PROCESS FOR THE TREATMENT OF A WASTE WATER STREAM This invention relates to
a process for the treatnent of waste water, originating frema .

styrene/ propyl ene oxi de production plant. In a typical plant'for the
production of styrene and pr.opyl ene 5 oxi de (S/PO), the follow ng

chem cal reactions are conducted, using as feed reactants ethyl ene,

benzene, oxygen, propylene and hydrogen: 1. Ethylene + benzene --->

et hyl benzene (‘EB) 2. EB X + oxygen ---. > et hyl benzene hydr oper oxi d€
(EBHP) 10 "~ 3. EBHP. + propyl ene.- ---=> propylene oxi de(PO) -+ net hyl phenyl
carbinol (MPG + nethFROGERSNFPR Iaélﬁo'f&m(fmcﬂ‘ A IARTE - WME&O&W ---> MPC
5. MPC ---> styrene + water. 15 In the above
exenplified reactions, organi¢c by-products such as aliphatic and aromatic
hydr ocar bons, al dehy"a'é § iepbin relptam 6P 2 PEAESTS Sontdeotipaimentiofds are
produced, in addisté Gﬁthﬁ, Ragindtingof i a I8t rbe Hirofyiehne éatikleSpituatesh from
the main productls V\/nereby clean water is used and the organic acids are 20
neutralized wi PH&RK aqueous solution of an alkali (such as sodi um carbonate
and/ or sodi um hydr ok detypitdlli pliantafomahe rprogué tritonoolf caprens and lpgropgbene on
gas (air)gnt b C n

fifth abovSIe exg’% ?1&? Zgofegiég f‘(ﬁ(?tm?T#LFf Icﬁgmkg%qla{r'#(:agle;tl"ugsn%rgrslq't‘ﬁlggé‘égdvx/n'(')lggt“;‘guses
clean water, af§ Prastigesatapss ethyleppt bsupngs 9itr8Rn ofPrRBEI&NewAREr which
contains a W dayddédedi:y of organi c conpounds, many of which are volatile,
and organic salts. The waste water froman S/ PO plant typically contains a
total of from1l.0 to 3.5 W% of non-salt organics and from3.0 to 6.0 W%
-2- of organi c lsakthylen¢ n+ heukarieon; -3 tethplbengenai(BBf rom 0.0 to 2.0 wt % of

sodi um car bonatze d sodiy &Ar bonat.gy, ﬁ;g%gﬁe hg&%%%ré?{xéo% sipyhydr oxi de
dependi ng1 on the a kaI| use n the neuttal i zati oh step nentioned above.
0 3. EBHP + propylene ---> propylene oxide(PO) + methyl phenyl
carbinol (MPC) + methyl phenyl ketone
(MPK)
4. MPK + hydrogen ---> MPC
5. MPC ~ =--=> styrene + water,
15 "In the above exemplified reactions, organic by-products such

as aliphatic and aromatic hydrocarbonms, aldehydés, ketones,
alcohols, phenols and organic acids are produced, in addition to
reaction watgf. The by-products are separated from the main
products, wheréby clean water is used and the organic acids are

20 neutralized with an aqueous solutipn of an alkali (such as sodium - {”.
carbonate and/or sodium hydroxide). Additional water is introduced
with the reaction gas (air) in the second above-exemplified
reaction, and as steam in the fifth above-exemplified reaction.
Thus on balance the plant as a whole uses clean water, and produces

25 about 50% as much of waste water which contains a wide variety of

- organic compounds, many of which are volatile, and organic salts.

The waste water from an S/PO plant typically contains a total

of from 1.0 to 3.5 wt$ of non-salt organics and from 3.0 to 6.0 wt$



5 "~ The following is an exenplary conposition of the waste water from
an S/ PO plant (anmpbunts given in % by weight): -nethanol

oORrOocoooO

. 1237 -Sodi um form ate 1. 0100 - acet al dehyde

.0216 - Sodium acet ate 0. 8400 -e? hanol

. 0233 .. -Sodi um propi onat e. 0.2900 10  -propionl al dehyde

.0023_ . - Sodi ¢fnaréaptrarselts. In apgdduiny.. Hedeyreontain from 0.0 to 2.0 wty

. 8%?% ‘-Er opanobf Zsodium carbonate and sgdﬂﬂipzﬁicldgbeﬁﬁdém ahd/or tralces -of lsod:i.tfm

. 1317 -benzene; . .. R .15 . -npno .propyl en co

5355 Lol conchydroxide depending on thy. b2kt SREA Re RBREILizetton sLés

. 0100 -ethyl beemdosed above. 0.0036 -styrene . . - 0.0045 20
-cunene e £a .0 7 _ . 80
“phenol 3 The folloving 4533’ efiRER) (hMiEion of che waste JlHEE]

-met hyl phenyl fxamen S/PO plang (amp8nps given rimt hiyiy phight) :car bi nol

0. 1636 -beta phenyl et hyl al cohol 0. 0058 -undefi ned _

0. 0604 The input of clean water to such a plant can be up to several_ tens
of thousands kg FEhaAdur, and the out p&'16f7 wastIodiun forptatey 380 509,
hi gher than the.idutdldédydel ean water. TDhe2vast e-svaiah scebaed be diossdoy ged
w t hout purification.. The choice of a &u&ﬁg cati 09 net hod, for the \I{:g?séoe
water of an S/PCPBERRt is greatly rest ™ 8tEd by FPARR iPFEPLONA%Ei 1 of al
and econoric -pdpicuadddieydet i ons.  For.0@28&anpl Sodibiun begzaste degr 4d94d0on of
the untreated wagig ugter is not feasib gygidue to the toxicity of several
of its conponents (such as phenol) to the m croorganisns involved in such
degradati on prockeepencl-2|j kewi se, concfPI& ion by

