-1-+° " 'METHOB:OF PRODUCI NG PUR| FI ED AQUEOUS SOLUTI ON a’%;”" oF
HYDROGEN PEROXI DE ~ BACKGROUND OF THE | NVENTI ON . lgbeé wpy.
present” invention relates to a nethod of purifying hydrogen peroxide by s
removing organic inpurities contained in an aqueous solution of hydrogen

per oxi de. At present’, hydrogen peroxide is nostly produced by the

ant hraqui none nethod. Its procedure is generally as follows: An .

ant hraqui none derivative such as 2-al kyl anthraqui none is hydrogenated in a

wat er -insol ubl e solpenion ot NEROFGSHIRE PO T PIEHYASOESHS §60uERbR! YSt to

convert the derivative into corresponding anthrahydroquinong. After
renmoving the catalyst, the resubFi HYDROGENCPERSXOREdI zed by air to give
hydrogen peroxide with starting 2-al kyl anthraqui none bei ng regenerated.

Then, the oxidized product igAGRERGMNE DM tHE BhaiNG Pt ai n an  aqueous

sol ution contai ning hydrogen peroxi de. The 1yarogen_perox|de-conta!n|ng
aqueous sol ution resul rheg priesemt! Heavenen odf retiahaet iten avrddtnerf &Jf | s _
contam nated wth organic inpurities conposed of anthraqui nones, solvents

and deconposed pmtidiviidlgs hdRlriodret Pedd:iRs By SHeRAME orgaifilt agueous

hydr ogen peroxi de solutions having a practically usable concentration of 5

to 70 impurities contained in an aqueous solution of hydrogen

ﬁeroxide.

At present, hydrogeﬁ peroxide is mostly
produced by the anthraquinone method. 1Its procedure is
generally as follows: An anthraquinone derivative such
as 2-alkylanthraquinone is hydrogenated in a
water-insoluble solvent in the presence of a
hydrogenation catalyst to convert the derivative into
corresponding anthrahydroquinone. After removing the
catalyst, the resulting product.is oxidized by air to
give hydrogen peroxide with starting
2-alkylanthraquinone being regenerated. Then, the
oxidized product is extracted with water to obtain an
aqueous solution containing hydrogen peroxide. The
hydrogen peroxide-containing aqueous solution resulting
from the step of extraction with water is contaminated
with organic impurities composed of anthraquinones,
solvents and decomposed materials derived from these
substances. Such aqueous hydrogen peroxide solutions
having a practically usable concentration of 5 to 70

wt? usually contain 20 to several hundred mg/liter of

|



wt %-usuwal ly contain 20 to several hundred ng/liter of
“2- organic inpurities in terns of the total organic carbon content.
These aqueous hydrogen peroxide solutions are further purified to achieve

desired quality. An aqueous sol ution of hydrogen peroxide has been
wi dely used in the field of 'bl eaching and chemcally polishing solutions
for mainly paper and pulp so far. Recentl,y, its use in the field of

el ectronic industry as washi ng sol utions For silicon wafers and

sem conduct or S ,Bgs nReCAnpRE, 8adekNdn %le%% olf ghep%uﬁ b%g%%qw [eotae
devices are highl'y integrated, there has been a demand for high purity

quality of suchoatgpkuti @Rek@ WQh@Bu%hﬁy@QBb%ﬁtp@on&@Ea%ouﬁEQBhkl%&e
i ncl udi ng known organic inpurities and "netallic conponents such as A, Fe,

or Cr are m ni Fyzelerapuii¢heds tBOSThRk%e desired ofialAeyn method of
removing such organic inpurities contained in an aqueous. hydrogen peroxide

sol ution conprises treahi BguB¥ds088NuREbAX bEChyBRBYahNbBGoRAGRNKE S
inpurities at 40[err]C or lower with a resin KaV|ng a network nol ecul ar

structure and peent #idien§ NSedoAnextaFieldr ofp bMiaching a@bidai ned by
pol ymeri zing styrene and crosslinking it with
chemically polishing solutions for mainly paper and
pulp so far. Recently, its use in the field of
electronic industry as washing solutions for silicon
wafers and semiconductors has been increasing. Since
high purity is required as devices are highly
integrated, there has been a demand for high purity
quality of such a solution in which the content of
total impurities including known organic impurities and
metallic components such as Al, Fe, or Cr are minimized
as much as possible. |
A known method of removing such organic
impurities contained in an aqueous'hydrogen peroxide
solution comprises treating hydrogen peroxide
containing organic impurities at 40°C or lower with a
- resin having a network molecular struéture and
containing no ion exchangé group which is obtained by
polymerizing styrene and crosslinking it with
divinylbenzene (see Japanese Patent Publication No.
46-26095 and French Patent No. 3,294,488).
Japanese Patent Application Laid-open No. 63-

