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concentrated hydrogen peroxide Description The invention is directed
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hydr ogen peroxide of concentration cp from aqueous hydrogen peroxi de of
concentration cE, cE being at least 80 wt. %and cp being greater than cE,
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well as at Ieast 99.9 wt.% hydrogen peroxide of very high

purity obtainable according to the process.

15 In the known processes for the preparation of hydrogen
peroxide, such as the anthraquinone cyclic process,
electrolytic processes and methods of direct synthesis,
hydrogen peroxide is obtained in the form of an agqueous
solution. In order to convert such solutions into

20 marketable products, the preparation is usually followed by
concentration of the solution by distillation. By means of
distillation it is possible to obtain aqueous hydrogen
peroxide solutions having a content of up to approximately
90 wt.% hydrogen peroxide. Cost and safety considerations

25 stand in the way of further concentration by distillation.

More highly concentrated hydrogen peroxide, that is to say
products having an Hy;O; content in the range of from equal
to/greater than 90 wt.% to approximately 98 wt.$%, are
increasingly gaining importance commercially owing to their
30 high energy content and their high purity. It is known that
hydrogen peroxide can be concentrated by repeated
recrystallisation. Fundamental aspects regarding the
crystallisation of hydrogen peroxide, as well as the solid-

liquid phase diagram of the hydrogen peroxide/water system,



2 are known fromthe reference book , Hydrogen Peroxide" by Wlter C
Schunb et al., Reinhold Publishing Corp. (1955), p. 210-220. According to
t hat boolkyoa2/presri nent property of highly concentrated apOpeRsl/RYwr ogen
peroxide is the 5 tendency to extreme supercooling, which nakes
concentration by crystallisation nore défficult. According to Schunb et
al. (page 215), crystal formation is not affected in a reproducible manner
either by stirring or scraping or by the cooling rate. However, freezing
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i nventors Qfepnhﬁitmﬂswtma&ﬁmércaitl@ér bp @biarmnghwr@geapmﬁgoasrdb havi ng a
cont ent of at |§§§ﬁ 99.9 wt % fracilonal ﬁgta Ilsat|9 . §5 EE-PS 10
41 479 teaéﬁ 20 LS ndE” p TORRUST { of RGN oRE e FPPEFFSRLEH g880Ys
hydrogéﬁ[ann@enixmﬂedlhyéxogﬂmcmerpxmdesssahsduaéﬂoh@ geeyihgghliyh
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controlled éﬁ?%téiligg Eggegtage That problem is evidently the result

of the high boundary solubility, that is to say mixed
crystal formation, of water in crystallised hydrogen
peroxide, which is also shown in the phase diagram (Schumb,

20 page 211). Because of that boundary solubility, it has
hitherto not been possible, according to the experience of
the inventors of the present Application, to obtain
hydrogen peroxide having a content of at least 99.9 wt.% by
fractional crystallisation.

25 DE-PS 10 41 479 teaches a continuous process for the
concentration of agqueous hydrogen peroxide solutions, which
process also allows very highly concentrated hydrogen
peroxide to be obtained. The apparatus for concentration
comprises a crystallising vessel and a rectifying column

30 arranged directly beneath it. The hydrogen peroxide
starting material is supercooled in the crystallising
vessel until there forms a 2-phase system consisting of a
solid crystal phase and a liquid mother liquoxr, which
phases differ according to the equilibrium with regard to

35 the hydrogen peroxide concentration. The temperature along
the rectifying column is so controlled that it increases



WO 02/ 44083 PCT/ EPO1/ 12293 3 slowy fromthe upper to the | ower end. Om ng
to the higher density of the crystallised hydrogen peroxide, the crystals
si nk doww@pzsioBh the rectifying colum, a solid-liquid PETUERNGE29f
material taking place until the respective 5 equilibriumhas been reached
and the H202 concentration in the crystdls increasing towards the bottom
the H202 concentration in the nother liquor falls towards the top.
Because there is only a slight difference in density between the
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portion of Bemawss uirergohe ofilyhe styshal difiebrenagain aedsthe nelt thus
acts as thgnashi i ing colum wor. Ki n _the
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i nvention described below’is carried out. _ above-i ndi cat ed
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e
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di sadvant ages Hesecable back-mixing occurs, as a result of which both
the function is impaired and the process risk is increased
considerably (see Wellinghoff et al. in Chem. -Ing.-Tech. 63
(1991), 881-882).

20 The rectifying column according to DE-PS 10 41 479 is in
principle operated as a gravity washing column. In the
lowermost portion of the column, some of the crystals melt
again and the melt thus actsg as the washing medium. In such
washing columns, working on the countercurrent principle,

25 solid-liquid separation and further purification of the
solid take place in one apparatus, but the scale-up
problems remain, even when the suspension crystallisation

according to the invention described below is carried out.

