7 March 2006 PROCESS FOR PREPARI NG POLYOXYALKYLENE POLYETHER PRODUCTS The
present invention relates to a process for preparing pol yoxyal kyl ene

pol yet her products by reacting starter and al kyl ene OXiﬁﬁ iH bBﬁ presence
of a double netal cyanide conpl ex cataly.stl.Background7 ARy ent i on
Pol yoxyal kyl ene pol yet her products can be used for preparing pol yurethanes
by reacting themw th polyisocyanates under appropriate conditions. Poly-
ur et hane prOd“C% {:Eé& #8R ?ﬁE gﬁ”ﬁbﬂ% TENRA DL GARER BRODUCTS

el astoners, sea s, foans, esives rocesses for preparing

pol yoxyal kyl ene pol yet her- products such as pol yether polyols with the help
of double netal c | ) C ‘ o] in the
art. DMC catal yst s)'{[ﬁ%vg’% (S%d\}glﬁ{%géeﬂfqﬁ ,{@1{#@ gﬁaxﬁigéu??lggc?]ege conpar ed

with strong bapmepanﬂngjpnlydmyaikyﬁen&upuﬂjgthem|yeodmcth byereacting

conventional |y rati ol y. oly '
pr oducts. FurtﬁiFﬁ%ﬁg %HFFéigﬁyaﬁ% ég}é? iﬁ)%ﬁ?zégé%%§§§I°? %vgépageous to
use DMC catalymbtwﬂemyammﬂmabdmphax3ua@&ﬂ$@ﬁene pol yet her products in a
conti nuous progess. bul ar, reactors are being used for

conti nuous procé Byoaiat kyl ene  pol yet her products,
optional l'y having @bwo&@@lkgeén%d@ﬁj.yéiihmq:mdmg ¢ rbe asedgrobe
reactor. Such processes h ve been descri bed i.n, Japanese exanm ned patent
appl i cati on (KEEEPRIGPHOP. a‘ﬁss%%s’iﬁaeCWG% gléar ch Disclosure

Novenber 1995, 6'191%%’3ya§%ﬂ:|é%nu%&nhppﬁilﬁﬁrifa'@élt¢&ﬁﬁﬁ@ﬁor?§5 Poly~-

US- A- 5, 689, 012 dlscloses a continuous process for fhe
urethane products that can be made 1nc1ude polyurethane

coatings, elastomers, sealants, feocams, and adhesives.
Pfocesses‘for preparing pelyoxyalkylene polyether

products such as polyether polyols with the help of
‘double metal cyanide (DMC) compounds have become well
known in the art. DMC catalysts have the advantage that
théy are highly active compared with strong basic
catalysts like potassium hydroxide which are
conventionally used in the preparation of polyoxyalkylene
polyether products. Furthermore, it has been found. to be
especially advantageous to use DMC catalyst whan
preparing polyoxyalkylene polyether'products in a
continuous process. Generally, tubular reactors are béing
used for continuous process for preparing polyoxyalkylene
-polyether products, optionally having alkylene feed added
at one or more points along the reactor. Such processes
have been described in Japanese unexamined patent
application (Kokai) 6{1994)-16806, Disclosure 37926 of
Research Disclosure November 1995, and East German Patent
specification 203,735. )

- US-A-5,689,012 discloses a continuous process for the
preparation of polyoxyaikylene polyethers usinyg DMC

catalyst in a reactor which is either a tubular reactor



preparation of polyoxyal kyl ene pol yethers using DMC catalyst in a reactor
which is either a tubular reactor 2 7 March 2006 or a continuously stirred
tank reactor. If unreacted alkylene oxide is present, the al kyl ene oxi de
may be cooked out in a second reactor.,Starter is always pregeply 258
elimnate the potential for formation o% very high nol ecul ar wei ght

by-pr oduchs. 3 CBbyclRolibll €90k oAUk b LABdLale eaddangl alkyl ene
oxi de may be per orneg thout starter present. In Exanples 2-7, the

resi dual abhbpbeee bzidenmivedrigestri phienglkivil emas dxasle figundca hat a tubul ar
reactor can be . di sadvant ageous in_the preparation of .pal yoxyal kyl.ene
ponetherCBPgaﬁc?g wit'h &t RE“REFp T6FC 'cgtgF §F§1§%aﬁﬁ§§%ﬂgﬁ%8éﬂt
concentratibonlohihgaet @Rk pheeattiBe reactfathdirdion oFddedyt midie tube, can

| ead to increased deactivation of the DMC catalyst. This is obviously

undesi r abMelerphavereiohs ByepsPdtcEsnt PRddushe SimdlefadniOVt ddtt or as
describedeLpitPeara 03Riey 12S aag{ggye}l%%wd% oY P RAUC Nt ai ni ng

subst anti al "anount's unr eact ed ene oxide. "The I'atter |Is undesirable
as wel |l . withastnewagstepr pserghy .b&en Ekampd etshat- 7 . palheoxyesd ldudaene pol yet her

products containing subst an iallﬁsno,alkylene oxi de can be obtained in
hi gh yi el GPBY™FEr ¢F FEXOVPHG DYt SEéPPARd -al kyl ene oxide in the presence of

a DMC catal yst ;phhhe Bethngouald tS4Rsauemiar HRREiHJI ddie ywenr eact ed
al kyl ene oxide in a pipe reactor. Summary of the invention Therefore, the

present idientdiventrgkatss inotheppoeperation e palivivsysdllpthgng kyl ene

Pol yet ner Ridupts. pbele PLARSITEOMALSEE Ghic ALY S1A e aNd
high concentration of reactant where the reactants are
added to the tube, can lead to increased deactivation of
the DMC catalyst. This is obviously undesirable.

However, the use of a continuocusly stirred tank
reactor as described in US-A-5,689,012, has been found to
give product containing substantial amounts of unreacted
alkylene oxide. The latter is undesirable as well.

