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METHODS FOR SYNTHESIZING POLYETHER DIOLS AND
POLYESTER DIOLS

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of provisional U.S. Application
Serial No. 81/227518.

FIELD OF THE INVENTION
The invention relates to methods for synthesizing polyether diols
and polvester diols. The methods provide reduced color as comparsd to
such polymers made using conventional methads.

BACKGROUND
Palytnmethylene ether glycol {(hersinafter also referred o as

“PO3G") produced from the acid calalyzed polycondensation of 1,3-
propanadiol (hereinalter also referred to as "PDO™) can have guality
problems, in particular the color of the polymer may not be acceptabls fo
the industry. The raw material PDO and the polymerization process
conditions and stability of the polymer are responsible for discolorgtion fo
some extent.

Varipus pre-polymerization treatment methads are disclosed in the
prior arl to remove color pracursors present in the PDO. Attempts have
also heen made {o reducs the color of polytrimethylene ether glycols post
polymerization. Forexampls, Sunkara et al. describes a process for
reducing color in PO3G by contacting PQ3G with an adsorbent and then
separating the PQ3G from the adsorbent (LS. Patent 7,294 746}

Pre- or post-polymerization methods may undesireably add
addifional steps, ime, and expense o production processes. Allempts
have also been made o giter reaction conditions o control product color
during polymernization. For example, U.S. Patent Application Publication
No. 2005272911 discloses methods of controfling color formation by
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carrying out the dehydration-condensation reaction in the presence of a
catalyst composead of an acid and a base.
There exists a need for improved and convenient methods o

reduce color of PO3G.

BRIEF DESCRIPTION QF THE FIGURES

Figure 1 flustrates the molecular weight development of 1 3-propanedial

polymerization with and without carbon black addition.

Figure 2 illustrates PO3G product color development as a function of

molecular weight with and without carbon black during polymerization.

SUMMARY OF THE INVENTION

One aspect of the present invention is a process comprising:

contacting reactants with a catalyst and carbon black to form a
reaction product, wherein the reactants comprise at least one selecied
from the group consisting of: a diol of formuda OH{CH)OH where nis an
integer of 2 or greater, or a polyol thereof; and a diacid of formuda
HOQC{CH),COOH where z is an integer of 4 or greater, or a polymer
thereof.

Anocther aspact of the present invention is & process comprising
contacting reactants with a catalyst and carbon black {o form a reaction
product, wherein the reactants comprise a diol of formula OH(CH:)0H
where n is an integer greater than or equal to 2 or a palyol thereof; and
a diacid of formuta HOOC{CH,,CO0H where z is an integer greater than
oregual {o 4 or a polymer thereof, and wherein the reaction productis a
pulyester diol.

A further aspect of the present invention ig a process comprising
progess comprising contacting reactants with & catalyst and carbon black
to form a reaction product, wherein the reactants compriss a diof of
formuda OH{CHL 0N where 1 is an integer greater than orequalto 3 or s
polyol thereof; or a diol of formula HOQC{OM:).COOH where 2 is greater
than or equal {o 6 or a polyol thereof, and wherein the reaction product is
a polyether diol,

PCT/US2010/042255
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DETAILED DESCRIPTION
Unless otherwise stated, all percentages, parts, ratios, elc., are by

weight. Further, when an amount, concentration, or other value or
parameter is given as either a range, preferred range or a hst of upper
preferable values and lower preferable values, this is 1o be understood as
specifically disclosing all ranges formed from any pair of any upper range
imit or preferred value and any lower range limit or preferred value,
regardless of whether ranges are separately disclossd.

Processes disclosed herein employ carbon black, Carbon black is
an adsorbent, and although it is present during reactions in the processes
described heretn, i1 is not a “reactant’ as the term is used herein. The
ferm “adsorbent” refers to materials that commonly are used 1o remove
relatively small ampunts of undesired components, whether such removal
is by the process of adsorption or absorplion. As used hersin, “carbon
black™ refers to carbon black, activated carbon, or charcoal. Aclivated
carbon is available commercially in different forms such as powder,
granular, and shaped products. The preferred form is powdered activated
carbon. Various brands of carbon may be used, including, but not limited
o, Nort America G880, NORIT RO 0.8, Calgon PWA, BL, and WPH, and
Ceca ACTICARBONE ENQ. Also suitable are Darco KB-G or Darco 8-51
{Nort}, or ADP Carbon {Calgon Carbon). Suitable forms of carbon black
also include those having a particle size range of about 2.7 micron to
about 130 micron. Other forms will be known 1o those skilled in the art.

Other adsorbents suitable for the processes disclosed herein are
commercially available from various sources and in many forms and
include alumina, sdica, digtomaceous earth, montmorilionite clays, Fuller's
earth, kaolin minerals and derivatives thereof.

