STARTER FEED STREAM ACI DI FI CATI ON | N DMC- CATALYZED PROCESS FI ELD OF THE
| NVENTI ON The present invention relates in general to catalysis, and nore
specifically, to the acidification of starter feed strean(s) in a
continuous addition of starter (CAOS)1polyether polyol production
process to inprove double netal cyanide ("DMC') catal yst activity.
BACKGROUND OF THE | NVENTI ON Base-cat al yzed oxyal kyl ati on has been used

t o "prepare pol yoxyal kyl ene porxRTEHR PEEMRBYRE@S. | n such a process, a

suitably hydric | OWA@PI‘_)FFQEWWQﬁgprg-tﬁfﬂYZ@bqﬁNbﬁEﬁ'ch as propyl ene
gl ycol or glycering, ' kyl ene oxi des,
such as ethylene oxide or propylene oxide, to forma pol yoxyal kyl ene

pol yether pol yol product. Begpp®BFITHE NYERTIONe to enploy a | ow
nol ecul ar weight starter, the bul ratr o (polyol weight/starter weight)

i s relatively hilgh prasenttingntionerefates ésgerdrabia catalygisyaindimers r eact or
capacity. Strapgl agi c_.catalysts such,as, sodi um hydroxi.de or potassium
yr oxi de 3PeScale i e acidBidT ol eRMER SR SR BN o pauntas . of

pol yoxyal k I ' [ Jala] ners, as
wel | as théggmgﬂﬁ?as% eé‘f(gr%&%?L%éipﬁtz%ﬁ)B@%m %@Ctlgﬁ s?%‘%’is!}gpﬁg?n%&nts of
oxypr ody| edeubteireetat syaidet(HoME" pkatalystiactivityne art are aware, during

base- cat al yzed oxypropyl ation, a conpeting rearrangenent of propyl ene
oxide to allyl alcohol generates nonofunctional species which al so

becore oxyalkylated. proguelezauND i TAIRBENPRINCXY! kYl ene monol s
wi th nol ecul ar weights r cohol itself or its
| ow nol ecul ar WBiagbicatly2ékpkydllegation Bageeen used to prepare
polyoxyalkylene polyols for many years. In such a process, a suitably
10  hydric low molecular weight starter molecule, such as propylene glycol or
glycerine, is oxyalkylated with one or more alkylene oxides, such as
ethylene oxide or propylene oxide, to form a polyoxyalkylene polyether
polyol product. Because it is possible to employ a low molecular weight
starter, the build ratio (polyol weight/starter weight) is relatively high, and
15  thus the process effectively utilizes reactor capacity. Strongly basic
catalysts such as sodium hydroxide or potassium hydroxide are typically
used in such oxyalkylations.
Thus, most of polyoxyalkylene polyols useful in synthesis of
polyurethane polymers, as well as those suitable for other uses, contain
20 substantial amounts of oxypropylene moieties. As those skilled in the art
are aware, during base-catalyzed oxypropylation, a competing
rearrangement of propylene oxide to allyl alcohol generates
monofunctional species which also become oxyalkylated, producing a
wide range of polyoxyalkylene monols with molecular weights ranging from
25  that of allyl alcohol itself or its low molecular weight oxyalkylated oligomers
to polyether monols of very high motecular weight. |n addition to .
broadening the molecular weight distribution of the product, the continuous

generation of monols lowers the product functionality. For example, a



to pol yether nonols of very high nolecular weight. In addition to

br oadeni ng the nol ecul ar wei ght distribution of the product, the
continuous generation of nonols waers t he product functionality. For
exanple, a polyoxypropylene diol or triol of 2,000 Da equival ent wei ght

may contain from30 to 40 nole percent monol . The nonol content | owers
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di stribution.” The nonol content of pol yoxyal kyl ene polyols is generally
det er m néecrepserarsdithenmotdoalameeight aroivdh rafesslowsamelr éhése ESEINE- 2849- 69,

"Testing, of Urethane Faam Pol yol w Mat eri al s" s _each nonol nol ecul e
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to in ex : qﬁﬁ}j a uch as those
descri beg&lg'ggf\%@t g'reied}ggﬁgfrsgﬁ go%gf al nte)g'. t%t%@ﬁﬂé%@%?s have been made

to [1dver equisalemt aeights, thedprbducts arechbranberizad by low atteai have been

successful. In the early 1960's, douhle netal cyanide ("DMC') conpl exes,
such asfunctionaity andi Wrrd meelerilagme t@‘dgﬁpg‘ﬂ@b of zinc
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unsat ur atiewmined bg measgeingfthe ubisturatidh, §@0exareplecy ABITM Deg4Bent ed a
consi derabl e inprovenment over the nonol content obtainable Py base
cat al ysi §9, "Testing of Urethane Foam Polyol Raw Materials", as each mono
15 molecule contains allylic termination. Levels of unsaturation of about
0.060 meqg/g to in excess of 0.10 meqg/g for based-catalyzed polyols such
as those described above are generally obtained. Numerous attempts
have been made to lower unsaturation, and hence monol content, but few
have been successful.
20 In the early 1960's, double metal cyanide (“DMC") complexes, such
as the non-stoichiometric glyme complexes of zinc hexacyanocobaitate,
were found which were able to prepare polyoxypropylene polyols with low
monol contents, as reflected by unsaturation in the range of 0.018 to 0.020
meq/g. This represented a considerable improvement over the monol
25 content obtainable by base catalysis.
In the 1970's, General Tire & Rubber Company, in U.S. Pat. No.
3,829,505, described the preparation of high molecular weight diols, triols
etc., using double metal cyanide catalysts. However, the catalyst activity,
coupled with catalyst cost and the difficulty of removing catalyst residues -

30 from the polyol product, prevented commercialization of the products.




