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PROCESS FOR REMOVI NG POLY( PROPYLENE OXI DE) FROM
PROPYLENE OXI DE BY MEMBRANE SEPARATI ON The
present invention relates to a process for renoving

wohyosopiopyl ene oxide) from propyl ene oxi de gs/ep2007/064113
menbr ane separation. Propylene oxide is widely used as

precursor for 5preparing pol yether polyols, which upon
reaction with pol yi socyanat e corpounds vyield

pol yur et hanes. Typically, nmethods for preparing

pol yet her pol yols involve reacting a starting conpound

oo 6RE B i b P 8 TG Bpevnone

nore ot her al kyl emn&I0RiEeyEMBRENRSEyARAEICOXI de or
butyl ene oxide. Suitable starting conmpounds include
pol yfunctional al cohols, generally containing 2 to 6
hydr oxyl HrowpsseBxanpkesiof releteanlteohobocase for

gl ycefov ghy 609l pr Laer Y ieht Blom propylene oxide by
trlneth%IoIpropane 5tr|ethanolan1ne sor bi t ol

nannﬂ%%‘ra%ﬁéﬁméﬁﬁ%ﬁVy a strong base |ike potassium
hydr oxi derdcpyused @543 catalagst hded RsSptype sef for

reaction, The of _the propyl | ene oxi de used

b opdP PR DALY B0t YN hABE GHoR: Fatft SPAHEL on

t he quuabwdgﬁnatet¢mmg©ohymrgﬂdianpoiyun@SheN§ﬂu:Uabh@ally,
bt f hi .

0 ahﬂgﬁq §S¢§% %ﬁé&JﬁEy o%é%?%%r é@ﬁ ol%rg%r%f%e ar?tlng

reS|I|ence flex ane icu
t he pr ésenceroftoppdyd propyd eneloxdlday pPE &kricgwn hmdrogen

CaUS%t%HQQ%uﬁﬁgrgﬁiﬁﬁkSokﬂx¥h%p@?&%&ﬁﬁlﬁégﬁﬂkgaﬂlth one
formati on. Exanpl es of such 25undesireéed cts are

t he G¢clPferitéesf 2bIER AoPESEs dive CaRvEPre caideeven
col | apse1efe td&edéoasmlftabn@ohtaeaﬁh@ Cadnpbliyas | hemagd di ng

appllc tlons r ce of po prop Iene xide) in
The. bRk obaf Rl GEBAST ofensPabit TG FHe Gk r EF g
pol yét hed-gollygkonmy. caasele probkerts dlrobersrsref glycols,

qual 'gt ?j(c&‘? fhgeﬁ%%éeyt%&‘ﬂ@!@‘f ft%%thy‘l%lgr gsgnce of
pon p opy oXI I n propy ene "oxl
triethanolamine, sorbltol mannitol, etc. Usually a

strong base like potassium hydroxide is used as a
catalyst in this type of reaction.

The ¢uality of the propylene oxide used to prepare
the polyether polyol has significant impact on the
gquality of the polyurethane fcoams eventually obtained,
especially when these foams are high resilience flexible
polyurethane foams. Particularly the presence of
poly(propylene oxide) 1s known to cause undesired effects
in the pelyurethane foam formation. Examples of such
undesired effects are the cccurrence of blow holes, low
foam rise and even collapse of the foam formed.
Particularly, in moulding applications, the presance of
poly (propylene oxide) in the propylene oxide used for

preparing the starting polyether polyol may cause
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used for preparing a polyether polyol for making

sl abst ock pol yuret hane foans, may be | ess problematic.
5In produci ng sl abstock pol yurethane foans, sl abs of
wohswhathane foam are produced continuously pRf/ep2007/064113
di sconti nuously as sem -fini shed products and are
finally cut to the required size and shape. The
characteristic feature of nmoubkded pol yuret hane foans

in which they 10fundanentally differ from sl abstock

pol ywiebhane ifhoasses io& ther imgneero:f pbhehfedradueddon.
Thi s iy oceeds by % ion of the jrof%ﬁur et hane raw

mat eri gl 8- 75 ouf ﬂgr?};?yrhegﬁe | JBPPPEYERE Hode
| ongersehasod @rbBaJCJlﬂg hOpdbi'beetmequde_,d)lSIfZE n&ntdnshape

For on. of the ferenc bet ween
sl ab%tloc% andp%gg\ﬁ ?F poliglouarmest’ha I:_i%eogrrvs erme"?]tcleC IS
rrade t o Famdisdoksno s lpblyrrkerhane: dtdans, f@unsh akabs of

" Pol yn et hang ,Hanghogke/ o (hemiat éa/nmﬁewsz“{,bto%” al's -
Procéssing - Application - Properties Qunt er
Cert @11SE‘E‘%‘H“UH&ﬁ%raS\/é?H“hgﬁmWﬁg?‘éHDIP%SFS 20| praasinally
appeaned:d nHer aechizﬁ%dt B@-Ee drid gRARS a|1heV@er%c|@5@M1%ne
oxi d |sto% q%jtr are a pol yet her pol for
rrakl Ui d dmﬁ‘élr & 3é Y8555 MG MbrEitha €iy ppm
of pdhzy@m@msjzemeimﬁede)fr@m@ubdsb@:m@eseﬁﬁeuhmeamhms,
bropyleng. alde, of Bie propviene axide.]s presant
250né of frore of e abo e Tren |one S7ed effect s
my ¢eeotiwhed Mimyvheuf@anramathelelshem hants. The
wher e RE opyd &R e ¢ ohdcd %obeoygep naQ PEERALG: A, che
pol yet her pol yol for making slabStock po yurethane
f oamg 2IPH Yerferal a2lFPERe 3 fipnt of Wigdey (Bt BisyPéRen of the
oXi delﬁtﬂ@;yerb:%s3ﬂ@iv%%€1ntalétﬂsﬂo|&ﬁ REORYeR Cﬁ@l@@rethane
Met h%ds for r%anuf acturi n pr o%l ene oxi de are well

known “Pi°t HE ﬁF?nceO&ﬁnE‘? BHREL T oR” ST AEF Pyt kes
pl acéowing, tswehchs o‘rf?@hydretrhameoeeﬁsoM< Vi endrfiethy df oraw

per o&l"tggri)ah%ces}groée%sgpshy?ip%per o gﬁessﬁ_ﬁorpoe%%ngs" Sby

reacte an organic
hydr 6peroxietes aBerarsrm Vootyd, Mypdioperd®gi de or

et hyl benzeng shygronenox Loct el T st &888ar, wi
tert-butyl alscoﬁﬂ5 is 5f gi%r?ecd gs aaco-producta(tomt?ge

furt F?éP?%Jcﬁﬂ?ePf‘e%e it 6Ot Mpedt BP (RIBHEYE BtHTEYFLIgH

t he @empdsml msealsiry;r ebeldsa frenpeek @snbheo4os, ph@dlbl&rte-

In th oroh%ég rocesse chl or(#jge E 1?% ne and .

wat er re F&ac P]é?%éf]pr“gpyi“e ¢hPd dPFRsent in

whi clraiig psnmeqmem:dlyledehydrro@ehbmpmhedoﬁ:mm tth present,

cal ciym by droxi de £ LOLMLRIORYLENE QXLAE o % cLBE 1nay
occur when making the foam., On the other hand, where
propylene oxide is o be used Lo 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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purpose of the purification of propylene oxide it is
i mmaterial which preparation route is used. Nanely, in
all processes poly (propylene oxide) is fornmed in

wodeRiorabl y hi gh quantities. Mreover, it iSdg@roesiis
(e.g. 15from US- A-4692535) that high nol ecul ar wei ght

pol y( propyl ene oxi de) may be formed during storage or
transport, for exanple upon €antact with a netal
and/ or metal oxide, such as netal oxide of carbon
st eelperOneddrettoedst orrnpune fiaatl-opr ©fe spr ppydcare ioxi de
by 20nmenbr ne eparation is known from US- A-524
A cor TRt o R B HAHOAS . KA CRBR R by Bk J3aF gor oxtas
pol y (s ﬁyth@ertertkumylde)/dmmérp@wé acr ¢k bpniarizkeg
poly [ rane c y S I ed

! NE L SpPEIRLENCE: (e PP R b e e
See flormest anploe c25Tasluet 1 1td Deatfuplye S6nvfrteBagneo
Pri nGicphes Qrtwgnpyﬁr&hzgphmql QYY" s MALCEL s MUl g%me is

second edition, Kluwer Academi ¢ Publ i shers,
sai d TPABFE a5 t02, CYOINPEYFhy | TUERE @pﬁﬁppﬂ%yuhﬁﬁocess

pOlY&?ﬂbyhﬁﬂu torbbene d&@twéiéﬂ)ag@|y@%ﬁ?@&n&aﬁnﬂﬂxFropylene
cel l ul.gse esters, nment i oned as. 30exa s of

ool y RS PBRIPE 1 MFTTTY rt £ Or SRRRT Hhe I THT BPOr B 4the
nenbn&uuescangmﬂmoﬁgmkqxidéE%d\ﬂﬁ%@Sﬁ@dpyn@ae oxide. For the
U'”%r EE@tdio@llgg ﬁ%gtho Akl rﬁyﬁ%ﬁw' op. fehranes

are "porous ne dve'a average porée size
greaﬂéWaFﬁGﬁHSWﬁﬁﬁhIH?GPab&@M2¥@bUE&apreeq gfamely, in

US- A-22248/9% s sRQl ¥o1f @reﬁyi&{zee o%éiéj)e)lss epafat :gn
results are nentloned for b5sone different types of

nmenbr@fEsir Aty pory %ﬁ%“6b9+?§7eyoﬁ%ﬁﬁﬁfané§ erechpt (e.9.
consuﬁemeduwdsabb:es Onky the pohyfwiaty ik dene

fluorlqe) ande yé Ionltrlle% 4t aflltratlon
oMb A S ST 487 ed b Ut SBTEST GPoP hE PUPpese”
US-At5E48§@ﬂu One weywrok detrercwhniag Wihe a@ral and/or
t t t
sui %‘tah X1Q,{e {I‘léx\"‘f’s aﬁ%é%]p x‘iggagﬁ I gon stee(]je

pol y( propyl ene oxi fron1propy ene ox
by cal cul @t9 ﬁ@tb?ﬁaﬂnpcpﬁﬁﬁ%ﬂﬂﬁﬁéﬁﬂ afs PEOPY WS ORPPED by

rej eGleh®Pakscpabde ro LEPARI FRPATU9-2"5208794. according

to this method, sultable membranes are poly{vinylidene
fluoride) and poly{acrylonitrile) polymeric membranes.
Such pclymers are commenly used in the art as materials
for ultrafiltration membranes. Se¢ for example

