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WD 2004/ 016585 PCT/ US2003/ 023116 PEROXI DE | MPURI Tl ES
REMOVAL BACKGROUND OF THE I NVENTION 5 FIELD OF THE -

WORMENTE®S The present invention relates to a pCoass®3/023116

for renmoving peroxi des from peroxide containing
aqueous waste streanms such as those fromthe propyl ene
oxi de/ styrene nononer technol ogy so that the treated
stream can b&®BEROKHE IMPUBRIGIESREVIOMALL O its.

di sposal. 10 DESCRI PTI ON OF THE PRI OR ART The Oxirane
process for the production of propylene oxide and
styrene non@ROKGROUND OEeTHEOMNWENTION eat conmer ci al

i nportance. The L.C [ bing this process

is U S. Patent ﬁggb%gghg]ﬁ”gg&jﬁéhon of the process,
eThy | hessrenmvestieikrdlaeedo t plod¥ED eRZRMSOVING peroxides from

hydr oper oxi de, the ethyl benzene 15 hydroperoxide is
peroxidg; genfRinEag I%ﬂ”?%%%ﬁ“@&t%ﬁtﬁ?msoﬁwfbﬁé thess Bprn ghe piyPeyiene

oxideRjrélee a¥ofePettol®fynanAhat aRE frdited -JHRERY @arﬁ?b@aﬂg#her

is dehydrated to form'styrene nononer. In practice
proces$Rd PR St dipRes@lare a nunber of separation and

recovery st ¢iss@RPTON OHSTHEEECH A are forned
whi ch nust be disposed of in the 20 face of ever

i hige Exdiampe envaess et thebrosometinnel prapyleaei @gisle and styrene

| netanc i . . DeEi t :
monoifeT SR Facc SRR, PEAbHARRrth] FhABEeP FRE R fhtent
describingothis prrogesscisnbiSiefatbite3,635 10685 dnea beisiop difribe tpgdcess,

[ ool [ Jres, used., t
etyiEfigdhd 19 Wies (P sNERTPERS RYBIREFSET 188 Brifhmpeene
hydrogéroXive is urdtalyticajly retictedmiths peopyéesiediocfoma pramgleae oxide and

rempved as a disti]lation,. sidestream ln the i rane
t-pheffio BYEERE® AT e R e DB 8 i Hfene
monoetany| benzene is reacted with nol ecul ar oxygen to

produce et hyl benzene , hydr oper oxi de. See, for exanple,

Pt i S SRR dn o ses ST SegRIdia GG Tecovery
steps GOTtt aicees Wuide s@sdmetahy FdPENEE WhitH nilisi®e di&pabs®idh in the

cont ai ned 30 et h%l benzer}e fromthe vapors and to

face of PYRIINIERARYIG EEVIEINTMRIR! GOdRGRIBS y I NGYIRES i1 taRces, (lisrpsal

practiééd GiHicrAQUeRU peihitted tih eRE bast 6RY ahedel LAME % longer be
contact/absorption, zone _

permitted. Accordingly, considerable efforts are being directed to bring about

improvements in procedures used to treat propylene oxide/styrene monomer

purge streams.

One such purge stream is an acidic wastewater removed as a distillation
sidestream. In the Oxirane propylehe oxide and styrene monomer process,
ethylbenzene is reacted with molecular oxygen to produce ethylbenzene
hydroperoxide. See, for example, U.S. Patent 4,066,706. Vapor from the
oxidation is contacted with cool ethylbeenzene in order to absorb contained
ethylbenzene from the vapors and to effect economies of heat recovery. Normally
a liquid acidic agueous sidestream is recovered from the contact/absorption zone
of the absorber and an overhead vapor stream mainly comprised of nitrogen is
also recovered. T he acidic wastewater contains in addition to water and various

organic acids, significant amounts of peroxidic materials. Consideration has been
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of the absorber a nd an overhead vapor stream mainly
conprised of nitrogen is also recovered. The acidic

