WD 03/ 025045 PCT/ EP02/10531 - 1 PROCESS FOR PREPARI NG POLYOXYALKYLENE
POLYETHER PRODUCTS The present invention relates to a process for

pr epar i ngwooisynzosal kyl ene pol yet her products by reacti ng m=Ei@RERRMSNd

al kyl ene oxide in the presence of a doublle - netal cyani de conpl ex catal yst.
5 Background of the Invention Pol yoxyal kyl ene pol yet her products can be
used for preparing pol yurethanes by reacting themw th polyi socyanates
under appr opr paberssndoki oREPARONE- POLEOREABKPLANEBCPSLYAAHERARRDBUCEAHE

i ncl ude pol yuret hane 10 coatings, elastomers, sealants, foans, and
adhesives. Processes for preparing pol yoxyal kyl ene pol yether products
such. as pol yet herppol il send tith it el peafatddoul @ mRicle sty dirde ( DMC)
conpounds have become wel|l known .in the art. DMC cat al Sﬁftsﬁ' have the
advant age t hRTePREHY R WG RY 1eas \I@W&Fﬁéﬁ%d’%qqﬁﬂé ng 559 4
catal ysts |i kg potassiqinndnedde wWHch ane qamdon lay desgdd n the
preparation of polyoxyal kyl ene _ pol yet her products. Furthernore, it has
been found. tetRl @spEdalqgriRatdqedolitto use DMC catal yst when 20
prepagi ng polyaxyal kvl engr Rely ethihtrgducts in a continuous process.

General |l y, tubutar reactors are pbeing used for continuous process for
preparing pol yoxyRx kydserrd kygeinfe tiedy Siedu R dusitS Gl B8 FAh A kyl ene
feed added QQEE: 1Al ANE T B8RE G em SUGH Processes 25 have
been descri bggdrl n. g%%:?e%{s@l%%exaa% ne?iﬂgat ent le}g%m i?énati on ( Kokai)

6(1994) - 168060 i sed@arrat 37 928leyf apResitict DI BShR NoReriver 1995, and
Fast_German Rl &illanSRAAIAY 1AL 2Uhy 2 i ABRD I 1 aEaRaR a

conti nuous process for e 0 preparation of polyoxyal Kyl ene polyethers
usi NODMC  cate@dtysigs n el asdasteors wieshL arg i thwams @isulathasdagor WO

03/ 025045 PCT/EPQ%A%QQ%%ﬁ %or preparing polyoxyalkylene 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
15 they 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 when
20 preparing polyoxyalkylene polyether products in a
continuous process. Generally, tubular reactors are being
used for continuous process for preparing polyoxyalkylene
polyether products, optionally having alkylene feed added
at one or more points along the reactor. Such processes
25 have been described in Japanese unexamined patent
application (Kokal) 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
30 preparation of polyoxyalkylene polyethers using DMC

catalyst in a reactor which is either a tubular reactor



or a continuously stirred tank reactor. If unreacted alkylene oxide is
present, the al kyl ene oxide nmay be cooked out in a second reactor. Starter
is alwaysworeaesss to elimnate the potential for fornmati ecTafroza@essihi gh 5
nmol ecul ar wei ght by-products. Only the-fgnal cook out to facilitate
reaction of al kyl ene oxide nmay be perforned wthout starter present. In

Exanpl es 2'7O¥L%3Fg§§EHH8h319DQQ Ee&igéﬁg?¥ggc9¥r§tffp@ﬁfgac{édhas been

found that a react or- can be sadvant ageous in the preparation
of pol yoxyal &¥kghenepokydehés predests whehalliglaeeposideMmEabal ysts as

the high COQ%SP%&?EhQninargggéﬁatrggg£8rth§¥%g@%ﬁ2¥§5af%§¥saggﬁgeﬁe the

tube, can | ea i NCrease eactivafion of ' cat al t..T 1S 1S
obvi ously unteselahlisatéSthevweveentihe foe &brmatovani afiouery Bighred tank

reactor as descrihed in US-A-B, 6 ha en.fo o] IV roduct
contéﬁning sﬂBi?ﬁH??ﬁlwslsﬂﬁigyoﬁgagééggfeﬁnPglE?%eﬁgg%;iagngﬁgelggter IS
undesi rabl e ascweltatkt rbasthow sfir pikglageyokeéda mhawndet hatfolfed

pol yoxyal kyl ene. pol yet he roduct s, cont aj.nin uhstantq al kyl ene
oxi de can bebiFgP%eEEFﬁgﬁ?gﬁreﬁ?BFd g? ?F?@?l?gagt?hg£§§a%¥%?8%% al kyl ene
oxi de in themopbRsente etmavEMbgatakyspimbil e m xi ng, and subsequently

reacting the unreacted al kyl ene gxjde in ipe reactor. 25 Summary of the
i nvention Theref6€e§th eﬁ¥e§8ﬂ?8ihgiﬁt?oﬁuggﬁﬁfege?% T pFORERS  for

preparing pokyexyakkykeseupolyether ppepduatsonwbichol porgaskytenprises (i)
reacting starter and al kyl ene oxi in the pres e 0 doubl e tal
cyani de coin@%Y§§h8§tBF9§PcﬁﬁiVégﬁi?#ﬁggegﬁdo?iﬁggrggg?iﬁag?nag i'Be
reactor the giyhucenebhairAedohNost epatthntownbiai the, repotyoxyabkyl ene

pol yet her product conprisin ntially,no alk i de, ,and

bst | ene oxi . L
Fombui ng. t headprBdtet ToF U8B (PP FRO FRe:Processe Weros 035045 of
PCT/ EP02/ 10531 e 3MC catalyst. This is obviously undesirable.

