. ;~e3eYV|.Z6: T, BOWD 01100534 - 1 17 Decenber 2003 PROCESS FOR THE
'TREATI\/E 6]: /A’i)s\QASTE WATER The present invention ;elates to a process for
.the ' trea R4 a waste water, in particular wast e Wa{f from.i ﬁ stri al
processes containing at |east hydr ocar bords "and sal ts. é ‘f%%‘?r@g
purification of waste water originating fromindustrial processes and
contai ning at |east_hydrocarbons and salts (organic and/or |norgan| c)
normally is a rel at?%\éﬂ-yséxﬁ%ﬁ\)’@ o edifFe. Envi BTt TERgI sl at i on
nowadays puts stringent demands 10 on the purification of waste water
streans fromindustrial processes, particularly when the purified waste
water is to be Tefensedent cntenehyi ronhents Aecorpiogeéys fhe chei ce of a
purlflcatl f i_ndust,r te water is ound by practical ,

envi ronrrent lﬂ&ggo%gmacq%oén%él gderw?aléons ‘e“icrf%igs{rl Yar-pr 08§§§ wher e| n
arelati velﬁ,ECbrargredlaabmmalofpnmseﬁmtmntalrpi@wtemesst he styrene
nonomner / pr xi de (SM PO), .,producti on process. In general such SM PO
process inv vlgégc'?lf?l%@%?eéglgz) a?lfgs (i) reacting ethyl benzene with oxygen or

airsto form - miehyu:beanmaathioer eReri®diddai di iJf eaptd ngadde et hyl benzene
hydr oper oxi de thus obtained w th ropane in the presence of an epoxidation

cat al yst t & St pepyF ERE SRCHS tarid 11 RARSAAS o6t 80| SO T EENG 1 7 F)
convertingleherl W&aEBB%BOEﬂ'dms%lsttsyr(%'}%al?}{cd%Wcﬁi ll%fd;%rngcﬁ

sui tabl e dehydration catalyst. In the last step water is produ
addi tion t OERied Weadt i ®nr AL L Vel yasxpepFiyeoduocedsyeh as al i phatic and

aromati c_hydvacarhanme ol dehydes el ABRR0a0LOBIOLS  ahenals At At or gani ¢

aci ds are produced in t urse o e ent rocess he by- ucts are
sefarated PRrofheheurification of Deeeabeateﬁostpeadxacifsomth the ai d of

cl ean wat et rand.t.he ,or gsgngs ge%rgl i zegquehl_opb b§5| c aqueous

sol ution, such”as an dqueous sod carponate an Soar hydrOX| de
sol uti on. Wasthewabes, Jaajdttd;lbe]arem;aaeedl $nboi nlbeoelnuedommehtthe air in the

step (i) a S n,step, t ove_proces he waste wat er.
from an sn#gbgb?%%%% on ant‘g §pi 8 I?yp‘&f)h?la‘f%g ’B?gﬁ’ gf EPFom 1.0 to
3 5 wt~ oflmdus‘Sah.alomgme: mmﬁuﬁdsb@mﬂdfbpnpﬁa@tieaﬁ 0w$ of 1G organic
ts %/1 further gontl_g#n ucgl? 2.G wo of sodium carbonate and sodi um
h C o Ut

b| tar bonat%n TP BFePFaced ‘Fly%‘?‘?&’r%%ra%’e?fe%dl ng on the basic

sol ution used Omet brdoettrialll zatd s Of WHORNIL AGiddSat iRher § Nyt gef cl ean
water to an SM PO plant can be up 15 to tens of thousands kg per hour ,

whil e the BI'Put Of WASTE wtsT |3§S MRTIRHISF o P SEF Wi /er than the i nput
of clean wrﬂfmeirhewpﬂer\@ato%d‘@nw/m 4 1 2eharedesh Wit s adgi tional

purification treatnent. has al r eady been i ndi cat ed "above, however, the
choi ce of ngr‘s’iﬁatjab?‘éCIZGSEMrPof RERGeRP tiremlas tihe ISR ®ue to all sorts

ofo practical), e ¢ ongeatal 13p6 RN, Coq%e%%eilgns cNRYAer wel I known
met hod for produci ng propylene oxide, which"al so uces substantl al

_ampunt s ofe WhaEtRENRE RE | hb’é‘i"@@@"@e’-l@reodddtll onﬂfeefitmepﬁlh@ne oxi de and net hyl
25 tert- b@taﬂyle&eeAMﬁ; F3bALAG! als 32041308 AN PEORRNG e T ©

process is wel known in e art i nvol ves sim ar on st'eps as the
SM PO pr oééss Rif@ﬁﬁmmeQbemeepbmtdraelepomadatawn sbepiednat - but yl

hydr oper oxi g%})_ll%,{eeg% £d-with propene f% agg%g;I B&I ene 30 oxide and

tert - but anol anol °1's subseqﬁ'entl red with nmethanol into
RPBE, whi dhiild wsedsast amgadiet ﬂvphenyﬂmemahum sntot bewvexenblyes of

dust | d I t t t duct
of K oi | CERYSE IR RS TS o CPREREABnE BHETEy LPBhER g FaF SbhoF P Bpe

last step water is produced. In addition to this reactlon

water organic by-products such as aliphatic and aromatic

hydrocarbons, aldehydes, ketones, alcohols, phenols and
30 organic acids are produced in the course of the entire

process. The by-products are separated from the main
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! ?ririter~:07=09; 2001 DESCPAMD . - 3 17 Decenber 2003 ,:: oxidation of
‘cycl ohaxane and the production of phenol and ' ~ ' r acetone by oxidising
cunene Ti WOBV/SH 252, 052 further information is given about prior_art
methods for trating waste water and abauty 5 typical conpdsPeGesReEr#09dm Po
waste water streans. The purificatication process disclosed in