Table IT.12Z at page 56 of "Basic Principles of Membrane
Technology", Marcel Mulder, sccond edition, Kluwer
Academic Publishers, 1996, In said Table IL.12,
poly{vinylidene flucride} and pely(acrylonitrile), but
also polysulfone and celliulose esters, are mentioned as
examples of polymers for ultrafiltration membranes.
Therefore, the membranes disclosed in US-A-52487%4 are

ultrafiltration membranes. Ultrafiltration membranes are
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wherein [PPAp is the poly(propyl ene oxide)
concentration 15in the perneate and [PPQf is the

pol y(propyl ene oxide) concentration in the feed. Were
w8 bR psesent specification reference i s Mg 9 ofti13
rejection, the PPOrejection defined in the above way
is meant. In Exanple 1 of US-A-5248794, using

pol y(propyl ene) 20nenbranes rqsulted in a negative PPO
rejection. Further, using poly(vinylidene fluoride)
and Fﬁ@rﬁﬁ@Q{éHHQBhéi|dh§hhuﬁidéa%hl&&éﬂdg@np@ﬁgﬂHiéee reater
resulted in relatively low PPO rejections (< 30%. The
pol y t(hﬁ‘PoBﬂ“éne oxi de) concentrations in the perneates
as menti onerhydia Tadkd @x2mp 25 1obeSa~Ak~524875944; paw-so

hi gh that hese rmeat es cannot f

pr odu&jtrlo% 1 OX %I)edgeﬁgi‘?/tb &t ASHE" §n'§ %%rﬁ:lﬁ@??hfe?;
in tfﬁ@mpr@mﬁﬁrleon ofpes| abstatkapes y ket hahe pﬁ:oamene)
Cur b LI DABID! .2 00 LA 5208234 . Loe
30poly(acrylonitril rane as used in an‘p e 1,
was t Ué‘dlwltlﬁeae clontrngeu s saviofacait piiteried)

pr Op}dl%Bﬁf%r@%L@N%er@rﬁﬁéé Qb e0fo B8 Y8 suliftepi st s
are listed in Table 3 of US-A-5248794. Fromthis it
apped§ PWaRCSen Ot & -2coaf S & f OPF MY Che PrO™ B BE N
i ncr easeabiriay asvaliiebehn® oy Baﬁ(an(acmngayol@) pkBpRene

maxi num.o on days 52 and ecreases
agai r?xtlgeg (]/P %{ g m c?n?é?yg 7% (Doﬁ ylSSgy Célgé‘%l?% ¢
t he rPé’@bramtusved a5 Sdilgegvant ageous in that there is

a relatively Long.wahtjng_pefiod beb, Eg#‘%]ufgfi fsﬂt@

before permeate is produced of wh
such "kaeim t [FEQR- Be tiBeddly ph@pbplre@eu@ﬁcim ebnppUlrdadon

pol yurethane feams anrd (sbapst 9ckiPebyyrsthanent cansie)
Further, after day 55, 1lOperneate of inferior quallty

i s prodieRd ddarnts BeSi 4esda 60 ahtl fiRsPEHI ¥ TFPO

rej ecstpleemf1cnath|omsrefaat@tqherladlr@advamtp@@er@§oddlah the rro
per neat.e Elgnwde%n le., 1Ln said Extan'pl e 2, the
per nmeare fi 08s" rom aerﬁ‘af rui val"ué®sdt- 90 rer n.
at the b@fgifmﬂmngeof dath@sexperdsnent ,usibuoral wakapybine)

only rr%%b%éé’@ Qes@itéd“%neﬁ%?ggﬁ'ﬁe ndi ‘E@?S?‘t thet rhher,

menbr ane, bein oro y( acry onit
ultraﬁulpar%&%Ydﬁlﬁfé ﬁfef @@él@%@@lwa%m@wrwﬁ

the GOWESE: Ofralch BE. mdnbrSHEWBI:,1Do4 hirt el seleali vid Y¥ro

of and the fl ow Z%flu 2] throu h the nenbrane used in
Exawﬁﬁéeﬁt%ﬁns (< . e poly(propylene oxide)

concentrations in the permeates as mentioned in Table 2
of US-A-5248794, are so high that these permeates cannot
e 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{acryleonitrile) 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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US- A-5248794 are relatively | ow and unstable in tine.
The volune or mass "flux" (volunme or mass "perneation
rate") is defined as the volune or nass fl ow ng
WwOh@M@N-4he menbrane per unit area and ti e JdgxphRSHE3
in 1/h/n2 and 25kg/ h/ 2, respectively). The
perneability of a nenbrane is defined as the flux

t hrough t he nmenbrane per unit spressure, and is
expressed in 1/h/ nR2/ bar or kg/h/n2/bar. Wen

per f ojol-pg e :REOCASS pPH MSer 92481794 cade $HrONYa value
fluctuati on of separation results in time is obtained.

30Thi% PELYiddavantigeddst it AR Ofs &7 s firBufyt o=
predi:cti ahetdrer coen N:@Icraa@ﬁ ta@hin speel Fehoad ic@neniwrs 75
exanple I.mu pr | ene oxi de) .concentration
in P per maE{% E%a% )ér‘rgrétt oeyn SRET aiung%ay A

f ur t Kepatetogebos imphevitigreheés qualeibyioflypiopyl ene
oxi de, by apg |

G A SIED0 EA R hethad BT G o byl e Bx! e

i s suPeeted Otfowal@fr é@?nﬁ‘mllﬂjgl By WEebhnt it can be used

ul trafi kLhé 3idRncb{ROIQURu TRIDLANE ANERRe StiEhs ana
condi tions that the anmount of pol y(propyl ene oxide) is

reducedPstort I@@l%ﬁi%e of %88 AL 95485003 %ercglaﬁn?%

ul t r gfeichéaed Io&nlﬁ’ﬁéﬁﬂo&nQuiﬁlﬁ:}Uyn@sapMueeali@n@lf BefliBes a
sed | sepa ti ol (pro Iene oXi from

pr op;/i1 end %x Q g?n%% g am mpl e PX s Tboq{?%tred t hat

it MIaESfiéde:atghatLS saiad nbﬁmeameat@nﬂmdlabaﬂbﬁo B0%able.

pol y(Rr gRyd g@amgxé de) m%/b A DAL L, LULAL e ddy APRERANR

that in sal € fpropy | ene oxi de)

concénrt-Fat for? i ﬁlffWé’ pna‘ép‘y?p%rb@%&nw Péethnxrerggent,

ny/ 1 wand $hate bheopal mv(mml eae tcn@ @l@)i Cﬂﬁ%eﬁhﬁﬂd&@

in the 15 ermeate was still

cor r 6SB6NYE WIFR* &' PPEeIBY éactp°6ﬂu% O&ﬁfl(ﬁcwmt”le In

t he ahmze&d]lt&eussednqnmn:ane,ardetﬂethmﬂﬁedf of FEeR@EiNg: the

pol y(RL, Qé(loefn% %m de) from propyl ene oxi de by nenbrane
separ atn on, tlr afiltration nenbranes are used.

20Ul tr af ¥ tsruatnlaomr itetd phessdeet i fifveréngel dievehow
nenmbrang, fidLathond %mﬁf%em%e{r%@a&gw% of

nenbranes are used which have an average pore size
gr eat¥er 2t it 8 Anfif e Ofd 26 Ve e 181 saifl anbAdese of hdihg The

ul trabiiLike atd @aspemnranesyasndl seussed "abovecibs thal)
t he ms fnes foul duri nlg 250perat| on \%manbrane ores
get t i “&t oged® o *pITggen) °rand® hale e gnpﬂ%ﬂl’i‘w ® be

t akemeQuta@f Rpenatd %@egogn&lt%@ N RUEROSes: 1TRS2 andg
will severely decrease the separation efficiency in

ti me.xghhfurt hespdisiatvant alfer obrusilig ipel yher ingmbrane is

ul tr Qif k: Lgé@tdsthgem&a@ﬁ§mudﬁ§ Lﬁlg%elﬂﬂ}%)ﬁesw lunlt
pressure, and is expressed in 1/h/m?/bar or kg/h/mz/bar.
When performing the process of US-A-524879%4, a strong
fluctuation of separation results in time is obtained.
This is 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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in perneability and selectivity instability. I n
summary, fromthe above discussion of prior art
webhhn@shor renmoving pol y(propyl ene oxide) fu@Mproormesi11s
propyl ene oxide by nmenbrane separation, it appears
that there is still a need in the art for a process
usi ng a menbrane which, duri-ng a relatively |ong
period of tinme, can separate poly (propyl ene oxide)
from pr Opyhed’teleexﬂn&ﬁ)odl Bod ﬁﬁir@bheg\/’@ﬁé qb@:tuh;y Brterns
of a stab#e PPO.r ej ect g rims of a stable

per mgarEY ?%%voxﬁﬂea%u“}ef“ ﬁa“@t r?uega]&%trfsfinaﬁ? k%OcWQbFéorfDPo
rej ecti-ar235anlod be wufsf metlent, | yidmigh pguphletrhsabxtdm@ is
per neat 0 e can_be used for.

in the rgédgggb% %ﬁeé%%%Pd %F%ﬁgpgl?ﬁﬁb aﬁgifﬁl§§r£gaon
and/ orosPapstisckr pot yuder hawrd: coafstions th4y tihe aheunt
obj ecdr @f13 lﬁogwéﬁ@toglegfnﬁg QR ahQed Ukt khé%x%m[a@@dof

and to provide a process renmovi ng poly (propglene
oxi déPB-Pr 6t PO0py f e 28% F det By Lhehbttaine SUPHrAE]

whi chhdees: notorhaven thae dlscscacw}a@ta@@&&lafg lbcm/ (beBpy Qe
art proceg s as di scussed, above. This % i S

achi eved® ygﬁgiﬁﬁo%V%%ﬁbPﬁh mﬁ?cﬁaV%Eﬁaﬁ e’p&ftob% (no
por esytaordnanaf iktwat ifennd ptﬂfae;s shay inmkgbaanavemaged silzet
of at. g0 ran rt i.scussed bel ow,
suchfﬁbngédfgﬁg%gggﬁgéﬁé 1tr§?g Lo Eh%ran§]” g eppedrs
comutilay erxﬁhgrEE@mnhﬁflhhetn@hxﬂpr@EYhﬁeﬁseﬁxﬁﬁﬁbranes
and Wn%eh@r?c;%h”bll A \A?Yopﬁ%%%r gl{ﬂ% %ee&n?asprloggsrﬁg/l

accord g to the prese I nvention is a process
renDV¥ﬁb hat‘jﬁop9lxﬁﬁﬁﬁyi%ﬁéQ@kﬁ@éﬁ“ﬁﬁ@ﬁ¥%@@ﬁ?léﬁéﬂm
oxi dedyeABN=aNer SEPAr. 8t i1 Q1 WRBL £idbracPEMI-ARerh a PPO
haV|Q% an, aver ge gf 255ize of fromO to 5 nmis
used. %the menbrane to be used in the
present Emwsntaonvgshmesb$kamkmbo dmpdrecasdorfsy seehring
as prQop I n e hat th

does no% g é?oé%g ?ﬁ“#ﬂe pro %Igilgegaﬂﬁgﬁl%ggﬁgé

t o pusiPRyat 3Ol nuéé¥ﬁﬁ¥ﬂtrat¥pQ1Wﬁmbc%ﬁﬁﬁ faBoe wEatbvi ng

poly dﬂ%EQPYiéyy%lnggﬁli E@§GJ¥QOBY£f%y%nQéigf&J@% membr ane
menbr ane separation, a [iquid feed conprising

propyFéﬁéab%?Uéeéﬂﬂ“ﬁ61yUB?%ﬁVW8H%O%&ﬂﬁ§?r?%*%§58N§F§H
by theimrnmbianeni fte-acpobi@ati@e greater than 5 nm. One of

the disadvantages of using ultrafiltration membranes as

fving a

discussed above, is that the membranes foul during
operation (membrane pores getting clogged or plugged) and
have eventually to be taken cult 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
permeabkility and selectivity instability.