“Colar® and "color bodies” refer to visible color that can be
quantified by the use of a spectrocolonmeter iy the range of visible light,
using wavetengths of approximately 400 to 800 nm, and by comparison
with pure water. Colar precursors in PRO are not visible in this range, but

contribute color during and after polymernization.

-3-
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Provided herein is a process of producing polymeric reaction
product in the presence of carbon black. The processs comprises
polycondensing reactants comprising 1.3-propanediol, poly-1.3-
propanediol or 8 mixiure thereof in the presence of acid polycondensation
catalyst and carbon black o form a reaction product. in some
embodiments, the process further comprises separating the reaction
product from the carbon black. In some embadiments, the reactants
further comprise a comonamer diol.

In some embodiments, the reaction product has a molecular weight
greater than about 500 or 2 molecular weight of about 500 to about 5000,
In some embodiments, the reaction product has an APHA color of less
than about 250 or {ess than about 50.

In some embodiments, the reaction product comprises
polytrimethylene ether glycol. In some embodiments, the polytnimethylene
ether glycol is contgcted with a monocarboxylic acid to form a dicarboxylic
acid ester of paolytrimethylene ether glyool.

In accordance with the present invention, it has been found that
carbon black reduces polymer color when present during polymerization
{Figure 2, Examples). In preferred embodiments, the carbon black has a
desirable effect on polymer color without substantially affecting polymer
molacular weight development (Figure 1, Examples}). At the same
reaction tempergture and acid concentration, for a given polymer
molecular weight, polymer color decreases with an increase n amount of
carbon black addition. Also, in situ remoaval of color species may allow a
polymerization process 10 be operated at a higher temperature and higher
calalyst concentrations facilifating production of a cerfain molecular weight
product in a shorter polymerization ime period,

In one embodiment, a process comprises contacting reactants with
a catslyst and carbon black to form a reaction produgt, wherein said
reactants comprise al least one of!

{a) a diol of formuda OH{CH:).0H where n is an integer greater than or
aqual to 2, or a palyol thereof, or

{b)a diacid of formula HOQC{CH,:CO0H where z is an integer greater
than or egual fo 4, or a polymer thereof.

-4-
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Also provided is 8 process comprising contacting reactants with a
catalyst and carbon black to form a polyester diol reaction product wherein
the reactanis comprise both
{a) a diot of formula OH{CH,).OH whare n is an integer greater than or
equal to 2 or a polyol thereof, and
{b} a diacid of formula HOOCO(CH).COOH where z is an integer greater
than or equal fo 4 or a polymer thereot.

Further provided is a process comgrising contacting reactant with a
catalyst and carbon black 1o form a polyether diol reaction product wherain
the reactants comprise a diol of formula OM{CH;),OH where nis an
integer greater than or equal to 3 or polyols thareof; or a diol of formuda
HOOUTC{CH,),COO0H where z is an integer greater than or equal to 8 or
pulyols thereof,

Also disclosed is a process comprising contacting reactants with a
catalyst and carbon black 1o form a reaction product wherein the reactants
comprise a dicl of formula OH(CH:1:0H where n is an integer greater than
or equal to 2, or polyols thereof, and wherein said dicl is 1,3-propane diol.
In another aspect, the reactants further comprise a comonamer diol, In
one embodiment, the reaction product comprises polytnimethylens ather
giycol.

in some embodiments, the carbon black is.about 8.05 1o about 5
waight percent based on the fofal weight of the reactants. In some
embodiments, the process includes separating the reaction product from
the carbon black by, for example, filtration.

in some embodiments, the catalyst for the processes comprises a
fitanium calalyst of an acid catalyst. In some embodiments, the reaction
producis of the processes have an APHA color of less than about 250,
less than about 100, less than about 50, less than about 40, or less than
ahout 30

Also provided is g process comprising polycondensing reactants
comprising 1,3-propanediol, poly-1,3-propanediol or a mixture thereof, in
the presence of acid and carbon black. I one embodiment, the reaction
product comprises polytrimethylene ether glyeol, In some embodiments,
the 1, 3-propanediol, the poly-1,3-propansdiol or mixtures thersof comprise

-5-
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bio-derived 1, 3-propanadiol. In some aspects the acid comprises sulfuric
aoid, In further embodiments the reactants comprise comonomer diol and
the comonomer diol can, in some embodiments, be ethylene glycol.

in some embodiments, the process further comprises contacting
the polytrimethylene sther glycol with a monocarboxylic acid fo form a
dicarboxylic acid ester of polytrimethylene aether glycol. In some aspects,
the monocarboxylic acid is Z-elhythexanvic acid.

