion exchange, which
can .b.e removed by contact with a normal anion exchange resin
in a bicarbonate form, and the like. Thus, when an enion

10 exchange resin in the flueride ion form is used in
~combination with a known anion and cation exchange resin,
the order of contact can be properly selected according to
the components of the purified aqueous hydrogen peroxide
solution to be used.

15 '. In combination of an anion and cation exchange resin,
it is preferred that the aqueous hydrogeh'peroxide solution
be passed through a cation exchange resin, an anion exchange
resin in the fluoride ion form, an anion exchange resin,
and an cation exchange resin, in this erder.

20 Especially, when the aquepus hydrogen peroxide
‘solution is passed through H' cation exchange resin, an
anion exehange rasin in the fluoride i.on form, cation
exchange resin in the carbonate ion form or in the

bicarbonate ion form and H® cation exchange resin in this



-~ 2 aac 2 ~a~ -32 Cbnparatlve exanple 1 10 15 20 Di sodlun1d|hydroge _ S
pyrophosphate was added to an 60 O 5 by wei ght of an aqueous hydrog%a BEC 2003
per oxi de sol ution containing silicon oxide inpurities.Then, the solution
- was allowed to stand for 3 days to prepare a matured aqueous hydrogen

-peroxi de solutions The concentration in the obtained aqueous hydrogen
per oxi de solution was 3. 8 ppb and phosphorus concentration in the solution
..ion was 16 ppm The rati'o of phosphorus atomin the aqueous hydrogen
peroxi de solution and Si ion in silicon oxide inpurities (Si/P atomc
rati o) was 0.0002. Wthout filtration, 42»-s aqueous hydrogen peroxide
sol uti on ‘was passed continuously at a space velocity (SV) = 15 Hr-1 through
t he col um - |nto whi ch_t he, sane. ani on _excha ge ﬁ n.in the uorldedlon
form as that PHCERArBTSn TR HEeKEEARA DT GRGHE | HPER cont LTt hogn
ani on exchange resin,in the quorlde on formto be purified. The agueous
hydr ogen per oXRR* $biGFi 0P &St RGSGE bP ?Fﬂ}ﬁﬁﬂqq1 PoﬁeFB&Er g i luted
with ultra-pure water (concentration of Si: t or |ess re the
aqueous hydr ob@h Jpre%&iaéego@%%hnﬁavmga% % %@%%r%r%%g %ﬁ? 8
‘peroxide of 31 a by weig ~ 2 a ~ ~ ?003 -33 The Si concentration in
“the purified %ﬂh@ék@nhyﬁﬁbd§h BéfﬁﬁFageéﬁlGﬁﬂﬂ?%%ﬂa@%@damé§”ﬁéa%hgﬁd | t
was 0.23 ppb. Conparative exanple 2 5 Disodi um di hydrogen pyrophos hate was
added to &n mu@ylmmme@ﬁsmmm§qwld§%@0datdﬁrd@a§ém popetal
containing silicon oxide inpurities (concentration of Si: ppb) to
~attain a conceomrimpwonity ghusphorals ai bawdrR0 gshs 'Pﬂfehtst‘h?eCS@itli-fién was
allowed to stand for 3 days to

' can be produced. Further, the aqgueous hydrogen peroxide

solution purified by the process of the present invention
has a good and stéble duplicativeity of level of rémoving

10 metal ion impurities.

To the aqueous hydrogen peroxide solution thus
obtained, ultra-pure water is further added as neéessary
to prepare the concentration of hydrogen peroxide. The
ultra-pure water, wherefrom impurities are removed to a

15 high degree, is preferably used.

'Followingtheproceduredescribedabove,itispossible
to produce a highly purified aqueous hydrogen peroxide
_solution, wherefrom.silicon oxide impurities are removed
up to ppt level.

