WO 01/92149 PCT/ EPO / 03584 for the further purification of
hydr ogen peroxi de sol utiotmmwmmﬂlﬂmmmn relates to a novel process for
t he' furt herwpwipiisgati on o rogen peroxi de sol uti ons RGWER19358¢s
hi-gh-purity sol utions that can"%"é59 enpl oyed i n seniconductor technol ogy
under today's high purity requirenents. In the production of highly
Integrated electric circuits, extrenely high purity 10 requirenents are
pl aced on the chemicals used. Wile the production of 1 megabit chips

tol erates a chi@nocess fiorithe furtherpurificationof hydrogespperoxiden, the
production of 4 to 16 nmegabit chips ﬁémibﬁ? chemcal qualities wth a
maxi mum i npurity level in the range bel ow ppb. 15 One of the key

chemi cals in chip production which has to nmeet these purity requirenents
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e angnr I none process na 1 s _usua ritLe ncentrate
Cectificati oRYAMPEENPRTGKTR SHIdns Rhicbahes bidrpitisoltions et Be nave’
t he requi si t employedin semiconductor fecthneldady amdertbday’s régh purityhe 20
distillate i §%§&f§rﬁgh@gted, in particular, with alum niumor also other
additi o

metals. In n, it conprises residues of organic carbon conpounds
("organic C'), such as solvents (alcohols, ketones, aliphatic hydrocarbons
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e 55 oulf o et eMERBETBIRASHN the Chemibals Ised BIE fas PIAHIIONES cat i on
ﬁnijcr) (r; eﬁndetr:arr!negabi@ lnhmisttotenaﬁelseai cmnlqical geality r\r&itn/iniémrmles iftine fow ppmo ?hgf
qut o re” pur PR, PHoBE et bt 416 BnBhAST oS PEadees chbhicaf GBS o;
exanpl e, t he vwithl amaximuoompuirdy levehin the raogetbelew do ppeam vol atile organic

carbon conpounds fromthe ant hraqui none process, which cannot be separated
off in a sinple manner by distillation. The content of dissolved organic

car bon i 9t hOng at bigdeysehasmicals ipshimprrducicnahich hap te meptthess puritkovwever
metal ions angqgifements igPWtrddertpéroxidec SWsE PRaatteeis-prepared virtually
exclusively by the anthraquinone process and is usually purified and
concentrated by rectification in aluminium or stainless-steel columns, it
does not have the requisite purity. Due to contact with the plant parts, the
20 distillate is contaminated, in particular, with aluminium or also other metals.
In addition, it comprises residues of organic carbon compounds (“organic
C”), such as solvents (alcohols, ketones, aliphatic hydrocarbons and
acids), and of anthraquinone derivatives as a consequence of the process.
For use in microelectronics, the hydrogen peroxide must therefore be
25 subjected to effective post-treatment in order to reduce the cation, anion
and carbon content to the requisite purity level.

Purification of hydrogen peroxide solutions by distillation alone does not
achieve the requisite purity with respect to metallic impurities and carbon.
30 For example, the solutions comprise readily volatile or steam-volatile
organic carbon compounds from the anthraquinone process, which cannot
be separated off in a simple manner by distillation. The content of dissolved
organic carbon in the hydrogen peroxide can have values of up to
150 mg/l. However, metal ions and carbon impurities in the hydrogen per-
35 oxide have a particularly interfering effect in the production of microchips,
these impurities having an all the more critical effect the more highly
integrated the chips to be produced. There has therefore been no lack of
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35 oxide have a particularly interfering effect in the production of

mcrochl ps, these inpurities having an all the nore critical effect the
nore hi ghl ywontepuat ed the chips to be produced. There haseaiEereiossse been
no lack of ~~ WO 01/92149 PCT/ EP01/03584,-2 attenpts in the prior art to
renove the inpurities fromthe hydrogen " peroxide by post-treatnment with
cation and/ or anion exchangers. |on-exchanging materials which have been

proposed for this purpose are 5 ring-substituted aromatic hydrocarbon
cati on excha@femntein the prigr arkto rameNathedmruitiesieorathe BYdo8eNc hydr ocar bon

ani on eXChan%?oinGébzﬁ‘posP%bﬁhéhmltﬁ eatibR BdATdmorPexcHERYRIrs!m gr oups or
pyridine rings for t renoval of anions. The functional groups present in

t hese i on exchanger resins often nake the ion exchanger resins so
sensitive t o lonesehanmging Imaateﬂialstwmclplhnawéibeehi propos$ed fafrthiggpurpes@arale usi ng
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t enper at ut es preca | onary neasures. In
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groups, US- A n?ﬁﬁngqgnﬁrﬁgﬂgﬁé&%{fﬁ&ﬁlu r:o%lESSJr Pdh‘% é‘FH?'tﬁ’é“ ¢ organic

hydr ophobi ¢ adsor ber resi ased _on cros resins.
However, thi $eBRV3! &fianiensyihieiestipaalarryes PEANt oM em'eﬂ ex&‘Bﬁ%@‘?‘”se a

mul tiple of tesintoftenahake theiohi dxchangedresins $d1sensitive to1okidation tiadtl e f or

