; fge3e%a%'| . X6T>E 1 Crystallisation process for producing highly
concentrated hydrogen peroxide Description The invention is directed 9,
towar ds ayproegcsiss for the 5 preparation of very highly coRCEMPOIHIZRE A

hydr ogen peroxi de of conce CP from aqueous hydrogen peroxi de of
concentration CE, CE bﬂMﬂ @E@m@% @‘ 80 wt.% and CP being greater than CE

conpri sing conti nuous ystallisation with suhsequent washi ng of
t he hydrogen 10 peroxi de tH@ﬂ”ﬁas crystallised out. The process is directed

especial l'y t@ﬁﬁﬂliﬁhﬁ&p%ﬁééé@s ofoﬁvlefo&aci\ﬁg%ﬂyﬂmgeanaeﬁex-iadeaf rom
approximately 90 wt. % hydr ogen xi de, as_wel as at least 99.9 wt.

hydr ogen peroxi de of very high FI8h RRHE accordl m H'ﬁ@ﬁﬂ mrocess

*15 I n the known processes for the preparation of hydroge uch as
t he anthraqﬁlnon%ﬂﬁxﬁilc process, electrolytic processes

di rect synt IRy rogen peroxide is obtained in the form of9#n aqueous

*solution. In order to convert such solutions into 20 marketabl e products,
t he prepar dtheoninensien | is félteveddbyowandenar arpoasef foketbel uti on by

distillgtiqf}q &%ﬁ{@%ﬁ Of &éﬁ% Meﬁwncbﬁcéﬁtiﬁgééabhgd B4Rt gLr o3 a%ous

hydr ogen peroxi de sol utions V|ng a content o rOX|nate 0O wm.%
hydr ogen p&toxgencendsation eaffeiom aseers d’tYQﬁ@% B@aﬂf’iﬁl@ﬁh ?he vvay of

further -comeddetd©io®ycdi %EI beahigoat Yeme thisghht .oReRNtIabedngydr ogen
peroxide, that is tébsay products, havin g an, H202 content jn the range of

from equal FHFYrTaHraR eH SENRE LEIRP ORI SHYERE LR are

|ncrea3|nghyrggma&lisatﬁmmtw&mhr@ﬁBEEQﬁeﬁtlwaghtﬁg b@ thelhya&obegh ener gy
contenﬁpand their

kno dro er.oxi.de ¢ e
concentPar R aIAp Hah hat Fory e L PR b B e REER RS a8 R eERe
t he cryst aléespatiahlyftdyardgevheepoepdeatasnwek| ousrt B8 wul. Rdhiyderogephase
di agr am of o p. sipem ro t he
ref erence B&Q§:Q%§%rgggﬂ €é§%§¥SA¥@%§§vipt&€ hggﬁ ﬂ%h PQQPWE di nhol d
Publ i shi ng "®kb.ag 1@B5least n99 p3 owh? hﬁ@t@gannger@xnﬁat 0§omery'ah|@9@m nent
property of ﬂg@yoﬁeafﬁa&:(étgécagaﬁﬁgstbyeﬁegggoeeéem de is the ' 5
t endency to extreme supercool ing, which nakes concentration by
crystal lisatio re difficult. Accordi to Schumb et e 215),

T yet at5t ortus bt FEot PEStREEel FArathe PoaRer BreChuRbePYEECHER by
stirring orpemmﬁmﬁeg oichyas heheoahthgagatiaonHovgedtc preezissg of

super cool ed. 1l ghl 1 J0; Soneent L aLed huIpauRRaReLpXdeccs LOMRRA Y seeding

wi t h hydr ogén | oW effTiclren 'onar ‘bat ch
crystal||sdmwﬁnogenrpg@mnedeassbebhglaedlsaduaat&gemobfcancequeamson by

crystal i satb P {SENUER Skadl: toPcofibale SLBREBAULABHEASRLLN concentration

of onl
%0 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 H;0, 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,



15 approximately 2 % and never nore than 4 %is achi eved per
crystallisation stage. That problemis evidently the result of the high
boundary welgzhiegsty, that is to say m xed crystal fornati @CI/EH1M208r N
crystallised hydrogen peroxide, which is also shown in the phase di agram
(Schunb, 20 page 211). Because of that b@undary 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 &&emabwhr Fblondl ¢L¥skanldes Fdomn.» f@%@%ﬁ%s B A g0 Hypaches a

cont i nuous cess for ilhe concentratiqn_ of a u} dr%gﬂen per.oxi de

sol uti ons, Eﬁrpfzoc§§ umbs & taPlows Redirodidy len
"per oxi Flle tOpbe2th-a:2I0€dé&thﬁd&l&@alt@t MakﬁbcﬁM]C%Tﬁrﬁrﬂlﬁférgplﬂﬂd;ﬁéﬁ:l by’:l of ]
crystallisi ssel and.a _recti C 30 arrange irectly beneat
7 The. hydPoghaYsEeBRtastaran Ao A aden, Sttt d 1 e