GB- A- 2, 252, 092, pupLvesLr esgangentraticn _conbi nedq with salts-renoval,
wher eby theoévvagte wat e?tﬁsggépgggt gg |E1ﬁ 6 arf %t 3t £RS- PIISFESG cent r at ed

wast e produck¢idalererysvarslanddaupinyf etbakQ aveldusatier spnedyen, The
met hod di scl ' -A-2, 252,052, however, still |eaves room for

i npr ovenent . reégp%i %%%WVE], SP%ih'as\f\%ézﬁaFgﬁﬁta%ta%ﬁéoﬁeﬁpd\mlt’”er
produced i n hybrdy it esshncomt [ abb OPhPFR6ES HAWiHidhatoRhabp @t oo high
15 + an anount of orgcgni cs, in particular in ternms of chem cal oxygen
demand ( COD)* M IHF et Ibft Bperd ¥ i 10 spleei e5ePedpdciand yaphehehm in

Accordi ngl y,stidte (@rieses idendpore aﬂg‘g;cégs provide a nmethod for further
reduci ng the org}ani cs level -_n wast'e water streans produced in 20~

production on pré€e¥dss e ¢ia tFTofHEh& o EMEPQubr odbsa iapplplabt e to wast e
wat er strea R iders r f i ial jproc es. JP 09136079A
By pkad 1y ‘Erl'm"l‘."aq?lsl .aar]:%gaq_ dfqdf?%é_ g: g 5 23% vp:eﬁ] e

di scl oses a process for recycling drai nage. s to a
process forn25-gRépfariragndsi goimpyunaiseranid dmamst eOwabers .@s wyodced in

aifp and sp t i.th f .t cases contains infqrnatign on how to
purify wastgsag?g{: Fggggér?réi ﬁ‘g iﬁgﬁpgrﬁ -Clp:”&tf‘s‘t’}i‘él? ﬁPogeggé@."‘ of

Accor di ngl ysodhempeasknhataventi eodt ehabes alr® o 230 PEAEESS GCRHENLSIJH
treatment of @i Y@sf e vat er f eed cogt ai ni ng %rgani c. contam nants and
originating Trom i ndust?taf: pPGRERELRT RRi CRepPGEsS eBhBFLSAs uskd steps O
F AVENDED SHEETh&9t 661 208dion of ldrHeeenbgri2@03 (a) subjecting the waste
water feed to %r{reeze concentration treatnment thereby producing at |east a

br brine streamid e EorRenttei RV HRRT et Br dBusM/ParRl anwacanr ber sam

ha¥ing a reshidathoont offoddands el e KOREA! ThAAN! S| D) SUb ecti ng
Z'-:=s water streamto a reverse osnosl s treat(rent there Yy r oduci ng a
purified wAPPESMVAEER dsS tHRF ek bt Rowth dd @ r i ghievelyhayonit eri tapet wat er

o o Trom Che ariicle i Reconbaeh Har a (Eneiopd Al flel
Frakt i oni ebthtgOVdn adeitdemend mur idrigatiisoherr ¢dwmpenen Pen'haCherd veady
Hgggnleur beLeChnidk calPe g %%%Jé%Jnggyé%,G@%%\%ﬂgpgéno%og %%iggglg’ 1 July
purification treatment is limited due to all sorts of
practical, environmental and economic considerations.
Another well known method for producing propylene
oxide, which also produces substantial amounts of waste
water, is the co-production of propylene oxide and methyl
25 tert-butyl ether (MTBE) starting from isobutane and
propene. This process is well known in the art and
involves similar reaction steps as the SM/PO process
described above. In the epoxidation step tert-butyl
hydroperoxide is reacted with propene forming propylene
30 oxide and tert-butanol. Tert-butanol is subsequently
etherified with methanol into MTBE, which is used as an
additive in motor fuels.
Other examples of industrial processes producing
large waste water streams are the production of KA oil (a

35 mixture of cyclohexanone and cyclohexylalcohol) by



Printed:03e00-800b12, pages 535- 544, RBOYOOONYR8 ~TssN 00- 286X, and
"K~stelan-R unst L et al: "FT30 nenbranes of characterized porosities in the
reverse osnosi s organics renmoval frcm aguegpus sol utions” ter Re ch,
NL, El sevier Scie”ce Publishers, Amsterdam vol. 31, I\Io.17\1/e%ce§6’ei§§@\;/e,rrper
1997 (1997-11-01), pages. 25782884, XP004094234 z~SN; . 0043-1354 and, _ |
37-63- R 130289 den i of SLLoE eng pria %4"?- C’.*??JAK/E 'DEI(D*SIL—‘één& and
29-06=200m W QL DLQR34 ¢:& =: A4 Pesemker 2003 The waste water to be
treated by the present” process should preferably have a chenical oxygen
demand of at | easth B36-Amy 135dr@b2r abFyher atnieasdt 10001 fyfiyeanét® Phenol
content of at least 10 ng/.1. Chem cal oxygen 5 demand, (! i sreasure of
t he oxygen rEﬁ&PFe(Trtomcr%%W“ssé 11 gf'f‘ﬁé‘“@xi“ |Ssba‘blwe‘9tn%fggé)%lgl gblgrlfr{'?he
sanplg. |t i%‘--'gigquC'E%Mi%i)fmg%\/fpQM'/@bed«'a%t\wt'@“téﬁn@i@ehﬁs.be‘&&use
many ‘speci es Can be present in a water sanpl e, each at low |evels byt in
total contributifigcati®simgrideeandiambesecof p@Rfiomne S0P 1 si8EC MfShed
by aut omat ed_anal ysers, which nmix a certai,n_agount .qQf_ ¢ i, gi si ng.aqgens,
such as oxygEh®eaRacEpErotddy & c%?rﬁ?%?dtg*g‘)%i iaslg: %geng&(;&rr%?)im‘ﬁgeﬁrgg ent
in the sanpl gn.Thesear har i o de-thust genenabedn sumasiyedwotfebdby 15 ~
infra.-red analysers, and reported in units of ng oxygen (02) consumed per
litre water ooncanppete2. WEBficalr afiste wakeE Erssharde 1ed fheatfoRe are
100 59/1 COD, gs this is c%n,scitdered to be close to the level that is
nat afal Iy pregeht *f hehaP&PHm decaying organic material. 20 , Step (a) of
the process accofgk ngetpobh@iRcasydd i NtverB+an2 | 852h6 50, eexaven@ncent rat i on
process as described in GB-A-2,252,052. This progcess typi cally produces at
| east a brinetst} eherufd ZOREL EC SRR HVERY: aVPEBUERE LS Bf BF gani ¢
contam nants, Salt_ 25_crystals.may al Dbe, produceddepgnding @n the salt
concentratio cﬂ%?oftﬁ% ﬁg§¥§ \K/elgltde“r K éegfeglnae“o%{fhe"rgét ?oggf Eurgi %?ed wat er
and brine produces-dontbetinecze corncents atapnstunll. cAoterdi aglopo Stiph (a)