In the 1970's, General Tire & Rubber Conpany, in U S. Pat. No.

3, 829, 505, described the preparation of high nol ecular weight dials,
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15  low unsaturation polyols often demonstrated dramatic improvements in
polymer properties, although formulations were often different from the
formulations useful with conventional polyols. These polyols typically have
unsaturation in the range of 0.002 to 0.008 meq/g.

As those skilled in the art appreciate, one drawback of DMC-

20 catalyzed oxyalkylation is the difficulty of using low molecular weight
starters in polyether synthesis. Polyoxyalkylation of low molecular weight
starters is generally sluggish, and often accompanied by catalyst
deactivation. Thus, rather than employing low molecular weight starter
molecules directly, oligomeric starters are prepared in a separate process

25 by base-catalyzed oxypropylation of a low molecular weight starter to
equivalent weights in the range of 200 Da to 700 Da or higher. Further
oxyalkylation to the target molecular weight takes place in the presence of
DMC catalysts. However, it is known to those skilled in the art that strong
bases deactivate DMC catalysts. Thus, the basic catalyst used in

30 oligomeric starter preparation must be removed by methods such as

neutralization, adsorption, ion exchange, and the like. Several such



nol ecul es directly, oligoneric starters are prepared in a separate
process 25 by base-catal yzed oxypropyl ation of a | ow nol ecul ar wei ght
starter to equivalent weights in the range of 200 Da to 700 Da or

hi gher. Further oxyalkylation to the target nol ecul ar weight takes -place
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molecules do not significantly alter the polydispersity, however, due to the
extremely small amounts present.
U.S. Pat. Nos. 5,777,177 and 5,689,012, disclose that the high
molecular weight "tail” in polyoxypropylene polyols may be minimized by
20 continuous addition of starter (“CAOS") during oxyalkylation. In batch and
semi-batch processes, low molecular weight starter, e.g., propylene glycol
or dipropylene glycol, is added continuously as the polyoxyalkylation
proceeds rather than all being added at the onset. The continued
presence of low molecular weight species has been found to lower the
25  amount of high molecular weight tail produced, while also increasing the
build ratio, because a large proportion of the final polyol product is derived
from low molecular weight starter itself. Surprisingly, the polydispersity
remains low, contrary to an expected large broadening of molecular weight
distribution. In the continuous addition process, continuous addition of
30 starter during continuous rather than batch production was found to also

result in less low molecular weight tail, while allowing a build ratio which
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or animal matter by base-dependent processes, it contains one or more

basic contaminants which may cause a loss of DMC catalyst activity.

McDaniel et al., recognize this and teach in U.S. Pat. No. 6,077,978, the

addition of very small amounts (i.e., up to about 100 ppm) of acid to the

glycerine initiator prior to its introduction into the reactor as continuously

20  added starter to neutralize the basic contaminants. Synthetic glycerin may

have trace residues of base from the manufacturing process. Methods

said to be useful other than the addition of acid, according to the ‘978

patent, include adsorption by acid adsorbents, and ion-exchange to either

neutralize the impurities or to exchange them for acidic moieties. The

25 addition of acid, however, is the preferred method of McDaniel et al. for

increasing the DMC catalyst's ability to resist deactivation during CAOS

feeds at high CAOS/oxide ratios. The ‘978 patent states at col. 6, lines 55-

58, that, “... less than 100 ppm acid based on total low molecular weight

starter need be added, preferably about 5 ppm to 50 ppm, and most

30 preferably about 10 ppm to 30 ppm” should be used. McDaniel et al. fail to
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stream. The inventive process may permit the use of less catalyst for a

given process than was heretofore required. The polyether polyols
provided by the process of the present invention may allow for the
production of improved polyurethane products, such as coatings,
20 adhesives, elastomers, sealants, foams and the like.
These and other advantages and benefits of the present invention
will be apparent from the Detailed Description of the Invention herein

below.

25 DETAILED DESCRIPTION OF THE INVENTION

The present invention will now be described for purposes of

ilustration and not limitation. Except in the operating examples, or where
otherwise indicated, all numbers expressing quantities, percentages, OH
numbers, functionalities and so forth in the specification are to be

30 understood as being modified in all instances by the term “about.”

Equivalent weights and molecular weights given herein in Daltons (Da) are



provi ded by the process of the present invention may allow for the
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wei ght DMC- catal yzed polyols (250 Da to 2,500 Da) than is possible using
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the cat al yg4talyst for a given process than heretofore required. Glycerin and other
low molecular weight starters can act as inhibitors and stress the catalyst.
16 The acid addition has a positive effect allowing the reaction to proceed to
completion. This positive effect is unexpectedly observed even with
starters having little or no basicity.
The present invention, therefore, provides a process for the
polyoxyalkylation of a low molecular weight starter involving establishing
20  oxyalkylation conditions in an oxyalkylation reactor in the presence of a
double metal cyanide catalyst, continuously introducing into the reactor at
least one alkylene oxide and a low molecular weight starter acidified with
at least one of an inorganic protic mineral acid and an organic acid,
wherein the acid is in an amount in excess of 100 ppm, based on the
25  weight of the low molecular weight starter and recovering an oxyalkylated
low molecular weight starter polyether product. The process may be
conducted as a semi-batch process or as a continuous addition process.
In either case, the low molecular weight starter feed stream, is acidified
over and above the level of basic impurities found in the starter. The
30  present invention is also directed to the polyol made by the inventive