-propanol-1 0.1317

-benzene 0.0028

15 -mono propylene glycol 1.2222

~toluene 0.0016

~-methyl pentenal 0.0100

~ethyl benzene 0.0036
-styrene 0.0045 . : ' e

20 -cumene ' ' 0.0007

~benzaldehyde 0.2280

-phenol 0.2700

-benzyl alcohol -0.0026

-methyl phenyl ketone 0.0175

o 25  -methyl phenyl carbinol  0.1636

' . -beta phenylethyl alcohol 0.0058

-undefined ' 0.0604

. The input of clean waﬁer to such a plant can be up to several
tens of thousands kg per hour, and the output of waste water is
30 about 50% higher than the input of clean water. The waste water
cannot be discharged without purification. The choice of a
purification method for the waste water of an S/PO plant is

greatly restricted by practical, environmental and economic



5 evaporation is not feasible due to evaporation of the volatile
conponents, and distillation would involve prohibitive costs., The currently
enpl oyed nmethod for purifying the waste water stream of S/ PO pI ants is
“basically a two-step treatnent, the fi rst3step being oxjdation with air at
hi gh tenperature and pressure 10 (known as the Wet Air C%; gatlon
process, suchecamsideraeiensy udoddetapr¥e mpislegical degpadafigpyohft

Sterlin ug
. Inc. R?LhSChhhﬁlnea\ééﬁmﬁé Wdatle@ps)s nf:eltﬁe%ﬂdlebydlbactbethaltoﬂﬂgrtadm| on. w s
s -a rather expensi:ve_procedute, an e_ne S ste r gtinme
-t repl ace it SBYEERnBE é‘téc‘b‘ﬂ’l?ﬁf‘%mifngsu“'f"sas B It‘to #rea&?gﬁins%\%n to
separate a puﬁ.evﬂu;batan@e;:h|degpada:monllm:|ocmesr Iﬁ:k@mset.scemmérstm by
cooling the dig Jrsakg& 48 bsl QUaligf {‘feeéﬁ, "GaBOkdMioRf of e I i1RRERA pUTe

subst ance (vvat er separ at |ng I'ce) crystals. Various rret hods
enpl oyi ng t hi sompanearHi &nd ek ]a"é:if”f' é@k‘édc’d?feeYﬁ PEphERitiye cost
freeze-crystalli sahkOfurréfely empFoydiShidthoeEdrNpurlfying Whe3yadda, bdkidr US

3,992, 900; US 4, 004, 886, U 314, 455 S 4, 457 769 U 0 d US
4. 936, 114. ﬁt‘éﬁﬂe?g S/5p lfs‘rf'é% ihge #ﬁ*&f Y PP BP0 R %P‘ﬁ"ééug‘e‘ég%rgg
freeze- concentsteﬁ iuamnglam.hetammquhoamd altnhwngemerlaeums ahdrpugssare nati ng

sea watef, ang,al.so fof, Prat O%HQ&E&C#&&@ WeSLR 22 is Wétc%cted"gyever

in practlce f (RS 83 A8, Used’ predom nantly in fhe
f ood- i ndust ry Zikpro fhe. cenbsisdirny jofnSesrling Drugyine.j R ‘E’@§°h’c]6‘ffee extracts,

m |k and beerwlééorﬂéﬁ ) Pei1 sakdpp efRter {01 d&gﬁdhaﬁgﬂ smalse 1§ reat ment  of
waste water froma chem cal plant, in. artlcul

.
ori gi nating f8HeeHh XLty Pr°ﬁF%Pr¥F #1d fh ‘}‘T'Sa/ l"tféeﬁx’ﬁﬁ?\#aé ﬁ\g?mfgne_
principl e of figez® reslacenit dyi Hmoeanedoaosiiconssful |y and econonically

enpl oyedlgor t he Sll%p%%ar\ﬁgg?yo%ng b%ag a?!al:é’ DF& % anfc[,"or’gthe wast e
a

wat er of "an S/ PO e contentrated at
| east 35 t wortiziudar armgeps é?fremeﬁbisydmelrem bi'dmolf-os ¢the dispersigypeto

i nvention nOWbQQSW%EQSf&le.ﬁE:‘iﬁf.’nJ QE ihe 1ﬁ£§ﬁ@ﬁeﬂure0§ut§§t%§é quaBd®r aheed
originating f Ieg}r:graattigg rt%re]e({]eoeqocr:rfyrs/tgis? pylvgpi%ugxrlnet%ods employing this
principle, known as freeze- concentrat:.on or freeze -crystallisation,
20 ‘are disclosed in, e.g., US 3,283, 522 US 3, 992 900; US 4,004,886, -
US 4,314,455; US 4,457, 769 Us 4,508,553 and Us 4,936,114. 1In
several of these and other publlcatlons, the use of
freeze-concentration has been proposed in general terms for
desalinating sea water, and also for purifying unspeclfz.ed waste
25 water. However, in practice freeze- -concentration has been used
predominantly in the food-industry, for the concentration of e.g. (W
fruit juices, coffee extracts, milk and beer. It has not been used
before for the large-scale t_:reatm_ent of waste water from a chemical
plant, in particular of the waste water originating from an S/PO
30 plant. . .
It has now been found, that the principle of freeze-
concentration can be successfully and economically employed for the
separation of’:substantially pure water from the waste water of an
S/PO plan.t-:, whereby the waste water can be concentrated at least