It has now surprisingly been found that
polyoxyalkylene polyether products containing
substantially no alkylene oxide can be obtained in high
yvield by first reacting starter and alkylene oxide in the
presence of a DMC catalyst while mixing, and subsequently

reacting the unreacted alkylene oxide in a pipe reactor.

Summary of the invention

Therefore, the present invention relates to a process
for preparing polyoxyalkylene polyether products, which
process comprises (i} reacting starter and alkylene oxide
in the presence of a double metal cyanide complex
catalyst while mixing to obtain a product mixture
containing at least 0.05%wt and at most 10%wt of alkylene
oxide, and (ii) reacting in a pipe reactor the mixture

obtained in step (i) to obtain a polyoxyalkylene polyether



in the presence of a double netal cyanide conplex catalyst while mxing to
obtain a product m xture containing at |east 0.05% and at nost 10%M of
al kylene oxide, and (ii) reacting in a pipe reactor the mxture obtained
in step (i) to obtain a pol yoxyal kyl ene_pol yether 2a 7 Marc 00 r.oduct
conprising | ess than 0.05%t al kyl ene o%fde, and n(iii) regbé?ﬁglgﬂgg
product of step (ii) fromthe process. 7 March 2006 - 3 Detailed
description of the invention As nentioned above, polyoxyal kyl ene pol yet her
products predwek! clor@wn siimgt Nesar tthabhei.n smweparlahilendox irdactamy starter
and al kyl ene oxide in the presence of DMC catalyst, is also well known.
These proBéddés WeFeviggséE eb@ﬁquCEP9ﬁ¥G§G$M41&Hdﬁﬁﬂmxékﬁﬂﬂﬁﬁcﬁﬁﬁe
recently, a large nunber of preferred specific enbodinments of these
processes was published. Such enbodi ments have been descri bed for

exanpl e-in European application 01306107.2, PCT patent application

PCT/ EPO1/ 03498 and in EP-A-912, 625, EP-A-879, 259,

EP- A- 1, 066, 334, ' EP- A- 968, 055, EP- A-654, 302, EP-A-743,093, EP-A-700, 949,
EP- A- 894, 108 and EP-A-755,716. It will be clear to soneone skilled in the
art that the process of the present invention can be conbined with any of
the enbodi nents which are known to be beneficial to sonmeone skilled in
the art for a process conprising reacting starter and al kyl ene oxide in
the presence of DMC catalyst. The process according to the present
invention can be wused for batch, sem -batch and conti nuous operation. This



process has been found to be especially suitable for the continuous
preparation of polyoxyal kul ene polyether product. The al kyl ene oxide for
use in the process according .to the present. invention, can |n principle
be any al kyl eneoxi de. Preferably, .the al kyl ene oxi de c3mar8a806 of from 2
to 10 carbon atons, preferably of from2 to_6 carbon atons, nore preferably
of from2 to 4 carbon atons. Preferred a kylene oxi des for use in the

present invention are ethylene oxide, propylene oxide, butene oxide,
styrene oxndaetamlledled%welpmmﬁéﬂ&ﬂ& Most preferably, the
al kyl ene oxi de |§} rqg¥éfgﬁé8x5ggveaq&ép¥oﬁygyk9mgn@xp@ayeth@r 7 Nhrch 2006

A w de range of M%i's can be used rocess .accordin to t
present invepdoductihease aweki kngwbelnmhhérarét hyhedd QLA ene

gl ycol ; trlegﬁ¥lqgf gl%§o£irp£88yggﬂglg£§cgk adi hp@ﬂéﬂﬁ}éyéﬂaﬂ,of

trlpropylene uty ene glycol's; neopentyl
gl ycol ; gl ycmmeaaﬁalﬁethyisl plapaweil knpsnhyrl‘bl%eome%?@rﬁ MW hritol,

al pha net hyl Iucosld o hygﬁﬁéygﬁbQﬁgnnlpyﬁgoAl%@@@45 and

hydr oxypr opyl sucrose; and other comonly
used starters. ;Ng%kéuté@@hﬁlg;ea hnngéunumbenabfsEﬁﬁ@ﬁﬁiQﬂuﬁP%ﬁ$ﬁkﬁhanol,

i The 1 ke o agnens "EoANRbe BBURRIRE vAz Hiilened i evanel

4, 41- d'hydfoﬁﬁﬂﬁéﬁﬁmuﬁﬁsthaee bgéﬁrHeBSeredhﬁmmaqyampkﬂ|%nlﬁgﬁpggqp

Conpounds application 01306107.2, PCT patent application
PCT/EP01/03498 and in EP-A-912,625, EP-A-879, 259,
EP-A-1,066, 334,'EP~A—968.055, EP-A-654,302, EP-A-743,093,
EP—A—?OO 949, EP-A-894,108 and EP-A-755, 716. It will be
clear to somecne skllled in the art that the process of
the present invention can be comb;ned with any of the
embodiments which are known to be beneficial to someone
skilled in the art for a process comprising reacting

starter and alkylene oxide in the presence of DMC

_catalyst. |
The process according to the present invention can be

used for batch, semi?batch and cpntinuous operation. This
process has been found to be especially suitable £o;'the
continuous preparation of -polyoxyalkulene polyether
producf.