In some embodiments, the molecular weight of the reaction product
is greater than abouf 500, In some preferred embodiments, the molecular
weight is from about 500 to about 5000, in some embodiments, the
product has an APHA color of less than about 250, {ess than about 100,
less than about 50, less than about 40 or less than about 30,

The processes disclosed herein can, in some embodiments, be
used to make polytrimethyvienea ethear glycol

In the processes disclosed herein, carbon black may be added at
any tme during the polycondensation reaction. Depending on the reaction
conditions and the fime of addition, the reactants present duning the
polycondensation in the presence of carbon black can include manomer
dials or polyols thereof, or diacids or polymers thereof. in one example,
the reactants comprise PDC monomer, poly-1,3-propanediol, or mxiures
thereofl. Poly-1 3-propanediol includes oligomers of POO including PDO
dimer and PDO tiimer,

The processes disclosed herein can be used o produce reaction
products from reactants comprising at least one of a diol of formula
OH(CHL0H where n is an integer greater than or equal 10 2, or a polydd
thereof, or a diacid of formula HOQC{CH;L,CO0H where z is an integer
greater than or equal 1o 4, or a polymer thereof. The reactants can
include both a diol {or & polyol thereof) and a diacid {or 8 polymer therof)
such as, for example, when the reaction produdt is g polyester diol.
Reaction products may be homopolymers or copolymess.

Polyester diol reaction products can be prepared using known
methods from aliphatic, cydoaliphatic or aromatic dicarboxylic or
polycarboxylic acids or anhydrdes thereof {for example, succinic, glutaric,

adipic, pumelic, subenc, azelaic, sebacic, nonanedicarboxylic,

-6-
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decanedicarboxylic, terephthalic, isophthalic, o-phthslic,
tetrahydrophthalic, hexahydrophthalic or trimellitic acid) as well as acid
anhydrides {such as o-phthalic, trimellitic or succinic acid anhydride or a
mixture thereof) and dihydric sloohols such as, for example, ethanediol,
diethylene, tiethviene, tetrasthylene glyeol, 1,2-propanedial, dipropylene,
fripropylene, telrapropylena giveol, 1,3-propanediol, 1.4-butanedial, 1,3~
butanedial, 2,3-butanediol, 1,5-pentanediol, 1.6-hexanediol, 2, 2-dimethyl-
1,3-propanediol, 1, 4-dihydroxyoyciohexane, 1 4-dimethyloloyciohexane,
1.8-octanediol, 1.10-decansdiol, 1,12-dodecanediol or mixtures thereof.

Diols suitable for the processes disclosed herein include aliphatic
diols, for extample, ethyvlenedial, 1,6-hexanediol, 1,7-heplanedial, 18-
octanediol, 1, 8-nonanediol, 1,10-decanediol, 1,12-dodecanediol,
3.3.4.4.5,6-hexafiure-1, 5-pentanediol, 2,2,3,3,4.4,5 5-octafluoro-1.6-
hexanediol, 3,3,4.4.5,5,6,8,7.7.8,8,8.8,10, 10-hexadecafiuoro-1,12-
dodecanediol, cycloaliphatic diols, for exanmple, 1,4-cyclohexanediol, 1 4-
cyclohexanedimethano! and isosorhide, polvhydroxy compounds, for
example, giycerol, rimethylolpropane, and pentaerythritol. Other suitable
dinls include 2-methyl-1,3-propanediol, 2 2-dimethyl-1,3-propanediol, 2 2-
diethyi-1 3-propanediol, 2-ethyl-2-(hydroxymethyi}-1,3-propanedicl, 1.6~
hexanediol, 1.8-0utanediol, 1,10-decanedinl, sosorbide, and mixtures
thereol In some embodiments, preferred diols are 1.3-propanediol and
ethylene glycal.

Catalysts suitable for the production of polyester diols include
organic and inorganic compaounds of Btanium, lanthanum, tin, antimony,
ZIrCONWm, manganease, zing, phosphorus and mixtures thereof, Titanium
catalysts such as tetraisopropyl titanate and tetrabutyl titanale are
preferred and can be added in an amount of at least about 25 ppm and up
to about 1000 ppm titanium by weight, based on the weight of the polymer.

The processes disclosed harein can be used to produce polyether
diol reaction products, For example the processes can be used (o
produce reaction products from reactanis comprising at least one of a diol
of formula OH{CH)OH where nis an integer greater than or equal o 3,
or a poiyol thereof; or a diol of formula OH{CH,),OH where n is an integer
greater than or equal to 8, or a polyol thereo!, Didls of formuda

-
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OH{CH.3,0OR where nis 2, 4, or & may not be praferred, as they may
cyclize,