35 two-fold, and preferably at least four-fold.



production plant and containing hydrocarbons, aldehydes, ketones,

al cohol's, phenol s and organic salts, by freeze-concentration 5 conbi ned
with organic salt crystals removal, thereby separating the waste water feed
into an at |east two-fold concentrated wast% -product, organic salt

crystals, and a substantially pure water product. The at |east two- foId
concentrated waste FhedinventionBehtcPRESIS1H processh£QF ridep FESALRERF a2

maxi miw'of 85% VAUt Lt €6sIHRE L L 0N 4 st PneTRGE) PIEFLmODER | S
.70% w w.- The substanti al pﬁ pur e Wat-er product ically i NS, a nmaxi num
of 0. 05U i w 6PEGHSEOR PAGA PG AREBHHLnG { SRVARRES » ATARTHATEY OFo D025
W w of inpuritigseconalish ﬁhuﬁ&lélvaherorigSnSdJIstaatﬂ ebi&‘reeze-rcopbemum ienfor an

p y

normal u | f d enbo f
pure wat or 3 br odfoTREd S’g I?/’feﬁaé‘&fr F;‘fr?é’ét?flse ol t'%reégcsﬁ%ggéé tLﬁJ ly

¥%en sEbst ant i ahhgtepuaeemvibeti ingo tam bt lsaepartapeﬁf’lﬂl 0911%96‘25“%’0?16%% rat ion
romthe waste Q %’A S/ BQs ANt and@aviaistdltiallihgncospasi tion as
descri bed herelﬁ%; ore &%{a ¥ %eeerfsoun ?r:) be very |1rfapo?'?§lnt to make the
ice crystals aspbpdpcss possi bI e, in order to enable their efficient

separation fromthe gengentisd Qw@%lﬁrwﬁcbhera&aralaaate cpnegitat Y coficdritzate)

organic s s, which tend al to be.for ste er feed is
cool ed. 25{6 containg pret F’é%’ r § Jjaxiaum, o ? ng"(’j ﬁ‘é%@ e t)(f:%st al l'ization

is performed i npteferabpps ahe maxiey watm@:bemntons udstvfol | owed by a growth
unit. In the nucleatygn u%glt%nélggl e E \Yﬁggrprogﬁgt %p?c%ll?deotﬁ'é%@raabl y
indirectly, until very snal cec ystals are forne The” sl urry_ contai ni ng
these small i cemexl,lMabg 0. QO%bwducqfeélmm#iFﬁ%s 30Prefegablit.n it fiontaiePei n t he

tenperature is RLoRRR LPQﬁobiﬂ?mMﬂ Repd:A¥P&S At Blidh Qﬁrémltér ll@esaiwmal s
but | ower than the nelting nper at ur of b| ger S
consequence? srréFIPlii@é’-P}ﬁ@?‘élaé‘yvﬁ‘?rl"‘a Bi Eﬁfgfr’f% eﬁ?s’f"ﬁ?s H’egrow

in the growth ulh¥ention; Tthel subptantiatiy ptulae watep p@tluce usnpd:h:elynucl eation
unit in the recirculated to the S/PO production plant.
When substantially pure water is to be separated by freeze-
concentration from the waste water feed of an S/PO plant, having
20 the composition as described hereinbefore, it has been found to be -
very. important to make the ice crystals as big as possible, in
order to enable their efficient separation from the concentrate and
from the smaller crystals of the organic salts, which tend also to
be formed when the waste water feed is cooled.
25 | Bigger ice crystals are formed when the erystallization is
\o ' performed in two separate units, a nucleation unit followed by a
growth unit. In the nucleatidn.unit the waste water feed is cooled,
preferably indirectly, until very small ice crystals are formed.
The slurry containing these small ice crystals is conducted to the
30 growth unit, wherein the temperature is higher than the melting
temperature of small ice crystals but lower than the melting
temperature of bigger ice crystals. As a consequence, .small ice
crystals will melt and bigger ice crystéls will grow in the growth

unit.