use in chip hi gh
oxi dati of0senas PHGt %@%&&Wﬁé%ﬁ&%ﬁ%%% UsirgcPées i Brafidiy ¥ PRs " ot
that, in thetpbexaniedout ateeigtivaly loveieraperatures of abouk@ipaad wWith or Cu,
etc. hydrog m hazar dous hydroxyl free radicals,
whi ch oxXi datlv at?%gehﬁ%ﬁé}t %on S eI eton of the ion exchanger and are
25 able to form read| | y deconposabl e epoxi des or hydroperoxi des therew th.
The epoxi des |9 ordertoUpRUMVEHE the ﬁdﬂ&n@ﬁeé@%%@x@hoﬁ&eﬁsntﬂém osively,
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hydr ogen per @xgattic hydrdpholc adsdrives rgsindbased on crosslinkgdipobysstyrene
resins. However, this only gives hydrogen peroxide solutions which
comprise a multiple of the tolerated impurities and are therefore not
suitable for use in chip production in accordance with today’'s standards.
20
The high oxidation sensitivity of ion exchanger resins is attributable to the
fact that, in the presence of heavy metals, such as, for example, Fe or Cu,
etc., hydrogen peroxide is able to form hazardous hydroxyl free radicals,
which oxidatively attack the carbon skeleton of the ion exchanger and are
25 able to form readily decomposable epoxides or hydroperoxides therewith.
The epoxides or hydroperoxides formed can decompose not only
explosively, but under certain circumstances even in the manner of a
detonation. The use of cation exchangers or anion exchangers for the
purification of hydrogen peroxide solutions is thus problematic and requires
30 particular care.

In order to circumvent this problem, EP-A1-0 502 466 and DE-A1-

38 22 348 A1 have described processes for the further purification of

hydrogen peroxide solutions in which metal ions present after purification
35 Dby distillation are separated off from corresponding solutions by means of

chelating agents and by means of non-ion-exchanging polymeric adsorb-

ents based on styrene-divinylbenzene copolymers. However, this process

is afflicted with the disadvantage that undesired chemicals must again be



30 particular care. In order to circunvent this problem EP-A1-0 502 466
and DE-Al 38 22 348 Al have described processes for the further
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di scl oses a process in which the hydrogen peroxide 5 solutions to be
purified are treated with an ani on exchanger and a nonionic adsorber resin
in order to {HpA1a42 14f0750digeloses arrocess eswhich théihydmgerneseroxidehe hydr ogen
per oxi de gol t in the
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of organic impghities (TOC) to be reduced to Iess than 5 ppmand at the
same tim1=5allovvs interfering nmetal ions to be separated

US-A-4,879,048 again discloses a process for the further purification of
hydrogen peroxide solutions by reverse osmosis. However, the life of the
semipermeable membrane causes problems. In addition, today’s purity
requirements are not met.

20
The object was therefore to provide a process for the further purification of
hydrogen peroxide solutions which is simple to carry out and which enables
the concentration of organic impurities (TOC) to be reduced to less than
5 ppm and at the same time allows interfering metal ions to be separated
25 off.

The object according to the invention is achieved by a process for the

further purification of hydrogen peroxide solutions by treating the hydrogen

peroxide solutions to be purified, which have concentrations in the range
30 5-59%,

a) with an anion exchanger resin,

b) with a nonionic adsorber resin in the form of a hydrophobic aromatic,

crosslinked polymer having a macroporous structure, and

c¢) with a neutral adsorber resin from the group consisting of the styrene-
35 divinylbenzene resins having a highly macroporous structure, the latter

having been formed by pyrolysis treatment of the resin,



25 of f. The object according to the invention is achieved by a process for
the further purification of hydrogen peroxide solutions by treating the
hydrogen pwomtisgirsol utions to be purified, which have con@ﬁnmmabﬁnns in
the range 30 5-59% a) with an anion ex%hanger resin, b) with a nonionic
adsorber resin in the formof a hydrophobic aromatic, crosslinked polyner
havi ng a nmacroporous structure, and ¢c) with a neutral adsorber resin from
the group consisting of the styrene- 35 divinylbenzene resins having a
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neutral adsorber resin takes place in the final step. 5 The ani on exchanger
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styrene- ipvrnylbenzene resin aving a nacroporous structure and a |l arge
surface ea. 15 In an additional purification step of the process

accor di ng t o Theendmiorictadsorbert resimased il acxbsdarhes witk $he inveationss anr esi n
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a macroporous structure and a large surface area.

20 I'n

15
In an additional purification step of the process according to the invention,
the neutral adsorber resin used is a resin selected from the group con-
sisting of styrene-divinylbenzene resins having a highly macroporous
structure and a moderate surface area.

20
In order to carry out the process, the hydrogen peroxide solution to be
treated is passed, in accordance with the invention, through chromato-
graphy columns connected in series at a flow density of from 0.2 th cm? to
1.0 I/h cm?, in particular from 0.5 to 0.7 Ifh cm?,.

25
If the further purification is carried out in fluidized beds connected in series
a residence time in the range from 0.008 to 20.0 min is advantageous.

The further purification of these hydrogen peroxide solutions is carried out
30 at temperatures of from 15 to 25°C, preferably at 20°C.

The process is particularly advantageous and economical under
continuous conditions. However, it can also be carried out in batch
operation.

35
The object can also be achieved in accordance with the invention by a
corresponding process in which the hydrogen peroxide solution to be



tr_éat ed is passed, in accordance with the invention, through chronato-
graphy columms connected in series at a flow density of fromO0.2 I/h cnR2 to

1.0°1/h cryoiogep@sti cular fromO0.5 to 0.7 |I/h cn2,. 25 |fpdhepdiusidacr
purification is carried out in fluidi zed%beds connected in series, a

residence tinme in the range from0.008 1© 20.0 nmin is advantageous. The
further purification of these hydrogen peroxide solutions is carried out
30 at tenperatures of from15 to 25C, preferably at 20C. The process is
particul ar | y patifiedisgessed intd fluigizeshbeds comnrated dv Aelies winchcentapiisens.