In one embadiment, the reaction product comprises PO3G.
Mathods of making PO3G from 1, 3-propanediol are described in the art,
for example, in U.S. Application Publication Nos. 20020007043 and
20020010374, As shown in the Examples herein, polyether diols such as
PO3G can be produced by palycondensing PDO using an acid catalyst.
Suitable catalysts for processes to produce polyether diols include those
acids with a pKa less than about 4, preferably with a pKa less than about
2, and include inorganic acids, organic sulfonic acids, heteropolyacids,
perfupro-atkyt sulfonic acids and mixiures thereof, Also suitable are metal
salts of acids with a pKa less than about 4, including metal sulfonates,
metal nflucroaceiates, metal inflates, and mixiures thereof including
mixtures of the salls with their conjugate acids. Specific examples of
catalysts include sulfuric acid, fuorcsulfonic acid, phosphorous acid, p-
toluenasulfonic acid, benzenesulfonic acid, phosphotungstic acid,
phosphomolybdic acid, influcromethanesulfonic acid, 1,1,2.2-
tetraflucroethanesulfonic acid, 1.1,1.2,3,3-hexafiuoropropanesulfonic acid,
bismuth triflate, yilrium triflate, yiterbium triflate, neodymium tnflate,
lanthanum triftate, scandium iriflate, zirgonium triflate. A preferred catalyst
for PO3G is sulfuric acid.  Other suitable catalysts include superacids and
NAFION sofid catalysts (E.1. DuPont de Nemowrs & Co).

A particularly preferred source of PDO is via g fermentation process
using a renewable biclogical source. As an illustrative example of a
starting material from a renewable source, biochemical routes to PDO
have been described that utilize feedstocks produced from biological and
renawable resources such as com feed stock. For example, bacterial
strains able to convert glyeerol into 1,3-propanediol gre found in the
spacies Klebsiella, Ciirobacter, Clostridium, and Laclobacifius. The
technique is disclosed in several publications, including US5633362,
UGH686276 and USSBZ1082. UBSBZ1092 discloses, infer alis, a pracess
for the biological production of PDO fram glycerol using recombinant
organisms. The process mcomorates £ ¢ofl bacteria, fransformed with a
heteralogous pau diol dehydratase gene, having specificity for 1,2-

-8-
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propanadiol. The transformed £ coli is grown in the presence of glycerol
as a carbon source and PDQ is isolated from the growth media. Since
both baclena and veasts can convert glucose {g.g., Com sugar) or ather
carbohydrates to glveerol, the processes disclosed in these publications
provide a rapid, inexpensive and environmentally responsible source of
PDO monomer,

The biclogically-derived PRO, such as produced by the processes
described and referenced above, contains carbon from the atmospheric
carbon dioxide incorporated by plants, which compose the feedstock for
the production of the PDQ. in this way, the biclogically-denved PDO
preferred for use in the context of the presentinvention contains only
renawabile carbon, and not fossil fusl-based or petroleun-based carbon,
The polymers based thereon ulilizing the hiologically-denved PDO,
therefore, have less impact on the environment as the PDO used does not
deplete diminishing fossil fuels and, upon degradation, releases carbon
back 1o the atmosphere for use by planis once again. Thus, the
compaoasitions of the present invention can be charactenzed as more
natural and having less environmental impact than similar compositions
comprtising petrolewm hased diols.

Preferably the PDO used as a reactani or as a component of the
reactants in the processes disclosed herein has a purity of greater than
about 98%, and more preferably greater than about 99.9%, by weight as
determined by gas chromatographic analysis. Particularly preferred is
purified PDO as disclosed in UST098368, US7084311 and
USZ0050069587 A1

in one embodiment the product of the process is PO3G. Product
PO3G can be PO3G homo- or co-polymer. For exampie, the PDRO can be
polymerized with other diols ("comonomer diols”) {o make copolymer. The
PO copolymers useful in the process can contain up fo 50 percent by
weight {preferably 20 percent by weight or less) of comonomsr dials in
addition {o the 1,3-propanediol andfor ds dligomers. A preferred
comonomer diol is ethylene glyeol, Other comonamer diols that are
suitable for use in the process include aliphatic diols, for example,
sthylenediol, 1,6-hexanedicl, 1,7-heptanedial, 1,5-cctanediol, 1,9~

-9-
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nonanediol, 1,10-decanediol, 1,12-dodecanediol, 3,3 4 4.5 S-hexafluro~
1.5-pentanediol, 2,2.3.3.4 4.5 5-octafluore-1,6-hexanedial,

cycloaliphatic diols, for example, 1.4-cyclohexanediol, 1.4~
cyclohexanedimethanaol and isosorbide, polyhydroxy compounds, for
example, glycersl, inimethyviolpropans, and pentaerythntol, Other suitable
comonomer dipls are selected fram the group consisting of 2-methy-1,3-
prapanadiol, 2, 2-dimethyl-1,3-propanediol, 2,2-disthyl-1,3-propanediol, 2-
athylk-2-{thydroxymethyl)-1.3-propanediol, 1.6-hexanediol, 1 B-octanediol,
1,10-decanediol, isosorbide, and mixdures thersof. Thermal stabilizers,
antioxidants and coloring materials may be added to the polymerization
mixture or {0 the polymer if desired.