process of the, present invention is between [err]and in the growh unit
between [err] and -18 [err] C depending on the concentrat’ion of the waste
wat er feed: the higher the 5 concentration, the |ower the terrperature
needed. The size of the ice crystals thus prepared is typically in the
range of from0.2 to 0.8 mm Wen ice crystals of sufficient size and
quantity have beenI® gmaetiden Ehfe terRATaFute [{Byther BUSkassion SLE rthte not her
l'iquor 10 (FryestdratRe ptﬂ!séhtSQﬂi’efrﬁtib&rlsSS@@zeenﬂB s¢Cad beo d@r)eanmu :

princi‘pl e by-pressing the sl urry, eptrlfu reo n eferably,
by filtration BF thReBTOMER (UYpit HeLY % ﬁe epgn %Ws?%l ®in a wash

colum. A pref&i’d’ceﬂtﬂmbnmfl UN&) wasté hacmaieed vhe Wiphlercdieurm. 15

In the pagked bed h Tl LY {

i nt roduce una"e‘fm"ﬁ%% aq;" ‘{2 ll'he £ +ﬁle?rgg‘glserr%§ ee;% |'%;q}£t}aor§JL cgﬁc{etn&i rate)
is filtered oficeat:rmlenthuSt mp@aw ySt rep il %nﬁ\%#aasq/eft rom Py2 to
operating washy goljm, | eavi ng a packed bed of ice crystal s The washed
crystals or the|r melt 20 (substantially pure 4 f‘ ed at the
opposi te end, typi ¥een jet FEYapPe o rpEbicienteiize AP ﬁuﬁﬁ‘elrtgt G &/5%

colum. Part oformee ffElthe GANrbE, whey are s@ritavat drom tthe wasthet Hidiquoe
crystals. The acked bed sh co hce Lh are
washed by'% he pf"c%ﬁpla§n?1r?tnr%f&ceﬁl\r@o%ﬂggggv%&{%%%%mx@
crystals. In tﬁip&essmatha)rs;tutﬂye bppentpifuging thhredfcandys prefgrabbycbyd bed”
s the al readyeyashe:as e BRu-OVE11BRL bhEdfahg | che! DS olstilvashal

part, and their ce s 1 ne he. pressure within the wash_
col umm forces V#?él ety y ot prefarsafrpshnervne s e \packed PsAn¥REY. The was
wat er recrystaldiugmgs 30 . in the wash front, which ensures that it does

not dilute the concentrate. The | evel f th sh frant ta| ned by
controll ilsg the pr&8siheePaskefReq (‘?@s‘bé’a gh%% Wsaglsscrcongaspanﬁacked

bed wash col unsiursheieiinttdinced umdyr (ptmssmrel agd tthe ¢xystalfyealmothsr
i ntroduced i ntP &gﬁ é@o Qef?é: ) (igl Ememfd ac>f&I st Q:lae aRE’ @}ﬂl@glly the

di sconti nuousl p055|
ower end of a vertlcally operating wash column, leaving a packed

e,

bed of ice crystals. The washed crystals or their melt
- 20 (substantially pure water) are removed at the opposite end, i
typically the upper end of a veftically operating wash columm. Part
of the melt can be used ae wash water, to wash the ice crystals.
The packed bed wash colﬁmn is filled with ice crystals, which
are washed by the wash water typically introduced from above the
25 iee crystals. In this situation, the upper part of the ice
“crystals packed bed is the already washed part, the lower part iui
thereof is the yet unwashed part, and their interface is the wash
line. The pressure within the wash column forces the ice crystals
upward and the wash water downward. The wash water recrystallizes
30  in the wash front, which ensures that it.does not dilute the
concentrate. The level of the wash front is maintained by
controlling the pressure in the ice bed.
Us 3,872,009 describes a packed bed wash column, wherein the
slurry containing the ice cfystals is introduced into the wash

35 column by a piston, operating discontinuously. Other possible



-6- devices for introducing the ice crystals-containing slurry into the
wash columm are by hydraulic force and by a transport sctew, both of which
can be operated continuously. US 4,475,355 describes a packed bed wash
colum, operating continuously by a transpogét- 5 screw. It has been found
to be dlfflcult to freeze concentrate the waste water feed of the present
inventyon to a devicesi &t idexpdeeing thericencrmtabsr doptaindinggslairgy girdnc cheof

nucl eatt™on, i ceyghy3bhmdh exvtﬁ; ggasifcrl pa ﬂ%é)u dtlryﬂa héadsgo@tT PGy S vatRIe

‘operat.ion system 10 such his 1I's because,
as the ice crysPhivhigh e he Spesatadycentiipususdyd t%anﬁﬁaéﬁﬂ#eﬁeé*bq%a '

concurrently copsaieldr Béceehash f&ldmma%&aeuﬁg%hwn@hsw ShUdahspérd ncr eased
exponentially, which greatly Iimts the efficiency of the system in

particul ar % hat 5% he wash col urm. Anot her inportant 15 factor is the
| ow i ce crystal grodthasabeeraifotmad)itoVvhes daffiduds. td fresLdeccobeentyatecah® t hi s

problem ‘multi-g iw%%eg'eégeéq %?ﬁeehé{':é}e%” r§¥=§£ ﬁt@aé’ %u??f&aﬂ@vde§§§$o%‘0h

as described in se sys ch are preferr
oper ati on of t heonseateatiionryemnt $m1eniﬁtqhen04 |°q7uoﬁclfehm t ke gghstalseri es of

20 al ternati pebwtHCARALEPA a2 06h RN N sUDh taS s Bl el S€agel YSdAtioh | HWeed a
counter-currentQ%ashl on th?a(r)k h the growt h unists frométéheﬁl astotoé}}tyhe first

one. The i hersYshyasrdessrifed fpdfs f':o%eﬁ?? at CeLs dF R euphersdfit H5fged

fromthe | ast geswichlsingrow ithisige amalmyrmﬂt et imb Ghert RS wort Hal I y all of
t he bigger ice o stals and 5 af a.rela

