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(57) Abstract

A process for preparing a 1,3—propanediol-based polyester in

which a carbonyl-containing 1,3—propanediol stream is purified for

reuse of the 1,3—propanediol. The process involves reacting, under condensation polymerization conditions, terephthalic acid and a molar
excess of 1,3—propanediol, with distillation and condensation of a major portion of the unreacted 1,3—propanediol. To this condensed stream
is added a sufficient amount of base to raise the pH to a value greater than 7, and from this base—containing condensate the 1,3—propanediol

is distilled and recycled to the polymerization reaction.
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PURIFICATION OF RECYCLED 1,3-PROPANEDIOL DURING POLYSTER PREPARATION

1)

The present invention relates to the purification O

a carbonyl-containing 1,3-propanediol composition. More

particularly, the present invention relates to treatment

P

of a 1,3-propanediol-containing stream from the

manufacture of polytrimethylene terephthalate so as tO
permit recycle of the 1,3-propanediol to the

polymerization process.

Polytrimethylene terephthalate is a polyester useful

in making fibres for carpets and textiles. In the

P

preparation of polytrimethylene terephthalate by the

esterification/condensation polymerization of

1,3-propanediol and terephthalic acid, the 1,3-

propanediol is initially present in the esterification
reaction mixture in a molar excess with respect to the
acid. In order to achieve high polymer molecular weight,
excess 1,3-propanediol is removed under vacuum and
condensed as the polycondensation reaction proceeds.

This condensed 1,3-propanediol stream typically also
contains carbonyl-containing by-products of the
polymerization process.

Although it would be desirable to recycle this
excess 1,3-propanediol to the polymerization process, the
addition of the by-products along with the
1,3-propanediol could result 1n the accumulation of

carbonyl-containing byproducts in the system and

interfere with the production of high-quality polyester.

It is known to purify such byproduct streams by

-~

adding a substantial amount of water, acidifying the

solution, and then distilling the 1,3-propanediol under

basic conditions. It would be desirable to recover

purified 1,3-propanediol from the byproduct stream
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without the necessity of adding large gquantities of water

to the system.

It 1s therefore an object of the present 1nvention
to provide a process for preparing polytrimethylene
terephthalate in which relatively pure 1,3-propanediol 1s

recovered from the distillate stream and recycled to the

polymerlzatlon process.

According to the present invention, there 1s
provided a process for preparing a 1,3-propanediol-based
polyester comprising:

(a) contacting, in a polymerization reaction
mixture at a temperature within the range of 200 to 300°C
under less than atmospheric pressure, tefephthalic acid,

Oor an ester thereof, and a molar excess of

1,3-propanediol, to produce a reaction product mixture
comprising polytrimethylene terephthalate and a
distillate comprising excess 1,3-propanediol, by-product
carbonyl compounds and a minor amount of water;

(b) adding a sufficient amount of a base to impart
to the distillate a pH higher than 7;

(c) heating the base-containing distillate to a
temperature sufficient to distill a major portion of the
1,3-propanediol therefrom; and

(d) passing at least a portion of said distilled

1,3-propanediol to the polymerization reaction mixture as
a recycle stream.

The present invention process 1involves adding a base
to a carbonyl-containing 1,3-propanediol composition. As
used herein, "carbonyl" refers to a compound, whether
containing the C=0 group or not, detected by a method 1in
which total carbonyls are determined by conversion to
2,4-nitrophenylhydrazone derivatives and measured
colorimetrically, such as ASTM E411-70. The source ot
such carbonyl species can be acetals, aldehydes or
kKetones.

The carbonyl-containing 1,3-propanediol composition

ig a distillate stream from the preparation otf
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polyvtrimethylene terephthalate. As used herein,

"1, 3-propanediol-based polyester" refers to a polyester
prepared by reacting at least one diol with at least one
aromatic diacid (or alkyl ester thereof) i1n which at
least 80 mole percent of the diol 1s 1,3-propanediol.
"Polytrimethylene terephthalate" refers to such a