20 In the present invention, prior to the procedure
described above, a purified agueous hydrogen peroxide
solution, wherefrom ofher metal ion impurities are highly
removed by a known process, may be used. As an alternative

way, from the highly pure aqueous hydrogen peroxide



10 be matured, thereafter it was subjected to filtration with a filter
having an average pore diameter-of 0. | a m The ratio of P atomif? fep 2003
di sodi um di hydr ogen pyrophosphate added and Si atomin silicon oxide _
inmpurities (Si/P atomic ratio) was 0.00012. 15 The aqueous hydrogen
~peroxide solution after filtration was passed continuously at a space
velocity (SV) = 15 Hr-1 through the columm into which an ani on exchange
resin in the fluoride ion formwas packed, and brought into contact with an
ani on exchange resin in the fluoride ion 20 formto be purified. As the

~ani on exchange resin in the fluoride iomform the spent anion exchange

“-resin SA20A in the bicarbonate formwas used after regeneration with

following re r i Fxa ) 0.0 . \Wei ght of -
sodi um f | uor ?%%Eég?%?iacgonﬂ%amuw gPé péé%é%gg@ﬁgagggg?%% %‘érlgyl 1 - 0.3
% by wei ght) The purif.i .aqu hydr ogen, per oxi.de saol uti on was
diluted with %ﬁ?%ﬁlﬁeﬂ?ael \ﬁ/gtnergmgtégﬁgéﬁ%r %g?g?]e o]?dergg{e% ypBFlBP ?3&%‘3‘"’?0
prepare the agueous hydrogen peroxide solution 5 havin concentration of
ydrogen per B decst - SoRy RoPERECoTRe & THIRENGAR PERSETERBL pFH 1| ed
aqueous hydrogen peroxi de sol ytion_qbt ai ned s nmeasyred, Jt was 1.1 ppb.
z z 0EC zoos i@@?%%%&ﬁ% figeh ﬁ%ﬁ%e&& rlBF&ga@ina dyb%?}¥}%ﬁl%ﬂuedﬂ%
hydr ogen peroxj de solution by renoving silicon oxide inpurities contained
in an aquéoust iyt obkhtpRF 6P de BEPGESENISHAECH! CORFEPSESN Seadtr A
floccul ati ng agent to an aqueous hydrogen peroxide solution containing
silicon oxi de® CRgdAGS B8S1BMNG PP i HECHUEN # MEAGSES &6F 256| T @nt
containing in the aqueous hydrogen peroxide solution with a precision
filter, theraditichpprageag ehE&hggpeeasnhydroyenl ger detdensyl it} ovon
obt ai ned as above into
' oxide impurities but also other metal ion impurities and
the like can be highly removed.
10
Effect of the invention
According to the present invention, silicon oxide
impurities contained in an agqueous hydrogen peroxide
solution can be removed effectively to produce an aqueous
15 hydrogen peroxide solution of wery high quality, ﬁherein
a content of Si is.SO_ppt or less. Further, in the process

of the present invention, the reproducibility of the

.content of Si is high and stable.

20 Example

The present invention is further descried with
reference to the following examples. However, it should be
construed that the present invention is in no way limited

to those examples.



| 0 contact with an ani on exchange resin in a fluoride ion forn1chang%gggp 2003
at least one fluoride conpound which contains 0.05 % by weight or |eées :
~SiF6 .and is selected fromthe group consisting of sodiumfluoride,

pot assi um fl uor.i de. and amoni um fl uori de, wherein-the floccul ating agent is
a phosphorus.conpound, and the phosphorus 15 conpound is added in an anount
that the atomic ratio (Si/P} of silicon oxide inpurities contained in an
“aqueous hydrogen peroxide solution in terns of silicon'. atomto phosphorus
- conpound in terns of phosphorus atomis 0.0001 or less. 2. A process for
producing a purified agueous hydrogen perqxi de solution 20 by renoving
silicon oxide inpurities contained in an aqueous hydrogen peroxi de
solution, which c rd1Sesa ' _ culati af _t agueous
hydr ogen peroxidqu%f%ﬁ%iﬁf%ﬁ#ggghﬁﬁékgﬁI?égniggyggggégugﬁﬁge?;aSHEEd
filtering out i1 i .contained in the E C 2003
-36 510 15 aé}e03§1r§ r%%%SE%%?%&%ggbgg%&%gb%gﬁfFﬁo%9%P¥ciEﬁé%ﬁ%#ﬁ%ﬁﬁ,

