Process for the purification of aqueous peroxygen

sol utions, solutions obtainable thereby and their use
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25 Aqueous hydrogen peroxide is an important raw material for the
semiconductor and microelectronics industries. It is used in many of the
processing steps that result in the finished semiconductor or component. The
industry demands a high level of purity from the hydrogen peroxide solutions.
Cationic and anionic contamination of the semiconductor process result in

30 lowered production yields and therefore higher costs. In addition it is known that
trace levels of organic contamination can influence the semiconductor
production processes. Thus the contaminant levels present in aqueous hydrogen
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To this effect, the present invention is related to a process for the

25  purification of aqueous peroxygen solutions comprising the treatment of an
aqueous peroxygen solution with (a) at least one membrane purification step, (b)
optionally at least one ion exchange purification step, (¢) optionally at least one
dilution step, and (d) at least one other purification step, all of which can be
conducted in any sequence.

30 The present invention is also related to aqueous peroxygen solutions
obtainable by the said process and containing less than 1 mg of TOC per kg
peroxygen solution.

Description of the invention

One of the essential characteristics of the present invention resides in the
35  combination of at least one membrane purification step with at least one other
purification step which is different from an ion exchange purification step and
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25  which allows the reduction of contaminant level in a peroxygen solution by the
formation of a purer permeate. Generally, a flow of the contaminated peroxygen
solution passes through the membrane and the solution collected after passing
through is purified. Membrane purification can for instance be carried out as
explained in the patent application EP 0930269.

30 The flux of the permeate peroxygen solution generally depends on the
nature of the membrane, of the thickness of the membrane, of the purification
level desired, and the applied pressure. The flux is usually at least 20 litres per
hour and per m” of membrane surface, in particular at least 25 Vh m’. The flux is
in many cases at most 50 1/ m?, especially at most 30 I/h m’.



formation of a purer perneate. Cenerally, a flow of
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C being  When the other purification step is an exposure to ozone, the peroxygen

25  solution is contacted with ozone in any adequate way to maximise the contact of
the solution with the ozone. Without being bound to any theoretical explanation,
it is believed that ozone oxidizes some contaminant molecules present in the
peroxygen solution so that they are broken down to smaller units and ultimately
to carbon dioxide, which is eliminated by providing sufficient residence time for

30  disengagement which also allows the removal of excess ozone.

The exposure to ozone can be achieved by blowing gaseous ozone, under
pressure, into the peroxygen solution so that ozone bubbles pass through the
solution. The amount of ozone must be at least 2 moles for every mole of carbon
atoms present as organic carbon. However, typically the addition rate is in

35  excess of this stoichiometric ratio but is limited by the solubility of ozone in the
hydrogen peroxide solution. The duration of the exposure to ozone is generally
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The peroxygen solution which is subjected to the purification process of

the invention generally contains at least 5 % by weight of peroxygen, in
25  particular at least 30 % by weight of peroxygen, more particularly at least 55 %.
The amount of peroxygen is usually at most 70 % by weight, especially at most
65 % by weight. Concentrations from 5 to 70 % by weight of peroxygen are the
most commeon.
The peroxygen used in the present invention can be chosen from hydrogen
30 peroxide, water soluble peracids, and any other water soluble molecule
containing a peroxygen group of formula —O-O-, Hydrogen peroxide is
preferred. It is possible to treat hydrogen peroxide produced by the autoxidation
process or by direct synthesis from oxygen and hydrogen. The process of the
invention is especially useful for treating hydrogen peroxide solutions prepared
35 by the autoxidation process. In this case, the hydrogen peroxide solution is
preferably subjected to a distillation treatment before being subjected to the
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particular at least 40 mnutes. It is in many cases at
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ultraviolet light and/or exposure to ozone.
In a particular realization which achieves high purity levels, the process of

the invention is carried out according to the one schematized in figure 1.
According to this particular process, an aqueous peroxygen solution, especially a

30  hydrogen peroxide solution, preferably at a concentration of 55 to 65 % by
weight (for instance about 60 % by weight), is pumped from a storage tank (1)
via the conduit (2) into a housing (3) containing a membrane element, which is
preferably a reverse osmosis membrane. A portion of the peroxygen solution
passed through the membrane emerges as permeate via the conduit (4), the

