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Background Art

Polyoxyalkylene polyethers are well known items
of commerce with a myriad of uses. For example, block,
random, and block random polyoxyalkylene copolymers are
widely used as non-ionic surfactants. In block surfactants
in particular, relatively large polyoxypropylene blocks
provide the hydrophobic moiety, while polyethylene blocks
provide the hydrophile. Surfactants are generally mono- Or
difunctional, and in many cases, the actual functionality
is of little importance to surfactant properties.

However, the largest use of polyoxyalkylene
polyethers 1is in polymer preparation. Elastomeric
copolyesters may be produced by reaction of a dicarboxylic
acid with a low molecular weight diol such as ethylene
glycol orx 1,4-butanediol, and a high molecular weight diol
such as a 1000 Da to 4000 Da polyoxypropylene glycol. Far
larger is the usage of polyoxyalkylene polyethers is in the
production of polyurethanes. In such applications,
functionality is important for chain extension and
molecular weight. build, and in the case of functionalities

greater than two, for crosslinking. In most polyurethane
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indicated 2, John Wiley & Sons, pp. 17-21. Unsaturation is measured
in accordance with ASTM D-2849-69, "Testing of Urethane
Foam Polyol Raw Materials."

By whatever mechanism the rearrangement is
facilitated, the continued generation of unsaturated,
monochydroxyl-functional species has great consequences in
polycl production, most of them undesirable. First, as the
amount of monofunctional species increases, the
functionality of products prepared from starter molecules
having functionalities of two or higher steadily decreases.
For example, in a polyoxypropylene polyol having an
equivalent weight in the neighborhood of 2000 Da, the
content of monofunctional species may approach 30 to 40 mol
percent. Thus, a 4000 Da molecular weight diol may have an
actual functionality of only 1.6 to 1.7 rather than the
theoretical or "nominal” functionality of two. A triol of
similar equivalent weight may have an actual functionality
of 2.0 or lower. Note that equivalent weights and
molecular weights expressed in Da (Daltons) are number
average equivalent and molecular weights unless indicated
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In addition to the effects of lowered function-
ality and broadened molecular weight distribution, the
presence of the ethylenically unsaturated group itself may
also affect properties and processing. For example, the
unsaturation in polyols has been cited as one factor in
scorch and discoloration which often occurs in polyurethane
slab foam production; and in polyurethane or polyester
elastomers, ethylenically unsaturated groups may crosslink
over time, altering elastomer properties as a result.

Attempts to lower unsaturation have been many.
For example, employing basic catalysts at temperatures
considerably lower than normal oxyalkylation temperatures
allows synthesis of low unsaturation polyols. However, the
reaction time is measured in days or even weeks, and thus
such processes are not capable of commercialization. Much
effort has been expended to discover new catalysts which
are capable of preparing low unsaturation polyols with
reasonable reaction times. Use of rubidium and cesium
hydroxides has been proposed in U.S. Patent No. 3,393,243.
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havi ng a pLicCi 0x1i addltlo orts along the reactor
path all O\An)s&s::éon Fnu‘%%%ﬂlﬁﬁla y%la% %‘roﬂﬁg?}o FS: SxFal KGRAELBR tine
and t enpef@ARFhenate no@pgmhly yidi therjent tiiloan vhitic heexebaty oaminand

therefore Weeddtijded | iEs "WEE bﬁeéﬂ”&&@%ios‘é‘dt hedod &H.rﬁ%ﬂgn.b? "Bdgh, gher

| engt h, Iar e d| anéter, |ow ve omtg condui t; dr "a sma
vel oci ty, N cdiRi ondt 2§21 38, cohuti t improvemento pitovi bevébsh b6ng
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use of conye onal oxyal tion er atures, [ eve uration
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These cat aFMWeexﬁﬁéﬁwa@ﬂmubetf onkeveicet the purposes of
increased throughput. Such processes do not materially

alter the level of unsaturation. For example, introduction
of the starter molecule and basic catalyst at one end of a
tubular reactor having a multiplicity of alkylene oxide
addition ports along the reactor path allows continuous
polyol production. However, oxyalkylation time and
temperature are not generally different <than batch
reactions, and therefore the transit time must be lengthy,
either requiring a modest length, large diameter, low
velocity conduit; or a small diameter, higher velocity, but
exceptionally long conduit in order to provide both long
reaction time and high throughput. Due to the 1lengthy
reaction time and use of conventional oxyalkylation
temperatures, the level of unsaturation of such polyols is
not significantly different from those of batch-prepared
polyols, and it is not believed that any such processes are
being employed commercially.

In the 1960’'s, a new class of catalysts termed
double metal cyanide complex catalysts were developed.
These catalysts proved highly effective for several
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0.004 to O. O&rénkgg‘;ggsa%g;mg%%ﬁgaggéféf Fé?“% rrarr;%l(lﬁyeﬁ lf%'l nproved reaction
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filtration. 3k a ' ! i | ' a .heconme
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Pol yol s prep%{%gl si ng, t hese gﬁtal sts ,have recently been commerci alized
as ACCLAI M ertf %dﬁl g- b%‘lﬂ? € SehdMERn2 lytic activigyand
cat al ysts ar elaxrelpmpment teof aspect £atalystexargd bdudMrenbabyst metdivds
required an i | eLlL. atalyst s.active. The
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renoved. Catal yst actiMNexeéorreceantlwer ithieedARCOo|Chemigal iQumpagly has

i ntroduction n 4 a; }gﬂ%pl e r : . ol L.owi ng
activation, %ﬁﬁnﬁégaﬁ%ﬂg}%e S rllapl Iy%gs&a :ttaﬁgﬁ%ﬁ%oarﬁlﬁ%nea%\% de
is added. P ble of preparing polyoxypropylene polyols which display

unprecedentedly low levels of unsaturation, in the range of
0.004 to 0.007 meq/g, and which also offer dramatically
improved reaction rates as well as economical catalyst
removal, often by simple filtration. The catalytic
activity is so high, that it has now become feasible to use
exceptionally small amounts of catalyst, such that the
residual transition metal content - in the polyol product is
below commonly specified maximum levels, and no catalyst
removal is even necessary. Polyols prepared using these
catalysts have recently been commercialized as ACCLAIM™
polyols by the ARCO Chemical Company.

DMC catalysts are unique in many aspects. For
example, DMC catalysts have required an induction period
before the catalyst becomes active. The catalyst is mixed
with starter, and traces of water and air removed.
Catalyst activation is verified following initial
introduction of alkylene oxide by a noticeable pressure
drop. Following activation, polymerization proceeds
rapidly as additional alkylene oxide is added. Preacti-



WD 98/ 03571 PCT/ EP97/ 03727
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that care is taken to exclude noisture, oxygen, etc. Low nol ecul ar wei ght
starter nolecules tend to have |engthy induction periods, and in sone
cases, with low nolecular weight starter nol ecul es such as water, ethylene
glycol, propylene glycol, etc., the catalyst may not become activated, or
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starters, 248 adffces of strong bases deactivate DMC catal ysts.

The necessi % usi'ng hi gher nol ecul ar weight starter nolecules limts
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p0|y0XyaJk!kﬁ”fne??i¥§éﬂ€r%henPﬁ&ed°Wﬂ£H“§§r tDgw %HN@ &Plﬁgggﬁﬁ be
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on the saménﬁaﬂqnﬁrakkﬂdu$%®resbﬁwe§ mmhasu ar weight oligomeric or
polymeric starter molecules, e.g. those with equivalent
weights in the range of 150 Da to 1000 Da may be prepared
by traditional base catalysis. However, the basic catalyst
must be scrupulously removed from.these starters, as even
traces of strong bases deactivate DMC catalysts.

The necessity of using higher molecular weight
starter molecules limits the commercial applicability of
DMC-catalysis in the preparation of polyoxyalkylene
polyethers. Not only must the starter molecules be
prepared by a different process, generally requiring
catalyst removal, but the "build ratio" is adversely
affected. Thus, use of a 650 Da equivalent weight starter
molecule to produce a 2000 Da equivalent weight product
represents a build ratio of approximately 3. One third of
total reactor capacity is used solely for providing the
necessary amount of starter. In contrast, build ratios in
excess of 20 are common in base catalyzed oxypropylation,
for example, oxypropylation of propylene glycol to produce
a 1500 Da molecular weight polyoxypropylene glycol. A 4000
Da glycol based on the same starter would represent a build
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therefore mnimumcost, is only achieved at high build ratios.

Advant age was taken of the ability to prepare activated DMC

catal yst/starter mxtures in East German -PRatent No. 203, 735 which enpl oyed
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commercially practiced.

Although the closer-to-nominal functionality,
narrower molecular weight distribution, and higher
molecular weights made possible +through wuse of DMC
catalysts have been touted as enabling preparation of
higher performance polymers, particularly polyurethanes,
these polyols have not proven to be the panacea expected.
Substitution of DMC-catalyzed polyols for conventional
polyols has as often resulted in poorer performing polymers
as in polymer improvement. In some systems, for example
flexible polyurethane foams, total foam collapse often
occurs. While the reasons for the anomalous behavior of
polyols prepared with DMC catalysts are not completely
known, it has been recently and surprisingly discovered
that such polyols contain a very small but wvery high
molecular weight fraction, with molecular weights in excess
of 100,000 Da. In polyurethane foam systems, this high
molecular weight fraction is believed to exhibit surface
active properties, destabilizing the rising foam, and
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t hi s hi ghwoobessrh ar conponent may interfere with hard seg@itpoh out,
and with the alignment of hard segnents which is responsible ?or strength
and nodul us properties. It would be desirable to prepare

pol yoxyal kyl ene  ethers with exceptiongly |ow unsaturation, close-to-
nom nal functlonallty and | ow pol ydi spersity, in a conti nuous process.

1 oul 6 2ogubes sl bl e PEAee U1 85! UMBERMIRL S0y s

pol yoxyal kyl ene po ersi1n a nuous process w
si gni fi cantsmt | §bls sigh mod eguianutemnpdaenengt 1httecr:tf|em:m witht

woul d be ctlh%'égﬂfe?ﬂtrapllﬁséoontepaéﬁdpQJWy@hgyla%'legrﬂ@ gfrsnﬁram ng -

DMC catalysts whil € nmaintainin /h |d ratios
further desT9ERPRE®O "ﬂ'ﬁfﬁhr ds| a?%%?onwak?l th¥s SFrEHeydt h%ﬁldp usphi | e
utilizing shpdpertiiggntities of activated DMC cat al yst/starter m' xtures. It

woul d be still furthe desi rabl e ol alk et hers
wi thout the use of ac vﬂ?ggg #Srégﬁgﬁsgi §,p¥ gVSFg rate
prepar at i oretdiens i gohkhi cexcephiionailpy ﬂaawe uasaltytxlautlon, close-to-
Summary O T en h i ngl

di scover ed r%c%%flj’ﬂul tk{rlgelté'\?vna%%gydratélngn f)%? yo;,(\ggﬁi f‘%ﬁe poﬁyét hé‘rs Favi ng
IOM/polyd|SbéﬁtimvoﬁﬁdpaogegﬁkflE&nwpylﬂeéééédbﬁlQHSlnleecmbapnnmqﬁa
fraction may;beaplenanessituratishi POUoxy I RFESRe| POl VétWe POt Nin 2

cont i nuous al kyl ati on as wel | C tlnuous addition of starter. The
polyether[ﬁQﬁk&R °%§eprogﬁéépﬁ¥£hﬂqﬁ/é&ﬂml%%l?éﬂn+gicé§§ syankitd@sant s
?nd_ i nI p&i»ﬁ/rratltfrfar nht@%smﬂ%@alﬁtﬂ}&étqhar If;tamﬁ:.w:{s_e.t harxe;s.w?ﬁlia be

ypi ca car e e_prese i nv ion

Synt hosi & o TRet; HEinE By RAvERtR: Ryl TRy e | pBlvbthersous
react or, |rus;mglﬁyCOﬂwﬂa@Msusomhlhedmaummdunln@qhﬂ¢WIhuimd raieg.esses
conti nuousl ¥ agifg bEAt gLyt ruptAbEer aBlerabkyl eRg OfLdR M | Qarge

conti nuously .
guantities of polyether product while utilizing small

quantities of activated DMC catalyst/starter mixtures. It
would be still further desirable to prepare polyoxyalkylene
polyethers without the use of activated starter mixtures,
and to avoid the separate preparation of oligomeric
starters by base catalysis.

Summary Of The Invention

It has now been surprisingly discovered that
ultra-low unsaturation polyoxyalkylene polyethers having
low polydispersity and a significantly reduced high
molecular weight fraction may be prepared in a continuous
process involving both continuous oxyalkylation as well as
continuous addition of starter. The polyether products are
exceptionally well suited for use as surfactants and in
polymer forming systems, particularly polyurethanes. In a
typical process in accordance with the present invention,
polyol synthesis begins with introducing catalyst/starter
into the continuous reactor, initiating oxyalkylation, and
while oxyalkylation progresses, continuously adding
catalyst, starter and alkylene oxide while continuocusly
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di scovered that the subject invention process may be used to prepare

| arge anmobunts of pol yether product while enpl oyi ng smal | guantities
of activated DMC catalyst/starter -gd xtures, or w thout using
activated starter at all. Brief Description O The

Dr awi ngs removingFigdifoll apredacgchennti marsemmnbébhorb&f r.oﬂ.?z.ngly[r

enmbodi nent of CLpia RV tlon RE 1b is a prior

cont i nuous d%?ﬁoﬁg?kgnEhsr 2’ .subject lnve&?tﬂﬂEpfonﬁﬁsFFﬁ?é§’dﬁ%Ed
enbodi ment ofta. pnﬁpaneouéarpeocemsumum adbomddwm&hemtiprdductsuﬁnfmé
i nvention; emPlogln?nlcugﬁaiga'llﬁi%r?h oth enb%glygg J DMC

cont i nuous roces accor dance su Ject I nven

FI.GURE 3b |IIQ%¥¢%Y§§/§tﬁF%?ﬁg @éﬁt@éﬁ@bnnégtoﬁlﬁhﬂﬂﬁn ﬁainguaqntmmaﬁed
il lustrated igyfiobfFeagag)land FIGURE 4 illustrates a further
enbodi ment of the subject continuous process. Det ai | ed
Description of the Invention The di scussion which follows w il

be more readily understandi@fef D@séﬁ?imqgfi'phéimﬁélﬂ%ﬁﬁg to Figure |a,
which illustrates the nost "basiC concept o € presen nvention, and to
Fi gure 1b, iIIustrativeFDGURhelmﬂiH ar@ch@maﬁﬂmwxﬁﬁﬁéﬁbiwafﬁéﬁ g raHe

Pat ent No. ZQQFZ% 5 r prior art process involved
I ntroduction a éi!}‘e%%t?(f/a e ca %% tl%%i ‘nto a continuous reactor

3. The starter is diproByEeRE blbymla pmn:cr tdIEt ‘tontiimgbust axyal kyibatiom i S

prepared by 35%&# &0ng DMC catalyst wth propylene oxide in a
propyl ene catalyst/dﬁgropylene gl ycol ratio of 500:12. 3: 800.
Initial catalyst concenff@¥RBn i2n thbleatrry8s/ sPaet erenbpdiment of a

continuous process in accordance with the subject
invention; '

FIGURE 3a illustrates another embodiment of a
continuous process in accordance with the subject
invention;

FIGURE 3b illustrates a mixing device/connector
useful in the process illustrated in Figure 3a; and

FIGURE 4 illustrates a further embodiment of the
subject continuous process.