‘cryst al 15 si hgndessgl tontxtriemer eubenmo&n&gph&&ac&ysﬂaéms:mmicﬁﬂmuﬂfom

solid CrySt EQ@%%aﬁﬂqs%t&b%”hgﬁ%p%ﬂ%r Uu.%gSAf%QH&ﬂﬂﬁggen perOXId%

according tot equiTibriumw regard
concentrati éd. Thedeerddnat mrysxladnéqrm@mm iffsyingg coifiented igo aontrol | ed

that it |ncLeaseducipld mbholy ditdDd B WG (e dOMELi Gy QN9 L0

t he hi gher den5|ty of the crystal I sed hydrogen peroxide, 'the crystials sink
downwar ds i BREhEOPETITE FRkE -cBoWeVeTa daiSarinedld sirarsrplas highehy al

L %Iz ng 1 aceoﬁ?_ewtryartetdh ewee@te\ff perefuidd Ard li'ﬁdiﬁ%c‘bﬁ ééé&fb 1?13;1 x@ﬂsht d t Egoz
concentration in the, stal s incr S e om e

concentrat i hﬁgrﬁg%pﬁﬁoﬁ‘éﬁ rst 3%%@3} % ause there is

only a sli glﬁ]raditﬁfoﬂla&n(baticl’m @mysth)uhgstammm tihe ne"geeicﬁd Ia&ﬁd)é]i}t\:b‘ agen

per oxi de and.the hydro en er.oxl t her ofr-, g proc

characteri sgasﬁé"sﬁ S\ aceoﬁl S:Il?f’% RX‘ Lﬁ)?%e a:IV-LeJT' clb%el ?@-&Hﬁ% et

di sadvant agelt.hatp. pr2é\5ént simte @ni omdxmwe pnnmme{rruraﬁmmmg)hp:mhed on an

i ndust rj 3l agp x‘%%% fyszr% %ﬁ]%e(ur%rpmeeofgﬁdrﬁmo'% &%l@&ﬁvéﬁﬁgocess

on an i ndust met er e rectifying co
i ncreases, eweﬂ:eéée&mteoeacﬂ&a:a% Fradc Prodles i eagidently ilie retht t he

function iseiempaler mgaﬁ%&lhﬂa&@oeeawﬂ%y S ﬂmpcr e@e-_d; inherabl y (see
Vel | i nghoff et al ég) Chem - | n%SETech 63 (199 81%?% %i 20 The
rectifying coV &R 1a TP 0 BEVBS D U cﬂ@"' ME¥Yperat ed as
a gravity weelrosgd deql witich ris tmdoo\wrdmstupmﬁe q_maaa‘e tdnmgxﬂnum”scmmm of

Such v nBo0R Ghad BSTRRS G Thiat N ERRY A T T T

sol i d- i qui Bisheatat not émbnf unqstseﬂolmu idfdasatd oy d:fo ttl’ma sotper tetkee pbice in
one apparat yge %R, YL Y P AP dhe BN AL, suspensi on
crystalllsatlon according | to e |nvent|on scr d belowis carried out.

Al t hough t hBYSEegen marexise iag R sl ratoeleﬁﬁtav&ﬁd?edﬂ a5 s

been descri beddida @Malqmgjoﬂ’led patent application DE 100 54
742.7, by neans of a layer crystallisation process wth a subsequent

T aui d Ehat DEak S % 4 4 ARl L B ST S TR g seal o
i's, however gootksdtrabidrhe filisspohcars dgelr agfen perox1de 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 liquor, 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



di sconti nuous, nulti-stage operation and the higher energy requirenent.
Accordingly, the object of the present invention is to provide a continuous
process fyap oi/h@spr eparati on of very 5 highly concentrat edPEVEPHGRRIper oxi de
fromat |east 80 wt.% aqueous hydrogen peroxi de, which process can be
carried out wi thout problens even on an Bndustrlal scale. According to a
further object of the invention it is to be possible to obtain over 98
wt.% preferably at least 99.9 w.% 10 hydrogen peroxi de from

aggr oxi mat ed;l/ox@DyV\tErSﬁlhyHéOggpeﬁEtGXitﬁé upwemeesltiepompblulrtwefhﬁogh@ﬂeri n
addition to,concentrat an ence obt ai ni ng _subst ant,i an r

hydr ogen pe?%&?ﬁgy g hﬁgegfgﬁgFg&é ? %3%59%&8 EfE &G en% Hﬁihsk S es,
+such as or gaink dawbeardadinobkentieotadlfyibgscaliumnsers sold@rdrhtcdnh
impurities e t d ishu S lisers
added during 8? gg ﬁf Hgggggg?.gﬁﬁgﬁg %ﬁgﬁ%ogigtér?%%b ma efﬁgqgio be
-concentrate@$¥¢hebﬁ%hml asdbeBnReteachad padathieeVed: igrucen el omnier and

