PROCESS FOR. PRI FYI NG AN AQUEOUS SOLUTI ON OF HYDROGEN_§E§§WK4$?4§;B
OF THE INVENTION 1. Field of the Invention ~ The prds '

relates to a process for purifying an aqueous sol ution of hydrogen

peroxi de, and nore particularly to a process for purifying an aqueous

sol ution of hydrogen peroxide which provides a high purity aqueous sol ution
of hydrogen peroxide used in the field of production of sem conduct ors.

2. Description of the Related Arts Current | ro eroxide is
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the process for puﬁ‘hey &geﬂplm. ragtdd 194 gg‘éc@édfo%gﬂ}%@?ﬂgg %hd% Pous

renovi ng cont ai ned rgani ¢ ritles, proceésses co TRt he
aqueous sol ut b&'ﬁtﬂicn Wq{ﬁﬂ%@en peroxide, and more particularly to a process for

purifying an aqueous solution of hydrogen peroxide which provides a
high purity aqueous solution of hydrogen peroxide used in the field of

production of semiconductors.

2. Description of the Related Arts .

Currently, hydr'ogen peroxide is mainly produced by the
anthraquinone process. waever, aqueous solutions of hydrogen
peroxide produced in accordance with this process contain various kinds
of inorganic impurities. Aqueous solutions of hydrogen peroxide having
a substantially practical concentration, i.e., 5 to 70 % by weight,
generally contain several hundreds pg/liter of inorganic impurities. |

On the other hand, a very high purlty, such as a concentration of
residual inorganic impurities of several tenths pg/liter or less, is

~ required for aqueous solutions of hydrogen peroxide used in the field of
semiconductor production.

Heretofore, as the process for purifying an aqueous solution of
hydrogen peroxide by removing contained inorganic impurities,

processes comprising bringing the aqueous solution of hydrogen
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-2- peroxide into contact wth an, ion,exchange resin have been known. It
has been proposed that an aqueous sol ution of hydrogen peroxide is purified
by using a strongly acidic cation exchange resin of a hydrogen form singly,
a strongly basic anion exchange resin of a bicarbonate form a carbonate
form or a hydroxide formsingly, a mxture of a strongly acidic cation
exchange resin and a strongly basic ani on exchange resin, or a conbination
of these ion exchange resins or the mixure of ion exchange resins.

Wien an aqued@eroxide intm contaeh withean jenssachange yasin thave beendimogvmn Tton
exchange resin, it is generally advantageous that the aqueous sol ution of
hydrogen per okagideen pmngqﬁad thab am mexbous; solufien phh 988RgReraxide 18y

accordance wWith, ti nyous process in..which the . aqueous .solution, of
hydr ogen_ per RPEIECAPY 200 A RFongy Scklif Ao CRaRARFY Fesifcol 8 NUlEoRER e

Fogen_be h e R . f
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in the ti ien £ i , L ' . it
(Sv) of the o aaBbiite thubilo LIOREENE i MALRISE ikehp RRRpfge Y
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vel ocity does not give rise t0 as nmuch inprovenént in the purity as

expected.  SHMPRBYNBination DFEHESENon exchdgdhiedins dr thé mias@Nbf ion

i nvention is to provide a process which can further increase the purity i
the purifi catépthatigeaegigigeous sol ution of hydrogen peroxi de.

>

When an aqueous solution of hydrogen peroxide is purified by
using an ion exchange resin, it is generally advantageous that the
aqueous solution of hydrogen peroxide is brought into contact with the
ion exchange resin in accordance with a continuous process in which
the aqueous solution of hydrogen peroxide is passed through a column
packed with the ion exchange resin. To incx;ease the purity in
accordance with this process, the time of contact of the solution with the
ion exchange resin is increased. Increase in the time of contact in this
process means decreaée in the space velocity (SV) of the aqueous solution
of hydrogen peroxide passed through the column. However, it is the real
situation that decrease in the space velocity does not give rise to as much

improvement in the purity as expected.