However, it %%ggﬁétéf?fﬂﬁn%ferérﬁﬂhéﬂt in batch operation. 35 The object can

al so be achi ey I n"accor dance wth the invention by a correspondi ng

process in wd) @ 3THEN §ah3RESH 88Noxi de sol ution to be WD 01/92149
PCT/ EPO1/ 0358/ a nénipnici ddsetbérsesisa@d i nto fluidized beds connected in

series whipch caonpri.se, arately fromone another, a) an ani on exchanger
resin, b)ha ﬁgﬁ%%‘%qéﬁ@&%éfg%@si n, and 5 c¢) a neutral adsorber resin,
with a resi devittearésidende fimenfdrayd G30008 @02@O0min, whieee the hydrbgdnogen

per oxi de sol W . t I o ESin &?%Eﬁ?é@a of f from
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i nvention, be carried out at tenperatures of fromO to 20C, in particular

at fromQ_.to_10 nd cap he carried out either in.batch opera- tion or
cont | nuodQ y Thedurer piRiebrof thifead PegSiepniecteRdn spfiSs BROrACTPRBm 5 (o
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to the inventjon., [PRE r QX L.y e | process
according to ;ahé I%ﬂ%eﬁﬂodg%af%@(%%g]nég\ﬁ%fﬁc%]ﬁgv%géﬁgﬁ%ﬁur|af i ed by
di stillation t@Adr eontipupusly. As in Haiease ek furthenpuiicationin columns fronbf i oni c
I norgani ¢ 1 NBHo 59% hydrogen peroxide solutions can be employed in the process

15  according to the invention.

The hydrogen peroxide solutions employed in the process according to the
invention are solutions which have been pre-purified by distillation and
comprise, as impurities, only very small amounts of ionic inorganic impuri-

20 ties, such as, for example, metal cations Al, Fe, Zn, etc., or anions, such as
NOs~ PO4Z, etc., and organic impurities as a consequence of the
preparation.

Experiments have shown that up to 95% of the undesired organic impuri-

25 ties present can be removed without difficulties from corresponding 5 to
59% hydrogen peroxide solutions by successive chromatographic
treatment with anion exchanger resins, nonionic adsorber resins and
neutral adsorber resins. For example, the TOC content of a 50% hydrogen
peroxide solution can be reduced from 40 ppm to less than 5 ppm by the

30 process according to the invention, so that the resultant solution has a
purity which is absolutely necessary for use in the semiconductor industry
under current requirements.

It has been found that the reduction in the TOC content only takes place
35 due to the treatment with the three different resins mentioned above in the
desired manner. A reduction in the content in the solutions merely by treat-
ment with the neutral adsorber resins according to the invention does not
result in the requisite purification in a process to be carried out on an



20 ties, such as, for exanple, netal cations A, Fe, Zn, etc., or anions,
such as. NO3-, P042-, etc., and organic inpurities as a consequence of the
pr epar at i onwolbxpebnent s have shown that up to 95% of the pawEBI1I08SB40r gani c
i mpuri- 25 ties present can be renoved ~\cfjgt_hout difficulties from
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requisite purification in a process to be carried out on an WD 01/ 92149
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can be tolerated. Flow 15 densities of fromO0.2 to 1.0 I/h cn2, in

particular from0.5to 0.7 I/h cn2, are. _ .
The purified hydrogen peroxide flowing out of the adsorption column is

collected in a suitable container. If the further purification is carried out in

20 suitable fluidized beds, the hydrogen peroxide solution is separated off by
filtration and collected in a suitable container. However, the residence time
here should be set so that although adsorption of undesired impurities
takes place, reactions with the resins do not. It has been found that under
suitable conditions, i.e. at a temperature of from 0 to 20°C, preferably

25 between 0 and 5°C, at atmospheric pressure and a residence time of the
hydrogen peroxide solutions of between 0.008 and 20.0 min, good further
purification results are obtained, but at the same time no reaction with the
exchanger resins is observed on the basis of changes in the oxygen
content of the hydrogen peroxide solutions or on the basis of warming.

30
The successive treatment with different resins can be carried out in any
desired sequence. Particularly good results are achieved owing to the
adsorption capacities if the neutral adsorber resin is employed in the final
purification step. However, very particularly good results are achieved if the

35 sequence anion exchanger resin, nonionic adsorber resin and subse-
quently neutral adsorber resin is observed. This sequence is particularly
important since the adsorption capacity of the neutral adsorbent would be
the limiting factor in the process and complex optimization of the volume




advant ageously set. The purified hydrogen peroxide flow ng out of the
adsorption colum is <collected in a suitable container. |If the further
purificati omwoiegegmyried out in 20 suitable fluidized beds,p(thEpdjmdssagen
peroxi de solution is separated off by f4ltration and collected in a
suitabl e container. However, the residence tine here should be set so that
al though adsor ption of undeS|red impurities takes place, reactions with
the resins do not. It has been found that under suitable conditions, i.e.
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Particularly good results are achieved owing to the adsorption capacities
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resin is cornRAr44RCI, Amberiliteb| IRAMERand Wenberditte” 16TE5. Alikewise SuitAbRE( 1)
( ﬁ?%)lg factlé fhe R b8 8hion BeraRbEY ?es‘i’r‘is‘;ﬂ?ﬁ-e,s, IRAIGS 1RAISH 8RE
IRA-68 sold under the trade name Amberlite . It is also possible to employ
the anion exchanger resins commercially available under the names
20 Dowex, Diaion Type | and Type i, and Duolite, which may be either

strongly or weakly basic.

Although, according to prevailing opinion, the functional groups of the said
anion exchangers are oxidatively attacked by hydrogen peroxide solutions,

25 experiments have shown that this can be completely or virtually completely
prevented by setting suitable operating parameters. Depending on the
solution to be treated, this can take place by setting a high volume flow rate
and/or by corresponding cooling. If necessary, the process is carried out
with cooling to about 0°C. However, it has been found that this is usually

30 only necessary if solutions with a relatively high content have to be further
purified. In the case of further purification of solutions in the lower concen-
tration range, this is superfluous since firstly reactions can be kept at a
relatively low level or prevented by setting a suitable volume flow rate, and
secondly local temperature changes can be suppressed.