The alkylene oxide for use in the process according
.to the present invention, can in principle be any
alkylene -oxide. Preferably, the alkylene oxide comprlses
of from 2 to 10 carbon atoms, preferably of from 2 to
6 carbon atoms, more prejérably of'f;om 2 to 4 carbon
atoms. Preferred alkylene oxides for use in the present
invention are ethylene oxide, propylene oxide, butene
oxide, styrene oxide, and the like, and mixtures thereof.
Most preferably, the alkylene oxide is propylene oxide

and/or ethylene oxide.



containing at least 1 active hydrogen atons, nore preferably at |east 2
active hydrogen atons. Preferred starters are organic conpounds contai ning
on average at |east 1 hydroxyl group, preferably contai_ni hg, gn average
nmore than 1 hydroxyl group. More preferably, the starteﬁ§ﬂm§P@08§ganic
conmpounds containing of from2 to 6 hydroxy groups. Exanples of such

al cohols are glycols, such as diethylene glycol, dipropylene glycol,
glycerol, di- and Bpeidgl yaege €I sfarkans wman de usedelnytbeppopanss
triethanol amn Lok a n%&@ . R Lhed._i.n
US-A—5,689,012?036?2Fg%i§8I3 eb |ﬂﬁé§ﬁnéﬁkéﬁgiﬁﬁiéﬁ%%tggéggﬁgbgagsgg, or a
hi gher nol ecul waterr gathylaneeglysolye disskhydldnsh ghycall obeietbydenkar

wei ght starter Leh h re W 1 t ol i goneric or
pol ynmeric star 92?1:8%& §%85§.%PF %le’r &r%g#egg{}ilar ?Ne&gﬁ%g}' arter is to be
used, this is pripeopblgna blwewolrolledH,arl i glindthr4ebutybereul e which

has been reacted with alkylene gxide either inthe presen f.a .
convent i onal- bRbyEbkS; ansepeRty ifigedt! Mivddhint, MEMPEEeTo1Brpransic
catal yst. Howeveiethplslpsopuslel; wmadmrthyiaedsseasipiiawhi ch al kyl ene
oxide is reacted with a starteg in the presence of DMC catalyst. = As

ment i oned befOm%Fh¥%%TBFBE%§§'O%HA%? 74§h¥4§?ﬁyeE%¥fBe Eﬁﬂbined
with any prefeﬁf@ﬂoﬁﬁ?@dbﬁk@lu&@@ﬂ&éﬂ) ddidiardl, RMaitel yséscabse yehhd
known in the art. It has been found that in_the present_invention in

princi pl e any PRNEST cBPEIGRLY cHFeFe SteataRTi-cRLSO IFTWRRYE bRT Ui t abl e for
processes in WhbgHr@hkyi 6AL1 OXtd@ tet o B @ sWnidtanol, ethanol,

l1-propanol, 2—propanol,'n~butanol, 2-butanol,
2-ethylhexanol, and the like, as well as phenol,
catéchol, 4,4'-dihydroxybiphenyl,
4,4'Qdihydroxydiphenylmethane.

Starters which are generally used are compounas
containing at least 1 active hydrogen atoms, more
preferably at least 2 active hydrogen atoms. Preferred
starters are organic compounds containing on average at
least 1 hydroxyl group, preferably containing on average -
more than 1 hydroxyl group. More preferably, the starters
are organic compounds containing of from 2 to 6 hydroxyl
groups. Examples of such alcohols are glycdls, such as
diethylene glycoi,'dipropylene‘glycol;'glycerol, ﬁi— and
polyglfcerois,'pentaeryihritol, trimethylolpropane,
triethanclamine, sorbitol and mannitdl. '

As extensivgly described in US-A-5,689,012,

a relatively'low moleéular weight starter can be used,

or a higher molecular weight starter can be used which is
a lower molecular weight starter which has been reacted
with monomer to form oligomeric or polymeric starter
molecule. If a higher molecular weight starter is to be
used, this is preferably a lower molecular weight starter
molecule which has been reacted with alkylene oxide

either in the presence of a conventional basic catalyst-



starter. Generally, DMC catal ysts prepared according to the prior art and
suitable for use in polynerization of alkylene oxides, exhibits a powder
x-ray diffraction pattern exhibiting no detectable signals corresponding
to highly crystalline zinc hexacyanocobal tate at about 7 Nachglfng,
angstrons) 5.07. More specifically, such DMC catalysts generally exhibit a

powder x-ray diffraction pattern of (d-.spacing, angstrons): 4 (br),
3.76 (br) ando&xhRpthe RECFEREE <‘§E’d"if é &D@ﬁaﬁastagé’rs%'s %‘a?%%_jrt otgﬁ?gﬁlsy
crystal line zi pgihexaswaneeebpriaiessas apwhidid-sheeiage anvgdernss): 5. 07,

3.59, 2.54 and 2.28. A process by which the DNC'cataIygﬁ 5@@ usg L n Ehe
present invent F6actad BetBr pstéFteatash RFEETHS § pEh g%ys-.

application 4-145123+ i dH84CREFLYR, WH hidtedy NSk ipréséhbeinbbhtion
cyani de conplex having tertiary' butanol coordinated as organic |igand.
The bi net al | i ccapyhai gembanrgreX it ANk PLafgHtgsh e X nﬁn?ﬂﬁegﬂer
aqueous solutigﬂa,aQE solutions in water and organic solvent m xtures, of
a netal salt, preferably a salt of Zn(ll) or Fe(ll), and a

pol ycyanonet al | at eDMEatatalypikef axsbiweldonavwil Ag At 135t or IEoR2F 1 PeeBnd
bringing tértiary.b ol _i AGte Wi i gyt j ni

conpl ex so obt £PH§8 gfﬁggr%ﬁogb%g%?% sur\pl)i}&l};séﬁsoeovrgn%@a%iﬁf:éé%?a?g?bﬂdgnol .
I n Reference Exatplgst, cehebeungleds whigty iNarkstewiods g venitabbet EeFiary

vased it - RSEH a7 L ten] B enle ) sesatmp b 12
this is repeatgdartbe.filter cake is :
| Generally, DMC catalysts prepared according to the

prior art and suitable for use in polymerization of
alkylene oxides, exhibits a powder x-ray diffraction
pattern exhibiting no detectable signals corresponding to
highly crystalline zinc hexacyénocobaltate at about
(d-spacing, angstroms) 5.07. More specifically, such DMC
‘catalysts generally exhibit a powder x-ray diffraction
pattern of . (d-spacing, angstroms): 4.82:(br), 3.76 (bxr)
and exhibits no detectable signals co;responding'to
highly crystalline zinc hexacyanocobaltate at about
(d-spacing, angstroms): 5.07, 3.59, 2.54 and 2.28.