156004 (U.S. Patent No. 4,792,403) describes a msthod



di vi'nyl benzene (see Japanese Patent Publication No. 46-26095 and French
Pat ent No. 3,294, 488). Japanese Patent Application Laid-open No.
63- 156004 (U.S. Patent No. 4,792,403) describes a nethod

-3- of renoving organic inpurities in an aqueous hydrogen peroxide

sol ution by using a hal ogen-contai ning porous resin. However,
there are various problens in the case Qg_rennving organic inpurities from
an aqueous hydrogen peroxide solution using an adsorbent resin

Conve”tional|yofsﬁgmovin8 BrgaﬁzgsHmpﬁ&@ﬁ?e%hﬁncQﬂvﬁahbgﬂélh?ﬁ&%@%har

adsor bent resins produce y~ polynerization of styrene and Crosslinking

wi th divinyl beﬁé?@ﬁidéngolﬁ@h@ﬂeﬁycﬁg'&ﬁbnialnHa@@@%ﬂscbﬁ%ia'iﬁiﬂﬁv%oQ.‘tS‘lrsOphObi c
particle surface, separation and floating of thése resins give when they

are brought intasggntact directly wth water or an aqueous hydrogen
peroxi de solution. Therefore, the resins have to be treated with a pol ar

sol vent such as al cohohoREvaeet eAerkNaedehrisusopkebledB ahf Akt ¥aker a
solution to be contacted. Further, even when a hydrogen peroxide sol ution

i s passed thrgggkeRo¢ehynBraasked iwpllithe sCervankin0aaiuley uds &g driogRinn

whi ch has been treated with al cohol or acetone in
peroxide solution using an adsorbent resin
conventionally used. |

First, since the conventional molecular
adsorbent resins produced by polymerization of styrene
and crosslinking with divinylbenzene, and
haloden—containing porous resins have hydrophobic
particle surface, separation and floating of these
resins give when they are brought into contact directly
with water or an agqueous hydrogen peroxide solution.
Therefore, the resins have to be treated with a polar
solvent such as alcohol or acetone in order to confer
an affinity for a solution to be contacted. Further,
even when a hydrogen peroxide solution is passed
through a column packed with the conventionally used
resin which has been treated with alcohol or acetone in
advance, a part of resin loses an affinity for the
aqueous solution, which causes a problem that organic
impurity-removing efficiency is remarkably decreased.
On the other hand, in the case of acryl ester

polymgrs used as a hydrophilic porous resin having no

ion exchange group, .their specific surface area is



advance; a part of resin |loses an affinity for the aqueous solution, which
causes a problemthat organic inpurity-renoving efficiency is remarkably

decr eased. On the other hand, in the case of acryl ester polyners
used as a hydrophilic porous resin having no- ion exchange group, their
specific surface area. is : -4- -

structurally much smaller than that of thg above- descri bed adsorbent
resins. Thus, the resins are disadvantageous in that a |arge anmnount of the

resins is req?g%ﬁgtEQaﬁ§§Dﬁﬁcﬂrgﬁﬂﬁie?”ﬂﬁéhtEﬁﬁt'Bfag n@dueous ~ sol ution of

hydr ogen per ox bj ect resent invention is to solve

the problens igphhe Bekeridel sageebgp% raein%o pgﬁﬁggeth@ RaxehsREaod of

renovi ng |rrpur|t| es I n an aqueous ution o rogen per oxi

Anot her “obj ect 49t ohenRLgesll iflveRhion 1arke ﬁmgextdsfatﬁstegglag 5MDVi ng

organic inpurities in an” aqueous solution rogen peroxide wth a high

renmovi ng eff'Ckgﬁﬁiréﬁdté'%Bh%v%p%E%%hQG thﬁggtlegegﬂlghng%gegﬁgtreatnent
to make the resin hydrophil HE | NVENTI ON

As a result of gaiyitRbansirve g&g@gnobe@ogghgod of producing a highly

purified aqueous sol ution oy hydr ogen peroxi de by renoving organic

inpurities in the An object of the present invention is to solve
the problems in the prior art technique, and to provide
a novel method of removing impurities in an aqueous
solution of hydrogen peroxide.

Another object of the present invention is to
provide a method of removing organic impurities in an
aqueous solution of hydrogen peroxide with a high
.removing efficiency and simple operation without
requiring a pretreatment to make the resin hydrophilic.