15 However, the use of a continuously 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

20 polyoxyalkylene polyether products containing
substantially no alkylene oxide can be obtained in high.
yield 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.

25 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

30 catalyst while mixing, and (ii) reacting in a pipe
reactor the mixture obtained in step (i) to obtain a
polyoxyalkylene polyether product comprising
substantially no alkylene oxide, and (iii) removing the

product of step (ii) from the process.



Det ai |l ed description of the invention As nentioned above, pol yoxyal kyl ene
pol yether products are well known in the art. Their preparation by
reacti ng wwoanstoeso4and al kyl ene oxide in the presence of 5 DNI/KmbAadpst, isS
al so well known. These processes were _ degscribed in EP-A-090444 and

EP- A-090445. More recently, a large nunber of preferred specific

enbodi nent s of t ese ) bI i st'{]ed S%:h enbodi nents have been

descri bed fa AR A ot- 01306107. 2, PCT pat ent
application PC@(&M@MQ& aambm @w&@am@&e@ p@l&?ﬁ:mﬁ@

EP- A-1, 066, 334, - EP- A- 968, 055, EP- A- 654, 302, E,CE An 743,093, Ef Aq?(i)o 949,
EP- A- 894, 10PESRIER AE85vohb K190 1T HE i Tearl 195 drethid & &in the

art that the ocass Sfadbet henpreseiiteiaventdoncarhdepcasdicedmi th any
of the enbodi nents which are known to be beneilm al to someone skilled in

the &t for RIGrexeakyTonpt? stheP réct i HPV St artet® P &I enE Sxi de in

t he presencedé)% c MR o Cat abysh-0 204 Theard Eess-@eeHL8li ng to the present
i nventi on can

used for batch, sem -batch an COI’]%I nuo&x elrﬁol on. This
process has beerdTRINEEINBEY eshekd 2T VENT AL e BT THES &ﬁf{‘?
preparation %sb&&ira(ém/@' &g @Hgs@%y@éme@rwc@ubw@hg@e fukyl ene oxi de

for use int process accord ng to t he present. Invent]jon, can in

princi pl e beerarydimekys eh@vﬁxb@%n Cﬂ#%‘f@f}%ﬂﬁ VEOF HeX MRS eHe B WRETonpri ses
of frpm2 to lf@éw‘%f?n%?ﬁ@é? @Veief@@f Yo er 04211861 6ar bon at oms, more
0

pr ef]er ably ot % T on 4 car 30 atons. Preferred al kyl ene oxXi des for
use in the pP@BARROL/ AYENBi @lndaitl@ BRHRt Ther @53 de, ERFODPYT 2ne®Oxi de, but ene

Uhe sl ky1 enci ot ob' 150 b Oyl She on! Be. ancl o1 et Byl ene. o, e, D 031 025045
PCT/ EPO2/ 10580-A~7d0, 949, EP-A-894,108 and EP-A-755,716. It will be
clear to someone skilled in the art that the process of

15 the present invention can be combined 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.

20 The process according to the present invention can be
used for batch, semi-batch and continuous operation. This
process has been found to be espécially suitable for the
continuous preparation of polyoxyalkulene polyether
product.

25 The alkylene oxide for use in the process according
.to the present invention, can in principle be any
alkylene -oxide. Preferably, the alkylene oxide comprises
of from 2 to 10 carbon atoms, preferably of from 2 to
6 carbon atoms, more preferably of from 2 to 4 carbon

30 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.



A wi de range of starters can be used in the process according to the
present invention. The starter nmay be water; ethylene glycol; diethylene
gl ycol ; twioceislbmse gl ycol; propylene glycol; dipropyl eneqismoliogs3b
tripropylene glycol; 1,2-, 1,3-, and 1-44butylene glycols; neopentyl

gl ycol; glycerine, trinethylolpropane triethyl ol propane; pentaerythritol,

al pha- nEthngIugOS#g rgxgroé ”%EEXkershxgﬁoﬁgehggh 1na§ﬂf process

hydroxypropylglucos manni t sucr ose; ot her conmmonly
used starteraccékdangutbabhe aresemsnohurotional Theastarsegushyabenet hanol ,

et hanol , %rg%anoFth% %%2% &Eol %ﬁ%%g&heﬂé %E%@Bgl %e%kglLﬂgxanO|

and the |ike catech roxy enyl, 15
4,41- dlhydrogygbpmenpkmpyhene gStyartler sliphibplylane géw@pally used are

conpounds cont.ai ni n ast .1 i ve._hydro t preferably at
| east®2 acti v&1RYAPY §Hea9§¥§°lPrgférre& 35 fagggrg g?%uggggﬁﬁc conmpounds

cont ai ni ng 0@1@%@&@99nébp%&t@&a@uybohydgmyybrgneuptrﬂm@t@y&bﬂpropahaun|ng

on average nore than 1 h droxyl p. r ef bly, the starters are
or gani c conp&&ﬁ&§h¥éﬁﬂgFﬁéﬁ§eof fngbé%ﬁgdrSE % groups. Exanpl es of