woasi4maedssr contains in addition to water and yariusm®3/023116

organi c acids, significant amounts of pero><idic

aven BBl B A b P 5t RTS8 en

biopositirexaeeding VORElinitmt &irstst ippggnorganics héfdre Sibshtnentas an
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withirr teegtrippier. danger ous concentrati ons of peroxi des

form wthin.t stri r. In U S.  Patent
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nitrogeRakwéep Ngad G L BVREP t@@éméve?'ﬂ%é’é/r?%ﬁl& [SR¥Hed by the
n which is fornmed by the peroxide deconposition.

e
peroxﬂyg ?FO8URASIHYBt ens, the provision of a independent
SRUIifRh Oy BlehiD0RR_ pfRRIoPS CBf % %c?ég%ﬂhfehtc 80L& Y fiftrogen

expense n accor ce wth the ent 1 nvent
repreﬁ@%év@rSlgmilftcﬁﬂ'géfrﬁ%ﬂﬁﬁoexﬁerl@ﬁ?ﬁ tlrre agxpifianes \mthuﬁmj ‘resent

invenfdE Sy oﬁﬁfr% %‘gbﬂjporﬁ eﬁélﬁ dlEéfo 3(EQ/\?ee the oxygen

econposi ion vol di n e nee expen Rl
whichsreguitsfrety pp@u@leab@dmmosltlmeﬂws BﬁOIBldgl\mRMeéE andeexpense of

separjaw{ggﬂtjcggsea nﬂ?&% dance with the invention, acidic

us process feans containing organic acids,
perOX| dic rratelSLMMAﬁWoDlét‘hMEbNWE&\leONre cont act ed
fective to deconpose

ataly «condi ti ons_ef
Vi "assPrsTe i SheoTRehteN naStly agusCus, fitreny chgams
Contazdﬁmg)o olasiit Boids) ﬁerﬂ)ﬂfﬁ?m&t@{‘l’?& ahdleﬂﬁmetn%e@eg hfré @AneictddRith
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oxygdh Xdriieds bysthayv aéetab oditidh Biss [l RO (dast HE JIRN NE the

The attached drawi ng il|ustrates schematically

nitroggpA@PPIcE Thfent iom HiFoeiy B Ze e PN etV Cermstion of
exploﬂ]b& ggggqg@@,egfs shgddqavention is especially applicable

treatnment o
BRIEF DESCRIPTIO N OF THE DRAWING

The attached drawing illustrates schematically practice of the invention.

DETAILED D ESCRIPTION

The process of the invention is especially applicable to treatment of
aqueous acidic purge streams from propylene oxide/styrene mon omer production.
Such streams are predominantly comp rised of water, organic acids, peroxidic
components, and ethylbenzene. Genera lly the purge streams comprise by weight
at least 70% water, up to 20% peroxidici components, up to about 30% organic
acids, and up to about 1% ethylbenzene. Generally the pH is about 1.5-3.

The invention can perhaps .best be described by reference to the
accompanying schematic drawing. Ethylbenzene is fed via line 1 to oxidation
zone 2 wherein the ethylbenzene is oxidized in the liquid phase to form

ethylbenzene hydroperoxide. Reactant g ases comprised of mole cular oxygen and
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aqueous acidi c purge streans from propyl ene

oxi de/ styrene nononer production. Such streans are
wonredoreisant | y conpri sed of water, organi c aci #6T/US2003/023116

peroxidic conponents, and ethyl benzene. Genera Ily

inert ﬁlf?'s%éWEQﬁW it 5%8@‘%0%6@(5 f o ngrl]'ghf% 3. ﬂfus %06'&{ Oy for

eroxidrc co 0
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o UL obckBF R PRt odnPid o LR e Py 8Perroxice
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separlafdd ot Giag $Cfro?-@n(203eV2 aarld PBssks kbl B&dHMiL¥€ 6 which is a
v nditions for carrying out the oxidation are
co e@@