process and polyurethane products incorporating those polyols.
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may be in 5 relatively closely spaced increnents. It would not detract

from the hesantor, duobgdke coursecaidhe soatinyourieastippadteiriantalsuch a
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contl P50U%¢ ngetlli(ﬁgtiorll 0 %%&E@%g]gcular weight starter, in the presence of a
double metal cyanide complex catalyst. in conventional batch processes
employing DMC catalysts, the entire initiator (starter) is added initially to
the reactor, DMC catalyst is added, and a small percentage of the alkylene
oxide feed is added. A significant pressure drop indicates that the catalyst
20 has been activated. Alternatively, a preactivated master batch of catalyst
mixed with initiator may be used. The reactor temperature is maintained
at between 70°C and 150°C, and the remainder of propylene oxide added
at relatively low pressure, i.e., less than 10 psig. In the conventional
process, oligomeric starters having an equivalent weight in the range of
25  200-700 Da or higher are generally used.
Using the conventional process, by way of example, the preparation
of a 3,000 Da molecular weight polyoxypropylated glycerine triol may be
achieved through oxypropylation of a 1,500 Da molecular weight
oligomeric oxypropylated glycerine starter until a molecular weight of 3,000
30 Dais achieved. The build ratio is 3,000 Da/1,500 Da or 2.0. This low

build ratio cannot efficiently take advantage of reactor capacity, as some



addi ti on of reactant which does not substantially affect the nature of
the product is still "continuous" as that termis used herein. In the
i nventive process, polyoxyal kyl ene pglyols are prepared by 15 the
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15 and continuous introduction of low molecular weight "monomeric” starter, a
glycerine polyol of 3,000 Da molecular weight may be prepared at higher
build ratios, for example, a build ratio of 5. The process efficiency is
increased by approximately 100 percent based on propylene oxide usage.
The product also exhibits less high molecular weight tail.

20 The typical CAOS process described above works well when
making high molecular weight polyols (e.g. greater than 2500 Da),
however, when making lower molecular weight polyois (in the range of 250
to 2500 Da), the catalyst often partially or fully deactivates, particularly
where glycerine a common trihydric starter is used in the CAOS process.

25 This is shown by an increase in propylene oxide pressure in the reactor.
The reaction slows or substantially ceases, and the product may not reach
the desired molecular weight. Products are found to have broad
polydispersities and a relatively higher amount of high molecular weight
tail, -

30 It has now been surprisingly discovered that addition of an excess

amount of acid, i.e., an amount greater than that needed to merely



activation as in the conventional process. However, in the continuous 10
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15 glycerine. Further examples of suitable low molecular weight starter
molecules include various methylolated phenols and similar products
prepared by the base-catalyzed reaction of formaldehyde with urea,
phenol, cresol, and the like. The beneficial effects of the invention
unexpectedly extend as well to starter molecules which do not contain

20 basicity, e.g., ethylene glycol, propylene glycol, dipropylene glycol,
trimethylolpropane, pentaerythritol, sorbitol, sucrose, and the like.

The low molecular weight starter may be mixed with other starters
as well, e.g., ethylene glycol, propylene glycol, dipropylene glycal,
trimethylolpropane, pentaerythritol, sorbitol, sucrose, and the like, to

25 produce co-initiated polyether polyols. Reactions where another starter or
a lower oligomer are added all at once to the reactor is not a "continuous
addition of starter" process. However, it must be understood that a final
portion of oxyalkylation may, if desired, be conducted without addition of
low molecular weight starter. This "finishing” step allows for reduction of

30 moderate molecular weight oligomers by providing sufficient reaction time
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but are no
adipoyl chloride, adipic anhydride, and the like. Inorganic acid precursors

such as thionyl chloride, phosphorous trichloride, carbonyl chloride, sulfur
trioxide, thionyl chloride phosphorus pentoxide, phosphorous
oxytrichloride, and the like are considered as mineral acids herein.
20 The amount of acid added in the inventive process is in excess of
that needed for the mere neutralization of the glycerine, i.e., greater than
100 ppm, more preferably the amount of acid ranges from greater than
100 ppm to 2,000 ppm, and most preferably 200 ppm to 300 ppm. The
acid may be added in the process of the present invention in an amount
25 ranging between any combination of the above-recited values, inclusive of
the recited values.
in the continuous version of the CAOS process, the reaction may
be initiated by use of an oligomeric starter, but once begun is continuously
initiated by further oligomeric starter, preferably by recycle of an oligom'é'r
30 or polymer from a later stage of the reaction. Alkylene oxide together with

starter or low moiecular weight oxyalkylation product is added at various



5 to, the mneral acids and the organic carboxylic acids, phosphonic

acids, sulfonic acids, and other acids. Phosphoric acid is preferred as a
m neral acid, whereas citric acid _apd 1, 3,5-benzene tricarboxylic acids
may be wuseful as organic acids. Acid derivatives which are reactive with

bases, such, as acid, chlor,ides.and acjd anhydrides and the |ike, are al so
raerul . 10PIES ARROdRE A UE NI Re< o SARET HE taliAL Acten ) ds o g,

p- tol uene- ¢ - QP il waln j : @gﬁ- )?@.{pl es of

m ner al ac.(ﬁ'iu'{'m"@ﬁ%?r'tg’”sﬁi ’Sé@f@”#’%‘%ﬁ%‘e %)t/ rk(s)r((:éhalleg)rr?{c acRi , hydrobrom c