wi th an unfopesepgbtyi bi ghcgeggsﬁgofto%gre%f Bl RO Y ; W%}gb the process
according to the 1nvention. Accor e invention prOV| es a process

th
for the con??%%%ﬁ%rpFéEBréPlSheomoﬁgﬁy RigHOY Estdentosadsh o

per oxi de of pgeagsat taérenlgPoﬁwrraagqe.gut m&rfe&e&ceerl@xué@lsa& f
concentrati

o o Rl Ene e P R n 1R, RV g e B O b C e ‘Sef%saa

concentloat i per&ikidadmather- Ligabmgnthef prioeelsydicyehapeicwardseet kst & S
contai ned i 94 hg,SIpERRLon: AT Ch RLOGESS (B Chakaskerlsgdd n that SO the
after-treatment™1a e formof “countercurre ing I'n ) hydraul i c or
mechani cal dbeshivigntapenthait breveasisedbher mr-&re@wmmqmaseﬁﬁwr ogen
per oxi de ofb&%eabbmanoﬁpahsmaeggeaahh caaghig, szl(;e;ew n B dengndent

clains are directed towards preferred enbodi nents 3 t he process
accor di ng tprelﬁéemﬁvéﬁppéﬁcatloe ofh&her Bresesss abs gaciigdustavialabl e for

concentisat | 882 BENEOHS BYEr 848MeRRIO¥IEI@ HRA VG i& %@C%‘Ul&ﬁtri Ghdedded he
range fron185 to 95 m%g () es ecial,ly from88 to %; ina S|qgle step,

preferably tREQresRe FaPPG X&PngEFu5598qﬂ:a%FQﬁH; Rl to

or greater thanf@AcBivh. ¥%s hmpaddbﬂlandtQhQO@maaééﬁlﬂﬂshﬁldfﬁhdﬁH&bed
starting mag er | cgnt en ur|t| sa owered to
surpri o nglsoPeiReEraEY. EsE el rBRsER, TR L o SRS UG IR 63
carbon) of, (19%1exafpleB8Riom 40 to 50 ng/ kg 10 in the H202 startlng

mat erial can be reduced in one step to a val ue bel ow approximately 3 ng/1l

of H202qpr OﬁHétre&ﬂ??fﬁ@ﬂbeEblﬁimoht%%'braﬁ&%“@%r YECPIShidh WaniS Ands in

stabilisers, such pho te, tin and nitrate, can al so be reduced to
val ues bel OQ&F%%ElEé?eQPieé"ﬁtFﬁnﬁts & JEENENt W@ﬁé{lngnﬁ%qnﬁ‘al 15 GR4 hods,

ggggral lé tDowe:I:mestbpbfzwlanLr@fl heacld 1uaes, seme@ilfalthe lt&lmd allsngriekgt of
H product. Accor y e, .present inven on a so rovj.des n
per oxi de ha@?ﬁb a? Bg ggﬁtP itorfr %ﬁl@@ &S g%h fh
TCC, n|tratwasphngphalamnlhchekkan@ toinn tdfe Z©dnherdUnnentrgﬁihamgbaph

case. y%e 980% @ 11%8 }éﬁ B¢ %Q%%Eﬁ]g;gz RS A% u‘%rzxaﬁt?ﬂ Otf(i%}{]adfﬂ'%:%fss than

1 ng of Ni and 1éss th osphate per
litre of H2@Qll¢h‘éa§§b§t1&ﬁte| an @n@nmae@@urwdmgerm@rs@al@e%t ai nabl e 25

accordi ng tﬁréﬁ@einﬁvﬁgin'a(i'ﬂ a@@’e’?@m %%@W@foylw I ¥yl t QI 1GQIH 88 Of
impurities can be, used l'e, as _a motor_ fuel, as an oxidising agent

or for el ec??%ﬂ?@%nHuFﬁo§ 1?6{ t4on; Fessrdhach s Pvo L s ARy - t he

treatnment of electronic conponents If required, it is also - 30 possible
to add to thetheughhtpel pbovecdnidiaatedastale-upprodidit aarefdect i ve

2ppiTcal ontge PRl oRsl s ek SERSINEE Lo S VP g fRa 1
conbi nat i onpa!Santalappls't:altillqnsaﬁ‘Gl@rOer 6’r4?eﬁarrpiye metarrs 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



35 conpounds, phosphates, di- and tri-phosphates, phosphonates and radi cal
acceptors. The very high purity of the H202 6 product that can be

achi eved Wy opmass of the process according to the inventi 8ATIER0V/13%Y ef or e,
a way of replacing a stabiliser conbination contained in the H202 starting
material by other auxiliary subst ances/ aétive 5 ingredients in the H202
product . The fundanental principle of the process according to the

i nvention conprises the production of a crystal suspension in any desired
singl e- or @uscontingeussysudkli-sssgecopeirngibeai agdefhec hdgheira emaidgy of

t he apparatyéggirgﬁeﬁgaporat|on 10 in vacuo, subsequent solid-liquid

separ ati on, untercurrent washing of the crystals, and nelting of the
rconcentrated and _purified crystals. Exanples of suitable crystallisers are:

stirrer ves%%‘FOE‘H@tJ&YI'l §be obipshepft fhe PrPseAt 1FFERtiSH iify b ate 15

crystal l'i segro¢igst al l:bﬁ'tﬂﬁu&ﬁée\_ﬂro@@é@ GOYS tedld p&@paﬁalta%@yraﬁ &ery
*crystalllses or, the solid-|