opRl Yare/liqyd cewdagtizone; Relptyelyrapehliquid ethwibpogenes is fed

hé gWydme
o 018 BUATRBASL 7 GG B4 S BT BBt i gt

inim Ate geni@chwih vaRoss srerazeneahwhile aksearbing edntaiced ethy e zehe.
The h%‘él%(‘?eﬁ%ud Qtﬁgﬁ)@ﬁie%ts@reﬁﬁpﬁé(%%g?roh@ {991%"8 PLIRY!ene oxication

Durin enzene oxi dat1on
zone 3@. vapor stream conprised of nitrogen and ethyl benzene

| RSB 50 h n RBLAE P SL6fi  an
is pamﬁs’@speromdedeommmsﬂﬁ)nmmm9| \gheaeire catadytici dev@mposition of

RS AoBSB S Daes L S lBbe ke s
can empdby msalmhaatﬂysttlas Hesgribetdéh by Feneens, dos drsat ed by

B 5P B! AR CraREL R " 2 e i psgted

alumie hy:btamzebe 819 eanamssesggfarm zQRafiobs Vhatdrbdtiebud O and
ation (ﬂueous acidic liquid sidestream

nom oSG, ClAVE RT3 it SBRIER) inriBe 5 aspmpasiian,  diceteagly

preferlﬁ&! pPﬁcﬁ@uﬁé@@ WPSSitd QM) é@s‘?ﬁac%t&mﬁéeéé"cé}é?@t' Mt\/\ﬂ'ﬁch casse the
nposi tjion of contained peroxidic materials takes

catalyﬁ é%@ppﬁﬁrpé'aéﬁé\téﬁ'&%q fp oh S@i%l@@oqfrtéﬂ@ﬁéﬁlyséan @ﬁmybgv@wzyl
alcon 8I0hé&topRérRINESr eﬁ%y@@ﬁfédeb%ga'nﬂxtyres of R/% ﬁmﬁo?e 8191'?\

In addition to so deconposition catalysts suc as
t Wahare oopiagstreds diouidi nehaset adeycgmmsmwrs pRgedures  are

employeddBai(3: cHRbhPLTioRS IREPIRREPHS b ppm by weight as Fe are

employed. Decomposition temperatures of 30 to 10 0°C are useful and resiclence
times in the decomposition zone of 5 to 60 min. are preferred.

Although Fe (Ill) acetylacetonate is especially useful other soluble
catalysts, preferably comprised of transition metals, can be used. Exampless are
CuSQOy4, Ni(OAC)z, (NH4):MoOy, Fe(NO3); and the like .

An essential feature of the process of this inv-ention is the use of at l=ast a
portion of the nitrogen vapor stream from zone 6 &s a sweep gas to dilute and
remove oxygen denerated by peroxidic material decomposition from

decomposition zone 9 and to avoid the formatiom of gas mixtures whickh are
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20 honpgeneous catal ysts can be enployed in the

deconposi tion. An especially preferred procedure is to
wozenfecsgsl 1) acetyl acetonate as catal yst in weCThSewse23116

the catalyst is appropriately added as a sol ution of

flamnhdiiﬂecraéabwstvei n met hyl benzyl al cohol, acetophenone
eth | benzene, a mxture of two or nore of these.
?é’aﬁ%ﬁ&@ﬁ@bm@q'y BRIMAPrigha & nileogenppasseas drom zone 6 as an

| t al ncentrati ons
overhlelélaﬁgtélﬂér?fv\%ﬁ@e Oﬂﬁtcﬁfﬁ@ %ng%ﬁ il %&%té: ?igﬁeaygpor Stream
compgigeq 8§ ethe Dgtqgepol@lulsl @ngﬁ@mdjbgspmﬁx@@s tecd®Pesiad® is

separbl?é%lf Via afse I €5 demepopfé s éﬁdﬂg%h?tﬁ%?nég el(tqte%l |o|?1 %J%Ir’]oeXIdIC

to 60 mn. are
Compae@iw IS csenerried vias lies p2cand lcgn llﬁfi;un‘dhe@tréﬁite@ @ytl'mtnﬁennonal

| ysts, preferably conprised of transition netals
proceggﬁébe used. Exanple's are 30 CuSO4, Ni (QAc) 2,