aci d, and batk-umiked reaxtor mayaisp béluged, whil e useful carboxylic acids or

their acidifyi ngf, dq‘il%)ir vatives incl Lide formc acid, oxalic acid, citric
aci d, acetic aci'd® aiglene oxigegsgiul g BVERIYRIPIARESS diede Rutake d,
sSucci nigg. j i1Rj id ' -qch i.de, 4 adipi nhydri de,
and the i ﬁ@?“ﬂﬁ%@'@%ﬁ@*‘%@?ﬁﬁdﬁe?&?@ﬂ%@%@l&’%nbgéfaﬂﬁr 8??3|ap‘9ﬁ‘?'§ri de,
phosphor oubutytérehbgide deobagtdrenytide hesichideohyant byclohexend dgdef hi onyl
chl ori de phosphorus pentoxi de, phosphorous oxytrichloride, and the |ike
are consi detyeehaoxidensndithabigher atkyene oideghachhasding Caf- Gwgi d added in
the inventive process is in excess of that needed for the nere

neutral i zafrdwlghe PPS@e&} fd@PV'ﬁ@? qxide alopeofrBixtyraa ©f PICRYINMPXIHEr e

pr ef er abl y,,t | : ppmto 2,000
o Cand. WA SRR il GEAharaRTIchEYdk B8 Blet el AOSE PP 047
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conbi nation of the above-recited values, inclusive of the recited

val ues. | nManemersasiiseleseed isHon Bat. Nes. 8464, 1D Ee38.048@ndeact i on may
be initiat f ' i s
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recycl e of bymef@réw&fer@c@. or polynmer froma |later stage of the reaction.
Al kyl ene oxide together with starter or_ | ow nol ecul ar wei ght

oxyal kyl ation plbaRecess efdbedrasentdny@ifion may gsnpiey aay sy dimeetalact or
whi ch 18y c{ré’ﬁidg )fﬁm)ec:atgﬁsﬁ bHBHIlearF]e{a?%%r%e complex catalysts are non-

stoichiometric complexes of a low molecular weight organic complexing
agent and optionally other complexing agents with a double metal cyanide
salt, e.g. zinc hexacyanocobaltate. Suitable DMC catalysts are known to
those skilled in the art. Exemplary DMC catalysts include those suitable
20 for preparation of low unsaturation polyoxyalkylene polyether polyols, such
as disclosed in U.S. Pat. Nos. 3,427,256, 3,427,334, 3,427,335;
3,829,5005; 4,472,560; 4,477,589; and 5,158,922, the contents of which are
incorporated herein in their entireties by reference thereto. The DMC
catalysts more preferred in the process of the present invention are those
25 capable of preparing "ultra-low" unsaturation polyether polyols. Such
catalysts are disclosed in U.S. Pat. Nos. 5,470,813 and 5,482,208,
5,545,601, 6,689,710 and U.S. Published Patent Application No. 2004-
0044240-A1, the contents of which are herein incorporated in their
entireties by reference thereto. Particularly preferred in the inventive -
30 process are those zinc hexacyanocobaltate catalysts prepared by the

methods described in U.S. Pat. No. 5,482,908.



("multi-point addition"). A continuous stirred tank reactor (CSTR) or a .
back-m xed reactor nmay al so be used. The al kyl ene oxi des useful in the

i nventive process include, but are_4xm not limted to, ethylene oxide,
propyl ene oxi de, oxetane, 1,2- and 2,3- butylene oxide, isobutylene-
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pol yols, such as disclosed in U S. Pat. Nos. 3,427, 256; 3,427, 334,

3,427,335, 3,829,505; 4,472,560; 4,477,589; and 5, 158, 922, the contents
of whith are incorporated herein EXAMBLES entireties by reference

bresent i nvent éfh%nr%é‘%ﬂhézé@@ﬁ“éﬁa@ﬁ% BFSEehTpitls B RESE Tnfilet
unsat urat i 99 te FIRMWIRG eRG h ménﬁwr&tv@ eesd pedaxteidedn U. S.
Pat . Nos. 470, 813 and 5, 545, 601, 689 710 and U. S.
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hexacypmoc ﬂtﬁlﬂa%tceinf;ﬂlrmbxsmﬁcr@ can2aage DMEN@talyst deactivation are
present in the polyol, preferably starters having molecular weights below
300 Da, more preferably below 200 Da. The present invention can also be
extended to those starters which do not contain basic impurities.
Comparative and excess acidified oxypropylations employing
20  continuous addition of starter (CAOS) were performed in a 20 kg reactor.
in each case, an amount of 700 Da molecular weight propoxylated glycerin
starter sufficient to provide a build ratio of 8 was introduced to the reactor
together with an amount of zinc hexacyanocobaltate complex DMC
catalyst sufficient to provide a final catalyst concentration of 30 ppm in the
25 final product. Commercial glycerin and propylene glycol were utilized.
Foliowing addition of oligomeric starter and catalyst, the reactor was
stripped with a nitrogen sparge at a pressure of 5 to 30 mm Hg for 30 to 40
minutes and a reactor temperature of 130°C. Propylene oxide was
introduced in an amount equivalent to 4 to 6 weight percent of the startér
30 charge and the reactor pressure monitored to ensure catalyst activation

had occurred.



met hods described in U S. Pat. No. 5,482,908. -13 The DI VIC catal yst
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15  propylene glycol). At this point, the propylene glycol feed was stopped,
but glycerin and propylene oxide feeds continued. The co-feed of
propylene glycol and propylene oxide continued until the reactor contents
reached 90 percent of the final batch weight, at which point the glycerin
feed was stopped (a 10% non-CAOS cap for glycerin). The propylene

20 oxide feed was continued until the end of the batch. Reactor pressure was
monitored throughout the batch, and if the pressure exceeded 45 psia, the
propylene oxide and CAOS feeds were cut off.