SUMMARY OF THE INVENTIQON

As a result of an intensive study of a mathod
of producing a highly purified aqueous solution of
hydrogen peroxide by removing organic impurities in the
agqueous hydrogen peroxide solutibn, the present
inventors have found that organic impdrities can be
efficiently removed from an aqueous solution of
hydrogen peroxide by contacting an aqueous solution
containing organic impurities with a hydrophilic porous
resin having a specific surface area of not less than
800 m°/g without a treatment of the resin with aicohol

for achieving hydrophilicity. Thus, the present



aqueousr hydrogen peroxi de solution, the present inventors have found that
organic inpurities can be efficiently renmoved from an aqueous sol ution of
hydr ogen peroxi de by contacting an aqueous solution containing organic
inmpurities with a hydrophilic porous resin having a specific surface area
of not less than 800 nR2/g without a treatnment of the resin with al cohol
for achieving hydrophilicity. Thus, the present :

-5- invention has been conpl et ed. =5~ The present invention rel ates

to a method of ., pro ucin%@% gyrified queous sol ution of hydrogen peroxide
whi ch conpri sed TR <% 5ﬁ¥bé¥ﬁﬁ8‘ ‘aqueous sol ution of hydrogen

peroxi de containing organic i ri;ties,with a.hydrophilic rQus sesin
having a specific surf&%@ F@ggﬁ% ﬁ&YePgégntﬁg%aéﬁg %ﬁzfg“FggFﬁﬁﬁﬁi t he
organic inpuritjes;jn:t S. , sol utiaon of. hydro i de.

DETAI LED DESCR%W%—I%%%&H dduews S%lurtﬁ?él 3’3;15’3’? r eﬁi‘ns used in
this invention : I i gnﬁ j ti e degree
of porosity co%%%gﬁggysvﬁgnglégé I ?%ﬂgﬁ#?gék ré§¥QE%§§§ﬁ$§§IE§1the BET

et hod (N2),  ofy fiilod 5% 1 RABAYE HRibgd Yeialde LA it oy 500 M2/ .

The organic

organic impurities with a hydrophilic porous resin
having a specific surface area of not less than 800
m?’/g to remove the organic impurities in the aqueous
solution of hydrogen peroxide.
DETAILED D ITPTTON QF THE INVENTION

The porous resins u;ed in this invention are
hydrophilic ones having continuous pores. The degree
of porosity corresponds to a specific surface area,
measured by the BET method (N:), of not less than 800
m?/g, preferably 1,000 to 1,500 m°/g. The organic
impurity-removing efficiency is remarkably increased
when a specific surface area is not iess than 800 m-/qg.

Further, the use of an originally hydropailic
resiﬁ does not require a treatment with alcohol for
achieving hydrophilicity and makes it possible to
remove organic impurities simply without a
pretreatment. Resins having no hydrophilicity repulse
or shed water and cannot exhibit their function.

Hydrophilic adsorbent resins having no ion
exchange group are preferably used. They have a water

content of 35 to 40%, an apparent density of 1 to 1.3



inmpurity-renoving efficiency is remarkably increased when a specific
surface area is not less than 800 nierr]/g. Further, the use of an
originally hydrophilic resin does not require a treatnment with al cohol for
achi eving hydrophilicity and nakes it possible to renpbve organic
inpurities sinply without a° pretreatnent. Resins having no hydrophilicity
repul se or shed water and cannot exhibit .their function.

Hydrophi |l i c adsorbent resins having no ion exchange group are preferably

used. " They. havg, 8 ¥8t £" an8 o8 eBbephgd®pbPg AlinaBearaar 0t cdenani % of 1 to

1.3 ter, and an average pore
diameter of 10 to 200 #camples ?f Eﬁénﬂbéfgﬁﬂlibé Dyesephibsgnporous resins

havi ng such characterlstlcs I ncl ude those having ‘organic groups selected

fromthe group,geNsySkhas 8ﬁar9¥€é9¥¥£185OHHélﬁdg*%hoﬁé'959§h5y| groups,
and hydroxyal kyl groups. The content of these organic groupS ranges

preferably frOBk&aﬁQc ﬁr&ﬁ#@ §Ei€ctBHeE§6ﬁbEMef598h? EQnEQs%&ﬁ@ Based on
the total weight™ of e resin More specifically, thé resins:

whi ch can be Ry&texabl yrosgd QLGHyroéﬁthBSﬂk99|&HB&ﬁsQfaﬁﬁonat'C

nmonovi nyl nononers and aromatic pol yvinyl nononers into which hydroxyl,

chl oroal kyl, Ohy8y&x9XYRVKYG§r8upERS The content of these organic
groups ranges preferably from 1 to 40 wt%, more
preferably from 5 to 20 wt%, based on the total weight
of the resin.

More specifically, the resins which can be
preferably used are crosslinked polymers of aromatic
mbnovinyl monomers and aromatic polyvinyl monomers into
which hydroxyl, chloroalkyl, or hydroxyalkyl groups
have been introduced.

The chloroalkyl group and the hydroxyalkyl
group as used herein are generally represented by
-(CH2)aCl and - (CH:2).OH, respectively. Since these
groups become less hydrophilié as the straight chain
portion becomes longer, n is preferably from 1 to 5.

Styrene and vinyltoluene, for example, are
suitably used as the aromatic monovinyl monomers.
Examples of the aromatic polyvinyl monomers include
divinylbenzene and trivinylbenzene.