In summary, from the above discussion of prior art

methods for removing poly(propylene oxide} from propylene
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- 8 - conprising propyl ene oxide and either no

pol y(propyl ene oxide) or poly (propylene oxide) at a
concentration which is |ower than the poly(propyl ene
wWyhegkhrgencentration in the feed, and a ret atat8io7/064113
conpri sing propyl ene oxi de and 5po|y (propyl ene oxi de)
at a concentration which is higher than the poly

(propyl ene oxide) concentrati gn-in the feed.

Appl i cants have found that when using a non-porous or

nanofdditieat} aRnBeaRs aRar ¥€1oh,J900amRA rst @klte there is
separatlon results are obtai ned i n such grocess for

r emoviTg T 1D pF oA énk B% deP PFoIh PropYIefe™BXite.
For exanpteduﬂue35afmnMatmgerﬁ icheg penhiane oee|r saand
therefore th e as_t.o. be. take

oper ST AL TSRS P RUIOAET CHAE whER BerRg e oxide in s
ul t r aftiakt e aftamn bpeibiraneras qfn at healallsoVEC dif sews sed and
prior; art . R QEesses., 1 thecefone. rthe 19present pr ogess

can be perfornmed efficiently on a continuous “basi s.
The Lﬁﬂ@SbFHEI|ﬁ6ﬁbb%rﬁﬁ9sr8ﬁe?Eﬂﬂ@fPF??%%|b8nstkﬁﬁﬁeaﬁ%4ﬁ'n

pur i fhyilglﬁgstﬁc)’ldﬁ_@ﬁ@rm_%)elxﬁeﬂﬁﬁ%rr@hmcécﬁ a@eewltktee | Ban be
WO A- 01060771 (which is_in name of Sh elig Thi s

20doctirEnt °i f“B%,%sl“atE?o%‘éﬁﬂémFb?“ PPYHHG a 1iqui d
hydr geaybos: ipmedB6inL @AY b8 91605 Yo by pmeygﬂttrmrnel essmf
hi gh nol e ular i ght con nant s ha ecul.ar.
wei ght offat Iggﬁtgo 8 %ﬁg%e ni$ﬁn Xro uct’ s%?é%ﬁ%ﬁ%
cont actiddnegd nd h@nnpwudegiaﬂonaﬂ@fmmtrem¢wmxmenbrane

25and, 4y gqp%,g};l b€, )ghequgtoﬁtprregméée %9@%!%@%%&5&9

per meat reis no specific [Imtation as
to tIﬁ?PﬁéPEﬁQ?foWht?ﬁaqqeauP%FIﬁfdﬁo%%ﬁkﬁ}ﬁaﬁY%ﬁﬂﬁ9ﬁslﬁf the

WO AQLQ6O74ds drhee psaduet 81 sheGhi £aldsy BN ined: are
typi cal | |ndustr|alké pr oduced chentcalpgroduct

str eaﬁ%”g%%d cOnPar Y i " BotimiP T Sabl % FTHEBoH
The ﬂKﬁéHtt@rIﬂmwo[IﬂﬂnﬂieoﬁnaxQ@SnD£@Hhﬁberﬁﬁﬁnﬂ@& sad of

named, eXg”P' 5,01 Ll % hXQVf%%%EbQ” jJ% ugé‘&i $e16! ude,
hydrocar on per 'se, Stch " as cycl open
di cyclcopentradi ene, naﬁbﬁ@¢@y@ﬂtﬁmem&ﬁbmﬂﬂes eyelqﬁmexehe

Styreng. LSQRIENE, t@¥2§@'QQQkH%bsmémﬁmﬁ%QtQQi%ng in a
trans-1, 3- pent adi ene, benzene, tol uene, xylenes,

et herfB A" propeABCONEREAY | | Gl 8 AGRR0CAFPER GEUELS

cont gixRisBg: hateneabons ar pr&Sreishybr acrylabe, ethyl
acrylate and thy wever,, there |s no

h | at
o o R R 0 TGRG) 1 ™ GUTPY O3 19 0k menbals

pr opysle@aeaoi@rdewse:rcelatnacmnmﬂmmgavmg an average pore
size of from 0 to 5 nm is used.

Preferably, the membrane to be used in the present
invention 1s 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
liguid feed comprising propylene oxide and poly{propyiene

oxide) is separated by the membrane into a permeate



10

15

20

25

pol y(propyl ene oxi de) by neans of a non-porous or
nanofiltrati on nenbrane. 10The non-porous or
nanofiltration nmenbrane to be used in the present
Wovehtdreo, mey be of the ceramc or polymeri cpdyB8n07/064113
Preferably, the nmenbrane used is hydrophobi c because
the streamto be treated is a hydrocarbon stream which
shoul d be capabl e of passing ¥through the nenbrane.

An addi tional advantage of using a hydrophobic

nmenbr @ngrial RerpbBane:® bydaophd keroneno solh@housi fig
a hydrophobi c nenbrane will prevent water from passi n%

t he” n¥m*Ang" & &Yéﬁf%l?ylﬁij‘et‘h’éldﬁér freatt éonF?”?%a%Pl whi

knowni 4 hatrenatrem may pd].lyt{pa&@gmbymdesabb@dfbrﬁfratlon in

20prqulgne ox'%k% ré%%ﬂtgtgg &mmls Pg¥¥wke ox18e and

undesiTe potr ous " an nano
rrerrbrmﬂe'sipa@EYMmmmqe)r efea rcedlcmtmtatonewlamh as degise

menbranes ., Examml 9§oﬁ1e%gnopp<{equgoﬁl@&t@a@9&5 Lty @bLoR, g

menbranes are Tever s S5osnvsi o type nmenb ranes.
Non- por o88P&HRENBITD thedpd diatenberanes nghaulcd-perous or

di st inglirsheehfiemsthidatkl | {48t i;8Pa NBDLARES: Wabehaaf &
al ways porous. Pltrafiltration nmenbranes have an

aver aﬁesuﬂrli?ea%‘? i’é’tBT‘”@gjjr dat 8rch W&ﬁcgs%rﬁoﬁpr?%"v&lﬁlgut 800
nm eryepﬁmanlet paidaOn frerhnanesetd ex3ausath-Wakehple,
are rou e ave an average nenbr ore Si ze

ahi ch2 B R o8 MR SlS SR TR e 2 P
such meanpoiné thraat |tonb©rtarkanop@r @lﬁson@rﬁxrlanelefss dsedudmly

accor dance, w, th ithe, @rﬁ%ﬁehm\g%gf)h UPonch B AT

10 - nenbrane poré size is sulita ess t
pr ef e¥ayeydascHsse B i aﬁ’érﬁér?ﬂeéﬁéﬁi aﬂwrat‘foﬁbstthg nm

nor e ket abloredt MDStrel pBftoiREC Pf €fiehab) Yorat, Most
0.7 nm nore greferably at nost 0.5 nm nore

pr ef eT 4B AE° 16SE350.3 nm nore preferably at nost
0.1 nm nmbeeap @ﬁeaarbirypat:ommsir Qa2 05f iNMraaneh M@sSbrane in

preferabl.
" pol ﬁ ﬁgo%yﬁé hg/%g)%c%quns mu%ené“rf‘gf olusgﬁi(r{)ﬁf:rf}ﬁe pr esent
specifd-e¢abiom it rehatii gn to theenpresdntShphventlihén,

refer | Yo, r )eha 1 ul ar
i RSB o e P T

vvel ghtYFrc10o0! DaPieH: WmﬁFgWéig SorohaiAiAgt st nolcée ubar
vvel ghticof m908-Dakt p:@f: Bbgtlﬁﬁl,na(ﬂf:sh@éﬂlrﬂl@ a molegukar

ght o Dal.t on or er, or having a nol ecul ar
el St e L50 Tar ot oy e rhe o0, 8, TRLech! 8

contacted with a non-porous or nancofiltration membrane
and the purified product stream is recovered as the
permeate. Although there is no specific limitation as to
the nature of the liquid hydrocarbon product in
WO-A-01060771, the products specifically mentioned are
typically industrially produced chemical product streams
containing a polymerisable clefinic bond. The products
may include one or more hetercatoms, and named examples
of liquid hydrocarbon products include hydrocarbon per

se, such as cyclopentadiene, dicyclopentadiene,
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150t herwi se. The nol ecul ar wei ghts as used t hroughout
this specification are expressed in Dalton (1 Da =1
g/ nol e) and are based on a determ nation by

Wozgm@igbusi on chromat ography (SEC) as is f uidfi@hoo764113
expl ained in the present Exanples. 20Non-porous and

nanofiltrati on nenbranes as such are known in the art
and in principle any non-poroys-or nanopor ous nenbrane
capabl e of retaining 80% by weight or nore, preferably
90% by, m&ggﬂne@@dm&ﬁ@ﬂ cﬁ@$bhe?¥e@xﬁaglr @@9@5(;8@% %l%pr\é@bﬁht

or re, .and ver refera wei ght or
o 6 AR oy o br SRPERB G 46y T ORREd Sy ¢ he
pr eseéminziengentdlorne They lepper dtnehe 4mor prhpemnl seutar
wei ght I r I oXi d

not (Tlrl |ca'ltp)?drl%gfa¥bcgrp g%ggs cﬁmtg %Jd@ Gggefﬂa gére
pr ef ei*ertéﬂdle@@@d@ﬁ'éntetdtvlt herxﬁr@gemd |W@mtm@ha03mw€e

non- NayRYS, O HaaRot i | 1 akh PN, MBAbRANE di9 87 POl ymeri c
nmenbrane. Such pol ymeric menbrane is preferably

cr osSPUNAKBY 4D BF o¥ i FEPY henh &eé §8 at iy 998t R PRI
avoi ding (gi-ssolati om of) bhendmabeane RCEoBRING:I N

cont act \éyl]{h pro %I ne oxide. In general,
cr osSAAChKT W AR BEEF'Ected in several ways, for

i nst ancethy weagtbrom wirt haesiSsrht ki Mgmagent $c be used

(e £ahe Chaagnk! DKI0: AN P0Y: (L AGLAL B0
Pref er ab He rane has a oxane
str uc:étq}nf@em dlyphasPlifef@m“abimssﬁﬁlel mkré@kamy neeahs sof

i rradi rbgﬂmas pbSad t%ag@@dmd@é% hedatfy is a
WO A- Exanpl es of suitable, presen

avai Ibé’rﬁilrécé?%“s STUFp#k g RB N pBTIGURS dfaﬁﬁléh@f?l%/tﬂaéﬁ%%

Menbranesgar €L nessrankll hﬁk&ﬂiﬁtllbhgprh@iv&blb&)@f -Bagsethg a
menbr anes t he cross-1linke slloxane

,. of whic
gl e A e i S R G SR
menbraresns Such oposseHobnk edkrpolkyisi vioxapeewenbranes from

are l&ﬂ%‘é@nb %1¥eh %e%fn!}anef %Edeé(r?t@?rliggf{hoempg§meat5elo%§5
well known that water may initiate polymerisation of
propylene oxide, resulting in a polyol, which is
undesired.