In Comparative Example C1, the glycerin was acidified with 60 ppm

of phosphoric acid. During this batch, the reactor pressure was 45 psia

25  when the reactor contents reached 89 percent of the final batch weight,
and the reactant feeds were shut down. Although 60 ppm of acid is more
than enough to neutralize the basic contaminants measured in the
glycerin, the peak pressure during this batch was 43% higher than was
observed during the batch in which the glycerin was acidified to 240 ppm

30 phosphoric acid (Example 2). The batch of Example 2 completed

normally, reaching a maximum pressure of 32 psia. The presence of a



i ntroduced in an anount equivalent to 4 to 6 weight percent of the .
starter 30 charge and the reactor pressure nonitored to ensure catal yst

activation had occurred. -14 Pressue was allowed to drop bel ow 500 torr
prior to restarting the propylene oXide feed. Follow ng activation,

propyl ene oxide in, a "red hot" _ build_ ratio was added to the reactor.
The "red h&Gnifiggnt exeess o add ieExamplend appgars it hayeohad gesi CR of

propyl ene i '$H9ﬁ& | i Qi hial starter 5 weight to the initia
starter me?éh?ﬁd he }gﬁqﬁglpgﬁﬁﬁwhyTatio i S necessary t'o ensure the
catal yst is ful Mhe rastity et t@sbeikangplédarabymaidrizedrbedowmy Tabke gl ycol is
i ntroduced. The first "red hot" build ratio refers to the build ratio

when the propylene glycol is started. The propylene glycol fed at a

wei ght ratio of 2.3 weight percent to 10 the propyl ene oxide feed. The
second "red hot build ratio refers to the start of the glycerin feed, at
whi ch point the glycerin was fed at a weight ratio of 17.1 percent to

t he propyl ene oxide. The co-feed of glycerin, propylene glycol and
propyl ene oxi de continued until the reactor contents reached 60 percent
of the final batch weight (a 40% non- CACS cap for 15 propyl ene glycol).
At this point, the propylene glycol feed was stopped, but glycerin and
propyl ene oxi de feeds conti nued. The co-feed of propylene glycol and
propyl ene oxi de continued until the reactor contents reached 90 percent
of the final batch weight, at which point the glycerin feed was stopped
(a 10% non- CACS cap for glycerin). The propyl ene 20 oxi de feed was
continued until the end of the batch. Reactor pressure was nonitored

t hroughout the batch, and if the pressure exceeded 45 psia, the

propyl ene oxi de and CACS feeds were cut off. In Conparative Exanple Ci,
the glycerin was acidified with 60 ppm of phosphoric acid. During this
batch, the reactor pressure was 45 psia 25 when the reactor contents
reached 89 percent of the final batch weight,



and the reactant feeds were shut down. Although 60 ppmof acid is nore
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sunmmar i zed TaedetvOH# (repKOHIg) - 16 Table T Ex. CJEx. ZBgTar get npggcul
wei ght (Di)ﬁﬁ&?@@,{&a@w(rﬁé—ﬁd%)KU—v g) 238238 T TiAg stafrer (

fa

nDa,es "

IIA 62 4
L 25240

5 "red

buil d

AR S B A SRR W A
PG Propyl oty !gliq[]‘raim. ng-CACS feed2 32 3 d y‘ rinl rnn\‘}ﬂ:np oxi de
ratio dur i SHYSEKOSTed het'buildiraéig Fi nal catal yst |condef rat| on 1.85pr oduct
( ppm 3030 | Ré&:Propyiene npideattio elufiog)A80SIecteed It | me2.Bour566 o263 al |
rati o88 PG(¥yn- CACS cap %4040 d ycerin non- CACS capl010

Glycerin/Propylene oxide ratio during CAQS 17.1 17.1

feed (%)

Final catalyst concentration in product (ppm) 30 30

Reaction temperature (°C) 130 130

Feed time {hours) 6 6

Overall build ratio 8 8

PG non-CAQS cap (%) 40 40

Glycerin non-CAOS cap (%) 10 10

Maximum pressure during batch (psia) 46 (batch 32

shut down)

10

15

The term "establishing oxyalkylation conditions” in an oxyalkylation

reactor is believed to be self-explanatory. Such conditions are established

when the reactor temperature, alkylene oxide pressure, catalyst level,

degree of catalyst activation, presence of oxyalkylatable compounds within

the reactor, etc., are such that upon addition of unreacted alkylene oxide

to the reactor, oxyalkylation takes place. As a non-limiting example, in the

batch version of continuous addition of starter, oxyalkylation conditions are

initially established by following the procedures detailed in the preceding

examples. By the term "continuously introducing” with respect to addition

of alkylene oxide and glycerine starter is meant truly continuous, or an

incremental addition which provides substantially the same results as

continuous addition of these components. By the term "oxyalkylated low

molecular weight starter polyether” is meant a polyoxyalkylene polyether

prepared by oxyalkylating the glycerine starter. The oxyalkylated glycerine

starter polyether will be a polyoxypropylated, glycerine-initiated triol. The

terms "starter” and "initiator" as used herein are the same unless

otherwise indicated.