such al cohol %e%'hglg'l)ﬁ%@'sidesU@l@d&%xyﬁﬂe@hm‘ll—enﬁygtrybﬁgleth@'llpr ,opyildene gl ycol ,

gl ycerol, di glycerals, pentaerythritol . trimnethyl ol propane,
trlethanolanpﬁér°§§P6PP ﬁgéﬁﬁoﬁ&ﬁﬁﬁtoporgé éifeﬁ§?9&¢?lde§8F¥8§§ i fi %%
US- A1 §, 689, 01258 E%hﬁb'n\l? Yisle@v sRlre eutlsar A\L@bgbhlitawlfeerar@an be used, or a
hi gher nol ecul ar wei ght sftarter can be used whi wer nDIecuIar

wei ght st ar t BONEALER TS aBe &y & 8CSe §UH £F Wﬁﬁgﬁﬁp 'o 8PFP i goreric or

pol ymeric startes agghech%robgn@lhl@h@ﬁtggbggubabumgm@hi starter is to be
used, this is prePera a | ower nol ecul ar wei ght starter _nolecule which

has been rea@r@@hwﬂbﬁxémﬁ}heﬁ@doﬁmﬁe13§ee|?ﬁeweﬁﬁ ffe PHE8Sdnce of a
conventional hasi-g 5at al yst MQL3/2234aeR¢T/, EP02/ 10531

15 4,4'-dihydroxydiphenylmethane. ‘
Starters which are generally used are compounds
containing at least 1 active hydrogen atoms, more
preferably at least 2 active hydrogen atoms. Preferred
starters are organic compounds containing on average at
20 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 glycols, such as
diethylene glycol, dipropylene glycol, glycerol, di- and
25 polyglycerols, pentaeryﬁhritol, trimethylolpropane,
triethanolamine, sorbitol and mannitol.
As extensively described in US-A-5,689,012,
a relatively low molecular weight starter can be used,
or a higher molecular weight starter can be used which is
30 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

35 either in the presence of a conventional basic catalyst



-5 or in the presence of a DMC catal yst. However, this is well known for
processes in which alkylene oxide is reacted with a starter in the
presence wio BMesm@at al yst. As nentioned before, the procesxcTafPohes3pr esent
invention 5 can be conbined with any prefgryed enbodi nent known in the
art. DMC catalysts are well known in the art. It has been found that in
the present inventi i .neip G Ysioukan pe ysed mhich is
known to be sui tlarbltg{gf ggeg#ﬂ&?éocéeﬁsagg%ldn tlac]ﬁ;% ky Ene ojg'i e :agsj JErlg;act ed
with a startwsll Gernemaliioy DMCested yigt svipradparlddy legooraiide tics t he pri or
art and suitable for u in pol i zat.,o I [ ibits a
powder Xx-ray off ‘?%’ea t“floﬁ{l 15 S%aat]%%%] %ﬁh#rbeytps{]egse%{oégde{fgaﬁa%lCga%ldﬁgg]'s
correspondi ngad anerttiighled drefsirad | itrtee 20 e drex ady ditoe ghad datte iatverbioiuin
(d-spaci ng, angstrons) .5.07 re specificall such,.DMC . cat al ysts

generdl |y exIﬁagI % FERISEL Vay' df 5frpaf%‘?'eornreydpﬁn%%eordnmb%nt( gg%opw iy,
angstrons): 4182 A1), 3.76 (br) 20 and exhibits no detectable signals

corresponding to __highly crystalline zinc hexac ocohal t at.e .at about

(d- spaci ng, angst%@tyai S ?%WGQIHS%W i’%%&leAaﬁd%o‘cgfsts 157 Wi%h the
DMC cat al yst f@indisgdth itthecheprfseddnt nwerdritdiorcaim e iprepsrednhamdbeen
described in 25 Japanese application 4-145123. The catal yst which is
prepared is £HitetH 1550 KRR coHfext HaR PG (& RSPt R ST

coor gpnat ed gsrFOHUC ild Gatich Biecydrs addide iy andte ompligx cat al yst

IS
prepared by m xi ng together aqueous solutions, or solutions in water and
I
I
I

organi ¢ 30 soitAfftehy xtures, of a metal salt, preferably a salt of Zn(l

or Fe(ll), and a qpolaeranoneil |t (sl d Joregiireferatdor Lot aidivige Fe(l |
or Co(lll), and bringing ter,tlarﬁ/ but anol into contact with the binetal
cyani de conpebos RbtEdichedidfP Yol HFe e ARpMRE S vt And 35

tertiary butanoly;dfe Refiefance @l e d.pde SUW-tdis diffraction

15 pattern exhibiting no detectable signals corresponding to

)
)

1 C

highly crystalline zinc hexacyanocobaltate 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 (br)

20 and exhibits no detectable signals corresponding to
highly crystalline zinc hexacyanocobaitate 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

25 Japanese application 4-145123. The catalyst which is
prepared is a bimetallic cyanide complex having tertiary’
butanol coordinated as organic ligand. The bimetallic
cyanide complex catalyst is prepared by mixing togethef
aqueous solutions, or solutions in water and organic

30 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 soO obtained and removing the surplus solvent and