polyester in which at least 80 mole percent of the diacid

is terephthalic acid (or an alkyl ester thereof). Other

diols may include, for example, ethylene glycol,
diethylene glycol, 1,4-cyclohexanone dimethanol,
bis (3-hydroxypropyl)ether and 1,4-butanediol, and other
diacids may include, for example, 1sophthalic acid and
2,6-naphthalene dicarboxylic acid. The condensation
polymerization of polytrimethylene terephthalate usually
generates as much as about 4 mole percent of
bis (3-hydroxypropyl)ether which, 1n effect, becomes a
comonomer and is 1ncorporated into the polyester chain.
Polytrimethylene terephthalate 1is prepared by the
polycondensation reaction of the 1,3-propanediol with
terephthalic acid (or an alkyl ester therxeof) under
vacuum and at a temperature within the range of 200 to
300°C. The diol(s) are added to the polymerization
reaction mixture in a molar excess, of preferably 5 to
50%, with respect to the acid. As the polycondensation
reaction proceeds, the excess diol i1is removed under
vacuum and condensed. The condensed stream typically
containsg, in addition to 70 wt% or more diol (s),
polymerization byproducts such as allyl alcohol, acrolein
and other carbonyl compounds, acetals, alcohols, glycol
ethers, diacids, polyester oligomers and adducts, and no
more than 20wt%, more typically 1-20wt%, water. Further
1,3-propanediol can be added 1f needed to adjust the
water concentration to this range. The carbonyl content
(as C=0) of the distillate stream can be at least
500 ppm, more typically 1n the range from 500 to
2500ppm (wt), depending upon the purity of the starting

1,3-propanediol and the polymerization reaction
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conditions. The pH of the stream is typically within the

range of 3 to 6. The diol product of the invention
treatment process preferably contains less than

300 ppm (wt) carbonyl, most preferably less than

200 ppm (wt), qualifying it for use as a recycle stream
1n high-quality polyester manufacture.

A base 1s added to the 1,3-propanediol-containing

composition in an amount sufficient to raise the pH

thereof to a value greater than 7, preferably 7.5 to 14,
most preferably within the range of 8 to 10. If desired,

the base can be added 1n 1ncrements over the course of
the purification process. The amount of base added is
nominally the amount needed to neutralize acidic specles
present 1n the condensed stream plus any amount needed to
reach the target pH. However, additional base may be
needed, particularly 1f the stream contains soluble or
suspended polyester adducts or oligomers, since reaction
of the base with these oligomers or other impurities may
consume base during the purification process. If the
stream contains solid polymerization by-products, 1t 1is
preferable to remove such solids by, for example,
filtration prior to addition of the base to the liguid
mixture.

The addition of base i1s preferably achieved without
ralsing the water content of the base-containing
distillate above 20wt%.

Suitable bases for the purification treatment are
typically i1norganic bases such as the alkall and alkaline
earth hydroxides, carbonates and bicarbonates. Preferred
bases are sodium and potassium hydroxides, most
preferably sodium hydroxide. Organic bases such as

amines are to be avoided.

The base-contalining condensed stream 1is optionally

further treated with a borohydride represented by the

formula MBHng,.rn*Which M 1s an alkali metal cation or a

tetraalkylammonium cation, Y is a ligand, x is at least

4 and yv = 0 most pretfterred.

1, and x+y = 4, with X

-———
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Examples of such borohydrides include the metal
tetrahydridoborates such as lithium borohydride,
potassium pborohydride, sodium borohydride and rubldium
borohydride; metal organocborohydrides such as lithium
trimethylborohydride, lithium triethylborohydride,

lithium thexylborohydride, potassium tri-iso-

amylborohydride, potassium tri-sec-butylborohydride,

potassium triethylborohydride, potassium
triphenylborohydride, sodium triacetoxyborohydride,
sodium tri-iso-amylborohydride, sodium tri-sec-
butyvlborohydride, sodium triethylborohydride, sodium
trimethyloxyborohydride, and sodium triphenylborohydride;

tetraalkylammonium borohydrides such as
tetramethylammonium borohydride, tetraethylammonium
borohydride and tetrabutylammonium borohydride.
Potassium borohydride, sodium borohydride and
tetraalkylammonium borohydrides are preferred, most
preferably sodium borohydride or tetraethylammonium
borohydride. If desired, the borohydride can be used 1in
supported form on basic alumina, silica gel and the like.
The amount of borohydride added to the condensed
stream will generally be that amount which provides 0.2
to 20 gram atoms of hydrogen atoms per mole of carbonyls,
as defined herein, in the stream. In the case of the
preferred potassium, sodium and tetraalkylammonium
borohydrides, the amount will generally range from 0.05
to 5 moles, preferably 0.1 to 1 mole, of borohydride per
mole of carbonyl present 1n the stream.
Because borohydrides are generally unstable under

acidic conditions, the borohydride 1s preferably added

after at least a portion of the base has been added to
the condensed stream. If desired, a small quantity of

water can be added to the condensed stream for a total

water content of up to 20 wt% to facilitate dissolution
of the more polar borohydrides such as sodium and

potassium borohydrides.
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Following the addition of borohydride and prior to
distillation, the condensed stream may optiocnally be

heated and mailntailined at a temperature within the range

of 40 to 100°C for a few minutes to several hours,
preferably a time within the range of 15 minutes to 24
hours. Preferably the base-containing distillate 1is
maintained at a temperature less than that sufficient for
distillation of the 1,3-propanediol therefrom for at
least 1 hour prior to such distillation. Alternatively,
the condensed stream may be heated directly to the
temperature at which distillation of the 1,3-propanediol
will be carried out. |

Distillation 1s typically carried out by boiling off
water, 1f present, and other low-boiling components at
atmospheric or reduced pressure, and then distilling off
1,3-propanediol, preferably at reduced pressure less than
200 mbar and a temperature within the range of 60 to
160°C to avoid excessive heating of the 1,3-propanediol.