In one embodiment, 8 process COMprises causing reactants 1o
polymarize in the presence of carbon black. For a given reaction
temperature and catalyst concentration, product APHA color values for a
polymer of a given molecular weight or molscular weight range are
reduced as compared to the color values for the product polymerized
without the presence of carbon black. It will be appreciated that preferred
color values or preferred reductions may vary depending on the desired
molecular weight or the desired end use of the product. However, armed
with this disclosure, one of skill in the art will be able {o adjust the process
conditions to achieve the desired effect on the color of the product,

it is desired that reaction i the presence carbon black results in
polymer with an APHA color of less than about 100, and, more preferably,
less than 50. Preferably, the APHA color is less than about 40, more
preferably, less than 30. 5o, in certain embodiments, the APHA color is
about 30 to about 100 APHA. APHA color values are g measure of color
as defined in ASTM-D-1209 (see Test Method 1, below).

The molecular weight of the produd! polymer is typically within the
range of about 250 to about 5000. Preferably, the molecudar weight is
ahout 500 {o about 4000, In some embodiments, the product polymer has
a molecular weight of about 250 o about 2250, In some embodiments the

product polymer has a molecular weight of about 1000 to 2250,

-10-

PCT/US2010/042255



e

10

15

20

25

20

WO 2011/011276

The amount of carbon black used depends on factors including the
process conditions such as reaction volume, contact ime and
temperature. Carbon black can be added at any time during the reaction,
but is preferably added at the beginning of the reaction. it canbe
premixed with reactant or catalyst before addition into the reactor. The
amount added may be based on the weight of the monomer or polymer
phase at the fime of addition. For example, i the reactants comprise FDO
and comonomer, the amount will be based on the total weight of PDO and
comonomer infially added. For continuous operations, it should be based
on the total weight of reactanis in the reactor.

About $.05 o about 5 weight percent carbon black may be
employed, and about 0.1 to about 1 weight percent carbon black is
preferred. ltis preferred that the amount added is sufficient to reduce
cotor, and preferably the amount added is sufficient {o reduce color to less
than 100 APHA or more preferably to less than 50 APHA.

The contacting of the reactants with carbon black is carned out
under conditions suitable for polymerization. The contacting occurs in the
presence of acid and preferably at a temperature of about 120 fo 220°C,
preferably 150 to 180°C. The reaction is conductad for a period of about
3o 50 hours, and preferably about 3 {o about 15 hours.

Suitable processes for removal of the carbon black such as filtration
are well known {o those skilled in the art. Qther filter madia can be used
and will he well known to those skilled in the art, the requirements being a
fineness of filter sufficient to retain the carbon black and inert to the glyeol.

A batch process can be used, wherein carbon black is added into
the reactor af any stage of reaction, and, after a petiod of ime, separated
out by suitable means, for example, by filtration, centrifugation, elc. The
process of the invention may also be conducted in a continuous or semi-
continuous fashion. For example, the reaclants may be mixed with carbon
black and be pumped from a storage fank into a reactor. Carbon black
can be added inlo the reactor at any stage of reaction. The feed rale is
adjusted for the kind, amount, and prior use of carbon black in the bed and
the color level of the feedstock so that the carbon black is present in the

reactor sufficiently long o give a product with the desired color reduction.

-11-
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Other variations will be recognized by those skilled it the art. Although
is contemplated that the process described herein can be used in
conjnction with methods known in the art wherein the raw maternals are
pretreated to remove color {such as, for example, in U.S. Patent
6,235,848}, or methods wharein the polymer products are post-treated to
ramove color {such as, for example, in U.S. Patent 7,294,748) it is also
belisved that use of the process described herein eliminate or diminish the
necessity of such pretreatment steps and still produce polymer of desired
low APHA color in some embodiments, the product has desired APHA
color at the end of the polymerization, and in other embodiments, the
product achieves desired APHA colar after further purification The
processes disclosed herein can be used for the decolonzation of PO3G
prepared by polymenzation of PDO prepared from pstrochemical sources,
such as the process using acrolein, and for P3G prepared by
polymerization of PDO prepared by biochemical routes.

In accordance with a further embodiment of the present invention, a
product comprises {i) carbon black, and (i) PO3G wherein the PO3G has
an APHA color of legs than about 250. In cerfain embodiments, the APHA
color is less than about 100, less than aboud 50, less than ahout 40, or
fess than about 30. Also, the product may contain about 8.05 to about 5
waight percent of carbon black or preferably about 0.1 to about 1 weight
percent of carbon black.

In one embodiment, the process forms PO3EG and further
comprises esterification of the product PO3G by reaction with a
monocarboxylic acid andfor eguivalent, as described in copending U.S.
Application Publication No. 20080108845, By "monocarboxylic acid
equivalent” is meant compounds that perform substantially like
monocarboxylic acids in reaction with polymeric glyeols and diolg, as
would be generally recognized by a person of ordinary skill in the relevant
art. Manocarboxylic acid equivalents for the purposs of the pressnt
invention include, for example, esters of monocarboxylic acids, and esler-
forming derivatives such as acid halides {e.g., acid chiorides) and
anhydrides. Preferably, 8 monocarboxylic acid (s used having the formula
R--GCOOH, wherein R is a substituted or unsubstifuted aromatic, gliphatic
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or cycloaliphatic organic moisty containing from 6 1o 40 carbon atoms.
Mixtures of different monocarboxylic acids and/or equivalents are also
suitable.