Concentrat i on aFeasRETY Srrene Aty aa b SRS Herde 1o, 8 SR 1 (o
t ha_mash col urrnincrlensewespvmptuhblylﬂvh:tchngre‘a&d;Ydrmﬁm t&:@n@iﬁmimqyngftﬁe

waste water is gamyed ?am«aum tc'haétd%g'éhé)%&ﬂtdo'i'&méyshﬂ&&hel%ymﬁofr%ﬁﬁé ng a
| ower viscosity of the urry tfed to the wash. col um salts

(mainly: drigani Eakart %y tbFe’s‘é’nFc? FIYHeelnBETEb B ter aF éH@ht‘é?ﬁbetkﬁsem pitate
and crystallize V\hemntmem eva\ﬂioﬁé ttlﬁsCﬂQJb&dm aﬂdca&chgelf&esment rat ed

because of their |ower solub ter and becayse q
concentrati on. S9ReSRRTaciap,Dekr prtls SRR AT Ao otY" 8 SURELATEA b t he
not her 35 | i gubo8, 3581, Inthese npyetémnt Wiicl aoénprefermed £o1/ 3hal scperdhion
of the present invention, mother liquor flows through a series of
20 altefnating nucleation and growth units and ice crystals flow in a -
counter-current fashion through the growth units from the last to
the first one. The mother liquor in its mest concentrated form is
then discharged from the last growth unit, while a slurry
containing substantially all of the bigger ice crystals and mother
25 . liquor of a relatively low concentration and dynamic'viscdsity are
A led from the first growth unit to the wash column. 1In this way the
limiting factor for concentrating the waste water is removed in the
multi-stage operating system, by effecting a lower viscosity of the
slurry fed to the wash column. |
30 The salts (mainly: organic salts) present in the waste water
feed tend to precipitate and crystallize when the waste water is
cooled, and as it is concentrated, because of their lower
solubility in cold water and because of the higher concentration.
The salt crystals thus formed have to be separated from the mother

35 liquor and, more importantly, from the ice crystals. The



7- size of the salt crystals is initially typically in the range of from
0.01 to 0.15 mm which is much smaller than the size of the hig ice
crystal s, when prepared as descri bed herei nbefore. - Therefore, the salt
crystals can be renoved fromthe cool ed shutry 5 before their size

I ncreases to approximate that of the ice crystals. This i's conveniently
performed, e.gizbyof ithe rssdltorrrymtalmribriﬁntgaliyomypiaalaysﬁi the efmgalofunlt -
positioned aft fo r g h f h f

bi gger ice cr y‘%{ Ié'lla% o1 IAI"?(: 0 ?Eu"gn sxé}g;%'af’ygdu%glwﬁ%tég ée%'aeng{‘% of Ih
processed sepigtige crygtalg, whenhpxepaned 196 dRREEH Q‘bhﬁh@@eﬁ%@mrate end

product and pripegsessd, taRr sxué Rrydhasi Eute Bl Rhoved Tivbh e Ebdiat SRLRY DY
Figure 1, which represents a ¥erred enbodi nent.. of the invention,

conprising a REEPES RRELR SPé%d“icﬁFﬁeSo'P appyexipare thati ofy thecis€ati on and
growth 15 hlﬂiy*sﬁa]:ls- 5 miid 6s LOnvaseacty \pei::yormtehe egrgovmh fiDtiatieAdt

provi ded wt OAres ectively Lon t 11
salts outl et ffBI:r{ftu\%/aghonCofn U *2 remwal hn{éﬁ %ti\%% @I%}:ﬁ%ﬁ %éi? %aﬁﬁer
13, a waste wat growthnowitt,r slbizhofitlter nﬂ@lsaqﬂf achpmiggaati@e eryetats. odhe et
130. In the drgykNGpaked O”c&fsé&g ASadna o ]Q%c%g.?bed sBPIRLSy , fgCi ti ng

the nunber of their unit .o n and ation m)utedlnth
condui t s1@r e ithay ceanebe b3)¢dF%t‘{°eF§e canesntrate [pnd REASYEF rﬁ!‘ﬁt pragesseflic| eati on

units are iderthegatithas al so are all growth units. :The nucleation units are’

A P T e R R T

hi gher than t heptesspes ad tprefenreul“mbbdhimt of)rthanim&nam I owmntshmgl at he \J

el LGt eTPELALL Gaflx aga URREE 6L DEAEh EaRaBINP WAL Ruac YR8 Liuch®

tenperature is prog reSS|Ve nRg 1 evel® err] for
t he nucl &at | or\m&‘ﬁﬁ t1s51ar81 5a1=ﬂj rﬁﬁmtﬁﬁﬂry] tos strhetl‘gmmm earh tmrovirmi gr owt h

units are typigeh s/ re6dt QAD.L\UAd%’sﬁ%H\reélyf IAtsaic ﬁqeabéi%noam@hﬁl ng back
all particles odi ment are mm e salt

lch i e .
filt rat i on unls\tgﬁff:ss °éftg"etc&?1$era ¥ath cP1ve 125 Tr?é‘ g&"s I’f“’lt“‘g Vessel/heat