A process by which the DMC catalyst for use in the
present invention can be prepared, has been described in
Japanese épplication 4-145123. The catalyst which is
prepared is a'bimetallic cyanide complex having tertiary’
butanol coordinatédqas organic ligand. The bimetallic _
cyanide complex catalyst is prepared by mixing together
aqueous solutions, or solutions in water and organic
solvent mixtures, of a metal salt, preferably a salt of
Zn{II) or Fe(II), and a polycyanometallate (salt),
preferably containing Fe(III) or Co(III), and bringing
tertiary butanol into contact with the bimetallic cyanide
complex SO obtained and removing the surplus solvent and

tertiary butanol. In Reference Example 1, the surplus



dried at 40 C under reduced pressure and then pulverized. Another process
by which the DMC catal yst can be prepared, has been described in PCT

pat ent application PCT/EP01/03498. The process described comprises the
steps of: (a) conbining an aqueous sol uti gn of a met al 'MPELGOPH an
aqueous solution of a nmetal cyanide salt and reacting these sol utions,

wherein at |ea r f .this.treaction__takes place in,the presence of an
organi c conpléé%%ggnég ne. ?ﬁ%iaﬁy #BFﬁFﬁg gqﬁiﬁﬁﬂ%¥%ﬁ19ﬁ 2<hEPR Dve
conpl ex in an filiepationdi Dive £h)tesrkiakienhitad ndicsger si on obtained in step
(a) wwth a liquid, whigh is_essentially insoluble_.in water and, which is
capabl e of exﬁ%ﬁ%??%gw%ﬁ% %o?ﬁdgfgc¥855§P§X %#%QH&}iQQQﬁQﬂP(%SL?Fbﬂ¥the
aqueous nedi urandnfibtéoudNoand thsphsseeprsited.t aHee figved copsi 51 ng of

a first aqueous layer and a, |ayer containing the DMC conplex and the
liqui d added; d@ied eapvihg’ G hnder sredycedupreagere and tlenr ecovering the

DMC catal yst . f éﬁ@%ﬁfﬁé yer containing the DMC catalyst. Typically, the
DMC cat al yst according to PCT patent application PCT/EPOL/ 03498 will have
the fornula Zn2[ Gr{ceét @rovessidBy pwhikhr ehe OMCs chteUvisganthrigssl and A

5o, OB B S A L gE ke CLLpHE T, R LR et an
ether, tert-arBdT/BR0W/0BI%r The dprdoeyk dedcribbbr ebmpddGes the steps
 of: :
(a) combiniﬁg an agueous sclution of a metal salt with an
aqueous solution of a metal cyanide 'salt and reacting |
these solutions, wherein at least part of this reaction
-7 takes place in the presence of an organié‘complexing
agent, thereby forming a dispersion of a solid DMC
complex in an agqueous medium; .
(b) combining the dispersion obtained in step {a) with
a liquid, which is essentially insoluble in water and
which is capable of extracting the solid DMC compléx
formed in steﬁ (a) from the aqueous medium, and allowing
‘a two~phase system to be formed consisting of a first
agqueocus layer and a)la?ér containing the DMC complex and
the liquid added; | | .
(c) removing the first aqueocus layer; and |
(d) recovering the DMC catalyst from the layer containing
the DMq,catalyst.

‘Typically, the DMC catalyst aécording to .PCT patent
application PCT/EP01/03498 will have the formula |
 2ny[Co (CN) g]C1.nC.mH,0.pA

wherein C is the ligand used and A is the compound of
general formula (I} used. Preferably, C is tert~butyl
alcohol and A is methyl tert-butyl ether, di-ethyl ether,
di-isopropyl ether, tert-amyl methyl ether or di-butyl



ether. Preferably, nis of fromO to 10, mis of fromO to 20 and p is of
fromO to 10. The DMC catal ysts of the invention are very active and hence
exhi bit high polynmerisation rates. They are sufficiently active to allow
their use at very |ow concentrations, such, as 40 ppn1qrrﬂ@§§20ﬁﬁ such | ow
concentrations, the catalyst can often be l'eft in the polyoxyal kyl ene

pol yet her products w thout an_adverse effect on prqoduct quality, The
ability to | estehest aFyefsrabhyend A6l ¢d fromy P Wﬁbaﬁhaﬁl%éﬂﬁﬁaﬁ%ﬂ@“b%cause

conmer ci al polﬁ/&'éocgﬁaeﬁthx bEURKER @ &af aloyst renoval  step.
Pol ymeri zation of al kyl ene oxides is typically carried out by reacting a
m xture of hydroxyThgr BYe- cabal uphrngisthet dnVgnta omversavatsacliive

tenperature ofap4rAghEQ Eﬁhiﬁ@tchiglriregogg)flﬁeiﬁ@a%rﬂo‘h fi5@@s90 to 130 C at

at nospheri c pressure. gher press ] al so _be applied, but the
pressure will Tiseyl kyensufficiently bativendopidilewatiihelirs ysomtl Y®r% bar.

These react | 0m0§088£&gg?§ae;§n§ui 53BheakouoPLRneeE el (it as(v%ﬁ ow
- hé)

process step (T1) according he“present in ion” Tn step t he
process accor dcogcentratipnesenbe catedyistncast afiten be dedtt di Wi

al kyl ene oxhkde_in the resenc f o I whj.| WXINg agle- B xing is
preferably carl??:g}ﬁoﬁﬁ?lggﬁ%lﬁugﬂgrﬁ% %é%td?ﬁ (%tr'l;esd dllr‘f o@ ag'? sacdusm%gn of
East Gernman Pasenéchoon2pBodast | qusiDi8gl. 03681 abifdty it plesye laptalysts

t ubul ar reactoy avi ng, al kyl ene_feed added at r j nts along -
the reactor. THér ?6r881385n%§i%ﬁ HTEBF &R nggﬁga%%rggﬁhlﬂg%vention can
be effected i ncamheboial peagbds chavenglieedqaideon shialgrstadoeubedl one

or nore points ‘
~step.