35
Nonionic adsorber resins which can be employed in the process according
to the invention are those based on styrene-divinylbenzene having a
macroporous structure and a large aromatic surface area. Corresponding



Further resins containing the sane active groups are Anberlyst A-15(r),
Anber | yst A-210 and Anberlyst A-27(r). OQther suitable resins are
Anberj et (r)wéaD921@® , Amberjet(r) 4400 O, Anberlite(r) | RPCIIEPOTIO}SS4
Anberlite(r) |1RA 404 C, Anberlite(r) g?AQOOCi Anberlite(r) IRA 904 O,
Anberlite(r) 15 I RA 400 CI, Anberlite(r) | RA 410 CI, Anberlite(r) I RA 420
a, Anberlite(r) |RA 440 O, Anberlite(r) IRA458 and Anberlite(r)16766.

Li kewi se suitable are the weak| y basi c ani Bn ex si ns_ | RA- 35,
| RA- 93, | RA- 92sigpdre frrg-feam conatitygpts thak ean ‘Arrﬁ'é? BEBOF). 1t is
al so possi bl exam ShomeRLotpolpmesizaficmairds. Theso adeorerts havé noavai | abl e

d h Di whi ch
e e "2 Aot e e e e BRI EndipnHYPhokE: 1o Y
opi ni on, the pblymensoniacbsegad&q:ptlm praperties dre bhasethexslusizalyeorsthermacro-

I dat i h
Shown ¢ hap t BOLGEE Efucir Xfo QG rAe Y fresgizes 'tﬁé'ﬁf‘ugé?'y e Tathde "oV e
setting sui t@b@%%ﬁéh@ﬁ@@ab@ﬂéﬂﬁﬁ&fﬁhlswﬁéﬁ@F sﬁha@w egts @fﬁthSto be

treated, thi &gy a@iwgméﬁé&frbvh &4tidr &6d anidndékchahgers, WI"@&h rownﬁg t@nd/ or by
correspond| ng co?l | g, Mnecessaﬂﬁ thensor cess IS carri 0[8 %{\n
cooling to abRRN TYnstiong(,greLps Rresetone daﬁg?ryﬁﬁrgs |V§ gy 30
onl y necessatipni Nogignit adserber résins adsarth anad libératd iariospecies dweugh be

| over - cofilen oEFSale pAd pBtinfratdbsl £, Pt HaveRighariHin B e gre, | 0, "

can be kept ghohic erganid s@s,tamm |bent/@nlydawmfﬁnlant@mdfppbélptsubgta@cga; tabl e
vol urme flow rs%Eﬁ’asaﬁ&er%?gngHg%N&frél(ldbe”peratUre changes can be

suppressed. 35 Noni onj c adSorber resins which ¢ n the
process accoreRTFRFPONGINchEesing, &k m@H‘Gé?‘i CPHE%%TC@A’ e@’ gﬁ‘p?g unaer the
sty ][ ene-di VI manissARiberiite W amedrophoisic potiaromiatic eesind Ambentitge a][ omatic
surface re free
LR S Fif W ERVAODT AR Boby BRAdNE T of 27
or pol yrrerl za:esmntha noderEitelyepalasac o resinaBigion HF?ZMGC anaBydional groups
and are thus 6® shy O q‘éiBh(Pi\bfz ﬁ?ﬁ’&}@ ffhel;PHMHB‘Herr%?ﬁ& Speftical | ve
properties are based excl usivel

tion HP20. These adsorber resnns have contlnuous polymer phases and

particularly regular pores. They are stable in pH ranges from O to 14 and to

20 temperatures of up to 250°C. Under process conditions, these resins are
active both at ambient temperatures, i.e. at temperatures of from 20 to
30°C. However, they cane also be employed at lower temperatures, such

as, for example, 0°C or lower.

25 The successive treatment with a basic anion exchanger resin and a
nonionic adsorber resin enables virtually complete removal of polar and
optionally ionic impurities from hydrogen peroxide solutions while
protecting the resins employed to the greatest possible extent.

30 Suitable neutral adsorber resins are, for example, those based on
carbonized styrene-divinylbenzene resins having a highly macroporous
structure and a moderate surface area. Such resins are, for example,
commercially available under the trade name Ambersorb®. Ambersorb
563, Ambersorb® 564, Ambersorb® 572, Ambersorb® 575, Ambersorb™

35 600 and Ambersorb® 1500 are in the process according to the invention.
These different specifications are carbonized adsorbents prepared from
highly sulfonated, macroporous styrene-divinylbenzene ion exchanger
resin which has been pyrolized in a special process. As a consequence of



5 porous structure, the w de range of pore sizes, the unusually |arge
surface. area and the aromatic nature of this surface. These adsorbents are
thus cl earw@ odeP ngui shed from cati on and ani on exchangePGI/ER#103884 owi ng
to their functional groups present on tde surface, are very sensitive to
oxi da- tion. Nonionic adsorber resins adsorb and |liberate ionic species

t hrough 10 hydrophobi c and polar interactions, i.e. they have high affinity
to hydro- ph?blc or |.c substances, but onlxﬁ | ow a finitﬁ to hydr.ophilic
subst ances, WERT i PR Profiessy APEESRPNAing 2HaRrbers PAKR YA HOresivns ar e
mar ket ed comhstaait hydrdphiobicpitiplettie sl extdlent nesttanivdb etdbilitesXAD- 4(r) , a
hydr ophobi ¢ pol yaromatic resin, Anberlite 15 XAD-2 and Anberlite
XAD-16(r), likew se a hydrophobi c pol yaromatic resin, the noderately pol ar
acrylic resi fexperigients RB2é/shownahat @ilyitie coirbindtion)ofdhd porificationH@psS , a
more fineky Qi ﬁ’m%ddéé%hﬁbﬁrirégtm%ﬂ?ﬁhﬁ'rfé%lrai Bé‘?rlﬂetzpesﬂé‘ﬁ'?ﬁeafﬂ'fé? % resins