suitably conprises the steps of: 30 . (al) cooli t he waste ter feed 10 .
forkPa freezd cHiRENE r%feoéaﬁﬁllicﬁ'ngl%t Ii%?rbqji%‘éﬂg{r%%nfeﬁ%s:é%l ﬁhﬂﬁcai
crystals a”dowfi  having achedugsd Gontentnofo Orgsetcscentaataarts in the
formof ice Cr al's; wo onbs3a ' - 5 - 17 Decenber 2003 {a2) separating
the ice crystsaexs faldny thleehoeez@cconcamalat.e vl Roawerti hHVERE 1Pde
crystals into the water streamto be further treated in.ste b); and (a3)

renoving t héA (tRRAESS Ffmﬁgé‘?gntf,orfp% ttlﬁheeIa ?%‘%"g%rrsﬁ ngh reeze
concentrat e Ll didg 1dee bri pewskreamaant &waddrs sireamceStep (al) will

. nornal ly invol've the formation of ice crystals by crystallisation upon :
codding of hedvattieomdeeceSaeR &PYsParPYd&icorid&uitabl §198rformed in
two 10 separate.units %W&%Bé‘tkgge&‘nict:v%%'n!sow DY B by UpLtgel N the
nucl eati on GAFt tHe Waste water s cooled until small ice crystal s are
formed. Typiegalinyustthe dlenpesat¢ssesin the nucleation unit is from -5 to
-20 C. The slur r% cont ai ni?r:% t he irral[ ice Cr-¥5t3|5visrth\1??gl 15 passed to -
the growth unit JPWREASIAP t3e TEfiperataré PECREGRer Fhat Te M ti ng
temperatur e qf, STBl, e £ysiah 57 byt -Loueest han f e Jmldd nebt emperature of
| arger ice c¢rystal’s. aresult, small ice crystals will nelt and | arger
i cescryst al prepklrigowiimiivegy graweh finph. wEgpecal t20 teenpuiedueesd A the
growth unit are from-3 to -18 C ,Thehsi ze o%htge ice crystals wll
normal |y rafgé—f ABM GPESATTD 0. 8 FhTTh SfepE85) FRES S8 ciVdtal s are
separated from,the freezs, concend rale: opcRathe hasieze fard quaniidytisg25
sufficiently Targe. Preferably, such separation is achieved by means of
filtration fobhoweduby Meashipprades&?ystals in a packed bed wash col um,
but other separation techniques like centrifuging of_the_sluyrry may be
applied as wel Igc?ﬁ*gﬂl@ﬁqﬁac%gtf Bed Weish t%l %‘r‘rﬁ‘gne%tg?c% s
cr gt al s- copt gpkAg cShiis iirgy ittddused onderwpsessueeeand el
crystal -free concentrate is filtered off at the |ower end of the vertical
col um. Thi scobadeabpabe dias iISUITAR T Feeyes edN € 0Ot he 1 Rast8Matér® feed. Th a
vashed ice erystals are remved at ine, uppsLe €0dc8fpthetathe steps

~
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PR RII0683b01 & - 17 Decenber ZOGIES:GPAMDand nmelted to yield the purified

Cowaters stream - Further details are described in GB-A-2,252,052. If a
sufficiently large amount of salts (nmainly organic salts), LS pres in the
waste water, these salts 5 tend to precipi®ttate and cryst |¢?°f§“?/ﬁ§?@b?he
waste water is cooled and concentrated in step (al). The salt crystals thus
Forned are sepay atesh écoprthenizceacmestam=ascededckPbed in step (a3)
yielding the brine streamand a salts stream_Since the ice.crystal s-ake
| arger and | efssedie depBecrRaAATERE $&I%E Y5t at's* StkH 5288‘#%%?% écan be
effectively achi eved by filtrationor centifigati oastdhe rbrure ansnthe
salt crystal & *i‘f“'a%y“,'?or'r'red in'step (a) are suitably incinerated. In step
(b) of the process aceosdi Rgvtagt be rpreseEd ISt awvenetroArERENFel t wat er
streamfrom.step (a) , ie. the water stream having a reduced content of
organbc cont a:rﬂrm‘—s*}am*és'suéfi‘@ct ed to a reverse osnosis treatnment thereby
producing a pyrifled waler stream,as the peispale antevetseatisyalyis
cont ami nat ed C%Qt ér“%sjt‘:rcehﬁﬁqas{'r’étgen?at% 20 (also sonetinmes referred to as
concentr at e) .« , QUi v, t sat€bpebrodatengsta g i 51 gAsweBeEhEEUEFF™ Fover se
osnosi s unit conprising at |east one reverse osnpsis_el ene I,.n ich,the
actual menbr dre i.@m&%ﬁ@e@?c%véﬁéétééﬁgﬁ scciré“%}rlla&‘lféwvﬁg%ﬁrt ﬁ\gyart. I n
general, 25 a reversq,&sgosi s elenent will conprise a high pressure