Sui t abl e devi uid separati e
Comvent Ponafti 9fY cEonCeERabed: hRxpem Rerom iy (gt Bt Last to i
possi bl e tanheckenhyﬁeoguspQQSba&dbefwm&han®rb¢em&an$nobead@nﬂmmyehnﬂe
20 Separatign mash r referabl rried.out a LSl ar at us,
for eganple |Eﬁ° yBFg ?%@gogvﬁecﬁgnﬁgaln tﬁh?1(§%%%$\mﬁﬁ$§%ﬁiﬂ§?%
crystal beda Busthepepbippé ofoktbe dnvsmitdper -ittyge doydealddsddliehdto is
preferably tgehenused.d ga,£08t ags}%rfe&'a@ﬁy LU o of Bt 35 out side wal |

or a container contalning cooli he aqueo us hydr ogen
per oxi d& tohh@IQGﬁ@eQ?FQFééel§r§mpép@@ﬂﬂym&ﬂﬁlyuéw att -Sxtairagest hydr ogen

per oxi de crpséiakﬁdar Y&t @h@ geepn hheuritHicde oY i, he GeRliitigPl@) es and
can be renoved éga revol vi ng, scraper Ofr, blade to form 3Q individual

crystal s or SPRERBETa¥RABIc sk Behcs obtaigling Sdsdrditds SRS
nmeasur es, shglrageft péﬁ:bl?@deAC(i@r diirected ft@ﬁaﬂ\&ylﬂjdﬂtérﬂwrwrbcﬁﬂf@d de

of concentraﬁlon CE.l S ti_nuously.to t crystallises: the crystal
suspension ? aiLmPBFr"rgle? fég&cg‘oﬁlﬁ SESEy tcc?élc‘?nt ﬁ@%f&f’é’[ﬁqt& B echani cal
washi nd.5col strabiidddefrer. Coaventionaitbiimpersidliiess lareuipt csrgsar-atdmendant
CO“”terCU”SEF oHBS BLN G onsii REletiead! ¥an b&l&“s{ea:%eraé&é‘&a ﬁigﬁ)éfsééé or

other crystall'Isers*based on a conpa principle are use
starting natbelQreﬁﬁ§ﬁtéﬁmy°§et@6bﬂéazn%?@ﬁ?%@gym%%¢%mﬁlh%oébﬂlI|br|um

t emper at ur ecbﬂceﬁé%ttea e Glonlidnadt! Iect@@am%é R dHIRFaN G, f4 om
greater than, 0 to 5 K, especially fromQ,5 to K, belomkihe equi librium

tenperatureSF§PﬂFgWPQn§6‘P&gl@1 ﬁFY§W¢Qﬁ?%ﬂﬁ9qﬁytﬂ199' SHRM M therto 10
(see S@wnbefpageenty) bynteapp ed alee preRIEOCGddtF G o add ti on of seed
crystals are_requi.red when a scraper-type crystallises or crystallisers
havi ng an eﬁﬁlﬁgﬁéﬁP ‘action are used, as a result of which nore efficient
concentration and purification are p055|ble In order to achi eve adequate
15 crystal 3roarfihglivowithe Auvesdtiom ruavidarc e sradassbl s udpensi on

density for chﬂﬁlﬁ%'u@ U0 a38RAT /Y YW 1Y GRS QUIRUN AR U hy SYU AT 1S
carried out to the tenperature required theréfor according to the phase
di agram peroxide of concentration cp from aqueous hydrogen peroxide

25 of concentration cg, cg being at least 80 wt.% and cp being
greater than cg, comprising suspension crystallisation of
the aqueous hydrogen peroxide of concentration cz 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.



20 According to an especially preferred enbodi ment, the suspension renoved
fromthe crystallises is fed continuously into an apparatus for

sol i d-1iguod2eesaration that at the sane tine is operat ed PRI/EROWERH} ng
colum. In contrast to the rectifying colum described in the prior 25 art
for the concentration of hydrogen peroxi fle, which, for an industrial
installation, would have to be in the formof a gravity col um/ washi ng
colum, it is possi bl e by using a hydraulic or nechani cal washing colum to
avoi d t he dimadwertegesishaspectallw shifabilaeviEby cohuenteatdieal e- up, 30

