W 01/ 00534 PCT/ EP00/ 06037 - 1 PROCESS FOR THE TREATMENT OF A WASTE WATER °
The present invention relates to a process for the treatnent of a waste
water, in particular waste water fromindustrial processes containing at

| edst  hydM&tHMBBAs and salts. 5 The treatment or purifi REVERVEO3INast e
water ariginating fromindustrial procésses and containing at |east

hydr ocarbons and salts (organic and/or inorganic) nornmally is a relatively

expensi ve procedure. Environnental |e isVI[ atian noyvadﬁ%s £Uﬁt5 stringent
demands 10 on the pUAI4ECatPEnTBE V\%&%'E\Mt &F &tFeahs 46 i ndustri al

processes, particularly when the purified waste water is to be rel eased

into the envi rongent . Accordingly, the cpoi ce of a Q_uri f%cati on net hod for
. . s resen% 1.k§ﬁ§10n re%a e tc>§ Toceéss for ihe N
i ndustrial waste wat&f “iS" bol y practical, 1 nvironnental and econonic

consi der at i ongea@renitndiisé rvadtprecess, inhezeiird arevaskivetytéar ge anount

of waste wat & .S ;RLAdUCELh | S, JNS SLY LB ADNPNRS 1RLARY! ene oxi de (SM PO)
production process. In general such SM PO process involves the steps of:

20 (i) reactiW§rerRyPBEAZ®ME 44T -oxygen or air to form ethyl benzene

hydr oger oxi de, (irkhk Eeagthdid tdhe puetihybbenzens Rydreparexide thus obtai ned
Wi th propene in t he,Rr esence of an epoxidation catdal st to yield

propyl ene oxi°déJaRE 1P BhERYT BIHEidRr 2 LaREc 9B (G5 i 6RIEPtTFHP tHe 1- phenyl

et hanol i nto lekyrengdbycadehydrald calusi ngr@arsid taabl/erdéhydgation cat al yst.

In the |ast n%%%gl%t er is por ol_c{ql%gg’. nIxne‘:';jlgllol\;‘; N cte%u%Qi.s reaction water
organi ¢ by-products‘such as” al | phat'i ¢ and aromati c ydr ocar bons,
al dehydes, ké&nynaonmahtahol s1igphdrhons navad®s aryenis¢é racdest ademgprdsduced in

the ggurse oforf Re-CRLLE S P AGPTF whBeePWa P OUIGImar ersgparated fromthe
rain industrial procssses, particularly when the purified

wasta water is to be released into the environment.

Accordingly, thes choice of a purification method Ior

industrial waste water is bound by practical,

15 environmental and economic considerations.

One industrial process, wherein a relatively large
amount of waste water is produced is the styrene
moromer/propylene oxide (SM/PO) production process. In
general such SM/FO process involves the steps of:

20 (i) reacting ethylbenzene with oxygen or air to form
ethylbenzene hydroperoxide, (ii) reacting the
ethylbenzene hydroperoxide thus obtained with propene in
the presence of an epoxidation catalyst to yield
propylene oxide and l-phenyl ethanol, and |

25 (iii) convertirg the l-phenyl ethanol into styrene by
dehydration using a suitable dehydration catalyst. In the
last step water is produced. In addition to this reaction
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 serarated from the main
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WO 01/ 00534 PCT/ EPO0/ 06037 - 2 products with the aid of clean water and
the organic acids are neutralized using a basic aqueous solution, such as
an aqueous sodi um (bi)carbonate and/ or sodi um hydroxi de sol ution.
Furthernore, additional water is 5 introduced with the air in the step (i)
and as steamin step (iii) of the above process. The waste water from an
SM PO production plant typically contains a total of from1.0 to 3.5 W%
of non-salt organic conpounds and from3.0 to 6.0 wt% of 10 organic salts.
It may further contain up to 2.0 wt % of sodium carbonate and sodi um

bi carbonat e and/ or traces of sodium hydroxi de, depending on the basic
solution used in the neutralization of organic acids. The input of clean
water to an SM PO plant can be up 15 to tens of thousands kg per hour,
while the output of waste water is normally about 50% hi gher than the

i nput of clean water. The waste water cannot be discharged without
additional purification treatment. As has al ready been indicated above,
however, the choice of a suitable 20 purification treatnent is |limted due
to all sorts of practical, environnental and econom c consi derati ons.