Detailed Description of the Invention

The discussion which follows will be more readily
understandable if reference is first made to Figure la,
which illustrates the most basic concept of the present
invention, and to Figure 1b, illustrative of the prior art
as represented by East German Patent No. 203,735.

In Figure 1b, the prior art process involved
introduction at 1 of activated catalyst/starter into a
continuous reactor 3. The starter is dipropylene glycol,
and the "living" starter mixture is prepared by activating
DMC catalyst with propylene oxide in a propylene
oxide/catalyst/dipropylene glycol ratio of 500:12.3:800.
Initial catalyst concentration in the catalyst/starter is
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-10- t e 98/0357115, 000 ppm Al kyl ene oxi de is added at poipgserr08429ng t he
reactor path, and the polyol product, e.g. a 2200 Da pol yoxypropyl ene
diol, exits the reactor at 7. The build ratio based on the nol ecul ar

wei ght of the starter nolecule is 16, .fut for each 1000 Kg of product, 100
Kg catalyst/starter is required, and thus the "practical" build ratio is

closer to $@udue.t0 tig Jdoy @omluaniky1dfe é!@idé’%ﬁ@dadéé@ré@ 0*1?8{5{50 —

Product catal yst residue -content IS very high at approxi
In Figure Rdong BPE €§P§F9§tP§F§wtéPanQFuPﬁlYgl Pﬁ?ﬁﬁ@ﬂeeq ge a &300n t he

pri or_ar U PEOGES k%@d?ilehét hdiﬂﬂl} I enﬁe adH@/I ﬁésﬁ?ak?eatfdél ti thét
oints 5 alon or .pa starter

Br opyl ene 13‘90er‘?1’0‘? ﬁ??a‘?p % u %r cﬂﬁfﬁﬂﬁoﬁl fh%t?*o%l’&'&%ﬁ at

poi nts 5a. moleeuleopis eh&,gb;ad:olfauayebehl A0I00d Kepdo £ npradmcx-.t urmcwn x@ t he

al kyl ene Og' %%13}%/@1:%% ??’star Bireaoooar@ @?xh"scu#ﬂé P%%t;g

product, cat a- an actirv vated

m xture coOuidcnitatipsts p?h@§§Falt§Dst1QarﬂP%1 4eOthe é@k‘g&ma}mdtaneofgl ycol
may be useﬁct%%tfed‘tQtfa%e%nwaaugfrédﬂe prp%da& @&@&ffét rdWia9g the

reaction, di ti onal cont i nuoUS] opyl ene chol i s
|ntroduced.°°1"ﬁ@n Hébﬂ@?%xﬂlQRMqu4EE¥QFLQQE%HVOh5%?aPP@F nol ecul ar

weight, is 26, howveriguddela, paaoMccalatallpeitl/dtardld0 miafteFe is
' r abl hlgher than the prior

col l ection_ of _1000 raduct IS consid
art procesé‘ YR urceglé{pgllﬁﬁ ’p?oéﬁgt PRAST argzapé' S SeontHEHRE 251 Bpm
and t he anaddiitdonhitgh alkikylezng amx:.dm gditianl ati pormlsstSarulaicj ytheduced.

L

m xture containing-a her concentration used in
East Ger naslyéz‘@ént(ﬂ@d@cp@@r weighit 16 2, J\mlcmtusnmtsﬂmcmwrmcbl e.

Havi ng thuat : Q{ﬂ§e§'athe'rﬁés'p?rdiﬁ}l@{§ sglﬁr&?l SkBj eek - '1@1‘4:":‘8&1{313&;]"' 14 now

be set fort r eat er det ai | cat alzysts usef ul I
preparing B S i trlfol?t%}f}ﬁ%?gea?ﬁléﬁt al Y6t &*ERRTS thARP Hg et enti al
catal ytic 2000 Da molecular weight polyol product, 20 Kg of cata-

lyst/starter, e.g. an activated or non-activated mixture
containing 1250 ppm catalyst and a 400 Da polyoxypropylene
glycol may be used, one fifth the amount of the prior art
process. buring the reaction, 34 Kg of additional
"continuously added” propylene glycol is introduced. The
theoretical build ratioc, based on starter molecular weight,
is 26, however, the “practical" build ratio after
collection of 1000 Kg product is 18.5, considerably higher
than the prior art process, the final polyol product has a
catalyst content of 25 ppm, and the amount of high
molecular weight +tail is substantially reduced. The
"practical" build ratio c¢ould be much higher if a
catalyst/starter mixture containing a higher concentration
of catalyst such as that used in East German Patent 203,735
were utilized, which is distinctly possible. Having thus
described the basic concepts, the subject invention will
now be set forth in greater detail.

The catalysts useful in preparing polyoxyalkylene
polyethers are catalysts exhibiting differential catalytic
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-11- act WP 080353 ef erabl y the doubl e metal cyani de conpl ex PCTEROAYRY S
such as those disclosed in U S. Patent Nos. 3,427,334, 3,941, 849,
4,477,589 and 5, 158,922. Most preferred are the highly active double

met al cyani de conpl ex catal ysts preparedliln accordance with U S. Patent
Nos. 5,470,813 and 5, 482,908, and copending U S application
Serial No. 08/a¢35,\ﬂ:;ljfy algreoffemdbly aitee dowtsieomadtatl hesinidyy E%fn&\;l e.
By the term” a alyti I vyt nt. .a.catal st Wi ¢
exhibits a si @ 3an% ISHl il‘h o |€1%‘?§étéirfe%cu%dsrsec%”§ %Ryl Gk gdios.-
addi tion poly r427:|3z3af’u| ord ovﬁ‘%hr §48pect,£87, 589noRadul & 168,922 .St ar Mot

ol ecul es o Rty e d tald OUTRIY SRR IRfe THRMHELS neld) “y\sé@ta?%r' gh

nol ecul ar wei yl ene nonol s and pol yol's cata

one exanpl e o% H&Fg&% %YSE%tBF9§F§ed dnmAccaRdance vty stsS. sBateas
sodi um and p®oassi up), Aydr, @iizdesaand ad kogh ggggare Aved dlcfofpeé'r@ltdgal

catal ysts. To _determ,ne vvh her ]S partic ég g ii\ yst is a dlfferentlal
catal yst as d&PPref aﬁé’r"& n, i {¥Rrent$4f3 Gryt RLlacPfvi ¥highy BEe
exam ned by aisicopipedzettesh hq;rmeobyeréﬁerpneparl ng a rmderate to hi gh

nol ecul ar wei ght ol y Opup ' Jtarget
nol ecul ar wei ght [ E uti I | ze rFe&gnm x@%ygéﬁme?ﬁiélétg b’ygﬁc ﬁté ?]Xt ol
c.a. 10-35 nomepaitcent Ccﬁtatlhést owWhlichp| exhabitgr o@lu@tlgmm@amtllqm hbbbenl ar
wei ght, essent haklan tERNRYEY | ¢atd! aéferai(}a}f&hlée dé(ﬁ@ ﬁdhati Rt hség;ﬁekhe

remai nder of the _product, and the pol ydispersit e pro uct [
than about 1 BatiRdn WAEhcaTESPECt sty " dPHf cPeherulazat upjght aberher

"di fferenti al moaeellleisC cacC Poliyiokyalky atidd ecspf@maén@xy@éwéﬁtm@recules

L= .
Zgglrr;:l): an iﬁ%t%gggrgﬁﬁga?’:lg g{Pl&er s ‘ﬂg ﬁ%‘?xm%eﬁﬁl%&‘%?oﬁﬁ)ﬁene
di ol enpl oyi ngodyzilsc hBX@acyatacohstt ¢ aaeet -dne aepampdaplofx dbffeéyshtialan
amount  of 25-ppgy ?@%%d 080%. ]\.’@' b:lts Bgltﬁ‘ihrts'er odyGtn Ak 88kL YA €Gna

m xture of cat aI ySt _and 4 ecu
potassium hydroxldes and alkcx:.des are not differential

catalysts. To determine whether a particular catalyst is
a differential catalyst as defined herein, the differential
catalytic activity may be examined by a simple batch
procedure for preparing a moderate to high molecular weight
polyoxypropylene polyol. If a polyol of the target
molecular weight is utilized in admixture with catalyst in
an amount of c.a. 10-35 mol percent of the total moles of
product while a low molecular weight, essentially monomeric
starter molecule is used to synthesize the remainder of the
product, and the polydispersity of the product is less than
about 1.5, then the catalyst is a "differential catalyst"
having “differential catalytic activity", or "differential
oxyalkylation activity" as these and similar terms are
defined herein.

For example, in the preparation of a 4000 Da
molecular weight polyoxypropylene diol employing a zinc
hexacyanocobaltate-t-butanol complex catalyst in an amount
of 25 ppm based on the weight of polyol product, an
activated mixture of catalyst and 4000 Da molecular weight
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-12- polWeR¥PISGpy| ene diol in an anmount of 1509 is char gegcirgparpisefct or
and propyl ene oxide containing 1.8 weight percent propylene g yco?

continuously added over 5 hours at 130[err]C. The 4000 Da rml ecul ar wei ght
diol in the activated catalyst/starter_joepresents about 20 nol percent of
the finished product, the renmaining 80% derived from oxy- propyl ati on of

the added pegRybede-Bibyighe ‘citi‘alﬁrl 4ol ahidurlt &1 5400 ﬁgs m'%&g' ar wei ght

pol yoxypropyl ene havi n oxyl  nunber “of "ﬁ)lal an
unsat ur at i oR€8Fteroengd RIPRY eycfPde%t Q\Eﬂ‘gmnlaqeﬂagewem@rﬁcwa’cm ght

err] of sh I ’ Da -
21/[nd t]herefo obop i?gﬁg gmygrm igﬁ‘;iaﬁfﬁ%%%%?ﬁﬁg wé‘%ﬂ?te &LIS] faactlt at’ fully
20 nol perc gr ofig a5 ¥ELsE aficde & gdheweiaghivated
pol ydi sperscayamstwst;rltew néphf]ﬁmm abbatr @ mb@gtﬂe&rcteﬁ!@' 8Bt the
distributio no t _species we referenti
oxyal kyl at e%i?léﬂgvd Léf&%l 5" rest e%'ﬁ‘}é‘ 0%t gﬁ&s degiygy eﬁag}fﬁ%, NNt
di fferenti aPrery &kybatpénthacaddedypropylene gly%bdn t Mhedipidogiuent ijal
catal yst isaa OMC clo/Sha  ddLeEal Bk She Bt OpdTONA AIS AGIL vatied priof

to use in the, subject. process. Activatiomn, xi ng
the catal ysR2ViR® aastléy‘?’é?x%l e%‘éﬂ'ﬂéeﬁa\ﬁfﬂg %9 degsi K fwuntpelysil, an

oxyal kyl at ab;hsamﬁlaegeﬂ oM., (Vb aadigry pbkybene PXiyls gy efy %@%J@é

ropyl ene qxi other ene oxi de under pressure,
ﬁon:o%/orl ng % g foyelﬁptggur%f ﬁébrgﬁctBrnH’&?eBea’&SVQHFa@@(}%W-ar
mai nt ai ned mlg}att eperatif30 oba,f ramd 4ROFefol€ 120 pd%)%ﬁ% péEsityAof n
I e, cat S as_been activate
ol ceabl ¢ 3 PrAssuggol oBeLpgLvies Elak Laecghihys %aneaspsa%ther
producti on m herodedtt owps epaugplaedl vatedthet akgsgetor waidhttf,er @ne
oy =" SROBERpUEp EORLL iy bl M ABEESLKY) 8RR RoT KL O
oxetane, MWL ypéﬁérl&kﬁte}ém 2, BowutTye kereul @i U@lghétr speobes ywere oxi de
may be enplpyefeientigVlpf oRkkallkylated to produce this result. - The
catalyst is one exhibiting differential oxyalkylation

activity.

When the differential catalyst is a DMC catalyst,
the catalyst may or may not be activated prior to use in
the subject process. Activation, when desired, involves
mixing the catalyst with a starter molecule having a
desired number of oxyalkylatable hydrogen atoms, and adding
alkylene oxide, preferably propylene oxide or other higher
alkylene oxide under pressure, and monitoring the reactor
pressure. The reactor may be advantageously maintained at
a temperature of from 100°C to 120°C. A noticeable
pressure drop indicates that the catalyst has been
activated. The same alkylene oxide as is to be employed in
continuous polyether production may be used to prepare
activated catalyst, or a different alkylene oxide may be
employed. With higher alkylene oxides having low vapor
pressure, a volatile alkylene oxide such as ethylene oxide,
oxetane, 1,2-butylene oxide, 2,3-butylene oxide, or
isobutylene oxide may be employed in lieu of or in
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noni t ori ng. Alternatively, other nmethods of neasuring al kyl ene oxide
‘concentration (GC, GO MS, HPLC, etc.) may be used. A noticeable reduction
in free al kyl ene oxide concentration indikates activation. A
particul arly advant ageous feature of the present invention is the ability
to enpl oy "frESRIUPGELIOR Mlt/5t BhY) higheracalkpiens. oRidec il S/&éllz.tate

activation, agredeagel bﬁgnieogmg pr ewpygegﬁaeg{,@@p ngt hap! ym%gvol ves

addi ti onal operator., att%%ﬁé ncreasi n roce55| n coS

nor eover requiFa8YE ¥ r%‘é?:ti?'oﬁ’ at 3971 688 nGCI St athUbst s
as well.  "Feesh) ma?a]bgswnseck defrioteitduts be mmé&%ﬁ'%’npﬁ'@é‘rﬂ#g#?e
non-acti vat ed .non-acgtivat DNCG catalyst in so orm
or in the fo?% Egéﬁur?‘ Fﬁ°$o C@&ﬂsara‘a'elt i@ arter,

pol yoxyal kyl ated | ow rmAecplamtl\mllgirtlyst aadmnta)geauslonfea&h@ét elof | GRH&.