The resins which can be more preferably ased

are those selected from the group consisting of

styrene/divinylbenzene copolymer,



have beén introduced. The chl oroal kyl group and the hydroxyal kyl
group as used herein are generally represented by -(CHerr])[err]d and
-(CHerr])[err]OH, respectively. Since these groups becone |ess
hydrophilic as the straight chain portion becomes longer, n is preferably
from1l to 5. Styrene and vinyltoluene, for exanple, are suitably
used as the aromatic monovinyl nononers. _fxanples of the aromatic

pol yvi nyl mononers include divinylbenzene and trivinyl benzene.

The resins whi Gt yaashdye riBF i PRI Y Yedpdmed € ddipse sel ected fromthe
group consisting of styrene/divinyl benzene "copol yner,

-7- styrene/ t iy IRt RIYRL GO} MEH zerf Gopd 110! Ueted dinkidly! benzene
copolymer, into mﬁ?%% or gani ¢ groups selectéﬁifron1the group consi sting of

hydroxyl groupsrganiay addigs Fedtste it diy HHEOHINH cdHOWRS Mpver been
I nt roduced. A nmet hod of introducing hydroxyl groups into the

above- descri bedhyehpd yineyroupdiprdisiesrod 106y IEXHERIES,  JrRAHYdYb 48 160P0! yer s
wi t h nol ecul ar hal ogen, such as chlorine or bronmine, inthe preséence of a
catalyst, suclyrmdsehrave dder it yddon fluoride, to

A method of introducing hydroxyl groups into
the above-described copolymers comprises, for example,
reacting the copolymers with molecular halogen, such as
chlorine or bromine, in the preéence of a catalyst,
such as ferric chloride or boron fluoride, to
halogenate the copolymers, and hydrolyzing the
resulting copolymers by boiling them in water together
with sodium hydroxide and the like.

Introduction of chloroalkyl groups into the
above copolymers can be carried out by, for example,
reacting the copolymers with chloroalkyl ether in the
presence of a catalyst such as éluminum chloride or tin
tetrachloride to chloroalkylate the copolymers.

Also, hydroxyalkyl groups can be introduced
into the copolymers by boiling the chloroalkylated
copolymers as obtained above in water together with
sodium hydrbxide and the like to hydrolyze the
copolymers.

The hydrophilic porous resins used in the
present invention can be efficiently used in the form

of particles having an average particle diameter of 0.3



hal:ogenate the copol yners, and hydrolyzing the resulting copolyners by
boiling themin water together wth sodium hydroxide and the |ike.

I ntroduction of chloroal kyl groups into the above copol yners can be
carried out by, for exanple, reacting the copolynmers wth chloroal kyl
ether in the presence of a-catalyst such as alum numchloride or tin
tetrachloride to chloroal kyl ate the copol yners. Al so, hydroxyal kyl
groups can be introduced into the copoly®érs by boiling the

chl or oal kyl at e opol yner g, as ~obt ai ned _above in.water together, with

Sod! um nyr ox 58 &nd e | TRE PECREuPoPaIEIETE TiEBeEsReAs tael M N o
hydrophi li ¢ porqus.resins_used in_the resent _inyention_ca efficiently
ised T the foPSreihReRReciBE KizkngraRPBiERageSar: FOPCEINEIErS: of O3

o b2 mm Theoaygiage  Bthche. diaTEhes 85 used chereln TRANAGENGSl ze of

openi ngs of a.Sreve which e e resin to pass

through the oBeRiadSsanao8on 40k Bl 63kln! Do §ElOB! e SIeve.
As the hydrophi'ti¢ porous resins according to tfe préséent 1 nvention,
hydr oxyal kyl at gd &t yrene/ di vi nyl benzene copol yners are particularly

As the hydrophilic porous resins according to
the present invention, hydroxvalkylated
styrene/divinylbenzene copolymers are particularly
preferred.

These resins are also commercially available.
For example, the product under a tradename "WOFATIT
EP63" (Bayef) is a hydrophilic hydroxyalkylated
styrene/divinylbenzene copolymer having a specific
surface area of not less than 1,000 m?*/g, an average
pore diameter of about 100 A, a water content of 35 to
45%, and an apparent. density of 700 to 800 g/liter.
Further, the average particle diameter of the resin
'rangeS'from 0.3 to 1.2 mm.

WOFATIT EP63 contains macropores of
styrene/divinylbenzene copolymer and numerous
micropores which provides excellent adsorbability.
Therefore, it can adsorb most of substances which can
be adsorbed by hydrophobic adsorbent resins and polar
substanées and semihydrophilic organic substances.