35 tertiary butanol. In Reference Example 1, the surplus



WO 03/ 025045 PCT/ EP02/10531 6 solvent and tertiary butanol are renoved by
suction filtration. The filter-cake obtained is washed with a 30 %u
tertiary Wa@meso4aqueous solution and filtered, and this RcGa/Empaet3sed. The
filter cake is 5 dried at 40 C under redueed pressure and then

pul veri zed. Another process by which the DMC catal yst can be prepared, has

been describ%@l%@n%CEHHaEggklgg bﬁ%%h%ﬁ aEgT&gBQ%éQ3ﬁ§85uE@§OgrOCGSS

I
descri bed conprises the steps ? mbi ni ng an”aqueous .sol uti on of
a met al saltfmﬂthaanonaq@é@u§l§@ﬁﬁrp@#eopbéaﬁﬁﬁélléyanlde salt and reacting

these sol utiong, wWherehn,ag le@%tt%g%ﬁag %ﬁ%énﬁ?aﬁﬁhgeustéggﬁtﬁbﬁce in the

presence of an organic conp eX|ng agent, thereby form ng a dispersion of
a solid DMC a@dnﬁhéxemadana34uébm§ ﬁ@dﬁ@@ﬁa¢§ﬁ c8hbi AilA§erheadrsper si on
obtained in step (a) IS essentlall%%lnsoluble in

wat er> and wﬁF&ﬁdl§tc§8ad?éu%@eﬁx¥?§5??ﬂgpfﬁﬁsgﬁﬁ|%P?ME? npl ex 20 formed

in step (a) Eﬁqugg%e@queous medi um and allomﬁng a two- phase systemto be
formed consisting of a first aqueous |ayer and a | ayer containing the DMC

conpl ex and theAmpﬁbﬁé RHEEAES(BY W@ﬁﬁ@lﬁ&etﬁgchP§F1¥65e66§ P&yer; and 25

(d) recover' g@%egwchﬁgtﬁééﬁtdE%@%hEQ@.h%Y@CTCQBEéhﬂlB@pl&&@t@%ﬁ
cataly t he DMC cat al yst accordlg%?to PCT patent application

PCT/ EPO 1/ 0349’82Tv0|E4P|O 143498 he Ther ﬁﬁPéPeSZn SeesrERRE) epmﬁélr‘fﬁﬁo tBR SGeRFer ei n
Cis 4he Ilg%Qd used and A is the conpound of general fornmula (1) used.
Preferably, is tert-butyl alcohol and Ais methyl tert-butyl ether,

di -ethyl ethde) ceombiiadpeopyl aEHREES ?@ﬂpiaﬁﬁlOﬁePhVPté@héﬁlGrW&thépyl VO

03/ 025045 PCE@EP%%51Q§§Etlon of a metal cyanide ‘salt and reacting

these solutions, wherein at least part of this reaction
takes place in the presence of an organic complexing

15 agent, thereby forming a dispersiop 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 complex

20 formed in step (a) from the agqueous medium, and allowing
a two-phase system to be formed consisting of a first
aqueous layer and a layer containing the DMC complex and
the liguid added;
(c) removing the first aqueous layer; and

25 (d) recovering the DMC catalyst from the layer containing
the DMC catalyst.

Typically, the DMC catalyst accordlng to PCT patent
application PCT/EP01/03498 will have the formula
4 an[Co(CN)6]Cl.nC.mH20.pA

30 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



7 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 exhwa a3/l pol ynerisation rates. 5 They are suffi c@Entrog/1essti ve to
allow their use at very |ow concentratdions, such as 40 ppmor |ess. At
such ow concentrations, the catalyst can often be left in the

pol yoxyal kyl ol roducts W vaerse f.f roduct
quality. The%gbl it éﬁ{ 0 reag)vlg’ch]t %Sys()?;%]‘.kt(?n?rr? ?cﬁ)eq”&sﬂl §/nolqsl gﬁtar]lfq;i?)nngodr)t ant
advant age bedaus® aguinrerid alf dalopolls teurllent |y require a catal yst renoval

step. Pol yneri zatj,on |_kyl oXi i i,cal | carrie by
reacting a m xt utr%leofd%{]cy ral(%%)}&ggrso)éﬁfd%ec%ﬁ ai r?ﬁ%él é ar '?gerrlngtcﬁ%ﬁst
cat al yst at ardernperet wxhidfit trign 80 tymelr5SGaCiommatesr.ticul arly from 90

to 130 C at t nospheri c.pressure. Hi.gher .pressures.may al so _be_ applied,
but the pr esé[glreé’ \ﬁﬁﬁ %%qlf#&y StedE b_’;L Oa &eﬁ%efuésreaﬁ yvieslpfrom 1
to 5 bar. Thast reacidraira2Q oaendisuichns sardd siutint ald d efsar. priocesh Step (i)
and for process step (jii) accordi to the present inventiqgn. _.In step (i)
of the proceSOEYr tnlé“%Sd t%%@ ﬁﬁg%elﬁ’tsq rﬁ?éﬁﬂ o ?teaﬁ'tegftrt & "&%cted with
al kyl ene oxi ggliybdhel kyrasepea veft HaVC praidlgist wiinoetmaxi rgivele nixing is
25 preferably carried out continuaqusly. As nti.,oned in the discussion of
East German SHti&GHT 97 %@,%5%%%%8/%%1 e goi geﬁlvﬁg Clait&%ylsﬁfsa
tubul@r reactigr @G Al kW ene ihged tadded dtandre0bed@ifepoi Nt s al ong

the reactor. Therefore, nqQ m.xi n% according tqg the 30 present invention can

be effected GPTEGNHIR AP I eRdSoCOITEH Y f’?(%lléﬁd/aotcagg&ryrs r T&d¢&F-at one

or nore pointg el ong the tubular reactor. However, recycles can be used in
step (i) of the” present invention, such as a recycle to control the heat
35 generation in Baleperizatdean ofe @) divd igs Fdslesdéscitivpégally

carried out by reacting a mixture of hydroxyl group-

15 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

20 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

25 preferably carried out continuously. As mentioned in the
discussion of East German Patent No. 203,735 in
WO 98703571, there is plug flow in a tubular reactor
having alkylene feed added at one or more points along
the reactor. Therefore, no mixing according to the

