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PROCESS FOR REMOVI NG PCLY( PROPYLENE OXI DE) FROM
PROPYLENE OXI DE BY MEMBRANE SEPARATI ON The present

WO pyvsr47on rel ates to a process for renovi ng pRCYEP2007/064113

(propyl ene oxide) from propyl ene oxi de by nenbrane
separation. Propylene oxide is wdely used as
precursor for preparing polyether polyols, which upon
reaction with polyi socyanate conpounds yield

pol yur et hanes . Typically, nethods for preparing

pol yet her polyols involve reactin startln ound
havi T S5l BPaI KEY R Ca 0¥ 4P Ry 99tn CHIBHS WRER FROFYLENE

propyl ene oxide, eptbhanal IysMERgeEheEpXRATI@NE or nor e
ot her al kyl ene oxi des |ike ethylene oxide or butyl ene

oxi de. Suitable starting conpounds include polyf

unctionaknal gehols, igeaerabhyrLontal Rbng gré@e$s ror
hydr oxyl groups. Exanples of such al cohols are

gl yCGIeVigPyRer 6| Rr FeHEaEr §EheFL offom propylene oxide by

tri npihybokpLopane i dd.i et hanol am ne, sorbitol,
mannitol, etc. Usually a strong base |ike potaSS|um

hydrOX|d8rPRY{@ﬁﬁ1Q§§d§ éat i3ty ivrechiprs pyperipfor for

rea%hk%%rlIBep&L§%ﬂﬁék %Bl&@@s rapydieng exi-de-tsged fiqn
prepar e the pol yether polyo as significant inpact on

the HﬂiaﬂlISWY@lﬂa‘t%xrmoyl@ﬁét lﬁaﬁbd frrdigireveanaal | jvpically,

obt @Ae&%@dse%B?%%ﬂa&l\%ﬁBoﬁ £88e %oﬁr ;A 8ve reacting
resilience flexible pol'yurethane foans . Particularly

t he Ppreésehérd oforpetynd @na@pygeﬂepbmadlel)tm stkaswhve drydrogen
Cau%ﬁxM%d%§£ﬁeﬂrngﬁ£ﬁ§o&ﬁﬁ& d&%, Q&h?BSeEE@¥nWlﬁ$ one
eS|re e

ormat i on anp es of suc ects are t
occuwy evece ofhet owhdlees, 0k@@ﬁ$c%ﬂhq|Q§@yéﬁdeev%¢ﬁe or

col lap: ;ﬁl g%swle%é Oaéﬂlt%ﬁ@d fc 'o¥1 by H‘Pﬂﬂ ng

appl'icat e presence o ['ene oxi
in Ehéyﬁmopyhem@lGﬁkﬁ@ou§edgé@@f@k@pammﬁglnheg52aml|ng

I b t f '
g? %’ 0 %%IO%/% ?!%al;?g/f %@%%8959 LENE, d h8LAB1 OF aalif o s,

glycerol, pentaerythrltol, trimethylolpropane,
triethanolamine, sorbitol, mannitol, etc. Usually a
strong base like potassium hydroxide is used as a
catalyst in this type of reaction.

The quality of the propylene oxide used to prepare
the polyether polyol has significant impact on the
quality of the polyurethane foams eventually obtained,
especially when these foams are high resilience flexible
polyurethane foams. Particularly the presence of
poly(propylene oxide) is known to cause undesired effects
in the polyurethane foam formation. Examples of such
undesired effects are the occurrence of blow holes, low
foam rise and even collapse of the foam formed.
Particularly, in moulding applications, the presence of
poly (propylene oxide) in the propylene oxide used for

preparing the starting polyether polyol may cause
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The presence of poly (propylene oxide) in propylene
oxi de used for preparing a polyether polyol for making

W@ L@Bst4ek pol yuret hane foanms, may be | ess pr oRCBERPI00T064113

I n produci ng sl abstock pol yurethane foans, slabs of
pol yur et hane foam are produced continuously or

di sconti nuously as sem -finish&d products and are
finally cut to the required size and shape. The

characteehnstif d@ature ehamou) ded (el yunethameadoamsn.
in which they fundanentally differ from sl abstock
pol YiePREAR  Foats ,PIlY (PREPHEIME O hél'r PhY gty o tde

Thi s;sproegedsrbyarercti eB10tthde falysur ebhang. 1@y
materials in nmoulds. The finished nmoul ded product no
| ongerPPRASCE 0P DY Rt gt hedPequidedSsit 285 antC s Ha}E. 1 C -

For a funhtpesadless ispbibenodt gdme didihaneneesndetieen or
sl abst ock and noul ded pol yur et hane foans, reference is

nadéxﬂduﬁﬁﬁaﬁ@%ngﬁhaﬁﬁlQEP%P%%ﬁéxﬁﬁéﬁ§ou§ﬁﬁho%s

"POHM%%%BB@H@o&?ﬂPQQ@%eﬁlchﬁﬂl§ﬁéd’proB@@%@h£§@léﬂéiflnally
Processing - Application - Properties" by Ginter

Cer t@1t eaFle HefsEr oo piag, SMiNT E3PLOGB) Chpfapgyistic

appear:@drkNo Pracii el Lhal ur b SeN& Alns WRCHE: PE ORWLNe
oxide is to be used to prepare a pol yether polyol for

nmekifvgigaandedl poliyihcat Rape $-oANE50IFo0 PRBEr ¢ Raanel fngms,

of pal ¥ hEPLOPYLLNe: QHicde) p§8<%‘&91c9? RheSeplotfe s,
propyl ene oxide. If nore propylene oxide Is present,

one TGECTBPE Of il raBoVESREALE ord Nardes Pl edieff@gids . The
nay f‘l%‘i%eéﬁh%‘uf@éﬂ g%oblil%tf 9@"10@%% e s0tBefe NaRd,o tne

wher e propyl ene oxli is to be used to prepare a
pol yetmerefobyot 4ot simakengt et abstwdkepolgaeetaima of the

foa ffe@eggggrﬁgtwé@% %Qagspggﬁcgnduydﬁl@QEOQMi%%E%ﬁﬁi?e

oxi de) may be present in the propyl ene oxide
f or feanet acelererpricppbénet oxidellaodswehl pkhowre tihgne

the @b, CONURT £ alp ALAJUELLOD MAIBRIKY /1 BKERistry - Raw

Materials - Processing - Application - Properties™ by
Glinter Oertel (Carl Hanser Verlag, Munich 1985).

It has appeared in practice that, in general, where
propylene oxide is to be used to prepare a polyether
polyol for making moulded polyurethane foams, no more
than 1 ppm of poly(propylene oxide) should be present in
said propylene oxide. If more propylene oxide 1is present,
one or more of the above-mentioned undesired effects may
occur when making the foam. On the other hand, where
propylene oxide is to be used to prepare a polyether
polyol for making slabstock polyurethane foams, in
general, up to 3 ppm of poly(propylene oxide) may be
present in the propylene oxide.

Methods for manufacturing propylene oxide are well
known in the art. Commercial production normally takes

place via the chlorohydrin process or via the hydro-
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pl ace via the chlorohydrin process or via the
hydr oper oxi de process. In the latter process propene

w0 gooseaded with an organi ¢ hydroperoxi de. ThiBCT/EP2007/064113

hydroperoxide is either tert-butyl hydroperoxi de or
et hyl benzene hydroperoxide. In the first case

tert-butyl alcohol is fornmed-as -a co-product (to be
further converted into nethyl tert-butyl ether), in

t he ;secendcCasecSdyr enechs fofned p&%cte@@ oo PERAuUCT .
In the chlorohydrin process chlorine, ogene and
wat ér°3gE8%r Bhh &t Porm BY%W%@@ -0 Bhy dpry G cperoxide

whi ghy ies csubseguentdry 1dabydspehd-ordnated Wiyt Begad ed um
hydr oxi de to forngfropylene oxi de. For the purpose of

t he PAEPPREGEI S O piiSpy e oXi%e St PELY imat@liod 15

WhlQHmﬁb@paEaéléHLﬂﬂB&d%tl$t83@@ fd%%ﬂ@rycohﬂeﬁtéd into
ropylene oxide) is formed in

rocesses
PGB ab) DoR T UMD Er be L NEH b RS ONTE CASE KHowENe 1S
(e. Gorfieam YS hs auktt hat {Héﬂbﬂﬂ%E%ﬁyaﬁinvﬁﬂdﬂgss

poly (propyl ene oxide) may be formed during storage or
tra @Fﬂ“efo?rQﬁéﬂﬁﬂ@§duﬁéﬁeEo%?%uﬁeqmtﬁﬁ 8OnkPHl propylene

and/on opehakr 0X] dgy; SUGh asp %&Qné%ﬁ dendhrGaE RN nated
steel . One method for purification of pro pyl ene oxi de

by Wﬁ#@rﬁﬁéCS@bdﬁéﬁﬁﬁﬁdﬁstRnéﬂﬂ“ﬂﬁéﬁW@SnA-SQ%%?Q@CK the

Accordinget gethis ﬂ’[ﬁh’%@@at%ht@@&dﬁ%’%@n%l@é & Palsy
(vinylidene fluoride) and poly (acrylonitrile)

pol ;mmait@rmhbwlawés_prsr@@ﬁapewrm@earlé e6afronignaised in
in the @EBcééfé@EFgc{)liyg'p%ngﬁeHét&?lfdd rat EBPm%m{ anes.

See for exanple 2 at page 56 of "Basic
Pri nmdﬁlsesabiyweiﬁﬁmntééhﬁ@l dW‘eovmn ceF Mulderwn (e.g.

sec edktho LnAca e 96. In
salgﬂghbgg %15?%5k%§et |ﬂ§€%qg§%9%h%%rﬁgé?ﬁ§n d poly

(acmplorfPeppyEene oxtige) atnsm pol §euldonerand sediadose
est &rs,, ;are. Meat| Oé%qn a3 Sé%ﬁp &fca%ft %%X”Erﬁ%éﬁ and/or

ultrafiitration me nes ore ranes
di seleosedokhdd)S-ABR4B794tat eoxide of carbon steel.