Non-porous and nancfliltration membranes are commonly
raferred 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 distingulshed from ultrafiltration
membranes which are always porous. Ultrafiltration
membranes have an average pore size of greater than 5 nm
up te about 800 nm. Where nancofiliration membranes are
used which are porous, they have an average membrane pore
size which is at most 5 nm (nancporous membranes). Where
such nanofiltration or nanoporous membrane 13 used in

accordance with the present invention, the average
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15Typical ly, the polysil oxanes used contain the
repeating unit -Si-0O, wherein the silicon atons bear
hydrogen or a hydrocarbon group. Preferably the

Alohg; Units are of the fornula (1) PCT/EP2007/064113

WoPs ;
-SiI(R)(2')-0-(1) 20wherein Rand R may be the sane or

different and represent hydrogen or a hydrocarbon
group selected fromthe groupigonsisting of alkyl,
aral kyl, cycl oal kyl, aryl, and al karyl. Preferably, at

| eastnea0t e groups RudikhiR 1bSs ahadl KYhn Ib@UBeraniy
and npst preferabl¥ both groups are 25 al kyl groups,

nor e EsPEEFaf 1Y i ﬁ‘i/lprﬁ’ff%i‘}%ly Phematkyl "Gt dﬁ’p’femay

al so §KEﬁar3b£yiﬁttmb£&liommprmmne pgE OeRb1VeRy sisict abb enm,
ponS|onane rr._the purpose of the present. .invention
e (o BPERB o Raten) S gbt y P RebRy o ooty 4E RS
S|IoﬂaﬁbgmandM$npyetﬂ§an¢Bthylmndtoﬁahemn Mhus preferably

pref epably, §Q$5h%mgoéiy | 'ogéa%%f@as{}g%% hbokedo,The,
cross-1inking may e PEcte t hrou a reactive
t er m nal "hOHG™ N Greap ofc tOPféd%bl VWi Pex@ridroughout

Pref eriedrpobySishexana-Aeahr anes1ar €.t rt@sgné I JHead
el astoneri ¢ pol ysil oxane nenbranes. -

ExanﬁFE@”%FO%UFFﬁBF% %%6?%Yiﬁﬁﬂ8¥&e§?é%?gﬁér?%yl“g a
pol ysidiexaner nehhanes 130e exiwensbyetiyyndescsi bedihg a

above- oned 5 Thus, suitable nbranes
are c%o%osh%r of to?%éfal%gx%%letonopf RIS hen™ aq}evm
descridiedubsuprea ghaveh@oa n@ﬂmaNJbarhuwnthtoofh&¥5@gt@

150, ecﬂﬁ§;Q&ﬂ“h <%59550Da Qﬁggrﬁ eﬂp or hav1ng a

cross-1i nking), i'S cross |nk
cr osstieski g Wyt , Oiﬁﬁma9®6¥yﬁ§écyﬂﬁéﬁe u%#e%ﬁﬁ}a%ﬁd

pol y(@@fetaqmyé chleOkb Ok 10k &éﬂq&sR&a&@e@A}ﬁrm&;@tmﬂs
is - -NH2, -OR, or -00CR, _a 10is

i's hy%ﬁ%ﬁjéhcaEﬂQSyFreeﬁ%ﬂresé9%lﬁﬁaPR§F°“ lkB?yT % 8(m01e
ar al kata akurbdrers detaides ekegardiongbg U dzabkeclusion

p0|y§hhg%%pographyr?&ﬁ§ %%nlge E%%Qgs§<lg§ﬁ£5510%%gl'
present Examples.

Nen—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
meora, preferably 90% by weight or mecre, most preferably
95% by weight or more, and very highly preferably 29% by
walight or more of the polyipropylens oxide), can be used
in the present invention. The upper limit for the
molecular welght 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 nancfiltraticon membrane is a polymeric
membrane. Such polymeric membrane is preferably cross-
linked to provide the necessary network for avoiding

dissclution of the membrane once being in c¢ontact with
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For the purpose of the present invention the 15
preferred non-porous nenbrane is a pol ydi net hyls

| oxane nenbrane, which is preferably cross-1inked.

‘@b%&m%ﬁb? rubbery non-porous nenbranes COUQQHHﬁUMﬁE%uw
n genera rubbery menbranes can be defined as” '
nmenbr anes having a non-porous top |ayer of one pol yner

or a conbination of 20pol ymers; of which at |east one
pol ymer has a glass transition tenperature well bel ow

the OfQ%r @'&ét@& &x@g@erﬂ %regerél, Crgggmj_:l%%ﬁ%aéﬂ %eat

whi ch the actual separation takes pl ace et anot her

gr oup>idecpet et isaveyals ey abl @fnéﬁsb@“rc@u@n’e@ﬁﬂtaﬁés‘ﬂeﬁbe

t he s&oe@Lhml%@SH@&{th aASHYnRQLY FBE $9-1ARK EXARNE/8f by

such a materij al trlnethyIS|IyIprop ne)

The ﬁﬁﬁaﬁb?Bﬂ§‘oFrﬁgﬁﬁ%iVtrHFiBﬁmﬁﬁﬁﬁ?&ﬁéeF§wﬁyﬁlcaIIy
suppotitlecans atrukeasd wornenhpPeLOUses Uhsiskal entay ey h@ans
provio tpgdﬂa%%%sar %han;&%Jle esé%tgedBOSUItably’
this Ot R&F “porous’ stubstr abe TAVEFSi €iaae dfa por ous
mat er'ital2-862Wiilch t he pores have an average size
greater LRap, M SHGRLPLNEL, LAROUS JBG 8Lk Al By be a
M croporous,” NMEsSOporous or macroporous materi al whi ch
is -liPFed-nopyPREPRy Us8anPorltFieEtof iNeMPEERYh 2gF Cross-
ul trafidibradi ORons UGILIRS -BRLI @RI O I bE&)n: cEhene

t hi ckness of the base | ayer shoul d be suff|C|entIy

provi C‘&é”?ﬁé“ﬂ‘@ée%%%ﬂ?é‘éﬂ%ﬁ?%m%? et A. p"rlﬂilcuwrly
addi tus@tnlt fiiSipS vbsterair@nRy JurhSeLddH-NiheeS WP Lt Bskane
on a furthgr %%OFSm§qu°E£ totprgV|de the r;qylred
mechaii Car st réngth I?yplcaﬁlﬁﬁ 't he" tRi“Ckness Of the
baselﬁa¢e61®%piﬁ from 100 to 250 pm nore suitably of

from 20 &a¥%§QJQ”WtM$%£§yEDﬁa %@sp9§£y%09£alq1the

nanofiltration menbrane is conbi ned such base
101 ay&Eeat el iddahr afie Ssui rapigirhike a8 tIHiceR nds¥ soPedy om

0.5 tﬁydkgg@ﬁnodJ%eﬁﬁﬁﬁﬂﬂd%b@ﬁ From. Lot xR By Eﬂeerepeatlnq
conbi nation of a th menbrane | ayer and a thick

in
porodgugﬁpﬁﬁ?ﬁﬁl5§%hﬂF§“6ﬁteH referred to as conposite
menbranes or thin film ceaprsir'eso-Thaimenbrane 15is

SUIta é%esg @Q{%nged th%; Ehesgggnea&ﬁ_Qloggtflrst
throug raneeiop | ayer 2Rd°t Hen Fﬁroug % he
base 4@P}€ﬁen%(ﬁﬂdha@e¢lﬂ§ prés@nﬂuerdomfquenceekﬁneedtfmpm

menbrane PHéﬁ“%%n%BQtIAEJo&axfﬁyﬂJHEQaiiy% bage: dayek . aryl
Suitabl e ‘porous materials for the base 'l ayer having a
avera&ﬂ? 6 fFarwgl.z&referably, 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 alsoe be a 3,3, 3-triflvoropropyl group. Very
suitable polysiloxanes for the purpose of the present
invention are {-CH or -NH» terminated) polydimethyl-
siloxanes and polyoctylmethylsiloxanes, Thus, preferably,
the pelysiloxane is cross-linked. The cross-linking may
be effected through a reactive terminal -OH or -NHs group
of the polysiloxane. Preferred polysiloxane membranes are

cross—-linked elastomeric polysiloxane membranes.
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20greater than 5 nm are poly(acrylonitrile), poly-
(am deimde) + Ti02, poly(etherimde),
pol yvi nyl i denedi fl uori de and
I [Haf | uoroet hyl ene). Poly(acrylonitri
g@ﬁ%@%ﬁfﬁg preferred. The preferred con’olnat]lq')ﬂlh%wo64113
according to the present invention is a
25pol y(di met hyl si | oxane) - poLL,ygacrylonitrile)
conbi nati on. The non-porous or nanofiltration

menbr ane zoRY, @S0 b@ul%%%ge\’\@:xt&%uhﬁk&l Rsbsadeliayer,
but it wll %e understood that in such a case the

t hi ckifess$16P=3e "RERMINGTe 28AFITE PEVSWE FrEFEed o1

Wi t hsfme - h@@mwn@asm—assappﬁme.d This chﬂit@isn@&sm@r:saé@r
than 10 pm n quired. This is not preferr