(AB1R) PEBAY of Fbe NIBWR ;amt%dsbﬁ sUb&@nha‘F\{ha@%@ﬂtdtrﬁLacDgeé/eg (88
ntion i
comp é,eegttgr trcS’éeoHF Wh%ﬁe? p%ﬁéﬁ?kér'ééé%@a’ﬁdﬁsgﬁ rfearhe oxygen

| ea
SWeeF}zone 6 as a sweep gas to dilute and renobve oxygen

t deconposition from
g@%ﬁhﬁ%ﬁ‘ﬁ?’? X%f%?bﬁr 'I”@tré‘ﬁggt@rthg&”@“@ﬂg&ammﬁ& on of gas
m xt ures whi ch are E&(ﬁgﬁ 0p4/ 016585
lQTT/ 003/ 02,§116 f | ammabl @ or expl osive. The vapor
st?sré ? Hi& Fighren sfivikenzeste ifed agée mptes sisl, 870000 dm;i‘hr
via liné 1at~a BAdaBYRBRAS WhEBATAY 11B0PE gD £ f,s%gﬁ  4PPEEnDS AL s

ne 9 and the vapor stream conp

reacteﬁll Wﬁg@‘éﬂ eﬁp[% NG o f@’mtﬁjhwpepmnwhyﬂfopﬂea:@xrﬁes|®>k|@|l2|ng
gas ccbrﬁpl%e‘éﬂbﬁrzalt REDI%I & br‘?%ﬂt} 7%0?%%@5@(&@ IS g?%gcta \rﬁe;g(ran 2 via

| eted i n_peroxi conponent’s
line 3 ?ﬁ fﬁ'@ rgbe 8ﬁ&28@ﬁob@/hf urther treated by convent i onal

RiQie Bligste i€%eMolES Hhin Yonk "2\ @HAYE, Bhi rate 911,070,000

substanti al savings are ac
Ibs pep, hgiwe dlihe Pxigase @Oatqmr& hlais%dethweehzwwoﬁ-d{b%@dx@@ anbl8is

ox1dat€@’@ﬁ8t?&ﬁll WS@I@@(—Q% flpg\éqemd@;\?%g!ﬁ c}ljeréqg & us: Lat ﬁg

p-ﬁ. ¥ApoE, Steadiyg lcbenzisee by svbight af 66%%th9|b@12&=né §Q‘% fP8en,
0.4% w&&lr CA oxygen and 0.6% other materials is passed at the rate of
5,050,000 Ibs/hr from zone 2 via line 5 to vapor/liquid contact zone 6.
Ethylbenzene is fed at the rate of 1,180,000 lbs/hr to zone 6 via line 7 at 40°C,
and in zone 6 is intimately contacted with the vapors from zone 2 a the rate of
5,050,000 lbs/hr.

A liquid ethylbenzene stream at 130°C is passed from zone 6 via line 1 to
oxidation zone 2.

A liquid acidic aqueous purge stream is removed from zone 6 via line 8
and passes at the rate of 2500 Ibs/hr to decomposition zone 9. The composition
by weight of this liquid stream is 83% water, 6% organic acids, 9% peroxidic
materials, 0.1% ethylbenzene and 1.9% others.