The monocarboxylic acid {or squivalent} can contain any
substituent groups or combinations thereof (such as functional groups like
amide, amine, carbonyl, hahde, hydroxyl, 8.}, so long as the substituent
groups do not intetere with the esterification reaction or adversely affect
the properties of the resulting ester product.

Suitable monocarboxylic acids and their denvatives include lauric,
myristic, palmitic, stearic, arachidic, benzoic, caprytic, palmitic, erucic,
paimitoleic, pentadecanoic, heptadecanoie, nonadecanoic, linoleic,
arachidonic, oleic, valeric, caproic, capric and 2-sthylhexanoic acids, and
mixiures thereof. In a preferred embodiment, the monocarboxylic acid is
2-gthyihexanoic acid. In some embodiments, the dicarboxylic acid aesters
produced by the processes provided hersin, in particular the bis-2-
ethythexanoate esters will have uses as functional fluids, for example, as
lubricants.

For preparation of the carboxylic acid esters, the PO3G can be
contacted, preferably in the presence of an inert gas, with the
monocarboxylic acid(s) al temperatures ranging from about 100°C to
about 275°C, from about 120°C to 280°C, and most preferably at about
120°C. The provess can be carried out at atmospheric pressure of under
vacuum. Dunng the contacting water is formed and can be removed in the
inert gas stream or under vacuum to drive the reaction {0 completion.

To facilitate the reaction of PO3G with carboxylic acid an
esterfication catalyst is generally used, preferably an acid catalyst.
Examples of suitable acid catalysts include but are not limited to sulfuric
actd, hydrochioric acid, phosphoric acid, hydricgdic acid. Other suitable
catalysts include haterogensous catalysts such as zeolites,
heteropolvacid, amberlyst, and ion exchange rasin. A particularly
preferred acid catalyst is sulfuric acid. The amount of catalyst used in the
contacting of FO3G with monocarboxylic acid can be from about 0.81 wi

% to about 10 wit % of the reaction mixture, preferably rom 0.1 wt % to
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ahout 5wl %, and more preferably from about 0.2 wit % {o aboul 2 wit %,
of the reaction mixture.

Any ratio of monocarboxylic acid, or derivatives thereof, to glycol
hydroxyt groups can be used. The preferred ratio of acid o hydroxyl
groups is from about 3:1 {o about 1.2, where the ralic can be adjusted {o
shift the ratio of monoester to diester in the product. Generally to favor
production of diesters slightly more than a 1.1 ratio is used. To favor
production of monoesters, a 0.5:1 ratio or less of monocarboxylic acid to
hydroxyl is used.

A preferred process comprises polycondensing 1.3-propanediot in
the presence of carbon black to palyvirimethylene ether glyeol using an
acid catalyst {as described herein), then subsequently adding
monocarhoxylic acid and carrying out the esterifeation to form a
dicarhoxviic acid ester of PO3G. | is preferred that the contacting of
PO3G with a monocarboxylic acid is cartied out without first isolating and
purifying the PO3G.

The polycondensation reaction 1s continued until desired molecudar
waight is reached, and then the monocarboxylic add is subsequently
added {o the reaction mixture. The reaction is continued while the water
byproduct is removed. Al this stage both esterification and etherification
reactions ccour simuitaneously. Thus, in a preferred process, the acid
catalyst used for polycondensation of diol is also used for esterification
without adding additional calalyst. However, itis contemplated that
additional catalyst can be added at the esterification stage.

in an slternative procedure, the esterification reaction can be
carried out on purified PO3G by addition of an ssterification catalyst and
monpoarboxylic acid followed by heating and removal of water,
Regardiess of which esterification procedure is followed, afier the
esterification step any by products are removed, and then the catalyst
residuas remaining from polycondensation and/or esterification are
removed in order to obtain an ester product that is siable, particularly at
high temperatures. This may be accomplished by hydrolysis of the crude
ester product by treatment with water at from about 80°C to about 100°C
for a time sufficient {o hydrolyze any residual acid esters derived from the
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catalyst withouf impacting significantly the carboxylic acid esters. The time
required can vary from about 1 to about 8 hours. if the hydrolysis is carred
out under pressure, higher temperatures and correspondingly shorter
timas are possible. Al this paint the product may contain diesters,
monoesters, or a combination of diesters and monoesters, and small
amounts of acid catalyst, unreacted carboxylic acid and diol depending on
the reaction conditions. However, dicarboxylic acid esters are preferred,
and processes which produce dicarboxylic acid esters are preferred.