Although the above-indicated scale-up problems can be

30 avoided, as has been described in the as vet unpublished
patent application DE 100 54 742.7, by means of a layer
crystallisation process with a subsequent sweating
operation, the advantage of the simple separation of solid
and liquid that can be carried out without problems even on

35 a large scale is, however, offset by the disadvantages of
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eat
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15 stabilisers. Conventional impurities are brocess-dependent

secondary constituents, and stabilisers added during/after
the preparation of the H,0, starting material to be
concentrated. The mentioned objects can be achieved in a
simple manner and with an unforeseeably high degree of

20 efficiency by means of the process according to the

invention.

Accordingly, the invention provides a process for the
continuous preparation of very highly concentrated hydrogen
peroxide of concentration cp from aqueous hydrogen peroxide
25 of concentration cg, cz being at least 80 wt.$% and cp being
greater than cg, comprising suspension crystallisation of
the aqueous hydrogen peroxide of concentration ¢y and
after-treatment of the hydrogen peroxide crystals contained
in the suspension, which process is characterised in that
30 the after-treatment takes the form of countercurrent
washing in a hydraulic or mechanical washing column with a
packed crystal bed, and molten hydrogen peroxide of
concentration cp is used as the washing medium. The
dependent claims are directed towards preferred embodiments

35 of the process according to the invention.



WO 02/ 44083 PCT/ EP01/ 12293 5 The process is especially suitable for
concentrating aqueous hydrogen peroxide having a concentration CE in the
range frovo 8544083 95 wt. % especially from88 to 92 w.% POT/ERIBI2M e st ep,
preferably to a concentratl on cp of over_5 98 w.% but especially equal to
or greater than 99.9 wt. In addition o concentration of the H202
starting material, the content of inpurities is at the sane tinme | owered
to surprisingly |ow values. For exanple, the TOC content (total organic
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gener al t% | yes .bel ow 3 each case, especi al I%/ elow 1 ng/ kg of
duct® prBé o
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case. The %&%St%d‘g: Vi oA R e Jp%raot?(i%e p“?%‘?%r%b‘f‘? %gﬁ?ﬁ?ﬁst%ss t han
1 ng of Ni Smmrmﬂryll@wemﬁuéﬁommdaamleham@ TOC ofophesphat e per
litre of H2Q% h]_%égﬁ y S e oxhde optain 25
according to ttﬁa-eEL |eonvent |(gn%%nd$%a\a/ﬁ@n dfacsr)llyex Jif)egli 2%}?‘?1{‘ %I g‘\:/’v gén 2?

i mpur i P es idafhse I‘h@eds’cﬁéﬁleﬁawpt@rléé éannbﬁoreﬂueled an ameowitdidsitey

agent or fqr «RlIed i &s a&bﬁ:&%@%télf% %%;beoprlez@gr BS:b@,'&c%f FRl ut| ons for

the treatnent of elﬁectronlc conmponen require al so
possi bl e t FAFE0 dhethey W%@%%%Fh@@%@%r%t%%elﬁﬁﬁil an
effective mmntasnfpxmmpmwmr@mmd I8 traSélpséan ceBs 6l bectegdutenatrds the

particul ar | on a st abjlisers_known S

stabiliser V%H'Ql | na tci'% @%ﬁ?c‘etjs?% 196 rE a?%nv?lg?l%‘%%%p?%aiifFﬁcé%

conpouhls, H;ﬁt@'sq@mt wn@ralhnd:d: rvapbes phal @s, 3 phosphosatkscase,
especially below 1 mg/kg of H,0, product.

Accordingly, the present invention also provides hydrogen
peroxide having a concentration of from 99.9 to 100 wt.$%
and a content of TOC, nitrate, phosphate, nickel and tin of

20 less than 4 mg/l in each case. The 99.9 to 100 wt.%
hydrogen peroxide preferably contains less than 1 mg of Ni
and Sn per litre of H,0, and less than 2 mg of phosphate
per litre of H0;.

The substantially anhydrous hydrogen peroxide obtainable

25 according to the invention and having an extraordinarily
low content of impurities can be used, for example, as a
motor fuel, as an oxidising agent or for electronics
purposes, such as the preparation of solutions for the
treatment of electronic components. If required, it is also

30 possible to add to the very highly concentrated and very
pure H;0; an effective amount of one or more auxiliary
substances directed towards the particular application
or/and of stabilisers known per se or of a stabiliser
combination. Suitable stabilisers are, for example, tin