30 present invention can be effectgd in a tubular reactor
having 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

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



WO 03/ 025045 PCT/ EPO2/ 10531 8 for exanple in WD A-01/6285, whereby the
reaction is perfornmed in a stirred-tank reactor and the reaction mxture
i s circul ewoead/mes@san externally | ocated heat exchanger, wimgpoay1@3Np. 5
The m xi ng according to the present inveht+on is preferably carried out in
a stirred tank reactor, preferably a continuously stirred tank reactor. A

conti nuousl yg $fiLg Nk, NRAGH-06 1 } 6285 | GR6E B8 § Ne i 68k 4o T 41i d present
in the react%?]; h%'fé%g% éZtgrrllti a_Ip%y t}he 10 sane cogr/rposi tion throughout the
reactor, incediogred ihea sutfrzdoianhereaeeddrandHdrantratt o al kyl ene

oxide in the pr t.obtaj ' L1 Lapyaly Waelya Hoer anount
which is prné %ﬁgggyl%régien , td%a%e‘#dsp%é] %ﬁrther c%/rcurrstances such 15 as
t he conver siexchvdmgdr wi hsihe Taeumed out in the pipe reactor of step (ii).

CGeneral Iy, the a,grount.of I . | de pL esend o i J;rp@? poguci s of step (i)
is af least 0.0 h%&l%x%)rrl f%%%ﬁ]%l%§x¢ east g&% %/gvt of a rE%/I ene oxi de,
based on t otgte fapaibl yotaprielictudbimi mesit i nred eparfk )re0t@eneral |y, the
anount of al kyl ene oxi de preferably.is ,g} S{I'%&]Q 9 hpre preferably at
nost 8 ot %%%fer%}?g-’f’e?ag??tjrré%%u% n° %\g& e e&%\'gc YGhount of al kyl ene
oxi de nonomex ybhebniisuspyesentréd tdek preaocor ofsthereantonubuskyichirred
tank 25 reactor _depends on the operating conditio acf or and
over the ave‘?%@ef?‘léggdgﬁ%aeﬁnjel? ﬁ?eigea%% F%%St%‘ér?sgg?%gilrigver%ge
resijgence tig@mne Webhpgbyeion thgheshanpubhe ofeantonyertetual kyl @hetbsi de in
the product. 30 In %teﬁ (i i% according to the present invention, the
al kyl ene oxi ¥t peeseht TR FAECHPoduct of step (i) is reacted such that the
product of step fhé)a@enhei 65 abkpbératoaldy ho shéybenduokidetaThedanount
of al kyl ene oxi de which can be Prese t i{; t he produ t.oktl step (ii)
in step (i) can vary widely. The amoun which I1s
preferably present, depends on further circumstances such
15 as the conversion which will be carried out in the pipe
reactor of step (ii). Generally, the amount of alkylene
oxide present in the product of step (i) is at least
0.05 $wt, preferably at least 0.1 %wt of alkylene oxide,
based on total amount of product obtained in step (i).
20 Generally, the amount of alkylene oxide preferably is at
most 10 3wt, 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 continuously stirred tank
25 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. ‘
30 In step (ii) according to the present invention, the
alkylene oxide present in the product of step (1) 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)

35 depends on the exact circumstances such as the alkylene



35 depends on the exact circunstances such as the al kyl ene WO 03/ 025045
PCT/ EPO2/ 10531 - 9 oxide which is being used and the pol yoxyal kyl ene

pol yet her war@sdasswhi ch i s bei ng produced. Cenerally, the pGanERoRA031

al kyl ene oxi de which is present in the-pwoduct of step (ii) will be |ess
than 0.1 %, nore specifically 5 less than 0.05 %, nore specifically at
nost 0. 01 @Mﬁ eGi_f i y 0 : unts are
based on totaﬁlgggﬁﬁﬁ o & b % u%%&rﬁgg ?R%s?ggw%ﬁygﬁﬁ§%§§gospeC|f|caIIy,
t he poIyoxyapbyyemaemob¢@UMGt phodbctis bbﬁagn@d0ﬁm0§depGeheraddwbat@@ | ess

o i PP AShRr G R 1SRe BRELE! ARl ke 89° o0AAE RATLALKK-BARAX e

Step (ii) acl8f nvVenti on, i'ed “out pi pe
reactor. It b$ sMG@rliungwthatbehéesseahamo@ ﬂl%wmnemobEaspe¢linc@Mﬂy(|)
can be react rther qr whi_ch e t ;need to 15
be sp@cificaﬁ?? a% g tW Peﬁlga }gégtopoggn%bgqany%Klnd of