The hydrolyzed polymer is further purified {o remove water, acid
catalyst and unreacted carboxylic acid by the known conventional
technigues such as water washings, base neutralization, Sitration and/or
distiltation. Unreacied diol and acid catalyst can, for example, be removed
by washing with deionized water, Unreacted carboxylic acid also can be
removed, for example, by washing with deipnized water or aquedus base
solutions, or by vacuum stripping). I desired, the product can be
fractionated further 1o isolate low molecular weight esters by a frachional
distiltation under reduced pressurs.

EXAMPLES
Materials, Equipment, and Test Methods

The bio-derived PDO used in the Examples herein is commercially
available from E.l DuPont de Nemours & Co. as DuPont Tate & Lyle Bio-
POO™ For Examples 2, 3, and 4, carbon black {Norit Carbon} was
obtained from Univar (product name Darco® G-60). For examples 6, and
7, carbon black was type ADP carbon {Calgon Carbon}.

Teast Method 1. Color Measurement and APHA Values.

A Hunterlab Color Quest XE Spectrocolorimeter (Reston, Va ) was
used {o measure the polymer color resulting from the ahsence or pressnce
of carbon black freatment. Color numbers of the polymer are measured
as APHA values (Platinum-Cobalt System) according to ASTM D-1208.
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The polymer molecular weights were calculated from their hydroxyl
numbers obtained from NMR or weare determined using a previously
generated standard curve based on polymer viscosity.

Comparative Exampie A, Control Polymerization

12 kg of bio-based PDO monomer was added to a 20L glass
reactor equipped with a condenser and an agiator, purged with Nz al the
rate SL/min, The reactant was heated up to 170°C with agitation speed of
250 rpm. When the reactant temperature reached 170°C, 187 5 g of
sulfuric acid was added into the reactor. The time of sulfuric acid addition
was set as reaction starling point. Polymerization proceeded at 170°C.
The reaction volatiles were condensead in the condenser and the polymer
product was accumulated in the reactor. Polymer samples were taken
periadically for color and molecular weight analysis. The number average
matecutar weight of polymer was determined by NMR and the product
color was determined using a Hunter Lab Color quest XE machine and
expressed as APHA index. Molscular weight development is shown in
Figure 1 and product colori1s shown in Figure 2.

Example 1. 0.05 weight percent of Carbon Black

The equipmeant and polymerization procedures were the same as in
Comparative Exaniple A except for carbon black addition. 0.05 weight
percent of carbon black {Darco® G-80, Univar) on the basis of bio-hased
PDO was added {ogether with the monomer at the beginning of the
palymerization. Carbon black was mixed with monomer under agitation
when the reactor temperature was increased to 170°C. 187.5 g of sulfuric
acid was added at 170°C and the polymerization accurred in the present of
carbon black, Product molecular weight and color were measured aller
carbon biack removal by filtration at ambient temperature using a syringe
filter. The product color was measured by visual comparison of the
samples with a series of standard sampiles determined using & Hunter Lab
Color guest XE machine and expressed as APHA index. The molecular
weight and color developmernts are shown in Figures 1 and 2 respectively.
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Example 2. 0.1 weaight percent of Carbon Black

The eguipment and polymerization procedures were the same as i
Example 1 except for amount of carbon black addition. .1 waight percent
of carbon black on the basis of bio-based PDO was added together with
the monomer at the beginning of the polymerization. The molecular

weight and color developments are shown in Figures 1 and 2 respectively.

Example 3 0.5 waight parcent of Carbon Black

The eguipment and polymerization procedures were the same as in
Example 1 except for amount of carbon black addition. 0.5 weight percent
of carbon black on the basis of bio-based PDQ was added together with
the monomer at the beginning of the polymerization. The molecular

weight and color developments are shown in Figures 1 and 2 respectively.

Comparative Exanwpile B: Contral polvimerization

900 g of bio-based PDO monomer, 11.5g of 0.93 percent punty
sulfuric acid, and 6.1g of 10 weight percent sodium carbonate solution in
demineralized water (for color controly were added to a 1L glass reactor
equipped with a condenser and an agitator, purged with Na at the rate of
35L/min. The reactant was heated up to 170°C with agitation speed of
120 rom. The time the heat was twmed on was set as the reaction starting
point. Polymerization proceeded at 170°C. The reaction volatiles were
condensed in the condenser and polymer product was accumulated in the
regctor. The polymer samples were taken periodically for molecular
weight analysis, using a viscometer. The total reaction time is 18 hours.
The number average molecular wewght of polymer was determinad fromits
viscosity, which is calibrated based on NMR measurements. The product
cotor was determinad using Hunter Lab Color quest XE machine and
exprassed as APHA index. The molecular weight and color of final crude
polymer are shown in Table 1.