Polymerization of alkylene oxides is typically
carried out by reacting a mixture of hydroxyl group-
containing starter with DMC catalyst at a temperature of
from 80 to 150 °C, more particularly from 90 to 130 °C at
atmospheric pressure. Higher pressures may also be
épplied, but the pressure will usually not exceed'20 bar
and preferably is from 1 to 5 bar. These reaction
conditions are suitable for process step (i) and for
process step (ii) according to the present invention.

In step {i) of the process according to the present
invention, starter is reacted with alkylene oxide in the
presence of DMC catalyst while mixing. The mixing is-
preferébly carried out continuously. As menticned in the
discussioﬁ of East German Patent No. 203,735 in
WO'98/03571, there is plug flow in a tubular reactor
having alkylene feed added at one or.more.péints along
the reactor. Therefore, no mixing according to the
present invention can be effectgd in a tubular reactor
héving feed and/or starter added at one or more points
along the tubular reactor. '

However, recycles can be used in step (i) of the
present invention, such as a recycle to control the heat

generation in step (i). Such recycle has been described



al ong the tubul ar reactor. However, recycles can be used in step (i) of the
present invention, such as a recycle to control the heat generation in
step (i). Such recycle has been described 8 7 March 2006 for exanple in
WO A- 01/ 6285, whereby the reaction is perforned in a sti rrethaggw Jhgact or
and the reaction mxture is circul ated via an externally |ocated heat

exchanger ¢ o%b&%w@l@“% WH1Q, 1% ?{E{ 19,4 he. pregentjdnvention is

preferably carried out a stirre reactor, preferably a

cont i nuougky fetrmeded rt aanlstn&acetd}rtanéc armiqhmmwai@ tsi‘te rrectesrk reactor is a
reactor in.which .the fluid present |nt tor ntially the
same conpBIrtiPSR tfr GddiroU 8Tk Weadbie® it X atterfgth aﬂil et of the
reactor. Ehenameent, ofsidlgd eampXide in the product obtained in step (i)
can vary w del The anount which is preferably present, depends on

further circu b@nwgumcwcoa#dw @&ﬁ@l%ﬁm%ﬁwqﬂth@lcﬁrl ed out in

t he pi pe e.a I_qi_[!aqi lde present in
t he produ %%%Egtﬁ:’%%f (:I%) ise at te:'!i;'st aor%ér]%m(?{ taalprxh%fera y at least 0.1 %u
of al kyl epeedxird®,] ybas edntrni nucatsdly aartcimﬁecbftapﬂodmztcm:m ained in step (i).
The amount of al kyl ene oxi de preferably is at nos

t re,
pref er abl § SCTAGEECE S StiFRE & HAFHBsd r?arf-’@%&r J’I*he""ké’x%t anmount

of al kyl epge0xhded ngﬂ%@%rntwrpfwes r @A hdd ddsiaduct1 picide
continuously stirred tank reactor depends on the operating conditions of

the react gpmeandmpeed tike dvecaghaudsitdenceadim, 1indldbv s that a

| ower average _res esi d%tlll%ertela Orvm |1 give a higher anpunt of

The amount of alkylene oxide in the product obtained
in step (i) can vary widely. The amount which is
preferably present, depends on further circumstances such
as the conversion which will be carried out in the pipe
reactor of step (ii}. The amount of alkylene oxide present
in the product of step (i) 1s at least 0.05 %wt,
preferably at least 0.1 %wt of alkvylene oxide, based on
total amount of product obtained in step (i}. The amount
of alkylene oxide preferably is at most 10 %wt, more
preferably at most 8 %wt, most preferably less than 5 %wt.

The exact amount of alkylene oxide monomer which is
present in the product of the continuocusly stirred tank
reactor depends on the operating conditions of the reactor
and over the average residence time. It is obvious that a
lower average residence time, will give a higher amount of
unconverted alkylene oxide in the product.

In step (ii} according to the present invention, the
alkylene oxide present in the product of step (i) is
reacted such that the product of step {(ii) contains
substantially no alkylene oxide. The amount of alkylene
oxide which can be present in the product of step (ii)

depends on the exact circumstances such as the alkylene



unconverted al kyl ene oxide in the product. In step (ii) according to the
present invention, the alkylene oxide present in the product of step (i)
is reacted such that the product of step (ii) contains substantially no
al kyl ene oxide. The anount of al kyl ene joxide which can be present ,i,p the
product of step (ii) depends on the exact circunstances such as the

0L B TRALTS L MRS B (NI Y

pol yet her product S ng pro al kyl ene oxi de

whi ch i s ppégenteirn ptroeugrtodindtchofi sstbep ng inrodariddd .belHee ssnaguran GF 05 %

nore specifically at .nmpost .0.01 %w, nost .S i fical at st _0.005 % .