Most pref er ablyesest! ﬂfvéh V‘ﬁti@t'ﬂe QBr 1%37610{0“%%@%&(}3(:“1‘_5? I?ﬁﬂca

fresh DMC catalgst m xture rise me | ow
starter used C#bR1¥8RE| Wibhoust aFFéVaééeﬂt-l oPMCa cadlalysitalaot ivtasd drowv as

nol ecul ar wei @gbécsiBederin ethberp@dvidher 'ﬁi‘aﬂ}&ﬁtﬂkeﬂgfc &Sgﬂ“&%\)@l%sa

nol ecul ar V\BI#-JQ J_Oess han the desired target. nol ecul ar
"heel " takeof %’r HoReL QREFaFATa &SNP BIeS pANGERapiBELMracessing s

diverted ancosxpdout thocebaeystequitas akaehqu&zhaeréht@t‘i% vidls@Ess to

enpl oy fresh | vat ed . cat al yst_ al for I ficant_econorfi es
in the connercrpcgt e%gio%%c a@ﬁ 58§§%xﬁff kYFerre pol ;6??1?’ ‘arfe@falyst is
preferred ensigffimed dieraire ashj é(:teshiwempmpared non-abd vaxgd! nipmoof

catal yst cod@aldpgse] ny éhen&zittgé PQF %{%H% n?‘r Zgl gct e% |0 view

of the process parameters and the st co
pol yet her pr oductre TRETRr Sdu& %H%’éﬂj/st-ncé-ﬁ@emqleﬁqlﬂrﬁﬂ swgwbtabltyar&etmeen

1 ppm and 50GgIyexy@l ey DiedEr 2Bl mRalaREn 5 t@@ﬂ?ﬁeds&%wﬂ @f‘da"%iﬁx-

pref erably befoeefeA0100MiANY SRR prifefabisNt QY 214 Ve

| ovest p ably, or a substant:.al
portion of the liquid phase of a fresh DMC catalyst mixture
will comprise the same low molecular weight starter used
for continuous starter addition, a polyoxyalkylated low
molecular weight starter, either an intermediate takeoff
product with a molecular weight less than the desired
target molecular weight, or as a "heel" takeoff product
wherein a portion of the polyocl product itself is diverted
and mixed with catalyst. The ability of the subject
process to employ fresh, non-activated DMC catalyst allows
for significant economies in the commercial production of
polyoxyalkylene polyols, and is a preferred embodiment of
the subject invention.

The amount of catalyst contained in the
catalyst/starter mixture is selected in view of the process
parameters and the final catalyst concentration in the
polyether product. The product catalyst concentration is
generally between 1 ppm and 500 ppm, more preferably
between 5 ppm and 150 ppm, and most preferably between 10
ppm and 50 ppm with current DMC catalysts. The lowest
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-14- cawd ggg3smoncentrati on consistent with sufficient repétipyossate is
desirabl e, regardless of the type of catal yst enployed. The
starter used to prepare the DMC cata- |yst/starter mxture is preferably
an oligoneric starter, nost preferably.j@an oxyal kyl ated ol i gonmer based on
the same | ow nol ecul ar wei ght starter whose continuous addition is to be

used in theg sga&gggoganeamﬁmﬁo'a:o%ame%t e SIS Lahilod S 10 -

be conti nuous reactor, a suit gomeri1c sta usef ul
in prepari nﬁat‘?hel%lcﬁe@d{r@@:l@at ar9sta/r§ﬂsnstseroﬁ1 >&h§-’r etwpm e cat3dysPa to
1000 Da rmlgﬁdyj_a yewi ght pol yoxypropyl ene gI ycol The sarre ol i goneric
starter woul d be swtﬁglefg #e wher e Iene glfé1 or water wl|
be the continuously add&d S&R% §rsuse\?\‘her & o W c&Rt%aruousl y

added starlpst/abacxepr miydtatred;gﬁypmfemabbyyah baigbger icNEtemiar,

wei ght of 4 S I ver,, .a feature of
t he presentgg?gigggféggg%ga 2h °?§§‘l‘%‘{ﬁgﬁt%ﬁ.°?é es;%g‘ntbl al_s% Wb riive s

starters subQWamol@cny.lae“nefngg}xtolst@rbwl ehesg| 9ont_;.nandst addiitien 'Elws,
the StarteEoUEEduEde et t&&&fﬁ@&uétﬁfa@égrﬁre S e&ﬁf%% same

as the conti nuousl start cont i nuo
starter nayp’é‘éPM&?B? geYRPLentsgl {eol be dl%QWW%]-X/ccﬂddQcﬂl iy e

glycol; prpgxtese, gbyﬁﬁhtamar amxk;%@rqlcy@@lartterﬁ ﬁMs@Mleriex @epdringl, 2-

Lo oo s UYL GRS JEEh Sy PRRELAL SLKERLS WBLIAH"E 300 pa vo
a- met hyl gl ute80 dea molégallax yweet diyt - polyqxiqupylgﬂm glyrwll. The same

hydroxyproe%%gégﬁgﬁég stg&%%@‘”u %yléulé%ﬁigsefo£et5%%'Swhere

[ 2- hydr oxy roxypropy le ene di am nées ot her
conmmonl y us@upr@pailgéesglxpgé oUi waltlex wid lmbrotheccatdnuousdiveegldagch as

net hanol , egpappbrsl- Prapapel . fyééiam@olls %&Juwn%n@mu&y&ﬁfolmded
2- et hyl hexanol and the |ike, as wel ;Jyeno cate
qﬁ@ro

4, 4 - di hydr Sx§bEPRenyPR  OXYPFOPY LA HFRLAY | EORUAS, BAYARI Fer
sui t abl e -shaléentar weidyBtO8D340D pPa to 1500 Da is advantageously
PCT/EPQ?/ngggd. However, a feature of the present process is the
ability to utilize essentially monomeric starters such as
ethylene glycol, propylene glycol, and the like. Thus, the
starter used to prepare the catalyst/starter mixture may be
the same as the continuously added starter.

The continuously added starter may be water;
ethylene glycol; diethylene glycol; triethylene glycol;
propylene glycol; dipropylene glycol; tripropylene glycol;
1,2-, 1,3-, and 1,4-butylene glycols; neopentyl glycol;
glycerine, trimethylolpropane; triethylolpropane;
pentaerythritol, a-methylglucoside; hydroxymethyl-,
hydroxyethyl-, and hydroxypropylglucosides; sorbitol,
mannitol; sucrose; tetrakis [2-hydroxyethyl- and 2-
hydroxypropyllethylene diamines; and other commonly used
starters. Also suitable are monofunctional starters such
as methanol, ethanol, l-propanol, 2-propanol, n-butanol, 2-
butanol, 2-ethylhexanol, and the like, as well as phencl,
catechol, 4,4'~-dihydroxybiphenyl, 4,4 -
dihydroxydiphenylmethane, etc. Other suitable starters



-15- I nc 5@&? se described in U S Patent Nos. 3,900, 518; 3,941, 849;
and 4,472,8 P n i ncor porated by reference. PQE/EPIT/03727
continuously added starter nay be essentially any pol yoxyal kyl ene pol yrer
or copolymer or suitable initiator for the production thereof, which has
a nol ecul ar wei ght | ess than the desiredl®product weight. Thus, the
nol ecul ar wei ght of the continuously added starter nay vary bet ween 18 Da
(water) and 45neQ@dea thogk rmémni}aedvﬂrght] S. p@ arceryal Imdsene;;pgbyog%la.

u

It is nmuch pref inuou starters with noleculal
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preferably |ess t han SU(B D@ntlnuously addeck sttlag tept mwabéyeﬁsémmhtﬂy
catalyst/stargg

|€gfﬁ ir a
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possi bl e and wées;mamasg hﬁhaﬁDrtfhé Mé\sﬂﬁedb?&@aub& RieDghed anth 80, the
st or ed. genera&, % g %ata % ﬁ/st § groductlon 'S
adj usted to n§P ula W?&E%Fy° f E§t5°n fHupns Xr? t SHRFtEFnB_Y YARLY
preferably, thetseege liBamla (e@tex )nandardts, oaumm'st (hiofh meledyBat Shedi§RE

whi ch S C883b§§§33%&IE%Fgeég%ggagthe aL ?Lléﬁﬁlvat . re C&Hy %%?gﬂ

such i s used evera
to batch varuagn@;nnmu(ﬁdnralaylétedagtavteys wsthn mheznaarlwesgbul Hese tivard

that catal yst;pgedpaQt R rAHNMAI Btk {RANT S0HSBa, AW ncHd ?@bépgesg?%}%

optional, rather t han necessary, and it is not onl'y distinct
but h|ghly p?@FérF@éntéoﬁeFﬁqy use mixtures of catalyst dispersed in

starter, recycled oli gomrcwec @mehlogm@rmgq;t)acﬁpbaﬁuaarca/ﬁzg}ymp@ia@éeror
in a non-starter ntro nt.o

O'her ot hod<SFEBERa AR Bees vRFRBRTEE s (URRERRLLYFoiTEREeR do o
activated catatgsagaaydnatxuxge%dtanhnfbmudwﬁqrtusenplammmgfﬁcxxnhted

activation reggloigepitls¢aal yaly BRA'hGhe A0H AL KHLLEH OYASELL 1LY
PCT/ EP97/ 0372¢elivered to the surge tank, and it is possible and

desirable that more than one batch be prepared and so
stored. In general, the rate of catalyst/starter
production is adjusted to maintain a supply of cata-
lyst/starter at all times. Most preferably, the surge tank
contains an amount of  catalyst/starter which is
considerably larger than the catalyst activation reactor
when such is used, as by mixing together several individual
batches, any batch to batch variation in catalyst activity
is minimized. It should be noted that catalyst need not be
activated prior to use. Activation is optional, rather
than necessary, and it is not only distinctly possible, but
highly preferred to merely use mixtures of catalyst
dispersed in starter, recycled ocligomeric or high (target)
molecular weight polyol, or in a non-starter liquid for
introduction into the reactor.

Other methods of catalyst activation are also
suitable. For example, activated catalyst may be prepared
continuously by employing staged activation reactors with
catalyst, starter, and alkylene oxide entering the first
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over f | ow Wra@as7tand i ntroduced into a second reactor. A tEkeE®ffozfyrom the
second reactor may be used to supply a third reactor, etc. Use of a
tubul ar reactor to provide catalyst activation is also possible.

However, it is preferable to enploy ong-or nore batch reactors together
with a |larger surge tank. In this manner, catalyst activation can

be Una”blgqﬂﬁ§é¥o¥eéha'ﬁikture removed1$6h§iﬂu&€§19n|P&H'é&%ég{%’ £imy,pyed
in catal yst %ivatlon may he sanp or_.a, djfferent star han used
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cat al yst/stmt@lyﬁtxtmwmmbaischaﬁ\soceB@SSpbler toHQWewage i bt a isur ge
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enployed 5%%$¥P%§£ﬁp%6 éﬂ Sﬂé 3 aﬁ&*%ﬁekgﬁgeng g@% erably

e, ene g Eropy
di - and tr.vg%%yﬁenelagqq&rm §W¥aﬁ b(?a@g‘ed The [Bier manneny s@
Wi t hout aCtadﬁivcﬂﬂlbﬁecﬁﬁtBéW&hamb’i @ﬁillsfl efbriyisd ously. The term

tart d h th tart t | y added t
the pr ocese as wel | ath8, RERESE .np‘ﬁre&u%e@%%?iéweﬁgxéﬁlzﬁ?;ify Yk
whi ]?h i 3 aAd:tidaaltﬁbfxemAp béretlsé asdme .oﬁm/\ﬂiae&fefettarsttfarftﬁmﬂah msled bef

Wi t s . er feature o
confused 11 BRRANGI] hattaL M Erign, o 1m,, shdALY SRS O

t he subject™1 nven :
the pol yethelepubancveight psedrtabinolecypbes i for FEXamp ke rtéthm davdaigyet her

product mayedhei ¢¥cbRE %&kjhtt@ tihe @ﬁ’éaﬂﬁbe B¢t i i £63£000 8ad 50! oyed
for catal yst "activation. I n preparatlon of a 40 Da

pol yoxpr opy?BAECRESt | H?ﬂ§V§6®OaBaa§V6Ptﬁﬁﬁ9Hﬁ tearure &?é&hﬁbsﬁpéﬁﬁFe
activated m@ﬂ:usbn origMayt et M e Wlttch f taeh il s teopr?&@
non-activated ¢ é t/start wll_ be seen,bagchl t|o does

not suffer Bpptett 9dwﬁ8ﬁa§¥§ﬁ4%ﬁﬁ¥ er m%ﬁ}%ﬁﬁ%g@ ¥, a proces

PCT/ EP97/ 03¥®2i/lor to storage in a surge tank, starters which generally

require long activation periods may be employed. For
example, ethylene glycol, propylene glycol, and preferably
di- and tripropylene glycols may be used. The latter may
also be used without activating the catalyst, as indicated
previously. The term "starter" as used herein pertains to
both starter continuously added to the process as well as
that portion of the activated catalyst/starter which is
attributable to the starter. However, "starter” should not
be confused with a catalyst/starter mixture.

A further feature of the subject invention, as
more fully set out below, is that a portion of the
polyether product, or preferably, a portion of intermediate
polyether product may be cycled back to the catalyst
activation reactor and employed for catalyst activation.
Thus, in the preparation of a 4000 Da polyoxpropylene diol,
the 4000 Da diol product may be used to prepare activated
catalyst, or may be mixed with fresh catalyst to prepare a
non-activated catalyst/starter mixture. As will be seen,
build ratio does not suffer appreciably when such high



-17- nol ecul ar wei ght starters are used in contradistinction to prior
art process‘@?%é?”é starter nolecular weight directly af f ecPCT/ER®/03027 d
ratio. Preferably, in the preparation of a 4000 Da diol, a 500-1000 Da

i ntermedi ate diol is renoved and used to prepare additional activated
catal yst/starter. However, | ow nol ecul arlixei ght starter may be used as
wel | . The al kyl ene oxi des useful in the present process

i ncl ude, but mozeonlali welightt Gtatteterreoxissd i oyrersdisokhd€ion to

oxetane, 1,2-_and_2, 3:butylen X] [ e iLde, epjchlorohydrin
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oxi de wi th high ethyl ene oxide content, i.e. up to about nol~ per cent,
may be used efREcuped| §:0 preparenadgitdonsl achidaked Atakywy/ewervarde

with ethyl eneggwbderQr 1800hbekculalkweedd toxicde teremakeber 18da Sshee11.
pol ymeri zabl e nononers naé %e used as wel |, %.g..an Kdrldes and ot her
mononers as  di scl osed TR% B18Y1ERE-RFiNGS useiys 1HothE REGSERS Brocess
3, 538, 043, whinblade,hbuei arenaotpdiatiskdito efetigritene oxide, propylene
present process.i;s unigue. .in that t Y y...d Ss cont.inu

but the procééglgﬁéoaﬁgkﬁQé% i'gan?&ﬁhS%éyéﬁﬁ#?%%ﬁgogggﬁ%ﬂeﬁégbu{&fgge
Conti nuous addkiden epichdtcaratordrtiakescytbekexnenpobydireal lgtiytdren afide,

initial startgn tREOGAYHS: ADOcPTONS doRi9hel® SHRR WPl 1E,,{ e alkylene

introduction of start at the reactor inlet alone.
exampl e, in tP¥igepor aft pSocgerReRaLlYduddesda@ble EbQt empledn Fekheno.