have conti nuous po yner regul ar or es y are
stable in pHWHNWGAGY eARe® regtment with 20! angef wsing a'aﬁab opg wittoc

tJnder p{ ocesmmﬂthueamertr@@lﬁg i$ §l§|téflﬂe%rered@|@ﬁ1 gheldinferitiof DF§amiBt

enper at ur es ures o cane
al so be enpl 6@88”3?3 T)ngprf é}‘féf@lggf‘lﬂ'eégx'd gﬁﬁlogg to?f%Yelﬁm éaf%g}bgr/ | owner .
25 The succeduglv qualityaeqeinementsrofdhe semicemduntorsindustngedre. te Ji0C aatles

noni oni c4gds = a I VI rtually conpl ete renoval of polar and
opti onal |§ [ g:{r];ll?' Phpurb%tttlsgsb'f 6m hydr ogen peroxi de sol utions while

protecting the resins enployed to the greatest possi bI e extent. 30 Suitable
neutral adsonkehis'c®hhBeticH, St hés)éuswé@i ﬁunﬂhﬁéﬁt tHedp&rhBLEed
styrene-di vi nyl benzen resins 8 '%r rracr oro truct ure and a
moder at e sur P5RRETALE L %Bﬁ“‘t’%@‘&’ rBgrresyrsy thak arg respongt dheir |y

avai | abl e undeduttion in'théeontar ohobgamioimpulitiesnber sorb(r) 563,
Anbersor?ér) 564, Anbersorb(r) 572, Ambersorb(r) 575, Anbersorb(r) 35 600
and Anbe sorggh) 1500 are in the process according to the invention. These
different sp efdlﬁ‘atermesb%tweeomommmzaadmwrabedsgrq@re@snemﬂ bemade ghl y

sul fonat ed, ﬂ%rnqHést?étWe%?nHérW‘nﬂhb%Wﬁiﬂ@ thBR §iN @S _whi ch

has been pyroI | ze eci a rocess consequence O{ga 01/92149
PCT/ EPO1/ 0354he nonionic adsorber resm Amberlite XAD-4 and the neutral adsorber

resin Ambersorb 563:

20
Table 1:
Name Nonionic adsorber Spec. neutral adsorber
resin resin
Example Amberlite XAD 4 Ambersorb 563
Matrix Styrene-DVB Styrene-DVB; post-
treated by pyrolysis
Surface area m“/g_ 750 550
Porosity g/mi 0.5 0.6
Micropore/macropore >1 1
ratio
Special neutral adsorber resins which can be employed in the process
25 according to the invention thus have the following product properties which

distinguish them from conventional nonionic adsorber resins as follows:

e  high macroporosity, where the micropore:macropore ratio can adopt a
value of up to 1, and the porosity is > 0.55 g/ml at a surface area/
weight unit ratio of less than 600 m%g




9 their preparation process, correspondi ng adsorbers have uniform porosity,
const ant hydrophobi c properties and excellent nmechanical stabilities.
Experi ment swvbayeighown that only the conbinati on of the pRIWERIAOISBAH St eps
S with the described treatnent with neuypal adsorber resins in the final
step wth in each case one treatnent with ani on exchanger resins and one
with nonionic adsorber resins is suitable for reducing the content of
organic inpurities (TOC) in hydrogen peroxi de solutions to | evels which
satisfy the ®hi gﬁxwl&mwcheamﬁwgm%aaﬂ PRI TERIS or industry, i.e.
to TOC values 10 of < 5 ppm better < 1 ppm In this connection, it has

al so been found Hbato the Fedativedy highl propbeigreoft maciopores) tiop adsorber oésinhe

neutral adsorber.resj r el . . ' ' he
Cont ent. of or ganiTPIL AR e (haréRREANSIF ol Eb R wetbt
neutral adsor ber organiccompbhents made clear in an illustrative manner in
the folloxi ng table using the exanple of the nonionic adsorber resin

Amberlite XAD-4 and the neutral adsorber resin Ambersorb 563: 20 Table 1:
NanmeNoni oni ¢ Befiereruse ofdpeexchanege-and,adseiber resias i the ProeRasaredding | ite

XADf 4Anber s0wtr/feﬁavh/aﬁémﬁsyémmy@wéanefwﬁs fifo@s impritesyf #glab pyr ol ysis
e oo A SR el bR v gk 6L 8B e B ke s
accor di ng t oto tree persentskilled inutbhe laatfor thie plunposeyisincepimpiuitiesof dpietypes whi ch
10  could in some cases decompose hydrogen peroxide. For pre-washing
nonionic adsorber resins, it is possible to use, for example, lower alcohols,
preferably methanol. Anion exchanger resins that can be employed in
accordance with the invention can, for example, be pre-washed with 2-
propanol and subsequently ultrapure water, while neutral adsorber resins
15 can be pre-washed with steam and subsequently ultrapure water.

The process according to the invention can be carried out in batch
operation, in which case the exchanger and adsorber resins used are
regenerated each time a certain amount of hydrogen peroxide solution has

20 been further purified. However, it is also possible to carry out the process
continuously, for example by columns of the same charging being present
in parallel to the columns currently being used and which can be switched
to by redirecting the volume flow on saturation with the impurities to be
removed.

25 In this way, each column can be regenerated individually, the volume flow
does not have to be interrupted, and no wasted running times occur. The
limiting factor is no longer the adsorption capacity of the resins employed.