These " anBUiv=abe 4080 B Ford PERSIE 0 GPSIICC R Yo 7P step (11).
Most specifiigalyiyl the 1pelsy@xnwdl by lenewohwiheipdyiatuatl Bptad neskt n st ep
(ii) contains |less than 50 ppm al kyl ene oxi de, preferabh¥ | ess than 1 ppm
al kyl ene OpRild&wtst Bpsti Epesddécdildy B¢ MeethrleddRt ¥Whenth®¥t is carried
out in a pj a rs .t 4 S Surprisi at gactd m obt ai ned
in step (?kgggﬁgbgkgeggfgg %Pu#fﬁgﬁ Fﬁgﬁﬁ%éfgtgﬁﬁﬁie rég@%%g&ﬁ%ﬁé does not
need to beteppédifli.cabky apaptidd dad ltyhe threogedsoxdrglilpe greact or can be any

ki nd of tube or_ pipe or. system.containing nmultiple tubes aor pipes. A
mul ti t ubuPar YSEPSFeRTRRMER @%ﬁa&a\%tlgge%(%a yid Ea S R d of
the presepy b?%ﬁeﬁﬁk9ﬂen'es o ifeal 2%GRANEGAR, 1S UBRIANT iGim AMDUAte:0d

starter, alkylene oxide and/or oubl e net'al cyani de conpl ex catal yst is
added to tkWedpipe reactor. Al though m xing devices can be present in the

pi pe Step (ii) according to the present invention, is
carried out in a pipe reactor. It is surprising that the
reaction mixture obtained in step (i) can be reacted
further in a very simple reactor which does not need to be
specifically adapted to the process.

A pipe reactor can ke any kind of tube or pipe or
system containing multiple tubes or pipes. A multitubular
system which can advantageously be used in the process of
the present invention, is a heat exchanger.

No substantial amount of starter, alkylene oxide and/or
double metal cyanide complex catalyst is added to the pipe
reactor.

Although mixing devices can be present in the pipe
reactor, it has been found that good results can be
obtained with a pipe not containing any mixing devices.
The flow regime in the pipe preferably is turbulent as
this makes that the pipe reactor can be relatively short.
However, laminar flow has been found to be give good
results as well.

The pipe reactor for use in the present invention
will generally have a length of at least 5 meters,

preferably at least 10 meters. The length preferably is at



reactor, it has been found that good results can be obtained with a pipe
not containing any m xing devices. The flowreginme in the pipe preferably
is turbulent as this nakes that the pipe reactor can be relatively short.
However, |am nar flow has been found togbe give good resultsgas.iwebbs The
pi pe reactor for use in the present invention wll generally have a |length
of at | eaghsh ABLEehetrerRreferably at |east 10 neters. The length preferably
is at 9a 7 March 2006 nost 100 neters. The dianeter of the pipe reactor
gener al | yThel Hibmeger ldashe) piPeraeactan afemeaisihl vatwlldade B4 meter. - 10
7 March 2 Th La r. | |1 t preferably at

nmost 1 ne?gsstTﬁégFeggﬁgﬁbe%ﬂgﬁgg%%gdgﬁ§:6%%%ﬁﬁﬁ)g$3§%§ﬁf(i) in the pipe
reactor of step (ii) depends on the specific circunstances such as the
amount of al kyl ene oxide present in the product of step (i), the anount of
al kyl ene oxi de which is acceptable for the product of step (ii) and the
tenperature of the reaction mxture. Generally, the residence tine in the
pi pe reactor will be at least 0.5 mnutes, preferably at |east 1 mnute,
nore preferably at least 2 mnutes. The residence tinme generally wll be
at nost 2 hours. Cenerally, the product obtained in step (i) has a
residence-tinme in the pipe reactor in the range of from0.5 mnute to 2
hours. Preferably, the residence tinme is at nost 1.5 hours.

Pol yoxyal kyl ene pol yet her products nade with the-



catal ysts of the invention suitably have a nom nal average functionality
of from?2 tF 8, nore suitably from2 to 6. The polyols may have a nunber
average nol ecul ar wei ght up to 50,000, but typically the I | ar wei ght
is within the range of 500 to 12,000, moregtypically f dMmEhalEo o 8, 000.
In step (iii), the product of step (ii) is renoved fromthe process. 'The

broduct obt ai e | AL=8PEE", 1B) 98883 AT Y (2 Hflete, P qfefaniie
polyoxza!kylen@0§@1yeﬁbeérproduct obtained in step (iii) according to the
present invention contain a very low unt__of . al.kyl en [ r r
processing of thé?%%l?ﬁ?igFRﬁﬁeﬁimﬁoP egﬁﬁ'ﬂﬁQQREE €%§§€d6§£c£¥dﬁﬁ§ to
the present i (r];yﬁ?él P8actepepds seapt e i)apeipesais wn dfhé hepeml Fixxyal kyl ene
pol yet her produc

ct. In order to ensure that the al kylene oxide content of -
the pol yoxyal §Fewaskangesh&rchr 8gulhs ?“Pé’dﬁcéh%( &/@Weﬁﬂ% h%’?fé)%nd/or to
remove by'prOg%%éée.n’chﬁnpi:ﬂ@%&oaﬁcﬁt oF Gtep (1)Ll tHe Mi®in®0§6 can be
subsequent |y

ected to so-called strippin whi ch ¢ ri ses_subjectin
the reaction prblvtensbegifedvhifhst&p agaeptakl g eﬁ?ﬁ:e@‘%r%%@?%? 34 :
optionally &n %@5% PESSeaRE hel RBhbedatuTec b1 ePsAOidn tiihgenre The
stripping can be carried out 1n any way known to be suitable to soffogg
1

skilled in theSemeraddyer fhespesifpacst Cige Af fitk ¥R IRAL Poeh
1ot hod_ conpr i ST6 OB S0P Sl E B oRaSt o arer 11T o A o pcebe ohroh.
conpri ses preferably at least 2 minutes. The residence time
generally will be at most 2 hours. Generally, the product
obtained in step (i) has a residence-time in the pipe
reactor.in the range of from 0.5 minute to 2 hours.
Preferably, the residence time is at most 1.5 hours.
Polyoxyalkylene polyether products made with the-
catalysts of the invention suitably have a nominal
average functionélity of from 2 to B8, more suitably
from 2 to 6. The polyols may have a number average
molecular weight up to 50,000, but typically the
molecular weight is within the range of 500 to 12,000,
more typically from 2,000 to 8,000. 7
In step (iii), the product of step {ii) is removed
from the process. The removal of product from the process
according to step (iii) makes that product obtained in
step (ii) is not sent back to step (1) .
The polyoxyalkylene polyether product obtained in
step (iii) according to the present invention contains
a very low amount of alkylene oxide. Further processing
of the polyoxyalkylene polyether product prepared
according to the present inventioﬁ, depends on the
application of the pblyoxyalkylene'polyether product.
In order to ensure that the alkylene oxide content of the
polyoxyalkylene pdlyether product is reduced even further

and/or to remove by-products, the product of step (iii)