thereafter bringing t obt ai ned, agueous_hydr ogen peroxi de sqlutign_into
contact with; %@) r&%'cg on %Qa%ﬁe{ln%g%%e@?ﬁnﬁ@w %fyo}“’gfggﬁenp??%y ¥ 18%iton
exchange resi.n_in _the fluor.i ion formch ed by at |east one fluoride
- conpound whicﬁngoﬁﬁﬁ|%¥(YQﬁ§E%n/ﬁﬁﬁ%ﬁﬁthgfgss of SiFb and is sel ected
- fromthe ggoup consi sting of sodiumfluoride, potassiumfluoride and
amoni um ffuoride, then (iii) an anion exchange resin in the carbonate ion
form or bicar%%nat form thereafter (iv) a canon exchange resin in H
form wherei n~fRE Fbéculating agent is a phosphorus conpound, and the
phosphorus conpound is_added in_an amobunt that the atomic ratio (Si/P) of
silicon oxide i npiiTqEIRchiHRPSH RYIraphespbahydrageadgedoxiod6é0sél ut i on
interns of silicon atomto phosphorus conpound in terns of phosphorus atom
is 0.0001 or P¥ssWelghftheohr ces @AUROYF odivsinggea ppeirbikédeaqaedusibyndr ogen
peroxide solution as claimed in claim1 or 2, wherein the concentration of
hydr ogen per o%P8&231812EEd170% b¥idei grurPoles (Hregarduessi oo fpsaduci ng
a purified aqueous hydrogen peroxide solution as clainmed in any one of
claim 1 .t 3, 2vpripkite ehéaphos shocens redrpound § SO 88 ALt eelr f rlarart,hehgr oup
consi sting of phosphoric acid, -pol yphosphoric acid, disodi um di hydrogen -
2 oec zo03 - 3Fopytéphospimt @l lawedottd (sedhy| éneplibsphpai ccadbel) agad,t he
salt thereof, and ethyl enedi an net et ra( net hyl enephosphoni c acid) and the
salt thereof.thereafter it was subjected to filtration with a filter

having an avefage pore diameter of 0.1lum. The ratio of
phosphorus atom in disodium dihydrogen pyrophosphate added

15 and .Si atom in silicon oxide impurities (Si/P atomic ratio}
was 0.00009.

The aqueous hydrogen peroxide solution after
filtration was passed continuously at & space velocity (SV)
= 15 Hr'l through the column into which an anion exchange

20 resin in the fluorid ion form was packed, and brought into
_contéct_with an anion exchange resin in the fluoride ion
form to be purified.

Asrthe anion exchange resin in the fluoride ion form,

the spent anion exchange resin SA20A in the bicarbonate form



5. The process for pr oducing a purified aqueous hydrogen 5 peroxide

- .solution as clainmed in: any one of claim1l to 4, wherein the averag&gp@gg 2603
di ameter of the precision filter is 0.2wmor |ess.
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130 15 operation was taken as one step. This step was repeated 6
JNJ0JJIJhKKKKKKKLLzLLL} xsni d_Z] ca] ] ca] ca] ca]pca] caj] ca] ca] ca] ca] ca] ca] ca] ca] ca

~ ]ca] ca] ca] ca]calLR]ical el alical cakeal leakeakgal E‘Je akb+MedEM Mn
NVNeN NN\ OO00O PJ PPPPPPPQROQQQORRRRR} xsni d_Z] ca] ] ca ca cal ca]ca]ca] ca]ca]c

- 8] ca] ca] ca] cadcal Lo & el ahcal & ahcrl-arlL abrai S Cabeaksabaal calaadeal cal R
SDSQSVSb Sc SSSSSSSS SSSSTT T/ TOTTTTTTTTTU} xsni d_Z] ca] ] ca] ca] ca] ca] ca] ca] ca]