The combinations of anion exchanger resin and adsorber resins given

30 Dbelow in Table 1 are highly suitable for carrying out the process according
to the invention. The combinations shown are given by way of example and
should not be regarded as limiting for the present invention.



di stingui sh them from conventional nonionic adsorber resins as foll ows:
hi gh macroporosity, where the m cropore: macropore rati o can adopt a val ue
of up to 1W@AUIZIKE porosity is > 0.55 g/nl at a surface NEHEPOLVAEBEht unit
ratio of 'l ess than 600 n2!lg WD 01/921491fCT/ EPO1/ 03584 -10 excellent
mechani cal stability and chem cal resistance due to the relatively high
proportion of macropores, the adsorber resin is nore accessible (nore
effective) to relatively high-nol ecul ar-weight organic conponents 5 Before
use of the el@ﬁﬁh%er and adsorber resins in the process according to the
Invention, it is advisable to free the resins frominpurities as a

consequence|[of THE prep ratl?n by nmeans oé a rtabl e, pL(ﬁﬁ]ﬁs [vents kriown
a @;3

-
to the persoRTeSFled i nt8R"art for thils 0s i ng rities of this
type 10 could in sone caBONFCHAML e hyldhYYL cﬁgf‘%’;?rde. ravﬁ?sé’-%sri ng

noni oni ¢ adsorber resing™3M is possibl el B§Muse, for exdfifle, | ower
al cohol s,

f Yy Netnanol . ;AN 0N exXchanger qf S [thal can enpl oyed
in accor dah&ohm & Hagse | AMRERYSOA-26in, fo’?‘mggét?gl)&%'ge "Bb%grlt?ggg\'ﬁth 2-
pr opanol an(ﬁpmb@ﬂlﬁﬂtly ultrapure water, while neutrgl adsorber regins 15
can be pre-washed WitTh §team ang SubsSequent ul rg water. The prlocess
according t¢ the invent i &MREANSHA-25 1 | edR’iS‘hg”'ﬁi?s{?ﬁ)'gh %%@?ré?ribo?f&i n whi ch
case the ex¢hanger and adsorber, r.esins uged. are erated eagh_Line a
certain amoynt of hydr ogéﬂ“?%‘fegﬂ@écéol utﬁB‘Heﬂ'Ef’é@ é@gﬁéerﬁmﬂ?rﬁﬂ& r‘}’ﬁéri fied.
However, it [iSs also pos3gible tq carry ouf the process [continuogslLy, |for
exanpl e by ¢ol urms of t hénbgriet c‘}cf‘z’i%’\?/ng bei ng present i"rgf“ %rpgr% §I7gtc t he
colums curnently bernglysed ang chn be sw tched 0, by redlredting
the vol ume fl ow on sat ur ét"i‘tifﬁlﬁﬁ/i {FWO%@H purities to be A’F‘Bﬁ%ﬁ?@dngS I'n
this way, each columm cdn he regene d{ i ndividually, {the vol qw
does not haye to be intew&iﬁ'@&ﬁg}]@hﬁ hast ed runni ng tl%grs8}cé§ﬁl5.t)b'[he
limting factor 1s no longer the adsorption capacity of the resins

enpl oyed. The conbi nati ons of ani on exchanger resin and adsorber resins
gi ven The process according to the invention is carried out under conditions and

5 using methods which are known per se to the person skilled in the art.
Good purification results are achieved using columns which have a ratio
between column height and column diameter of between 7.5:1 and 2.5:1,
preferably between 6:1 and 4.1, particularly preferably 5:1, and through
which from 3 to 5 times the bed volume of hydrogen peroxide solution flows

10  per hour. However, the process can also be carried out in columns which
have heights of from 10 to 200 cm and diameters of from 1 to 2 cm. For
purification of relatively large amounts, however, columns having heights of
from 2.5 to 4 m and diameters of from 0.50 to 0.8 m are particularly
suitable.

15
An important factor for the success of the purification process according to
the invention is that all equipment and containers employed during the
purification consist of suitable materials so that the highly pure hydrogen
peroxide is not subsequently re-contaminated by, for example, metal ions,

20 etc, from the containers and piping. Suitable materials have proven to be,
in particular, borosilicate glass, polytetrafluoroethylene, polyvinylidene
fluoride and high-pressure polyethylene.

The present invention provides a particularly simple and advantageous

25 process for the purification of hydrogen peroxide for applications in micro-
electronics. The process according to the invention is distinguished, in



30 below in Table 1 are highly suitable for carrying out the process
accerding tqQ the invention. The conbinati ons shown are given by way of
exanpl e andvoond24el not be regarded as linmting for the prRGEEROL0BB4Nt | on.
WO 01/92149 -11 Table 2: PCT/ EPO1/035845Step 1: Step 2: Step 3:
ProcessAni on exchanger Noni oni ¢ adsorber Neutral adsorber resinresinresin
Rohm & Haas Anberlyst(r) A-26Anberlite(r) XAD- 2Anbersorb(r) 563 pr oduct

Amber | A- It XAD- 4Anb 564 ArTb
150001 Anber | PRIy Ry 8 Rars DEs Yory oW GBBHTHS Pf PoaIG BORAHERS B b r )
575 Anberl i tﬁ@dbogdﬁﬁéléraﬂdémmshﬁar) Iﬁ@ﬁed\rdedr\)eryeffeyztwely and in addition
| RA404Cl Amb i ed
out under coRariuiy Tcrrerf BRER: Suah 58 G, 18, AL R 20 A LB TG ©
person ski | | @ge alisa nemeved vidgally pampletelyt i on results are achi eved using

col utms whi ch have a ratlo bet ween col um hei ght and col um di aneter of
between 7.5:1 and X referably artical arly

en 1 and 4:1,
preferably 5:The Wogﬂ'r‘ B8 'd%P'é‘HOFF g‘l‘ﬁ‘@"tm‘" ieg %&'etm@cﬁ agAEY of
Bydr ogen ger tht_ﬁkﬁnrﬁ@ll'mbm Q@\Xﬁhmﬁeaééu Bﬂbllh@ﬁrand'bdmﬂh to géuayrsz ggﬁ@s cag al so
e carried out i.n colu ic to cm an

di aneters of r??‘é‘FﬁTe?tgr}ng Pl 8P°P§'¥§TP gf If’i?&@*&{@mﬁ% vely | arge anounts,
however, colums having heights of from2.5 to 4 mand dianeters of from
0.50 to §p8 By AhBaREbF tHe'dE8EdrbtioR WAL frention given here, the person skilled

in the art will readily find it possible to prepare highly pure hydrogen

peroxide solutions which meet the high requirements for use in today’s chip

production methods. The examples given below are intended to serve for

better understanding of the present invention, but are not suitable for

15  restricting the invention thereto.