35 compounds, phosphates, di- and tri-phosphates, phosphonates
and radical acceptors. The very high purity of the Hy0,



and radical acceptors. The very high purity of the H202 WO 02/ 44083

PCT/ EPO1/ 12293 6 product that can be achi eved by neans of the process
accordi ngvoo2/a483 i nvention is, therefore, a way of repl aeCgra/gesbiliser
conbi nation contained in the H202 starting material by other auxiliary
subst ances/active 5 ingredients in the H02 product. The fundanent al
principle of the process according to the invention conprises the
production of a crystal suspension in any desired single- or nulti-stage
crystal | i se?rodeot i plgat beangbef fckhiededi hywakhasobft hacappacaisds or by
evapor ati onge ; agyo u soli d:] Lqul epar ation
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crystal Li ser stallising screw, drumcrystalliser, tube- bundle

cr
crystal iseﬁ?g%ﬁé%%% 2 HevieesHiGr PEREVSSI-i d-1i quid separation are

conventional devices, such as filters and centrifuges, it also being
possi bl e t dChdi Tkederndrtas uspensiphe bet otrbapdobysaranscetiiaghydr egycl one.

20 Separati and: washi pref er abl arried out _in_a. single |

appar at us, J?%F exae!rf%l g&l&l%rg%ﬁﬁdél%l‘?%O%%Cﬁégﬂaﬂ' cal cr%ﬁgﬁilnauég’ﬁﬁﬁﬁoﬁi th a
packed crystalamedenised apbngigpeoronibiiestageapeystyupeiseyst abbildek t hat
is preferahdind epe-sused {3 LperyLhat I L,a_the _25.outside
wall or a conté%ner containi%gwﬁgg%?%g %P%g%é?g?ﬁgﬁg[gg #kéegaﬁggﬁglon

hydr ogefl perfbxiaieo HePLedednt rapbidtsiaeifeseparatiion, such an ext ent

that. hydr agemtpereutsent Gryshah§ @fY§Eé|é£§§t8Ps§hénh“ﬁé@@iﬁg 83 the
cool i ng pl%§%§xﬂﬁgd can be rennxgq%gy a revol ving scraper or blade to form
30 i ndi vi dUATEFYEIRIEY ot Y | RREEE 9% eSEY§ERAFs are held in  suspension by

sui tabl e neasures, such as stirring. According to the invention, hydrogen
per oxi de ofExauncsntohtswhtalEle scfestabht saveusty:t stiheeer yekakhi ser; the

crystal SUQH@?E%&EH%J@?,fé%f@béfté§¥¢aqu éggfffé r}ocooling plate

15 crystalliser, crystallising screw, drum crystalliser, tube-
bundle crystalliser. Suitable devices for the solid-liquid
separation are conventional devices, such as filters and
centrifuges, it also being possible to thicken the
.suspension beforehand by means of a hydrocyclone.

20 Separation and washing are preferably carried out in a
single apparatus, for example in a hydraulic or mechanical
washing column with a packed crystal bed.

A scraper-type cooler or scraper-type crystalliser that is
preferably to be used is a container that is cooled via the
25 outside wall or a container containing cooling plates, in
which the aqueous hydrogen peroxide to be concentrated is
supercooled to such an extent that hydrogen peroxide
crystals crystallise on the inside or on the cooling plates
and can be removed by a revolving scraper or blade to form
30 individual crystals or flakes. The crystals are held in
suspension by suitable measures, such as stirring.
According to the invention, hydrogen peroxide of
‘concentration cg is fed continuously to the crystalliser;
the crystal suspension that forms is fed continuously to

35 the hydraulic or mechanical washing column used for the



35 the hydraulic or mechani cal washing colum used for the WO 02/44083
PCT/ EPO1/ 12293 7 conbined solid-liquid separation and countercurrent

washi ng. vBoopu4083 ngl y, when a scraper-type crystalliser oPCDER&r12293
crystallisers based on a conparable principle are used, the 5 starting
material nust only be cooled marginally Bel ow t he equi libriumtenperature
in order to formcrystal nuclei. Cooling in the range fromgreater than 0
to 5 K, especially fromO0.5 to 3 K, below the equilibriumtenperature is
hi ghly sui teteinednsehi¢-tdaquhd peparativtnkandnchuhhertoart@ntsee Schunb,
page 219), pos1eppyeci abl e supercooling and no addition of seed crystals
are required when a scraper-type crystalliser or crystallisers having an
equi val ent action ,are used, as a result of which nore efficient
concentrati p%&ﬁﬂ?ﬁﬁYfl%%?Poﬁ &FEapBEsFEPe. Cryusérddises achiéheradequat e