§uch a hydrophilic porous resin itself is known

for use in the treatment of waste water in the chemical



preferreéd. These resins are also commercially available. For
exanpl e, the product under a tradename "WOFATIT EP63" (Bayer) is a

hydr ophi I i ¢ hydroxyal kyl ated styrene/divinyl benzene copol yner having a
specific surface area of not less than 1,000 nferr]/g, an average pore
di aneter of about 100 A, a water content of 35 to 45% and an apparent
density of 700 to 800 g/liter. Further, tge average particle dianeter of
the resin ranges from0.3 to 1.2 mm WOFATI T EP63 cont ai ns

nmacropores of §ﬁaﬁ$?§§dkggg%éggn;ﬁnﬁugggg% eggg Q#EEéQH§%¥%$ ropores

whi ch provi des excel | ent abi ere Or €, can "nmost  of

subst ances mhlc@ogan87bep§¢?oibgd ngmydEgQ?QPéE §g§gﬁggné'ge5|ﬁﬁzggd'polar

subst ances and sen1hydroph| i c organic su

hydrophilic porpys, r@@tn)'tﬁéﬁévéf kﬂ@&“uséO{nuﬁﬁri91&Q€16568E”§Ht of waste

water in the chem cal - O- ndustry

(Studies in SUVi@@@béE'§8§§tﬁ8§78?tH&M§6§en Yotox Bde ﬂ&g3n&€8be4894

El sevi er Science B.V DD24 However, 1ts use In purification

of an aqueous B@bwii onTRé ﬂay@lééﬂenlﬁeéﬁﬁéﬁ R&S B@énbe&epléeg&ﬂba;f@&
present invention has been conpl eted based
on the finding that the molecular adsorbent resin
having such specific properties is highly effective for
removing organic impurities in'an aqueous hydrogen
peroxide solution.

Adqueous solutions of hydrogen peroxide
containing organic impurities to be treated in the
present invention may be produced by any method such as
the anthraquinone method or the direct synthesis method
in which hydrogen and oxygen are directly reacted.

As described above,.hydrogen peroxide is mostly
produced by the anthraquinone method at present. The
hydrogen peroxide solution produced by this method is
further purified depending oﬁ demands. However, the
solution contains impurities such as organic substances
or metals, which requires further purification
operations. Therefore, the method of the preSent
invention is particularly effective for treating the
aqueous solution of hydrogen peroxide produced by the
anthraéuinone'method.

Examples of such aqueous hydrogen peroxide

solutions include those having a hydrogen peroxide



on the finding that the nol ecul ar adsorbent resin having such specific
properties is highly effective for renoving organic inpurities in an
aqueous hydrogen peroxide sol ution. Aqueous sol utions of hydrogen
peroxide containing organic inpurities to be treated in the present
invention may be produced by any nethod such as the ant hraqui none net hod
or the direct synthesis method in which_hydrogen and oxygen are directly
react ed. As descri bed above, hydrogen peroxide is nostly produced

by the ant hr aquigipia tRItIh Y PrESeExandi®, Y HPIRN WREL OHidl& sol ution
produced by this method is further puri ied dependi ng on demands. However,

the solution gD IYAW itd s SHEN, as organi ¢ substances or netals,
which requires further purification operations. Therefore, the nethod of

the present inventionfThe RRtHJA A ltheeifr@Ednte inRlertiRa iddh e aqueous
sol ution of hydrogen peroxi de produced by the anthraqui none nethod.

Exanpl es of sucdf Rspteiows hpgader ey etdaqidul iladitg We Hosegdiavi ng
a hydrogen peroxide : : -10- concentration

of, for exanpl qerpditie’ EoMt%inm e onyfaiial ablpgurtiex %t W % The
met hod of the present inventi-on can be
concentration of not more than 500 mg/liter in terms of
the total organic carbon content. If the concentration
of organic impurities exceeds 500 mg/liter, there is a
possibility that the removing efficiency is decreased,
which makes it difficult to effect the treatment in a
practical scale.

Examples of organic impurities contained in an
aqueous solution of hydrogen peroxide which can be
removed by the method of the present invention include
polar substances suéh as alcohols, phenols or
carboxylic acids. ‘

In the present invention, the aqueous hydrogen
peroxide solution containing organic impurities can be
contacted with the hydrophilic porous reéin by either a
column method or a batch-wise method.

The column method is carried out by, for
example, continuously applying the aqueous hydrogen
peroxide solution containing organic impurities to the
hydrophilic porous resin packed in a column. - In the

case of the batch-wise method, the hydrophilic porous

resin and the aqueous hydrogen peroxide solution



effettively applied to the aqueous solution of hydrogen

per oxi

de

containing organic inpurities in a concentration of not nore than 500

ng/liter in ternms of the total organic carbon content.

concentration of organic inpurities exceeds 500 ng/liter,

possibility that the renoving efficiency is decreased,

difficult to effect the treatnent in a prgctical scal e.

of organic inpurities contained in an aq

If the

there is a

whi ch makes it
Exanpl es

Pﬁéfghé’e ol ar SO IAE B 2 LS 68 s o 6 SR LG
I
cont ai ning. or gahiEE 11 .nptﬁér‘fft%%% ?fé’lér?%é‘é S o AL MR C porous

resin by eitherg
col um net hod |sl?ecarr| ed out [}3 ffolr@dq@;&ﬂf%\gégpgfl)bnﬁ%%s ?/l%%h If/l%-ggﬁt he

aqueous hydr 0gefl, ARILXLA. SAHHLONLONA] BhDInOLEERT Gs LAPU T L&

hydrophil i c porous resin packe

solutlon

In a Cco case

bus sol ution of hydr ogen

£2F ds.

f&%ﬁo t he
atch-wi se
met hod, - t he hydsaphid i1 f107Gus ré§fﬂneﬁ£91é£ee@ﬂy@9é&§t LS Qger; BT 9xi de

hydrogen peroxide with high purity, this method is

practical and preferred in an induétrial scale.