203,735, "stagkee hiond,Nbirdugett @tes Nefi pkBpyasnen oxGlde’ dil ethylene
catal yst/starter m Xt ure. Thﬁs starter .is ragldly oxgalkglate to hégher
mol ecul ar wei 9RE9Br BUERt BL9RNGERKLENGi PhiACaCOREPP Y| fe®- UP kP about

i ntroduction,moll percentecumayr be wesedit effetaively. cEropytlerid axideopsrt o

zero as nol ecIH_{Q{:u%'gggkcggiPkﬂﬁg W oy ildd GAMH W&f@ié* Qe Yr aiﬁ#t?%gw

oxide. As there’ s no c présence o concentrations o
mol ecul ar  welkhleseapxideoaretprefernedec Phenaiinesizakle ranpmers WO

9§g03571 may be used as well, e.g. anhyd%iﬁé%*&ﬂ&xﬁﬁﬁhr monomers as
disclosed in U.S. Patent Nos. 3,404,109, 5,145,883 and
3,538,043, which are herein incorporated by reference.

The present process is unique, in that not only
is the process continuous, but the process also involves
continuous addition of starter. Continuous addition of
starter takes place as polyoxyalkylation of initial starter
proceeds, and should not be confused with the introduction
of starter at the reactor inlet alone.

For example, in the prior art process as
disclosed in East German Patent No. 203,735, "starter” is
introduced at the inlet as an activated catalyst/starter
mixture. This starter is rapidly oxyalkylated to higher
molecular weight products, and thus within a short time
after introduction, low molecular weight starter
concentration drops to zero as molecular weight builds due
to continuous addition of alkylene oxide. As there is no
continued presence of minor concentrations of low molecular
weight starter or its low molecular weight oxyalkylated



ol i gonmers, not only does the build ratio suffer due to conplete addition
of start VORB/0B¥¥d reactor inlet, but noreover, the productpgsEmpsated to
have a high nolecular weight tail. This high nolecular weight fraction
may be responsible for the hazy appearance of these polyols.

Thus, the process as described in East_jgerman Patent No. 203,705 may be
described as a "plug flow' process. I'n such processes, the initially
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which is efféctive to reduce the proportion
PCT/ EP97/ 03%3F¥ter is input to the inlet of ajgplug flow continuous

reactor.

In contrast, the addition of starter in the
present case is continuous in the sense that a concen-
tration of low molecular weight starter and/or its low
molecular weight oxyalkylated oligomers is maintained for
a substantial portion of the total oxyalkylation. In a
tubular reactor, for example, starter may be introduced
separately at numerous points along the reactor, or
dissolved in alkylene oxide and introduced along the length
of the reactor. 1In a CSTR, starter is advantageously added
to alkylene oxide, and may be added at numerous locations
within the reactor. Low molecular weight starter need not
even be present in the catalyst/starter mixture, which may
employ a much higher molecular weight starter. By whatever
method added, low molecular weight starter should be
present for a substantial portion of oxyalkylation,
preferably for about 50% of oxyalkylation, more preferably
about 70% or more. Most preferably, a low molecular weight
starter concentration is maintained for a portion of the
oxyalkylation which is effective to reduce the proportion



of hi gh nol ight tail in the polyol product as conpared to a batch
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probl emati c on ase catal yzed oxyal kyl ati on_proceeds at substan-
tially the same rate fdit BaShalgpgbeandsurnrisipodyuiéscovanadt that the
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have any ef f BEEEGHY Shitgh ma in the prese
low molecular weight fraction severely reduces or
eliminates the high molecular weight tail discussed
earlier. Why this is so is unknown. It is believed that
despite the sluggishness exhibited by DMC catalysts when
activation is attempted wusing small molecules, e.g.
propylene glycol, glycerine, dipropylene glycol, etc., and
especially water, which may cause catalyst deactivation,
DMC catalysts, once activated, oxyalkylate lower molecular
weight species preferentially, i.e. are differential
polyoxyalkylation catalyst as that term is used herein.

Continuous introduction of starter is not useful

when employing traditional basic catalysts for several
reasons. First, the high molecular weight tail experienced
with DMC-catalyzed oxyalkylation is not experienced in
base-catalyzed oxyalkylation, where low molecular weight,
rather than high molecular weight, species are problematic.
Second, base catalyzed oxyalkylation proceeds at substan-
tially the same rate for both large and small molecules,
cannot preferentially oxyalkylate a lower molecular weight
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cont i nuoD\W8@asHiing starter, a broader and unaccept abl e nolremusnoyer ght
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del eterious effects on polydispersity, in US. Patent No. 5,114,619, a
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hydr oxi de catal yzed systemis used to reduce polyol unsaturation.
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di stinct atv@ntegecoméinubeslyetof Midtgmmweriawer unsaturation. Thus
far, moreover, continuous addition of water does not appear
to lower unsaturation when DMC catalysts are employed.

In the present process, it is desirable to have
a small concentration of starter present in the reaction
mixture at all times, although a final "cook out" to
facilitate complete reaction of alkylene oxide may be
performed without starter present. It has  been
surprisingly discovered that continuous addition of as
little as 1-2 equivalent percent of starter relative to
total product weight is effective to substantially
eliminate the high molecular weight tail common in DMC-
catalyzed polyethers. In a less preferred embodiment, the
continuously added starter is added during the initial
portion of the total oxyalkylation. However, despite the
continuous addition of this very significant, and in most
cases, major amount of low molecular weight starter, the
molecular weight distribution is not significantly
broadened and products of very low polydispersity are
easily obtained.
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The continuous process begins with establishing
oxyalkylation conditions in a continuous reactor. By the
phrase "establishing in a continuous reactor a first
portion of a DMC catalyst/initial starter mixture effective
to initiate polyoxyalkylation of said initial starter after
introduction of alkylene oxide into the continuous reactor"
is merely meant that oxyalkylation conditions are
established at some point in time. For example, an initial
establishing of oxyalkylation conditions does not need
repeating. Following establishment of oxyalkylation
conditions, only the addition of alkylene oxide,
continuously added starter, and further catalyst need be
maintained, and the claims should be interpreted with this
mode of operation in mind. Quite evidently, if
oxyalkylation conditions are not established, oxyalkylation
cannot take place.

Moreover, the term “starter’' as employed in the
phrase "DMC catalyst/initial starter” refers to an
oxyalkylatable molecule of any molecular weight. This
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nol ecul ar wei ght. The subj ect process may be further described
with reference to Figure 2, which illustrates schematically one

enbodi mrent of the subject invention. Cgptinuous reactor 21 is a pressure
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ro i ng
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active catBtgmtsurge fank rZh, en metmredhanmintbefncassdyst/sdranttes is

filtration; fYsduced into the reactor through line 27, while alkylene

oxide, together with additional starter is fed to the

reactor through line 29. The alkylene oxide/starter feed

may be propylene oxide containing 1.6 weight percent

propylene glycol or 0.5 weight percent water, for example.

Mixtures of starters, e.g. water, propylene glycol,

glycerine, sorbitol, etc. may be employed. All the

continuously added starter may be added in admixture with

the alkylene oxide, or the starter may be metered into the

reactor in a separate stream. When two or more starters

are used and one is not appreciably soluble in alkylene

oxide, it may be dissolved in another starter or an inert

solvent such as toluene and introduced separately into the

reactor. Fairly large proportions of continuously added

starter dissolved in solvent or alkylene oxide may be used.

For example, it is possible to use propylene oxide
containing 7-8 weight percent glycerine, or more.

From the reactor, the product polyol flows

through line 31 to filter 33 and from there through line 35
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second reactor may be used to fully "cook out" al kyl ene oxi de or may be
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al kyl ene oxides. If a significant anount -28- DMC-cat al yzed oxyal kyl ation is
to take place in the second reactor, it is preferable that starter al so be
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connected to ch other .with c ectar/addi tiqn/ m xer. devi ces 45.

schematic en?ggﬁgﬁgﬁtogF%%ﬁé t eaofﬁﬁgﬁgifa i%?%ﬂﬂﬁM?ﬁqﬁﬁhtﬁﬁﬁﬁﬁg?edIn
Fi gure 3b, atxgalkiydathen dsetopbakef phacehinptkeisesondacéactdvheitwhs! e
at 49 is the,i I e I.ge/ ter, mExiuce. 0, t 49a is_an
opti onal por?kgckf%g% iet ia‘%)llrf]é/%f ggacgi)iﬁfe_%gr%%ga l?yr%ér(]aé (%')%i dé?’é%,wz;rr%grcq-‘nqrxtg?e or
starter al onglimipate] he t potamMekabf H0Et afpPEMAtier, &fd aemd ikighe
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PCT/ EP97/ 037831vent, or finished polyol. If irert sdlhwemt aid GnipX®fed,
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m xi ng device or cofpenatdronimdwh provedes ifldusdfddtmdnby nibdigugeof2t he
has the advantages of simplicity with some degree of
flexibility. However, if block or block/random polyethers
are to be produced, at least two reactors must be used.
The process has a disadvantage in that large pressure
reactors are expensive and thus require significant capital
investment. A preferred embodiment of the subject
invention is illustrated in Figure 3a. In Figure 3a,
tubular reactor 41 is composed of non-reactive metal tubes
43 connected to each other with connector/addition/mixer
devices 45. A schematic enlargement of one type of device
45 is shown in Figure 3b. In Figure 3b, at 47, is the
inlet port from the previous reactor tube, while at 49 is
the inlet for alkylene oxide/starter mixture. Shown at 49a
is an optional port for addition of a different alkylene
oxide/starter mixture or starter alone. At 51 are the
vanes of a static mixer, and at 53 is the outlet to the
next tubular reactor section. Static mixers are well
known, and should provide adequate mixing so long as fluid
velocity is relatively high. Where mixing is inadequate,



pol yol stream and al kyl ene oxi de streans entering device 45 nmay be used.
It is, ofW@@BPE¥H! possible to separate device 45 into its pcanaheialy
conponents and insert these into the reaction path individually.

For example, alkylene oxide/starter addition nmay be sinply through the
side walls of the reactor tube with thg static or other mxers

I nterspersed at intervals. I'f fluid velocity is high enough to cause
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55a and ‘ﬁé’tn%%ipn nPEYY¥idgs: HECT s £TfR AiaNt aPixdRst 0<P1§ ithe t he

i ncreased mpyangstwamand A flgrleshe Redidders tiesatd anteidd @ertikay gBand,
are d|ff|c$gtL%o cool, effectively when considerable reaction heat 1is

gener at ed 6NC catal ysts such as those disclosed in U S. Patent
Nos. 5,470,813 and 5t48¢, 998 benrbeenpbasmbiedtbysebaramabdbwupe %6 cool

the react ofpsyf fgi %{dé{: ol Wiifoh e Nanfl! dBSYr PORSLL! Enkhr Qughput
The tubul ar reactor at e in a arger coo |ng vesse
holdlng\Mﬁ%ﬁc%ﬁonotEétheém44¥$ﬁ#4#1¥4U|d Forat ceXayppibe , pr adkydeneay be
used, for &xpa®)etatieat Q&d‘fﬁﬂéﬁ%é‘?%é’%ﬂ% k¥ TR che %&%@%&Q&suse in

ot her proce ESSE‘ or for owerygener ure 3a, an

initial, &d TEAGHOT | FUPPstWiEEr Tt FEREEC p/Upatdath BAXRFS i on
reactor S7interspefsededt oinuegeallank 5% f hfoudh | veBobityands whghmately

flows thro 63 to the firs C- tor/nlxer devi ce 45. I n
this ni xeému?% AcFRYEPe TPy {?/W?QM xing devices may be
PCT/EP97/o$ﬂQgensed with. Alternatively, the:&hterrata#gilssbﬁreheis

hrough 11T Be ot e 1o 0"y, Penao el ey P iy
oxi de/ st ark@ffies. tﬁ%crenﬁ?nPﬁ@VhﬁﬁlﬁQed§9F€§§aI¥ mgeing -ot her p0|nts al ong
the tubul ar reactor @hedtadussed.reactors 43 may be air cooled, but
are preferably surrounded by a cooling jacket. One such
jacket is shown at 55, with cooling fluid inlet 55a and
outlet 55b. An advantage to the use of tubular reactors is
the increased cooling capacity offered. Reactor vessels,
on the other hand, are difficult to cool effectively when
considerable reaction heat is generated. Use of DMC
catalysts such as those disclosed in U.S. Patent Nos.
5,470,813 and 5,482,908 has been hampered by the inability
to cool the reactor sufficiently to provide for the highest
possible throughput. The <tubular reactor may also be
located within a larger cooling vessel holding water or
other heat transfer fluid. Water under pressure may be
used, for example. Heat generated may be used to prepare
steam for use in other processes or for power generation.
In Figure 3a, an initial, activated cata-
lyst/starter mixture is prepared in activation reactor 57,
transferred to surge tank 59 through 1line 61, and
ultimately flows through 1line 63 to the first connec-
tor/mixer device 45. In this mixer, the activated
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inlet. Alternatively, the activation reactor may be
eliminated in its entirety and the intermediate product
takeoff routed directly to surge tank 59, into which inlet
for fresh catalyst is also directed. Although line 46 and
valve 44 are shown at an intermediate position along the
tubular reactor, product takeoff may also be from the end
of the reactor or from storage tank 37. Takeoff may be
continuous or intermittent.