I ntroduci ng the product of step (iii) at the upper end of a stripping
colum which is kept at reduced pressure, preferably a pressure of |ess
that 50 nbara (5000N n2)' nore preferably 5 to 10 nbaraDéSOQ to 1000

N n2), and introducing stripping gas in tie niddle part M#rc R&U6 col um.
Purified pol yoxyal kyl ene pol yether product is renoved fromthe bottom of

the stripping colum. Strippi gas. ks d_at Aall t-up has

been found1nfﬁﬁ;bﬁf?Epﬁﬁgggﬂggy055P980§§§§¥§uF% cp@ﬁf%ﬁ%&Fé?k@ﬁgF

poi yet herdpr odkeich él@lﬂpﬁﬂééelnlahbjsﬁting: ﬁgegalegs?:d@m @a:lth sidte igsed

steam and nitrogen. tion t he .pol yoxya ene t her .product

obt ai ned inste‘rf‘?frfr?l? &l%hb?@cgé‘auf’ﬁdlrogﬁéégérﬁfg??l}rl_(?%%t} ore Bzglleng

i ntroduced i ntOrddens&érbPPinEreohasMNsibh asdetebm oaTmEigen.of the

undesi red conpounds. Suitable pressures for such pre-treatnent conprise
9.8 R

pressures of TheFEOIPRiIPYOCABPE F3HHHH0O 8o 2Ry Oh the

appl i cation ofgifeappéyesyabkybraeskpoiyat har tpeodaet., further wel l-known
addi ti ves cani)

e added to thelgplyoxya yl ene pol yet he rogyct. ,
General |y, anti-ox§ee@rahi FPeetis@deEriBPLRE Pﬁ@Fﬁ@ﬁ?&lbﬁl@n €6 yet her
pr oduct bef@r§?§§0£§b93i§9 UgLQQQ§§Gg’ggthﬁa.Ug_masgm7§QQ@912 The process

according to e present 1nvention is illustrated further in the follow ng
exanpl e. Exarfpl eespahbabhy advanyageousdnesbod FORRTYSESsSHd ecHInd e,

white col oured i spersion genkaipl ngi) vkds EVprewedlsy i dopirases
di spersed in a propyl ene oxide adduct of L.
introducing the product of step (iii) at the upper end of

a stripping column which is kept at redgced pressure,
preferably a pressure of less that 50 mbara (5000N/m2)

more preferably 5 to 10 mbara (500 to 1000 N/m?), and
introducing stripping gas in the middle part of the
column. Purified polyoxyalkylene polyether product is

- removed from the bottom of the stripping column.
Stripping gas is removed at the top. This set-up has been
found to be efficient and to give very pure
polyoxyalkylene polyether products. Convenfiona;
stripping gases can be used such as steam and nitrogen.
Optionally, the polyoxyalkylene polyether product‘u
obtained in step (iii) is subjected to reduced pressﬁre
before being introduced into the stripping column in ‘
order fo remove part of the undesired compounds. Suitable
pressuresrfor such pre-treatment comprise pressures of

from 50 to 200 mbara (5000 to 20,000 N/.mz)-.

Dependent on the application of the polyoxyalkylene
'polYether product, further well-<known additives can be
added to the polyoxyalkylene polyether product.
Generally, anti-oxidant will be added to the
polyoxyalkylene polyether product before it is being

processed further.



gl ycerol having a nunber average nol ecul ar wei ght of 670 Dalton (G670), as
described in Exanple 1 of European application 01306107.2. A one litre
continuously stirred tank reactor was charged with 89.Q gra f G670 and
0.60 gram of the DMC catal yst dispersion described aboJ@&m&gﬁpﬁﬁning 30
mlligram DMC catal yst. After this addittohZ 388 grams of propyl ene oxide
and 12.4 grans of glycerol were added in 2 hours. The tenperature was

130_C. The propy! engeOpiréecgenaeabirdiingn tion the presdnt phasent dontbhe end of
the reaction in_the continuously stirred ﬁh k reactor 0.5 %u, based

on total amountldrstppbgdctugiiigrndd. t M DLT was sent to a

pi pe reactor. Egéﬁgignnerature of the pipe reactor was 115 C, and the
resi dence ti i xture was 10 m nutes. The product of the pigg
r

reactor contai ned ThesDMRagatelysh UEesr A endihHe VICAFE o taP

amount of  pr 2 A'spel8ibnt ISR TWOUS | Yy 1 hME edatan¥st
reactor was gﬂggggdgéﬁgﬁ%%g.gégpaqs of G670 and 0.40 gram of the 0
catal yst di speparbhclescdispersgdEiang SIPPYIENRRI o¥FEE 24AWet | 9§r am DMVC

catalyst. Afte | ddi.ti.qn, -3 Y] SR 91 it &2.4 grans
of glycerol xwe %§ggggg ﬂ?%&% hguggwg%ﬁg%?gﬁ%gﬁiﬁure was 130 C. The
propyl ene oxi dé7@obadtbnat(G6T0)n &ledeisqpridpeshage Example kref of the

053 e basec BREPSEH bR st Buzoblort ARreh 2000 tank reactor was
A one litre continuously stirred tank reactor was
charged with 89.0 grams of G670 and 0.60 gram of the DMC
catalyst dispersion described above, containing
30 milligram DMC catalyst. After this addition, 388 grams

of propylene oxide and 12.4 grams of glycerol were added

in 2 hours. The ﬁemperature was 130 °C. , .
The propylene oxide concentration in the liquid phase'
at the end of the reaction in the continuously stirred
tank reactor was 0.5 %wt, basedron total,amoﬁnt'of‘
product obtained.
The mixture obtained was sent to a pipe reactor.
The temperature of the pipe réactof was 115 ?C, and the
residence time of the mixture was 10 minutes.
The product of the pipe reactor contained less than
1 ppm of propylene oxide, based on total amount of

product.