tube or pipenekt $ mﬂb@ﬂﬂglatn@oﬁMIOIDbé ﬁwmesT@bsplpmsunﬁsnakbltubular
systen1mh|ch can advant a ousl& g sed in rocess.of . the p .zsent
n500 4

i nvention, | 928%Re&” &OHTanGEF! p§89§? nPP%Pl§ untt S8

al kyl ene oxi gie sandfici rdesblie, metal p@l@@b{@@l&@méh@( poayakyst psoadded t o
the pipe reactor. Al though m xing i ges

reactor, it REREPEES figus ephéﬂl@oﬁﬂn et e@&n%P%%g§%oBP§|ﬁé&yﬁ%Pﬁ a pi pe

not E@”ta'”'Bgl@%y WrdRGa#ay Gess tEE@ fil @wmr egikcine blkedpi.pe preferably
is turbulent as this nmakes that ;the pipe reactor can be relatively short.

However , Ianlnarsﬁﬁ@w (Had B@éﬁrﬁéﬂﬁdtPo be §reseybodnVrBEEPPs 45 wel I. 30

The pipe reaghq ife@df J4%e i at BepBr @2akt oirVeaRt ii@N suMplrl sgegeralalty thave a
|l ength of at least 5 neters, greferably at | east 10 neters. The | engt h
preferably i seagit iegs mirgorgepbigined in step (i) can be reacted

further in a very simple reactor which does not need to

15 be specifically adapted to the process.

A pipe reactor can be 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.

20 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

25 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.

30 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 most 100 meters.

The diameter of the pipe reactor generally will be at

35 least 0.05 meter, preferably at least 0.1 meter.



The di anmeter of the pipe reactor generally will be at 35 least 0.05 neter,
preferably at least 0.1 neter. WD 03/025045 PCT/ EPO2/10531 - 10 The
diamreter wo@asusal |y at nost 2 neters, preferably at noSiCTIERWRAE31 The
residence tinme of the product of step{1)0i-n the pipe reactor of step (ii)
depends on the specific 5 circunstances such as the anount of al kyl ene

oxi de presenf i pibheRrOducheaEratiep Git) mokhe 2apRuRtsof prakkyhene exi de
which is accep?abﬁe for the ESOdact gf step (ii) and thg tenperature of

t he reactlonmnskt&r@ete@EneralIy, the residence tinme in the pipe reactor
will be 10 at leagt %e@;@%ﬂ%@eﬁ QrgkeEﬁglﬁr%Huh%a%E dtEpnyte, 1HDEﬁe
preferably at |east m nut es +ﬁe residence time generally will be at
nmost 2 hoursp1§€neeabtpr e spepdudd) dbpanded oin tieepreryfhsgs a
residence-time in th e agloryin ke Ea@ge q& ﬁ@gg]@ 54\ i nute to 2
hours® 15 Préféral S %ﬁ%% Fggﬁdg%cgh%|%@ i's at a y . oﬁrs
PolyoxyalkyIpmespakyahh&heppmddupt nédétﬁptHlﬂheth@a?mpy§ﬁsoéf t he
invention sui have .a _n | . .a ctdgnakit y ol Erome2 to 8,
nor e SU|tabI &%V}é OXl %$%Qﬁ oF gﬁgaggaEE%ngg nunb gf a&erage 20

mol ecul ar weksghkp uﬁltoaﬁﬂ,&ﬂﬁ tbmpetypucalbﬁ tthe reslcédahamivéuget is
wWithin ther e of 500 .to 12,000 re tYpi ¢ II L0 0. In
step (iii), %ﬁgeﬁF&&Jbtt 656% P eﬁ?§%Feﬁ§Ve% % % ?ﬁécgggcggéﬁ ?%E
renoy@l of prdu@bsEr®n5thanmteeesprezgrabdqrdmn@eaatsﬂemi@htb) mekes t hat

pr oduct obtalned in ep (dfg IS ,not. sent b
pol yoxyal kyl BKELFFAR yh@F 68lct Bﬁpglﬁgd |n §F§§d%BCQ) accordlng to the
present i nvegbh@&aqqrgx aiing ba vaer yolsaw2a ounts .ofGealekylléye dkied@roBurctther

processi ng 30 _of .the pol yoxyal gne pol e her r oduct .pr r accordi ng
to the preseRPLAARASS i*oh,S péﬁ s 8ﬁ £h Fgagigﬁ 35 %ﬁ% Bdpe
pO'VOXya|ky'%@%cﬁ@hygkhﬂﬂMQ&QQQQtof from O 5 minute to 2 hours.

15 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 functionality of from 2 to 8, more suitably
from 2 to 6. The polyols may have a number average
- 20 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.
In step (iii), the product of step (ii) is removed
from the process. The removal of product from the process
25 according to step (iii) makes that product obtained in
step (ii) is not sent back to step (i).
The polyoxyalkylene polyether product obtained in
step (iii) according to the present invention contains
a very low amount of alkylene oxide. Further processing
30 of the polyoxyalkylene polyether product prepared
according to the present invention, depends on the
application of the polyoxyalkylene polyether product.
In order to ensure that the alkylene oxide content of the
polyoxyalkylene polyether product is reduced even further