One method for purification of propylene oxide by
membrane separation is known from US-A-5248794. According
to this method, suitable membranes are poly(vinylidene
fluoride) and poly(acrylonitrile) polymeric membranes.
Such polymers are commonly used in the art as materials
for ultrafiltration membranes. See for example
Table II.12 at page 56 of "Basic Principles of Membrane
Technology", Marcel Mulder, second edition, Kluwer
Academic Publishers, 1996. In said Table II.12,
poly(vinylidene fluoride) and poly(acrylonitrile), but
also polysulfone and cellulose esters, are mentioned as
examples of polymers for ultrafiltration membranes.
Therefore, the membranes disclosed in US-A-5248794 are

ultrafiltration membranes. Ultrafiltration membranes are
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W@e@anar79t han 5 nm

ultrafiltration nenbranes. Utrafiltrati on nmenbranes
ar eporous nenbranes which have an average pore size

US- A- 5248794, poly- (propyl ene oxide) separation
results are nmentioned for sone different types of
menbr anes. The poly (propyl ene4)- nenbranes were not
consi dered suitable. Only the poly (vinylidene

fl ugdrde) asdopolds (ARG aBvE ral exvertlolr gbibt §add Qfrcater
menbr anes were considered suitable for the purpose of
US- A524879%: One way of determining the suitability
of a nmenhrameid of epakabiag pet wd-prepybene, oxide)
(F¢K? from propyl ene oxide, is by calculatlng t he PPO
r ej eeicoN©as ?%ﬂq%ﬁmﬁepﬁpéﬁ%%Te%%%%%¥s(@fe—m%ﬁth?ﬂqDﬁeF
P/ [RRE afi ¥¥edO0 Whgrei B[ RBGbrdnds. the BeLy (propylene)

(propyl ene oxide) concentration in the perneate and

[ PPOETPTREE E hee ol P Y Frapy fered o%”&é‘)bl@on@@hft’ rdtdon in

the]Jdi%dv1M%§£&éﬂé1ﬁﬂﬁ%r@&%$egﬁd <y dc%?&b@ﬁtffﬁé%fence
is made to PPO rejection, the PPO rejection defined in

thelﬁﬁéﬁélﬁbyaW%PQnﬁ%m?rapﬁSE&%ﬁb“ﬁ”@l@ﬁrgg A EABEY 4 0T

In Table 2 of Exanple 1 of PCT/EP2007/064113

US'Q%ep9b¥E&QéQ&NHRﬁ@@B@E@b@@”@&m!%%%'B@ddéﬂeéhlnlng the

negative P

O rejection. Further, using poly

(V|ﬁWPﬁé@hélﬁYu%@ﬁﬂéﬁméﬁénéofyr(%ﬁﬁyﬁéﬁPErPPéy propylene

ul it abkon fRgD ﬁ%%?l&ﬁé%iﬁ% inorelathveladi oW tne

rejectlons (< 3 he poly (propyl ene oxide)

coné@ﬁ%ﬁﬁﬂﬁ@hsomnéﬁhéoééPWéates as nentioned in Table
2 of Us- %’%%gz%tl €50 -high th@mm%% At €39

cannot be use
pol ytregehanePFohms sante ned herr oy lehe wb@&toctqocme@fcration

in the productlon of  moul

sla t t I
or 0L B MBLHALS| e LSBPE 5 FACTURLy (4 MPIaR) 2

mentcanenasabused im tBeadpee . 1Whengasin édeedrobeit a
CO”E&%%Q?%CE%E%%(ge %5k%eﬁgdm£ﬁéﬂEQ eBe rejection, the PPO

rejection defined in the above way is meant.

In Example 1 of US-A-5248794, using poly(propylene)
membranes resulted in a negative PPO rejection. Further,
using poly(vinylidene fluoride) and poly(acrylonitrile)
ultrafiltration membranes resulted in relatively low PPO
rejections (< 30%). The poly(propylene oxide)
concentrations in the permeates as mentioned in Table 2
of US-A-5248794, are so high that these permeates cannot
be used in the production of moulded polyurethane foams
and neither in the production of slabstock polyurethane
foams.

Further, in Example 2 of US-A-5248794, the same
poly(acrylonitrile) membrane as used in Example 1, was
tested with a continuous flow of unfiltered propylene
oxide over a period of 86 days. The results are listed in

Table 3 of US-A-5248794. From this it appears that in the
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oxi de over a period of 86 days. The results are listed
in Table 3 of US-A-5248794. Fromthis it appears that

w0 pooshereur se of tinme, the PPO rejection i ncr eBGEEPI0DOG4113

a value of only 31% (on day 1 ) to a maxi mum of 100%
(on days 52 and 55) and then decreases again to a
value of only 67% (on day 86) > Therefore, the
menbrane used is di sadvantageous in that there is a

rel afdurekyok ongnayaidiengrpert 9ec{ fn abeutadds days) a value
before perneate is produced of which theéﬁual ity is

suckt RALYi fleaP béayséd R ¢ HEPrBtulti 6RYbf ¢ %lﬂaé’éd52

pol vhzethanend oans, ardrshabst 8¢kiPalyur ebhasecf oams: 673
Further, after day 55, perneate of inferior quality is

pr od@@e&aﬁg%?h @éeéfecfé%ea FbWv B TSt 46FE PPO

rej eGlsla@RahPadddils @nether cdksadvant @ga@;altﬁvéb?tlérrbe
perneate flowis also unstable. In said

t he "FérrrBdt BeF1lv GhesPPPonra $aud n%f\%leuée%‘ﬁe@{? s

M / Pauabat b PedimninRgq0b1t He expeldnments 10 @&Valdesed
of only 37 mMl/mn. at the end. This indicates that the

menbranée BEPHES E PorsuFOopeRyd (RRYWITGHNEPE| yams and

ul t rafidst haki o fedane. rgshs. Cﬁlﬁgﬁh%q oprpLugged 44)
the course of tine. In sunmary, both the sel ect|V|ty

of ardreReef POW (FInbey tHRbUEh thenrshsednadased Gefides a
Exa%lwea%doﬁnyﬁﬁé%%m&@&@lwﬂ; 't\iﬁlley Low and

unstable in tine. The volunme or mass "flux" (volune or
nas§h$ﬁéﬁﬁé§@g%nl%éﬂém)th@ H%¢m®@ﬁfé§OWhéSv@1%héﬂéﬁable

Mass; f I %nﬁxérggﬁpéigﬁ the BSP?%T‘E{@ D% WBLL AF&R £%x1mum

tinme (expresse in 1’/ h/'m" and n, ‘respectively) .
The vperreabi P9 toyl ofina ﬂén’éh@n@qulfd@fgl pédths edeeringat,

t hr r r r nd indi
e S0 TR 5, BT Ly RS e fperh s snaicaces

per ftdvei hget hemlprases $eoh gUS- ReBRL48 TPy ( acsyl@mﬂgtrlle
fl i ned
U‘EJL%%EQTtP£t§&P%@Jb‘&Be[e é‘&él 19’%@[@81"??' hﬁ’%ef‘do% ‘the

his is di sadvantageous int
course of time.

In summary, both the selectivity of and the flow
(flux) through the membrane used in Example 2 of
US-A-5248794 are relatively low and unstable in time. The
volume or mass "flux" (volume or mass "permeation rate”)

is defined as the volume or mass flowing through the
membrane per unit area and time (expressed in 1/h/m? and

kg/h/m?, respectively). The permeability of a membrane is

defined as the flux through the membrane per unit

pressure, and is expressed in 1/h/m2/bar or kg/h/m2/bar.
When performing the process of US-A-5248794, a strong
fluctuation of separation results in time is obtained.
This i1s disadvantageous in that it is difficult to
predict whether or not a certain specification, for
example a maximum poly (propylene oxide) concentration in

PO permeate, can be met on a certain day.
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predi ct whether or not a certain specification, for
exanpl e a maxi mum poly (propyl ene oxide) concentration

w0 pooR@74er neat e, can be nmet on a certain day. AP¢TUEP196T/064113

nmet hod for inproving the quality of propyl ene oxide by
menbr ane separation is known from GB- A-2348200 . In
this nmethod, liquid propylene ©xtde is subjected to a
treatment using a ceramic ultrafiltrati on (porous)

menbrang enderesuctneandbti ofRsrdhaly tthe gopunty ofr pol y
(propyl ene oxide) is reduced. In the Exanple of
GB- RF2348900, O Ceran"elar £Paf T1RI A6 renbrafe from

havigrg pa2peseosi z& ehi€ RELMES, usefiidn peeparatd ngkiprl ¥ s
(prop¥Jene oxi de) fron1propy|ene oxide. In said

ExarfpiPdeCredi &0 st dted 'HREF PE1WAS® fGUREIChat tead i tration

MENMDAERRG uE ¢ MRYEEk ARO WL a0 %R Yo dRI1GR¥IhENEen9XI €8) .amount
More in particular, it appears that in said Exanp

l e
t he PPy LT PPOTT K GXA8) coneeitaatti 3 Fhethemple of

propy-aenesexide, feed was -1u08- 11k and chhatmbheh PN ing a
(propyl ene oxi de) concentration in the per neat e was

sti [HOrE. 542fgPa. 0 THI $aSokFed pbh deRATER LaIPPOLY By edtvileae
of Qli¥e48% oh ot 1%%@vgxga§0®§%dal@w%mgié nget hods

for renoving poly (propyl ene oxide) from pr pylene
oxi déApdnehdt ahle "Separanfohlatul 1di&f mempapngnremoved about

nmenbyanes; af g Mt Utnaki | tiatd on, i3,.2:PLESSUTE appears
di fference drlven menbrane filtration technique,

whertéiai por pasd fErsates CAe ePebe P naTve R NRaoeldm)
averc%%%eﬂ%gt%%elrgrt%%t 8L LA S W Ope 8 Lhe o3 g/

di sadvant ages of u5|ng ultrafiltrati on menbranes as
di scuslsgdaabbve,Pily hrapyt hee nepistanesnfentrdurémmgn the

Operp%tflm%ténﬁgpr eup%r %% HSH' N 5¢ %%%gsf}émﬁ’é %Q&%d)a PPO

have event ua be taken out of operation f
cleaﬁﬂﬁgtpgﬁp@%eyﬂ&Twﬁ§ will severely decrease the

separ at kn 61 11.61ncy L0oLLTE, . Ad ULENGE Ol sadvantags i ng

of using polynmeric ultra tration nenbranes, 1S
t heyoswebkopylene oxide) from propylene oxide by membrane

separation, ultrafiltration membranes are used.
Ultrafiltration is a pressure difference driven membrane
filtration technique, wherein porous membranes are used
which have an average pore size greater than 5 nm. One of
the disadvantages of using ultrafiltration membranes as
discussed above, is that the membranes foul during
operation (membrane pores getting clogged or plugged) and
have eventually to be taken out of operation for cleaning
purposes. This will severely decrease the separation
efficiency in time. A further disadvantage of using
polymeric ultrafiltration membranes, is that they swell.
Swelling has an effect on the pore size and results in
permeability and selectivity instability.