Following contact of activated catalyst/starter
and alkylene oxide/starter in the first portion of the
tubular reactor, oxyalkylation occurs rapidly, consuming
alkylene oxide and building polyol weight. The starter
introduced with the alkylene oxide is oxyalkylated also,
but at a higher rate, so that by the time the entire length
of reactor |has been traversed, polydispersity is
surprisingly low. Additional alkylene oxide/starter
mixture enters at multitudinous points along the reactor
path and are rapidly consumed. Subsegquent injections of
alkylene oxide/starter may employ the same alkylene
oxide(s) and/or Starter(s) or different ones. While a



and bl ock/random pol yet her pol yols may be prepared. It is
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product i sy bl hlor &ONLLBUINE" ¥ dd'2kab81PsLS SSRANPIEISn.  Product
properties, as one might expect, tend to be erratic also.
However, the present invention enables such low molecular
weight starters to be routinely used, even for the initial
start-up. Product cost is reduced as a result, and product
guality increased.

The term *"continuous" as used herein may be
defined as a mode of addition of a relevant catalyst or
reactant in such manner so as to maintain an effective
concentration of the catalyst or reactant substantially
continuously. Catalyst input, for example, may be truly
continuous, or may be in relatively closely spaced
increments. Likewise, continuous starter addition may be
truly continuous, or may be incremental. It would not
detract from the present process to incrementally add a
catalyst or reactant in such a manner that the added
materials concentration decreases to essentially zero for
some time prior to the next incremental addition. However,
it is preferably that catalyst concentration be maintained
at substantially.the same level during the majority of the



It is feasi exanple, to provide a recycle |loop where a portion of
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snoot hi ng out any discontinuities brought about by increnental additions.
Per haps the greatest benefit of the subject invention process may be
illustrated with reference to Figure 4..27%.n Figure 4, the reactor 71 nay
be a CSTR, tubular reactor, or other continuous reactor having inlet
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fed into reactor fee inlets 81. AS e_ activated catali/st/st rter,
to polyol storage tank 79. Reactor 1inlets 8 supply
alkylene oxide and starter to the reactor. At 83 is a

takeoff line whose flow is governed by valve 85. In this
case, the takeoff is positioned near the middle of the
reactor path, although it 1is possible to position the
takeoff nearer the inlet 73, outlet 77, or even from the
polyol storage tank 79. The takeoff line supplies polyol
to catalyst/starter activation vessel B87. Vessel 87 is
also equipped with inlets or charging ports 8%, for
alkylene oxide, and 91, for DMC catalyst. An outlet line
93 connects the catalyst/starter activation vessel with the
activated catalyst/starter surge tank. As was the case
with Figure 3a, the catalyst activation vessel may be dis-
pensed with when non-activated catalyst is used.

In operation, the reactor is initially filled
with pre-prepared polyol or inert solvent, or in some
instances, may be started "dry." Activated cata-
lyst/starter, e.g. a 900 Da molecular weight oxypropylated
glycerine polyol mixed with DMC-catalyst and activated with
propylene oxide as described hereafter, flows from surge
tank 75 to reactor 71. The reactor is heated to a suitable



propyl ene oxide, and additional starter flow through the reactor, the

pol yoxyalwolssaiossm | ncreases the nol ecul ar wei ght of the st ayrctmfpgm},ﬁeul es
to produce a pol yoxy- propylene triol, which exits the reactor into polyol
storage tank 79. The final reactor feed 8la may contain starter as well,
but is preferably all propylene oxide, a m xture of propyl ene oxide and
anot her al kyl ene oxide, e.g. ethylene %% de, or a mxture of a hi gher

al kyl ene oxi de ot her than propyl ene oxi de and anot her al kyl ene oxi de.

The' t akeofoXygBLk¥l afiemt HEBBESPFUFEC difedt b otianghe ofhi4Qf G oct@nd8RAALE t he

llength of ;;ﬁ@féle@&iprvo% 5] fm@tberbeCéscaagléycanahatmixehakeghf ool yol "
of inter- nedlq e nDIec ar wei S rfnnved e. reactor.

F
exanpl e, | &R Q&ﬂﬁﬂﬁ ¥??5+n$r65u edt+ﬁ¢?nF6PﬁE8Fate
"t akeof f mge,wl "irtmcyt@dvam ageaus| ythaveaetivheed| acavel gbt /etabeeygen 900

Tt o cat aRFRABEEeRS cpxaBey A R eais i OFE7 bk arsBR how. tEroudhIBRECCY,
al kyl ene meattaidedthet polyloxyadiktlattion docirestses. thlee molecvaled

catal yst/ eyl Wedl vhe Waledd O Wdie e LankodBafar |t gglgaggoduction'

I nto reactor wever, the 't at the
out | et OPR%¥%t drrighus WGk | gt % " thiee- F‘Pcﬁ@lryoﬂntWhOEQlYﬁ’él ecul ar

we: g[lt It ﬁ ﬁ&gsa@@ttfahkymhat ﬂ{etiasamallnLc&éa@dor|0{f@(<1;teuctss1aormayyc:aﬁtasfx[1 t he
I nle us e or ve | ecu urpri sin e
process ?ﬁg %ieVﬁiid &PFh Hfﬁggﬁ %ﬁ%ﬁgh% e%? ﬂ%bﬁ%r

mol ecul ar mi/seutgi“é of ép’ﬁcqj’yleﬂ‘é)rm{]iﬁie @and rawamleecauaylmlegbm%aréeg

nol ecul es

tarcor. e BRSeR n, 1 nikngl SF aThEShare abfrigE oPEE

inteﬂﬁtténtherlthﬁn propy 68/ 685dé and another alkvlene oxide.

PCT/ EP97/ 03727 The takeoff 83 is advantag%%uslf“ﬁégyléf ab&quVIng
only enough polyol to prepare the next_batch of  activated cataly

Thus, the QftERdTd 580 m%‘d‘%hfa%/%‘?’éﬁ%r°§ayt%v§ﬁf=‘§§*86usl‘3/r uéé a
" presynt heficugter stacheionDl Atk e+tRht a "takeoff polyol" of inter-

mediate molecular weight is removed from the reactor. For
example, for a 6000 Da molecular weight triol product, the
intermediate "takeoff polyol" may advantageously have a
molecular weight of between 900 Da and 2000 Da. The
intermediate, "takeoff polyol” is introduced into
catalyst/starter activation reactor 87, fresh DMC catalyst
added, and alkylene oxide added until the catalyst is
activated. The activated catalyst/starter mixture then
flows to surge tank 75 for later introduction into reactor
inlet 73.

However, the take-off may also be at the outlet
of the reactor, thus recycling a "take-off polyol" whose
molecular weight is substantially that of the finished
product, or may be near the inlet, thus being of very low
molecular weight. Surprisingly, the process may be
operated without use of any oligomeric or higher molecular
weight starter. Monomeric, low molecular weight starter
molecules, e.g., the same molecules as wused for
continuously added starter, may be added in lieu of
recycle. The take-off may also be intermittent, 1i.e.



noder at e nn{a?w(ﬁg-,v\el ght, i.e. a potassium hydroxide catal yzed
oxypropyl at e ycerl ne starter fromwhich traces of basic ca?Sif&Fé’W/wy

scrupul ously renoved. However, once the process begins, the process
generates its own noderate nDIecuIar wei ght starter nolecules by the
oxyal kyl ati on of the glycerine co-fed wiph.al kyl ene oxide. Thus, over tine,
the build ratio of the process approaches the ratio of product nol ecul ar

vei ght to | owJed8eus ] » Weiehidhy i r&ﬁiy”@rﬁﬁ&r@r w ght &ye r%ﬁ?e the
moderate to hi gh .nol ecul ar wei ght™ st ar 'S eS|re for ca
activation. Ne¥oPa&ShPE achiVAEeHr S8EELYSH-of a 6000 Da nol ecul ar wei ght

glycerine initiated trTﬁ&s tﬁﬁb'ﬂh&ﬁﬂ&ﬂ}*&ﬁﬂiﬁdﬂéﬂ dﬂﬂdﬂ&éﬁﬁdﬁhféér'may
Merr]/Mer 4 t6000 a batch process,
begi nni ng Wit ATV %dusgoé Dé’:ﬁsgﬂté}?%’aﬁ%‘? "Pt?ﬁ-'?(?ﬁr goleguls,iqf

ratio wll meodtitda/ntilledinl ar 6. wiyight, t he.aubjaecbptca@rstmmuouydﬁrdaﬁw

assum ng 10 | t hour. in which

t he anmount %sa%%%%yﬁ%f}‘ﬁ@rep %%&\E/j\nef%ﬁ%e y pr%(frtfsoétb M&r AF&ES ved

fromthe prefutasicaatakyst a%s%lmngupQDOUKgYpDEylgtreds pHoweved, tmeebuil d
ratio i s appHXigrdcdys e s¥ieE, (Ehe ﬁfﬂ@eggrbeﬂeratgﬁeieg ol Mg el ag Next

nine hours, nq new 900 Da starter is introduced process now

supplies i t SRGELkEF t"é?lgh%ts*i%'engI“‘B%?BF-Pﬁth Bh?pG%‘YalBYAaK(}O@ wderi ne

will be contanwmycsemrtwtc@ﬂaw Wﬂﬂl‘h atlfkg;l%d@ﬂoea@éw d‘ﬁusTh%ezafttlﬁfe two
hour s runni q__gi gdstarter Wil | 118 t ot %kmgf produced
2400 Kg, for r &35 Dr ©50. %he APFBFefén %ac &t al ©c&fsuned

will be roug:h:lqdumﬂ HglecOlar( ¥ei4ghtg)te 266 Kgplemud apolwelghut pwar\MelrI be
12, 000 Kg, ti,8;8h4 2 f
the bui |4 r ST 4P pRidhs {evan, ¢hbE) ° pORMESCS OO PHS1RRGARY T

runni ng, th&asghtd sharsedwi IJ-Is desipgdogog3gvatalyst activation. For

PCT/ EP97/ 03 &%am le 1n the roductlon of a 6890 nabqn&fé&lé?é%@&a
theoretical, _an [ have been produced, cons

only 100 Kg 93885 %‘a l%géiﬁ?ﬁr t\ﬁéﬁm he ¢ paxiTugy t"é’reorrﬁibP-c.La%Z!?uKéd

glycerine. ratio is MPEYQ,VMQQJQ},LndEUGODOODGSSQSaf&I’ 6B\V2 .cat al yzed

oxyalkylation, the "cqpfinyous Pulld d&] GedBinPEq ¢ LN activated,
900 Da starter/catalyst mixture, the build ratio will be
6000 Da/900 Da = 6.67. In the subject, continuous process,
assuming 100 Kg catalyst/starter is used during the first
hour, in which the amount used is completely replaced with
newly produced starter derived from the product itself, and
assuming 1200 Kg polyol is produced, the build ratio is
approximately 12 over this time period. However, during
the next nine hours, no new 3800 Da starter is introduced,
as the process now supplies its own starter. At 1200 Kg
polyol/hour output, 18.4 Kg glycerine will be continuously
input along with the alkylene oxide. Thus, after two hours
running, total starter will be c.a. 118 Kg, and total
polyol produced 2400 Kg, for a build ratio of 20.3. After
ten hours, total starter consumed will be roughly 100 Kg +
9 x (18.4 Kg) = 265 Kg, and polyol output will be 12,000
Kg, a build ratio of 45.2. After 24 hours of continuous
operation, the build ratio will already be 53.1, 81% of
theoretical. After 3 days of running, the build ratio will



as the quotient of the "actual build ratio" and the "theoretical build
ratio." WWe9smisepretical build ratio" is the ratio of nunpegrrypiaoe

pol yol product nolecular weight to "idealized starter"™ nolecular

wei ght . The "idealized starter” is the residue which would remain after
al | oxyal kyl ene noieties are stripped 3 ay fromthe product nolecules

| eaving a nol ecule with no remaini ng oXyal kyl ene noi eti es. For exanpl e,

L d :
where (A 9 rebreseast 8 EReorERisAlmans ot W KayoBerolels Hitlor

di fferent hare rbereeprgsednmam i nbem:mlgrgeabaa.y thao Ikgwo£h ooy ba the
Safe or(ﬁdf %] ar we gﬂ¥e£§9€§a14866§%§r 2%§?§h§#§éé) fopyl ene -

group, t hdIPY pol yor?7s a ¢c.a. "6 yoxypropy *Renovi ng
all the (A— O gr oupsFﬁmuI doatinveust tnmcas@@aﬂ i Zzak  sPMEt er:ﬁta@hryedrl ne.

The sams*Oxy gyk kyLad foe mép%sﬂtmuoeéyshma&aeszog' HEg! beede%nga

further I"at1 ng a previously oxyal :gqycerl e olirgoner. Both
net hods &S p clangtieatsupfecthpol y%‘l—‘t%hl (P'-Sl-"r d Batda’amand | B8l i zed

starter” r-@éﬂwréﬂ?&lai hsuglar ﬁsaruml-ch e 'CEHEGHEEIcAD sbmaCkhwb@d
cat al yst/star{:{«;:;s e a.900 Da
1

gl yceri ne-ithi (,;d“)gltjc{? 3F . "Buflber | g‘r’erggﬁla%ltoéé’ lga%g‘?%? h% RGULRE

structure weightD 3 0353dealized starter" molecular weight PCT/ ERe7/ 03727
- 31- [e”']idealized starter” is the residue which would remain after
all oxyalkylene moieties are stripped away from the product
molecules leaving a molecule with no remaining oxyalkylene
moieties. For example, consider a polyol having the

structure:

clznz—-o-eA-o-);- H
ClZH--O—(-A-—O—)r H : I
CH—~O+A~OJ—H

where (A-O) represents an oxyalkylene moiety which may be
the same or different, and n represents an integer greater
than 1, which may be the same or different. If n averages
40, and (A-0O) represents an oxypropylene group, then the
polyol is a c.a. 6000 Da polyoxypropylene triol. Removing
all the (A~0) groups would arrive at the "idealized
starter," glycerine. The same polyol could be prepared by
oxyalkylating glycerine, or by further oxyalkylating a
previously oxyalkylated glycerine oligomer. Both methods
of producing the subject polyol would yield the same
"idealized starter" rather than the starter which 1is
contained in the activated catalyst/starter mixture, which,
for the latter case, might be a 900 Da glycerine-initiated
triol.
Likewise, a polyol having the structure



and havi ng wo4808s#4pa nol ecul ar wei ght woul d have propyl ene gl
"idealized starter"” regardl ess of whether the actual starter y‘?@é”ﬁf"-"ﬁ? t he

activated catal yst/starter m xture used in the synthesis were propyl ene

gl ycol, dipropyl ene glycol, tripropyleneﬁggycol, or a 1000 Da

pol yoxypr opyl ene gl ycol . The t retical build ratio for a 6000
Da triol having the generalized structure I is thus 65.2, while a 10,000 Da
triol having the sane generalized structure would have a theoretical build

ratio of 108.7. For a 2000 dIO| ing the &seralized structure |

the theoretical build ratjo is 26.3 ile a 10, 000 Da nol ecul ar melght
di-ol of the sane generalﬁ&éﬂa‘qﬁTﬁﬁiﬁQrQ#T¢HiﬁR&?ﬂrﬂ?ﬁedP&ﬁlcal build T&htio
of 131.6. The "actual build ratio” is determ ned by dividing the

wei ght of poanyadl havbdych pooduoadmbnethaas:umequnttherdualcghiasré)f :%dﬂf&f?éi c

starter adde h vat ed cal talyst/sta ture 1" t he
wei ght of st grilﬁpu % al%gc% 5%% %%leﬁ?%ré e%i%r‘?ééﬂlqt?w the
process, amﬁ@t@ahesghmtﬂrrmwmsmmt01ataﬁenaeub@hted datialy sty Haeas s .
AT St ol B RO S Ml 0 e

initially supplied,_and 10 noneric s
during the EePYienfie Pk i rQﬁiPIQRYLRn#(ﬂQkaQkxﬂ'owelghthom& 800