SUMMARY OF THE INVENTION
An object of the present invention is to provide a process which can
further increase the purity in the purification of an aqueous solution of

hydrogen peroxide.
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-3- As the result of intensive studies. by the present inventors, it
was f'ound that an aqueous sol ution of hydrogen peroxide can be purified to
a hi-gher purity than that by conventional processes of purification by
bringi ng the aqueous sol ution of hydrogen peroxide into contact with an ion
exchange resin, aging an obtained internediately purified aqueous sol ution
of hydrogen peroxide by standing al one, and bringing the aged aqueous
solution into contact with an ion exchange resin.of the sane type. The
present invention Aastheeeesuldwblintatsivoen stidiebdsi thebredard inventerdydt was
Accordi ngly, the‘gresent I nvention provides a process for purifying an
aqueous sol ut faxmdthat dncamprequsr solutienof ydregen peroxigiencan be pmuﬁ@dl:to a
sol ution of hydrogen peroxide into contact with a cation exchange resin or
an ani on exchﬁrgjeen @sirity dhangthat byt eomeentional mmeﬂseswfppur eadionydaous
solution of h drogenJggrOX|de by standi n alone for 1 _hour or nore, and

bringing the BEEEIBEHESAIERAUH SARtion ofy npner@m%mtm'épr&@ﬁtaeth\mw
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| uti f h i d d t

R

on exchange FaBeREsRERtien intg, e 408 P T M€ Bl on

of hydrogen tyne The present invention has been completed on the basis of this
knowledge.

Accordingly, the present invention provides a process for purifying

an aqueous solution of hydrogen peroxide comprising bringing the

. aqueous solution of hydrogen peroxide into contact with a cation

exchange resin or an anion exchange resin, aging an obtained

intermediately purified aqu:eous solution of hydrogen peroxide by

standing alone for 1 héur or more, and bringing the aged aqueous

solution of hydrogen peroxide into contact with an ion exchange resin of

the same type.

DE T THE PREFE D EMBODIMENT
The concentration of hydrogen peroxide in the aqueous solution of
hydrogen peroxide used in the present invention is not particularly
limited. A solution having a conéentration of 5 to 60 % by weight is
generally used. |
- When a cation exchange resin is used as the ion exchange resin

which is brought into contact with the aqueous solution of hydrogeéen

i i i



-4-7 peroxide, a strongly acidic cation exchange resin of a hydrogen form
is used. When an ani on exchange resin is used as the ion exchange resin, a
strongly basic anion exchange resin of a bicarbonate form a carbonate
form or a hydroxide formis used. The cation exchange resin and the anion
exchange resin are both ion exchange resins which are based on a
styrene-di vi nyl benzene copol yner and have a steric network structure.

It is necessary that the ion exchange resin which is brought .into contact

wi th the int epexaxidecastpomglyi acidic)cation exchangerresin ofi dydmnogen darmeis
after the aging is_an ion exchange resin of the sane type as that of fhe

i on exchange weed.n When awapion exchange gesisuis uerd as dhedonigxahsngs 188idbxi de
has been brought into contact in the first, step,.For exanple, when the raw
aqueous sol ut Adirenglykasiganion ezshapee §eﬁpoqf9¢1b1w§>ana%"?m» aicarbenater i on

O Lo o B RoPSah Tt A 5 OB shEudl hABLR BN oo
oo O RO P B R Nt
anton exchanosse ikl oA MR Aot HHiin iRk dhSonye
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after the aging. The resin w queous sol ution rogen

peroxi de has bgethch withhthé Hhferiédiatély puified hgfibods WelWHYn T H§&rbgaaal n

for treating the internediately purified aqueous ‘solution of hydrogen

peroxi de af t epetdiide @ifted the aginghrdihin@tcharigecrdsixi of Xhddage £ygR 4 thested
before and after the

of the ion exchange resin with which the raw aqueous solution of

hydrogen peroxide has been brought into contact in the first step. For
example, when the raw aqueous solution of hydrogen peroxide is brought
into contact with a cation exchange resin of a hydrogen form in the first

- step, the intermediately purified aqueous solution of hydrogen peroxide
must be brought into contact with a cation exchange resin of a hydrogen
form after the aging. When the raw aqueous solution of hydrogen
peroxide is brought into contact with an anion exchange resin of a
bicarbonate form in the first step, the intermediately purified aqueous
solution of hydrogen peroxide must be brought into contact with an anion
exchange resin of a bicarbonate form after the aging. The resin with
which the raw aqueous solution of hydrogen peroxide has been brought
into contact in the first step may be used again for treating the
intermediately purified aqueous solution of hydrogen peroxide after the
aging.