In summary, from the above discussion of prior art

methods for removing poly(propylene oxide) from propylene
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Swel ling has an effect on the pore size and results in
perneability and selectivity instability. In sumary,

w0 e@st4181 above di scussion of prior art net hodBCT/BP2007/064113

renovi ng poly (propyl ene oxide) from propyl eneoxi de by
menbr ane separation, it appears that there is still a
need in the art for a process uUstng a nenbrane which,

during a relatively long period of time, can separate

pol Yu{ipeopY! eafoxidelphiamt §f OPH efpeaxkdenat Ntidere is
stable way, both in ternms of a stable PPO rejection
and St tefnBeot H dAgpPE EpEP Fredt R FIGW. UPAN Addi T8 .Ae

t hi spgenst antinstablea APPR1 @) e6td prrShaubd bene, can
sufficiently high such that the perneate produced at

any Steipﬁéatéalﬁobé RISEY B8P exiid) efqoﬁf1 PREPPF BT ctF 6iF of 1 2

nDL”éﬁ@%lﬁohMyra&hﬁﬂﬁjf@@Hﬁsa@ﬂ/Qrséﬂbigsﬁﬁgkrejectlon and
pol yuret hane foans. It is the object of the gresent

| nvent iF6A™E o°F 1 fi12d &1 derBedtand "o pPovfdet&pr ddess

for Jemevihng polyd prrepykener oxi d8)ofiiomePEOPY] et 1y
oxi de by nenbrane separation, which does not have the

dlséﬁﬁﬁnﬁﬁgéstQﬁttqﬂ§ @@F@?aé?tp%¥35%§%é§ agy di Stusseg e

abo‘(ﬁsedﬂﬁb§ objfote 1% aehi B¥EEL QY; ISiJHIn8uTBEHT ane
whi IS a non-porous (no pores) or nanof iltration

( porp@éyﬁé@Fh@n%nf%?@r aGe/ oF zel D CkpeL yBrapjane foams.

menbranez . A § fdy thet di seussed, Lelaw ; SUEh: NAN-ROKQYS 11
and nanof iltration nmenbranes are conmonly referred to

i n teedapeedsaniense ArevbAanasP eyl sforflori herosing | ar
vay ., ACGBL 9L DAL Yo éJY%eQr@98ﬁ3p535§¥éyen%xﬁgptﬁf RLEsenk

invention is a process f removing poly (propyl ene
oxi d@pafpbiPpr opyl @nelogsi det byavrereane ssepariatdom,of the

Wher%ﬁ%r a??”@fé%g%éé%v 19420 Y c?%ﬁ@@gteTﬁigeo%iségq{

Oto nmis used. Pre erab y, the nenbrane to use
in Eﬁ@lﬁﬁééehf iyveEntd grnpsapesilsicantist @ hgdrivearysonso

such, 38 .pr gpy] SN Xc'r%%ll o SotPhi &S nthal 198 age size of
menbrane does not 1 ssol ve
at most 5 nm) membrane. As further discussed below, such

non-porous and nanofiltration membranes are commonly
referred to in the art as dense membranes and work in a
similar way. Accordingly, the process according to the
present invention is a process for removing
poly(propylene oxide) from propylene oxide by membrane
separation, wherein a membrane having an average pore
size of from 0 to 5 nm is used.

Preferably, the membrane to be used in the present
invention is resistant to hydrocarbons, such as propylene
oxide. This implies that the membrane does not dissolve
in the propylene oxide which it has to purify.

In general, in a process for removing poly(propylene
oxide) from propylene oxide by membrane separation, a
liquid feed comprising propylene oxide and poly(propylene

oxide) is separated by the membrane into a permeate
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in the propylene oxide which it has to purify. In

general, in a process for renoving poly (propyl ene
w@x008074791r om pr opyl ene oxi de by nmenbrane separBCT/BP200H064113

liquid feed conprising propyl ene oxide and poly

(propyl ene oxide) is separated by the nmenbrane into a

per meat econpri si ng propyl ene-okxide and either no poly

(propyl ene oxide) or poly (propylene oxide) at a

concembrati on wighdre bawee fhartdrerpabypdpy amdmnene
oxi de) concentration in the feed, and a retentate

CoOMpFiSEAGObriopy BHEPHEAE FHDoIAF EprEpyFeher oy ich

at ascangent Fadh Ohavpicah (bsopi oher d:hae )t BenPhdration in
(propyl ene oxide) concentration in the feed

Appliantshavid foditd SPhar S WheiPUisi g & ABAL PR diisidsr and

nan@fo1iy (bkabi e dresthr@ne at Ver yo ot ardost @Rt &n is higher
separation results are obtained in such process for

r ean\ﬂaﬁg LR8I DO pIIRAYERES0RFHEY) fIBIRPEEPY I ehel bxi e foed.

For exaﬂpb§1c£@§§'ﬁé%@ EBGn@ftﬁ£E5dH%%bbéﬂﬁgogcﬁgﬁLﬁyyéus or
therefore the nenbrane has to be taken out of

operr@iPdALF B35} SHUBHENS - t Fahy Wity gsingtaple separation

ul t rafduhtcaki onopembranenasubn §:he ahoverdiseussed
prior art processes. Therefore, the present process

can Hee YPeF PBY hetk effidel) e At Py RFORY leowt PRiBas Pasiskanple,

The juse @f,a; MO PAURUS AL BRBOS - d Ay alopL SBSRY.aNE Hcn
purifying hydrocarbons in general, is described in

VK)A%@E@@O??ha%Wh?éW itskiep phe %%nﬁmﬁﬁtgﬁéll§ss frficgiently
docynent ,fdLgch QﬁﬁfeélQﬁ99§§§1{£ﬁtﬂBHWdE%%9 n@ Ligyl dne

hydr ocar bon product conprising 5% by wei ght or |ess of
hi glrlheoeedubars sl ghtl ocont Anbnarrssdravithgr af eot ecular

wei gt abcal, %;]@ a5t Q00 whersldd *?e%fﬁ QAU SEfeam i s

contacted with a non-porous or nanof iltration
mentscanénands tiresiguri fi ed product strean1|s recovered

as the EggngggQﬁféLg%%u B 5h§r5%|ﬁéﬁy%l§9§gki%f mem rane in

limtation as to na ure of the ui d ocar
pro¢w¢ufymng hydrocarbons in general, is descrlbed in

WO-A-01060771 (which is in the name of Shell). This
document discloses a process for purifying a liquid
hydrocarbon product comprising 5% by weight or less of
high molecular weight contaminants having a molecular
weight of at least 1000, wherein the product stream is
contacted with a non-porous or nanofiltration membrane
and the purified product stream is recovered as the
permeate. Although there is no specific limitation as to
the nature of the ligquid hydrocarbon product in
WO-A-01060771, the products specifically mentioned are
typically industrially produced chemical product streams
containing a polymerisable olefinic bond. The products
may include one or more heteroatoms, and named examples
of liquid hydrocarbon products include hydrocarbon per

se, such as cyclopentadiene, dicyclopentadiene,
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WO A- 01060771, the products specifically nentioned are
typically industrially produced chem cal product

wa@esamscont ai ni ng a pol ynmeri sabl e ol efi ni ¢ bPCEPZINB064113

products may include one or nore heteroatons, and
nanmed exanples of |iquid hydrocarbon products include
hydr ocar bon per se, such as eyxl-opent adi ene,

di cycl opent adi ene, 1 , 3-cycl ohexadi ene, cycl ohexene,

st ynenecytsops engierRYt agebBex&h S kty3=pent agbense,
trans-1, 3-pentadiene, benzene, toluene, xylenes,
eth&WéaQﬁanﬁrdﬁ%ﬁév3N£ﬁ€Ha?Fﬁ%ﬁdTHVHPGéaPBB%“Eﬁ%HﬂE%S

containkend, heb Braat,0nE 18hes et hydnacihyl atepefd htlamea
acryl ate and met hyl net hacrylate . However, there is no

menthi6H iFnhVEF FEAFIT60 PFROBF E pUF FF5 A g heFegeatons are

pr ppfwt@ag@ Q¥ ¢ieasd I eamyGORBF{ 8419 PRI ek By ORYE RS yiate.
oxi de) by nmeans of a non-porous or nanof iltration
nmenBlCHREer : TR Tfon-Hérolis bt ChaHo A1 PaPPBh’ hettbr ane

to Rerusedat Dot her Rf @sepl, 1bAYenti QN J¥BY Recohptheing
ceram c or polyneric type. Preferably, the nenbrane

used®9ly (RyEPBpHEhi iec ali¥emedes st eamPRoPPECET et ed

IS & ndE ecakbon, sidieamwhi ch shoul d be capabl e of
passi ng through the nenbrane. An additional advantage

of usinéha RYRTIS oL @rnﬁﬁﬁ?%&kiﬁ%ﬁﬂﬂ@rmﬁﬁbﬁa%ﬁ to be used
hydriophinki 6,008, | S ihat cUshag B hydrephobi ¢, rerr ane
wi Il prevent water from passing the nmenbrane and

ent @Glngerhe persredtreleFRbLy, vight taTdwAEhatchater my

i ni tjate pobyrerd satdonyaf spropylene.oxide, chesul fing

in apolyol, which i1s undesired. Non-porous and nanof

i |t radironaneabraesima i@ icbnieild fef eepedle oot radreng

art s  dense, Jephnanes. Exanpl £S; 92 1N0RRALQYS &dising a

nanof iltration nenbranes are reverse osnosi S type
mentivameshoNoh-paresicand thanofhdr ta atvidoarhiehbe anes  is

Sho%%%tbﬁsghétérﬁnyﬁEﬁébﬁEoﬂéﬁ%EiﬁgidﬂiﬁaELQOent water from
passing the membrane and entering the permeate. It is
well known that water may initiate polymerisation of
propylene oxide, resulting in a polyol, which is
undesired.

Non-porous and nanofiltration membranes are commonly
referred to in the art as dense membranes. Examples of
non-porous and nanofiltration membranes are reverse
osmosis type membranes. Non-porous and nanofiltration
membranes should be distinguished from ultrafiltration
membranes which are always porous. Ultrafiltration
membranes have an average pore size of greater than 5 nm
up to about 800 nm. Where nanofiltration membranes are
used which are porous, they have an average membrane pore
size which is at most 5 nm (nanoporous membranes). Where
such nanofiltration or nanoporous membrane is used in

accordance with the present invention, the average
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menbr anes which are always porous. Utrafiltration
menbr anes have an average pore size of greater than 5

woe008/074701 about 800 nm Wiere nanof iltration PEPPANTE4113

are used which are porous, they have an average

menbrane pore size which is at nost 5 nm (nanopor ous
menbr anes) . Were such nanof 10l trati on or nanoporous
menbrane is used in accordance with the present

| NVeRkipeAnet feraveragerell aae1 poresSicaani § sij taklatraply
|l ess than 5. nm preferably at nost 3 nm_ nore

pr effér ABFY at "Posto® Rt TRbRRLIPrat 10361 vy AF Bt 1 nm

nor g iref-erabl ¥ alodost nll, TmoM JrdepPLelenabhysato. 7 nm,
nost 0.5 nm nore preferably at nost 0.3 nm nore

pr eFF&bPY SRR #ost 0. TORM Onbr @t prisfér ABPYSAIPhpstt most

0 0% @”hmanﬂoﬂ@%hxﬁkﬁ%%&§bby @bstmsty GuQlnsm Jherdreibmy
"poly (propélene oxi de)" as used throughout t he
e

pre§§nﬁ©§6 PP cEti o WO§EI%¥$%ﬁF%Q§Ytﬁé present0l nm.
inventi gRe FeERI&JG ( &E@Mﬂé@ "OAIsdga;e@aeMﬂ;g@out
nol ecul ar wei ght of 1 Iton or higher, or having a

mol &8l @reﬁen@rﬁpecﬁlfw@@lam o oratHioghép, the MERAYS a
ol eGlak 1 ¥ei gmf&fs 900,Da who@héyeg%%dewhg@l\wga a

nmol ecul ar m5|ght of 750 Dalton or higher, or having a
ol eedlearlaei gmtogt o500 °PAl Pahtor I éﬁerun@@s@@Vlng a

st ated QLNgE W;SEyntThe mBbecHL af V& OhLSHas, U§]_e%amg a
t hroughout this specification are expressed in Dalto

(1 Deleclgfnvtightamd 406 Babew o &igérer n?ha@@‘@mgo)a
Si Z?no@é%@dékoﬁ%ﬂ}{to'&t @96a99¥t<§§%@ kS, fHEtMlng a

explained in the present Exanple Non- por ous and
nanafolielcttatri ool seninfanes aslsere lprahd oskrownuihe thestated

and dt%e%h@&' PHe We%ﬁ‘a?%&i‘&h 41anapar oHs, ta'%%ls

capabl e of retaining 80% by welght or nore, preterably
90%tpgowéiightior awsr exprestepraf éraalilon QEW@y—V\bIC_Q’]ﬁtOle

or %ﬁe’ar%ngay%cﬁyorh'aglale¥e91[h%f1§{ Yoy 0 %0, BY . wel

nore of the po (propyl ene oxi , can be use
chromatography (SEC) as 1is further explained in the
present Examples.