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



In order to ensure that the al kyl ene oxide content of the polyoxyal kyl ene
pol yet her product is reduced even further 35 and/or to renove by-products,
t he produsto wfo2sep (iii) WO 03/025045 PCT/ EP02/ 10531 - PrCT/ERR/165831
subsequent |y subjected to so-called st+iljgpi-ng which conprises subjecting
the reaction product obtained in step (iii) to reduced pressure,

optionally iea{;hse Bhﬁégaﬁén@}ixi DF§ c8884SHENs8S cal 8am gfrg%;mﬁgen. 5 The

stripping can be carried “out ~any”way known to be suitable to sonmeone
skilled in tweiaht coSpvesal spbieeiingt Enppragcpiopepseduphvelbaened

descri bed in,US.A- G, 627 a = A £88. gsReelal L yradvant ageous
nmet hod conpr%gegéggbﬁgg%?néo %gd#ﬁééb?ggﬁg? gf gégﬁ I1i) to a process
whi ch conpripessehner odudnegtt bespsoducasodtsempoti nifragefhe upper end of

a strippin | u whi ch i e o . es e a
press Pg o? fggsg¥ﬁéppéagn§g$a8%5géﬁk§%§)sgtﬁégegg eVSVgEﬁéﬁé ?%y?g nbar a
(500 to 1000stitBplecand Ebmenteoditlhgdstini ppengrgas in the m ddl e part of

th I . Purified I L Kyl j d f
he bottom of & nac¥EFPRpPHGCLRt b ep PP RaCsaeelciratobe b The' L op.

This set-up hascheeed fiaund-nechecef 6RCi entl HAAALS, §i'ke768ry pure 20
pol yoxyal kyl ene pol yet her products. Conventignal _strippl : can be
eBRP LG L POgaH eBiToNar e FRESBFoBRoaroF Sl

used such asPBt e“polryoxya ene”pol yet her
produst obt aheegrbaustepf(istep i($isubjectedrboesedubédhprespuieesbefore

DeLng L odlced LICSaE Sl HLBRLP 321 Ue LT, 89, Lot Lo, LT E et o
conprise pregsueesppfingl oMbl #hi2A0isbaept(580@etiac2a, POOsMaRE) .
Dependent on the application of the pol yoxyal kyl ene  pol yet her product,
further wel | pkedemakddi b pesssanebet Sesadaédttéotmbaﬁél&éQQQNKv? fhie
pol yether product. Generallys gothgoxpdant whh! 21390°8,/42) ¢ "ena
15 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
20 polyoxyalkylene polyether products. Conventional
stripping gases can be used such as steam and nitrogen.
Optionally, the polyoxyalkylene polyether product
obtained in step (iii) is subjected to reduced pressure
before being introduced into the stripping column in
25 order to remove part of the undesired compounds. Suitable
pressures for such pre-treatment comprise pressures of

from 50 to 200 mbara (5000 to 20,000 N/m2) .
Dependent on the application of the polyoxyalkylene

" polyether product, further well-known additives can be
30 added to the polyoxyalkylene polyether product.
Generally, anti-oxidant will be added to the
polyoxyalkylene polyether product before it is being

processed further.



pol yoxyal kyl ene pol yet her product before it is being processed further. WO
03/ 025045 PCT/ EP02/ 10531 - 12 The process according to the present

i nvent i onwioso3/m2kd4sstrated further in the foll owi ng exanpl ect/Eoamm3e 1 The
DMC cat al yst used was a highly viscous; stable, 5 white col oured

di spersion containing 5 wt% DMC catalyst particles dispersed in a

propyl ene oxi de VLAQg n % ecul ar wei ght
of 670 Dalton (2@%0%& %eé%??ghéng kéxtﬁe|§¥%§%P% E&?ggggﬁhaggllcatlon
01306107. 2. 10l1Astmetleic rfearctdmeufl muouhbyfgﬂﬂpwédgt emlenpdget or was charged
with 89.0 grgms ofg i?O and 0.60 gram of the DMC catal yst dispersion
descri bed ab o ining 30 mlligram DMC catalyst. After this addition,
388 grans of prapy eme @eitdeyalnduéémwgsaashchfghgh/y(vélsobumretad&ied 15 in
2 hours. The tenperature ) C. The propyl.ene OXI de ngentr t|on in
the 19quid pHRdES &° %eﬁﬁil&pefﬁéopeﬁggt EJL¥lmqt Re conpﬁgugg‘s §stl rred

t ank reaCtOrpw&ilﬁléé%ﬂlspba$ed dn topabpaieunst oxfideprdduct oﬁtalned 20

The m xture obtalnfg_ s ,sent mg glge reactorl ?e tee E ture of the
pi pe react or MASCEDs E2%: tahé1u &&i adfEEE ME-5Frhé r"ﬁ fliFeCdas 10

m nut es. The6ﬂ'00®bh(1ttd31f ({dez i, pasr eastetbedntiai Hedmpdes 1t ban 1 ppm of
propyl ene oxi de, based on total a t 5 product. Exanple 2 one litre
cont i nuousl| yE §F°PF€@-@§WQ1F@§&PBr 61@ﬁa ged with 89.0 grams of G570 and

0. 40;gram of theaDMpe qqttaleys:bnduﬁp@usngnsdewreidbednikn rE&aHpIrewés
containing 30 20 mlligram DMC cataly Af ter tg S addItIO? 5
propyl ene oxiCHErged WA éﬁhﬁbgéﬁmﬁl9§epéﬁowépg d&8d IXPR 9thé Fs

temperature wag 43Q+Cyispersion described above, containing
30 milligram DMC catalyst. After this addition, 388 grams

ans of

of propylene oxide and 12.4 grams of glycerol were added

15 in 2 hours. The temperature 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, based on total amount of
product obtained.