Anot her well known net hod for produci ng propyl ene oxide, which also
produces substantial anpbunts of waste water, is the co-production of
propyl ene oxide and nethyl 25 tert-butyl ether (MIBE) starting from

i sobut ane and propene. This process is well known in the art and
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involves simlar reaction steps as the SM PO process described above. In
the epoxidation step tert-butyl hydroperoxide is reacted wth propene
form ng propyl ene 30 oxide and tert-butanol. Tert-butanol is subseqyently
et herifi ed &%Pﬁmﬁﬁﬁhanol into MIBE, which is used as an J&d/RY®¥%h ot or
fuel s. Gther exanples of industrial procésses producing |arge waste water
streans are the production of KA oil (a 35 mxture of cycl ohexanone and
cycl ohexyl al cHFedRcly Worb 1t oD584 RETLCEPED/ 88087 a8l the datieoAcof

cycl ohexane anditiie aRLOHEGEE O Afq PRENG! 22Bds: acst i PY AXidbal Ng cunmene.

In GB-A-2,252,052 further informatjon |s,g|ven about (iylor art methods for
treating wast €Wt &° ARdABVUS BV PFcdP e 6APBRTE T ORI YPISEPPE ast e wat er

streans. The hpuirickiiaat seMupi@ceTardihschesed idd{GB-Aad, 282@52si nvol ves

freeze-concent,rati an cqonmbinhed with salts-renpval,, whereby the waste water
i s separated ﬁﬁ?&oéﬁcﬁ 'k ﬁjFV69FbP& CRSNEEMR r bt led\Hhdte SHPBBLEE, sal t
crystals and atporil(fiied ofiltheldbonat @ropesduct. The nmet hod di sclosed in

GB- A- 2, 252, 052, h?ﬁgg@%stes‘%géér | GRS Nl SR fﬂréc[ﬂgc{t‘i‘éﬁgg%n Mor e

specifically, it een tound that the nelt” wa ucea in the
f r eeze- concentty®liceA lpr eerssinmyr $othll ednfadm b & o Bi-ghwts ah anount of

organi cs, in paLLisGukapryinilrdBngdungleghgak oy aen degmnd ¢CP) and in
terns _of specific species, especially phenol. Accordin l%’ the present
i nventPon aiﬁggﬁﬁlﬁrééiﬁé-é“hé?ﬁbéuFGPeFu??%%%“TéHU&Png- h8tdremni cs | evel

in waste wat elsosliuRABErP6REHIC ethd Bod20mPhOELIES bt PI0CeSSeErh0Es psOPY| ene
oxi de, but also . .a pLigg@ifﬁéocﬂ@%% jhat er Sﬁéqﬁﬂﬁino ugggg &Ad r. range of
i ndustri al pr5€8§§§s.y + Q€P gont sec in
the neutralization of organic acids.
The input of clean water to an SM/PO plant can be up
15 to tens of thousands kg per hour, while the output of
waste water is normally about 50% higher than the input
of clean water. The waste water cannot be discharged
without additional purification treatment. As has already
been indicated above, however, the choice of a suitable
20 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 knownlin 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 metor 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



Accordingly, the present invention relates to a process for the treatnent
of a waste water feed 25 contai ning organi c contam nants, which process

conpri ses ‘i s of (a) subjecting the waste water fe
freeze-concgﬁt%#/gslggn treatment thereby_pyoducing at Ieast‘;ggkg?o?? ®7stream

(i.e. a concentrated waste product) and a 30 water stream having a reduced
content of organi,c . cont n‘itr]:ﬁnﬁls; and (b) subjecting this water streamto a
t“HHErELY

reverse osnosigrotrER nor Jf difsg péosﬂFF??%do f§7odt PBIm as

t he perneat e andtan¢ eébyatdmeligiegntanemat ed water stream 35 as retentate.