Non-porous and nanofiltration membranes as such are
known in the art and in principle any non-porous or
nanoporous membrane capable of retaining 80% by weight or
more, preferably 90% by weight or more, most preferably
95% by weight or more, and very highly preferably 99% by
weight or more of the poly(propylene oxide), can be used
in the present invention. The upper limit for the
molecular weight of the poly(propylene oxide) to be
removed, 1is not critical and may be as high as 500,000.

In a preferred embodiment of the present invention,
the non-porous or nanofiltration membrane is a polymeric
membrane. Such polymeric membrane is preferably cross-—
linked to provide the necessary network for avoiding

dissolution of the membrane once being in contact with
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in the present invention. The upper limt for the
nmol ecul ar wei ght of the poly (propyl ene oxide) to be

WO 2009l i s not critical and may be as hi gh aBCT/EP2007/064113

500, 000. In a preferred enbodi nent of the present

i nvention, the non-porous or nanof iltration nmenbrane
is a polyneric nmenbrane. Suchlpolyneric nenbrane is
preferably crosslinked to provide the necessary

net waickvh ehe ayoi g g digeselut j an-ofs-ihexregbeaneonce
belgg In contact w thpropyl ene oxide. In general,
cr oSSHECRRE NG iV P lefREEt efPT N IEEVEFal bWa?%aC"de%“ with

| NnstanRce-bynkeagtdpmow t(hnekhossr |dikdsndiagent s and/or by
(chem cal cross- |Inklé%) and/ or by i rradi ation.
PreﬂéﬁéﬁP?tl?%e TEsTaRe Y ale? AL RS L8Xghelas @

StrLgﬂl%&§n$hb@fh&ﬁﬁ%é3%%ﬂcﬁrH§§ pddiked oy - ﬂ?ﬁﬁ@dcﬂy means
irradiation, as is for exanple described

WO RfQGE?ﬂgﬁatB(%nﬁseésoﬁoé uF B E dﬁrsé%ﬁ?‘ljym
avaiyjahlesergssl i nked non-porous or nanof iltration
menbranes are crosslinked silicone rubber-based
menbr an8E2Mpte Wi ic P ULhEPEF osREGIHKEd PERYSRP B affess—

menbrianes a&e %Mst icubhanby: usefulo9keHBrQfies are cross-
menbr anes. Such cross-|inked pol ysil oxane nenbranes

ar e nbre Fhl%?@P%Nﬁﬂbbﬁérbé&%@WWQWQWQQ%SUSOA'EGQQBSIE

Typk&%%%¥11£?éaF§%ﬁ§§|1%§§H§S U8 Ntakbn t Pt icutarly
repeating unit -SI-O, wherein the S|I|con atons bear

hy drregéilopr auhyefr @@afo@@ﬁegr obipch Prrefserabhyed heolysiloxane
Efp%'in'b%nlé@' 15 %?om&f ibhhepformul & (! )exa%igffﬁﬁl ) - 0-

wherein R and " may be the same or erent and
repﬁé%énﬁlﬁ9@$bgen or a hydrocarbon group sel ected

from t he, 0r Qi FONSISLLY. Ol oaldyl waBtabkylasy

cycl oal kyl, ary and ary Preferably, at east
one r@@etahengr@nuvs Riafd, Rvheieimrt e eyl igpoupt orendpear

WDS%WQE%BgEagéy5tH§d}d%%QHB§ 8£5hp. Preferably the repeating

units are of the formula (I)
-Si(R) (R")-0- (I)

wherein R and R' may be the same or different and
represent hydrogen or a hydrocarbon group selected from
the group consisting of alkyl, aralkyl, cycloalkyl, aryl,
and alkaryl. Preferably, at least one of the groups R and
R' is an alkyl group, and most preferably both groups are
alkyl groups, more especially methyl groups. The alkyl
group may also be a 3,3,3-trifluoropropyl group. Very
suitable polysiloxanes for the purpose of the present
invention are (-OH or -NHp terminated) polydimethyl-
siloxanes and polyoctylmethylsiloxanes. Thus, preferably,
the polysiloxane is cross-linked. The cross-linking may
be effected through a reactive terminal -OH or -NHp group
of the polysiloxane. Preferred polysiloxane membranes are

cross—linked elastomeric polysiloxane membranes.
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al kyl groups, nore especially nmethyl groups. The al kyl
group may also be a 3, 3 ,3-trif |uoropropyl group.

wO/e008/03119t abl e pol ysil oxanes for the purpose OPCT/AR2007/064113

present invention are (-OH or -NH2 term nated)

pol ydi met hyl si | oxanes and pol yoctyl net hyl si | oxanes .
Thus, preferably, the polysidarane is cross-I|inked.
The cross-linking may be effected through a reactive

term nakxakbl ©F oNH2igeoup efcdhe iprlyiskh axefnteric
Preferred_pol ysil oxane nmenbranes are cross-Ilinked
el afOdHBrL =Pt Y IBRARE ABFLT ANES ‘ERadprescofred in

sui t-alhe -gERsSohddked xebash over i ;9! KsiikaxaBenembranes
menbranes are extensively described in above-nentioned

US-E??lG?@BQS?dT%%éfF@&WF&BPéaW%ﬁﬁﬁéﬁ@§_éP%hc%ﬁﬁ3§§&ibed
of apekyshloxane Ralimehrsishyas gesebi bedi seps@,

havi ng a nol ecul ar mel%ht of 550 to 150, 000, . .
pr efEPABFFPEB0° 10 U206 0prlPoEO 0-TrEeSSIinkFhYyY),, WHitch 15
I's chess-hipked Wdd), a8Sceh9ssridnkingqagent (1(id a

pol yi socyanate, or (ii) a poly (carbonyl chloride) or
(iiiEPlRAE?8Y§$%?%r PEwHerei A MP%%(?qaqonyNkEPlo¥}@ehapr

- O0CR.; ;3 Rg_ZSiiz%a Werdin ANds RdE hydrogesg, alkyloocr, a
aryl, cycloa?ky , al karyl, or aral kyl. ﬁurther details

r egarsdizng3suot abl erpolry skl bxanegargntarniages eanl be found

in US-A-5102551._ For .the_purpose of_th resent
| v eNE8R PRE i Wrdirad CRoR: RO elis TGP AnE el b
pol ydigaetihyl sshoxane menhsanexanhincdmbiranpseten ad yround in

Cross- i so ot her rubbery non-porous nenbranes
couﬁ%_@éggggaéfin general , rubbery nmenbranes can be

def i nedras tealbranescha¥i oge apfyeporiousnt opn | @yer of
one poly

| ymer or a conbi nation of polyners,. . of i ch at
et S E R R Y g s TGNabaTt Hne FooR ot Brper L thaane
wel Inchel-anet hen pperiat iprg reeapey atndss,-linkedt h€lso other
tenperature at which the actual separation takes

ol addPP0EY BABTHEIO G BEELHF Bot Gttty used. In general,

rubbery membranes can be defined as membranes having a
non-porous top layer of one polymer or a combination of
polymers, of which at least one polymer has a glass
transition temperature well below the operating
temperature, i.e. the temperature at which the actual
separation takes place. Yet another group of potentially
suitable non-porous membranes are the so called
superglassy polymers. An example of such a material is
poly(trimethylsilylpropyne).

The non-porous or nanofiltration membrane is
typically supported on at least one porous substrate
layer to provide the necessary mechanical strength.
Suitably, this other porous substrate layer is made of a
porous material of which the pores have an average size
greater than 5 nm. Such other porous material may be a

microporous, mesoporous Oor macroporous material which is
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sui t abl e non-porous nenbranes are the so called
super gl assy polyners. An exanple of such a material is

w@oiog/ot47pi met hyl si |l yl propyne) . The non- por ousPOY/EPENTH64113

iltration nmenbrane is typically supported on at | east
one porous substrate |layer to provide the necessary
nmechani cal strength. Suitably13this other porous
substrate | ayer is made of a porous nmaterial of which

t he ERES 1havee@NEAVeliage rsi Zeagi@ater vihaars b it iJugh
ot her porous material may be a m croporous, nMesoporous
or ﬁﬁ@ﬁoﬁérﬁﬂ%ﬁPﬁﬁ%¥%9¥lt%ﬁ9%h F@ﬁbﬁﬁﬁpﬁ?eﬁéeﬂf fgie base

m cref el Ehati@porsusticathtiy atd Provsdehtas Poldssary
(acrylonitrile) . The thickness of the base | ayer

ShoUlFd BEL S0t { 1ici WHITy 66 ProvE b fidifoealsaryre may in

mechanheal pet s@neHhed Bnaddihi O r thirsusUBShp&EE© Ry
in return be supported on a further porous support to
proﬁFG@lﬁﬁetP%qﬁﬁQQ%fQQe@ﬁéﬁﬁ%é$a%t%Qﬁﬁﬁgﬁh Ty €&t 4y,

t he dhickkpessopfrihe pasealayers icx ofrofr @oH 109 41 %)'ﬁho
mm, nore suitably of from20 to 150 mm. Were the

nonﬂ§6@06§16@bh%ﬁﬁ?fﬁpﬁr§9|6ﬁ hehBran&PEE S coibi HEtPor ous

m‘tQms%%ho?§§@ri@56ﬂ3meh@§aH@npéQQ%mﬁ%bﬁaQHYhh§§cﬁlbase
t hi ckness of fromO0.5 to mm, preferably of from1l

to Samer, The BoMWsianst |S(§ﬁté¥>l§é B3 7 (tOp CHBADE ate Tnpye - 5

and @, hlai gk, POrous SURPRkt £l ayef 5 o0fhen referred to
as conposite menbranes or thin fil mconposites. The

menbr an&hE s tliprs ot arr Biged- haerPherpet siesat end a
f'°W§n&krEEr%héQ&%ﬁx&%elg§QPr§§QxﬁﬂﬁlE@¥@Eré@duiﬁﬁﬁ

t hrough t ase layer, soO that the pressure
di f feoreneétevieentraerhr ahen piishesarze st ops | alfes mmntogane

thejﬁﬁ%%lké%?§ s oUW L able4Pof QuS, fmt e al %efﬁio&§%h9%%e

| ayer having an averag€é pore size greater than
ar e yioloygpathy | owiimeineeyop  pay g %Qﬂnh@@mntﬁequgh1ﬁh§2base

po'ﬁ_g%Ehegbn%ﬁ%? thd? r%géﬂ¥é &%%%%yencgogbgg éﬁgjdgyﬁ%ane

tetr I'uor oet hyl ene
pushes the top layer onto the base layer. Suitable porous

materials for the base layer having an average pore size
greater than 5 nm, are poly(acrylonitrile), poly-
(amideimide) + TiO,, poly(etherimide), polyvinylidene-
difluoride and poly(tetrafluoroethylene). Poly-
(acrylonitrile) is especially preferred. The preferred
combination according to the present invention is a
poly(dimethylsiloxane)-poly(acrylonitrile) combination.
The non-porous or nanofiltration membrane may also be
used without a substrate layer, but it will be understood
that in such a case the thickness of the membrane should
be sufficient to withstand the pressures applied. A
thickness greater than 10 pm may then be required.
This i1s not preferred from a process economics viewpoint,
as such thick membrane will significantly limit the

throughput of the membrane, thereby decreasing the amount
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(acrylonitrile) is especially preferred. The preferred
conbi nation according to the present invention is a

w@odog/ot4dnet hyl sil oxane) -poly (acrylonitril e)PCI/EP2007/064113

conbi nati on. The non-porous or nanof iltration
menbrane may al so be used without a substrate | ayer,
but it will be understood thatl4ir such a case the

t hi ckness of the nenmbrane should be sufficient to

Wi t kgt anditheq psessiyesnappl &6 v Adicknessp@r eatier ot
than 10 nm may then be required. This is not preferred
f r orh ™ p FOE e8I ES - vi ewpoi nt, as such thick

menbr aneMih | Si:gnif heanbyokd Mt dohect heaughpyt of
t he menbr ane, thereby decreasing the anountof purified

pr od Gt SHAF EHOT o lféler BEHVEFEY T UmILECEf Vi nE %and

menyAne i ghedi r MBS s aai SRN- P PHSpQlcHENSLide to be
menbrane, transm ssion of the perneate takes place via