Example 4: 0.5 weight percemnt of Carbon Black. added at reaction imes of

2 and 5 hours
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800 g of bic-based PDO monomer and 11.5g of 0.98 percent purity
sulfuric acid were added 1o a 1L glass reactor equipped with a condenser
and an agitator, purged with Nz at the rate of 350L/min. The reactant was
heated up to 170°C with agitation speed of 120 rpm. The time the heat
was turmned on was set as the reaction starling point. Polymerization
proceeded gt 170°C. A mixture of 2 g of carbon black in about 10 g bio-
PDO is added into the reaction at reaction times of 2 and & hours. The
reaction volatiles were condensed in the condenser and polymer produdct
was gecumulated in the reactor. The polymer samples wers {aken
penodically for molecular weight analysis, using a viscomster. Total
reaction ime is 25 hours. The number average molecular weight of
polymer was defermined from its viscosity. The product color was
measured by visual companson of the samples with a series of standard
samples determined using a Hunter Lab Color quest XE machine and
expressed gs ARHA index. The molecular weight and color of final crude

polymer are shown in Table 1.

Example 5: 8.5 weight percent of Carbon Black, added at reaction time of

4 hours

800 g of bio-based PDO monomer and 11.5g of 0.98 percent purity
sulfuric acid were added 1o & 1L glass reactor sguipped with a condenser
and an agitator, purged with N, at the rate of 35L/min. The reactant was
heated up to 170°C with agitation spesd of 120 rpm. The time the heat
was turned on was set as the reaction starting point. Polymerization
PDO is added into the reaction af reaction time of 4 hours. The reaction
volatiles were condensed in the condenser and polymer product was
acocumudated in the reactor. The polymer samples were faken periodically
for molecular weight analysis, using a viscometer. Tolal reaction time is
25 hours. The number average molscular weight of polymer was
determined from its viscasity. The product color was measured by visual
corniparison of the samples with a series of standard samples determined

using a Hunter Lab Color quest XE machine and expressed as APHA
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index. The molecular weight and color of final crude polymer are shown in
Table 1.

Table 1. Result summary

Example | Heat/Reaction | Viscosity (Cp} i M, based on Color
fime thid viscosity (ghmol) (ARPHA)Y
Comp. B 18 7,246 3,344 >500
4 25 14,007 4,228 180
& 25 20 444 4,836 200

Example 8: (PROPHETIC) Esterification of PO3G
PDO 18 polymenzed to form PO3G homopolymer in the presence of

carbon black as described i other Examples. When the reaction product
reaches a MW of about 300 (or a viscosity of 150 oP}, 2-ethythexanoic
acid is added to the reaction mixture 1o estenly the PO3G homopolymer.
The amount of Z-ethythexanoic acid added is about 60 wi% of the original
PDO charged into the reactor. No additional acid catalyst is added. The
temperature is reduced to 120°C, and the reaction is carried out for about
6 to 7 additional hours with no changes in the pressure. The resulting
ester product s tested for color as described and is analyzed using profon
NMR and IR for MW and % estedfication respectively. itis preferred that
the color will be below about 200 APHA, and that the % esterification will
be atleast 80%. The reaction product is then punfied by neulralizing the
acid and removing the impurities from the product using methods known in
the art, for example as in US Pat. Publication 200801088485,
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CLAIMS
What is claimed is:

1. A process comprising:
cortacting reactants with a catalyst and carbon black o form a reaction
product, whereain the reactants comprise gt least one selected from the
group consisting of
a. a diol of formula OM{CH,LOH where nis an integerof 2 or
greater, or a polyol thereof, and
b. adiaad of formula HOOC({CH: LCO0H where 2 is an integer of
4 of greatst, or 8 polymer thereof,

2. The process of claim 1 wherein the reactants comprise
a. a diof of formula OH{CH:L0H where n is an inleger greater than
or equal to 2 or a polyol thereof, and
b adiactd of formula HOOC{CH:,COO0H where z s an integer
greater than or equal to 4 or & polymer thereof, and

wherein the reaction produdt is a polvester dwl.

3. The process of claim 1 wherein the reactants comprise
a. a diol of formula OR{GH).0H where n is an integer greater than
or equal o 3 or a polyol thereof, or
b. a diol of formula HOOC(CH),COOH where z is greater than or
equal fo 6 or a polyol thereof; and
wherein the reaction product is a polyether diol.

4. The pracess of claim 1 further comprising separating the reaction
product from the carbon black.

%

The process of claim 4 wherein the carbon black is separated by
filtration.
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8. The process of claim 1 wherein the carbon black is present in an
amount from about 0.05 1 about 5 weight percent based on the {otal
weight of the reaclants.

7. The process of claim 2 whersin the catalyst comprises a titanium
catalyst.

8. The process of claim 3 wherain the catalyst comprises an acid catalyst.

&, The process of claim 1 wherein the reaction product has an APHA
color of less than about 250

10. The process of claim 1 whersin the reaction product has an APHA
color of less than about 56,

11. The proceass of claim 1 wherein the reaction product has an APHA
color of less than about 40,

12. The process of claim 1 whersin the reaction product has an APHA

color of less than about 30

21-
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