In the

column method, the aqueous hydrogen peroxide solution

is preferably passed through the resin layer at a

linear velocity (LV) within the range from 1 to 500

m/hr, at a space velocity (SV) within the range from 1

to 100 /hr.

The purified aqueous solution of hydrogen

peroxide obtained by the method of the present

invention has high purity and its content of organic

impurities is remarkably reduced. Although it depends

on the concentration of organic impurities before

purification, the method of the present invention can

achieve such high purity that the concentration of

organic impurities in the purified aqueous solution of

hydrogen peroxide is reduced to 50 to several mg/liter

or less.

When the removing capacity of the porous resin

is lowered after contacting with the aqueous hydrogen

peroxide solution, the resin can be regenerated by the

treatment with water, an alkaline or acidic soclution,



containing organic inmpurities are mxed and stirred for a predeterm ned
period of time and, after separating the resin, the purified hydrogen

per oxi de solution can be isolated. Since the colum nethod using a colum
packed with the resin enables efficient production of hydrogen peroxide
with high purity, this nmethod is practical and preferred in an industrial
scale. In the colum nethod, the aqueous hydrogen peroxide solution is
preferably passed through the resin |ayerldt a linear velocity (LV) within
the range from1 t 00 mhr, at a space velocity (SV) within the range
froml to 1ooaﬁﬁP%°§' a warmTwateky Ore§t&4Meous sol uti on of hydrogen
peroxi de obtai ned by the nethod %T %gg Eresen .invention has hi.gh purity
and its content of org&TCOTRRIuM Y | LeSERGr RABRPLA8Buc 8492~ hough i t

d d th trati f i C.i iti f i fication,
he Mot hod of | CREUBACAER. v R (bt LCR Cho B a0 SRR BAUSy Enat ¢ he

concentration of . organic | urities.i.n_the purified agqueaus sal,ution of
hydr ogen perox%ﬁgrp P@&G%E%P %P' ¢ &

i REESE S 5616 198 SPA TS EF o Pus tes T T
Uhen the 1eToVL9 SERSELLN SRR RN SOIRIES UL sqgrtact no
by the treat n%%r‘@p&ﬂl‘ﬁ@ %ro’rom arleigq.lni r\lﬂ.t@x‘bu%dadip(\re%}]e%ttim%%t with

alcohol and the like to obtain a highly purified

agqueous solution of hydrogen peroxide whiéh can be used
in the field of electronic industry.
EXAMPLES

The following Examples illustrate the present
invention in detail, but are not construed to limit the
scope of thelinvention.

In the present invention, the total organic
carbon content in the aqueous hydrogen peroxide
solution was measured by using a total organic carbon
analyzer (Shimadzu Corporation: TQC-5000).

' EXAMPL

20 ml of WOFATIT EP63 which is hydrophilic and
has a specific surface area of not less -than 1,000 m/qg
(a hydrophilic adsorbent resin having no ion exchange
group, styrene/divinylbenzene crosslinked copolymer,
manufactured by Bayer) was packed in a column having an
inside diameter of 16 mm and a length of 30 cm, and

washed with ultra pure water at a space velocity of 8

hr*! for 1 hour. As a result, the resin had an affinity



-12+ &l cohol, a warmwater, or steam According to the present
invention, organic inmpurities can be efficiently renoved from an aqueous
hydr ogen peroxi de sol ution containing such inpurities -by contacting the
hydr ogen peroxi de solution with the hydrophilic porous resin wthout a
pretreatnment with alcohol and the like to obtain a highly purified
aqueous sol ution of hydrogen perOX|de mhlig can be used in the field of
el ectronic industry. - EXANPLES The

fol |l ow ng Exa e::fv{aﬁ:'e“?”% E)Pse% ﬁené)h and nmlgn %[t IQ’ut are not

construed to |i tion. present

i nventi on, theéﬁ% &gﬁgéuregﬁby umnﬂ?eJQ(ngﬁﬁﬂﬁ'qg Ugous drogen

per oxi de solutlon organi ¢ car anal yzer

Shi mad Co %ﬁ%ﬁ

(20 MWO?UVD:L\Q'WIQ% V\A-‘l[ll eh |gloe¥1y rop rflélganc? Rt lla{tespem fi C surc%ace area
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was started to analyze the total organic carbon content
in the aqueous hydrogen peroxide solution passed
through the column. In the resulting purified aqueous
solution of hydrogen peroxide, the total organic carbon
content was reduced to 12 mg/liter.. During passing the
solution, any problem such as floating of the resin
packed or separation of the resin and the solution was
not observed at all.