- ca] ca] ca} ca] calLhl G W\‘E/@\%\;\glﬁ@k&@&%ﬁad&é}d ¢alcal Lﬁ@k@%@%gal k) c*aj ca
] ca! ULU2UTUUUUWVD V- VWANKXSX XeXX%Z&ZZZ[ [| } xsni d_Z] ca]] ca] ca] ca] ca

caljca]calca in |
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l.ca]ca] ca] ca] cal ca cal cal eal calcalg i‘LE%hbﬁgs DR PPRPOREOPOS Gl ra-pure

water (concentration of Si : 50 ppt or less) to prepare the
aqueous hydrogen peroxide solution having a concentration

of hydrogen peroxide of 31 % by weight.
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hav1ng an average pore diliameter of 0.1lpgm. The ratlo of
, phosphorﬁs atom in aminotori(methylenephosphoniq
acid)added and Si atom in silicon oxide impurities (Si/P

_15 atomic ratio) was 0.0001.

The aqueous hydrogen peroxide solution after
filtration was passed continuocusly at a space vélocity (SV)
= 15 Hr! through the column into which the same anion
exchange reain in the fluoride ion form as that in Example

20 1 was packed, and brought into contact with an anion
exchange resin‘in the fluoride ion form to be purified.

The aqueous hydrogen peroxide solution coming out of

- the purification tower was diluted with ultra-pure water

(cencentration of Si: 50 ppt or less) to prepare the aquecus
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The concentration of Si in the purified aqueous
hydrdgen peroxide solution obtained was measured. It was

5 not more than 50 ppt.

Example 3
| As in Example 1, theaqueoushydrogenperoxidesolution
after filtration was passed continuocusly at 15 Hr™ of a
10 space velocity (SV) through the column into which a cation
exchange resin in the H' form was packed, and brought into
contact with the cation exchange resin‘in the H' form.
Thereafter, the solution was _passgd continuocusly at 15 Hr™
of a space_velocity (SV) through the column into which an
15 anion exchange resin in the fluoride ion form was packed,
and brought into contact with the anion exchange resin in
the fluoride ion form. After that, with cooling to -3°C,

! of a space

the solution was passed_continuously at 15 Hr~

- velocity (SV) through the column into which an-anion

20 exchangé resin in the bicarbonate ion form was packed, and
broﬁght into contact with the anion exchange resin in the
bicarbonate ion form. Subsequently, the sclution was passed

1

continuously at 15 Hr of a space velocity (SV) through

the column into which a cation resin in the H® form of the
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_ Each ion exchange resin used was regenerated as

follows.

3 ' The regeneration of the above ion exchange resin was
conduéted in the ion exchange tower (regeneration tower)
&hich is different from the purification tower for an
aqueous hydrogen peroxide solution.

.Rggenergtion of gﬁ ion exchange resin
10 ' fhe épent SK1B was used as a cation exchange resin in
thé H’form.of the first and éecond steps. 10 & by weight
of an aqueous hydrochloric acidrsolution was used as the
regenerant. The solution containing the regenerant was
péssed'thréugh at SV = 2.25 Hr™ and BV = 0.75 L/L-R of a
15 _downflow, thén the flow of the solution waé stopped, and
ultra-pure water was passed through at SV = 13.2 Hr™" and
BV = 0.3 L/L-R of an upflow. This operation was taken as
one step and this step was repeated 10 times. Then,
ultra-pure water was passed through at SV = 13.2 Hr™ and
20 BV = 3.3 L/L-R of a downflow, thereafter at the same rate
of SV and BV of an upflow. This operation was taken as cne
process steé. This step was repeated 6 times to wash with
" ultra-pure water and prepare a regenerated cation exchange

resin in H' form.
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the spent SA20A was regenerated and used. As the regenerant,
3 % by weight of sodium fluoride solution (amount of SiFg :
100 ppm or less) was used. The regeneraﬁt solution was
5 passed through at SV = 2.25 Hr! and BV = 0.75 L/L-R of a
downflow, then the flow of the solution was stopped, and
ulﬁra~pure water was passed through at SV = 13.2 Hrt and
BV = 0.3 L/L-R of an upflow. This operation was taken as
one step and this step was repeated 6 times. Then,
10 | ultra-pure water was passed through at sV = 13.2}11:'1 and
| = 3.3 L/L-R of a downflow, théreafter at the same rate
of SV and BV of an upflow. This dperation was taken as one
process step and this step was repeatedEStimeé for washing
"with ultra-pure water ﬁo prepare the regenerated anion