Maxi mum pressure during batch (psia)46 (batch 32 shut down) The term 5
"est ablishing oxyal kyl ation conditions" in an oxyal kylation reactor is "
believed to be self-explanatqgry. Such conditions are established 5 when
the reactor tenperature, alkylene oxide pressure, catalyst |evel, degree

Ceactor. Tt pONeliE dcits PSRBT ach ety BF R @sEREa al kyl ene oxi de .~ 3
t 0 ihbenticisiadbe @@e@émtﬁtdn%rbﬁrﬂbﬁéﬁeb?%tegso@m"mtlng exanple, in -
addi t starter .

the batch vérsion of continuous on o , oxyal kyl ati on
condiprowved palyeraibaneaiprodudty instudibg i itewbt bipnited topwdatingshe pr ocedur es
detailed in th recgedin anpl es,, By.the term "“conti nuously :
i nt?dﬂﬁf‘é‘f%'seﬁfap ,re&%em%r%ﬁéa%ﬁn%we &€ al kyl ene oxi de and gl ycerine
starter binkf dHa¥nSEELE BOHBseRf ifdBntibf GF & BRAF Ltion which
provi des s% stgnltnltgaéf%y F?ﬁe sarreHr eseuflts Qs! %o%talﬁﬁue?ufgga dition of these
conpurpest f illBgtratien sadmaot dmyjtatiey] dtveill Heosppdrenbloethokarskiledght st arter
pol. her" is, mean . pol ,yoxyal kyl ene pol yet her  prepared by

oX éﬁ&?Iaéb(‘ihﬁgﬂ‘t%%mépa@g‘?'?tg@%PB@%@EQW&@%&%W@?@WgI ycerine starter
pol Fi WAk At R8I AGE I s AL A dtriol. The
terl’#gf&'ég“g‘ﬁ&tl&)p?g\h&%@%hl t )g{égrgﬁmgﬁ%géggr%ﬁ'gidrﬂagsrdﬂehtﬁefqégne unl ess

ot heventien.i Tide cabpel of tHe7inVbrtigroisytetieemeaslseal sy threodppertday t he process of
the present invention nmay be reacted with one or nore isocyanates to
10pro‘?} RS- i nproved pol yur et hane products including, but not limited to,
coatings, adhesives, sealants, elastoners, foans and the |like. 5 The

f oregoi ng exanpl es of the present invention are offered for the purpose
of illustration and not limtation. It will be apparent to those skilled
in the art that the enbodi nents descri bed herein nmay be nodified or
revised in various ways W thout departing fromthe spirit and scope of

t he



i nvention. The scope of the invention is to be neasured by the appended .
10 clainms. 18 WHAT IS CLAIMED I S: 1 A process for the pol yoxyal kyl ati on
of a starter conprising: establighing oxyalkylation conditions in an
oxyal kyl ation reactor in the 5 presence of a double netal cyanide (DM
catalysEmngqgigtgﬂzéé!Entroducing into the reactor at |east one al kyi ene
oxi de a ified wwth at |east one of an inorganic protic
mneral acid and an organic acid, wherein the acid conprises greater

t han about 100 ppm based on the weight of the starter-, and 10
recoveriing amh procalsk yorahegd ynuyatiytedionaof anstagiet cetnprisarg: pol yet her

Chocsr. ceRAMRRRRCaREI = Broha CUR 18 SORIHIT A IS 10 o obsss
accogdi ng top%?érme]of %Sﬁﬁb%%‘{%gcﬁfﬁ?%@?“’!‘? %%Qg%l ne. 4. The process

according to'Cdarm1, erern from et hyl ene

gl ycol , cpntimydeshe irgfodueing idtpthepreaetr allleastlonetalkylend ykide-amd apane,
pentaerythritol, sorbitol and sucrose. 20 5. The process according to
Claim1, whestaneranidified withatdeastiane ofan inergrMaPrelis mineral agidi c
carboxylic agj KC i £.00] i L.nati ons

t hereof, 25 %"nﬁ_sﬁ]neB ogéggéba‘é@%ecdﬁ ﬁ%@?élfdgaéﬁ%ﬁ%sd%g?é;ﬁnﬁﬁ%bggi dis
chosen from 100tppm, baded od ik welyhit oétiee Starteardrakyl i ¢ aci ds, phosphonic
acids, p- toluenesul fonic acid, hydrochloric acid, hydrobrom c acid,

sul 18r i ceervading anppxyatkyiaied lowxaplesulaiweioht starter pelyathespeeductaci d,

mal eic acid, maleic anhydride, succinic acid, succinic anhydride, adipic
acid, adipoyl chloride, 30 adipic anhydride, thionyl chloride,
phosphorous  tThectdoeessiaccaraingotayClaim 1, wherein the starter is chosen

from glycerine, diglycerol and polyglycerol.
15 3. The process according to Claim 1, wherein the starter is glycerine.
4, The process according to Claim 1, wherein the starter is chosen

from ethylene glycol, propylene glycol, dipropylene glycol, trimethylol-
propane, pentaerythritol, sorbitol and sucrose.

20
5. The process according to Claim 1, wherein the acid is chosen from
mineral acids, organic carboxylic acids, phosphonic acids, sulfonic acids
and combinations thereof.