15 cryst al cgj'm&uibdsé@w B@sé@cbﬂaél @Bmﬁagabﬁécﬁrinéﬂbﬁébla%e BLSRENTHQN
bsequent _washi ng, cool i ng
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is carried ou 0] e ?g r%P eoP ﬁuP?eHOPHE ePBFgéBééﬁﬂ"ﬁﬁlpw e phase
di agram ZGKPctbﬂdun@ntbemmeeapereaihyopﬁefetbeﬂoembaﬁygeau ntbgei .
suspensi on & & o. skal Li cqQn 0 sI i ntq

appar at us #%r %ﬁ?dg§ @%égfs %%r% |on3%?ﬁ ?ragg?ﬂ i B ?egd ed as
a mashlng<ﬁﬂqmnp 5rﬁoc%hﬁrabel@m the equllibrmgmcbémgarde&@5|bed in the
prior 25 amlgfmr té\ﬁ@@ﬁf@nté@ﬁw&ryftoéﬁegsPhBEVQﬁdEPo%' ﬁfitheg

|ndustﬁé2 nstallatlon woul have to be
col urmtRashiSRE FHP: P29 pb2hi bhe ByPuSEhgbie ﬁyﬁeagppélug nce.dhm cal

washi ng CMaﬂﬁlﬁibﬁﬂ@ECbé@@ Qrﬁéﬂaﬁgtéﬁ@sréaéiréacwﬁeﬂ‘EhsérQbQ¥LE¥p%plu”n
on scal e-up C udln |ncalc§Lable back.m xing. In hydr aul i T or

nechanlcaIQM¥ﬁ1 %;%ﬁﬁ{wﬁl RO HS%EEdPﬂVhﬁgtGntﬁQU1Vﬁ9§HF| 8RLiPRe
crystals aﬁsﬂtonvsieda$natheszta¢fdwhEchlm@rebgfbydﬁéﬂtl@oﬁéeﬁ&%ﬁ@&b@a

forces, 50éﬂﬁﬂpﬁkif£€§é¥b£a§¥£qpo§£¥ﬁi bgd oLy "®to achieve adequate
15 crystal growth following nucleation and hence a suitable
suspension density for the solid-liquid separation with
subsequent washing, cooling is carried out to the
temperature required therefor according to the phase
diagram.

20 According to an especially preferred embodiment, the
suspension removed from the crystalliser is fed
continuously into an apparatus for solid-liquid separation
that at the same time is operated as a washing column. In
contrast to the rectifying column described in the prior

25 art for the concentration of hydrogen peroxide, which, for
an industrial installation, would have to be in the form of
a gravity column/washing column, it is possible by using a
hydraulic or mechanical washing column to avoid the
disadvantages that occur with a gravity column on scale-up,

30  including incalculable back-mixing. In a hydraulic or
mechanical washing column to be used according to the
invention, the crystals are conveyed in the axial direction
by hydraulic or mechanical forces, so that a tightly packed
crystal bed forms.



WO 02/ 44083 PCT/ EP01/12293 8 In a conventional enbodi nent of a hydraulic
washi ng columm, the suspension is introduced in the upper portion of the
colum; tweot/imes d phase (nother quuor) is renoved from PChEPEGI2293N Via a
filter, as a result of which a tightly 5 packed crystal bed forms. The
liquid phase flows through the crystal Bed in the direction towards the
base of the colum, and the crystal bed is pressed dowmwards as a result
of the flow resistance. At the base of the colunm there is a rotating
scrapi ng del c@, comvent proalicesbadinestspénsi bydagailicf washtihg tiodluinny

packed crystigd éﬁﬁbéﬂghoﬁhfé“@ﬁ@f@@ugght1hnE§8dH$§ughBoEE§obog%r ggtlon of

the washing colunmn. The, suspension iIs gunpe exchanger and
melted. A &%4?%%1(ﬁ he pbigeid Phaggedmg h?ﬁellﬁﬁ§ﬁ0ngsnﬁem0ved Esopunped

back into ttnee C@dmmm anda vashestdb, tAs &f lF%tsﬁh.tb@@ WﬁYnga' Elbﬂ%l%pp()s' te
dlrectlgn % one hﬂg%%éhﬁ mashlng ni effects washing 0

crystal 8, %?l othere RrHEt t TePy FEPFﬁsBEaﬁﬁ thewsr ferahgh The
ent hal py oftlu:e ystwdtabadbednin hahei ditebetahedowaras the bee¥sbal ched in the
washing re t a.nmechani cal shi n olum - reference
i s made, fg(?&f%%np%}? ?Aé'gr%sg@g“%g Esaﬁﬁeﬁlﬁeﬁ?mg%’@‘fgﬁgs &5dénse

crystal bedr¢%ub¢0mﬁc§@e|ﬁbw@ereﬁest@huan By tbanbast af phangeiluthat is
per meabl e tendie 114 Jher Bhyngera IRy bacykagal o gl Lbgsypper jor | over

end of _the colum; in the 25 Tirst cas the slspéensio in the
upper r8gi GHHEREnT RN cag@im, ETemt Hee sbéghalyapackedi sryedalnbed and m ddl e

or lower reghé®nvadhend!hODeErihSro@LABAbES Eﬁetmgwg§|£o§eloﬁhek cH8 .
conpr essi on Jt ene s fromthe rear side of | unger, where it is