=+ an

conpart ment &rnd £ 99w pressure conpartnent separated by a reverse osnpsis

menmb{gne. The water drsdes guwsiseilsi sehdr ki puhpet a7 B Eef Fairn S-&ed

rate and at a certain pressure into the, high _pressure. faH
pressure 30 (ffroﬁfhél’tﬁ)rﬂléﬁ‘ﬁ?ﬂa?e’BYV\B‘FBFegﬁ’ngi r%%%hi%'co%%ﬁ?%ﬂsggﬁggﬁge%e

sufficiently ahoug Jit.s I §SHLikeheause v qeyareasehénaction to
fIOM/throuthP e ﬁ§H§$§%ZfPT%§%pg§?nggte fraction f?ﬁ{hen cpllggted in the
| ow pressur e kehaebemtamerenénits Ergovéred -alf &fover 3% pf85shfe than the
pressure at which it entered, the. high 014005 ' 4 cegber 2003
pressure comSaEIHENtCT E'b@éhﬁ%?é?'mhF%éx%?é ?ﬁg iﬁrﬁTﬁgﬁgga?g?? is
contiguously(q@8@e@1uﬂf¥ﬁIﬁggéghggam54ﬁcowwdﬂﬂ&952ﬁ@;ﬁ&&%ur@OéénﬁﬁﬁPﬁent.
The Tetentate i's continuously or periodically wthdrawn fromthe high 5
pressure chamh@rHaﬂtalﬂn+%#ﬂ$¢ehtﬁ§n§}‘mhfgﬁonﬁfm @"ftfe Thci nerati on
Preferabl e, however, t.he LS ept khel ¥ fir tdamdery cbedandctshe
wast e wat er FEEJ%95EH%ﬁ§#ﬁ%ggég%gﬁégnf?agﬁgn unit (i.e, the feed for step
(a)). At |eastmpait Gfrdeadetens aselcanoabsoWss ex0 Fegaiet asNash wat er
in the process in which the waste ter _was i_Qi I ro edyoThesentire
reverse osnn§ﬂ§eWﬁ@5t@&ﬁeQﬁﬁ:fﬁﬂlﬁg??Fﬁ’s?@%kfbfﬁﬁgyxfﬁ&bﬁgg'pggsiﬁé t he
wat o to be purifigd Lhroygh pNeopr1MDpe) | epesse CBTEsiZS&lements as

descTi bed 15 above. . ~Sucn el ements may be. arranged in _par el and/or in
seri es. Depemngiong 06 e BS&%:a®@4%abééﬂt?“§fd?hé3F€VéE§@' nosi s el ement
and on the anount of water to be treated it is, for instance, possible to
use two to ten rows of elenents arranged in parallel, whereby each row 20
of elenents consists of two to ten elenents arranged in series. It will be
understood that the nunber and arrangenent of reverse osnosis elenments is
entirely dependent on the anpunt of waste water to be treated and the size
and capacity of the elements used. The reverse 25 osnosis el enments may be
preceded by one or nore prefilters to renove larger particles (e. g.
greater than 10 um) fromthe contam nated water feed. A pressure increasing
punp may al so be installed before the reverse osnosis elenments) to bring
the pressure of the water at 30 the required | evel. The reverse osnosis
treatnment is preferably carried out under such conditions that the COD of
the perneate is 100 ng/1 or |less, preferably 50 rng/1 or |ess and nore
preferably 10 ng/1 or less. Operation. to achieve |evels WO 01J00534 8
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. below 5 ng/1 is also possible. Preferred conditions to be applied in the
reverse QgpRShes3kreatment include a tenperature in the range of from2 to
60 C, nore preferably 5 to 90 C and nost preferably 10

pressure of the water feed entering the h?*gh pressure ctg?rp%é%FﬁtLbﬁfZQQ%UI d
anyhow be sufficiently high to cause a perneate fraction to flow through
the nenbrane i ntOPEhE2EER prassirel ceepareassd by suid ipiemmiy higtess
amounts. Thespgesgup 22k e § aed,ent echpg; | eSS 8y 10: cgnpar t ment
will normally be Ieéset han 6@5 bar and é’&??ét%?? v%l!‘glkbe@{e |é§1*%rhde]9*ana8£pof from
3 to 50 bar,lerfte 300tmblAL .5 nre B5radaly ebsatslistzal y1 00D tney 20 berd &The
pressure at j t te aves. the.l ressure canmpartnent wll
normal |y be %@ﬁas@g?egége%dmgrtetlh%ns'ELSPQhrg&létge'ssu &S aq‘t F&Wester feed
ente?i ng thelemagid pf@8BUr ¢ scenperdserd .ofTht seppayswre rdidufierenttical suitably

ranges from .tQ 3D bar. xi num pressure differential of 20 bar is ever
nor e preferrcgaz&,dg\ﬁnei I%ﬂ no? gg’rgyo Yt %r’P%Beéﬁﬁgéi ﬁ@mﬁgﬁhéaﬁfj &surld
differentialsi & fgowd 2Re2stigel@tbaow Hig Absel utewpitessUbRHQE tBe perneate