1 om & S POBe b Eond A Ce SO GG ALV SUER FFEREE Ben
nmenbr ame awhbvisi gnmélauﬂihkywéjgﬂttofh&ﬁaInbolmﬂwmwn of

t he 0 creasing . th n 14. - of.
puriggg%%%rgdﬁégﬁmﬁ éH% Asﬁé rggosgﬁggqge%mﬁﬂVtwg%Ch e
tinme Wsnénﬁf@heflaheaas Yhens-usithgna ausntpofous or

dense,SieaBhang. ol B Sgi oMoy (LheAENMEAL & fakes:
pl ace via the 5sol ution-diffusion mechanism

propyliene Bxiafd %ab@%@ﬁﬁfe%tjegd Qﬁssﬁi%s “PHr tcﬁe ~O0CR, a
menbr ane, mat n¢olx 2ng ailﬁflgsrﬁg gug!ﬂ éb%
ter orbs at

sel ectivé nmenbranhe | ayer mhlc

t he peryeateysi @ékanﬂa e AL - n@uﬁﬁﬂﬂgedftﬁlls

per meatd00:h§ MMALOSE AHd1GPIEST BembARR! 881 We $HER in
10menbranes _are reverse 0osnosi s type menbranes. In
case %3ﬁhﬁ6§%?%hs menbrane is used in the present
InventlOﬂpriﬂnd@ubﬁb&QVﬂdLh@qhxﬁeﬁarﬁhmmﬂlbﬁhﬂ& pl ace
both on the %ansolns 8!*01& me% Loélnee m?snt rll 1met1 lgd loxane
sol ution=dr f¥ usi’o ani'smand on the i

nol ecwdrgr ase z evtdichf esr emeésrawlry tClneSbaJtntne:Ed 115Ls@as>eher
there. 500 guesh o qrtem%lf§§@4 %h@& of fhe. PEI TRaLe in
t he menbrane matrix but 'y of transport through the
nenbr%ﬁﬂ?e€wam¢ﬂﬁ§aﬁ8ﬁcﬁﬁﬂ'@§ dgfierce gpcppmbranes haVl“g a
sol utihenpdi-bf4sicpni apchani sAe i1k HAEtd ORI Babidatisn of
bel i eved to be inportant that the nenbrane nmateria
does ?ﬁﬁymﬁf§séﬁvggfﬁ%E?D&Sﬁ?%ﬁVﬁhﬁ?l¥%“b@aFeﬁéﬁ@ﬁsfrom
t he me:mtmrsaneorﬁ eethpbutupr ekl entlical tys w@rbyrtihe
COMPONGRL LBl 3%t oche cLheathhromi NG cant Am a0l
The pre ent | nventofs have foun especil

pol ysidgraneomerieanes;cef.or eexampher group of potentlally
pol y (i methyl 5.l 0xa0e) REPEANES.oaf £ GAPRRL L. 0f such
25preferential dissolution of propylene oxide, rather

t han P8ISFI(¢ pr BpyICeHBeoXi d8) ¥k PEéVMdban@fUﬂuﬁl is
di SSObYEs (trimethylsilyipropyne) .

The non-porous or nanofiltration membrane 1s
typically supported on at least one porous substrate
layer to provide the necessary mechanical strength.
Suitably, this other porous substrate layer is made ¢f a
porous material of which the pores have an average size
greater than 5 nm. Such other porous material may be a

MiCroporous, mesoporcus or macroporous material which is
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An advant age of using non-porous nenbranes as conpared

to the use of nanoporous nenbranes is that there is no
pl uggi ng effect. This neans that there is no

ﬁgQ@%%Hy4lty of the nmenbrane becon ng bIOCHﬁﬂnﬁ%mnmmrm
arger ecul es plugged in the pores. This cou

happen in porous nenbranes, as a result of which it is
nore difficult to regenerate azstable flux. Therefore,

it is - 15 - preferred for the purpose of the present
i nVeﬂIdx%Qlw I8 2o NQNRPOF PUS- QK oHeNS &1 FBB ARG s on,
However , I s enphasi sed that nanoporous nenbranes

coul oeuéﬂbsés bfé)ltk’ééﬂrf{’]rP“tlﬁélbﬁ’ locébg ot IFRESHrfséhe Pase

i nventdyem @ﬁo@dn@@oiuﬂftlba&m@ry 56}313136\61@% the riecl;tg@ary d
retenta 0 e val uapl e ro ene oxl de
o T ERNEH T GREBRE Pho Pet SRcach: nay s Broaiy Shasy &
recycke@rhobéhﬁ@penbmnme separtatk oporstep sapeba xed

W t hr}:trro%ﬁgeft%%d§%§8%re @@Hg{yca\ﬁhgpreq%%xd tye;gcal%\é the

retentate, part he“Yetentat e w
di scharigédesucif &8etloisgvoidebdis| df upraof 1Pheto 250 um,

pol y(rmr%pxhﬁ&ﬁa@xwef)m%@@htd Sasbop@ema}lre@ee@hlé HOMLLHE s
propyl ene oxi de by neans of said nenbrane process.

| nst edd ”6?01“49]&)?@[5?% HRET FRT it SPBPIRChITATE e CSak@se

processeri t t iR edbsMmdeusubpBCthad & o ckddssegondoand s
optlonally furth sepaégtlon ste i n which case the

ret entatd B émFEFE@ﬂgé rat i Ege%‘wb used as the
feed for rae sepondasepardt & orhist epp membrakelrtdyer, and a

I nst f | part of) t ent.a r
furtﬁ%ﬁ'% ?£$y|nguggm%hagygﬁébnggged opffg%gﬁﬁyas

20f urqqﬁ@psst%membhem‘fetoentmre firay edmosbecdi stikargedrane

in its entisety soTthaﬂg%dmgt |t%5ebé/rn%%\6@n£ﬁ9\%0@§rst
where the conposition of the retentate is such that it

has SOHSUGRI kit A&UEr ¥teat PP ntp st 817 b L ARGl e base

processierM d i havd @Qrets@mfédI‘Chh?eéréxf@abvéhetrfeetn@iﬁbﬁ{rﬁa
bef ore such useg% g 25f ur heref%oce33|n

por oSS Rl baeh PG adBa T RS Sore@ t it ipde porovs
contawwmaﬁabm:&eveheh&sebeenmi@m&ﬁe@entansemyemmky t e

per &tel% Q_@s t%l Q]ﬁd aq_,ehgnt a{aC\é9V\E L% qggar o] the

ori gi nal product e ret cont ai h:
|ncreﬁ@é&ebmbbﬁrﬁ|ﬁﬁbefpﬁbHVFﬁﬁéhVM%ﬂe @&kﬁ@¥Y3®§§m—

compaad ubeiddranar pgmetletpapm&toeth@ﬁer%)vaisyf.y
dependi ng_on, t he po (propyl ene oxide) concentration

and t fETEePeEived’ eh%‘ﬁ%@°1¢H@’FéFéﬁ?§¥b VAP SEY b
| owercdnftafa©fors iadtbad it cbheny/ glrueenf itrhenordgiinak

feed'poly(dimethylsiloxane)Mpoly(acrylonitrile} combination.
The non-porous or nancfiltration membrane may also be
used without a substrate layer, but 1t 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 regquired.
This is not preferred from a process economics viewpoint,

as such thick membrane will significantly limit the

throughput ¢f the membrane, thereby decreasing the amount



10

20

30

- 16 - Stage cut is defined as the wei ght
percentage of the original feed that passes through
the nenbrane and is recovered as perneate. By
A Hloh gy Lhe stage cut, it is possible to vatyehBneis
concentration of a contam nant in 5the perneate, as
wel |l as the concentration of said sanme contam nant in
the retentate. The higher the;gstage cut, the higher
t he contam nant concentration in the retentate. In the
present JuRYedd eRoatdie il dge flhe CARL MALYa 1OW Lhi P o
broad imts: 10 to 99% by wei ght, suitably 30 to 95%
by wetigift 2B BRPOEENO®ABY wei ght. All that matters is
that a pokyer @rs@ﬁylaem@nomﬂﬁ))s GoNEeNS abhmﬂen
per neat e and/ or tentate i s achi eved which bel ow a
cer t ar i REXT M © Eo’fheefﬁﬁﬁ?%tfe WHEF & §425° Vﬁﬁt ded to
use tieutbperdigatieion nteheapr@rducrhiaomcqpfylmellcde@e to be
POl Yursthane, faa, 4.4 ehathy el blah 5age ol JTelles
e ‘achieve ‘el evant fact of
conS| deougl tie tbehy{qire@pw@n@n@x&d@)laof@memtreat Wohch nt
the feed, Ihe. degi 5@%%&@9&&@ 168N P8 SeLv Yy VREYE ey
for a 20given perneability of the nenbrane, Qh
t r ansESFERBE AP 5 B¥IRE 2ARE/ e SCHES f dedmpl oy OfTRESh

firstnpirbfds idHRl keSeiRabenddls ayge iRhuri-a86s f |I@1Wcase a
i ncreasi ngﬁt he tr ns menbr an(g pressure results in

gr eat'&"F S%usormef“ bW of °t H&*Ppermbat epl’t@r?FBEngf“‘f%%m“' i
menbraneeslaadd henef oraranien 25hiegheracst &geh cut the basis
Accor gt e 0 0 suc i.ghe t cut
B e T
vvh| | st renbatid o Belsentlal nsiper et e ofricow- t hr dlighlatier

Menbrang., tnere is no ueskRok Ne: El&%@ﬁm'oﬂV@f‘tﬂr%npem@ate
volumefluxthrou e 30nenbrane is typically in the

range”bfthf%r‘&?ﬁhsfatn@ ‘1"(‘}"0"0}‘ QHFt%HiyyoiOt‘iaélSBGOt Hirgudbrige

sui t amnybrﬁet@lazaes e Thedfel- uXskdy @ughti&edlﬂusmn
menbr an %ube eCWPlressed as
I

Pr ef e14l a§71 U5t ArSHghtt HE H%nﬁber"aer?e%?sbe [mpgreant
const @ntt Ithetmmr&).raﬁelrmdtemat hdsnhet &itaseamzitshe

cont a6k 8dpM b LBCLIRIBLANE Aot b ANSIBID AN oo

pressure pressure difference) which i1s typi y In
t he rafgerertFidm 101k 60cbarmrosght aBiar 3agot@Behargsd

and g sHbt@lt¥mdnd Q. 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 cof using non-porous menbranes as
compared to the use of nanoporcus 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 is
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525 bar. The perneability of the menbrane is typically
in the range of from1l to 100, suitably 2 to 50, and
nore suitably 3 to 10 1/ h/n2/bar. In accordance with

%B%&fﬁ?fiﬁpt Invention, a liquid feed conpri SiA%pron7/064113
propyl ene oxi de and poly(propylene oxi de) 10may be

separated by a non-porous or nanofiltration nenbrane
into a permeate conprising propyl ene oxi de and either
no pol y(propyl ene oxide) or poly (propyl ene oxide) at

a congeRbrald o WALE NP ooV hhap-dNe POl Y(RIBRYLENG .