£ ho REGTGREBR. @1 TTSi0n :Res HarT ST e MBEEPY| B bk fgEes
to %r@%maﬁ@dﬂrﬁ%@m@%w@ hhe,enbnane meLFis anden ic

di ffuses through the thin selective nenbrane |ayer,
af t lespiPEhat t tieSBSa&E Phee pe?%étaé“spléé‘fl%ef%en for

dri \ﬁe@%efagﬁgﬁ IQ%W&%@E&@%%&M OgtahbCe Pr &S SUIE:
Exanpl es of such nenbranes are reverse osnosis type

menteaReEsne nalé%s@vérﬁ’&n@ﬁ@@%%l% RO EAEr PRCBsel! iGRse 2

the n%%%?%%ué Ve QR kst y58qbel igvwed thahe sepasation i
takes place both on the basis of the above-nentioned

sol utsi GRldryedstort mechanarsan antkon tikeebhsts @f the basis
mol eqular shzee %Jr{&:%o%%aegolu{]lérh% f%htsgﬁncﬁéghaﬁlw @na

is no questlon of I ssolution of the perneate in the
mentranéentesix bumdsioylet sianshdiferehreaghlt Hee latter

”E”Qk%%e ¥h?fét§SQQPQR@ @§ODV®PQﬁi§Qﬁ%tlon of Um?germeate

sol ution-di'ffusion mechanismis functioning, it
bel iigvé&det beerdmpaorttank bhatorhe aferyraneonht @ricalgh the

doesme agésvc‘?ié\é%%&%n%g? En nﬁf{gr %u%% E?E’Hé’ﬁ& fOquierSlOD

t he nenbrane erential |y,
Conp@n@nplsmatsrﬁupqujobgngyeeu is believed to be important

that the membrane material does not dissolve the
contaminant to be removed from the membrane feed but,
preferentially, only the component that has to be freed
from the contaminant. The present inventors have found
that especially polysiloxane membranes, for example
poly(dimethylsiloxane) membranes, are capable of such
preferential dissolution of propylene oxide, rather than
poly(propylene oxide) which they do not dissolve.

An advantage of using non-porous membranes as
compared to the use of nanoporous membranes is that there
is no plugging effect. This means that there is no
possibility of the membrane becoming blocked by larger
molecules plugged in the pores. This could happen in
porous membranes, as a result of which it is more

difficult to regenerate a stable flux. Therefore, it 1is
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fromthe contam nant. The present inventors have found
that especially polysil oxane nenbranes, for exanple

w@eiog/of«ddnet hyl si | oxane) nenbranes, are capabl BCDEPROTDO4113

preferential dissolution of propyl ene oxide, rather
than poly (propyl ene oxide) which they do not

di ssol ve. An advant age of usi n§ non- porous nenbranes
as conpared to the use of nanoporous menbranes is that

t herg cirs rhed Pt sl9gimg ei-beet . oThitse MRaRSnthabvéhers its use
no possibility of the menbrane becom ng bl ocked by
IarjbPOHDP@EQ?%émbFﬁﬁ@@dmﬁﬁb¥%%3de@@Ve?h|étcbﬁl%PphaSlsed

happenrti RapepOMS ITRIEHRABS s 8Su Rl 8SW bheOhisvhi ch dHe i S
nore difficult to regenerate a stable flux. Therefore,

it iPSprefér pedttorraenbul PRt B tdfe preseht ltration

i nveRkieAnt0 use a non-porous or dense nenbrane.

However, it is enphasised that nanoporous nenbranes
coul d all88 Beteriet it heSpt bt E¥GT SEhEaprakEnPropylene

i nventiienaas fohanefc idkbkahi Ofe RIMIARR e mdPesuitably be
retentate will still conprise val uabl e propyl ene oxide

and 76 CLRat TP edSo A RE ARet PR At X Ifdy S§6Pt abfynbeed with

recycleed te-bbhe MM ARGsePA AL i stiepsapde mxed, part
with fresh feedstock. However, when recycling

r et érft &he, Tpartt e rHd lr BEEAL BY edidiischaveet oS as to
d'S%R%raegu§y&hﬂ§§ﬁ¥Qh%V9b9¥bH£$§bﬂé%e0ExEB§ p@%ﬁbh is to

(propyl ene oxide) which is to separated fromthe
pr opEPenatesti techy-hee@noPyl erai eifnthvaneaps oesxid

! ”Stn{%%%r%erﬁfc%é%?g Itn@;%eélgj Sf‘tf’é&ﬂﬂn@' BnLNESAM® o

process, it may al SO be su ected to a second and
opt ivoiralihy ther tdres ryopasati oh stemlson bahpeheas tive a

ret %’?etc%ﬁ Qﬁdaogﬂfo%taﬁ‘?}p%ﬂh&f‘ SHER Ak§ HSed. @S trh%hlch

feed for a second separation step. Further, instead of
r ecyclsiengh¢paetemfite lné ﬁeﬁ@h%@I%ﬁRﬂTaﬁupDhéte@uxﬂfqaa@gas

It iMearSEGORG, aa{‘ds %g)tn OQéhéé‘a{ retpStep’ the

retentate may al so I SC arge Ini1ts
Further, instead of recycling (part of) the retentate

or further purifying it in a second and optionally
further step, the retentate may also be discharged in its
entirety. This is most likely advantageous where the
composition of the retentate is such that it has some
value as a starting material in another process, without
having to further treat the retentate before such use (no
further processing). The permeate has been upgraded in
the sense that its contamination level has been lowered.
Consequently the permeate has obtained a higher value
compared to the original product. The retentate, which
contains an increased proportion of poly(propylene oxide)
as compared to the original product, has a value
depending on the poly(propylene oxide) concentration and
the perceived end use. The retentate value may be lower

than or similar to the value of the original feed.
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entirety. This is nost |ikely advantageous where the
conposition of the retentate is such that it has sone

W 2008074181 a starting material in another proceBSI/EP2007/064113

wi t hout having to further treat the retentate before
such use (no further processing) . The perneate has
been upgraded in the sense that rts contam nation

| evel has been | owered. Consequently the perneate has

obt ai nedtaghi gheri valeeneamparetk teilghe pergiMadge of the
product. The retentate, which contains an increased
pr or?&rltgll&?}ﬁl ?G%IS}“a(%Péﬁﬁﬁén%h%%%)thﬁs neghpare b S

t he Qlgknal ps quGleathasea yabwe dependi Bgagd 4t it is
pol y (prggyl ene oxi de) concentration and the perceived

end AESEPTRet? et 4f€ Farae redt 158 (%weér CoRam grant in

si mdrar pbonthee valdieah tberrsi gimantheedodt agesLill date
defined as the vved%t percentage of the original feed

t hatc9p&s8é8athrbudh e RETRBABF anel Ehd 9§ eF eEBY et etPasut,

per et 84 oByr adidstdNgnt Renst 8ge-&itratibni $nPossi bl e
to vary t%e concentration of a contam nant in the

per ie&t82h8- wel | as the concentration of said same

contam Rantni pthe fretigntat eon, e hicgher chhe. st agaery
cut, the higher the contam nant concentration in

f et eHtaLe broad t henigses éft tPn%%ﬁtl?YoWeltgﬁérsﬁlag@@u’t 30 to

can qsar W, Lhin. br.oad Liimps:p10,4:0139%by Weighatters is
suitably™30 to 95% by weight or 50 to 90% by wei ght.

Al tkat amaete e diy lehat oalpel yoq oy Renen ok degrmeate
concent/Lat L ofeh i RENEALE; 80dA Ofn & ant %E?oéqs a\%}it%\i%d

ich is belowa certain maxi mum For exanple, ere
it imﬁﬁlmvénd%@rtQﬁamﬁiebh@hﬁéﬁniﬁukﬁIhﬁtﬁﬁée@rb@LMﬁq aine

of mrulded. pol yurethane foam .4 rﬁcﬁll@ﬂ?e'dvﬁb)l Bl 90 51298 am,

cut mght have to be achieved. Another rel gvant factor
to conmsildetvesy tihepoltyoepropyherie dxivgeyo be achieved.

Con%%%tt%@p Pglé\paﬁéq?afc%%g tghgorgsei%erreqssEﬁgepgw (p&%@ylene
be set by varying, for a
oxide) concentration in the feed.

The desired stage cut can be set by varying, for a
given permeability of the membrane, the trans-membrane
pressure and/or the feed flow. The first option implies
that, for a given feed flow, increasing the trans-
membrane pressure results in a greater flux or flow of
the permeate through the membrane, and therefore in a
higher stage cut. According to the second option, such
higher stage cut may also be achieved by decreasing the
feed flow whilst maintaining a certain permeate flow
through the membrane.

In the present invention, the volume flux through the

membrane is typically in the range of from 5 to 1000,
suitably 10 to 500, and more suitably 15 to 200 1/h/mZ2.