15 exchange resin in the fluoride ion form.
As the anioh exchange resin in the bicarbonate form,
- the spent SAZOA_was used; First, it was regenerated with
sodium hydroxide. As thé regenerant, 5 % by weight of
 aqueous sodium hydroxide solution was used. Subsequently,
20 . the regenerant solution was passed through at 5V =2.25 Hr™t
and BV = 0.75 L/L-R of a downflow, then the flow of the
_soiution.was stopped, and ultra-pure water was passed
through af SV = 13.2 Hr™ and BV = 0.3 L/L-R under an

upward-moving stream. This operation was taken as one
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process s 15 step’was repea Then,
. ultra-pure water was passed through at SV = 13.2 Er™' and
BV = 3.3 L/L-R of a downflow, thereafter at the same rate
of SV and BV of an upflow. This operation was taken as one
5  step and this step was repeated 5 times for washing with -
ultrawéure water. |
Subseguently, this anion eXchange resin was
regenerated with sodium bicarbonate. As the regénerant, 8%
- by weight of aqueous sodium bicarbonate solution was used.
-10. First, the régenerant solution was passéd through at SV =
.2.25 Hr! and BV =.O;75 L/L-R of a downflow, then fhe flow
ofthesqlutionwassfopped,andultra—purewaterwaspassed
through at SV = 13.2 Hr? and BV = 0.3 L/L-R of an upflow.
This operation was taken as one step and this step was
15 repeated 12 times. Then, ultré—pure water was passed
through at SV = 13.2 Hxr™ and BV = 3.3 L/L-R of a downflow,
thereafter at the same rate of SV and BV of an upflow. This
operation Qas taken as one step and this step was repeated
6 times for washing'with,ultra~pure water. The regenerated
20 anibn exchange resin 1in the bicarbonate form was thus
prepared.
Each exchange resin regenerated as above was packed,
in slurry, into each purification column.

After the flow of aqueous hydrogen peroxide solution .
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through the column, the purified agqueous hydrogen peroxide
solution was diluted with ultra-pure water, wherefrom
impurities were highly removed, to prepare the aqueous
hydrogen peroxide solution having a concentration of
5 hydfogen peroxide of 31 % by weight.
" The concentration of Si in the purified aqueous
..hydrogen peroxide solution obtained was measured. It was
not more than 50 ppt. And other impurities are also removed.
'The amount of impurities contained in the purified

10 aqueous hydrogen peroxide solution obtained is shown in

_Table 1.

Table 1

- An amount of impurities in the aqueous hydrogen peroxide solution

measuring | measured measuring | measured
limit (ppt) | value (ppt) limit (ppt) | value (ppt)
Ag 0.5 ND Mg 0.2 ND
Al 0.2 0.2 Mn 0.3 ND
As 2 ND Mo 0.3 ND
Au 0.2 ND Na 0.5 ND
B 4 ND Nb 0.1 ND
Ba 0.1 ND Ni 0.7 ND
Be 9 ND Pb 0.1 ND
Bi 0.2 ND ___Pd 0.3 ND
Ca 2 ND Pt 0.2 ~ ND
Cd ‘0.3 ND Sb 0.3 ND
Co 1 ND Si 50 ND
Cr 1. 1 Sn 0.8 ND
Cu 0.5 ND Sr 0.05 ND
Fe 0.5 .07 Ta 0.1 ND
Ga 0.5 - _ND Ti 2 ND
Ce 2 ND Tl 0.1 ND
In 0.1 ND v 1 ND
K 2 ND Zn 2 ND
L 0.02 ND Zr 0.1 0.1