i ncl udi ng |£5§é I dr,a nica i ng
columm to be us &%éa@% g?gﬁ ggf%%gd?nggggﬂ§ a thgggEg g%af %%ﬁggeed in
't he aX|aI(ﬂ#ﬁﬁﬁlﬁﬁpmysﬁyﬁﬁaaﬁlUtoﬁ n@énaﬁiééﬂYfﬁr@ESSSSﬁotH@twi Bi.ghim y
packed crysd adihere fOEEB, preferhB1p EQ”M%Eh@BﬁErSE@BH‘ BENb £ Obvarhydraul i c

mashlng colum, the suspension |s introduced in the upper ortlon of the
-col unm: 5t he?% i i B pRaGecFRBERRLLY| BEBR) £9 PénﬁygétﬁFOEPﬁﬁe SolPuitt \A-a a

filter, as enr&saitioh ¥wbi ebnachtghtliyn- of paekatoLrtaladihedndsrsal The
liquid phas flows through,the crystal bed inp the directign towards the
base of the el%%l%% e%doghémellﬁ{:iﬁsbéﬁ At BREsSBBSdEWARar@¥eEe9 Yesul t  of

t he fIOM/resmﬁpﬁhsfngPy lbw bataesl Fbe exrbmphet hehe TOCacodtakitng scrapi ng

crystal bed i fnefiafengeRERRT RE calEo R RR. Feak Horts Y 8E
washi n@O0col mth€h§z®u§¢@mm ime: reurhedd ctatw dneg b eiuvesd X ohven getrem@nco
melted. A porgd Oéeia %ok%xi\éééﬁg% fr\é‘?é}’\@gegn@ fvﬁaééduéé Iy punped

back into the col umm an In the opposite
direction. €PEPRt @k ﬁﬁh@rtﬁ@cﬁaéﬂrﬁgcﬁﬁﬁtléﬂﬁééﬁsaﬂdsﬁﬁﬁ@léﬂsﬁﬁ§:

crystals, Oéhélﬁleaé)t?ﬂésﬁﬁa@et heiAebhhdchyskakkl seanon1kBene’ Yerlcea te
sation that is liberated warns the crystal bed in the

ent hal py of %ig a¥ Eg

washi ng reg/onof ﬁ%OWoFUﬁn e58CFACR MeBRhnPEaFORNEREAGNEH @ LY HIGRdr ence
is mades fafieexod®)| egehérEE’l9 &83v326e5 Baloll 31087687 eAch @ades)se crystal
bed is produced Inf%%eg E n? gegn of | unger that is perneable
to the melt€ F ﬁﬂy b@g 5daPbdtialz | er or |lower end of the
colum; in the 25 flrst case, the suspension is fed in in the upper region
of the col Uhegor@ingkysetbadpresentt ingensdonnalsot beoniideise hydriogeer
region.  The.plopger havRRETRABLRCEACEAEIBR! brSerbiiabs 9N cEOMRReSR @ Mol t

energes fromthe rear sid pl u ere drawn

Anal ogous| y2%% @ QQHE?HFaBﬁlgoﬁasﬁﬂﬁﬁa GhuﬁﬁosPhétﬁecﬁ&ﬁkéélaﬂé%ﬁﬂﬁb‘%%lunn

al so ceonpt ai ngs& §1§éﬁp4nﬂg¢§VhﬁeeaEﬁf caéarrplrﬁeawopatbnqoscmpP/ng menber, in
order to scrqge of f crgstals ed_and %gnvert theminto a

| .b
cuspensi on WTFOSRR MELAIAGE BFCLeFABLKAERT GRS £ oPPobbarn LAY GEndd re a5
dlrectlontandrmncpgstmhtbedofSHgmemndniessrmmmyeﬁnb%nﬁtﬂhbsphkt@f t he
washi ng col pl unger and, 9 after nelting, a portion of
the nelt éH ed?g &% F%%’mashlng melt and the ot her portion is
dlscharged fronlthe CIrCUIt as very pure product. Suitable apparatuses and
processes {BeenswbstapsiallysanhyArsugshidragenchenpsateochtpdnglilicc

washi ngscol 4Berafh§ntar enusedvhytt BASEnd8Khhletgl Ant B&t2hbridahapuIROSes
ot her than ihe concentration of H2O2, are the sqQ-called Phillips pulsation

col umm, Phi +9Y pSORFeRELPE CBPHKA t1BF e ARRNE Robﬁﬁﬁs bPEceXamPler 0 8& énco
freeze- conceotont foslandst Ba dNDdising 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 Hz0;