The flux through the membrane may also be expressed as

mass flux. Preferably, the flux through the membrane is
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given perneability of the nmenbrane, the trans-nenbrane
pressure and/or the feed flow The first option

w0 ppBRE9t hat, for a given feed flow, increasiPQI/EP®07/064113

trans menbrane pressure results in a greater flux or
flow of the perneate through the nenbrane, and
therefore in a higher stage-—cut/. -According to the
second option, such higher stage cut may al so be

achieywedaby decteasi ngirtherf eege flOWWRick8tm is contacted
mai ntaining a certain perneate flow through the
nenﬂﬁéﬁeth?nm?WEFﬁﬂﬁé§§n€ FRYBHETOH " A Re PUBF BeS f (Rpessure

t hr ough ct-BecaENbEane iisS thypksal § Vid nrkheahgader of v duf aMeo
5 to 1000, suitably 10 to 500, and nore suitably 15 to

200 o0/ RP#Y 25U EHRLY 12Uk Ot RPobighr tHe MSSr AHECARYY al <6

be exprassedhaspdmasidihuxy BF efs allprahBei§l koically in
t hrough the nmenbrane isconstant in tine. Further, the

i nl éSsEPBER PS5 TO dcted LWt hs'tHe Henbr ARe @t and more

trangrivepbyanec presayneni psgssure difference) which is
typically in the range of from1l to 60 bar, suitably 3

to 35 baP, 2&FRFIIE ¥dihabhy BreYs ipapntTpey & liquid

per rf%@*al lcbwrjo;lwqo @@Eﬁ@eoﬂsﬁié .\/amg%lolly wowferr@%&qde
of from1 to 100, ably 2t 0, and nore suitably

3 t@ﬁyObp/ﬁﬁﬁ@QﬁQQQ bﬂ 55 ﬁ@@o@@%ﬁHﬁEQM rRnpRel py &kt

I nVeptieane 1%&&“&‘%d?%%QtEOBEmﬁéﬁ§E¥d9598¥§§85b(%%iﬁ% and
and poly (propyl ene oxi de) be separate

non-9P6reEsner PRaNGfr ARV £ae| @ﬁl%hmrar@@lwpéomk@rerr@aﬁ@e
conpy Si Egnl@él‘?&}’%&% Qxide and; gidhes, no.pol ﬁfoly (propylene

(propyl ene oxide) or poly (propyl ene oxide)
conceritdeat concewmi it iios Lowehe t et lvedpel yetﬁrﬁmﬂ ene

0X'Q§%1%999§8t§f§§§¥%deno&@ﬁef§§9;pd¥y4p§o59589é5€£3d d) at a

conpri sing propylene oxide and poly (propyl ene oxi
at &cooroenttarh orhiwii ¢ hsghegheran kas rhéy petgpylene

(pr opyl %“%8%%&’?9 r &9 e”hr@fléoﬁeéo{‘ the feed.
Pr ef er abl ﬁ propy ene oxi de) concentration

Preferably, the poly (propylene oxide) concentration
in said permeate is from essentially zero to at most
10 ppmw (parts per million by weight), more preferably at
most 5 ppmw, more preferably at most 3 ppmw, more
preferably at most 1 ppmw, more preferably at most
0.5 ppmw, more preferably at most 0.3 ppmw, and most
preferably at most 0.1 ppmw, on the basis of total weight
of the permeate. Such permeate may suitably be used as
raw material in making a polyether polyol to be used in
making slabstock polyurethane foam.

Further, preferably, the poly(propylene oxide)
concentration in said permeate is from essentially zero
to less than 1 ppmw, more preferably from essentially
zero to 0.5 ppmw, more preferably from essentially zero
to 0.3 ppmw, and most preferably from essentially zero to

0.1 ppmw, on the basis of total weight of the permeate.
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in said perneate is fromessentially zero to at nost
10 ppmw (parts per mllion by weight), nore preferably

WwW@roosns4796 ppnmw, nore preferably at nost 3 ppnGT/EP2087/064113

preferably at nost 1 ppnmw, nore preferably at nost 0.5
ppnw, nore preferably at nmost 0.3 ppmwv, and nost
preferably at nost 0.1 ppnw,- @8 the basis of total

wei ght of the perneate. Such perneate may suitably be

usedas pawnaatermal siuﬁtﬁﬁki/nlge a: 20! vet hety potyolatan
be used 1 n maki ng sl abst ock g yur et hane foam
°(

Fur (REAITpF ePer EDINEY PREVBO kberdlp?}ﬂdeﬁé BRFdfey either

conGantkabERNpd NSl sper RBah ot Sndyieruesseptiadlahe foam.
zero to less than 1 ppmw, nore preferably from

essent i &Pl §2ZerG 435 /0 "B pH N O E SpRgf-EF abP yt ¢ rgmused in

esseniiiabl Modedds tgfbl@;u%el@ﬁ&iﬁ\é A, Mgl @66&@1&@1@&%&{ n
essentially zero to pmw, on the basis of tot

wei Gift YdPTPRE Pt e Sgéﬁl%‘ér%%ﬁl@%?rsﬁ?%% )Pﬁoéo 000

used, &S nf gie ARt &F i Alcr @r%}?wﬁe &Pl etheti ROyt e tD 1y
be used in making either abst ock pol yuret hane foam

or o G8E°PBI Y é?tmﬁ’neMpéﬁn?r?frﬁrﬁéﬂthﬁparCOQ\?FFé“rte“ath“
PropyH eneoxi Geed Snd1@ BE aUSHL: ditk r}ﬁhlyng gk@lﬁ@l oxide) is

poI yur et hane foam the concentration o
(pr o¥yrene bxf d&™havi ng a nol ecul ar wei ght of 20, 000

and hi gB%fefé‘bﬁ}JCQh%Nggﬂ?ﬁﬁoﬁ%léi% o%ﬁ%l) de o &f grallivn
not exceed 0.5 re preferably, th

condentsrat éﬁt%ﬁtaé'aﬂ d shifgher e pret e lay \m@rghto pot yrost
(pr %y%% 0% A€) A & BLADSE + O s PRMV LR Ef 868Dl Yoo ARG 1y

poly (pr opyl ene oxi de) concentration in said retentate
i s fatomeessenppred | ynorer pregeaibostt 20sppAweridr eand most

pr eferablyyal £‘P~°ﬁ‘ios1c0 2%% oY & %fa%'&@blﬁ’ é‘&ta{@%el%ht

pmv, nore preferably at nost 3 ppnw, and
pr efcer abeyratempsitc -2 Syehwreoantdiee asi §U@ﬁabb1’ abe used as

wei ght, gb Lhe.{ etr?'?&a%%g §U§aﬂee&%1t to% RY: Subd QFQ

be used as raw nmateri al ng a et her polyo
t o hekugsedsiabstock polyurethane foam.

Thus, a further advantage is that in addition to the
permeate, the retentate can also have some end use value
as long as the stage cut is properly controlled.

The membrane separation will be performed in a
membrane unit, which comprises one or more membrane
modules. Examples of suitable modules are typically
expressed in how the membrane is positioned in such a
module. Examples of these modules are the spirally wound,
plate and frame (flat sheet), hollow fibres and tubular
modules. Preferred module configurations are spirally
wound and plate and frame. Most preferably, the non-
porous or nanofiltration membrane is applied in a
membrane unit, which comprises spirally wound membrane
modules. These membrane modules are well known to the

skilled person as for example described in Encyclopedia
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maki ng sl abst ock pol yurethane foam Thus, a further
advantage is that in addition to the perneate, the

WO edosnt4pe can al so have sone end use val ue asPCDRPR08T064113

the stage cut is properly controlled. The nenbrane
separation wll be perfornmed in a nenbrane unit, which
conpri ses one or nore nenbranédonedul es. Exanpl es of
suitabl e nodul es are typically expressed in how the

newafa@aemﬁc@psirtg'lcr@%@lh@,sm@hEa poted . Jnanal esy of sons
t hese nodul es_are the spirall % wound, plate and frame
(f1 dt*she¥P¥, LholB5 S i'BPes ahd- tFGHPAF SnBluFREE L1y wound

Pr ef@iared s madall @ £anfjegur at i f@f‘seﬂ{n@)l%pl U@LA%M and
plate and frame. Most preferabl t he nonpor ous

nanof> i ePas? ot ﬁﬁﬁﬁ¥§ﬁ€57§6ap ﬁééﬁ5ﬁ7§4neﬁﬁﬂéﬁ§50118

uni tanagwoch-soopsises .spiral ly wound nenbrane nodul es.
These nmenbrane nodul es are well known to the skilled

person a§ Tot!l &xarfsiPe cGedEef beP i EACYEPoBetiasrerating

Chemicgal-Epgloestding, At ReFd. pelf9%n 8BA 1 Y 6Y0 & SQFS the
Inc., Vol 16, pages 158 - 164. Exanples of spirally

WOUIRE ORFAANBSORFE destr iLBedrir fiot fewanpl élauid inlet

US'%%§%9%55%heLg%f&fﬂ%gggggt<H§ E@%%6oxide is about
US- A- 5458774, US-A-5 118 A- 2006040307 . It

wi | 1348 CapBresi atted TRaPhPE &F e 2l ATch & CHPEF AL WP Lrom

te”ﬁﬁ“%tﬂpet§h9¥“Q:Q%yk%@ta9§i£w&t'ﬁ%lQ%bhyngtﬁ@' Qftion
the propylene oxide féed in order to have a |qU|§

i nl éts sereapd Jie Soid CRYLPORAEr DFIpPILdPyFenge oxf dedns 5 to
aboufy 34 Of.. TMakﬁ% @E”Qﬁ]@{‘&(ﬂ Cce?rfp%%%%?e

tenmperatidres fromO up to 34 0C may be appl i ed.
Sui t abl §het ey sepatdichonhesprearrlied outdatta be purified

tenﬂ?(@&%&?démﬁ%i%%ﬂHaQ%% Bgegéﬁgnf%dé%t§gnog%m%gggé%ed is

sui tably at anbient tenperature. The way in I ch
propym@ﬁér@ﬁld@Dﬂdmb@rﬁﬁﬁnﬁ|E@N@ﬁt%@%oﬂ@ﬁnb@owwth t he

S{g}e %#%gﬁ%:%ﬁ#d%ﬁ%@ﬁg&%\% bsd mRberkal th0 $N8y1ene
oxide to be treated in the process according to the
present invention may be the product directly obtained
from the known preparation processes. Alternatively, said
directly obtained propylene oxide also may have been
subjected to conventional purification and recovery
techniques before it is treated in accordance with the
present invention. Assuming that the propylene oxide 1is
produced in a hydroperoxide process, such purification
and recovery techniques typically involve the removal of
unreacted propene and organic hydroperoxide, by-products
(like propane, aldehydes and alcohol) and other treating
agents. Typically, the propylene oxide feed to be
purified in the present process, has been obtained by the
epoxidation of propene using ethylbenzene hydroperoxide
as the oxidant, then separating propene from the product

mixture comprising propylene oxide and methyl phenyl
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preparati on process may have been applied. The
propyl ene oxide to be treated in the process according

W@ 2008k@i7pr esent i nvention may be the product dPCEEP1097/064113

obtai ned fromthe known preparation processes.
Alternatively, said directly obtained propyl ene oxide

al so may have been subj ected 6 eonventi ona

purification and recovery techniques before it is
trealethihB1ACERY danca 1W EBpbher PiesebyilBMEeNdk O from the
Assum ng_that the propylene oxide is produced in a

hy drGPEr ox PN pt J8$s ™duch purification and recovery

t echni quesqtypi £l lhel pyebyeetdesienpualcgh thneacteded
propene and organi ¢ hydroperoxi de, by-products (Ilike

pr op@néeaPehyteLandCaPEBRol) HHEF Gt REr CPFRAL TGy 2T

agentssist Typi et |5 Jrgypeapybeng oxide feed to be
purified in the present process, has been obtained by

the epoxfdabt g BT SP6penedash i eithPbeAzERRAted 15 2

hydreperoxtde a@s.dhe @xidant, ofhen sepamnat Ash P5ARENE may
fromthe product m xture conprising propyl ene oxide

and GRECRYP pheby | iIBitner, land 35 malvy Psepst ars ryide)

pr opydseneoaxi des f nmdnhe cret iyl o phenyl. aaibi8p) wnd n
general, the propylene oxide streamto be treated in
t he BFE6€85sMefehe presentui avbntSort sPerprise st it

| east 991Wh0 Of; f¥ opvene oxigde. .l dhe Bropylens vy
oxi de product to be treated is a relatively crude

propiiene oxi Hes st reeambstichs prodirctIhayrcont i mBhgisye
wei ght; 19k, e§.31%3zbhyp‘3vle>ig§£r gpy] ene oxide) Based- O 1ene

total wel ght of e product. However, the present

et lved deg - paren cul &dqp saileabyelwienht ke lplopydeire
oxi dg i pLedyct 1o b8 L reateds cgpt@w%r%%éw VeI GhL; OF 5
| ess, suitably 1% by weight or |ess, and nore suitably
0. 1%y lwer §htclorvd .ess of the poly (propyl ene oxide).