WO 01/00534 PCTI EFOQLOBOST 555 odhe yaste }’i’%tf%rrmEQi%? Hgﬁtveeqx %¥>ofﬁt‘e present

process shoul d preferably have a chem Cal” oXxygen denmand of at east 500
ng/ 1, preferabkyonfart netdods1000 by¢dtirandagtepheher zwhtadwutof at | east

10 my/ k. Chemc?éicé’fY&ﬁr(bq@i%%ﬁQdofmgd Sa8tHeRsHEe 9f 4N Oxygen required
to oxidise all  of the oxidisable materials in the sagzl eS.SZpIt is a good

measure of hoRFPpofitatePra BRRCEFSsahpFrses inpEBahse- V@4 vean be
present in a vwatefe SHAYRtra@d6h AbmbiWd eMehS shut st Pedidtall, e@REEbLBUtiNg a
10 significant amount of pollution. COD i.s deterni nf%i]sb%/l aut oyt ed

anal ysers, whiBh WX % @& taiti SABATTST 2&5° 8Ri F s Jettfodfch as
oxygen, and opbtnosatfarea weateal pstdtot oxaditseryheatonpourdpuprésedt in the

sampl ¢g The ﬁgipo&laégro?ir%gurtlgus generated is nmeasured, often by 15
infra-red analysers, and reported in units of gg?Oé en (02) consuned per
(S

litre water or inTigpmehodTeprehpsemisire CBratrér r gSyEEirfications are
100 ng/1 COD, sas1t hisavdsS roORSkder b Rnel. 0gere ospdie dievwah yt hat is
naturally has been found that the melt water produced in the
freeze-concentration process may still contain a too high
15 an amount of organics, in particular in terms of chemical
oxygen demand (COD) and in terms of specific species,
especially phenol. Accordingly, the present invention
aims to provide a method for further reducing the
organics level in waste water streams produced in
20 production processes for propylene oxide, but also
applicable to waste water streams of a much wider range
of industrial processes.
Accordingly, the present invention relates to a
process for the treatment of a waste water feed
25 containing organic contaminants, which process comprises
the steps of
(a) subjecting the waste water feed to a
freeze-concentration treatment thereby producing at least
a brine stream (i.e. a concentrated waste product) and a
30 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

35 as retentate.



present in water from decaying organic material. 20 Step (a) of the process
according to the present invention is the freeze concentration process as

descri bed i wodpofsse, 252, 052. This process typically produsEsembodogst a
brine stream and a water stream having_a,reduced content of organic

contam nants. Salt 25 crystals may al so be produced depending on the salt

concentration of the.vasle yater (ged.and and g taLi g ol. purified water

and brine produced in e freeze concentration uni t. TACCor di ngcfc, step (a)
suitably conpfh8esdt e Eir@ys yohavs0a (ah9micerdl iy Iehedemane afitay feed to

forma freeze 1698centd atey 1GO0MREISERG1 L NGr BId NRASLT €86b RYASI blya sAl t
crystals and water having a reduced content of organic _contam nants in the

formof ice cry8eaps: C‘W’)'G(Plt/ G653% PET?EPCYBEE37 Chsmirad) ok ating the

ice crystals faemithedomeze cansentéeade ﬁﬂﬂo&@l@\éﬂr Eéaglfé@ t&£e crystals

into the water streamto b further tre flted in.s %bél& (.al3) rermw ng
€

the salt cryst3FE9*7F Hresent o PERTITAEPLS HAhTEiLAj ﬁg S¥centitat e

yielding the bisne s¢odamasane afshbbspstlesmn aSkepetabammid lisormal |y
involve the foppati Qg rPJn Egs%%sbg rceréé%tta:ll i sation. u%aon ce;)ol i ng of

the waste water.. Such crys |sa Ton 19 suitab y perftorne ‘wo 10
separ at e unit seaah ndel ket |1@rYEQﬁ| bufoih oveith byoatgibwthnguamit. In the

nucl eagpon uni El&lhﬁfi’@&?ﬁte MRSk b8 5991@&orunfcbb §gah£téﬁ@l§éa'§;ﬁl s are
formed. Typi call the tenperature in the nucleation unit is from-5to

-20 C.  The sl ﬁ\‘%{?’m%%?ﬂ ATHGeFRe YRBFT Tice crpstars pROYNerP % assed to
the growth uni bxiahersy mddne,t eaprr 8 useyden, hngheptibam 1yes el ting

tenperature of SQBsté(¥% %&X%Egg the compounds present in the sample.
The carbon dioxide thus generated is measured, often by
15 infra-red analysers, and reported in units of mg oxygen

(0Op) consumed per litre water or in ppm Oy. Typical waste

water discharge specifications are 100 mg/l COD, as this
is considered to be close to the level that is naturally
present in water from decaying organic material.