25 6. The process according to Claim 1, wherein the acid is chosen from

citric acid, 1,3,5-benzene tricarboxylic acids, phosphonic acids, p-
toluenesulfonic acid, hydrochloric acid, hydrobromic acid, sulfuric acid,
formic acid, oxalic acid, citric acid, acetic acid, maleic acid, maleic
anhydride, succinic acid, succinic anhydride, adipic acid, adipoyl chloride, -

30 adipic anhydride, thionyl chloride, phosphorous trichloride, carbonyl




-19 chloride, sulfur trioxide, thionyl chloride phosphorus pentoxide,
phosphorous oxytrichloride and conbi nati ons thereof. 7. The process
according to Caim1, wherein the acjgl.is phosphoric 5 acid. 8. The
process according to Claim1l1, wherein the acid conprises greater than

about 100 m.t.o about, .2,.000 p sed qn the weight of the starter. 10
9. The proEﬁ@é’dﬁc?@E itﬁﬂx’aﬁ' @'&ngf@ﬁéﬁysﬁn%’é% iax'ggrrpri ses about
200 ppmwgﬁeg_xsﬁorége%wnchhﬁm rﬁ?:l"cér'ﬂ%in‘#%bﬁ@fth%of.he starter. 10. The
process according to alm 1, ereln the reactor i1s a ‘15 conti nuous

reactor. 11. The process according to Caim 10, wherein the continuous
reactor cqnprises a tubular reactor,..2Q 12. The process  according to

G i m 10, “dner e AOECERRCAH NG IAD I Ferip (R aeIcS AISPEPNE cast one
al kyl ene oxige and the |ow nolecular weight starter conprises

mul ti-poi nt addition. 13. The process according to daim 10, wherein the
continuous reactor 25 conprises a back-m xed reactor. 14. The process
according to Caim1l, wherein the . catalyst is a ,zinc |
hexacyanoc8bal t ﬁ‘h@.prgeeq%acememsrte%ggn gewﬁm'ﬁéhe acid EMPiSeSher ei n t he

al kyl ene oxj i cémﬁ r ifﬂﬁ“ F&y i oxet ane,
1,2- and 2,55&%8}&@3ty engog) I e%imsségﬂ?ﬁ@{g O,thﬁ’é e, %’glﬂﬁ%%@ﬁ%ri n,
cycl ohexeneheoxtather. styrene oxi de and C5-C30 a-al kyl ene oxi des. 16. The

process according to Claim1l1, wherein the alkylene oxide is 5 propyl ene
oxi de.

9. The process according to Claim 1, wherein the acid comprises
about 200 ppm to about 300 ppm, based on the weight of the starter.

10.  The process according to Claim 1, wherein the reactor is a

15 continuous reactor.

11.  The process according to Claim 10, wherein the continuocus reactor

comprises a tubular reactor.

20 12. The process according to Claim 10, wherein the step of
continuously introducing the at least one alkylene oxide and the low

molecular weight starter comprises multi-point addition.

13.  The process according to Claim 10, wherein the continuous reactor

25 comprises a back-mixed reactor.

14.  The process according to Claim 1, wherein the DMC catalyst is a

zinc hexacyanocobaltate.

30 15. The process according to Claim 1, wherein the alkylene oxide is

chosen from ethylene oxide, propylene oxide, oxetane, 1,2- and 2,3-



17. The process according to Claim1, wherein the polyether product has.
a nol ecul ar wei ght of about 260 Daltons (Da) to about 2,500 Da. 10 18.
The process according to daimgl, wherein the process is continuous. 19.
The process according to Claim1, wherein the process is sembatch.- 15

20. | yet her .po] yol nade by: .establishing oxyal kyl ation conditions in. -
an o@y't&%dﬁ %'ﬁ%ﬂ'g?é%taleﬂ;‘re ‘?"r\d?’t?é)'aﬁ?@g@ﬁﬂﬂ' B\?Cl%ﬁ%iﬁﬂﬂy%x'%t al cyanide
cat ' [ Sly i.n [ jJnto the reactor at |east one al kylene . - -
oXi S%t)pgénnc? gﬁaéoﬂ‘ﬂg‘% %ngﬁdf(gr@Héeol&gﬁs starter acidified with at |east one  “-
of an inorganic protic mneral acid and an organic acid, wherein the :
acid conprises greater than about 100 ppm based on the weight of the
| ow ! eclihaprogesghacaeoradingdo Claimd 15 wberain ity atkylemeyatitty isat ed | ow |

| ecul ar weight starter polyether product. 25 21. The pol yether polyol
;\gécopmpﬁ( PG m 20, wherein the low nol ecul ar wei ght starter is :
chosen from glycerine, diglycerol and polyglycerol. 30 22. The pol yether
pol yol according to Claim 20, wherein the |ow nolecular weight starter
i s ght¥cerThepro@iss @&ordihg tpdlgiet hewhpiy the polyetrmgotwctC ai m 20,
wherein the starter is ho from et hyl ene gl ycal ropyl ene glycol,
di prB%?éﬂ%'eﬁi-‘@é&?'ghttqfia%@ﬂiﬁgggIQ??@&&KB?Bﬁéﬁpgﬁg%@ﬂpifs)%l . sorbitol and
sucrose. 5 24. The pol yether polyol according to Caim 20, wherein the
acid is chosen fromm neral acids, organic carboxylic acids, phosphonic
@i d§8.  The process according to Claim 1, wherein the process is

continuous.

19.  The process according to Claim 1, wherein the process is

semibatch. i
15
20. A polyether polyol made by:
establishing oxyalkylation conditions in an oxyalkylation reactor in the
presence of a double metal cyanide catalyst;
continuously introducing into the reactor at least one alkylene oxide and a
20 low molecular weight starter acidified with at least one of an ‘
inorganic protic mineral acid and an organic acid, wherein the acid \
comprises greater than about 100 ppm, based on the weight of the l B
low molecular weight starter; and
recovering an oxyalkylated low molecular weight starter polyether product.
25

21.  The polyether polyo! according to Claim 20, wherein the low
molecular weight starter is chosen from glycerine, diglycerol and

polyglycerol.