Suen, 2 shuehe el LD sl doopyens. e
relatively pure propylene oxide stream, such product
preferably contains less than 500 ppmw, suitably less
than 300 ppmw, more suitably less than 200 ppmw, more
suitably less than 100 ppmw, more suitably less than
50 ppmw, and most suitably less than 20 ppmw of
poly (propylene oxide). Typically, such relatively pure
propylene oxide inlet stream comprises 1 to 15 ppmw of
poly (propylene oxide).

The invention is further illustrated by the following

Examples.

Example 1 and Comparative Examples 1 and 2

Poly (propylene oxide) (PPO) was removed from a
propylene oxide (PO) feed by using a dead-end membrane
unit. In a dead-end membrane unit, the feed flows
perpendicular to the membrane surface. The experimental

set-up used in these examples is schematically shown in
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highly effective. If the propyl ene oxi de product to be
treated is a relatively pure propyl ene oxide stream

waowk/oprreaduct preferably contains | ess than S50PCPPP2AN7/064113

suitably | ess than 300 ppmw, nore suitably |ess than
200 ppmw, nore suitably |less than 100 ppnw, nore
suitably I ess than 50 ppnw, -agd rost suitably |ess
than 20 ppmw of poly (propyl ene oxide). Typically,
suchrilgel ati vebye puUrecprepytenee oxinde a18l abvst fleadMollowing
conprises 1 to 15 ppnmw of poly (propyl ene oxide). The
i nvélri'oR9Ps further illustrated by the foll ow ng
Exanpl es1; Exanple 1 and Conparative Exanples 1 and 2
Poly (propyl ene oxide) (PPO was renpoved froma

propyl ené: ox} e {90 " 8ed by using a dead- end nenbrane

unit. | n3a geatbendoerbkanesunit, the feed flows
per pendi cul ar to the nmenbrane surface. The

exper i meft aPe¥¥aAN®H used in these exanples is
schemati gal byrshown oupfeg. 1 , wherein the reference
numer al s _have the.follomﬁng meanings : 1 stirrer

ni t r ogen®i nfetlEyiPPOvEéedl ni xt ure menbrane 5 perneate

outlet eqlectd an¥gssel In.these exapplkesrcthe over
pressure difference over nenbrane 4 of the dead-end

mentiieareoni  of Fiqg derd-endcessaryn s orlef Pectihg rhe
flowoksperpeate dQughyt hee Merdy Qﬁ?ge‘é@éa@@%ﬂ&%&y the

means of pressurisation by feeding nitrogen gas via

ni t Megenanal e¥a® arnldcdd@rt nem)s tde Drictpogena ez dsed

as %e%bﬁﬂ%eﬁi€9¥ﬁ&{Qﬁwpgﬁgpg{{f%g%n inlet 2. In addition,
the nitrogen was used as a blanket covering PO/PPO feed
mixture 3. The trans-membrane pressure applied was 5 bar
during the entire experimental period.

After having applied said trans-membrane pressure,
the vessel shown in Fig. 1 was filled with 140 grams of
the PO/PPO feed. Subsequently, stirring of this feed
under a blanket of nitrogen gas was started by using
stirrer 1. Said stirring was carried out during a time
period of 75 minutes at which time about 70 grams of the
original feed had permeated through the membrane. The
stage cut was therefore about 50 wt.%. The temperature
during the entire experimental period was room
temperature.

In Example 1, a supported membrane was used wherein
the top layer having a thickness of approximately 3 um
was made of hydrophobic non-porous (dense) cross-linked
poly(dimethylsiloxane) (PDMS). The total membrane surface
was 5 cm’.

In Comparative Examples 1 and 2, different types of

membranes were used, namely ultrafiltration porous
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m xture 3 . The trans-nenbrane pressure applied was 5
bar during the entire experinental period. After

whasngi7appl i ed sai d trans-nenbrane pressure, PEEEP2007/064113

vessel shown in Fig. 1 was filled with 140 granms of
the PO PPO feed. Subsequently, stirring of this feed
under a bl anket of nitrogen-gas was started by using
stirrer 1 . Said stirring was carried out during a

ti MehcP@ibads Ofahdrianybes atzavh€dhddrimenabosit nd @ @3B ng
of the original feed had perneated through the
nmentiFdfe°f Theet e YdGCr was t heréflor(@28bott 50 wt . %
The1herpeyal e duricRgathe (ents e expestmgad@lin us-a-
period was roomtenperature . In Exanple 1 , a .
supﬁ@ﬁ@é@‘ln’é%?%rﬂes WaS cys 88 whieridich ihéEctBpt L ay gt this
havif@art Beekness of approximately 3 nmwas nade of
hydr ophobi ¢ non- porous (dense) cross-1|inked poly
(di met hyPstPERET) VEPBRBYP L Ther t3tS3PPRE BT ahe & Tades

was 1 ceiNfnel 81 £C0Mmanali vayvEXanpl L andcRnesdidf erent

types of nmenbranes were used, nanely ultrafiltration
por cESFerbrahesy havithgaa pare ot Z& Grearer ctharf'’s® nm

and peing.rads, of - id)hebnRo! ¥ (AT Wonkkibbke JolPAN) £
or 5’21 ey T e o e Favhe . s b8 potdille o
US- A5 5248784 wdii«ch riesbdbac ussethdan walke 5i nth# oduct i on

of this_sp cificact.ionEIn arative E)éagple 13 a
suppor t &8 neHbENne ‘Was “GERUS wheriTEERE “top T ayerc Was
haviusgdawhbirekmess: afopappyoxi mately a3 camcwass srade of
hydr ophobi.c_poro oly (acrylonitrjle ). (PAN) having
b R e g G A S R SO e R

sur fraqe (wasybidene flmoCaapar apvnre Exartpbea? avé@rage pore

supported nenbrane was used wherein the top |ayer
havisigeacfhPekies<IT6f tRPPIORPINAIEY STTFACRRLe frat et

hydrOth@iEh@Q&Qy§ﬁ the above-mentioned time period, the
part of the PO/PPO feed mixture which remained inside the
vessel and which did not pass through the membrane as the
permeate, was decanted and recovered as the retentate.
The PPO concentrations in the retentate and the permeate
were determined. These PPO concentrations are shown in
Table 1, as well as the PPO concentration of the feed at
the beginning of the experiment.

The PPO concentrations were determined by means of
combined size-exclusion chromatography (SEC) and
refractive index detection. A test sample of propylene
oxide is evaporated and the residue thus obtained is
dissolved in tetrahydrofuran (THF). An aliquot of the
solution thus obtained is injected onto a SEC column. The
molecules are separated according to their hydrodynamic
volume (so-called size) in solution. The separated
molecules are detected by a high sensitivity differential

refractive index (dRI) detector and recorded as they
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poly (vinylidene fluoride) (PVDF) having an average
pore size of 20 nm The total nenbrane surface was 5

w@p008/0A79t he end of the above-nentioned tine pRCT/BPR007/064113

the part of the PO PPO feed mi xture which remai ned

i nside the vessel and which did not pass through the
menbrane as the perneate, was2deeanted and recovered
as the retentate . The PPO concentrations in the

ret entaterand the Ranmeatecyved engdeledshaed: r Ihese. RRPOn

concentrations are shown in Table 1 , as well as the
PPOSnEehEFat o OfIthe PEBHP At Yh&ThégPnhf A ot HHe
eXpetaRAtd, Mige RRQGARELCREN AL hon% 1WeNe adelel ghn ety s
means of conbi ned si ze-excl usi on chromat ogr aphy ( SEC)
andJF@PFééﬂﬁ@eu$Hm%i*@@@@éFYB%?e/§Q%&9?r§agﬁﬁg gFving an
Pr opyi-@RgeOxb deci Sarevapehat el andhdhear.esbduend hus
obtai ned is dissolved in tetrahydrof uran (THE{ . An
al i Gretof LEAk SbIt ithA St RE3CBHt i Med il (PRPREIEF orHveoLl)
a SEGpegl ymanadhe mpliegubesaft eagepanatedaacsorgdingst o
their hydrodynam c vol une (so-called size) in
sol %K. PFhes suparidded Vbl ecul w8l Hr@odefeexeer by a
hi ghysenalhi ¥ 1 yo.didifer eathal gref ract icvackpedex {dRl )in
detector and recorded as theyelute fromthe colum
accaoladilngof ot ottt matlieetlaFrom Sitie POl BEI 49, U diat and
di stfiighuth on, of nd he i 8si due Lhus, Ol RednetNe of the
fraction of high nol écular weight PPOiS identified
usi fglacpenyseyeanenst andard (PS) having an average
mol ecul ar wei ght of 20, 0Q0_Da. yForythe quantification
of this fraction, a poly (propyfene gl ycol) (PPGQ
st andi&@ré :havi ng an aver age nol ecul ar wei ght of 5, 000
Da is applied,omsifig .21 BH! b -Pol mtig@%}ngﬁggmgﬁ andagd pro
cali bration technique. The concentration (in ng/1l) of
t he i ghshobetwt zon wei ght PP (RS Oh@00ababandion graph
higqq%)miplghe sanpl e was cal cul ated by neans of the
fol I'owi ng’ eqbiat i on

Vogr = total volume of THF added for dilution of

residue; and

Vpo = total volume of PO evaporated from test sample.
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where : Ccai = concentration of the high nol ecul ar
wei ght PPOin test solution as obtained fromthe

w@ 2008074191 on graph (in ng/1l) ; V THF = total vPCT/RR2001/064113

THF added for dilution of residue; and V p0O = total

vol une of PO evaporated fromtest sanple.Table 1 From
Table 1 it can be seen that tké PPO rejection in
Exanple 1 is higher than in Conparative Exanples 1 and
2 . The perneate obtained ifnzgkxample 1 , having a
concentration of PPQO hAV|nn_3_?_TErulnr mpighf of
20,000 and hi gher, of |ess than 2 -ppnw| CREY - sui £aBPy
be|used as raw material in nmakiing a pol|lyet her pekyod
tolbhe used in making noul ded on slabstock polyuret hane
f 0aRFOSEPNFeRtraAtien, 1nt £ogd f odid 3t hat |affBer havi’Ag
decapted,the retentate, the nerfbrane used in Exanple 1
could be used again to treat another PQ PPO bafch at a
si mMPPAar conesntresioni Ag i n a si midlar PPQ2Rej ect | 6A as
in . This inpligs that after use¢, the
sep%r%ggle%%@gﬁéﬁ@v of the nenbrlane used in Exapple 1
re Pﬁsreh@cislalm (sExanpl es 2 ando3 A spi9ﬁal wolind

ne i od simtar thetone—as—sh I = P
of YlF;\B5 g%%%%%t Yan as furtrgr4%descrl4§§nd the=r4g?n,
wa resedtawttpmhe proviso that the nmodul e was|made PO

Al A Ky ot oADMY Aol Gt ANt onheoaor

reol Ol. O.Ill., I IIl. CI art a IJy UST IIU U 1T CTOl1 CArTC O'J (A | S
and seals, and that the nmenbrane used was the sane as
t he nenbrane usad iinikExaapliee s« tchetpteseﬂfﬂo rejection
speC|f| cati For .a nore detajl ed descri n_of sai
il STRRE: Rk beb e b N AT e R
WO A-.2006040304atd nmutsiingdais pﬂ:;fadpjmundhaelmg ane

rmdule t he feed
ncentratlon of PPO having a molecular weight of 20,000

and higher, of less than 1 ppmw, may suitably be used as
raw material in making a polyether polyol to be used in
making moulded or slabstock polyurethane foam.