20 Step (a) of the process according to the present
invention is the freeze concentration process as
described in GB-A-2,252,052. This process typically
produces at least a brine stream and a water stream
having a reduced content of organic contaminants. Salt

25 crystals may also be produced depending on the salt
concentration of the waste water feed and on the ratic of
purified water and brine produced in the freeze
concentration unit. Accordingly, step (a) suitably
comprises the steps of:

30 (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;



but | ower than the nelting tenperature of larger ice crystals. As a
result, small ice crystals will nelt and l|arger ice crystals will growin

t he growt h wi@btoosskypi cal 20 tenperatures in the growt h ungdr/Edesoedosom -3 to
-18 C.  The size of the ice crystals wild/ normally range from 0:2 mmto
0.8 mMm In step (a2) the ice crystals are separated fromthe freeze

concentrate once, theis size.and quantity | 5 sufficiently |arge.
Preferably, SE%%) separationi tré%hllceevecéyﬁ’éar%nsaa?féo%féfel Ir]irr%tzfeon fol | owed by.
washi ng the epysentmatien aadpaokedrbeny wash icel unpstédls igtdverthesepar ati on

techni ques | 1 kgeeenddddipiiad @l chhens] Wit (IBY s nDE:apply)ed 35 vell. 110 such

packed bed wash_colum the 30 ice crystals-containing slurry is introduced
under pressuf@dhnd tHFEOFAPEt AhefiRl coesatpat &f iRrgS9nter dgonf theat the

| ower end of t&fameidd GalecGel BBRce dti £t LGNCEALE Gt Bhe i 1SriSHE s@Bk¥ml ecycl ed to
the waste water feed. The washed ice crystals are renoved at the upper end

of the wash CV (/30534 SBEFPBPOD 06037 6 colurm and nelted to yield the
purified water ststeam(alfFuntiberndetsilys iaveldescré besknaticR- Af2i 2562, 052. |f
a sufficiently_|arge anount of salts (mainly organic_salts) is present in
the waste wat éf}f% essgjysé:lrtyssga%ffsean%l?(no uﬁf’gcfzﬁ?t[ Ve %%at%cer V&CAFI i ze when
t he waste wateateis oodl edyandl tosewitr diseduinabl pppdefigrmefihensave crystal s

thus {grmed arg,senal algd of.r gMibe.J RNt akS1) dR A83F I Redutn Step (a3)
yielding the brine streamand a salts stream Since the icCe crystals are

| arger and | e8Rit 10 ndéhiSe PURARREHRN SHIi &Ppstarke strRtPSdFaraPied can be
effectively aghisvemnaiy fickt Eays o Orareerbihbygaty®itallile thei ne and the

salt crystals, | A o OLmele! MuSIER () undle; SULEEDIY, acingrat ed.

The slurry containing the small ice crystals is then

15 passed to the growth unit, wherein the temperature is
higher than the melting temperature of small ice crystals
but lower than the melting temperature of larger ice
crystals. As a result, small ice crystals will melt and
larger ice crystals will grow in the growth unit. Typical

20 temperatures in the growth unit are from -3 to -18 °C.
The size of the ice crystals will normally range from
0.2 mm to 0.8 mm.

In step (a2) the ice crystals are separated from the

freeze concentrate once their size and gquantity is

25 sufficiently large. Preferably, such separation is
achieved by means of filtration followed by washing the
crystals in a packed bed wash column, but other
separation techniques like centrifuging of the slurry may
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 concentrate
is suitably recycled to the waste water feed. The washed

ice crystals are removed at the upper end of the wash




In step (b) of the process according to the present 15 invention the nelt
wat er streamfromstep (a), i.e. the water stream having a reduced content
of organic contam nants, is subjected to a reverse osnosis_treatnent