35 remainder passes across the membrane and leaves the housing (3) as reject
material via the conduit (5). The permeate peroxygen solution has already a



bi carbonate formis preferred. The process of the
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about §0 %y [ htg,.ls n%edfrg)y] storagetank .
(1) vi hireyatiess Giapt ish an RASGIPHOR BRSO b ResPeRls RPIgRYRCR golution
a menbisaraesfetredea the cohduits (#)sand(Bf) énta b lcylumnr(@&§)etosining an

0S Sl g ; i :
pob oo eRERE R, T8 B6icd oo i RETATORY oSk HVia the

t he coffhgrit (F9))In afl frevariaptppths Hested prregen solution qap gptionally
menbr abetraiitbried iaghe Edhduid QLT kdgcdldhn @B) cEtSiGing B i@ dxdhange

via th ongui t per te .oxygen .ol ut.i on
naq ol o ity sl fr SR A B R e
by add¢elion &l18) yiaghe canduit (¥9) lae fingl putified nrpductohichesaghave a TOC

SUfth afevalbfaX RIS rﬁ%/ﬁé.cmﬁ th Be bktRrtdddShat Y6 bPIRE thr& variants
n the second varjant, or a

to. l
22nfgg{’)%ﬁefcﬁm§??g§85®g&$%maﬁt§icﬁn HCQRERGdhi ¢ 9 vari ant
Accor di ng Tle firhees{ ofrth¢ inventioaralloge topbin puriftedcroeasy peroxygen
the peg c&ﬂ%iﬁi?é%%@ﬂr%ﬁ'l%%@f’l‘d dréﬁﬁé&%?bb&?l‘(? d kg
4) an al ne

conduits . Into a_ suiltfalhl e cont i

Gas e oUBCTERXRRB solutiqn, Theprgecad inveptioniis bereline alse sslatedrip agpgpus
t hEs copetukyiget 8glutiobs eb@ @bl by thz@oeest destritiRidlabove dhd @ughining
the p gl msgoc;f "ttolta? E)‘IgaH]ceCarbon (TOC) per kg peroxygen solution. The

TOC is measured by catalytic oxidation of the organic species in combination

with detection by non-dispersive infra red spectroscopy.
The aqueous peroxygen solutions according to the invention contain
30  advantageously less than 0,1 mg TOC per kg peroxygen solution, in particular
less than 0.01 mg TOC per kg of peroxygen solution.

The aqueous peroxygen solutions according to the invention can be used in
the manufacture of microelectronic components and semiconductors. The
invention is therefore also related to the use of the aqueous peroxygen solutions

35  in the manufacture of microelectronic components and semiconductors.

The invention is illustrated in the following examples.



treated hydrogen peroxi de | eaves the container (7) via
the conduit (9). According to the second vari ant

W@ eoopo3wne to UV |ight), the perneate per oxygePCT/EP2004/052400
solution is transferred via the conduits (4) and (10)
into a housing ( ) wherein it is exposed to UV |ight
(12) preferably with a wavel ength of about 185 nm The
treated peroxygen solution |eaves the housing ( via
the conduit (13). According to 4ghe third vari ant
(contact with an adsorption resin), the perneate
peroxygen solution is transferred via the conduits (4)
and (14) i 1ot pd_eb(dcmgicﬁﬂaemhﬁnmi ng an adsor ption

tr:gISIurnm (. eA{l” §ﬁt E?js Cong ﬁ‘ﬁﬁ{?ﬁ%ﬁ pE okﬂfa ak g??\fln%m}atlgn of 60 % by
var i anvsight wigs fed 0z reverproessioyiy m@m@tait afempgreture of 25 °C. A

optio ngrJhidnehﬁcd SWﬂflfrﬁélﬁlﬁdneVWa% b A&@rfs&m ﬂresé&Z)of Iz@béfg,

ooy Remeds PR o0 f0 08 w88 cqlt Pl SRmeoE! el Fwaigior 550 Vb, The
I eavesTORealuslof the f¢ctiByas\GSppto thegenuttingtpe(richje @mtaireddl7 ppm.