exchanger 13, a waste water concentrate outlet 100 and a pure water
‘product outlet 130. In the drawing, the conduits are indicated by
20 numbers, reciting the number of their unit~§f'origin and
" destination.’ Pumps mounted inlthe cbnduits are indicated by
letters, A-G. N
In this embodiment, all nucleation units. are identical, as
also are all growth units. The nucleation units are indirectly
25 ‘cooling refrigerants (scraped surface heat exchangers). The growth
units are isolated mixing vesseis, in which the temperature is \tJ
higher than the temperature in tﬁg nueleatioﬁ units and lower than
the melting temperature of the desired bigger ice erystals.
Typically, the temperature is kept at a progressively
30 declining level from -5 °C to -20 °C for the nucleation units 1-5,
and from -3 °C te -18 °C for the growth;units; The growth units
are typieally each provided with a filter, capable of holding back
all particles which in this embodiment are bigger than 0.2 mm. The

salt filtration unit is a decantef centrifuge. The wash

-



+-8- colum in this enbodinent is a packed bed wash colum, operated by a
transport screw. .As will be apparent fromFigure 1, in this enbodi nent the
Waste water feed is |led through the succession of nucleation and 5

growth units, whereby liquidis partly recigreulated to the foregoing

nucl eation unit and ice crystals are conpletely recirculated to the

foregQi ng growtdolumntin This epbodimeat imnaqptickad Zeti warhotobmyst epergteditly, and
n ni nevi scosi 4 ¥%r Qs t}? Sliggty reaching the wash.colum. 10 The
.wash liquidis conp é)t reci-rculated:in this enbodi ment. f-rom t he vvash
col'um to the fi rstAleéIl e appansnt . frpmefigwre  hyattrthisoefthodipent;shey

[ﬁgl [) rgln?t e\?\h t lq,a'rs![gﬁ wiltRP fleants 1e@ &r&\égld?:htf?&&akﬂhcﬁu YALRicleaipun@id on of
ile the remaining pa Qu e.tot

avai | abl e Por HFPVER H’é’l‘tﬁorv’ﬂ?ﬁ? ‘%SElq“@sés Path \ﬁ&girec“& %‘gr'f%’ éerera: 25

di sposed of, prﬁ,fregadﬂgynbglldanmmahat iamd. icEhergstials canestamletaly be di sposed

of separately, g‘gletthgrtovmt{‘? é%ﬁ%‘y@‘?t &o%@ﬂ‘iﬁ{lttr alggis THRvietd QW ng

Exanpl e descri bes 55 experi men n-a singl e-stage
fr eeze- concent reptinizabion crfi Crrspadnerovsh, mand| @atlrneh V129°Slt}’| 33 %‘Fy%‘c‘&]ry

growth and sepafaaki tm@a,aggegamg by continuous recircul ation, thus

allowi ng for a gradual buil dup of the concentration of {he,reci
not her 1id®or, conpHealpeh tléqWI‘thlsl compl Ve e riTe i ahse: 2 stlhéﬁee"g’)?g{’
Exanpl e 25 from fhe\@Sble coatud tBathy €1ifgtonueleaBifiOuplodudhe cpurpl eattervas

used as feed to _the freeze- qoncentr 1.0 N 2.3
wt % of or gani cPTOSUEE \Rf%’%’f r AT S ?utﬁ%yggg@!lagwdﬁftt 0 18?@1%% of sodi um
cakbonat e and muumvmteardmnamgiofﬂmf Cherilent, Ghite thperamednim@ORRr S t he

sanpl e feed was ajog&tg.ll 3I bE EIt:he?’Qotal) remanﬂ"%vgf.m'igsﬁarogn RRher normal
freeze- concentratlon rocess wth respect to obtaine

conicent r atiSon Vi€ noTHet Bpdke GPRIPNETats A8 cdisRetet of Tt%eg"e’fgarbilt‘me i ndex was
expressed in [efr{chﬁétaeleﬂm rnef sdlRagiseald RdhOR UDEpokels f separarety, or

dissol ved in méoeggz:her w?th the waste concentrate.
The following Example describes an experiment, wherein a
single-stage freeze-concentration system (sequence of nucleation,
20 ice crystal growth and separation) was operated by continuous
'reeircﬁlation, thus allowing for a gradual buildup of the
concentration of the recirculated mother liquor, comparable to what
is achieved in a multi-stage system.
Example ' '
25 A waste water sample from an S/PO production plant was used
N\ as feed to the freeze-concentration system. This feed contained 2.3
- wtt of organics, 5.6 wt3 of organic sodium salts and 1 to 1.5 wt$
of sodium carbonate and sodium bicarbohate. The Chemical Oxygen
Demand (COD) of the sample feed was 124 g/litre.
30 The progress of the freeze-concentration process with respect
' to obtained degree of concentration was monitored with a-
refractometer. The refractive index was expressed in °Brix (unit
of measure, indicating wt$ of sucrose dissolved in water). The

refractive index of the sample feed was 12 °Brix.