| eaving the | ow pressure compartnment will normally be between 0.1 and 50
bar, suitabP§CBEERe&RRY 5SRRALSS &N, %iﬂ%%ﬁ@%sﬂﬂeé FRBA¥ 158BP3B  bar are
preferred. ¥eey @eod desubbs1bayecbean rahieved, ab;presgyres of 5 to 25
bar. 25 The actual reverse osnpsis unit used In carrying out the nethod of
t het%r esent SiBReALCER thegmpen bf ofispal lasd dnowP dess gde aadmtoadtbyct i on.
The nenbrang,dsgd - ary n vey, sposi to-be useful in
treating conEtJam'_ nat ed a\l/?\‘gat%ge%hgé t?/ggﬂo?ﬁ?e%bg%ég?ﬁa&%%a%f b%én f ound
to be partiexidtsjnguiagdnte, asechheshpghgesj ectridmpnermabiess which are
for instanc ox desal tnaf i o] ter. As has been indicated
above, the (gar%%ggéo?% %’é?lpéle%en ?n\élgﬁglg\gﬁd%sppraers[el% il %sseq‘"l‘ﬁalt?br
treating a Tha\xatHOA584 o8 de I7hiDecgahera2@@3vas e amired,f et o itgy nati ng

fr a process_for_ thepraduction of propylene oxide via the cc-oxid?tion
or ?g]obut.a: ~l§1f(sﬁa- at 75 Bg'ﬁ;é’rfee,rsif. £1% 5‘?%%52?& I tHEdS Fho e (PP Gt
respectivel yotlerdebsiyedalpeahd i (s usd tybebhennf ippgh i03.0 Rtilu] tantrdutyl
et her) or styrene onthe one hand and propyl ene oxide on the other hand.
Thewast e watddre ribat ARAK ggc et I aax idwes paeeed00i mgeiit €00 s aal shivery
useful for ; trea [ o] s bike.the _production of
KA oil (a rﬁ%ﬁfﬁ%%&%?cﬁghg&a%%%% c€}g%o%§>§§ﬁaltggﬁoll)s B?%fi%gtyi on

of cycl ohex@¥esand tire pabveuwctfirom cfeqehieimod andandet maeebyoaXi di si ng cunene.

Thase oxidation procgsses.a |1 known in the art _and both produce |arge
wat er str eamsc%r?%é)m ﬁ%fe%fw%ﬁm%rr&laémscs aaccf%%r.&l%?h‘éopg@geﬂte?ﬁ(}Enti on is
i Ilustrat ednbentherf d $ onhagéxampzlesonddrittatioht pRgckbe se€ope of the

i nvention tqothese specifj odi . npl eWaste water froma comrerci al

SM:0 procgggcﬁé;% rlerézgég_gggagfsggg;é '%t?ﬁ??%ﬁsp}:%b%%l%\% descri bed

i NGB- A- 2, 2b2p0h2eancitasl @ubti Bedrabevetize a1 epsd (alyhbspughrda3) . The

purified water _was rec vergd in theformof ice crystals. These ice crystals
a

vere nel t ed®¥hBBadsdFTHt e aCPBYEPEe Ods AFSa ifni FOAE 2B R &per aldke of 2515

C25The revergetosaDaiasy Wi ocpaspsbadceb @e%’&{dilrt@rort Ofnhd &M Ng particles
having a di aneter above 10 fromthe water feed, followed by a punp to

i ncrease tRe"peBESALe Bt Thethdt BpsEgenates L2 ashrandimn diteerratieo mbp
three 30 reye|seeQsyRtic: 6l QIBHE Snar p3RAEE &idn shANald & .o The nmenbrane used
in the reverse osnosis units was the SWHR 30 nenbrane ex Flintech Each
menbr ane MR @ERBERGEOMOfURLE. Pcamudiaglanr tged (an tshe tadlor se osnosi s

el ement i n.gnspi £akl ¥h‘é0%’¥je\f§535@f on. WO 01100534 - 1 C - 17 Decenber 2003
The water was fed to the reverse osnosis unit at a flowrate of 1.2 nB per
hd¥r. The falx t hrooghisgctheemsate amunt efe2d tiot ferper HReekenenbr ane
per hour. T re differential ross_the nmenmbrane i.n,each reverse
0SnDSi S elcéﬁhicﬂ%ﬁé%k% %rmprﬁrsolrﬁ]%gtcmgrc%glsé? esgsﬁﬁéﬁ'sp&séﬂrgﬁéf 566%

|'i tres/ howr vt ges neatie waerear rrecavey etl. rddecerdpepnrent: wdsorganfer five
subsequent_ days in_a _once-through node,.i.e. without any recycle of

ret ent ate.cof%'yafélb’?%nisi Adi &é’teeﬁ% CE%D‘%‘F ‘F’ﬁésﬁﬁgéi’nal waste water, of the
purified water after freeze concentration and of the further purified water
after reverse osnosis. Also indicated are the concentrations of sodium

et hyl benzene (EB) and phenol of the purified water from 15 the freeze
concentration unit (i.e. the~feed to the reverse osnpbsis unit) and of the
perneate obtained after the reverse osnosis treatnent. All val ues given are
aver age val ues determ ned over five days of neasurenents. Table 1 Waste

wat er treatnment WAste waterafter freeze concentrationafter reverse



, osnosi sCOD (ng/1)i 3715. 82. 5Na+ (ng/1)179.10.47EB (~g/1 )6, 000819phenal
"(~0/ 1) 10wRPsAses4rom Table 1 it is clear that the reverse osnosis 20