p ur ' f ' THJe n%@rﬁ@éi@ tvas H@h ﬁﬁut J%Yx@enﬁ‘aﬂ_%bﬂ 33\l lusﬁg u%sap{lﬁ\%ater

hr ee YiRg At QC‘c]ﬁﬁelk?é leé%%? hepb)sd ppssed ﬂlr%h\aefp umnef a
can beRolanisi Hemd. X AD¢ afuoftion sestf withe rdsideadeitingnoflol oivsit a

" R (LR R RN SR A Ay oo

per kgoifk 7q oR3en sol ution. The present invention is
therefore @wp{aa@&gllng%ﬁgyﬁ,@ﬁ{ﬁm}yer oxygen sol utions

bt ai d bed
cont a1 B BIoRUs  B Fg 4 SORGIoR Predp G el e frsgpassed
per kgthpmgbxgtion exohange oasin (Rbhn‘KﬁHaasAmmmmdence time of
catsal y3g ﬁmpé‘t'Sd’@,{dng@héﬂfthfon%l %‘f ﬁarﬁ EL &R fdhn Eﬁphm & Haas in

conbi nat i g etecti o non- ersive Infra re
spect r ¥&& g e fpHR %@@é@%@ens%ﬁvaﬁ g6 ﬁmé%‘l tG @isthe TOC had further
accordm&gmﬂ&a&hepmﬁyention cont ai n advant ageously | ess
than 0,1 ng TOC per kg peroxygen solution, in
particular |ess than 0.01 ng TOC per kg of peroxygen
sol ution. The aqueous peroxygen solutions according to
the invention can be used in the manufacture of

m cr oel ectroni ¢ conponents and sen conductors. The
invention is therefore also related to the use of the
aqueous peroxygen solutions in the manufacture of

m croel ectroni c conponents and seni conductors . The
invention is illustrated in the foll ow ng exanpl es. -
8- Exanple 1 (according to the invention) An aqueous
sol uti on of hydrogen peroxide at a concentration of 60
% by




wei ght was fed to a reverse osnosi s nenbrane at a
tenperature of 25 C. A Hydranautics SWJ nenbrane was
wae@d/o3mns a feed pressure of 20 barg, a per meaP€r/EPmoa/052400
of 600 1/h was collected froma total feed fiow ateof
850 1/h. The TOC val ue of the feed was 65 ppm the
resulting perneate contained 1.7 ppm The perneate was
then diluted to a concentration of 32 % using
ultrapure water (having a TOC Level of less than 1
ppb) and passed through a colum of a Rohm & Haas XAD4
adsorption resin with a residence tine of 20 mn at a
temperature of 15 C. The reguLtATM $ydr ogen peroxi de
solution had a TOC | evel of 0.78 ppm Exanple 2
(according to the invention) The aqueous hydrogen

per oxi de soldit i ) ' 3“59! . .
passed th ? 0 upgﬁéegg]fc‘:og?%g)ﬁ%g%cﬂ? g r? gé re Sﬁ]e}"(’eggﬁ“rﬁ%\ﬁ&g% <S:ompr1smg
A200) thy eatraent e araugeusiieraxygan spbition Withi(2)st fsaghoge megibrane
t hr ouglurifiatian isep, ®X 8 4t@&sNorderieAdbdize utiBicasion Bep, (c)

bi carbonate form w t . reside | of mon.at..5

and ¢ ety Al b fufiop S EA Pk s gibet bgiRhnich Sep,
Al M S dll of whichees be fanductbdinpayiséqusnts on of aqueous

per oxygen sol utions conprising the treatnent of an

aqueous peroxYy&Rfaceiditlg 18 dlath i in Whichake dq@asiis peftRygen solution
menbr ane %rlfl catlpn f%‘g‘? (b) optionally at | east

one i ghek ﬂ%ﬂ’?@’@mﬁl}gﬁ?“ ‘ion step, (c) optionally at

| east one dilution step, and (d) at |east one other _
puri fi cat BorPretespaccardingdp clam ehingericlhe bpdraganmetpxide solution