Working examples, methods and results:

In order to demonstrate the efficiency of the process according to the

20 invention, the following aqueous hydrogen peroxide solutions and
exchanger and adsorption resins were employed and the following
analytical methods were used in the following examples:

Hydrogen peroxide solutions:

25
Origin: Merck KGaA, anthraquinone process (“autoxidation process”)
Batch KD09971042
Concentration: 50% + 1% or 30% + 1%
Amount: 2.5 |
30
Adsorber resins:
Anion exchanger resin: Amberlyst® A 26
Nonionic adsorber resin: Amberlite® XAD-4
35 Neutral adsorber resin: Ambersorb® 563
Pretreatment: All resins were rinsed with ultrapure

water for 8 hours before use



15 An inportant factor for the success of the purification process
according to, the invention is that all equipnent and containers enployed
during thew@or9fiscati on consi st of suitable nmaterials soPOT&PO/BISA| ghl y
pure hydrogen peroxide is not subsequeqgly re-contam nated by, for
exanple, nmetal ions, 20 etc., fromthe containers and piping. Suitable
mat eri al s have proven to be, in particular, borosilicate gl ass,

pol yt etraf |l uor oet hyl ene, polyvinylidene fluoride and high-pressure

pol yet hyl ene. The present invention provides a particularly sinple and
advant ageous Anabtipabmetsodsor the purification of hydrogen peroxide for
applications in mcro electronics. The process according to the invention
i s distinguished, in WO 01/92149 PCT/ EPO1/03584 -12 particular, by the
fact that ev@@Gdeterminatiopnusing ShinadzydQG SPAG(measuement mgiedgen
peroxi de 0l khkod BnAdlete GSsbSir offetgdrhMe!oh & pfltirun? dalalystat

particularly I ntertering catigons, such as Na, K, , . Ca e,. Zn and Cu,
are al so renBlavated tanperaiureo ke SAEIQN d@"'ﬂ?é%?ﬁ?%g@ﬁ”ﬁ’@? MQJ@”EWIQBH ons
further puri {4 galby meansobepsafrareiospiondmdter.t he i nvention have increased

stabilities and conform.to today' urit requi rements for the production
of highly i n%@&PH?@ﬂ‘dﬁﬂ'%‘? WEEP é9Fﬁjr€t§ﬁ@"'éd ?R%wb‘?il?fri ption of the invention
given here, the person skilled in the art will readily find it possible to
prepare high hydrogen peroxi de sol utions which neet the high
requiren@%tst¥gﬁﬂ%§é in today's chip production nethods. The exanpl es
given below are intended to serve for better understanding of the present
invention, byo@rsenot 1piiyhable for 15 restricting the invention thereto.
Wor ki ng exanpl es, ne%@ggi ﬁndzresults: In order to denonstrate the
efficiency of QWgeps MBCBr ding to the 20 invention, the fol | owing
aqueous hydrogen peroxi de solutions and exchanger and adsorption resins

wer e enpggyei#yéggf he follow ng analytical nmethods were used in the
ex '

follown Hydr ogen peroxi de sol uti ons:
Stage: adsorber TOC [ppm]
Before 1st stage (reference H,0, 50%) 38.0
1st stage: Amberlyst® A 26 237
2nd stage: Amber|ite® XAD-4 4.7
3rd stage: Ambersorb@) 563 24
Pressure atmospheric pressure
Temperature room temperature

20 Column material  polyethylene

The experiment confirms the excellent mechanical stability and chemical
resistance of the 3rd stage, even to relatively highly concentrated hydrogen
peroxide solutions, and shows that the 3rd stage achieves a further

25 significant purification effect in the TOC region < 5 ppm.

Example 2

Flowrate. 1.01l/h
30  Flow density: 0.3 I/h cm?



25 Origin: Merck KGaA, anthraquinone process ("autoxidation process")

Bat ch KD09971042 Concentration: 50% 1 %or 30% 1 % Anmount: 2.5 30

Adsor ber r aehaB9214Mi on exchanger resin: Anberlyst(r) A 26 POUFERYAIB4
adsorber ‘resin: Anberlite(r) XAD-4 35 Negtral adsorber resin: Anbersorb(r)
563 Pretreatnent: Al resins were rinsed with ultrapure water for 8 hours
before use WO 01/92149 PCT/ EP0O1/03584 -13 Anal ytical nmethods: TOC

determ nation using Shinmadzu TOC 5000 (neasurenent nmethod 5 based on

conpl ete deciﬁﬁ&ﬁi on of the sanple on a platinumcatalyst at el evated
tenperature. The carbon dioxide formed therefromis determned in total by
means of anpiafrared SpectTONErer.  cattons and anj 4 re hot determ ned
speci ficall  Stage: pdsorliel 1 Flowrate: 1.0 1/h  El Pﬁﬁpﬁv‘?\% ]\/' 0.3 1/h cn? 15
Table 3: St agqerqgﬁggggr(flg%}e[m@ﬂz@eg@m; 1st stag (r1e|f5r enpe H202 50% 38. 0
1 st stage: ARCE f ALY 4477 3rd stage:
Anbersorb 53 i Y room

t enper at ur e mlmmsom&%ailolyet hyI ene The e perﬂnt onfirms the
excel I'ent ny f:lrsp Aﬁ%’eru%ﬁbkAd-X, f?trégl kr%g?s%%@ 563 0.4