Furthermore, the ion exchange resins used before and after the
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-5-° agi ng of the aqueous sol ution_ of hydrogen peroxide are required to
contdin at |east one ion exchange resin of the same type. It is possible
that. mi xtures of said ion exchange resin of the sane type with ion exchange
resins of other types are used before and/or after the aging. As the
met hod for bringing the aqueous solution of hydrogen peroxide into contact
with the ion exchange resin, a nethod conprising continuously passing the
aqueous sol ution of hydrogen per oxi de t hrough a col um packed with the
cation exchanagingofrthe agueocasi solusicahadgbydesgen penokideugee. required Tioe
space velocity at which the raw aqueous sol ution of hydrogen peroxide or
the i nt er nedi condiajn @irlepist @nscion: exghagigenyasin pirtheesame dopes br supeasible: o
contact with the ion exchange resin is_ not partlcqg ly limted and is
preferably 5 thatimeixtures of saigd; tompexchangeyresint af;e sapepe ‘m ion

|t or modi at of §RES PG oL ORGAT GPeRATRAREN HUPER FOUSI AU P 0
SN S e R
Sol ut {onof  hEFeidn HHF shhitoy i BPURg ) SrbBhEl B rEn R thsoH SR RN
ond LS L Mot ROl Y il e, oﬁﬁa&r%%eﬁe@aﬁgfdpezf@%gm
o0 11 o0 % ARG S Rod R O Lo gl Sk she prion HAREST
of the presenjedifV@H beged. Not particularly |im ted
The space velocity at which the raw aqueous sclution of hydrogen
peroxide or the intermediately purified solution of hydrogen peroxide is
brought into contact with the ion exchange resin is not particularly
limited and is preferably 5 to 400 hr'1, more preferably 25 to 200 hr-1. The
temperature at which the raw aqueous solution of hydrogen peroxide or
the intermediately purified solution of hydrogen peroxide is brought into
contact with the ion exchange resin is not particularly limited and is
preferably the freezing point of the solution to 50°C, more prgferably 0 to
20°C.
The time of aging the intermediately purified aqueous solution of
hydrogen peroxide by standing the solution alone is not limited and is 1
hour or more, preferably 1 to 5 hours. The temperature of aging the
solution is not particularly limited if it is the freezing point of the solution
or higher and is preferably 10°C or higher. |
Methods of purification which are conducted in combination before

or after the process of the present invention is not particularly limited.

5 e
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-6- For exanple, after the purificatiqn in accordance with the process
of the present invention has been conducted, purification may be conducted
i n accordance with the process of the present invention using a different
type of ion exchange resin. After the purification in accordance with the
process of the present invention using a cation exchange resin has been
conducted, purification may be conducted in accordance with the process of
the present invention using an anion exchange resin. Alternatively, the
process of thEopresssmle; aftenttherpunification duchdcardanasi with the pre¢ess of the
purification process using a nmxture of a cation exchange resin and an

ani on exchangPresentinvantioni has been xongdacterd purficatien mayhe pm@eﬁtpdnn

process using a m.xed bed In acgardance with t rogess t he
present invenefwdamamthnmn PrPERSS ¢ ?ﬂaegewnt @Vexg\w?t%ng.% different,
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acidic

the process of the present invention may be used in combination with a
purification process using a mixf.ure of a cation exchange resin and an
anion exchange resin in desired relative amounts, i.e., a purification
process using a mixed bed.

In accordance with the process of the present invention, metal
impurities, such as Al, Cr, and the like, in an aqueous solution of
“hydrogen peroxide can efficiently be removed, and an aqueous solution of

hydrogen peroxide can be purified to a higher purity.

EXAMPLES

The present invention is described in more detail with reference to
examples in the following. However, the present invention is not limited
by the examples. The concentrations of metals were analyzed by ICP-

MS.

Example 1 _
Through a column packed with 100 ml of 200C, manufactured by
ORGANO Corporation, of a hydrogen form which is a strongly acidic
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-7 - cation exchange resin of a hydrogen form a 31 % by wei ght aqueous
sol uti on of hydrogen peroxi de containing 100 ppb by weight of Al and 1 ppb
by weight of O was passed at SvV= 50 hr[err]. The obt ai ned

intermedi ately purified aqueous sol ution of hydrogen peroxide was | eft
standing alone at 20[err]C for 1 hour and then passed through a colum
packed with 25 m of 200C, manufactured by ORGANO Corporation, of a
hydrogen format Sv=200 hr[err] to obtain a purified agueous sol ution of
hydr ogen per ofatien exchanget resin off anydregeny farmy ac3biPi by sveight anneous