1-c0nta|n|ng ice

-«

refractive index of the sanple feed was 12 [err]Bri x. -9- Wth reference
to figure 2, the freeze-concentration systemused was as follows. The waste
water feed- was fed through conduit 12 via punp A from storage vessel 1
to pressurized vessel 2 (operating at about -5 200 kPa). Fromvessel 2
the streamwas routed via punps B and C and conduit 23 to two parallel

nucl eation units 3W{gcrefewnserfoatigureal, ahehtnegee Sonceminagion ISQFF‘F"gew

to-cool down t V\@g V\ﬁ;ﬁ;) | urry. The cool ed waste water slurry, n
JE%S - egrystal V;s;tes was rout.ed from 3 through -conduits 34- to‘

growth unit 4 (theFhs @&FF%/ vaset Feed yasxFefy theueb-condyit| 1A Vip Hurpi b g

tenmperature - 2efoal Sidraghl«isded @b ﬂﬂe%s@t-ﬂzb&tvds@erm’lqupérafk&nwdthabotiti lter).
Through this filter about 95% of %.t feed t crycstal S,
3

|
was recirCul at® Fhtlbughrebragset X S%reaj'.‘Swag r°“ted v ARV é“gks Fhd¢chdui t 40
provi ded for thmi pesaiili 23 tty tww gasallal gaclestionwmiss 3ofreeapeditserfadel ve L

and condui t 47, B0l AadeL 0 {16808 Ytk drknt G G B0 terlwddie HEC

water concent rAS over pore df anet er 6 mm. Precipltat ed
salts (70) werslurgpoved from 7 whilst filtrate was sent to 1 via punp D and

20 conduit 71. HSQobiQMdstakatdr Vs, A& fceﬁéhﬂn’ingr,mﬁont a' ni ng 30% of

Its weight as ice crystals, was rquted hf ou | colum 5

(packed B pl%‘tyéﬁaﬁ}ﬁéswe@’i E‘B‘}tﬁ%fmﬂlg &QB Li"""F:?‘fs)ﬁ"f’t ﬁre° s#Fol umm

gge 'Cﬁ crystad;\suneam&mwedlaearnhaadgmesaau ameﬁal epaxatdpgr via conduit

to heat exchan g Steamfo It Lhe I art of the
. gf%‘a‘rﬁaﬁ ? o?ﬁof‘)u?e& tRs ou& Eg é:%lm dl‘—a4§ W éﬁ 5

melt was recirtP via Con fun I oned as  __.
wash wat er - andfitl]ter)enﬂhmi@h ticien £11 teart abtglta9$1ietoff thenfeoéd (touki rfixey of0 kg/ b‘,

of melt, was qg‘é %?9 £1Qsm &Qﬁ rﬁxgcﬁﬂte%() through cori%’!ﬁ@ 431‘ egd, he wash

col um, thevva g e i'ce crystals was reC|rcu ated, through a filter,
by conduil® 51 to sVekugk ﬁf@s%ﬂ‘du}t 49, Provdedefery She iARSAtPLlER% Y%ed t hr ough

12 was kept COdilcBAfge waste water concentrate. Valve L and qonduit 47 provided
for the possibility to route part of_che_ﬁgggggﬁéter'congentrate
over filter 7 (pore diameter 0.106 mm). Preeipitated salts (70)
were removed from 7 whllst f11trate was sent to 1 via pump D and

20 conduit 71. : S -

Also from 4, about 5% of the feed to. 4 containlng 30% of its

weight as ice crystals, was routed through cenduit 45 to wash
column 5 (packed bed piston type wash column, diameter 6 cm). From
the wash column the ice crystals were removed overhegd_by an ice

25 scraper via eonduit 56 to heat exchanger 6, using steam to melt the
ice crystals. Part of the melt was recireulated back from 6 to 5 \‘)
via conduit 65 and funct1oned as wash water and the remalnder,
constituting a net flow of (maximum) 10 kg/h of melt, was
discharged from the system. _

30 ' Also from the wash column, the washing of the ice crystals was
recirculated, through a filter, by condmit 51 to sterage vessel 1.

During the experiment, the feed through 12 was kept constant

at about 10 kg/hr.. Melt was éonstantly dischafged at rates between
2 and 10 1/h (average: 6 1/h). Valve K was keptfclosed for the

35 first 65 hours of the experiment. A flow of between 10 and 60 1/h



at about 10 kg/hr. M|t was constantly discharged at rates between 2 and 10
1/h (average: 6 1/h). Valve K was kept closed for the 35 first 65 hours
of the experinment. A flow of between 10 and 60 1/h - 10 - (average 30
1/h) over filter 7 was nmintained, renovindg0500 to 900 g/ h (average 600

g/ h) of wet precipitate with a solid content of 30 % /w (det erm ned bX
drying) Since i d@Veraget a0 sL/he| evaraSiltent 7 migs ustiptaingch aFeroying 90t e 99
systemYduring thi/a gdvags amd»ag@mrmf RRRE piddupltat@Su®nR| fd1ekyedriteht G gped,
“the-waste_pr.oducts ,co entrdtl |ncreﬁsed during the first. 65 hours of t he
experi ment . - Af f & ¥49 @6&??“16'? e PRYS tenperature-in 4 was -11 [err]C.-
The wat er di schar gedsincemde0chystads mefltaeds ¢entimdexslyf dﬂscﬂha[:gsct [EBom xthea CCD
10 of 0.@4 g/ I C t t e tiop, limts
of High Per?orrrak dﬁrﬁ%c%t%l;%ﬁg rag‘?ra %grgfo%% 'IS&OE s’ %ﬁ g&'hours of
operation, the r?GFﬁ%qullaF%ﬁ)OIthhaﬁsae rrcPugssi V@qeﬁéé&ﬂef‘ rpesqd Buring the