drawn of f. a3 ﬁ?ﬂ?%ﬁ??@nmé§hpﬁﬁpﬁélﬁ ougheanbeRsni ca
washi ng cohmm@hamgsn ammnmmlﬁea.smrp@rﬂgoﬁewECEhefﬂélexaﬁphgea B8t @hieNg

conver t ot e B EeGEPLS CRed bR ThERg the o e cadhiAghRe L
flows LA tkﬁh@uﬁ%ﬁﬁt@l3@e@|m@@im@nlmothheODpystab BédecBiispenshonhis
removed fr e hand the washing melt effects washing of the crystals,

on the other hand the melt crystallises on the crystals.

The enthalpy of crystallisation that is liberated warms the

crystal bed in the washing region of the column.

20 In a mechanical washing column -~ reference is made, for
example, to EP 0 193 226 B and NL 1007687 A - a dense
crystal bed is produced inside the column by means of a
plunger that is permeable to the melt. The plunger may be
located at the upper or lower end of the column; in the

25 first case, the suspension is fed in in the upper region of
the column, in the second case it is fed in in the middle
or lower region. The plunger is permeable to the melt so
that, on compression, melt emerges from the rear side of
the plunger, where it is drawn off. Analogously to a

30 hydraulic washing column, the mechanical washing column
also contains a scraping device, for example a rotating
scraping member, in order to scrape off crystals from the
crystal bed and convert them into a suspension with the
washing melt. The washing melt flows in the opposite

35 direction to the crystal bed. Suspension is removed from

the side of the washing column opposite the plunger and,



the side of the washing col um opposite the plunger and, WO 02/44083

PCT/ EPO1/ 12293 9 after nelting, a portion of the nelt is fed back as the

washi ng medv2/an83 t he ot her portion is discharged from t hePCTEP@WI2R93aS very
pure product. Suitable apparatuses and processes for nelt crystallisation

5 using a mechanical or hydraulic washind colum, which are used by those
skilled in the art for purposes other than the concentration of H202, are
the so-called Phillips pulsation colum, Phillips pressure colum,

Br ennan- KoppEtsr mebciss, aﬁpumtiencoffthezmembnmenfeétbankaad tthe TNO 10

Process. EpAdiiRe] 0o s4oPRDSHPRET KSLRL bl AL AN UhLD caURSRAURIL

washi ng of stals 1n.a draultc or ~mechanica ng 8o
be found i rFitIHo0ks "FRFY P@??spﬁpﬁﬂgatlon Technol ogy" by G F. Arkenbout,
Technomi ¢ Publishing Co. Inc., Lancaster-Basel (1995), p. 265-288, 15 and

in the artigleaned a&pwra@u%éOaﬁaeﬁ%@céggégnﬁéﬁtmemt E:Qgs‘ﬁ@it hesRRLeh
pre-congentration, in Cheme Ingeﬁyeur Techni k, (72) 000),, . 1231-1233.

The Fi gdre YHRAE & ProRscat a9 fRaWhiEhWeRRIRG oERsWMPs WHESEr PEEd i n
sumary: 20udedrvy hehsseor sigelieat dhnehe lartheost pitbBgepBbehied! thanbe

talli t he | d stat t hat t t t
above equ 1517 1 GRCTR TR 0p oo B BiGm1 B, e D FRd- 5 FEal o ener at or
pref er abl y rultataben -¢gpenn cobhil 1iBy pnessugethelﬁmartBngnﬂaheKb@behelow
the 25 equibjhrdaum tx@fPSV@%é’ﬁgurtfﬁéééEé' H&gﬁtﬁtiéﬁ LaEmha &g&ns‘t

suspensi on ‘gener at or_and er - oo suspension
i ncreadfs d@ﬁ%ﬁﬁﬂ%usﬁ@boq¢mﬁ%bgp§ﬁ§|%hspﬁéﬁspnycrysgéhénaatyonnwnh@ range

from5 tC’Eghﬂ@eq&éﬁﬁeWQQEYn§r951gﬁetQr§9td§§n§ne§pﬁ§H§5hX1Er8@‘20 to 30 %
30 The suspe ﬁlon is fed continuopusly via the inlet 4 1nto a_ nechanical

washi ng col FLGRY  @shtRe <o %?%t@ﬂe tPaPa LaBofngnf FheePPrrl d¥glde,
into a li qmﬂzsﬁmﬁmﬂlms%cﬂmmgﬁe byhe.fi | arrésbbeaayesethaowashi ng

fglunn and ﬁ&blls 158” éprggly £ancaster Easei 9£8§5??n£?i9%g—5%8,|n or der

15 and in the article, relating to Niro freeze-concentration
for waste-water pre-concentration, in Chemie Ingenieur
Technik (72) (10/2000), 1231-1233.