This experiment shows that the nonionic adsorber resin and the special
5 neutral adsorber resin have different selectivities in the reduction in the
concentration of relatively high-molecular-weight organic components. Only
when the two adsorber resins are used in combination is the content of
organic components in hydrogen peroxide solutions (TOC) reduced to less
than 1 ppm.
10



. resistance of the 3rd stage, even to relatively highly concentrated
hydroegen peroxide solutions, and shows that the 3rd stage achi eves a
further 25w gm2isccant purification effect in the TOC r egiPEH/EPOE0IS8M
Example 2 Flow rate: 1.0 I/h 30 Flow depsity: 0.3 I/h cn2 WD 01/ 92149
PCT/ EPO1/ 03584 -14 Table 4: Stage: adsorberTOC [ppn] After 1 st stage
(reference H202 309 11.5 Only Anberlite XAD-41.6 Only Anbersorb 5631.1

First Anberlite XAD 4, then r Nﬂ 38. I[ii xperiment shows that the
noni oni ¢ adsorber resin and tAﬁb s-gg!c Il‘ih6 @I:.AI' r'@lgadsor ber resin have
different selectivities in the reduction in the concentration of relatively

hi gh- nol ecul ar - wej i ] . adsor b
resins are u ed“ﬂg%%%ﬁ%élﬂ@%f@ﬁﬁ?@@ﬂi&%@ﬂten B?dg]ﬁgaryr%rdcet%u&‘mqnéatgri n
hydr ogen per oxi deharatierizedsn thatthe hydiagsn peroxisiessolutiens to bgpurified, wo

01/92149 HCT/ Epoﬁhgﬁﬁ%e-é&o%ﬁﬁwngfﬂdﬁﬁaﬁge% 0Gess dreftrddied f ur t her

purification of )y rogen peroxi de solutjons, characterized in that the
hydr ogen per oxi d@) Wi @ni aHaN €3ChRANGRITEPINed, 5 whi ch have concentrations in

the range 3 - g%@wmﬁ% riqrﬁoﬁiﬁtt?brwértrbsmnahéWnﬁntamgmphwm n, b) with a
noni oni ¢ adsorber resin_in t. [ ; ' r I.C, ossl i nked
pol ymer havi ng aarr?é‘@st@ptﬂ:ﬁimg?q ﬁSWUg& , "a"awéﬁ%g{’ﬁmé‘% nsg'[lﬂactﬁ%'%’ gﬁéor ber
resin fromthe gecpwith aomeite iadgorder segindram tioe g_roumwrnmﬁm@f $tyesings havi ng
a i ghl v GracT OPOgQRSd Rkt e8ins!Hifing Brighly acroBorRR s RkIRRdHY Py ol ysi's
treatnent of the resin,. ; .

latter having been formed by pyrolysis treatment of the resin,

with the proviso that the treatment with the adsorber or exchanger

resins can be carried out in any desired sequence, but with the

condition that the treatment with the neutral adsorber resin takes

16 place in the final step.

2. Process according to Claim 1, characterized in that the anionic
exchanger resin used is a resin selected from the group consisting of
weakly or strongly basic styrene-divinylbenzene resins containing

20 quaternary ammonium groups as functional groups and weakly or
strongly basic styrene-divinylbenzenes containing tertiary amino
groups as functional groups.

3. Process according to Claim 1, characterized in that the nonionic
25 adsorber resin used is a hydrophobic aromatic crosslinked polymer
having a macroporous structure, in particular selected from the group
consisting of styrene-divinylbenzene resins having a macroporous
structure and a large surface area.

30 4. Process according to Claims 1 to 3, characterized in that the
hydrogen peroxide solution to be treated is passed through columns
connected in series at a flow density of from 0.2t0 1.0 I/h cm?, in
particular from 0.5 to 0.7 I/h cm?.

35 5. Process according to Claims 1 to 3, characterized in that the
hydrogen peroxide solution to be purified is passed through fluidized
beds connected in series with a residence time of from 0.008 to
20.0 min.



. Wth the proviso that the treatnent with the adsorber or exchanger resins
can-be.carried out in any desired sequence, but with the condition that

t he treat ramoowwiio t he neutral adsorber resin takes 15 plrcwERM/0338¢ i nal
step. 2. 'Process according to Clainll,_ggqracterized in that the anionic
exchanger resin used is a resin selected fromthe group consisting of
weakly or strongly basic styrene-divinyl benzene resins containing 20
guat er nary anmoni um groups as functional groups and weakly or strongly
basi ¢ styrene-divinyl benzenes containing tertiary anm no groups as

functional gBOUPProcessRceeRSiAg 36 OMiiflisDtd 8, Ehdratietizeahatiaattieisi csprded n t hat
the nonionic 25 ﬁgsotr ber resin ﬂ@ed Lﬁst a%%r Oﬁi‘qﬁbélc agr tic crosslinked
pol yner havi ng a® %%8519%%%"%%? Py g RTPEIRRY eCted fromthe
group consisting of styrene-divinyl benzene resins having a nmacroporous
structuregang a : 301 4.6 R : i ; ins 1 to
3, char ac?er??edbﬁ]&?ﬁggcbﬂ@ﬁgﬁégﬁ%lg%n1 peer’(gihl%gée‘aég?%%ﬁ'a? g'%gaﬂe?at ed is
passed t hrough cevtesnfinueyslyected in series at a flow density of fromO.2
to 1.0 I/h cn2, in particular from0.5 to 0.7 I/h cnR2. 35 5. Process

ol uti on to Be pErosSRacaragER b R fqrD (el eaueed LGt LORRBEIEL 1 n
series with a resutiensatch ioperatfors. rom 0. 008 to 20.0 mn.
10
9. Process according to Claims 1 — 3 and 5, characterized in that it is
carried out at temperatures of from 0 to 20°C, in particular from O to
10°C.