oxi de) concentration in the feed, and a retentate
15conpriP8i AgF Preopyl ‘é‘?’f@eoﬁ‘fe‘a%raéﬁd POISERr opy | 'en EMBRG Hieded
at a wopRCeAts@idoas Whithnks dhgheriddhanr thes pol yne

trat t . .
bl of GVABraS he ol y (-t oby\ Sa BT 06) "EnCEHTPEE b

i n saiegtbpeneeate is fromessentially zero to at nost

2010 pp P L1 b t
prefer amﬁ)}g atfertr?% tg‘%s vmlr]hN,gtL')’JLrﬂrlDlr éo}éﬁ %ré%ré{ %l% %O%y%ene
ppnw, Cxreleeaipt efcer bty raflﬂsﬁtostthei fpb@miatmrﬂéy pﬁ@ftébé:bl Ke

at  mostcy048q PRMne MRI@ RREf SLARLY i &l SRSt a0y 3iRRAW:: tn
and nost preferably at nost 0.1 ppnw on the basis of

t ot al Trfenghe P O6F - tHESHBF medtsd. rSteh 1per et e 2Ry part
sui ta;hi )thb&élﬁﬁﬂg&@ ma;wkﬁat;@rucatgel @lmiék kBed as@ﬁl yether
pol yol e use | abst oc t.hane
ey et BPeb b T po % Rea BBt O Pt et X Fese
concesdpeabien firvnsaha mepmeatee oix$dé rmmmaserﬁﬁ akliy

Zero rr%%tb?ﬁég}&r CQQQ éir%@g% Jor gé ?%ng:fc!tre?)@ate

essenti a ppNw, mor f erab
essemM@IlhytfzeerS@m?oP@@Sspm W@Hdahﬁstbepﬁelﬁ@%ﬁyw rom

essergéc%lnhyag@rce,tggnglly @Q%eﬁ@eb@@atﬁ%' scof, Lot @hicn

wei ght of the perneate. -
case the retentate of a ilrst separation step is used as

the feed for a second separation step.

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 advantagecus where the
composition of the retentate is such that it has some
value &s a starting material in another process, without
having teo 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 conmpared to the original product, has a wvalue
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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Such perneate may suitably be used as raw material in
maki ng a pol yether polyol to be used in making either

sl abst ock pol yurethane foam or noul ded pol yuret hane
§83Mshppparticular, where propyl ene oxide ig b R
used I'n %nak i ng nDuIded pol yur et hane foam the
concentrati on of pol y(propyl ene oxide) having a

mol ecul ar wei ght of 20, 000 angg hi gher, in such

propyl ene oxi de, should preferably not exceed 0.5

- ppmw. Moge, pr ecfu%r @Q'cyeflkgg g@%@ﬂ&é?&ﬂ@ﬁe%er&% d ¢ ihe

hi gher nol ecul ar wei ght (propylene oxide) is 1
nmost @ igipphwieed thafP@éﬁé?%\b‘ﬁ&“”ﬂh@%W(“b’fWIaéﬁels

OXi d&)ecQBEENIIAbLAR 1R . S8} hd RNt Al @l §t£c5@mut, it is
essentially zero to at nost 20 ppnmw, nore preferably

at n&ﬁssiéyﬁpﬁﬂNvaﬁ%r@epFQP%‘?r&tﬂaﬁila’ﬂ Host S8 R hot'e
prefeﬂabkyrﬁéammshsamppnm$ ﬁﬂdcﬁBSénU&ﬁlﬁheﬁBEabHys£Me
nost pnw, _Qn .t he basis to ht of
retencf gt ugh *fe %entraettgnﬁ%%/e stﬁlg?abﬁ/ B &age Faw
mat ertirad hnghemmhﬁgcwipmlyenhemnpehgnoitltoo be ui@ed in
meki ng..shabst ock pol yurethane foam Thus, a further
advantage is that in addition to the 20perneate, the

r et ent at éncElif akFssehavievspherrendR st aggl det a8 ¥AEY as
the stiagenCiitodss 1RAOPEN LY @@fﬂgﬁb&%lght, sd@bly 30 to
menbr ane, separ ation wll performed i n_a nmenbrane

uni t, 2 RhPEN Epr PE el 6ﬁ’e98r %f’“@lﬁ%ﬁbr”’éﬁet%@laé’éem is
Exanpin%& af psui @abbﬁlermdukme arwntgxpimllby 2bexpressed
in howdt%ems _ e s %Slt n. suc armdulte.
Exanpl €4 °6 r?theensg fodul"ésare t “3ptT alr Y vibdivd ;o

pl at enaandlwhraﬁmﬁ ekbhmleshebe)s ﬂtohbown‘einbteestcan@e the

{ ubul ar, eyl 5. thgrﬁfcﬂuc@go L8 EON! LO4LALL ARG L8,
spirally wound ate and frane. Most preferably,

t he r\%ﬁei?,GbYﬁ‘lé’ué?lﬁ}P TrEA6f FPt rEeRbn FENiiPabe dodieved.

appl i g tihBr ar MBRRRKANE URE-T o WHGRaEOMY i-88SpSRI (habbYiere
wound menbrane nodul es. These nenbrane nodul es are

vel | Kiokn TPRE ki eéd bt S6f%s for exanpl e

descri bedré idreyel opedi aut odarChemealoyEngtyaey, i Bgy =
4th Ed., 1995 n.Wley, & Sons Inc.. Vol 16, D

R e L e
descritvedura éfrm/oex‘afﬁmlf@edusl-w SlGQSElmrstU&SW-CBOQQQDQ@S

US- A-34(5726, %1%54%67%10»93 ;.,%ééé&]rﬂgf; théatnidans—
WO A- 2006040307 appreci ated th

pr ef evABIy e Héfe@ﬁéF%tﬁ%gllﬁénﬁbraaﬁﬁia‘ét%rhéépﬂ e fl@@ﬁt of

bel owheeboidicn@npoidt ot theRhepylenenexéde of eedain
order_ to have a liquid inlet stream The boiljng point

of prQﬁﬁﬂ 5n%t?ﬁ8 &BtrSA%ﬂ?68fnq 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 1s typically in the range of Ifrom 5 to 1000,
suitably 10 to 500, and more suitably 15 to 200 i/h/m2.
The flux through the membrane may also be expressed as

mass flux. Preferably, the flux through the membrane is



W

10

13

20

25

1034 C. Thus, at atnospheric pressure tenperatures
fromO Cup to 34 C nay be applied. Suitably, the
separation is carried out at a tenperature in the

%@%m‘?f‘mﬂom 510 30 G nore suitably at 3%1%112007/064113
tenperat ure. The way in which the propylen

oxide to be purified 15in accordance with the present
invention is prepared, is inmmpterial to the present
i nvention. Any known preparation process may have been

appl i &disc1he Bf opyLeng. Oxkde &R BE1d¢ eateth i thBtactes
process according to the present i nvention may be the

pr odUBEPd PR CHIMPrERE attnéd E DTt W?ﬁenwaﬁﬁsweaa?eﬁw

pr ocesisesroMtd ernati vied Xypeealqydlm eeld Yaabt aimedon 1 to
propyl ene OXIde have been sngect

conve |3ﬁallﬁﬁfgﬁ¥cﬁﬁl o atitf 'r 6E0VEY Feéﬁ%ﬁdhésto

bef or® itari sTha eateekbiniagcof darceenibtdnet he prrésenty in

inved%|0n8n§g§ﬂﬁ1 g?th%t EB@ 182¥Lfn% %XI%@ eﬁd,more

25pr oduceée operOX|de “Pr'6cess
puri fswdepon arkd ﬁ@cb@e%yﬂﬁechnlques typlcally i nvol ve

the renoyal a@Joreaﬁe@%ec@L PRORENRS AN RLYRNLE, = 1iquia
er oxi products (li ke propane, al dehydes

hydr

and a&%ﬁ%éPTP%ﬂﬁinétPﬁﬁpﬂ4ﬁé%t?%ﬁ?ea@éﬁtEQIYTQE?R%%eP? o HEe)
propyBn@coxise f-egdof @ Iaen 30t be%an@t&hera&rlesent
process, has been obt ai ned t he epoxi dati on

pr operEPiEN g B 1 BERSEnE ﬁ IpeP & FEY 48°¢ t?éld@ and
OX|daﬁ&mekhE@;sﬁpapﬁmpyu@nprmgene brqmnhher@@ﬁmmmﬁOdee
m xture conpri gﬁﬁ%‘ ﬁl y SX&W%'% '%%&h%&lﬁﬁ D¥h1ene

- 20 < car8|no fina epara ng propy
OX|de»ﬁﬁenw@¢mpamethyioqﬂyenyhecﬁﬁeubn@@d a reteinfpte

gener @l Be, Propyl ene. oxh Q@e%kf?@ﬂ%hﬂxﬁ@]éﬁ@@hﬁ@e hNae a

t he process of the present 1 nvention conprises at

51 eastogSTREOh 'O BF opY | 'en8 ik éhan the FpL e by Lene

propyd.ene) oxbste:Rietdust ithothe ddeeated is a relatively

crude pra %|§%§ﬂpXI e s%re? gch prodr may gontgln

5% by wef gfit Fess D g8 I V(P 69?eﬁ8‘8X|8%§ Vasad

t ot al imesiaght peofrnetzhe py cduet esHowewery ddre LtOprtesent

WEthofb'ﬁimBafﬁéé%%l%ééxnfﬂihkﬁbﬁ§5d@@SRt}J“%@re preferably at
most 5 ppmw, more preferably at most 3 ppmw, more
preferably at mest 1 ppmw, more preferably at most
0.5 pprmw, more preferably at most 0.3 ppmw, and most
preferably at most 0.1 pprmw, on the basis of total weight
of the permeate. Such permeate may suitably be used as
raw material in making a pelyether polyvol to be used in
making slabstock polyurethane foam.