t hereby prodPtYE34 purified water stream as the perneate PEHPOYOSRT ati vel y
contam nated water streamas retentate 2® (al so sonetines referred to as
concentrate). Suitably, said nelt water streamis passed through a reverse
osnosi s unit ceppeimiany dtelltedstoonee Y veress pugsivsidswaed ensnteam whi ch the

actual nmenbrang, } snh&¥ rANGEd-s B?}éeﬁégc%@fii% g -Webl ;kpoygy in the art. In
general, 25 a reverse osnosis elenment will conprisé a high pressure

compartnent and a Yow preddGientbrphtidremmosgparit edlby tmaimdwer se osnosi s

menbrane. The yageiid asde puikf pedsdse NOrdRR! hyspENMpede Al @ LK taih R f eed
rate and at a certain Joressure into the hi qh pressure conpartnent. The

pressure 30 of "tHe CoManiRatade wat ereemétiinget KPen chtpatasientat&koul d be
sufficiently aboveodlei @srDibacphesstys® im0 stepusela. peidreadle fraction to

fl ow through t . is.pernmeate fraction is then collected in the
| ow pressure %ﬁéﬁgg a:\?\ﬁésr glg?e?sarreecsoe 81 é egt R pcrré@gﬁﬁé t han
the pressure atswiegdribedenneseep t ved hiygle 1MOnQ1£ 005841 RCTH tHRGEY @6A3E 7
pressure COWD&&&I@@FSHLQ%.D%HE@%@ WeC'Z':LJ%%tEkfg QFé'Iéreg%r WAL e s5S
continuously or periodically wthdrawn fro sald [ow pressure conpartment.
The ret®ntat e $Rs& @ MESEsEFLbrepestiaddi calchy sape half b@h daromet he hi gh 5

pressure chanbefrdarifeint Rehitte@tyEndil ewhicGBnMBY E&ed Mo gdteinerati on.
Preferably, however, the retentate is entirely or partly recycled to the

wast e wat er fe¥d-1or2"% flef FREY e BGHE R affi BRYunferPed &0 1SHEPf d8d for step
(a)). At | eastaparduiofabillyeineiesiatei.can al so be

In step (b) of the process according to the present
15 invention the melt 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 osmosis
element in which the actual membrane is arranged.
Reverse osmosis is well known in the art. In general,
25 a 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 pPressure than the pressure at which it entered the high



10 re-used as wash water in the process in which the waste water was
originally produced. The entire reverse osnosis treatnent carried out in
step (b) i ve passing the water to be purified th or nore
reverse ogﬁryog?){s?%e ements as described 15 above. Such el err%n S r?}ealgbgbe
arranged in parallel and/or in series. bepending on the size and capacity
of the reverse osnosis elenent and on the anount of water to be treated
it is, for in®fEAERIE poERBIE@ENE - uShe tRRFMF teen Whielsidf tied armsritfs edr r anged .

in parallel, waeeepyieacdhdiowod@19f ol LB GANG S En@Fak Vo Adh ten
elenents arranged {n series. It will be understood that the nunber and

arrangement of 2t 8vEPR L TEITISs COMBARNTE  § s T&%t FRERYTatRpEhdent on the
amount of wastenwabesudly e peeabatdcandy wWihedsiaze ancmcapagiigh of the

el ements used, _The reverse 25 _osnpsis, el enents y be. preceded one or
nor e ;g)r efilt gfgsggr? e%oavngoelrarfﬁér?%]é?}ﬁrcl ersea%@.eg.%’ gF BhELMmay Hé‘r?%‘@‘en) from
t he cont am nattedinetatidreedrefiepredsurkowavear edbenge pempatnmyisal so be

|nstal | ed befgh; LOPy (66321 ,03005L fefl RAL( Shst0 DILL 18y RcgSSUr e of

the water at 30 the required’level. The reverse osnobsis treatnent is
preferably caFPfefFre®if amrgertsathoroitit i(dns-t hae ferd A of the perneate

is 100 nmy/| etepess)) praaf eeabkypdPt Ny |tHer rkesgtand #ay &1 4y ekerably 10
ng/ | | ess. _Operation to achieve, |l evel s WO 01/ 00534, PCT/ EPOO/ 06037 8
bel ovv?é mg/ | FE BP0 PoLEith E2tRF et 2r TSy PEGHEPEI DAY he " apBPted in the