15 ND shows the measured value is not more than the measuring limit.
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Comparative example 1
Disodium dihydrogen pyrophosphate was added to an 60 %
5 - by weight of an aqueous hydrogen peroxide solution
containing silicon oxide impurities. Then, the solution was
allowed to stand for 3 days to-prepare a matured agqueous
hydrogen peroxide solution. The concentration in the
obtained aqueous hydrogen peroxide solution was 3.8 ppb and
10 phospharus conceﬁtration in the solution ion was 16 ppm.
The ratio of phosphorus atom in the aqueous hydrogen
peroxide solution and Si ion in silicon oxide impurities
(85i/P atomic ratio) was 0.0002.
Without filtration, this aqueous hydrogen peroxide
15 solution was passed continuocusly at a space velocity (SV)
= 15 Hr through the column into which tﬂhe same anion
éxchange resin in the fluoride ion form as that in Example
1 was packed, and brought into contact with an anion
exchange resin in the fluoride ion form to be purified.
20 The 'aqueous hydrogen peroxide solution coming out of
the purification tower was diluted with ultra-pure water
(concentration of Si: 50 ppt or less) to prepare the aqueous

hydrogen peroxide solution having a concentration of-

hydrogen peroxide of 31 % by weight. B
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Comparative example 2

5 Disodium dihydrogen pyrqphbsphate was. added to an 60 %
by weight' of an aqueous hydrogen peroxide solution
containing silicon oxide impurities (concentration of Si:
.2.4 ppb} to attain a concentration of phosphdrus ion of 20
ppm. Then, the solution was allowed to stand for 3 days to

‘10~ be matured, thereafter it was subjected to filtration with
afilterhavinganaverageporediameterof(Ll;un-Theratio

~of P atom in disodium dihydrogen pyrophosphate added and
Siatom:hlsiliconoxideimpurities(Si/Patomicratib)was
0.00012.

15 The aqueous hydrogen peroxide solution. after
filtration was passed continuously at a space veloéity (SV)
= 15 Hr™' through the column into which an anion exchange
resin in the fluocride ion form was packed, and brought into
contact with an anion excﬁange resin in the fluoride ion

_ 20 form to be purified. As the anion exchange resin in the
fluoride ion form, the spent anicn exchange resin SA20A in
the bicarbonate form was used after regeneration with
following regenerant as in Example 1. As the regenerant,

1.5 % by weight of sodium fluoride solution (amount of
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diluted with ultra-pure water (concentration of Si: 50 ppt
or less) to pre?are the aqueous hydrogen peroxide solution
5 having a concentration of hydrogen peroxide of 31 % by
_weight. |
The Si concentratioﬁ in the purified agueous hydrogen

peroxide solutlion obtained was measured. It was 1.1 ppb.
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2. Anprocess for producing a purified aqueous hydrogen peroxide solution

20 by removing silicon oxide impurities contained im an aqueous hydrogen peroxide
solution, which comprises:

adding a flocculating agent to an aqueous hydrogen peroxide solution

containing silicon oxide impurities, and filtering out impurities of solid content

contained in the
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(i11)  an anion exchange resm in the carbonate ion form or bicarbonate form,

thereafter
10 (iv)  acation exchange resin in ' form,
wherein the flocculating agent is a phosphorus compound, and the phosphorus
compound is added in an amount that the atomic ratio (Si/P) of silicon oxide
impurities contained in an aqueous hydrogeﬁ peroxide solution in terms of silicon
-atom to phosphorus compound in terms of phosphorus atom is 0.0001 or less.
15
3. The process for producing a purified aqueous hydrogen peroxide
solution as claimed in claim 1 or 2, wherein the concentration of hydrogen peroxide is

40% to 70% by weight.

20 4. The process for producing a purified aqueous hydrogen peroxide
solution as claimed in any one of claim 1 to 3, wherein the phosphorous compound is

selected from the group consisting of phosphoric acid, polyphosphoric acid, disodium

dihydrogen
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pyrophosphate, aminotri(methylenephosphonic acid) and the salt thereof, and
ethylenediaminetetra(methylenephosphonic acid) and the salt thereof.

5. The process for producing a purified aqueous hydrogen
5  peroxide solution as claimed in any one of claim 1 to 4, wherein the average pore

diameter of the precision filter is 0.2pm or less.