Further, preferably, the poly{propylene oxide)
concentration in saild permeate is from essentially zero
tc 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 ©f total weilght of the permeate,
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propyl ene oxide product to be treated contains 3% by

wei ght or less, suitably 1% by weight or |ess, and

nore suitably 0.1% by weight or |less of the
welWdsphepy| ene oxide). Even at such rel atively lﬁh&hmMLH
poly (propyl ene 150xide) |evels, the process o{

present invention is highly effective. | f the
propyl ene oxi de product to beigreated is a relatively
pure propyl ene oxide stream such product preferably

cont ati% eSEedrRaRap 0 RREV, @Jh&é@la@ l-egsn2Qhan 300
pmw, nore SUItaE%% | ess than prmy, nmore suitably

pp

| ess Tﬁ}fdﬁgl‘i‘)@"&b’ errré’roéy%l‘i%ﬁ)leyu’F%%smt RAAL 50 eﬁ)ﬁﬁ%’
and nostossuit qbllyukes&nbhaﬁaxa@rpmawaﬁd pehwrp;wpyé engm,
oxi de). YPpi ¢ such relativ pur.e prop

oxi de in eﬂmn%ﬁgéﬁ?coﬁbﬁl%é%xfwﬁgxﬁénugﬁmfs1¥)%e used in
25polsaipnopydeniedord deirethane Phe, | tvermbhomnimtfiontdier
illu t e i

oS G 2L PG EXCEDL £ ETEIE LA oo
(FPO2Wadigkttbvéd FradmPaoBOpHGpyKefe cXided (POf ef eely

by usidigeaceeadr engodenprane, Wikt apln andeask@ndration
menbrane unit, the feed flows perpendicular to the

menbréné2Str T Weecé%ﬁér‘i“WFaPo%&Prﬁﬁyh%%ed cithde) is

t hesextexanpl ®st kbpmschematically shown in - 21 - Flg
1, mhere%n Eheb£efeﬁgnc% nrng;algnggy%_ gecfol
meani ngs: R eF 2 PO GEReTRIBY I83: SPGB Ef?‘%ﬂ

m xt uire s4ldnmmrnaﬂee Sis feprmesdsenoudllat zero to at most
20 ppmw, more preferably at most 10 ppmw, more preferably
at most 5 ppmw, more preferably at most 3 ppmw, and most
preferably at most 2 ppmw, on the basis of total weight
of the retentate. Such retentate may suitably be used as
raw material in making a polyether polyol to be used in
making slabstock polyurethane foam.

Thus, a further advantage is that in addition to the
permeate, the retentate can also have scme 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. EBxamples of suitable modules are typically
expraessed in how the membrane is positioned in such a
module. Examples of these modules are the spilrally 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 1s 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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6: collection vessel In these exanples, the pressure
di fference over 10nenbrane 4 of the dead-end nenbrane
unit of Fig. 1, necessary for effecting the flow of

ROORAL Lot hrough the menbrane, was applied by B3NS 00f 13
pressurisation by feeding nitrogen gas via nitrogen

inlet 2. In addition, the nitrogen was used as a
bl anket covering PO PPO feed 15m xture 3. The
trans- nenbrane pressure applied was 5 bar during the

enti rer expaltaenhalnparningd. 4t» ga., Abber hawi G BPRI E68s
said trans-nenpbrane pressure, the vessel shown in Fig.
| was 41 §a wit hPI%e® grns U -t g2 Bespey f ddgatly wound
Subseguentk yarstiek bt Ngfint s kardl 20usders2Blkanket

of ity 0gen, Gs Was. slarted by, sl 0o, stfrSL L. Sald,

stirri'ng was  carried out “during a e peéri
m nutas! FO-wE B 0EPaR’ .about 70 grans of the origina

f eed hadzge%ﬂﬁﬁkédaﬁégé%%?gaﬁhgﬁgeP%?fﬂyélehﬁm§599§a§§Hg
. 70

was therefore about nmperature 25duri ng
t he efftiPPEaefreriAsht dle fert dif wdsthodmit enpetcatiar el the

In Exarmhecde Bi8UPPOId @€ BRI anend@s Usegdumhenekn
the top | ayer having a thickness of approxi mat 3 pm

) X el
was &€28f TWrophobi @odBh- PorsasY tdensstde 1s aboitc
cr 0ss34 i‘nketh@dQpak y{chamehbyl sigrekane) d-RBMR:curkBefrom
t ot al mbr ane .surface s_5 cnk. o hkn arative
e 5 1o ang 3-8 Tl Bnt Tty 57 SAEHD anh Srgred fron
used, inamel yedildutaht | 4 r@rperatporous the 22rnge mghilranes to

havi ngh AcPoLe it grRALE athiancS.mand bel ng made of

ei ther poly(acrylonitrile or y(vi nylidene

f1 uori defPEPVDF)LN Waidi 6P OREIPYILANUSHABRABT I W R §%

di scussedchpadhe Wtk aduchioneof 1hbbs.Bspesi figatbon.is

'n Comparative Bxample L..@ SURRQULed embrane was
preparation process may have been applied. The propylens
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 purificaticn 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 rvecovery technigques typically involve the removal of
unreacted propene and organic hydroperoxide, by-products
{like propane, aldehydes and alcchol) and other treating
agents. Typically, the propylense 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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used wherein the top |layer having a thickness of

approximately 3 pmwas made of hydrophobi ¢ porous

poly(acrylonitrile) (PAN) having an average pore size

Wﬁz&ﬁ%ﬁwﬂﬁ‘ The total nenbrane surface was Qxﬁﬁﬁamh@mnm
Conpar ati1 ve Exanple 2, a supported nmenbrane was use

wherein the top |layer having a thickness of

approxi mately 3 pm was nade-ofghydrophobi ¢ porous

pol y(vinylidene fluoride) (PVDF) having an average

pore dHh$i:z61 0fand0r JF@eﬁ&I&hﬁ%ﬁ@ﬁ@n@ Uh-fiaee rNas e
cni. At the end of the above-nentioned time

per i d‘%?thtyﬁeplbeoﬂytl BFTRHE PO PPO feed mi xture which

remai ned rthngdrde at hecneepseby sand wWhidd sdirdafoio passreated
throquh Qe rrrerg%gag s thg (%%Trreate Owgogecant ed_and
recover &d°a& 1He et® BEO Eonddnt st hs

i n theasst %ﬁtvaiseOénLGkQQYQEperm@Ee wer e determ ned.

These PPQ:-C n i b - | [
as the ngo %%(r:l%g%%ggén%oéxgégtp%geﬁg%d%a}@t Jﬁge%ée& %%Y\%g
of t heelekper bhnentde TherPPO € ordent ¥ atdedns s wer @roduct may

det eréﬂrﬁ%ﬂn b:v% rﬁzfaw&@ft 25comh nedpsiZ@nexsldsd QRide)
chromat o SEC) and refractive i ndex detection. A

t est I %“ othtﬁrloYS‘i/’rggﬁeoﬁx?% P8R apdrdE e rakhdict he

r esi due sthtsnabiai n§(i>dr$1dh$‘§:QJyV@d3_ttafblteetrmathydﬂ:reOf ur an
(THF).. An g}}é Lg{cit of lhe SQ| Elth Qn_t thu éalnne

i nj ect'edYSRtD A HERFTEE T ® The 387D ecu i 8®
separvailejdita@zcdledlsngsmo:aﬂomm I% m;ydwetig&rtawmclevm,urmd more
(so-c 1t§91§'cﬁelk by egﬂgwep 1eH3C 2CRAY BLEd LG UL ES
are detected [ sensitivity di feren

r ef r getiioge - i Efi\tPé]x a(idelgh get ety vaheah é@éﬁ(ﬂ@@@éeflﬁey

- 23 oxilkyt oddiem the HekbHsn ACeaEdbNG O invention is
concentration. Fromthe nol ecul ar wei ght distribution
of tHe%é¥i GUELhYS obtai ned, the fraction of hi gh

nol ecul alILV\Bileglpt:oE_PereS olxd@clﬂtprfoidedtu&i mg ardgaleystyrene
standard. (P aving an. saverage ecul ar wej ght

20, OOjﬁelﬁag %zoyr 'he %Ofﬁ"tle T cat onnglfeﬁnhl § ?rfcr%:&ucg a
pol y(predpykehie aghyedty 1ePPG)hst afflardrvhavinhgpldy less
aver g TobeCHbAL WeJ Ok Oko Dy 000 D5 8BALLed. nbSL NG

a nmul ti-point externaér‘J standdrd cal 1 bration techniq
The cOHEERtY at9s6ntidh LLOngPLY- Wf?h%mrﬁaé’ﬁyanﬁse‘?c&ﬁaﬁ

wei ghto PR ( R&c200000:Da 2808l 1ess 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



hi gher) in the sanple was cal cul ated by neans of the
follow ng equation: Coal * VTHEI VPO where: 15Ccal =
concentration of the high nolecular weight PPOin test

LQ,fs obtained fromthe calibration gr riob 06411
ﬁ’g’%“‘;"’%ﬁ V1A*- total volume of THF added %%PEI%%O“HB

di lution of residue; and 20Vpo = total volune of PO
evaporated fromtest sanple. YW
2008/ 074791PCT/ EP2007/ 064113 - 24 - Table 1 Ex. 1

CD”D-Fﬁéﬂ-l,CK%H%eiﬁxté% @%@%QQﬁﬁéf%Eﬁ@£££§1h@@E"@@e following

meanings:

1: stirrer

Z2: nitrogen inlet

3: PO/PPO feed mixture

4: membrane

5: permeate outlet

6: collection vessel

In these examples, the pressure difference over
membrane 4 of the dead-end membrane unit of Fig. 1,
necessary for effecting the flow of permeate through the
membrane, was applied by means of pressurisation by
feeding nitrogen gas via nitrogen 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. Subseguently, stirring of this feed
under a blanket of nitrogen gas was started by using
stirrer 1. Saild 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 expervimental period was room
Lemperature.,

In Example 1, a supported membrane was used wherein
the top layer having a thickness of approximately 3 pum
was made of hydrophoblc 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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membranes having a pore size greater than 5 nm and being
made of either polylacrylonitrile) (PAN) or
poly(vinylidene fluoride) (PVDF), as disclosed in US-A~
5248794 which is discussed in the introduction of this
specification.

In Comparative Example 1, a supported membrane was
used wherein the top layer having a thickness of
approximately 3 um was made of hydrophobic porous

poly(acrylonitrile) (PAN) having an average pore size of

25 nm, The total membrane surface was 5 cm?.

In Comparative Example 2, a supported membrane was
used wherein the top layer having a thickness of
approximately 3 pym was made of hydrophobic porous

poly{vinylidene fiuvoride) (PVDF) having an average pore

size of 20 nm, The total membrane surface was 5 cm?.