The Figure shows a process diagram in which the process is
described in summary:

20 From the storage container 1, the starting material to be
crystallised, in the liquid state, that is to say at a
temperature just above equilibrium, is fed via the inlet 2
into the suspension generator, preferably a scraper-type
cooler. By cooling the starting material below the

25 equilibrium temperature, crystal nuclei first form in the
suspension generator and, by further cooling, the
suspension density increases continuously. The suspension
density is generally in the range from 5 to 80 %,
preferably from 20 to 50 % and especially from 20 to 30 %.

30 The suspension is fed continuously via the inlet 4 into a
mechanical washing column 5 and is there separated, via a
moving filtering device, into a liquid phase and a solid
phase. The filtrate leaves the washing column and is fed
continuously to the mother liguor container 12. In order to

35 increase the yield it is advantageous to feed a portion of



35 increase the yield it is advantageous to feed a portion of WD 02/ 44083
PCT/ EPO1/ 12293 10 the filtrate back into the suspension generator 3 via
the notved 02/k@e®dr return 11. The crystals in the washi ngPCDEROWI22Br €
conpressed to forma crystal bed and, depending on the type of washing
colum, are scraped off at the top or t 5 bottom by neans of revol ving
bl ades. The product crystals that have been scraped off are punped round
in the formof a suspension in the product circuit 6 by means of the
circul ati ngt]pen@illtmde nedtkoinhg thet baspehsdductyearrafort Be vant h;aiepy of
fusion by np f t n r tion f on1th CIrCUIt i's
fed back |nto th P 1f%€8§ rS%ﬁ QE ﬁpﬁe mggﬁg%g ﬂlq 8 Vs

count er cur r&he cqm@ﬁ¢ﬁ@e th@ 5@h@rapgrysbnllbe§asséd dﬁpenﬁhagpbadeE
cont ai ner Seypl { §puGRRi £ONBL Nk ONaok §c§a§aaeefky8% hstal) serand a

15 mechani cal washj ng col umm _i's Known aration of © ofganic
subst ances PAVFHY %Yg%e%%$|@§ r?Voﬁﬁénﬁoblaﬁ§ﬁe55 gbpPaodhgt susstalst ocess

woul d al so Hieahi ghty bé@ht§@£§pé&rofhea%@n§@ﬁbé@1k@ﬁn@f1%Q%%%U%oﬂﬁgQﬁgen
peroxide that forns, m xed c%gstal even.Wth m%t% for the purposes 20 of
h ﬁu@@

obt ai ni ng VArSPHR YRR otk e F aPBaT0AH sdpsuik angy @odEF per oxi de.

I n view of ¢ihecplapandgiesmof?7 andcmeltabadnbydbogh@ parexdde .t iwh F are to
be found i h g he_Schunb _doc nent nmenti oned ,abqve, it
was not to eée§n9Q$%§y %gtfgg%ggn%Yapﬁg |ﬁftﬁe Pegi SFCP88FTalouty over 10
%)couléobeZeghthw@dfrﬂmoﬁbes@epcuhs 6neatfedebaahouat0|thmawaaha@gnot to be
expected thal1dgh aQNtHe O¥EEn PRy u 9 9
w. % H202, that |% to %a subs an%g% P bl%oﬁwpg ;? 583/% %i%%&éd%@éﬁ%a
obtalnable'W¢§%hP%ur%??s?%@eﬁaﬁo¥ﬁé0ﬂaéﬁ Pﬁ&ﬁeﬁhén§én$bﬁtpggd@$tinpurltles
such as or gasmEaL@ePon, phosphate and heavy netals, falls to val ues bel ow
the detection limt by neans of the process according to the invention. WO

02/ 44083 Pg£ﬁ5501/1229§om%%natlon of a scraper-type crystalliser and a

15 mechanical washing column is known for the preparation of
organic substances having high purity, it was not
foreseeable that such a process would also be highly
suitable for the concentration of agueous hydrogen peroxide
that forms mixed crystals even with water, for the purposes

20 of obtaining very highly concentrated and especially pure
hydrogen peroxide. In view of the properties of
concentrated hydrogen peroxide, which are to be found in
the phase diagram of the Schumb document mentioned above,
it was not to be expected that concentration in the region

25 of about/over 10 % could be achieved in one step. As
mentioned above, it was also not to be expected that not
only over 98 wt.%, but also equal to/greater than 99.9 wt.%
H202, that is to say substantially 100 wt.$% H,0,, would be
obtainable. Also surprising was the fact that the content

30 of impurities, such as organic carbon, phosphate and heavy
metals, falls to values below the detection limit by means

of the process according to the invention.