10 process. Enbodi nents for suspension crystallisation with subsequent
washi ng of the crystals in a hydraulic or mechani cal mashing colum are to
be foundwaeoi/mspook "Melt Crystallization Technol ogy" byPQ/EPOIA2RBNDbOUL,
Technom ¢ Publishing Co. Inc., Lancaster-Basel (1995), p. 265-288, 15 and
inthe article, relating to N|ro freeze-&oncentration for waste-water
pre-concentration, in Chem e |Ingenieur Technik (72) (10/2000), 1231-1233.
The Figure shows a process diagramin which the process is described in
sumary: 20pFoducthehatocagebeoathiaeedlbyt heastablfi thempirecesls to be
crystallis q .fhat _is t rat ure j ust
above GQUI|?%?é€%%H§S£? ghglgh?%ﬁt15F é 2 F%grgﬁég%éugpgﬁgpgﬁggenerator
-preferabl y ¥estrapes-ayptabbdieer B?mbéoatmgntH@n§ﬁap@ﬂngnnﬁﬁéwﬁhpzbelow

the ' 25 eqytéf@ihg%aegp%@ Bgfeotﬁatsaaklws&? shisthnlc¥dPadt ikhe
suspen5| on gener at or and urt her coo 1 ng, he suspensi on densi ty
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colum and is &ry desiradosshglee bhemuﬁthestbgeuamy&maﬂajmr 12:od]nmg der
to 35 incr h nt.ag a _jpo t he
filtrate bg]%%fnét gl:ggsbélnswggxge%grg g Vi a éﬁhe O%th? %Q'a c?tfoartloé% urn
11. ThélbrysnaVQCuﬁ tﬁébﬁ@gheng §9ﬂmdnlaqyldoﬁpp@sg§domo forn1a crystal bed
and, dependg QQr&GErEMEerE Wﬁéhbggtg Eﬂ;ﬁgéﬁ% 5%&1%1%%1‘%”51 f‘h %]Op or

the 5 bottom by neans revo VI n product cryst ave
been scr apeﬂo’é??nﬁFétﬁénﬁﬁé Pb‘ﬁﬁglleﬁ FHESFGIJ-E'I -of a suspension in the
product circuit 6 by nmeans of the circulating punp 7 and nelt owng to the

i ntroducti opxahplée eft Bﬁhl@&b@% E;&gsaamis@&@n&x@f @ﬂl&ﬁfexew%mer 8. A 10
portion fromt is fed back int shin c.o as the

he ;ir cui t gﬁhq\hﬁ
washi ng | i qof¥SbRa-pPpE" 16CF8P9505¥P§r EL¥F &ienGC L&ortion is
passed liint octhetpldilset, conyatndili8ingl shaegh a‘irmmmmmtladﬂmfexa tube-

scraper - (Ypg.geys! aklLegi 38d:a 18:0RR0aNRYs SO S0 Wi S8 ngu T or

t he prepara on~of organic su ances havin
f or eseeabl eseharatm@h arpr @Qeygnmgmdlari@@lb@sm @hllo;n @ﬁ tfaditertorande

ConcentratI@Qneilgggggus1layqliggeﬁe9ﬁE0§b§§ﬂD|1@t tOiB dReted e ystal s even
with water, for the purpases. 20 of taining very highly concentrated and

especi al | y PUFRER§APBgBRIPEFBRPeLY| Megnawods &t FPE%P&# s of

concentamt edepydaegen pagowaddinghaek @&éﬂe@ab&yf Q*a&d'ilela tdie ghase di agram
of the Schunb_docunent m;_nti %ed above, it._was 6’31 .be exg%% ed .t hat
concentrat i Oh-P1ct ﬁBp?Eai Ot 25 95f eﬁ%‘ﬁ?ﬁo&&r 1BY r ¥ 5 i %h one
step. As newasbhed abdumn iwtithas phstedotrystbd &edected that not only over
98 wt. % but also equal to/greater than 99.9 wt.% H202, that is to say

subst anti al )ﬁysggg %52%01 weuld Q%r%ﬁe@‘-@z@e crélsqi%ﬁ%%rf %H%os the

fact that the con urities, Such as organic carbon at e
and heavy nﬁraﬁgrabém §ot bev&ﬁeéslﬁeﬁoWOMél@@Fe&haGﬂ iis maolmd rT@e?hst t he

procespmccenfisidet Rallheorn¥edbheliner tohtBiaiRETooling 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



1. In an apparatus according to the Figure having a scraper-type
crystallises for producing a suspension and a nmechani cal washi ng col um
with a phwoggis8sranged 5 at the bottom and an outl et for PEREPPUI22YY ed nel t
arranged at the top, aqueous hydrogen peroxi de having a concentration CE =
89.7 wt.%was used. The starting materiall was cooled to approximately 3 K
bel ow the equilibriumtenperature of -12.2C.- Surprisingly, 10
crystallisation occurred without the addition of seed crystals. By further
cool ing to eaifinédrsbkidel ygtiall sephiranivas aallf ecundericheramspensi on
density |ncr |g§ The crystal suspension renmoved fromthe crystallises
was conpresse the washing colum to 15 forma conpact crystal bed. The
.upper side of the crystal bed was scraped away by nmeans of a rotating
scraper andStepnedingiy. t weenashbayapelrt tivper cdvesa Lild serator egibwy, that is
to say hydr t&ﬂ?ééﬁ@ BEsE@”Bﬁ”Er eb&naarggleaperm ?ﬁlesmquéw %méc