reverse osnoswstér estsrentiginal igepeodieperature in the range of from2 to

60 C, nore pref efl@'%t%rgiorégegsgncg r’cr)DsSts. QI’ 8]; Il;learlljtll ycalrorj:[e% %(L)ltcinS The
pressure of the water feed entering The i gh pressure ~conpartnent shoul d
anyhow be suf ftepef?) ynavi ghvedveapsesiag the water to be purified

through one or more reverse osmosis elements as described
15 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
20 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
25 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
30 the required 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



perneate fraction to flow through the nenbrane into the |ow pressure
conpartnent in sufficiently high amounts. The pressure of the feed

entering th I ressure 10 conpartnent will normally b 60 bar
and sui tabﬁymvﬁgﬁpbe in the range of from3 to 50 bar, n‘g’rég?&iff%' bly 5to

35 bar, .nost suitably 10 to 30 bar. The 8pfessure at which the perneate

| eaves the | o:g gr essure conpartnment will normally be at least 1 bar |ower
than 15 the pr&sSlra BF/1 hes i Pregdbint ePFeaketins IFogHipiessute be

conpartment. TEpbdipaessutiee didJeaisenbisabssyi ¢ Al omdranges heom 1 to 30 bar.
A meximum pressure differential of 20 'bar is even mpre preferred, while in
a very nuch préf8FF 8 ERhUYi Nt 2 AE BredERMe? di% % ehti®FT8 s from 20 2 to

10 bar. The absekutenpyessiy &@bct hed RESIE YR £k 8BY NGy tHE {PWepr essure
conpartment will normally be between 0.1 and 50 bar, suitably between 0.5

and 35°bar, WAFI BIpFesttrels theometeroieed it eriegtatehiel. pAMessurpood

resul ts have kegpaachésyeshdll PLEFRYLESe OfuHr 10 2 10N RO JNE, agt ugl
reverse osnosi s _unit u%gd in carrying out the nethod o? t he present

i nventi on mayPhETSR “UstEACERT RnonAYdERT Yrdtarid c AiFEPFaRE HRtC THEe menbr ane
used may be apy pevesse oTpsirsmeREDEANSL KRR yYaigEeikbudtls L reating

cont am nat ed e ty f ranes_that . 30 has been found to be
particularly \gﬁ%tgﬁ?%grree Lhet%k(?i gﬁggr%?%%ﬁ% trlr)eeng‘rlgﬁeg,re%‘i”c% are for
i nst akfe usedcpopareeend iwidili oorohlipabatlerss AhamasObben amdli cat ed above,

the process ofuthgn) Present,d NKeRkLOP, | Se P ti Gl ar efyl for treating a
WO 01/ 00534 PCEIJ'/, EP00§7906037 9 vvasteP?Nllzla er efelgmor%i lélxng?i%%'f rom a process
for the proddBtFdRlve> fropy Edér okPde $4itatHe d6- 6xi dathan- dfhe i sobut ane

or ethyl benzepeestufe & WHCRSEhEOpetf€ate leaves the low pressure
compartment will normally be at least 1 bar lower than
15 the pressure of the water feed entering the high pressure
compartment. This pressure differential suitably ranges
from 1 to 30 bar. A maximum pressure differential of 20
bar is even more preferred, 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 osmcsis 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 for instance used for
desalination of seawater.
As has been indicated above, the process of the

present invention is particularly useful for treating a



co-production of respectively tert-butyl alcohol (usually 5 etherified into
nmet hyl tert-butyl ether) or styrene on the one hand and propyl ene oxi de on

t he ot her e waste water treatnment according to t
i nvention F@Qq!ﬂm}g“ very useful for waste water streans prEME@%?ﬁg
processes |ike the production of KA oiF fa mixture of 10 cycl ohexanone and

cycl ohexyl al cohol ) by oxidation of cyclohexane and the production of
phenol and acétdast€ bytesxfeardig domtney Theser edagasisofiopr beesses are wel | .