EXAMPLE 2

The same treatment as in Example 1 was carried
out except for using a 60 wtg aqueous.solutionaof crude
hydrogen peroxide (containing 20 mg/liter of organic
impurities in terms of the total organic carbon
content) .

One hour after the commencement of passing of
the solution, samplihg was carried out from the outlet
of the column to analyze the total organic carbon
content in the aqueous hydrogen peroxide solution
passed through the column. The total organic carbon

content was reduced to 6 mg/liter.



-13-+ fer water and no separation and floating was observed. Subsequently,
a 31 w % aqueous solution of crude hydrogen peroxide (containing 40
ng/liter of organic inpurities in terns of the total organic carbon
content) was passed through the columm at a space velocity of 8 hr[err]
for 24 hours. After 1 hour, sanpling was started to analyze the total
organi ¢ carbon content in the aqueous hydrogen peroxi de sol ution passed
through the colum. In the resulting purit¥ &d aqueous sol ution of hydrogen

peroxi de, the total organic carbgﬁygégggigguﬁgzgéigﬁied_to 12 ng/liter.
During passing the solution, an ating ofbthe r35|n
packed or separation of e i he sol ution wa ot observed  at
iy ThO®s5S REPRtntal 28 Hh'ApatBle Ihbal RERYEE" |

Crample, 1 1as CBLE| Slcagl! CEXCROLhobrks 008, O, i PUERUR Phubam, o

crude hydrogen per oxi (contarm /T i

terms of the to&éngfQ@?Eﬁ)csﬁbeﬂe ﬁ?akgﬁﬂégichﬁaous g@SOPBgétg%%SF the

n.
comencenent of passing o e sol utron; nmp was carrie romt he

outlet of the colum t@%éﬁo Hé?ré?fntﬁéélpgéﬂéﬁifncéﬁgogolﬁﬂﬂfegt in the

aqueous hydrogen per oxi ution _
considerable amount of the resin did not have an

affinity for water and resulted in separation and
floating. One hour ofter the commencement of passing
of the solution, sampling was carried out from the
outlet of the column to analyze the total organic
carbon content in the aqueous hydrogen peroxide
solution passed through the column. As a result, the
total organic carbon content was 35 mg/liter, which
meant that organic impurities were hardly removed.
During passing the solution, the resin was floated and
separated from the solﬁtion.
COMPARATIVE EXAMPLE 2

The same treatment as in Example 1 was carried
out except that.DIAION SP-207 (Mitsubishi Chemical
Corporation) was used as the hydrophobic porous
adsorbent resin and the resin was pretreated by passing
methanol kept at 60°C through the column at a space
velocity of 8 hr™! for 2 hours to develop an affinity
for water.

One hour after the commencement of passing of

the solution, sampling was carried out from the outlet



"~ passed ¢ hrough the colum. The ‘total organic carbon content was reduced to

6 ng/liter. - 14-

COMPARATI VE EXAMPLE 1 The sane treatnment as in Exanple 1 was
carried out except for using DI AlON SP-207 (M tsubishi Chem cal
Corporation) as the hydrophobi c porous adsorbent resin. When t he

resin was packed in the colum, a considerable amunt of the resin did not
have an affinity for water and resul ted-ith-separation and floating. One
hour after the commencenent of passing of the solution, sampling was
carried out fr&fh tHhe @l tor ampd yed e ttotadalopganiite G33t4AM or gani ¢
carbon content in the aqueqgus hydrogen peroxide solution _passed through
the colum. As @&l tih e afdrequshydhagema PSR dsist sl utEde™Ss5 ny/liter,

whi ch neant that organic inpurities were hardly renmoved. During passing

the solution, ERSSkthIRNOY g SPLIMP- sdSarated Fitomiife &Hak i on.
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space the solution and lost an affinity for water.
OMP. VE EXAMPLE 3

The same treatment as in Example 1 was carried
out except that AMBERLITE XAD-8 (acryl ester copolymer,
Rohm & Haas, specific surface area of 120 to 200 m*/g)
was used as the hydrophilic porous adsorbent resin and
the resin was ﬁretreated by passing methanol kept at
60°C through Ehe column at a space velocity of 8 hr-
for 2 hours.