Exanples 1. In an apparatus according to the Figure having a scraper-type
crystalliser for producing a suspension and a nechani cal washi ng col um
with a pwoegps408sranged 5 at the bottom and an outl et forrPCheP@uredsi ed nelt
arranged at the top, aqueous hydrogen peroxide having a concentration cE =
89.7 w.%was used. The starting materi‘at was cooled to approxi mtely 3 K
below the equilibriumtenperature of -12.2C Surprisingly, 10
crystallisation occurred without the addition of seed crystals. By further
cooling to Exer@lésirther crystallisation was effected, the suspension
density increasing. The crystal suspension renoved fromthe «crystalliser

uas Compr espedr o NeoaslLng GOLUIR:LG 18 LALMRACAAEDAGL foys! al bed. The

upper side of the crystal bed was _scr a rotating
scraper and fo?ﬁ%ﬁpﬁFrHYPﬁeC%§§ﬁﬁﬁélﬁﬁrtfpﬁtP@Qd@@dngha~ﬁWﬁpanﬁyqnl t hat

is to say hydrggenapgpeexidecail waansapt catien %e,thaacbwr@exs R,
whi ch s nelted uct circuit and ortlon of whi ch was fed

back into the %Fyé?ﬁ EB%EOWOP hEHCBHﬁﬁéFcépFeﬁPe RESHitAG Mgditogen
per oxi de havi ngraangadeatr ahieomropf, aqubshanhyakbgehO@eﬁk»&&%ﬁ&uﬁﬂk@fQﬁd

The TOC conten d fro pproxi pat el y 40_nyg e starting 25
material to Ieés aﬁ£§g#%%Ian_t %'gr% uetWAThaseq: éﬁg EFFEéPg and
phosphat e cont@@t@riﬁltWeSHzozlpdodacappwexematsdybél6M&Kﬂenwtﬂﬂspectlve

detection |'”1é&ullﬂﬁkﬁﬂm“@éﬁpérgtggengﬁOfl§nébc 5 Q%ngﬁ%g and < 2 ng

of phos hat e/ | . _Usi ng an aqueous drogen a content
of 871 %C%&ﬁ%@éééﬁﬁﬁgmoocgeerﬁérWﬁﬁbpeat| Edﬁp@g-@sl ofnesefadt t her

cool ing to -26&y@t915erByOfa%Eh@\feceellage%atg1S@Sp§ﬁ§tﬁerdenSI ty, and
solid/liquid e nechani cal washing col um 35

separation _and washing in t
al so used in %%iilsﬁgéﬁp|yaﬁ Fg§8FF§dmeFEe SURPERSd OB Bi42083
PCT/EP01/122931ncrea51ng The crystal suspension removed from the

crystalliser was compressed in the washing column to

15 form a compact crystal bed. The upper side of the
crystal bed was scraped away by means of a rotating
scraper and formed with the washing melt introduced in
that region, that is to say hydrogen peroxide of
concentration cp, a crystal suspension, which was melted

20 in the product circuit and a portion of which was fed
back into the crystal bed for the countercurrent
washing. Hydrogen peroxide having a concentration of
substantially 100 wt.% was obtained. The TOC content
was reduced from approximately 40 mg/kg in the starting

25 material to less than 4 mg/l in the product. The Sn,
Ni, nitrate and phosphate contents in the H,0, product
were also below their respective detection limits,
which were < 0.02 mg of Sn/l, < 1 mg of Ni/l and < 2 ng
of phosphate/1.

30 2. Using an aqueous hydrogen peroxide having a content of
87.5 wt.%, supercooling to -16°C for nucleation purposes
and further cooling to -26°C in order to achieve an
adequate suspension density, and solid/liquid
separation and washing in the mechanical washing column

35 also used in Example 1, identical results were

achieved.



12 Patent clains 1. Process for the continuous preparation of very highly
concentrated hydrogen peroxide of concentration cp from aqueous hydrogen
per oxi de vob ozonsEnt rati on CE, cE being 5 at | east 80 w . %andrayi2besi ng
greater than CE, conprising suspension crystallisation of the agueous
hydr ogen peroxi de of concentration cE add® after- treatnent of the hydrogen
peroxide crystals contained in the suspension, 10 characterised in that
the after-treatnent takes the formof countercurrent washing in a
hydraul i ¢ Aatechariaahs washi ng colum with a packed crystal bed, and

nol ten hydrogen peroxide of concentration cp is used as the mashing

medi um 15 2. Ry r ar cterl ed in queous
dﬂﬁﬁ%? s AELP %ﬂé“%éﬁk ﬁ% reﬁgrag ggrydh aﬁ&y

hydr ogen perOX| concenfration CEin t Fahge t
especial ly frofi@gencoRed . hﬁdiqg@@n@@n@xa@edOfncgmeesteptionacp from