known in the Qﬂ’ﬂod@'&(ﬂlbﬁt Br pg asigie lealbgequal £ Sid @B, igept g Hated with
organi c acids. The present invention is illustrated by the follow ng

exanpl es vmthdlfto UCAPE R THEY RSBENSF the: | HWRARGSSS £68% these specific
enbodi nent s. Bc&tmbeluc\i\aslﬁeoﬂ\/aieesrpefcltmnbaycwm‘m&ﬁjt@ll S%Bﬁbprw@s@n\%ﬁ; ggz
treated in a fJ, centratl pr.ocess as d GB-A-2, 25

and as%outl i netﬁ%ég\;gglgn Py aYIl) r%‘ﬁt&hl( er)Tﬁé 5 YIfiedP hat er was
recovered in tthe oher hpof dme R;rqm/tl&hs ofhésern acdecoybeal sanvdr erhel t ed and

passed nto a /B¢l 5808 oS Srdhlel 28Loful 4R %lérgr%e%? fRodye e reverse

osnosi s unit consisted of prefilter renoving partic aving a
di anet er abovésS1@lgm FEBM ‘ff’r%fu]\/\étoér wRakd, "It Gegapy Bredwged dn ncrease

t he pressure pﬁbcbbgeg\ﬁlﬁﬁe ftﬁﬁad p(rb@ugglgﬁrafmo@flt ek hbetptimbd hree 30
reversg osm)S|C Sglenments arra ed D pa L%Or The nenbrane used in the
reverse osnmosis Sﬁﬁ?é RS t g:g\‘/'\ﬁﬁ ggyl[@ e“afHé &Y BEVFEF T Piret  Each
menbrane had &ycdahtagee odnd7.t51en®raddcma®n arfr ahgedli and hecsewesr 3B 0SNDSI S
element in a goiipakh ¥qwaudd asiheqn. oY 01/ QO34 LECILERQOL 00037 10
known in the art and both produce large water streams
contaminated with organic acids.
15 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
20 treated 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
25 15 °c.

The reverse osmosis unit consisted of a prefilter for
removing particles having a diameter above 10 pum from the
water feed, followed by a pump to increase the pressure
of the water feed (to 23 bar) and after the pump three

30 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 m2 and was arranged in the reverse osmosis

element in a spirally wound fashion.



The water was fed to the. reverse osnosis unit at a flowrate of 1.2 rn3
per hour. The flux through each nenbrane anobunted 27 litre per nR of

menbr ane peiwdyiiisss The pressure differential across the rgaldpeesos each 5
reverse osnosis elenent was 3 bar. Fromgach reverse osnosis el enent 200
litres/hour of pernmeate were recovered. The experinment was run for five
subsequent days i -t hiraygh . no i.e.. W thout any recycle of
4reten?ate. 1% Tang %Q?%gi%%{gggkﬁg Eﬁv??ﬁf(ﬂ%ﬂﬁsﬁglxﬁé%tétﬁkter, of
the purified vater rattesf 1 eEze® gricesBuratTon riand ofrolge éwether purified
water after reverse osnobsis. Al so indicated are the concentrations of
sodi um et hyl BERPEABS( ERYURFRE FHerdditr6f PERSM DAY feddraacePet riomsr 15 t he
freeze concentmhat ip@Bsyité diffrdMeafiegdrb9s thee nB¥eLEE 9§MPsis unit) and
of the perneate obtained after. the reverse osnosis treatnment. Al val ues
given dre averd§éSFaPiBes vt MMEdvaver P3ve s SF nEgstF¥ent s. Tabl e
1 Wast e wat er dsmeat eeal etst € 0tatlar ratyrouf reeze rafda@e wever se
concentration %%gg%kgd COD (ng/1) 137 15.8 2.5 Na+ (ng/1) 17 9.1 0.47 EB
(g/1) 6,000 8T phenol (g/1) 10,000 8 <5 From Table 1 it is clear that
the reverse osnosFbe2@xperimamntvasi gahf feantive rsethsegse O aysl phenol
content of t Uk it f.:ram tk [ rati it,. and
hence furtherQﬁﬁ%rggggggﬁﬁg&ﬁﬂaﬁfgy ggg?%%ggﬁﬁi%%% %q%a?gr? ﬁ% 5%?50534
PCT/ EP§0/ 06037 - Takled |ingicayeg 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,

ethylbenzene (EB) and phenol of the purified water from

15 the feed to the

the freeze concentration unit (i.e.