. treatnment significantly reduces COD and Q)henol content of the purified
water fromthe freeze concentration unit “and hence furt herDeogmRei£083t he

quality of the purified water. WO 01/ 00534 ~ ~ 11 _ 17 Decenber 2003 C

L AT MS 1{29t ocesE®Parath@q rded neme otyataast reat ehef éedeast ai ni ng
organi ¢ COn{ St HRAPLS 0T Y, d D 5LEPR O (R) ~3Uh) ing t?. e waste water
feed to aa freeze-concentration trtg%?%regﬁet %gr%ebéggjrtg%cf%éoatt%leeast5a
brine streafed atvapp-tst bearfidravheyg areedadedoontept (bf ;oegani c

cont am nants;~and(b jecti this water streamto a reverse

osnosi st rea%n%ﬁt t h%?@ggiggoé{}}%i 7§ = p%ﬂ’ﬁ'%ijs wat err5{ &AM aSFAB pRFreat e
anc a r el atrieved yn cont Areaatedonateart sit €aplOrdasg r Eh€b Al fe 25t PEOGESS as

cl ai med inag_llqaiam 1,.wherein_the wastewater feed has a chem cal oxygen
denand of &9 &astBbo° ngFi®@Preferably of at |east 1000 my/1, and a

phenol content ofteat |£RptwilDIMBOEMEI3.y RIOEESS ash £lal iR 4 g b Al f‘@? 1or 2

wherein thefreezi concentration treatnment conprises the steps of:(al)
cool i ng t hEXWESPe St ercF¥ebia{ b1 FEL oA fURXY cXndeTs roft s s ng t he

brine str eRELeRosSRly Safdeaysiaks  apd vatary ‘Sii_y(“gaf)f}ffoex%cc?di&‘g)ﬂ{f”t of

organi c20contam nants in the fcrmof ice crysta separatin e ice
c gst al s fFPORPEREef reeAetomemi ¢ aee tamdh coriverfcildguwielie biyce aysttdl s into

thewat er stream tq ted.in ste ). .and(a3) remving the
salt crystals, it p?giﬂqéfr%%?ﬁeggrlgnéﬁﬁi %S(S?reegzaée onCem: e(gnyi el di ng
the brine wrtdanandld saea scsyseahs4arkr doesedas Tybacaedyi, ntarey one of

clainms 1- reinthe.brine streamforned iin step (a) is_incinerated.5.

Frocess agt%%\pé?ﬁggﬂrg a‘lr%’y tgjnee D C@?a}gﬁgnlpﬁftmérgﬁ%i‘n §Pef52?b) %t'he wat er

stream havivg sluedycedneententg ofhe ¥¥a01/ 00834r{ftPecemberhdd03 organic
aimnate is pass}e:rg t hrough a reverse osnosis unit coggri sing at | east

g%nr-ever DTS2 B PATE -6 B bre¥BeRELR| BRfrete TR ER AFAE5E Swherein the

reverse odnngier ttieahMeRt nledmd efempbrapdee SHCHmEONd] LEORSyStLhat the
chem cal g})é}s/tg n_demand of the perneate is 100 ng/1 or_|less, preferably 50
I (;Lrﬂi°

mg/ 1 or Tor B pRefBraBRy S Grgf e rded%e ¥t FFpEessi@® claimed in

claim6, wherejdldhenseyerseude)0SiMal s £a& éogk Outts af; B tLeaDeratgre in the
range of 10 from5 to 60 C. B. Praocess as claimed in any one of clainms 1-7,

wher ei n t h8 5% el ChYdEALEdVilAd S%qy () ke arqvedstungay ¢ ITyrEedtl ed tc

Ge wast eteRiRlr SRatkd olnt BRe! HROAR FUIEANTI A G LAl oS, 9. Process
as claimed in any or.e of clains 1-8, wherein the retentate produced in

step (b) F8eatiz@aqf patel jcrecuyedads whsh wetraralilly tieeger domss i n whi ch
the wast egwat gk Was @rd ghpal Iy produced. 10. Process as clainmed in any one
of clainms 1-9, wherein 20 the waste water feed originates froma process
for preparinglpr§pErene i dee viaet beyssadsi dati sepef aisabdtrame tore

FriCeSs COITFBS SIS oo T TaRet TP Lfadtid ndPe_ TFERh - Bencal nl 7 O Gani C
ot am nawe BftchignCllyClargat | Bgefe€ably, such separation is
achieved by means of filtration followed by washing the
crystals in a packed bed wash column, but other
separation technigues like centrifuging of the slurry mey
be applied as well. In such packed bed wash column the
30 ice crystals-containing slurry is introduced under
pressure and the crystal-free concentrate is filtered off
at the lower end of the vertical column. This concentrarte
is suitably recycled to the waste water feed. The washed

ice crystals are removed at the upper end of the wash



. industrial processes, conprisingcing the steps of (a)subjecting the waste
~wat er feec{wbcb];a{)g“eeze S concentration t=eatner.t thereby producing at

| east a brine's rgani c

fream and a wat er stream having a reducedﬂclg&te I Qbr% _
contam nants; and (b) subjecting this watér -streamto a reverg@és gl S

. LY. d a
treatment t:”.ereby producing a purified water stream 10 as permate an

[ ammmat g teedstpenrasqr Nbatesr;eq 1zl sV IzUs95PC
AVENDED SLEET. 290622001, - A A5, A av0l AP, "'y A AL U 362

-06=2001: .An. A99. A  AYU . Af . .
AXEEPFQ=§HFEE&¥%éE§2 etails are described in GB-A-2,252,052.