One hour after the commencement of passing of
the solution, sampling was carried out from the.outlet
of the column to analyze the total organic carbon |
content in the aqueous hydrogen peroxide solution
passed through the column. The total organic carbon
content was reduced to 25 mg/liter, but the resin could
not compete in the removing efficiency with the

_hydrophilic porous resin of the present invention.



velobitw of 8 hrlerr] for 2 hours to develop an affinity for water.
our after the commencement of passi ng of the solution, sanpling was

carrled u |ﬂ l ﬂﬂ[ u!F _ -15-  of
the colu total organic carbon content in the aqgueous

hydr ogen perOX| e solutlon passed through the colum. As a result, the
total organic carbon content was reduced_{g. 12 ng/liter, but a part of
the resin packed was floated during passing the solution and |ost an

affinity for waWBAT IS CLAIMED IS: COMPARATI VE EXAMPLE 3 The
same treatnment as in Exanple 1 was carried out except that AMBERLI TE XAD- 8

(acryl ester copolyner,1. Rohn1&AHagghoap@glﬁr@dﬁgiﬁ%cg gl ear pbq120 to 200
nferr]/g) was used as the hydrophilic porous adsorbent resin and the

resin was pretrequedubyspdasiog o€t hgaebgkappeabxifB[ RRLLE EBhngvaBethe
colum at a space velocity of 8 hr[err] for 2 hours. One hour

after the commebbenehépobfpasatagtofig theagokulisoBolaelphi 69 n@aréqéhled
out fromthe outlet of the colum to analyze the total organic carbon
content in the pguevidehgdnbgénipgroxpdrisolimpuontipassedht hrough the
colum. The total organic carbon
hydrophilic porous resin having a specific surface area
of not less than 800 m?/g to remove the organic
impurities in the aqueous solution of hydrogen
peroxidé.

2. The method according to claim 1,
wherein said hydrophilic porous resin is an adsorbent
resin having no ion exchange group.

3. The method according to claim 1,
wherein said hydrophilic porous resin contains 1 to 40
wt? of organic groups selected from the group
consisting of hydroxyl groups, chloroalkyl groﬁps, and
hydroxyalkyl groups.

4, The method according to claim 3,
wherein said hydrophilic porous resin is at least .one
selected from the group consisting of
styrene/divinylbenzene copolymer,
styrene/trivinylbenzene copolymer, and .
vinyltoluene/divinylbenzene copolymer, into which
organic groups selected from the group consisting of
hydroxyl groups, chloroalkyl groups, and hydrdxyalkyl

groups have been introduced.



content: was reduced to 25 ng/liter, but the resin-eeuld_not conpete in the

renmovi ng efficiency with the hydrophilic porous in_of the present
i nvention. - 1’5@@%% DIS:
1. A met hod of producing a purified aqueous (O RORE ogen

per oxi de which conprises the step of contacting an aqueous solutlon of
hydrogen peroxide containing organic inpyfities with a hydr ophi | i ¢ porous
resin having a specific surface area of not |less than 800 n2/g to renove
the organic inpuritieg.in theThguAeHREo80hdtbOAiNg bydedgem 4per oxi de.

2. The nethod according to claim11l, wherein said hydrophilic porous
resin is an adsbeleih skesi hydaviphdlie p@&o&&cha@g& dsoulp.

The net hod according to claiml, wherein said hydrophilic porous resin
contains 1 to A§drottedikydagad &tyrenesdieliaglbdnzeas copodymem. consi sting

of hydroxyl groups, chloroalkyl groups, and hydroxyal kyl groups.
4, The net hod accoldi ng t oThkametBpd wheoedingatd hydimphilic porous
resin is at |least one selected fromthe group consisting of
st yrene/ di vi ny Wbexredme thepelgpeens solution of hydrogen peroxide
containing organic impurities has a hydrogen peroxide
concentration of 5 to 70 wt%.
7. - The method according to ciaim 1,
wherein the aqueous solution of hydrogeﬁ peroxide
containing organic impurities contains not more than

500 mg/liter of the organic impurities in terms of the

total organic carbon content.



Qtyrene/trivinylbeniene copol ymer, and vinyltol uene/divinyl benzene
copol yner, into which organic groups selected fromthe group consisting of
hydr oxyl groups, chloroal kyl groups, and hydroxyal kyl groups have been

i ntroduced. -17- 5. The
met hod according to claim4,” wherein said hydrophilic porous resinis a
hydr oxyal kyl ated styrene/divinyl benzene copol yner. 6. The

met hod according to claim1, wherein thegqueous solution of hydrogen
peroxi de containing organic inpurities has a hydrogen peroxide
concentration of 5to 70 wt% : 7. The met hod according to claim

1, wherein the aqMEIHOD@RIBRODUGE INY (PURIENT RIS I AQUESUS COOLET DOXg: or gani ¢
inmpurities contains not nore than. 500 ng/liter of the organic-inpurities
interms of the total organic c@FbB¥DBOGEENPEROXIDE

TF.DI E

A purified équeous solution of hydroéen
peroxide is produced by contacting an aqueous solution
of hydrogen peroxide éontaining organic impurities with.
a hydrophilic porous resin (the produgt under a
tradename "WOFATIT EP63", etc.) having a specific
surface area of not less than 800 m“/g to remove the
organic impurities in the aqueous solution of hydrogen

peroxide.