At the end of 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 permeatea
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 3EC column. The
molecules are separated according o 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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From Table 1 it can be seen that the PPO rejection in
Exanple 1 is higher than in Conparative Exanples 1 and
2. The perneate obtained in Exanple 1, having a
sowentri@t i on of PPO having a nol ecul ar wei ghtt/@fz007/064113
20, 000 5and hi gher, of less than 1 ppnw, may suitably
be used as raw material in nmaking a pol yether polyol
to be used in maki ng noul ded 68 sl abstock pol yurethane
foam Still further, it was found that after having
decantad et fieon etrentat ey thecmenty anecusedti at foanpken 1
1000["1!1 l%%};?é%ragn"’élkgh I %13%9%ut1@9t leertﬂgol EE;L%ubatt%Gs at
a simlar ux resu asimla Oreec:|onas
i n sablrExadpl el fram@rx m’él e mhé@cwareweu% FPheis
Sepaffﬁéﬂ@lf@&@hkﬂ%gog ﬁd¥§sg§ﬁgﬁ9%%aH§ﬁQiH@SE&%@HM% In

remains the same pi ral wouRd
nenbr%l‘f%aﬁﬁdlﬂ‘l’]éa%ﬁlﬁifl‘ﬁl% ?ﬁezooﬁéoa%asﬁ@\‘ﬂmt’@?} Fig. 1

of V%ﬁ&@@@@él&amoan@@sﬂe&lw deser bedpi hefeiyiycol )
the rovi so that the nodul e was nmade PO

reS| s Pap% SF‘ETW aPPE Y 20sFRY 3P0 BBt E8i St akt-Epalér s

and s@,aJEE) Danda tepat L¢de wenhranelusedowas ekhersdane as

t he 1 of .the S

spect T Gaer anco par =B o e R i e e e Bri gy *

25 - mw@ild pbdibce hagd thlecoper atdight ofPa t{ PSr é@e&@n@e el

made mh\é@ﬁ@%@%%&@ was cal&lamgoﬁméghgaéf \wpund

menbr ane nodul e, the feed flows parall to

membr S8 PE RBIARE PR the i nl et 5feed st ream enter| ng

the nenbrane nodul e at a ger t-ai, cQppPosi tion

(cross-fl ow operation). The feed conposition inside

the nbHfifi%¢ changes as a function of distance in the

nodul e, Whi.l € ddreeheed isthr eamlicss hsgpardiced L antw@ ibwo: PED

per me r r 0 r Q t

or ese%% eﬁl?%%rrg?mﬁgqand o%tt% ﬁgé E’EFT’%% g@@ca:!t l) tlr!)n graph
{(in mg/1);

Vor = total volume of THF added for dilution of
residue; and

Vpe = total volume of PO evaporated from test sample.
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concentration in both the perneate stream and the
retentate stream were nonitored. These concentrations
were determned in the same way as in Exanple 1 and
Gomparalve Exanples 1 and 2 and are shown iwcrfialb@dsiis
as 15wel | as the PPO concentration of the feed. During
the entire experinental period, the trans-nenbrane
pressure was 5 bar and the teaperature was room
tenperature. The total menbrane surface of the

menbrane used in Exanples 2ragid: 3 was 1 n2. Table 2

Ex. 2—Ex—3—-PPo-eoncent-rat i-on-+nyf.eed-{-pprwy-——116--4-9
PPO |concentration in perneate()ﬁﬁi;' Zigmb [ Cong.”
Bx. 1 Ex. 2
PPO concentration in faed 273 273 273
(ppmw)
PPO concentration in <l 22 61
permeate (ppmw)
PPO rejection (%) >99 92 78
PPO concentration in 7456 493 409
retentate {ppmw)

From Table 1 it can be seen that the PPO rejection

in BExample 1 is higher than in Comparative Examples 1 and

2. The permeate obtained in Example 1, having a

concentration 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 reijection as in
said Example 1. This implies that after use, the
separation guality of the membrane used in Bxample 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 Che same as tChe membrane used in Example 1 of the

present specification. For a more detailed description of
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0.06 PPO rejection(% 98 99 PPO concentration in
retentate(ppm) 153 6. 20Each of the experinments from
Exanpl es 2 and 3 was perfornmed continuously during
sevemdays. The perneability, flux, pernmeatepdt/Omoorveiis
velocity and retentate flow velocity were stable

during that entire experinental period. In addition,

the PPO rejection was stable. 25--26 -- From Tabl e
2 it can be seen that the PPO rejection in Exanples 2
and 3sadisi metiatd wellytchd giverat Mmstor100%rcErirsnddrplsi @8de to
t hat &ﬁ§¥385g@ 85 obt ai ned m ght be used as raw

mat erial in maki'ng a pol yether polyol to be used in
5maki ng foubgiew pobyuradt Waned fieabr atadedd]let hde feed

per MeAl & -0BLAANRY L0 GXARRLS SRy Suld ALY O Uned-1n
the production of noulded polyurethane foam Said

per emetS%E' GRF §% GRE&F el theoBeppRe ofoPPe Ravd mgraain

: WD'eC@Bﬁﬁbsﬁ@iéﬂ“(CQESéxhﬂyQooﬁéﬁkdﬂogh?rThé4Q@@&e&ompb@@tion
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pernmeate obtained in i ‘ o
inside the module changes as a function of distance in

the module, while the feed stream is separated into two:
a permeate stream and a retentate stream.

In the present Examples 2 and 3, the PPO
concentration in both the permeate stream and the
retentate stream were monitored. These concentrations
were determined in the same way as in Example 1 and
Comparative Examples 1 and 2 and are shown in Table 2, as
well as the PPO concentration of the feed. During the
entire experimental period, the trans-membraneg pressure
was 5 bar and the temperature was room temperature. The

tetal membrane surface of the membrane used in Examples 2

and 3 was 1 m<.

Table 2
Ex. 2 Ex. 3
FPO 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

Fach 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 redection was stable.



10

20

10Exanpl e 2 which originated froma nore contam nated
PO feed, is not suitable for use in the production of
noul ded pol yurethane foamas it still contains too
wachodaRP@e1 nore in particular 2.8 ppnw of PPQ&are06 034113
nol ecul ar wei ght of 20,000 and higher. This is far
above 150.4 ppnmw which in general is considered as the
maxi mum al | owabl e concentrat4 éa of PPO having a

nol ecul ar wei ght of 20,000 and higher, in POto be

used in thempradycti on b’@u%mﬂtpﬁt yifeerhane: feeamvn in
In ad n.t chleV|n a, hi re getio ur

20t he]ge rlipl(ire gx%erl neht'a laté}rl od lrllgnot%er %dg%(%t alrﬂg%f

t he mn&ﬁeth@tedhenpem@aab@v@@pmal migdunde nerwor aneraw
modul &aaesflg*ﬂain tlmlasrar%%wafr and, §1 e 58"&&1 at, the
same level during the entire experimnent peri od

Ther et InBOtAssk p@hywetﬁpa@gﬁw an%@%ﬂgth@ SIS AT €
Menbr gieiined 7i ClsdMBle B nBL0S@SShQr bd 8RRV Y the

pol y(}gro Iene OXI deL fromg {fg Iene OXi de by menbr ane
separ BTN WhetelRPE HoRROY OUE B RbF e PELigEdenate
whi chorm@rrtabaﬂmne&z a.polymer be reEnhrane; Imdleié(ftﬂm’ﬂrawelght

ol ysj a whi cont ai.ns bre ting units of .t

Do s P80 SR R X PP ERE] ROt b oo S e
t he s&ferpde @ivifighentigimdtedpfegeat nbydroogeanpratad PO
hydr owgdboasgﬁfym%@fé %@iﬁy‘;;g l%h@hgrma@p@a%&' ng

of al kyl, aral cycl oal aryl, 10an ryl
2. Pr%@éj@dalé@dfu&leﬁ@al% fopai as 15t \ﬁ/ﬁéiﬂbl%néaw-‘mﬁo@ fleek

conprsd, n&o@é mylpaeel@naqeza@%m Mf(}ﬂ‘@@ﬁéb%ﬂ& LHxi de)
i s separat ed by nbr ane nto a

conmpr SISy pr owggﬁeo%ﬁodgoﬁnﬁ‘delhﬁﬂﬁ?rnd”“p’;ﬁl ys far above
(propyl epenexidel an dopeky(ps opyls ea@reﬁxlade}ch@tma&mum

concentration ich we t he poI pro | ene
oxi de%ht con!ggnt \lr/g}'tcegtratlotﬂhe%f%%ghavm a f“é en aE{)IyWElght
conpr®5idavg 0pe opyd énehoxi de and-pokypropyl éhe wxicdeyicon

at a coneeAbE@tiAg. Waiehd Sl gher than the
pol y( pr opyl ene oxide) concentration in the feed.
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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203. Process according to claim2, wherein the

pol y( propyl ene oxi de) concentration in the perneate is
fromessentially zero to at gpst 3 ppnmw, on the basis
of total weight of the perneate. 4.Process according
to claim2, wherein the 25poly (propyl ene oxide)
concentration in the perneate is 28 fromessentially
zero to less than 1 ppnw, on the basis of total weight
of the perneate. 5. ProcEs& &cdoldiPng to claim 3 or
4, wherein the perneate is for use as raw material in
meki ng a pol yether polyol to be used in making

sl abst oekopesyufet haseot bam poby (Progessnacentdéngrtomn
claim4, wherei tge Eerneate is for use as raw

maPEPPEL SRR Hﬁ% By ERREr SPBPYBF 1B, bENGEEINI / Non-
”beBguEUHEQ§9a99|XHrQEQanewBQQH‘mgﬁBEQﬁ@S§sa§086gyﬁgrlc
to claim4, wherein the pon (propyl ene oxi de)
conemhrrati vAdenfrhe pepehvat écksner siniebsennial hy

of “ERETFEbantarsS BB ChrobsbiThdeatling to claim V.|

wher ei n the retentate i ssfigr)yse)as-raw material (in

maki ng pol yet her polyol to be used i n maki ng
sIHB?F%éR BoPpdr Bt h@AE PBakie 9amﬁr@ée§éf§@é@pauﬁgdto

an¥eBE@s@EttH?d@EG@ﬁdbﬂgach?ngca@BSEe?QohgeSelected from

separatlon is carried out a tenperature in

rahge ofofiponpbstiet30gCof alkyl, aralkyl, cycloalkyl, aryl,

and alkaryl.

2. Process accerding to claim 1, wherein a liquid feed

comprising propylene oxide and poly{propylene oxide) i
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 lowe
than the poly{propylene oxide) concentration in the fe
and a retentate comprising propylene oxide and
poly{propylene oxide) at a concentration which is high
than the poly(propylene oxide) concentration in the fe
3. Process according to claim 2, wherein the
poly{propylene oxide) concentration in the permeate is
from essentially zero to at most 3 ppmw, on the basis
total weight of the permeate.

4. Process according to claim 2, wherein the

poly(propylene oxide) concentration in the permeate is

]

r

ed,

er

ed.

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

5. Process according to claim 3 cor 4, wherein the
permeate is for use as raw material in making a
pclyether pelycl to be used in making slabstock
polyurethane foam.

6. Process according to c¢laim 4, wherein the
permeate is for use as raw material in making a
polyether polyol to be used in making mcoulded
polyurethane foam.

7. 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.

8. Process according to claim 7, wherein the
retentate is for use as raw material in making a
polyether polyol to be used in making slabstock
polyurethane foam.

9. 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.