= b ¥ ] cal calc ].cal ca] ca] ca] cRa] c<a
T 62 oo oo val cal cal cal ol ol ol ol Sl oA TR eL Py EPLURkT VAL cal cal ca c
TS e s I e £ LR ChL e e e
Lfggf?gfggfuggﬁgaF? gﬁ?%§%§¥§%ﬁﬁ(:nc rigkafﬁl e whenh the waste water

O 15RO vt o\ e o] ol o) o) ool oo ool St O el eal ool
2l cal cal cal caU) £ 4] CAl'Cal CTER Coi AT AT Ao <S8 - ALSo REIEs QU L
FFFFFCGHAUGKGR G &6kl HeldK 36~ wtrepe '(2'Y) C alieakie akc s &l gg][]ggﬂ é@aﬁﬁca] c
aJ calcalcalc al] ca] cal ca] ¢”a] ca] c*a] cal] ca] cagca] ca] ca] ca] caJ ca! 9K: LLLL
SS*S2S>S1S c%@bﬂﬁ%\wgﬁﬁﬂﬁ ubFdsSYRe S| Vus chafeat) eatcakesa) ¢
Z]UJCIQ? g]ﬁt]cca] éjensae c;h?:g] ggfcgfég] ggfégfcl:g] ggiga@fgg]rgaﬁicoq c%??:a’f’)fca] caJ ca] ca
VAKX X# W@WV@MWWWWW\!U@MEW& PV ceotajicalgdzal oa] ctakc
Z]U]cg] g!’;l]cca] gjélgaﬁucjaj:‘%aj 23] ggi %gr;%zsc%]] ™ aJIj(f:ail ™ qgfé:gjega]l&] Te§r~E3ta] crhal ¢
?iﬁgoa/;;zpép?f- &L'(?%E)E’. Ié);tows:{r} % ()-5100%& ()-5xVAL" 1091 & ()-.1x
L 10%n& ()-. ! iowﬁ%-.{g " T0% 'p(")s-.ess 1%%@":‘&}/’(5‘9}0 CIGuRIE Ot b~ ' 1
nﬂg o h&' () - FRUGFIREON) -JIOMWeI& (Water stream from step (a), i.e. the : '
water stream having a reduced content of organic
contaminants, is subjected to a reverse osmosis treatment
thereby producing a purified water stream as the permeate
and a relatively contaminated water stream as retentate
20 (also sometimes referred to as concentrate). Suitably,
said melt water stream is passed through a reverse
Osmosis unit comprising at least one reverse Oosmosis
element in which the actual membrane is arranged.
Reverse osmosis is well known in the art. In general,
25 @ reverse osmosis element will comprise a high pressure
compartment and a low pressure compartment separated by a
reverse osmosis membrane. The water to be purified is
normally pumped at a certain feed rate and at a certain
Pressure into the high pressure compartment. The pressure
30 of the contaminated water entering this compartment
should be sufficiently above its osmotic pressure to
cause a permeate fraction to flow through the membrane.
This permeate fraction is then collected in the low
pressure chamber, where it is recovered at a lower

35 pressure than the pressure at which it entered the high



-10z.10z 10z"F: Gl0%z& ()-ni'F: Gl0%Z& ()-n{ pB
" 3wWU3bC! 8109838 () - 5! USL0%h& () - 5! &10%Mh& () - 5! X&1098333& () - 5! 4&109A\ T\ & (
) - 51 HELOVHP AJ'00534 - 539wi [ M &1096$ 10 X X 10 X X 10 X XI &LQ9R X\ o00s
X& ()-5! S810%sdsd& ()-5! a&l0%& () - 5! &:0% - mboe
& ()-5"zaBMC! &1! 109F°& ()-!!! 1094 T& () - & mLO%T& ()-" L10%a& () ' 10978 ()

T& () - zWU3
" 109 () -/ !
' 109%448& () -
10! N&LOY&. (
<&109K& () -

109 LLDL* 74,109, *, 100 s
réla&&,( )élD PPRFETE “( )Tlg%/x erfiebbe B et Sg# Sy HEse

Weyer, 1087 dTd8Lapousl Y 0OURELIOPOET Y 109MhET ey \E reBT!
a*ﬁogﬁ&” PrEEPInes EPTRAF T 168k (Y P9L5%% 15 EdhAutRo. 7

10>SH109%& (¢eﬂ&naeef&g)er BAOYBEREE) 1Y PE1OUR e SOSME the! high

gET_ 10!
& (Y-2!f &1084¢ %F‘Cie285?%6%5%(5“2&’166/&%?&58@«9“(') WHECH gAY ol REg e [ M7

=&109& () -#

10

15

20

25

30

incineration. Preferably, however, the retentate is
entirely or partly recycled to the waste water feed for
the freeze concentration unit (i.e. the feed for

step (a)). At least part of the retentate can also be
re-used as wash water in the process in which the waste
water was originally produced.

The entire reverse osmosis treatment carried out in
step (b) may involve passing the water to be purified
through one or more reverse osmosis elements as described
above. Such elements may be arranged in parallel and/or
in series. Depending on the size and capacity of the
reverse osmosis element and on the amount of water to be
treated it is, for instance, possible to use two to ten
rows of elements arranged in parallel, whereby each row
of elements consists of two to ten elements arranged in
series. It will be understood that the number and
arrangement of reverse osmosis elements is entirely
dependent on the amount of waste water to be treated and
the size and capacity of the elements used. The reverse
osmosis elements may be preceded by one or more
prefilters to remove larger particles (e.g. greater
than 10 pm) from the contaminated water feed. A pressure
increasing pump may also be installed before the reverse

osmosis element (s) to bring the pressure of the water at

the reguired level.
The reverse osmosis treatment is preferably carried

out under such conditions that the COD of the permeate is

100 mg/l or less, preferably 50 mg/l or less and more

preferably 10 mg/l or less. Operation to achieve levels

- 10%
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& ()- \#! qm@xsggygn nppel@peterred, while in a very much

preferred embodiment the pressure differential is from

20 2 to 10 bar. The absolute pressure of the permeate
leaving the low pressure compartment will normally be
between 0.1 and 50 bar, suitably between 0.5 and 35 bar,
while pressures from 1 to 30 bar are preferred. Very good
results have been achieved at pressures of 5 to 25 bar.