2" e sttetiproek Budtesen perodRe commnied 100 BRAY BeiEhicrt AlGHHLA: cd
per oxi de. was Db byoveiRRe G WAk praretah 8T8 Brd  cont ent s of Al and & in
e P11 e S e R0 R 5 SR Sl
ctrongl y basi BEEITIOR Wesnarpecyidie Slodb B AFORE 3 hahA o SHebopficed g
T Topb by wel ghirroyfet ¥ | EQ6E PEREKLACHRON B thllDof O0C R ed] by
i nt er medi at el pRGAND eQoAstiatith, S & thRIrogbn B¢ @€ BV=200 hr-1 to obtain a

purified aqueous solution of hydrogen peroxide. The contents of Al and

Cr in the purified aqueous solution of hydrogen peroxide thus obtained

are shown in Table.

Examples 2

The same procedures as those conducted in Example 1 were
conducted except that the intermediately purified aqueous solution of
hydrogen peroxide was left standing alone for 56 hours. The contents of
Al and Cr in thé purified aqueous solution of hydrogen peroxide thus

obtained are shown in Table.

Example 3

Through a column packed with 50 ml of IRA900, manufactured by
ORGANO Corporation, of a bicarbonate form which is a strongly basic
anion exchange resin of a bicarbonate form, a 31 % by Weight aqueous
solution of hydrogen peroxide containing 3 ppb by weight of Al and 1 ppb
by weight of Cr was passed at SV=200 hr-1,

The obtained intermediately purified aqueous solution of hydrogen
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perOX|de was |eft standing alone at 20[err] C for 1 hour and then passed

t hrough the sane colum as that used above at SV=200 hr[err] to obtain a
purified aqueous sol ution of hydrogen peroxide. The contents of Al and Cr
in the purified aqueous solution of hydrogen peroxide thus obtained are
shown in Tabl e. Exampl es 4 The sane procedures as those conducted

i n Exanpl e 3 were conducted except that the internediately purified aqueous
sol ution of hydrogen peroxide was |eft standing alone for 5 hours. The

contents of ApeRPRHd&TwhE lbhﬁsﬁﬁdlhgeﬂloaﬁuﬁ@%%pfd&t uono@f divthes npaseaxi de
t hus obtai ned are shown in Tabl e. Conpar ati ve Exanpl e Thr ough a

col um packedghtcughltfe Bhmef coltgin aﬁwmftamedr@lsbdwamwmommwoadbtam aof a
hydrogen formwhich is a strongly acidic cation exchange resin of a

hydrogen for npurifidl &qbyowe sghiticarvf hydregdnpecsxide. HJhe egatentsrafkAland
containing 200 ppb by weight of Al and 1 ppb by weight of C was passed at
SV=40 hr[ err] Crdnothaipurifigr eigiieeds sglution of hydrioganaperioxitte gons wbtainede
The contents of Al and G in the purified aqueous solution of hydrogen
peroxi de t husappshpwadimaTablhown in Tabl e. Conpar ati ve Exanple 2
Through a col utmm packed with 100 ml of" I RA 900, manufactured by ORGANO
Corporation, of a bicarbonate formwhich is a strongly basic

Examples 4

The same procedures as those conducted in Example 3 were
conducted except that the intermediately purified aqueous solution of
hydrogen peroxide was left standing alone for 5 hours. The contents of
Al and Cr in the purified aqueous solution of hydrogen peroxide thus

obtained are shown in Table.

Comparative Example 1

Through a column packed with 125 ml of 200C, manufactured by
ORGANO Corporation, of a hydrogen form which is a strongly acidic
cation exchange resin of a hydroéen form, a 31 % by weight aqueous
solution of hydrogen peroxide containing 200 ppb by weight of Al and 1
ppb by weight of Cr was passed at SV=40 hr-1 to obtain a purified aqueous
solution of hydrogen peroxide. The contents of Al and Cr in the purified

aqueous solution of hydrogen peroxide thus obtained are shown in Table.