concentratlon 2 &P ST Ry (Péﬁgﬂgrd§1§ép8f'@$ﬁ¥e§9ﬁ§£158 ar F ﬂkﬁr han

99.9 wt _.% 3. Process accor g toclaim1l aracter?se at the
suspensPon crytal 193t i ¢h Wi and et Qaing gregpEnithire-cor mul t| - st age

scraper-type crg@ﬁ;a&isﬁﬁ_f; susendi Ok essyIELPI d500i b9 3RYrRBCQhebli@iNB 1 tO
3, characteris (in that the s sgﬂa5|on cr stalllsatlon is_carried out |n a
e HiA

scraper-type criystad 9557t t EPREFPERR CWR W FRB R P % he crystal s,
conbined with &meatmemnumﬁsxﬂmuhydrwgemfpéh@xﬁﬂépeﬁ§$ﬂﬂlslaoﬁaéinéd out in

a mechani cal ﬁ%&gﬂ and a portion of the nother liquor that
| eaves t he mashln colu T¢Ted back into the scraper- type crystalliser.

WO 02/ 48083 PCFMEIEQUﬁHEEEdJEn that
the after-treatment takes the form of countercurrent

washing in a hydraulic or mechanical washing column
with a packed crystal bed, and molten hydrogen peroxide

of concentration cp is used as the washing medium.

15 2. Process according to claim 1,
characterised in that
agueous hydrogen peroxide of concentration cg in the
‘range from 85 to 95 wt.%, especially from 88 to
92 wt.%, is concentrated in one step to a concentration
20 cp of over 98 wt.%, especially equal to or greater than
99.9 wt.$%

3. Process according to claim 1 or 2,
characterised in that
the suspension crystallisation is carried out in a

25 single- or multi-stage scraper-type crystalliser.

4. Process according to any one of claims 1 to 3,

characterised in that

the suspension crystallisation is carried out in a

scraper-type crystalliser, the countercurrent washing
30 of the crystals, combined with solid-liguid separation

of the suspension, is carried out in a mechanical

washing column, and a portion of the mother liquor that

leaves the washing column is fed back into the scraper-

type crystalliser.



5. Process according to claim3 or 4, characterised in that nucleation in
the suspension crystallisation is carried out at a tenperature in the
range fromogremser than 0 5 to 5 K, especially from 0.5 tpBCBER1/22930w t he
equi libriumtenperature of the H202 starting material, and the tenperature
is then lowered further until a suspension density in the range from5 to
80 %is achieved. 10 6. Process according to any one of clains 1 to 5,
characterised in that the suspension crystallisation is carried out to a
suspensi on densitgcess tdmecorhigey fromPinmo3 568r éspecially from 20 to 30 %
15 7. Process i 3 f clainms 1 to 6, characterised in that
hydr ogen peroxiacge %é\/%i%cgown%ﬁargti on cp of at least 98 w.%
preferably at |mapskeagian win oghe RisPeavEent beyshathiagtiohuim cartrhed or m
of a melt s St ldead fhdderdndll &7 6L ¥engd0ERly 0b-a0ec0T £ ABRC
stabilisers, especially stabjlisers fromthe group OIP ﬁe tin conpounds,
phosphates, di-tamt kricgrithatestromndsphenat ek apaleHdirbel acceptors. 8.
Hydr ogen per oXiedg:dTeMbtigu €aiserd fatd osf ofhé ref0,98c3rtaA%hd eatQl-1u1. % and a
content of TOC,_nijtrate Ifl)hosg?hate,. nickel  and tin_of jan each, case | ess
than 4 ng/l, prat el FPIREE T Hah 15 it dF WPrerefefurthsh wiglof sn/1
and | ess t han Zuapeaisiphospdrad efyf . 19, thiserafigé herbyds ogengpegoxide
according to claiym 8 as an 30 oxidising agent for notors or for the
treatment of elecironic conponents.

10 6. Process according to any one of claims 1 to 5,
characterised in that
the suspension crystallisation is carried out to a
suspension density in the range from 20 to 50 %,
especially from 20 to 30 %.

15 7. Process according to any one of claims 1 to 6,
characterised in that
hydrogen peroxide having a concentration cp of at least
98 wt.%, preferably at least 99.9 wt.%, that leaves the
washing column in the form of a melt is stabilised with

20 an effective amount of one or more stabilisers,
especially stabilisers from the group of the tin
compounds, phosphates, di- and tri-phosphates,

phosphonates and radical acceptors.

8. Hydrogen peroxide having a concentration of from 99.9
25 to 100 wt.% and a content of TOC, nitrate, phosphate,
nickel and tin of in each case less than 4 mg/1,
preferably less than 1 mg of Ni/l, less than 1 mg of
Sn/1l and less than 2 mg of phosphate/l.

9. Use of the hydrogen peroxide according to claim 8 as an
30 oxidising agent for motors or for the treatment of

electronic components.