30 22. The polyether polyol according to Claim 20, wherein the low

molecular weight starter is glycerine.



sul fonic acids and conbi nations thereof. 10 25. The pol yet her pol yol
according to Claim20, wherein the acid is chosen fromcitric acid,

1, 3, 5-benzene tricarboxylic acidsy.phosphonic acids, p-toluenesulfonic
acid, hydrochloric acid, hydrobromc acid, sulfuric acid, formc acid,
oxalic acid, citric acid, acetic acid, maleic acid, maleic anhydride,
succinic acid, succinic anhydride, adipic acid, adipoyl chloride, 15
adi"pi c23n hydmctmlyétheppmb;opmwruﬂg tolfmﬁﬁt@bgr auerdinithspirtedes car bonyl
chloride, sulfur trioxid hi on chl ori de phosphorus pent oxi de,
phosph6hasen fiem ethylans: gideol apeopy j glucolodipropidernaglyceb. The pol yet her

N R e R R T R

conprises greater than about 100 ppmto about 2,000 ppm based on the
wei ght of the starter. 25 28. The pol yet her pol on according to C aim 20,
wher ei @4t heTzﬁIQIQDWQibﬁ’DPDlyelsamdlngQ laip2Dowhbtein t®acidisy based on t he
wei ght Bf th starte 80 et her polyol according to Caim
2. “wneFerer finat i ELacdl daat GrBRlE A FhabRhPRREIER. o2, ' pr opyl ene
oxi de, sgK&hiaRidslarid comMBirradions terewf y! ene oxi de, isobutyl ene oxide,

epi chl or ohydrin, cycl ohexene oxide, styrene oxide and C5 - C30

a- al kyl ene oxides. , 30. The polyether polyoi accordi ng to Cl aim 20,

wh ei the | kyl e 5 oxjde is. pro Ien o 1. Thepolyether

poltol 2ccomeripiiaier BolipbascaioBep Riehe 2aveheteln & abds e ¥i nc

hexacyeneggbﬁbh%.&.c é&d31°-3 ﬁBenﬁ)@wﬁrdm WAL ¥Rlds2pRBEEhdct © O ai m 20,

wherein the polyo a nol ecul ar wel of "about 260 Daltons (Da) to

about apEKSOpEbaLuenesulfomc acid, hydrochloric acnd hydrobromic acid, sulfuric ?
acid, formic acid, oxalic acid, citric acid, acetic acid, maleic acid, maleic
anhydride, succinic acid, succinic anhydride, adipic acid, adipoyl chloride,

15 adipic anhydride, thionyl chloride, phosphorous trichloride, carbonyl

chloride, sulfur trioxide, thiony! chloride phosphorus pentoxide,

phosphorous oxytrichloride and combinations thereof.

26.  The polyether polyol according to Claim 20, wherein the acid is
20  phosphoric acid.

27.  The polyether polyol according to Claim 20, wherein the acid
comprises greater than about 100 ppm to about 2,000 ppm, based on the
weight of the starter.

25
28.  The polyether polyol according to Claim 20, wherein the acid
comprises about 200 ppm to about 300 ppm, based on the weight of the
starter.

30 29. The polyether polyol according to Claim 20, wherein the alkylene

oxide is chosen from ethylene oxide, propylene oxide, oxetane, 1,2- and



33. In a process of producing a pol yurethane by the reaction of at |east,
one isocyanate and at | east one isocyanate reactive conpound, the 15
i nprovenent conprising producing theg socyanate reactive conpound by
establ i shing oxyal kyl ati on conditions in an oxyal kyl ation reactor in the

presence o doubl e t al ani de (. .catal yst., continuously

T oduci g RugTanEofBacsafidnecoted AricbRiahs. SobStERE aldeu
mol-ecul ar | : agd difi Lt h. | east one of an inorganic
protic m ng%%ﬁ%%r@te%{ogga ?ﬁo 8r%gﬂ?}é\é§%f°%%'\/\her ein the ‘acid conprises in
excess of about 100 ppm based on the weight of the | ow nol ecul ar wei ght
starter and recovering an oxyal kyl ated | ow nol ecul ar wei ght starter

pol yet her pBodudhe iyether polyoloaassdiof tprGidiot 2Agwbareinthaatkybeneng,

adhesi ve, seal ant, 5 el astonmer and foam the inprovement conprising
i ncl udithg Pﬁ'gedﬁlwxi,?’?\%ﬁé’dgccordi ng to O aim33.

31.  The polyether polyol according to Claim 20, wherein the DMC

catalyst is a zinc hexacyanocobaltate.

10 32. The polyether polyol according to Claim 20, wherein the polyol has
a molecular weight of about 260 Daltons (Da) to about 2,500 Da.

33. In a process of producing a polyurethane by the reaction of at least
one isocyanate and at least one isocyanate reactive compound, the

15 improvement comprising producing the isocyanate reactive compound by
establishing oxyalkylation conditions in an oxyalkylation reactor in the
presence of a double metal cyanide (DMC) catalyst, continuously
introducing into the reactor at least one alkylene oxide and a low molecular
weight starter acidified with at least one of an inorganic protic mineral acid

20 and an organic acid, wherein the acid comprises in excess of about 100
ppm, based on the weight of the low molecular weight starter and

recovering an oxyalkylated low molecular weight starter polyether product.

34. In a process of producing one of a coating, adhesive, sealant,
25 elastomer and foam, the improvement comprising including the

polyurethane according to Claim 33.