any SsefyeesRentfation BERELSRIARGE BF Slkd"D %Q)y%@%ﬁbﬂh)i@o gen
whi ch t he, aqueous peroxygen solution i S a hydrogen

per oxiRfEXLS ution. 3 - Process according to claim 2,
in which the hydrogen peroxide solution has a
concent r atdi-ofro¢rss agcerdingtatanpone offthdclpigmsAgo G ywiieli Gt

of hydhQEGmeAE h PeVetls oslosis IHhORBRBraa€COr ding to any one
of the claine 1 to 3, Iin Ich the nenbrane is a

reverse o i s type Jenbrane. - Pr.ocess ,accar.di

to any o n?r_gfémfeﬁ%&fépﬁ%m 0¥ 8ne4(?f q’?}(’l@\?ﬂsgﬁo t4 he ‘%Pﬂ’etﬂg other
pubi f i muificgionsteppis ¢hosahibes axfosumte uitesiolet ligh, exposure to ozone,
ul t r avdoaEitwitd &Mast (ﬁ?é%@ﬁqx‘%tﬁmtré’siﬁ’,zo? BRy cdnitaiioh thikddp at

| east one adsorption resin, or any conbination
t her eof .

6 — Process according to any one of the claims 1 to 5, in which the
treatment comprises, in the following sequence, (1) a membrane purification
step, (2) a purification step chosen from exposure to ultraviolet light and/or

20  exposure to ozone, (3) a dilution step, (4) an optional contact with an adsorption
resin, (5) an optional ion exchange purification step.

7 — Process according to claim 6, in which the treatment additionally
contains (6) a second optional ion exchange purification step, and (7) a
purification step chosen from exposure to ultraviolet light and/or exposure to
25  ozone.

8 — Process according to any one of the claims 1 to 5, in which the
treatment comprises, in the following sequence, (1) a membrane purification
step, (2) a treatment chosen from exposure to ultraviolet right, exposure to
ozone, and/or contact with at least one adsorption resin, (3) optionally one or

30  more other treatments.



6 - Process according to any one of the clains 1 to 5,

in which the treatnent conprises, in the follow ng
waegaesme; (1) a nmenbrane purification step, (PQT/BP2004/052400

purification step chosen from exposure to ultraviol et

i ght and/or exposure to ozone, (3) a dilution step,

(4) an optional contact with an adsorption resin, (5)

an optional ion exchange purification step. 7 -

Process according to claim6, .iyg-which the treatnent

additionally contains (6) a second optional ion

exchange purification step, and (7) a purification

step chos tgn Frodess ﬁ%ﬂ@ﬁl@ft@clhﬁh 8| deth@tredﬂneﬁﬂcoﬁpﬂée@ rl? the

expos 0 0z one.o

Ehe oot SEBge. ()5 mepBRSE Retielht Hem C Cafipre Bintviole

i n t hdightp bhdA) noptat witk atleast o1l adsomptiomresme purifi cation

step, (2) a treatnment chosen from exposure to

ul travi ol gy _rAd @Sus p%fs&?g‘eﬁrs81uh9nsc&>@aﬁab1@tss%e brdéém@@ﬂy one of

Wi gh r%@ | east o dsor o trhesl %@g&l ona{;?% C
iR 19 Dn Fre 45 § g EEGRRPRET00)

to cl @bﬂk@pemxygmm(mmohhe treat ment conprises, in the

foll owi ng sequence, (1) a nenbrane purification step,

(2) exposyie 4 ebﬂsgyﬁafsb})’(}'%n%tﬂulhbﬂgﬁcco t& @])am‘i PP ERAMdining less

with at | east tion resin. 10 - Aqueous

per ox e P Lwe fQ H%rkglﬁ’ﬁ’éﬁ’?‘}’%ls@‘lwnthe process of any
one of the clainms 1 to 9 and containing less than 1 g
of Total @ gdheofdarhomoug SBTonpeccokting@rasimddrr 11 in the
sQhut i ng to
o0 e AR ok Y e e Bl v gen
solution. 12 - Use of the aqueous sol utions according
to claimor in the manufacture of mcroel ectronic
conponents and sem conduct ors.