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

Waste water

after freeze

concentration

after reverse

osmosis

COD

(mg/1) 137

15.8

2.5

Na*t

(mg/1) 17

9.1

0.47

EB

(pg/1) 6,000

81

9

phenol

(pg/1) 10,000

8

<5

20

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 quality of the purified

wate

r.




1. Process for the treatnent of a waste water feed containing organic
contam nants conprising the steps of (a) subjecting the waste water feed

to a freezgGpeshtration treatnment thereby producing at Pk‘?ﬁ:%om%oﬁ bri ne
stream and a water stream having a reduced content of organic

contani nants; and (b) subjecting this watef streamto a reverse osnosis
treatnent thereby producing a purified water streamas the perneate and a

relatively contam nated water strea 10 as retentate. 2. Process as
claimed in claim1l1, wherein the vvasg]e—@naf—m eed has a chem cal oxygen
demand of at |east 500 ng/1, preferably of at |east 1000 ng/1l, and a phenol

content of at lea§£oé‘é)ssrrq_lojr tillg §r%g)£r9cnetssofasa & g‘i:gevgatitn CJJ. aic{m 1 or (2’

I
wherein the reeze concentration treatnent cor“r’ﬁrl Ses” the seteeps of : al)
cool i ng the wasteawatey drmditcochoranndteezempecodateNt tia es teepoifsi ng t he

brine stream (RpssibdcsSidld thel ¥stad s,and watkar (payi ng a reduced content of
organic 20 contam nants in the formof ice crystals; (a2) separating the

ice crystals fFBRTERECTTEEFELLEBNEER 1R dAGTEBHVRFRTHY 1@t deagfyst al s

into the waterbsiseamicarbantiuat igtet raateeh hAvshgpa (Mducrd (al3)
removi ng the ga%’% rystals resent, fromthe 25 remai ning freeze

c A )
concentrate yrelding The BFPAs g??%%%daéhtcf'aag lts stream 4. Process as

clai med i n anybbneulgfeglimignshis 3yawdmersineant e Br rereesta esmofsasned in step

(a) is incine S ifred jn.any .o i -4, wherein
30 in step (bg:g%%%n%\% et?{eg% (rggaﬁ?iz%%%kgd% rFe ﬁggédcgﬁ%ﬁ%t&&%%&%l/ 00534
PCT/ EP00/ 0603%he - Payme &gy aiidc 2 c vt alkd Hlnt s$ong apaBsaked thateuglstaepmver se

0oSNDSL§ as retentate.

2. Process as claimed in claim 1, wherein the waste
water feed has a chemical oxygen demand of at least
500 mg/1l, preferably of at least 1000 mg/l, and a phenol
content of at least 10 mg/l.

15 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

20 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

25 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

30 in step (b) the water stream having a reduced content of



unit conprising at | east one reverse osnosis nmenbrane. 6. Process as
claimed in claim5, wherein the reverse osnobsis treatnent is carried out
under such wgRgbdsseons 5 that the chem cal oxygen demand ofpcthfodarbiFeate is
100 ng/| or.less, preferably 50 ng/l or,less and nore preferably 10 ng/l
or less.. 7. Process as clained in claim®6, wherein the reverse o0sSnpbsis is
carried out at a tenperature in the range of 10 f rom5 to 60 C . 8.

Process as clai kg d R ARYm@ASHPL £ a;!a@,e% Zhrzmﬁel nreJJyf‘ser Skaatate
produced in step (b) is at least partly recycled to the waste water feed

for the freezZe"leiFRFtEAPPoATt 23T TEMMe rE5eTSe PPHRRssS AeTOFarfed i n any

one of claimsel- §roskersekd clhemé®toNt-abempsodigeeeil LpebBlsks at | east
partly re-used as wash water in the process |n whi ch the Waste wat er was

originally prodited “f62TBFBtets SX IS4 Bl PRAGRYS M SPEEAPRE 1- 9,
whereim 20 ttiea twastee chaletal eegly @ini gjemah-elsOEr ohe apfeass ifsor  prepari ng

propylene oxifig, via,the ¢e.0xidation,af, shsghyiane or, ethyl henzene.
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 S 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
concentraticn 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.