20 The mixture obtained was sent to a pipe reactor.
The temperature of the pipe reactor 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

25 product.
Example 2

A’ one litre continuously 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

30 20 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 130 °C.
The propylene oxide concentration in the liquid phase

at the end of the reaction in the continuously stirred



The propyl ene oxide concentration in the Iiquid phase at the end of the
reaction in the continuously stirred WO 03/025045 PCT/ EPO2/ 10531 - 13
tank reacwaroswaso4®. 7 %wt, based on total anmount of produdcTatroailessd. The
m xture obtained in the continuously stit3ed tank reactor was sent to a
pi pe reactor. The tenperature of 5 the pipe reactor was 115 C, and the

resi dence tine,of r N8 T XAl & Wag,0 HaRUkeSy Tagdlr eechtobst he pipe

reactor contained 7 ppm of ropyl ene oxi de, based on total anount of
product. Examodacd r@t,@m%{l itre continuously stirred tank reactor was

charged wi th 89-%51 r s freG%EQa%‘ﬂgdoiﬁo.tﬁ.%a@o?lttitrﬁ%us sct@rﬁ'lé&ﬂ:a[nk
e , |1 yst.

di spersion described I'n anpl e containing 30 mlligram DMC cata
After this raddittdromas38&rgr &irs aobipeoppleetoroxilde detpeZatugeams of 15

gl ycerol were added in 2 hours. The _tenperatu was 120 C. The prapyl ene
oxi de®concent&t PIRS FHATE9Y d’l?isdqgﬁasg' apdy ﬁﬁeeﬁa% °Pfe Fé‘ﬁ‘ét?gn in the

continuously +$ld 588 udcdRk d eacCtQhuvas . 1. 0 %, based on total anount of 20
product obtained. The m xture obtained in the continuqusly_stirred tank,

reactor was sent The PEAWET ocitde. PiRe reRperat Gratsfinechd pPPe Ofeact or

was 115 C, a% dha Sksidanee taRdobn e 4netRstlQ Migrduest .25 The
product of the pi"pe reactor contained 20 ppm of propylene oxide, based on

t ot al annuntEéEEﬁﬂQﬂﬁbt. WO 03/ 025045 PCT/ EPO2/ 10531 14 C LAI MS1
Procegs for preparifdd RAlX ¥Ry heResRY wethetq REeRUGSctWh Gl sprocess
conprises (i) reacting starter and al kyl ene oxide in the presence of a
doubl e met al 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

15 glycerol were added in 2 hours. The temperature

was 120 °C.

The propylene oxide concentration in the liquid phase
at the end of the reaction in the continuously stirred
tank reactor was 1.0 %wt, based on total amount of

20 product obtained.
The mixture obtained in the continuously 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.
25 The product of the pipe reactor contained 20 ppm of

propylene oxide, based on total amount of product.



cyani de conplex catalyst while mxing, and (ii) reacting 5 in a pipe
reactor the mxture obtained in step (1) to obtain a pol yoxyal kyl ene

pol yet her war@dass conpri sing substantially no al kyl ene oxaaiegpoanessfiii)
removing the product of step (ii) fromthe process.. 2. Process according
to claim1, in which process the 10 product obtained in step (i) contains
at least 0.05 % of al kyl ene oxide. 3. Process according to claim1l
and/or 2, in which process the product- abtained in step (ii) contains at
nost 0.01 %wu of al kyl ene oxide. 15 4. Process according to any one of
claims 1 to 3, in which the product obtained in step (i) has a residence
time in the pipe reactor in the range nfafrom8.5 mnute to 2 hours. 5.
Process according to any one of claims T to 4, in 20 which step (i) is
carried out in a continuously stirred tank reactor. 6.' Process according
to any one ofjcl appscdsb0£dr %ﬂepaolﬂi@ PEOEESsal RP1ERACHH PR P OHUCE
obtained in step (iii) 1s subsequently subjected to reduced pressure,
optional Iy 25PFnCEReS pr BeREePEPCERS | FEFPT §28S ¥1) PFBREEINGNT eRTEBHDPTi ses
adding anti - oxhgani k§PenBr 84YaE ORt BhOEYréHeRcBl 8685486608 dhagato claim 6.

cyanide complex catalyst while mixing, and (ii) reacting

5 in a pipe reactor the mixture obtained in step (i) to
obtain a polyoxyalkylene polyether product comprising
substantially no alkylene oxidé, and (iii) removing the
product of step (ii) from the process.

2. Process according to claim 1, in which process the

10 product obtained in step (i) contains at least 0.05 $%wt
of alkylene oxide.

3. Process according to claim 1 and/or 2, in which
process the product obtained in step (ii) contains at
most 0.01 %wt of alkylene oxide.

15 4. Process according to any one of claims 1 to 3, 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.

5. Process according to any one of claims 1 to 4, in

20 which step (i) is carried out in a continuously stirred
tank reactor.

6. Process according to any one of claims 1 to 5, in
which’procéss the reaction product obtained in step (iii)
is subsequently subjected to reduced pressure, optionally

25 in the presence of an inert gas.

7. Process which comprises adding anti-oxidant to

product obtained in a process according to claim 6.