-was nel ted in the product circuit _and a portion of which was fed

into the cr%ﬁé%la\tl%cfm%ﬁrﬁﬁé BYERt BREYr PEnCORASHI AGroialdyeredavb iR
having a cosgentiBtien e&mpubstarki ahl hsra@Q \afb Fovas caistiaNethuchirg TOC

content was_reduced, appr oxi nat el in the starting 25 materia
to | ess thd%oﬁfﬁﬁgll?ntg%eggpgﬁu Fmeﬁgegﬁnng aﬁlpr§Pé% A ﬁéiﬁﬂﬁéﬁiy
contents inftée dHZS)thredHctbwba &h&oeh&h.QWbtrﬂ&lmr treﬁmfatﬁut@ def ection
limts, mhlch yere_c. a

phosphat e/ 17 %B QﬁBzSn ganggﬁgyh 8r%8§np5é95kﬁﬁg %E§mﬁbhg%§ﬁﬁQﬂn of
87.5 wl0% SQ@erSohumhg page18¢9ﬂornnuabpaﬁcanbﬂ@rﬁ@@eacanﬂjkmguhnixnmollng

to -26C in gageritn BENLELY 8D A08qUALE SYaRRISLN RIS ey type

solid/liquid separation an g in th ani ca mashlng C
al so used i prERBApléser pPHeAtvehRlidserss hawiadaen emdvalenty gudiian

claims 1. Rrecessqfoast BerégﬁitnBQU%hEE?xp%%@ @e&f%l\éwty diriddntration
concentrated hydrog per, oxXi congﬁntratlon from aqueous hydrogen

per oxi de ofa%‘énE‘éﬁ%%éFPGﬁoéEaréEPBé?ﬁ 5 -atty OXSCTZFNCHIGTE GFIBIHP
gr eat en 5t hagrEtaTogpbiwshnGoI UsREAS alctepstiahnl bmnd h@ihc@‘ d ke iagieiels

hydr ogen peroxide of cqgncentration ertr f. the .hydrogen

per oxi de cr?%?BfES%SHt H&&Eyn%Pﬁetgg ﬂ&lohl &ﬁ%%ﬁ%ﬁﬂYﬁ that the

after-treat sebseqakns washﬁngnlcbodangtescaamEnEdmmwm|u@|Uh&1hydraulic or

e Al LBIHLA0 oL TR ERaA CRACKRL O RKebal Bl cARB TRk, NV T 00€D
centra as

per oxi de of tion I'S use Re Was Process
accordi ng t@l@gﬁﬁm}1 characterised in that aqueous hydrogen perOX|de of
concentration CE in the range from85 to 95 w.% especially from88 to 92

w. % 29 CQN@@Bid@thtbnaﬁnés@b@ﬂaﬂgyap&@&%&&bﬁﬁ%ﬁ&%&&%@%&.Oﬁiﬁyer 98 wt. %
especially equal to or_greater _than rqce ccording to
claim1l or %useﬁﬁﬁé8Png§8365anﬁQt C§¥§§éﬁ§ﬁ§ﬁ &%Fflsation is
carried outcontanﬁEusﬂyghatooannabpbxamagefsmra@amfbypgmumy$mﬁdﬁaﬁion43
Process accpfgdinget haN%afae t3heChidl Tetat®a® asC RALARE NS 81 it N,
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.



t he suspension crystallisation is carried out in a scraper-type
crystalliser, the countercurrent washing 30 of the crystals, conbined with
sol i d-1i qwioth2aegar ati on of the suspension, is carried out POT/EPONVEZMANI cal
washi ng colum, and a portion of the nother |iquor that |eaves the washing
colum is fed back into the scrapertype &ystalliser. 13 5. Process
according to claim3 or 4, characterised in that nucleation in the
suspension crystallisation is carried out at a tenperature in the range
from gr eat ednt hago@ventdohak, eadpedmanty dff amif draull i3 Kyadielrmy ddibumn,

equi | 1 bri UM LETBELBENGS o1 1ENSnHaRZRIR LG R ensﬁgoyélnq%%dléw bf Qperature

Is then | owered a suspensi on e ‘range fFOm 5 to
‘80 % is achrevemn:1ghe. lpméspm@or(mort@etm Jdrguaonle diof menaivesd 1ftam 5,

characteri sedel Rotibgh W18 aumqrt%rona%r Etraésédls@tdf)rhﬂﬁzlfairﬂf to a

suspensi on density in the rangé from 2 . especi a rom to 30

% 15 7.5 PrBgckedaccysirigbed &9ymsne Tte olikuixl phases, fJ(QW;Fr ddrequaled in

that hydrogeneperesicde Baw Ag %h%om&@dﬁdrprtd%%ﬁs athd aasde Br Whdo

preferablya | east % that | eaves the washing colum in the form
of a melt Pﬁ‘&l?&édtﬁetﬁ tsﬁ ctY \RF AW 251t e