Kg. If 66, 0f$bXgo BobP08nPaghobyixyal kyl ene triol is produced during the
run, the actual Sﬁ% igtlo w?l? agf 00Q Kg [err] _1100 or 60. The

"continuous build rati6?® FH?°F§FP€ qaﬂﬂﬁﬂr%ﬁﬁ9c¢?ﬁiﬁosgbg)DﬁotriOI

t heoreti cal l'kmrizdg raheo g(e@tér%ﬁlcz"ecn tyecture rdesl iRtk s§@rder wh8Qa0 a
i.ld rati os of qr.eater than' 0. 70 are

triol), mnll (%% uQus b
preferred, m)r e pr efera &aeva?trbgr B FageggencEetiged stanstame wodsk er
t han 0.90, d&@Venat tlhle@fra‘talﬂ%l ibuihd rabge «ff QL®S.T0 <Fbr0Qa Eoot)l M&OUS

build rati ogi¥1 na 9860
PCT/ EP97/ 03157 V1HE) %éﬁkrallzed struc%gfe I%hethenﬁaﬁP aﬁave

not previ ousiYt Ybeh2hdRi dved?§ n3 anyhidentd niBulP9, Q@W@Q&RQH&@Edwexght
pol yoxyal kyldidIon off 0C186. same generdlifedesstpheigbeedyepodpgeat gf the

subj ect theoretical build ratio of 131.6.

The "actual build ratio" is determined by
dividing the weight of polyol product produced by the sum
of the weights of oligomeric starter added in the initial
activated catalyst/starter mixture, i.e. the weight of
starter input to, as opposed to having been derived from,
the process, and the weight of monomeric starter supplied
during the process. For example, where 100 Kg of activated
catalyst/starter mixture is initially supplied, and 1000 Kg
of monomeric starter, i.e. glycerine, added during the
course of the product run, the sum of starter weights is
1100 Kg. 1If 66,000 Kg of a 6000 Da polyoxyalkylene triol
is produced during the run, the actual build ratio will be
66,000 Kg + 1100 Kg, or 60. The Jcontinuous build ratio,"
the ratio of actual build ratio (60) to theoretical build
ratio (65.2 for a glycerine idealized starter, 6000 Da
triol), will be 0.92. Continuous build ratios of greater
than 0.70 are preferred, more preferably greater than 0.80,
yet more preferably greater than 0.90, and most preferably
in the range of 0.95 to < 1.00. Continuous build ratios of



I nvention, the continuously added starter is added in but one or a
smal | nUWESBO3PR  addition ports during substantially tHE/ERSTI08T
portion of total reactor resi- dence tine. For exanple, in a tubular
reactor where activated catalyst/starter is supplied to an inlet and
al kyl ene oxi de supplied along the |engig3_of the reactor, one or a small
nunber of starter addition ports |ocated along the first one-third or

one- hal f ofnbbe hAAHitadBY natPMde %Lﬁ%bsuggr bekn RIHRIAR Yip ity ed

wi th al kyl ene oxi I'n suc case product may contai e sone

very high mnééuuaps\ky,gwcm@ngdw@mw&n@twn Bré¢ess.int roduced

over the last two-thighds, Ojegge ﬂlaéfef&fedt%&bdlh\%ﬂtdeé‘feth@ '&ab3j wever,
the anount of _ high _nolecular weight fraction wll be conmdera%

r educed aslngﬁﬁﬁ&Pé‘d ey GRtdddwe caddedeftarsPreds fddpsbdin PHE t he
process W bheal ssx exlai bi sma&l MuChutib@ier 6fi | daddiitiion t hpbraspr abessngher e

total start | t .of th i yat ed cat al tart
mxcure. - abstant BT Pos PRDCRR et £ P RN SRR 2T L her
under standdegceantmeobt ame'd eéyampile;ente t teobulaimn spactbrc wixerel es
whi ch are B&g%ﬁ%@dheééta%#’{/s%?a{: gges; of o E?Ligtefdat £8N A ¥ n2BE aLfq not

i ntended to ess ot erwi se sp
Exanpl e | alkylene oxide suppligd| ?épﬂgt é?h%rl%ﬂbapifoﬁ‘-he reactor, A

one Ilter ofibl rdzedar aaﬁthr ndﬁéﬁabgeét\az@ar paaa%wﬁow&@.e iéé&ée& 700 Da
@arter %’r_gnd dougl e rret aI %n d€ g%ex cat 0. 057q,

100 ppm I@ erg; r’f’hﬁ 4 BBFYH P Frrr&? ted to

105[ err] C, sapgliys =1t |f)lpedsuadeér\;acpnarﬁémabma&mmeaces.tmfam:eéné rom

thetrlol er. rea [ [ es S ' e 0 vacuu about

30 in. ?&@g%d In g€§p9§/%%§%1 Hhé ﬁgifﬁi pf%%&@é ﬁg§ cSht/AY égég

PCT/ EP97/ 0s22zy high molecular weight product- 3gnce propyesnes i ter

(10-119) 12134880300 ORRRY LWL the 1M SRANIEL AL oD oA SRR LE SE eSSUre
total residence time. However, the amount of high
molecular weight fraction will be considerably reduced as
compared to a process where no new starter is added, and
the process will also exhibit a much higher build ratio
than a process where total starter is supplied as a
component of the activated catalyst/starter mixture.

Having generally described this invention, a
further understanding can be obtained by reference to
certain specific examples which are provided herein for
purposes of illustration only and are not intended to be

limiting unless otherwise specified.

Example 1
Catalyst{Starter Activation

A one-liter stirred reactor is charged with
polyoxypropylene triol (700 Da mol. wt.) starter (70g) and
double metal cyanide complex catalyst (0.057g, 100 ppm
level in finished polyol). The mixture is stirred and
heated to 105°C, and is stripped under vacuum to remove
traces of water from the triocl starter. The reactor
pressure is adjuéted to a vacuum of about 30 in. (Hg), and



catalyst h d@m ctivated. The activated cat al yst/starter

m xture |sal§f 57 such or is transferred to a surge tank, p’r’gf 327
through a dedicated connection |ine to avoid contam nation. A dry
nitrogen or inert gas blanket is maintained in the surge tank to prevent
catal yst contami nation and/ or deactivati e¥- Suitable catalysts are those
described in U S. Patent Nos. 5,470,813 and 5, 482, 908. Unl ess
speci fi ed ot hrrpydene hoxidem (30atlg)"” bs wskikd nihheoﬁéaigmr&MudesAt he
use of a plu f i ent Lt.er Lhed starter

I ncl udes, gefr}glrtat:)éa%]'e &f;@é rl k@g{cgp?ergg%%%ﬁ%gd%g c%%%oa—, t ?hFhe
initially e§F§BP~V§ﬁe@aSa&elei’at3&i'—lm%ﬂlyst/st arter m xture, subsequently

added activated catal yatfe’ hethhated batiadlystisth iy H&:&Q& Ed as

different from S\he agti vat ed cat alqyst/ initial" starter; COI’I?I nuousl y

added" start8HChj OF 1shEransferry tﬁért%ﬁ%l%e@‘ﬁﬁ%@hlhmcmhever

source deri vaddeab.claieelxmhe@ttﬂaﬂ lfJ.Qié @ Hrod 3&61“Pam1né@i/.¢51'1 al"a dry
starter, a co onentng’ he ,aciivated catal Lyst initial

es
starter, wl {11§§89&Py FectPoit i B28 eé:nd"% Fripbelpedpiasdiie i g
t ot al st artetahhrtomrmmtlct@/tmlysit omntamlmla;tim arB:y/cb:heiéé&tnﬁvatlon.

"cont i nuous| g itaB9at EQQQE?EG s%%lst 3 cfésjﬁﬁ- beerc{rs i % rgaa;g *fqqu.ﬁe

addi tion mhlc resu ts in a Y cont] Kuous pres
species in gBed7PoR13A881d: Pod82aP0Pe truly continuous or may be in spaced

' ncrements which achi eyglsdlsspatizliby bhRes@diBe’,e8Hb! terﬁ’y"é@&r{:@fmas

"continuous reagtor” is neant. any .reactor configlration enploying
conti nuous tBREEf fithf thRodkAiMS s iaglvsdes okhe y’ﬁﬁnd@fstaboﬂlbyaﬂhﬁye afr sed

in reactor t@ﬁbﬁélrég}t starters. TmthO*d&mm@%@ns'a e dddLr

fank react or Seeethy 1 “En: RafBiape: SbnetaE PRl ea"a g cmpanant 'of °
PCT/ EP97/ 037ge initially established actBvateddi ffaraditstalstarter
pol yoxyal kylgf {efreat & yequ epaLRle deed, J:é@e at%tl Gl v Wer e
enpl oyed, one for mdnomer %ﬁgq' ne OX|dé§ andaone tgi éyﬁ é%
each havi ng starter which may be the same or dlfferent from the
activated catalyst/"initial" starter; and “"continuously
added" starter, i.e. the sum of all starter molecules
present from whatever source derived. It is expected that
following startup, "initial" starter, present as a
component of the activated catalyst/initial starter, will
rapidly decline in amount, and will not be present in the
total starter for the majority of a continuous run. By the
terms "continuously", "continuously adding" and like terms
is meant a mode of addition which results in the
substantially continuous presence of the species in
guestion. Addition may be truly continuous or may be in
spaced increments which achieve substantially the same
result. By the term "continuous reactor" is meant any
reactor configuration employing continuous takeoff of
product, as conventionally understood by those wversed in
reactor technology.
In the following Examples, a one liter stainless
steel autoclave was modified to operate as a continuous
stirred tank reactor (CSTR) to synthesize polyols using a



separate punp and inlet to the reactor. The heat of reaction of the

exot her MmeOP8P3Tkyal kyl ation i s renoved by an internal co®dmEpseei? A

| evel control, connected to a punp, is used to a nmaintain a constant

residence tine in the reactor. The outlet of the reactor is punped into a

second vessel where any residual nonongg. is stripped prior to analysis.

A series of continuous process runs were conducted using this reactor

system as The

appar at s ProLoEEnrial Ralypeyarkylaripn GapalyEEe D Sepsrptg, feed

polyoxypni%m%ﬂekﬂﬁﬂ the npeeaterf c&gre t #mplioyechar ged wfoh moompiesne

oxi de _cont ) - pfle e Coxlah! anAChRENoR! BBYLENELILYERes T feed -
?A g B I? ta fa yets elga té% eClﬂaJar Qi ght

consists o pm DMC cat al yst dispersed in a
pol yoxypr o‘fﬁﬂ’%ﬁ%tﬂl RUNR d&NFr P 1BE| £ ntEeseﬁ‘Pa‘-'t‘B’ét ch Thgctheatsiafy DMVC
catal ysts. reérael&ﬁTafrenéteﬁotﬁerﬁxnesbowamdkwtahlampﬁgx irdMcRied B30 of

the total 1000 diol/catalyst te An initial
charge of #o gnﬁ%a%xFangggaaaég]toxtﬁEVFgaEPB$ g'ngPPfcﬁﬁﬁ &Y &
activity. pumppl h.smmsged cdanfarmaintaint Ratcorndtantcatas yjdéntce agdmeven

nonomer a a ee t e i ] r and
cat al yst 1%%5 héé%h C%F%j%%f%ﬁe ?e\%llte g"or# cI’IQturnélgmﬂg‘gg 'IBE rates
are adj usIeeoRrd vesselnwhera any residhadt @oneBededse Stirdpped prior
reactor. The hakhYsdfs.St anl efef PEOPYHENCMH YAROUP! l;s%ocle%%o Pandi Qleed O

nmonomer (pro Iene oxide) 1s adjusted to produce a
ponoxyprdﬁ?& %%tﬂﬂoPsﬁFSdEBﬁs TeACHOr SyiStieRy asutt qq%?%@%ten1for 9
residence tinmes at 130[err]C, a 4000 Da diol is produced with the

foll owi ng properties: hydroxyl nu r =hg§, viscosity = 980 cPs,

pol ydi spersity = 1.12, and unsatur 0. 0046 meq/ g. WO 98/ 03571
EST/EF97/03727 The apparatus prev1o%sly dé%brlbed is utﬁllZEd to

anpl e ane reac syst.e condi ti ons
Lo ot (BESPRES| BoABD] | SALECRYBEAY SeBRAriOd o A SROPRBFL4E6S e

nol ecul ar wemights pchyaoygdrepyhepeogydlenesoxide conta:.n:.ng 0.6 weight
percent propylene glycol. The catalyst feed consists of
180 ppm DMC catalyst dispersed in a 1000 Da molecular
weight polyoxypropylene diol made previously in a semi-
batch reactor using DMC catalysts. The CSTR reactor is
first charged with approximately 10% of the total 1000 Da
diol/catalyst mixture, and heated to 130°C. An initial
charge of propylene oxide is added to the reactor to verify
catalyst activity. Following confirmation <that the
catalyst is active, monomer and catalyst feed pumps are
started, introducing the monomer and catalyst feeds to the
CSTR, and the level control turned on. Feed rates are
adjusted so as to maintain a 100 minute residence time in
the reactor. The ratio of starter (propylene glycol plus
1000 Da diol) to monomer (propylene oxide) is adjusted to
produce a 4000 Da polyoxypropylene diol product. After
lining out the system for 9 residence times at 130°C, a
4000 Da diol is produced with the following properties:
hydroxyl number = 28, viscosity = 980 cPs, polydispersity
= 1.12, and unsaturation = 0.0046 meqg/g.