Tenperature in 4ipas GslﬁoJﬁrE,}QheAe,gﬁnme&arrpl e of the nother |iquor had a
COD of 360 g/l and a refractlve i ndex of err]Brix. It contai ned 9.0 wm %

of non-salt organi cHEERY Hoheurg %fo‘TP%GEFr‘IH‘m empeLaturReindsHagatldr C- The
di scharged fromwa@ehatlséhdrged afxomved hadex refrdbtivé emapBrdix . @rterax CaDcob

. /1. f I f th
0.37 ¢ /ﬁ)tera SOEqur 1 Y qOR& %Lioalw ctoﬁgenrg)tcﬁte (;_1 rqu ation of the

not her 20 F &6t Ve o rhideX 6 Ilquor reached 37
[err]Brix. Terrp@ueaemnl himfteost High Perfr@andd IphaBxchusivn Chtamatiguepby
opened to di schetr .2 kg/h-of nother liquor (waste water cancentrate)
fromthe system € renmmi nder of the waste water concentrate was being

rebiscul ated to nuclAf&er oif hewissof epezatismguthe matheppliqupgshad a
di schar ged fromréﬁrﬁtiaefirﬁ\ékr&ﬁ ss OofBrix 5 téhpeﬂ;bm.se Agl 4 Jagd-m refractive

i ndex of Og[err%glxa cont ent g mééo.ogs wtof%.f.
Product i on of wE8TR-SWEE et cBﬂ t %ﬁ“@rvﬁs‘i §t%)°d) %Bt L 2R8th P54 518 <.
index of 36 °Brix. It contained 9.0 wt% of non-salt organics and
19.1 wty of sodium salts. The wash water discharged from 60 had a
refractive index of 0.4 °Brix, and a COD of 0.37 g/l.
After 65 hours of operation with complete circulation of the mother
20 liquor, refractive index of the mother liquor reached 37 °Brix.. -
' Temperature in 4 was -16 °C. At that point valve K was opened to
discharge 2.2 kg/h of mother liquor (waste water concentrate) from
the system. The remainder of the waste water concentrate was being
recirculated to nucleation units 3 via conduit 43. Melt was
25 discharged from 60 at a flow rate of 7.5 1/h. This melt had a
N refractive index of 0.8 °Brix and a salts cbntent of 330 ppm (0.033
- wt%). Production of waste water concentrate was stopped after

“another 20 hours.



11 C LAl MS 1. Process for the treatnent o r feed .
originating froma styrene nononer/ propyl ene OXI Lﬂ!@% nt and
cont ai ni ng hydrocarbons, al dehydes, ketones, al cohoq S,Lp nd salts,
by freeze-concentration conbined with satts 5 crystal S rermval t her eby
separating the waste water feed into an at |east two-fold concentrat ed
wast e product, salt crystals, and a substantially pure water product
Process according to claim1l, characterized in that the substantiall yWre
wat.er- product i s partly recircul ated t.o t?eh JSO " .production plant. 3.
‘Process according to one of clains 1—#—52—ch-aracteri zed in that the
freeze-concentration conpri-ses at | east one ice nucleation step, one ice

crystals grounft stilee 1 gepaltls Efthahe dECARYAte SlatBr 3408 gifgc SRPAr at i on

step. 15 cess according to claim 3, charact er| zed |n that the
separation st épsomsa SEYFanenBenamsr PToRFIae petfleBEdfuchionplagt andp, cegg

according to %ﬂtﬁn&ngr Hydr&irbass e&u&@aw tKadbned famelcpmemrsahnmn
systemis used, n§r|5| ng a series of altern tlr{%o tnucleatlon and
growth units, Sé'?‘t%e ¥t ‘%ﬁ‘?ées%ﬂ“fe?‘ﬁ:atm’bfﬁ‘é“?’aﬂ Yehoiar*unit and at | east

one ice sgpar &&y@fhmntémovhhﬁ thaséleyy weparatimgedthberasgei vategdfeald inte @nt he
system by the flfslenugl g}i%oc%{,gguﬁ&atw%ge@ $0hIA, Clatet e aduaia el ng

di schar ged fréf e SysS st grovvt unit, crystal s being
di schar ged frmbsmt@ytbewvyweher Papductryst al s renoval unit and 25 t he

crystal lized waterpgbig scooiiakeh oMM @ - dirhetddiYed HmOURdL tthe

devel opnent units to the separation unit, .from ich,th u er produc
is dl sghar ged. substantially puPe water product is partly rec:ch laléd ei:o\l\@h P L

10 production plant..
3. Process éccording_to one of claims 1 or 2, characterized in
that the.freege;cencentration comprises at least one ice nucleation
step, one ieé.crystals growth stepf one salt crystals removal step
and one ice separation step.

15 4, Process.gecbrding_to claim 3, characterized in that the
separation step is performed in a packed bed wash column. -
5. Proeess #eccrding_to claim 3 or 4, characterized in that a
freeze-concenﬁration system is used, comprising a series of
alternating ice nucleation and growth units, at least one salt

20 crystals.reme?al unit and at least one ice separation unit, the
waste water feed'being introduced into the system by the first

- nueleation{uﬁ@ﬁ;;the concentrated waste product being discharged gﬂi

from the system by the last growth unit, salt crystals being
discharged from the system by the salt crystals removal unit and

25 the crystallized water being conducted counter-currently through
the.development units to the separation unit, from which the pure

water product is discharged.
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