Example 2

A" one litre contiﬁuously stirred tank reactor was
charged with 89.0 grams of G670 and 0.40 gram of the DMC
catalyst dispersion described in Example 1, containing
20 milligram DMC catalyst. After this addition, 388 grams
of propylene oxide and 12.4 grams ofrglycerol_were added

in 2 hours. Thé temperature was 130 °C.

The propylene oxide concentration in the liquid phase

at the end of the reaction in the continuously stirred



product obtained. The m xture obtained in the continuously stirred tank
reactor was sent to a pipe reactor. The tenperature of the pipe reactor
was 115 C, and the residence tine of the m xture was 10 _m nut 8 The
product of the pipe reactor contained 7 ppnyof propyleﬁ@dﬂﬁﬁaé,ébased on
total anmount of product. Exanple 3 A one litre continuously stirred tank

reactor was charged with_8 r f ar t DMC

cat al yst dispéF%?gnragggPFbgg%i%'Eggﬁgreg%%%gggghﬁﬁﬁ%g'f@ﬂ%g#ifgfanlDNC
catal yst. Aftesrotuet ebditined. 388 grans of propyl ene oxide and 12.4 grans
of glycerol were gdded,in 2 hours., The.te rature was. . 120 C. The ‘
propyl ene oxi de cot %n??ﬁgPﬁﬁ PEEFﬁBEEi&Biggghﬁﬁgﬁiﬁqu§;¥yéi%ﬁJ%?m;ank
reacti on in theeg€PbiNwAESkEE¥Nst tbr @dpipankeneacirar Tias terbéttutbmsefl on
total amount of product obtained. The m xture obtained in the continuously
stirred tank. theapipe nesctemt was 31Pi pe, rendt bhe rReidenser kilce ¥f the

pi pe reactor,ﬁg@ﬁ%&%xgﬁrgnga%hﬁorﬁi#gggge time of the mx was 10 m nutes.
of

The product o e prpe reactoir contained 20 ppm of propyl ene oxide, based
on total anount ofTieodnotuct4o¥ thechipeOgearAioMs contRiswskss farm prfepari ng

ool yoxyalkykene, pOL Yl ety ool W ERAROSERMEONY oy, eacting

starter and &K nce of "a ) cyani de
conpl ex cat al ymtamplée3nm xing to obtain a product mxture

A one litre continuously stirred tank reactor .was
charged with 89.0 grams of G670 and 0.60 gram of the
DMC catalyst dispersion described in Example 1,
containing 30 milligram DMC catalyst. After this

.addition, 388 grams of propylene oxide and 12.4 grams of
glycerol were added in 2 hours. The temperature

was 120 °C. .

The propylene oxide concentration in the liquid phase
at the end of the reacticn in the'continuously stirred
tank reactor was 1.0 %wt, based on total amount of
product obtained. _ _

The migturé obtained in the coﬁtinuously stirred tank,
reactor was sent to a pipe reactor. The temperature of
the pipe reactor was 115 °C, and the residence time of
the mix was 10 minutes. ' | .

The product of the pipe reactor contained 20 ppm of

propylene oxide, based on total amount of product.

1
i



cont ai ni ng at

oxi de, and (i

| east 0.05 %w and at nost 10 %wt of al kyl ene oxide, and
(i1) reacting in a pipe reactor the mxture obtained in step (i) to obtain
a pol yoxyal kyl ene pol yet her product conprising |less than 0.05 % al kyl ene

i)

removi ng the product 9£ step (ii) from the £&9£e§§m_2-
in

Process according to claim1l1, in which process the product obtalne

step (ii) contains at nost 0.01 @Mgééﬁggalkylene oxi de. 3. Process
according to claiml or 2, in whic product obtained in step (i) has a
residence tine in the pipe reactor in the range of fromO0.5 mnute to 2
hours. 4. Process according to, any one of 3Lahns 1 tg 3,.in which step
(i) is cabri RFRERSFnfAr cCBREPALDUGI JOLYPRYRUXYLGAR PRA¥FSFS 5. Process
accordi “g%f&d@@&’s Pnﬁh?éhc%fb_@@sé_ EOmfirikBs W) CheREBESS sthe teeatstnidon

pr oduct

tained 1n step

I11) is subsequently subjected to reduced

pressur e, abprlemal dyidéninheher psenencef oinai depblgagetel Py¥e&Es€ which

conpri ses_add
to clai m®™P

{29

antisoxidant Lo prodyct , gptained LpoAuREOGASE AECOr ding

containing at least 0.05 % wt and at most 10 % wt of
alkylene oxide, and (ii) reacting in a pipe reactor the
mixture obtained in step (i) to obtain a polyoxyalkylene
polyether product comprising less than 0.05 %wt alkylene
oxide, and (iii) removing the product of step (ii} from
the process,

2. Process according to ¢laim 1, in which process the
product obtained in step (ii) contains at most 0.01 Fwt
of alkylene oxide.

3. Process according to c¢laim 1 or 2, in which the
product obtained in step (i) has a residence time in the
pipe reactor in the range of from 0.5 minute to 2 hours.
4. Process according to any one of claims 1 to 3, in
which step (i) is carried out in a continuously stirred
tank reactor.

5. Process according to any one of claims 1 to 4, in
which process the reaction product obtained in step (iii)
is subsequently subjected to reduced pressure, optionally
in the presence of an inert gas.

6. Process which comprises adding anti-oxidant to product

obtained in a process according to claim 5.