25 The actual reverse osmosis unit used in carrying out
the method. of the present invention may be of usual and
known design and construction. The membrane used may be
any reverse osmosis membrane known to be useful in
treating contaminated water. One type of membranes that

30 has been found to be particularly suitable are the high
rejection membranes, which are fcr instance used for
desalination of seawater.

As has been indicated above, the process of the

present invention is particularly useful for treating a
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waste water feed originating from a prccess for the
producticn oI propylene oxide via the co-oxidation of
isobutane or ethylbenzene, i.e. a process for the
co-production of respectively tert-butyl alcohol (usuvally
etherified into methyl tert-butyl ether) or styrene on
the one hand and propylene oxide on the cother hand. The
waste water treatment according to the present invention
is also very useful for waste water streams produced in
processes like the production of KA o0il (a mixture of
cyclohexanone and cyclohexylalcohol) by oxidation of
cyclohexane and the production of phenol and acetone by
oxidising cumene. These oxidation processes are well
known in the art and both produce large water streams
contaminated with organic acids.

The present invention is illustrated by the following
examples without limiting the scope of the invention to

these specific embodiments.

Example

Waste water from a commercial SM/PO process was
treazed in a freeze concentration process. as described in
GB-A-2,252,052 and as outlined above in steps (al)
through (a3). The purified water was recovered in the
form of ice crystals. These ice crystals were melted and
passed into a reverse osmosis unit at a temperature of
15 °C.

The reverse osmosis unit consisted of a prefilter for
removing perticles having a diameter above 10 um from the
water feed, followed by a pump to increase the pressure
of the water feed (to 23 bar) and after the pump three
reverse osmosis elements arranged in parallel. The
membrane used in the reverse osmosis units was the
SWHR 30 membrane ex DOW FilmTec. Each membrane had a
surface of 7.5 m? and was arranged in the reverse osmosis

element in a spirally wound fashion.
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The water was fed to the reverse OSmMOSis unit at a

flow rate of 1.2 m3 per hour. The flux through each

membrane amounted 27 litre per m? of membrane per hour.

The pressure differential across the membrane in each

5 reverse osmosis element was 3 bar. From each reverse

osmosis element 200 litres/hour of permeate were
recovered.
The experiment was run for five subsequent days in a
once-through mode, i.e. without any recycle of retentate.
10 Table 1 indicates the COD of the original waste

water, of the purified water after freeze concentration

and of the further purified water after reverse osmosis.
Also indicated are the concentrations of sodium,
and phenol of the purified water from

ethylbenzene (EB)
{(i.e. the feed to the

15 - the freeze concentration unit

reverse osmosis unit) and of the permeate obtained after

the reverse osmosis treatment. All values given are

average values determined over five days of measurements.

Table 1 Waste water treatment

20

Waste water | after freeze |after reverse
concentration osmosis
COD (mg/1) 137 15.8 2.5
Na* (mg/l1) 17 5.1 0.47
EB (pg/l) 6,000 81 9
phenol (ug/l) 10,000 8 <5

From Table 1 it is clear that the reverse osmosis
treatment significantly reduces COD and phenol content of

the purified water from the freeze concentration unit and

hence further increases the guality of the purified

water.
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Process for the treatment of a waste water feed

) -
) -
) -
) -
.
containing organic contaminants comprising the steps of
(a) subjecting the waste water feed to a
freeze-concentraticn treatment thereby producing at least
a brine stream and a water stream having a reduced
content of organic contaminants; and

(b) subjecting this water stream to a reverse osmosis
treatment thereby producing a purified water stream as

the permeate and a relatively contaminated water stream

as retentate.

2. Process as claimed in claim 1, wherein the waste
water feed has a chemical oxygen demand of at least

500 mg/l, preferably of at least 1000 mg/l, and a phenol
content of at least 10 mg/l. '

3. Process as claimed in claims 1 or 2, wherein the
freeze concentration treatment comprises the steps of:
(al) cooling the waste water feed to form a freeze
concentrate comprising the brine stream, possibly salt
crystals and water having a reduced content of organic
contaminants in the form of ice crystals;

(a2) separating the ice crystals from the freeze
concentrate and converting the ice crystals into the
water stream to be further treated in step (b); and

(a3) removing the salt crystals, if present, from the
remaining freeze concentrate yielding the brine stream
and a salts stream. _

4. Process as claimed in any one of claims 1-3, wherein
the brine stream formed in step (a) is incinerated.

5. Process as claimed in any one of claims 1-4, wherein

in step (b) the water stream having a reduced content of
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3( 109G G& %y_g?g@cess as claimed in claim 5, wherein the reverse
osmosis treatment is carried out under such conditions
5 that the chemical oxygen demand of the permeate is
100 mg/l or less, preferably 50 mg/l or less and more
preferably 10 mg/l or less.
7. Process as claimed in claim 6, wherein the reverse

osmosis is carried out at a temperature in the range of

10 from 5 to 60 °C.

8. Process as claimed in any one of claims 1-7, wherein
the retentate produced in step-(b) is at least partly
recycled to the waste water feed for the freeze
concentration treatment..

15 9. Process as claimed in any one of claims 1-8, wherein
the retentate produced in step (b) is at least partly
re-used as wash water in the process in which the waste
water was originally produced.

10. Process as claimed in any one of claims 1-9, wherein

20 the waste water feed originates from a process for
preparing propylene oxide via the co-oxidation of

isobutane or ethylbenzene.
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5 concentration treatment thereby producing at least a
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brine stream and a water stream having a reduced
content of organic contaminants:; and
(b) subjecting this water stream to a reverse Osmosis
treatment thereby producing a purified water stream
10 as the permeate and a relatively contaminated water

- b

stream as retentate.
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