Still further, it was found that after having
decanted the retentate, the membrane used in Example 1
could be used again to treat another PO/PPO batch at a
similar flux resulting in a similar PPO rejection as in
said Example 1. This implies that after use, the
separation quality of the membrane used in Example 1
remains the same.

Examples 2 and 3

A spiral wound membrane module similar to the one as
shown in Fig. 1 of WO-A-2006040307 and as further
described therein, was used, with the proviso that the
module was made PO resistant, inter alia by using PO
resistant spacers and seals, and that the membrane used
was the same as the membrane used in Example 1 of the

present specification. For a more detailed description of
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flows parallel to the nenbrane surface with the inlet
feed streamentering the nenbrane nodule at a certain

W@ o9p0%i79i on (cross-fl ow operation). The feed PCI/EP2007/064113

conposition inside the nodul e changes as a function of

di stance in the nodule, while the feed streamis
separated into two: a perneateSstreamand a retentate
stream In the present Exanples 2 and 3 , the PPO
congentyr abhene i Ahdatl therpersraie ist,r eafeadflcd s made to
retentate stream were nonitored. These concentrations

wer €09 ePRPAEY 9 r the sane way as in Exanple 1 and
Conpar atIhV@sExa&ﬁr@ls%ar&laneuzd afdhi@eshoun1é N thabl@ed

, as wel | e PPO concentration of the feed. During

t he Teffier B2BXpET T éht dle PEFPHC tHhe feran¥ i henbrand et

Pr essidie swasam dlerdnd the henpesat Woguhasat 09Mertain
tenperature. The total menbrane surface of the

nentﬁ%%@@sa§éﬂnlqugéﬁnﬂl@§ OPAFR- P as TRenf eeFaptrgpopition

. i%sE¥e BnERR&ONRCenthations i n figedcRPAW) g 1dib A in
PPO concentration in perneate (ppmy) 2.8 0.06 PPO
rej 6 B8RPG, I I PhO EBAGeRErTT dif iSRPRERER atidC two:
(pp@W%e%ﬁéaée 4 Fagh 0k bhecexperidrents  fr om Exanpl es

and 3 was perfornmed continuously during seven days.

The per ABabit i RELStuRxapet Aeat 174 ow V8FPoBFPy and
retQﬂ%ﬁk%t£59¥6NeuPQk&%.%ﬁ&e siablie dyring Lhatentire
experinmental period. In addl%lon the PPO rejection

was TStablat Fr o SRiblere Mpnther e SEERSt RADCEher PRONS

' 6] GRlIO8L B EXAIPI S cA0dnS 5y 1A ahi ¥ebyp bl 8 ang

al nrost 100% This inplies that t'he perneates obtal ned

m glonperaséde asxqwwasatephdl 2 i andrakienghavpolyeldiae 2, as
pol yal, 1t 9 be, ussd, i, ki ng. oyl sled pol-yupet hang, § ea

| ndeed, the perneate
entire experimental period, the trans-membrane pressure

was 5 bar and the temperature was room temperature. The

total membrane surface of the membrane used in Examples 2

and 3 was 1 mZ2.

Table 2
Ex. 2 Ex. 3
PPO concentration in feed (ppmw) 116 4.9
PPO concentration in permeate (ppmw) 2.8 0.06
PPO rejection (%) 98 99
PPO concentration in retentate (ppmw) | 153 6.4

Each of the experiments from Examples 2 and 3 was
performed continuously during seven days. The
permeability, flux, permeate flow velocity and retentate
flow velocity were stable during that entire experimental

period. In addition, the PPO rejection was stable.
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obtained in Exanple 3 nmay suitably be used in the
production of noul ded pol yurethane foam Said peremate

woiog/ozont ai ned 0. 06 ppnw of PPO havi ng a nol eRCI/BP2007/064113

wei ght of 20,000 and hi gher. However, the perneate
obtained in Exanple 2 which originated froma nore
contam nated PO feed, is not- gdi table for use in the
production of noul ded pol yurethane foamas it still

cont ai Ngrb@OTAMCH 2PRO, cHBI Bei sedardd-eukae 2r8 PP¥tQbn in
PPO having a nol ecul ar wei ght of 20, 000 _and hl(g;her ,

Thi £5°EPLEF abte 0.4 pHritwht th }}Whgeﬁéfﬂalst §00%. This

consinglered asat henderpdatak | ovabl e cancant pathy ofs raw
PPO having a nol ecul ar wei ght of 20,000 and hi gher, in

PO & aset iTARHY Fr BALEET o pd! gedpe used in

pol yisetBansuf@ampdiRuaddhbhOnedn aqmd@\éblngt@e I(}ié]ﬂne%%@
rejection during the entire experimental perio

anot¥éf1addaht Lot ReNABNBRERP s8¢ PACEheD abtve

Spi r@loaweyndn ey anectodul eui scthat fohe. pes eahidditay
and flux remain at the sane |evel during the entire

experileiPAFapetd d4.0TRERE WasPRd Vesei enmele pHiafgivitgant

or ¢f0ggi, 6'00£n<§adldgﬂéﬁ‘c"bh@w§v§r L Ad Ter%eéte FHOLERY in
for renovi ng{bpol propyl ene oxi de) from propyl ene

oxi d&apylae WS’&‘G@PQ@F@@! f]?/\%@araeln}?r& feRbraheated FO

haV'fréQadan1§V§6@9§n&%rb%ské§ Qfe fromQ b?oéu@?lér? dised.
2 . Process according to claim1 , wherein the

menticaneefspal pol g/riericc fReRbrant: 3 illPretessns too much
accorfi ng.to ¢ %é?t%cul\é’@eﬁeé r‘pﬁrﬂ? JOLYRRLLG; fenbr ane

is madé froma polysiloxane which contains repeating
uni twlefuipe forghi (LY, 080 (R)d (tRAer0- TREy Wwhefrai mbRve

and R4° ORY Qﬁl&b%rﬁ'%e%ldiéf@&?‘s@d&% %gp&?ec'%ximum

hydrogen or a hydrocarbon group selected from
allowable concentration of PPO having a molecular weight

of 20,000 and higher, in PO to be used in the production
of moulded polyurethane foam.

In addition to achieving a high PPO rejection during
the entire experimental period, another advantage of the
membrane used in the above spiral wound membrane module
is that the permeability and flux remain at the same
level during the entire experimental period. There was no

question of plugging or clogging of said membrane.
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t he group consisting of alkyl, aral kyl, cycl oal kyl,
aryl, and alkaryl . 4 . Process according to any one

w@oosloas7pr ecedi ng cl ai ns, wherein a |iquid feeRCI/EP2007/064113

conpri sing propyl ene oxide and poly (propyl ene oxide)
is separated by the nenbrane into a perneate

conpri sing propyl ene oxi de and7eirther no poly

(propyl ene oxide) or poly (propylene oxide) at a
concentration which is [ower than the poly (propyl ene
oxi de) concentration in the feed, and a retentate
conpri si ng propyl ene oxi dé—&nd H3Lye (propyl ene oxi de)
at a concentration which is higher than the poly
(propyl ene oxide) concentration in the feed. 5 .
Process BE%%ﬁ%ﬁrﬁ}rt6e@P§Fﬂ94p?lWWQQQQWﬁePﬁeOfﬁﬁ%) from

(Pr apyWpenenexbdede aQNGRALEahE Ofcpdy dNenpernBat enis
fromessentially zero to at nost 3 ppnmw, on the basis

of (HIERIraRe; GRY I AheVEErARaP et 612pPdc s atcidt di Ag +5
to glalgm 4 , wherein the poly (propyl ene oxide)
concentration in the perneate isfromessentially zero

to less PRAPEIS piARrdondt he Besis lof "HeEaln weigmendrane

thejge%n?@§§me;1@ Rresess according to claim5 or 6 ,
wherein the perneate is for use as raw material in

making an@$§@ﬁtﬁ900§éﬁy@|t@o@b%ﬂmédePﬁrﬁ%RiWRf_polymeric
sl abgt@cknpol yur&thane f gapy 1 8s:1d-0cess1aqcosdi Nohd o
claim6 , wherein the perneate is for use as raw

mat ersPaRtiingmaki hy o poryépherlpollol to be used in
meki ng noul ded pol yurethapg fpam, 9 . Process

according to claim4 , wherein the poly (propyl ene
oxi dékeresncBnerd@th omavn behéhe et &g atre dig fereny and

eSS%Q&&%EEMtZﬁg&E é%na%rngsh¥§ré%Hgﬁoﬁm&rBﬂﬁ PasLS & from
of t e. di ng

t ot al "wel ght e retenta 10. Process accor
to dhei mroup ewresigitinchefr elent atar dl&kvflor cuseoakylawaryl,

wat%&baglkgrggking a pol yet her pol yol
4. Process according to any one of the preceding
claims, wherein a liquid feed comprising propylene oxide
and poly (propylene oxide) is separated by the membrane
into a permeate comprising propylene oxide and either no
poly (propylene oxide) or poly(propylene oxide) at a
concentration which is lower than the poly(propylene
oxide) concentration in the feed, and a retentate
comprising propylene oxide and poly(propylene oxide) at a
concentration which is higher than the poly(propylene
oxide) concentration in the feed.
5. Process according to claim 4, wherein the
poly (propylene oxide) concentration in the permeate is
from essentially zero to at most 3 ppmw, on the basis of
total weight of the permeate.
6. Process according to claim 4, wherein the

poly (propylene oxide) concentration in the permeate is
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to be used in making sl abstock pol yurethane foam 11.
Process according to any one of the preceding clains,

wob@BeT419t he separation is carried out at a tePQEEPRI00T/654113
in the range of from5 to 30 OC .

- 28 —

from essentially zero to less than 1 ppmw, on the basis
of total weight of the permeate.

7. Process according to c¢laim 5 or 6, wherein the
permeate is for use as raw material in making a polyether
polyol to be used in making slabstock polyurethane foam.
8. Process according to c¢laim 6, wherein the permeate
is for use as raw material in making a polyether polyol
to be used in making moulded polyurethane foam.

9. Process according to claim 4, wherein the
poly(propylene oxide) concentration in the retentate is
from essentially zero to at most 3 ppmw, on the basis of
total weight of the retentate.

10. Process according to claim 9, wherein the retentate
is for use as raw material in making a polyether polyol
to be used in making slabstock polyurethane foam.

11. Process according to any one of the preceding
claims, wherein the separation is carried out at a

temperature in the range of from 5 to 30 °C.