Comparative Example 2
Through a column packed with 100 ml of IRA 900, manufactured
by ORGANQO Corporation, of a bicarbonate form which is a strongly basic
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-9-7 cation exchange resin of a bicarbonate form a 31 % by weight
agueous sol ution of hydrogen peroxi de cont ai ni ng 3 ppb by weight of A and
1 ppb by weight of & was passed at SV=100 hr[err] to obtain a purified
aqueous sol uti on of hydrogen peroxide. The contents of Al and Cr in the
purified aqueous sol ution of hydrogen peroxide thus obtained are shown in
Tabl e. Conpar ati ve Exanples 3 The same. procedures as those conduct ed
in Exanpl e 1 were conducted except that the internediately purified aqueous
sol ution of heatiemexchangeirdsinvaf al kicarbowatei foyrg| 20184 %oby 30eight aq@moushe
contents of Al and C _in_ the purified agueous sol ution of hydrogen erOX| de
t hus obt ai nedselntionhefdnydregeniperoxide containing 3 ppb by weight of A landf;
fgg})eg; a,]tc _ SN Emgflg %Qgr Was%assed at SV=100 hy! {g obtain a puﬁheﬁbaq?,%/qggs )
gx 8r5rp e 2 solution o%hg@rc@ggr@?@khg The contents of A? 'a:;’lzd Eg%ggéh% 1:))’uriﬁed

(éxgrlrplcte)npar at I ve oEti(s gayilon of hydrogen perog%tmt}agg?q/ grgéwpe%@agf | ve

0.35 0.51

Comparative Examples 3

The same procedures as those conducted in Example 1 were
conducted except that the intermediately purified aqueous solution of
hydrogen peroxide was left standing alone for 30 minutes. The contents
of Al and Cr in the purified aqueous solution of hydrogen peroxide thus

obtained are shown in Table.

Table

content of Al content of Cr

(ppb by wt.) (ppb by wt.)
Example 1 0.15 0.33
Example 2 0.17 0.32
Example 3 0.05 0.01
Example 4 0.04 0.01
Comparative Example 1 0.50 0.75
Comparative Example 2 0.14 0.05
Comparative Example 3 0.35 - 051
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-10°-  WHAT IS CLAIMED I S 1. A process for purifying an aqueous
sol ution of hydrogen peroxide conprising bringing the agueous sol ution of

hydrogen peroxide into contact with a cati on exchange Tesin, aging am —
obtai ned internediately purified aqueous solution of ydgagen. pek gag% by

standi ng alone for 1 hour or nore, and bringing the ag m lon .
of hydrogen peroxide into contact wwth a cation exchanaﬂlﬂgum rA
process for purifyi ng an aqueaqus sol ution of hydrogen S si ng
bringi ng the ESLLAIMEDJIS: hydr ogen peroxide into contact with an

ani on exchange resin, aging an obtained internediately purified aqueous
sol ution of hydrogen peroxi de by standing alone for 1 hour or nore, and

bringing the ed aqueous ,sol utjpn of hydrogen roxi de,into contact wth
o i 0 trendooA SHrens £5r pURlfing aay SaueBra: SABAn P HHATOE S B PRIt
cation exchange_resi.n iB a strogﬂ%y acidi c tion ?x§£€qg$ resin of a t
hydr ogen for ompEngp TRele, ﬁﬂ‘*ﬁ?utsos “:H‘mé’ FaEe AREORMS% AR
exchange resin.i t ast .. q i ' LEesi t ed
Fromthe o oubohtackiwithd ety BhCpAGEY xBAR, Sl Hh BHEARANKERNTaRLEP

bi carbonate f # (Harc) X r £sk and
strongly ani oﬁihg1 %it%: Qﬁggﬁ? ?g?%bgf&aﬁ%(%? [ g%fo?(gg%fbyasﬁ?fd?ﬁgaéﬁng o1
hour or more, and bringing the aged aqueous solution of hydrogen

peroxide into contact with a cation exchange resin.

2. A process for purifying an aqueous solution of hydrogen peroxide
comprising bringing the aqueous solution of hydrogen peroxide into
contact with an anion exchange resin, aging an obtained intermediately
purified aqueous solutipn of hydrogen peroxide by standing alone for 1
hour or more, and bringing the aged aqueous solution of hydrogen

peroxide into contact with an anion exchange resin.

3. A process according to Claim 1, wherein the cation exchange resin is

a strongly acidic cation exchange resin of a hydrogen form.

4. A process according to Claim 2, wherein the anion exchange resin is
at least one strongly basic anion exchange resin selected from the group
conéisting of strongly anionic exchange resins of a bicarbonate form,
strongly anionic exchange r_esins of a carbonate form, and strongly

anionic exchange resins of a hydroxide form.
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