Decomposition zone 9 is packed with an iron promoted alumina catalyst
such as described in U.S. Patent 5,993,673 and the acidic aqueous purge
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via line 1 to oxidation zone 2 wherein at 160C and 30
psig the ethyl benzene is 15 reacted w th nol ecul ar
woxygmess form et hyl benzene hydroper oxi de. OxpdiraiSe®3/023116
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Qooeth 32% ni troge 0.4% water, 1 %
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line 12@'@%'3@@@@50%(1 hehieirther treated 2500ohmTtionat procedu res
deconposition zone 9. osition by weight of
this liquid streamis Mter 6% organi ¢ aci ds,
Obxpepltexil d$ tepemtedraxabpt that déscosn lpyolstblenzmme Eambotnlaihééd of
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decombbﬁmbm vené ® ate GONDCER Z'hfps@efe@m@hﬁe i beitg20 fhihheThe
ors are renoved overhead from zone 6

ueous u

vapor SR SufohBen oV HBP IS Basses aoLal e Rrasosion & Tne ©
sweefin W@S@th@@@ ercRmel 0 Bliicorysitions% 5
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and are effective to sweep the oxygen fornmed by

per oxi de deconposition fromthe aqueo us |iquid

purge. A vapor stream by wei ght of 93%nitrogen, 3%

et hyl benzene, 3. 1%
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oxygen and 0.9% others is renoved fromzone 9 via line
11 at the rate of 98000 |Ibs/hr and this stream can be

wobhemmdessThe aci di ¢ aqueous |iquid purge streaRCTWS2003/023116

substantially free of peroxidic nmaterials is renoved
the rate of 2500 I bs/hr via Iline 12 and this
WE C?%‘"X[;m can be further treated by conventi onal

pt. oc edurpgecessEXanplitfyZnd-xamphedit bqudcﬁ.@@a;b@@eew@eﬂﬁ from
ition zone 9 a baffl ed

h d
PropyipgS P GRADETE TIPATEd. PRRoldy G aeplgg Oraesi 2Ador Brrosdic

materM&p@ncS\wlﬂnber&ehbewhléﬁ PRRRICtiORiheludde iHeQQtéH)sSBF @Qi@ﬂzmg
|ntrod )élballngy8|s adm xed with 0.07

ethylb?'?%ﬁ”?l PI% fRARNe JYEkreRRoXidecars 1eryyering. %)P%ﬁ*i@'y a vapor
strean® ééirﬁﬁnslrﬁg] Iﬁit#&@eﬁ' e hfof%l‘l-tg aqué’&%oﬁfﬂeé i O ZoRe cﬁta@}tlcally

, residence tine being 20 rein.
decorw&arlg étqr@%lﬁ'ﬁ rﬁ@te@ala ceH SRidapygRestE@Npa e émplavemght wiish

com 48 86 493l §908 e P ORI o
said vEgory e/82@03/ 023116 WE CLAIM 1. A process for
puri fyihag f"&:ege/ st Gl ePURnBRY9C, S Ilgflin%eﬁélgg? is . useﬁj for

propyl ene oxi yrene nononer pro ontai
deconogdng perrdidie Magenatsxi di ¢ mat er i aI s and et hyl benzene

I ch 108 L £ oxidi 5
St hy) BORIIME LA Rl AT BBt Ae i fitds Tised for
decommﬂglpiercg(icﬁepmtemam y a vapor stream conprising

njtrogen and a eous. str and .
Cht ar YRR PP cretimn oGRS FBR I Cararaide i usad for
deconaisirg pereddic malkeriaisipr overrent  whi ch  conpri ses
sweepi ng oxygen generatéd by the deconposition wth at
| east part of said vapor stream 10 2. The process of
claim1l wherein a solid catalyst is used for
deconposi ng peroxidic materials. 3. The process of
claiml wherein a honbgeneous catal yst is used for
deconposi ng peroxidic materials. 4. The process of
claim1 wherein iron (Ill) acetylacetonate is used for
15 deconposing peroxidic materials. 6