synt hesi zedy & QQH catal yst preactivation. A 1000 Da poI %?’/%3%}33” ene
u

di ol synthesi ze sing conventional KOH catalysts replaces t
catal yzed 1000 Da diol of the prior exanple. Prior to introduction into
the reactor, traces of KOH catalyst are renoved by traditional polyol
purification nethods so as to avoid pois8ding the DMC catalyst. To this
1000 Da pol yoxypropyl ene diol is added 180 ppmfresh, i.e. non-activated,
DMC catalyst as a slurry. The reacExampleds are turned on w t hout any
activation procedure atgd.the stemlined out for residence tinmes. The
e

resul ting 4000 Da nol ettt3? WetHhts 2ol §8§§§P€py?¥ﬁ§eﬂl AN a SN tignsowi ng
properties: (t{ampmg{tureuntmsn.denceﬂti’me)Vldie?@csrilsled in EidmpXds.2,

| ydi { 1 t t 005
71 Ut at es Tosnecf0d Ba Apdedilla i che’ %%ﬂ??xﬁrpgy@saﬁaé?%mut
cat al yst actsyrdtiesized without catalyst preacExaarph.en4 A 1000 Ws ng
ol yoxypr op i AN B B SEY FEEe P AReRESTRbAThahe o BY EntiehaTar Ol
produced i n R&EAHIES. repiaaesyfdist iRME eqamusadauwo (DB0dpph) offs the
slurried in ﬁ%ﬂOQQaﬂﬁlé' ol ppdotrheg aih@r@&u@ﬁ?@ﬁ' eﬂ&d)xtﬁ’@ E%a%tt%rzi er

(propyl ene col justed to conpensate for fact that th

di ol has begrgal“@pil) a‘Bg P‘Fatti‘?elﬂﬁfooa’c’ﬁ JFS‘PveﬁhebléyEF%ﬁ%Fé°Bﬁér§Péd’°&t
1|3|0[ err]C amﬁﬂmdaﬁ%mnmﬂhd& Vb &GSL rwﬂdseoﬁﬁnupas?b?iaﬁ thaupee I n
all cases, 4 [ roduced with t ol,lo

properties: %a%p?ryg%%.l 'g%bgs g ggo ?t:c%qultxp bg%“%PélC’yongPéﬁl&Pm ty
= 1.12, andlBtsappmat Evesk,0. D065 nmp&gacf[hvatedanpﬂmm |datsdYpdtes dshata t he

product of the, QLI NUBlE AEOEEES: Tedifs CHROYEArhRS ML OUGSINE any WO

98/ 03571
-36-  cat alAgRivatiey \wrersduzsy andstthr i @Ysé—‘:%cthdwcbr eddct £arol Scul ar

wei ght or pQ"e)&d%HﬁiélﬁYmeJhe Ut OfedhBLPROUYOLO NN VRb14Eul At SwRRBRARM MY
be ternmed a "heel " proce
polyoxypropy ene dicl has the following properties:
hydroxyl number = 27.2, viscosity = 1011 cPs,
polydispersity = 1.12, and unsaturation = 0.0052 meg/g.
This example illustrates that the process of the subject

invention is operable without catalyst activation.

Example 4

Using the same reactor system and conditions
described in Example 2, the 1000 Da polyoxypropylene diol
is replaced with a 4000 Da polyoxypropylene diol produced
in Example 3. Fresh, unactivated DMC catalyst (180 ppm) is
slurried in the 4000 Da diol and the ratio of propylene
oxide to starter (propylene glycol) adjusted to compensate
for the fact that the 1000 Da diol has been replaced with
the 4000 Da diol. The system is operated at 130°C and the
residence time varies from 50 minutes to 315 minutes. In
all cases, a nominal 4000 Da diol is produced with the
following properties: hydroxyl number = 28, viscosity =
850-980 cPs, polydispersity = 1.12, and unsaturation =
0.0065 meg/g. This example illustrates that the product of
the continuous process may be employed to introduce the



Exanpl e 5 Usi ng the reactor system and conditions described in
Exanpl e Ayoagasgfie 4000 Da pol yoxypropyl ene diol/DMC catal pobidifaY
described in Exanple 4, the systemis operated at a 100 m nute residence
time with tenperature varying from110[err]C to 150[err]C 1In all cases, a
nom nal 4000 Da diol is produced with % hydr oxyl nunber = 28, viscosity =
950- 980 cPs, polydispersity = 1.12, and®unsaturation = 0.005 - 0.008

meq/ g. Thi s il ustrates that a _relatively V\ndetenperature range_

I
may be utl??iégyggpﬁsré‘rré’oﬁ’ﬁm ?)?%c%‘éESBFthélsﬁﬁjféEtt Piv @RABIEL

Exanpl e 6 molecular wélsgng oi‘h@olyﬂ@ﬁﬁé@é:.tySysTl@@u@é\be Qﬂféjlﬁr*dlﬂﬁzt
(tenperature

| descri in I a 3000
pol yoxypr op }‘%‘ﬁ H‘l l§yﬁ‘?ﬂé§f‘z§@ ugi J‘?ﬁ\%r?c&fea?]yst F%%?%%ES the 1000
Da pol yoxypropyl ene di ol of Exanple 2. Furthernore, instead of activated
catal yst, 180 ppm of fresh DMC cat Lg slurried into the 3000 Da
triol. The propyl ene gl ycol star?e%h—%tﬁ!é‘%(arml e 2 is replaced by
gl yceri ne. The rat Usink ﬁhepyéautonxﬁyletém arsd aydratit i@ly desordbed s

fr o o in P ERgNE 200 ol pihe ABHP PRSP ryp BN TR AT, |
any gat al ys@.tal:y'svatsm:w omt ma,bemdlmheE:sgtmpbm I4,ne¢th|eutsy$’oemlfis o
had tEQC?o%%?méﬁedg}%eer??%é n2fuRRT i SEL TRupdol et Yenillitsd D
pol ydi sper¥@¥ying irom 1&Hdcuﬁ§atlt§r°a -onI2 @130£2Sesy ¢ nominal 4000

Exanpl e 7 pa diol is pebAfcelh&ith @AGkAroxyly sieiBerard 28G0Rdiddd¥ity VO
98/ 03571 CT/ EP97/ 03727

- 37- (tenp@?&t‘afsé’ GRS RALEIEPREFSALYCT bJE'cf%’n HAnpPPEasuraLERR =
.005 - 0.008 meqg/g. This example illustrates that a

relatlvely wide temperature range may be utilized in the
continuous process of the subject invention.

Example 6

Using the reactor system and <conditions
(temperature, residence time) described in Example 2, a
3000 Da polyoxypropylene triol synthesized using a DMC
catalyst replaces the 1000 Da polyoxypropylene diol of
Example 2. Furthermore, instead of activated catalyst, 180
ppm of fresh DMC catalyst is slurried into the 3000 Da
triol. The propylene glycol starter of Example 2 is
replaced by glycerine. The ratio of propylene oxide to
starter (glycerine) is adjusted to produce a 3000 Da
polyoxypropylated, glycerine-initiated triol. The feed
pumps are turned on, as in the previous examples, without
any catalyst activation procedure, and the system lined out
for 13 residence times. The resulting nominal 3000 Da
molecular weight triol had the following properties:
hydroxyl number = 55, viscosity = 650 cPs, polydispersity
= 1.14, and unsaturation = 0.0043 meq/g.

Example 7
Using the reactor system and conditions



catalyst is_ slurried in 3000 Da nolecular weight polyoxypropylene
triol, and WR&MNbner feed i s changed from propyl ene oxi de RGI/EPTHORTATr e
consi sting of 88 weight percent propylene oxide and 12 wei ght percent

et hyl ene oxide. Again, the nononer/glycerine ratio is adjusted to produce
a 3000 Da triol and the feed is begun wigfout any catalyst activation

pr ocedure. The resulting 3000 nolecular weight

pol yoxypr opy( iitpeeatrexy ot by Edeneepeimesr deser fbeliagnt BRakhgh Loy, N8 pmc
= 55 Vi SCOSi 600- 63

properties: hydroxyl nunber = cPbs, )
polydispenﬂQ%%ai&gi.l%F eﬁ&Frﬁ%Eth%ﬂi033900.65%1 ngfﬁg ar weight
Havi ng now fpdlgoxigscoppienehedimient and, tilie wnbhombe afmed efik tehigedf
ordi nary sKki i t C e n i.fi.catiqng, can be nade
thereto wit héo{ﬂIél n%%%é}’?lé%ﬁ ?rﬁg%@ti% sapir}gil]’?t'glr'gsgaggg%;lﬁﬁe °%n$e8nt"f%‘nge'h% set
forth herei percent propylene oxide and 12 weight percent ethylhe
WHAT | S CLAI S again- Ardetidnl 3%&' £¥§és PESt r ‘g%ign of a
pol yoxyal ky!dgﬁr?ie%épol yegﬁér '_pF(t)lguct_ I.n ot I ccﬁéa I rlét£ igr??'o%??]g% _
cat al yst/i niRFQHUGE ot 3P 0Ri Reut&iods &ang \ehe of 84t £ 5t @2IuUBoMidhmalt At i on
of the initicdt#lyet er aattioatibhr odpedc@dupé. al Ky e oxedg1tsngst Aydehed
|t r oduot ng TP TAE Madaihgy BB EoRVBRORY LaRE Ry Ry Lene chpplymer *
i nt roduci ng ,

conti nuous! yridY athesi tige | fbDLoéMbngepebpertikest: anbifosgilamysdest ar 53,

m xture . ch . t hat al ytLc agthVity i Nt ai ned; "

cont i nuousl| yllsrﬁér%d{'}éi ng ié\&%ﬁ%@ rég%t’ Or,ﬁ%?&d%%gie ison&?o_st gLr‘tleSr’ gLl

i ntroduced amsaturation =r@a061% mebég. one or nore starters which may be
the same as, or differgifing now £diPMaSHF R KE invention, it will

be apparent to one of ordinary skill in the art that many

changes and modifications can be made thereto without
departing from the spirit or scope of the invention as set
forth herein.



' arters by continuously practising at
THIS SHAET &AS BERNefn until a pol yoxyal lggl. %g.yet her
product of desired nufgber REPLACEBverage nol ecul ar wei ght is obtained; and
c) continuously re | al kyl ene pol yet her product fromthe
reactor. 2. The process of claiml phereln the DMC c st/initial
starter mxture is an activated DMC catd yst/initial star Wm
pr epar ed byEEXI ng together a solid DMC catalyst, a start /I/ﬁ///l”g
an equi val a ght of fromabout 76 Da to about 4000 Da to form & ’
catal yst/starter m xture, and contacting said catal yst/starter m xture Wit h
one or nore al kylene oxides for a tinme sufficient to prepare an activated
catal yst/starter mxtlre. A contn@dh83prbcess for the preparatlon of
PCT/ EP97/ 032451 yoxyalkylene polyether rodub% P;
process of cI P L aherdin gl | A por BIFGRY6 SRR E LR §Puﬁ§§ not
been acu\uﬂ4§ﬂ$ﬁ¢%r°ft%tﬁﬁt¢§du69m9ﬁlﬁnﬂa-sald react or .

The process of claimg, wheégtgbiigggngmgh S fﬁudé?rp%ggk#! Vfér@({)_rtlon
of said poh¥o§¥alky et her pr.oduct _of eS|re ecular

and/ or wit ﬁﬁi W& € &a&m%tlﬁ’ért%% Stasdest @lﬁﬂ:@ér@ceféedteys t han
sai d desiremb rmizﬂ:cmtaaf pmﬂly@ﬁyatncimfﬁ.@n RMC sdlplivste i a1 %ltdr@erdBEter
|ntrodu0|n%_ said reactor w thout Tirst

t t
activating salf%aﬁgéﬁﬁaﬁé gﬁﬁkéﬁ%l35%@%IH*QR%C|%@l¢nt8°§5#&uP§§ctor

5. The prosashor pf cIa|n1 1 wherein said catalyst/initial starter
m xture and/or furth cat t her .M xture_are store in
%) o2 Bone L HABLENG! et REBOBEE X! U §p80° o1 20ed

one or nore surge tan cont I nhuousl ere sur
tank(s) i ntCOHRLTHPRS %?a%faq’?a @BAt PRuUBATer e&&yésne oxides;

c) continuously introducing into said
continuous reactor one or more continuously added starters
which may be the same or different than said initial
starter;

b) pol yoxyal kyl at i
| east st eme098/03571

d) continuously introducing into said reactor
fresh DMC catalyst and/or further DMC catalyst/further
starter mixture such that the catalytic activity is
maintained;

e) polyoxyalkylating combined starters by
continuously practicing at least steps b} through d) herein
until a polyoxyalkylene polyether product of desired number
average molecular weight is obtained; and

£) continuously removing said polyoxyalkylene
polyether product from said continuous reactor.

2. The process of claim 1 wherein the DMC
catalyst/initial starter mixture is an activated DMC
catalyst/initial starter mixture prepared by mixing
together a solid DMC catalyst, a starter molecule having an
equivalent weight of from about 76 Da to about 4000 Da to
form a catalyst/starter mixture, and contacting said cata-
lyst/starter mixture with one or more alkylene oxides for
a time sufficient to prepare an activated catalyst/starter
mixture.

This Sheet Has Been Replaced

fiEt



6. The process of claim1l mh rtion of pol yoxyal kyl ene pol yet her
produced bWQos/835%y al km“‘“ iL conbi ned starters i s RCTEMOA0IT2Tr om
sai d continuous react sed * to prepar e additional further
catal yst/further start'er, sai d addi ti onal further catalyst/further
starter introduced into an inlet of said.ggcontinuous reactor.

7. The process of <claim 6 wherein said additional further

catal yst/further startgr isqphbl Yroddsf- ofdUCEAlihNt0 @géyégﬁ tank gonnected

to an inlet of said continuous Teactor. process of
clai m 1 wherRQTE1eR dof RN OM o Gataalystarkandnpkehernt H%V@t@@tpmmm y

added startefp iprfOdareioal kkengaqd delazitdt.er mxture prior to

i ntroducing into said reactor. WO 98/ 03571

PCT/ EP97/ 03727 - 40- 9. The
prlocess IOL ;:I aim1l whed EI n @hea pm:déss pbforc]talm eErD\mie:.@‘:Lrﬁafgesh DMC
pol yoxyal ky e R ne._ox is i.ntro |nto
sai d reactor:b iﬁ%ﬁ & ﬂéé?ﬁ%t¥ F St i ?ﬂ 33%9 RedLa* Yty

10. The pr cprdwthelclarqdmcwmweudeme@d reakeaular sweigBtRandgodl with
11. The pro%:éoi?{(oﬁ*véig}(}f%er é@l‘\éirrﬁﬁqa?fnedlﬁt@ t;%ibéﬂm?é r§8ChQUss

12. The proce sard tubu reactor conprises 5o
connect ed sé&hans sAaidudesired| @@émlmwm%sﬂ-mfﬁm al QMQ clag alarsgt h

thereof a plyisdlide, Obnd introducing said DMC catalyst mixture into
said reactor without first activating said DMC catalyst
prior to said introducing into said reactor.