stabiIisersreeanQCD&Ih%eSEabwlrﬁarsﬂanﬁatfktgﬁhhubaﬂetdﬁiﬁﬂélddlﬁmmnds
phosphat es, .di - _and tr|- at es hosphonat es and .radi c acceptors 8.
Hydr ogen pergmr e "hadi ﬁ& g’ﬁ Féfn& ?V%Q%m@&@ G RO . % and a
cont entl®f TOSpemistioat agapnoimqm e:hemtalgﬂitla,ndaatckecbfcnystaﬂcrb@iawcﬂ ess
than 4 ng/1 r y S £SS n/1 and
| ess than ZthQ %%%T%Qé Hlet?%/ ftnh&g:%dése of 1 Hﬂeﬂ% x roger# perOX| accegrdl ng to
claim8 as yﬁsmn@x p@ulslmng FHen ts Usmenaitasy slsorptﬂmeci Henqugh raerheav:

el ect ggE:\/gA‘éth@R%%&s andrRY telfe AR A A - Ald- fl: A% AV dED 9 he
R washing melt; it is pumped back into the column and washes

15 the crystal bed moving in the opposite direction. On the
one 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,
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(109&' (16s! Pprote¥s .( Er@lliMEn)s | faiBBdpehsion crystallisation with
subsequent washing of the crystals in a hydraulic or
mechanical washing column are to be found in the book "Melt
Crystallization Technology" by G.F. Arkenbout, Technomic
Publishing Co. Inc., Lancaster-Basel (1995), p. 265-288,

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



10Y96: 109%&’ ()-M 0" Y+$109PP& ()-Z! " Y+$1098" 8" & ()-Z! Y+$10% / & ()-2Z!| " f
(10%#& ()-s! ! x f (10%& ()-s!9:;<>?&nKLl 10Y96: 10% n
(10908& (Wo@Lesss: () -1 &10%r8 () - s10%T&’ ()-S10%& ()- 10 PCOSEBMNOBKL
10/ HL (1098S& ()-s!}"y&$: $109%& ()-!y&S$: $109%& ()-!s}  (10%& ()-!i"
(109 ()-1d° (109 ()-rS40! " &10%T& ()- 100& ()-s10%& ()- 1011 1011 1011!°1
(10% 1 & ()-s!L° 1 (109X& ()-sFUzX6rS40! 1] y (10%0Q8 ()-1}"y (L109%N& ()-'s'y
(109%& ()-'n'y (10% ()-!ny (10%& ()-!10%r& ()- S
zllgj%nslsg ()qghlé"@aqlt%% kO KK kK ksuspddidek &dneadtdr '3 via the

X
(109% () - S tﬁe% rgfrﬁ%:.r@ Lgoefhe (SERTER S oV (e HFRIRIEEPI W™ 10

& ()-3 are compressed to form a crystal bed and, depending on the
"910%&' ()-s VA ) 0 0%&
1+ 1ovpe PP PELIAEED %“4"%%0/ 075 %%%% 925 ) g e U
) W((i(ioo/aﬁ/akié hotmp/&fY( )nea&xg; ( badee: ('3‘ qmm@GKﬁIYStalSV\AB{ Y8
o!* 9 '

Iy 35100 t & (1 h%3 fgt%n( aIp%gjfj/@gfo %rwaoﬁ’m T e foE of

109K Kk! 9" I 10940JU& %
a suspen51on 1n the product c1rcu1t 6 by means of the

circulating pump 7 and melt owing to the introduction of
the enthalpy of fusion by means of a heat exchanger 8. A

10 portion from the circuit 6 is fed back into the washing
column as the washing liquid via pipe 10 for countercurrent
washing, the other portion is passed into the product
container 9.

Although a combination 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 aqueous 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.%
H,0;, 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.
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Examples

1. In an apparatus according to the Figure having a
scraper-type crystalliser for producing a suspension
and a mechanical washing column with a plunger arranged

5 at the bottom and an outlet for the purified melt
arranged at the top, agueous hydrogen peroxide having a
concentration cg = 89.7 wt.% was used. The starting
material was cooled to approximately 3 K below the
equilibrium temperature of -12.2°C. Surprisingly,

10 crystallisation occurred without the addition of seed
crystals. By further cooling to -21°C, further
crystallisation was effected, the suspension density
increasing. 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 mg
of phosphate/l.

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.
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concentrated hydrogen peroxide of concentratlon cp from
aqueous hydrogen peroxide of concentration cg, cg being

5 at least 80 wt.% and cp being greater than cg,
comprising suspension crystallisation of the aqueous
hydrogen peroxide of concentration cg and after-
treatment of the hydrogen peroxide crystals contained
in the suspension,

10 characterised in 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. Progess according to claim 1,
characterised in that
aqueous 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-liquid 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.
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equilibrium temperature of the H;0, starting material,
and the temperature is then lowered further until a
suspension density in the range from 5 to 80 % is
achieved.

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 c¢p 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/1l,
preferably less than 1 mg of Ni/l, less than 1 mg of
Sn/l and less than 2 mg of phosphate/1l.

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