5. The process of c¢laim 1 wherein said
catalyst/initial starter mixture and/or further cata-
lyst/further starter mixture are stored in one or more
surge tank(s) -and continuously metered from said surge
tank(s) into an inlet of said continuous reactor.

6. The process of claim 1 wherein a portion of
polyoxyalkylene polyether produced by polyoxyalkylation of
said combined starters is withdrawn from said continuous
reactor and used to prepare additional further
catalyst/further starter, said additional further
catalyst/further starter introduced into an inlet of said
continuous reactor.

7. The process of claim 6 wherein said
additional further catalyst/further starter is first intro-
duced into a surge tank connected to an inlet of said
continuous reactor.

8. The process of claim 1 wherein said alkylene
oxide(s) are admixed with said continuously added starter
to form an alkylene oxide/starter mixture prior to
introducing into said reactor.



addition ports suita for introducing al kyl ene oxide and/or starter into
sai d reagbagpasid a m, 1,””‘@ ng devices. PCT/EPOYR3T2YNE
process of claim 12 re of said mxing devices conprise
static mxer(s). 14s onti nuous process for the preparation
of a pol yoxyal kyl ene pol yet her product by DMC-cat al yzed

pol yoxyal kyl ati on, conpri sing: ~ a) introducing into a reactor
a DMC cata- lyst/starter mxture; b) continuously introducing

al kyl ene oxi de into ?=sai FhepreFess of claimc} whgweilnuats|a painbduci ng
cont i nUOU@h:&i.ondedreﬁxb&huebfl sas:dSpwybﬁ?amylehfeeﬁsweéﬁéﬁ .?i-éa&éé

contained_.in.said DVC, c st/starter xture and said contl nuous :
added st aPt&YIFRS ﬁ?%qﬁfg Soih BFPFBﬁéa 1nhy said reaCt°H)W1EBﬂFFnuously
wi t hdr awi agd&tﬂ@irymﬁ/aﬁdmyﬁmem cqmtymdmslpr added bedirsegra nunber average

nmol ecul ar weight of N Daltons where Nis fromabout 500 to about 50, 000;
wherein the continuous build ratio of said continuous WO 98/ 03571

PCT/ EP97/ 03727 10. The process of claim-liwher@imceaidi segceater than
0.70. is a csTR YRessk¥E, process of claim 14 wherein said continuous
build ratio is greater than 0.80. 16. The process of claim14
wherein said continuous build ratio is greater than 0.90. 17.

The process of clai rm114 fpHd NefosOd®réHi dDaim 1 whereif)sadlit Resapwbpg from

sai d reactor a t% ar reactor

12. The process of claim 11 wherein said tubular
reactor comprises a connected series of tubular elements
having positioned along the length thereof a plurality of
addition ports suitable for introducing alkylene oxide
and/or starter into said reactor, and a plurality of mixing
devices.

13. The process of claim 12 wherein one or more
of said mixing devices comprise static mixer(s).

14. A continuous process for the preparation of
a polyoxyalkylene polyether product by DMC-catalyzed
polyoxyalkylation, comprising:

a) introducing into a reactor a DMC cata-
lyst/starter mixture;

b) continuously introducing alkylene oxide into
said reactor;

c) continuously introducing continuously added
starter into said reactor, wherein said starter contained
in said DMC catalyst/starter mixture and said continuocusly
added starter may be the same or different; and

d) continuously withdrawing a polyoxyalkylene
polyether product having a number average molecular weight
of N Daltons where N is from about 500 to about 50,000;
wherein the continuous build ratio of said continuous



polyoxyalﬂxlene onether er average nol ecul ar weight of N or
| ess; 0 98/03571 t“l’ B lﬂﬁjlﬁl I‘ akeof f  pol yoxyal kyl eﬁgrlgg?mer
with fresh DMC cataly catal yst/takeof f pol yoxyal kyl ene
DMC

pol yet her m xture; and enploylng sai d

catal yst/takeof f pol yoxyal kyl ene polyet m xture as at |east a portion of
said DMC catal yst/starter introduced into said reactor is in step a).

18. The proprecess dbaigmedtermhdibadm &Gai@. DMC cat al yst/ t akeof f

pol yoxyal kyl ene pol yether is activated by contacting with al kyl ene oxide to
prepare an activated DMC catal yst takeoff golyoxyalkylene pol yet her

mi xture. 15. TRAepr ;eeesd cPAi nfisilfheddi n Wwnkimkesdid
pol yoxyal ky&nei Rabust Baalha%a%lw@@rgﬁ/ﬂ@zgetme@Uéer wei ght greater
than 100 Da and | ess than 2N . The process of claim18

wherein N is greater than 1500 and where sai d takeoff pol yoxyal kyl ene
pol yet her has a nunbetsaverage mﬁdﬁﬁé@f o€i gblagmeatar wWRirelwuts38 Da
and | ess than [ [

Forl oo ng HeSRERRUbER Buitd ratissds Hrentsh BT Rue by and e S Vo
98/ 03571 PCT/ EP97/ 03727

-42- sai d conti nuou§I7y Ig§é0§#élc%%nsgfoof>s<|t% 36l 1(4C ’u uceé!oq‘l;rﬁéls”? id

continuously wi thdraw ng ( € 1S 0 sal
reactor and reacted @) suWﬁt@ﬁ§leﬂglﬂirpﬂ-sabéﬂanr¢a¢t9relan1¢§KQ9fﬁmer

mol ecul ar  Weh BhbxyaRkyxyal gsaiwaehagl HEVRRE & fRkibePavir 85k tolecular
polyoxyalky ene polyether r oduct
1ght of N less;
£) mixing said takeoff polyoxyalkylene
polyether with fresh DMC catalyst to prepare a DMC
catalyst/takeoff polyoxyalkylene polyether mixture; and
g) employing said DMC catalyst/takeoff
polyoxyalkylene polyether mixture as at least a portion of
said DMC catalyst/starter introduced into said reactor is

in step a).

18. The process of claim 17 wherein said DMC
catalyst/takeoff polyoxyalkylene polyether is activated by
contacting with alkylene oxide to prepare an activated
DMC/catalyst takeoff polyoxyalkylene polyether mixture.

19. The process of claim 18 wherein said takeoff
polyoxyalkylene polyether has a number average molecular
weight greater than 100 Da and less than 2N/3.

20. The process of claim 18 wherein N is greater
than 1500 and where said takeoff polyoxyalkylene polyether
has a number average molecular weight greater than about
300 pa and less than about N/2.

21. The process of claim 14 wherein following
said continuously introducing of alkylene oxide (b) and



22. The process of claim1 wherein during at least the first 70% of the
average rwewsiessze ti me of pol yoxyal kyl ene pol yet her and alpicyiemogosrzyde in
said reactor, a |low nolecular weight fraction having a nunber average

nol ecul ar wei ght between about 18 and about 500 Da Uﬂ"m ' aid
reactor. 23. The process Q%_clain114 ’ muﬁlugast 70%
of an average transit in said reactor, the reactor conténtd ce se about
1 equi val egf ;s pe L e; I I I iaght fraction c rised.
of st ar erooyB E8EPLnBEuRTE" Rk Dadcala Be B st el N R g fboul ar
wei ghts ofsatds eAnhinhously 3withdrawing (d)4. AldorEneiowscimiecess for
the DMC cafaf ¥28fcelr SRAIA! 58Da0fr U SXY 2hHY 1@k thed yf&?”s?zfﬁ‘kfﬁ'%r}é' ng:
al Ky

a) introducing into a continuous reactor an _effective polyoxyal kylation
cat al yzi ngtER8 Ut ofuRstatddalighe epimingtsy yipwer moleculayp) weight

cont i nuoushyl {8kyalKgledel PoRyERhEr £28E010NENEE Wa il %lﬁ\%ﬁﬂﬁ@l@ﬂé‘esi
O contanOﬂgl I ntrodycing 1nto said reactor further cat al yst;
d) conti RRLEEFRERt PEAAEFE into said reactor one or nore continuously

added starter nol ecules, said continuously added starter nol ecul es having

an average nol ecul ag,wei ahout \ t 000 . SUC that a
concentration of con??huo%gkyoé\%‘;d%%ﬂét gr%t eﬁﬁlnﬁéc&hég%?lsn ngﬁﬁtlggn}c}: for a

subst ant i alepstt ithe offiise 70% W ogylgss5average residence time of

PCT/ EP97/ 1kvl 1 h d  adRv1eRee 38 dESIdENGs {4 me of

sai d reac?éo‘rz};?;oxya ¥ eng) pgo tei“'mtj"cfusI'fl;l;1 Wi tahdlyawi ng a po eioxlslgl Ky J'edne

pol yet her FRBAEEE - hadvikRy aROLOGRIAF e We l@ghity firagt ol chavingl1 @0 umber

average molecular weight between about 18 and about 500 Da
is present in said reactor.

23. The process of claim 14 wherein for at least
70% of an average transit in said reactor, the reactor
contents comprise about 1 equivalent percent or more of a
low molecular weight fraction comprised of starter
molecules and oxyalkylated starter molecules having
molecular weights of less than about N/3.

24. A continuous process for the DMC catalyzed
preparation of polyoxyalkylene polyethers, comprising:

a) introducing into a continuous reactor an
effective polyoxyalkylation catalyzing amount of at least
one DMC catalyst;

b) continuously introducing into said reactor
one or more alkylene oxides;

c) continuously introducing into said reactor
further DMC catalyst;

d) continuously introducing into said reactor
one or more continuously added starter molecules, said
continuously added starter molecules having an average
molecular weight of from about 18 Da to 45,000 Da, such
that a concentration of continuously added starter
molecules is maintained for a substantial portion of the



25. The pro&ﬁgﬁwﬁ claim 24 wherein said continuously added starter is
supplied in"a ke with said one or nore al kyl ene oxi des. PCT/EP97/03727

26. The process of claim 24 wherein said concentration of said continuously
added starter averages greater than 0.5 equival ent percen

substantial portion of said average residace tine. ”mm” WE!EWH"I
process of claim 24 wherein said DMC catal yst is introducetl int

reactor in oavexageerestideacki qume of extiall feamwdhp group consisting of a

starter nol ecul e which_is t | nuously added starter, an
oxyal kyl at ed contlnuouspy aggegagﬁ %ﬁgsﬁﬁg+€@€#§WLﬁgsﬁaﬁ¥gf yoryatkyte %@t
the same as pdkyebhernpoadiugtatidwdngt ant equivalentowesldhyt atmbéxcessub e,

and nixtureslé@@rg?f 28. The process of claim 24 wherein the
nol ecul ar wei ght of said continuously added starter nolecules is from 18 Da
to about 300 Da. 29. A continuous process for the preparation of

a polyoxyalkylene pol ypel OfrheoprwdRisOf & desised tﬁﬁge%ﬁﬂﬁafﬂﬂasald

I I t abl i,sh t dit '
2 cont| nuoud TEOLRUPUEERT AU TSR 1Py SUPPIIRA | MboRSRIAEN M th |

al kyl ene oxsatid cmatonumbry atiydgnkubiidlesDMC cat al yst in an anount
sufficient to mai nt ai n oxyal kyl ati on condi tions; continuously addi ng

continuously added starter having a WO 98/ 03571
PCT/ EP97/ 03727 26. The process of -cddaim 24 wherein said

concentration of said continuously added starter averages
greater than 0.5 equivalent percent over said substantial
portion of said average residence time.

27. The process of claim 24 wherein said DMC
catalyst is introduced into said reactor in admixture with
a liquid selected from the group consisting of a starter
molecule which 4is the same as said continuously added
starter, an oxyalkylated continuously added starter
molecule, a starter molecule not +the same as the
continuously added starter, a non-oxyalkylatable liquid,
and mixtures thereof.

28. The process of claim 24 wherein the
molecular weight of said continuously added starter
molecules is from 18 Da to about 300 Da.

29. A continuous process for the preparation of
a polyoxyalkylene polymer or copolymer of a desired target
average molecular weight, comprising establishing
oxyalkylation conditions in a continuous reactor containing
DMC catalyst; continuously adding alkylene oxide;
continually adding further DMC catalyst in an amount
sufficient to maintain oxyalkylation conditions;
continuously adding continuously added starter having a



nol ecul ar wei ght | ess than said target average nol ecul ar weight such that
a concentw@bs/03570f sai d continuously added starter and/ orecTfEP97/03727
concentration of an oxyal kylated continuously added starter having a

nol ecul ar weight less than said desired target avera lght is
mai nt ai ned during a substanti al p&rt ion of SEM ﬁ% F]Emgﬂwn
and continuously w thdraw ng a pol yoxy="""al kyl ene pro o s red

target average | ecul ar . we A conti nuous process for.
T

| ght . , 30,
the pr eparBoFERODRT FFRobEFky FBRR (L HRFIBE0AYEE 29 B i Lar
contingousweﬁdﬁttSﬂchothataat&wncé@ﬁratsbﬁgoff?aid cqnﬁiﬁﬁouf&@fﬁa¢§@ing in
a continuous,_r. tor st _ po . erential oxya tio :
catal yst/ i%???ggg st%rr?q;eéx‘t m Kt ur%&ggexeig%?g%gbo iJntlet i atle ﬁd?{ﬁ)ﬁééfi&ﬁ tion
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addition of starter, comprising: _

a) establishing in a continuous reactor a first
portion of a differential oxyalkylation catalyst/initial
starter mixture effective to initiate polyoxyalkylation of
said initial starter after introduction of alkylene oxide
into said continuous reactor;

b) continuously introducing into said
continuous reactor one or more alkylene oxides;

c) continuously introducing into said
continuous reactor one or more continuously added starters
which may be the same or different than said initial
starter;

d) continuously introducing into said reactor
further differential oxyalkylation catalyst/further starter
mixture such that the catalytic activity is maintained;

e) polyoxyalkylating combined starters by
continuously practicing at least steps b) through d) herein
until a polyoxyalkylene polyether product of desired number
average molecular weight is obtained; and

£) continuously removing said polyoxyalkylene
polyether product from said continuous reactor.