The present i1nvention can be practised as a series
of batch, semi-batch, semi-continuous or continuous
processes.

The purified 1,3-propanediol can be used, for
example, to prepare condensation polymers and copolymers.
The purified 1,3-propanediol is particularly useful as a
monomer recycle stream for addition to a fresh 1,3-

propanediol feed to polytrimethylene terephthalate

manufacture.
Example 1
Purification of 1,3-Propanediol-Containing Stream.
A flask with magnetic stir bar was charged with 250g

of a vacuum distillate recovered from preparation of
polvtrimethylene terephthalate having (after filtration
to remove a minor amount of solids) about 1l5wt% water, a
pH of about 3.6, 1190 ppm (wt) carbonyls (as C=0), 1370
ppm acrolein by GC, about 5Swt% allyl alcohol, minor

amounts of other glycols, about 0.7wt% terephthalic acid

(after hydrolysis of any soluble terephthalic esters),
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about 10-15 ppm iron and about 80wt% 1,3-propanediol. The

b

pH of this solution was adjusted to 8.96 by addition of

e

about 10 ml 1IN solution of sodium hydroxide. The solution

was heated 1n an oi1l bath under reduced pressure and

2

distilled through a 30cm Vigreaux distillation column and
chilled condenser to provide a forecut (69g) and a major
cut (l141lg, b.p. 127°C), the latter collected at an oil
bath temperature of about 150°C and 3.5-6.5 kPa (35-65
mbar) . Carbonyl analees of the fractions-- forecut,

10 major cut and bottoms (41g)-- are shown in Table 1.

Example 2
Purification of l,3—Propanediol—Cog§aining Stream.

The procedure of Example 1 was repeated, except

- |

[ —

that, after adjustment of the pH, the mixture was allowed
15 to stand at room temperature for about 67 hours, after
which the pH had dropped to about 7.9. Additional sodium
hydroxide was added to bring the pH to about 8.7 and the
mixture was distilled. A water-rich cut was taken and

then the forecut and major cuts were collected. Carbonyl

20 analyses are shown in Table 1.

Example 3
Purification of 1,3-Propanediol-Containing Stream.

The procedure of Example 2 was repeated (without pH

readjustment), except that the 1,3-propanediol stream was
25 a vacuum distillate recovered from polytrimethylene
terephthalate preparation having a pH (after filtration
to remove solids) of 3.9, 773 ppm carbonyl, less than 10
ppm acrolein, 440 ppm allyl alcohol, minor amounts of
other glycols, about 0.5wt% terephthalic acid (after
30 hydrolysis), at least about 94wt% 1,3-propanediol, and

less than about 1wt% water. Thilis distillate had been
stored for several months at ambient conditions.

Carbonyl analyses are shown in Table 1.

Example 4
35 Purification of 1,3-Propanediol-Contalning Stream.

The procedure of Example 1 was repeated, except that

the stream was diluted with about 175g deionized water to
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make a 50wt% 1,3-propanediol solution prior to being
adjusted to 9.1 pH with NaOH. A water cut was collected

before the forecut. Carbonyl analyses are shown in Table

1. The example shows that dilution with water does not

substantially improve the purification in that the

carbonyl content of the major fraction obtained 1is

simlilar to that obtained i1n Example 1.
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Example 5

Purification of 1,3-Propanediol-Contalining Stream.

The procedure of Example 4 was repeated using the
1,3 -propanediol stream described 1n Example 3 and 250g
water to make the 50wt% solution. Carbonyl analyses are
shown 1in Table 1.
Example 6 (Comparative)

Recovery of 1,3-Propanediol by Digtillation Alone.
This comparative experiment was performed by

distilling the distillate stream described i1in Example 3
by the procedure described 1in Example 1 but without
treatment with a base. The major cut of 1,3-propanediol
showed significantly higher levels of carbonyls than
those of Examples 1-5. Carbonyl analyses are shown in
Table 1.

Example 7 (Comparative)

Recovery of 1,3-Propanediol by Digtillation Alone.
This comparative experiment was performed by

distilling the distillate stream described in Example 1
by the method of Example 1, but without treatment with a
base. The major cut of 1,3-propanediol showed
significantly higher levels of carbonyls than those of
Examples 1-5.

Example 8 (Comparative)

Recovery of 1,3-Propanediol by Distillation of a Dilute
Stream..

This comparative experiment was performed as
described in Example 6, except that the 1,3-propanediol
stream was diluted with deionized water to make a
solution of about 50wt% 1,3-propanediol, and this aqgqueous
solution was adjusted to a pH of about 3 by addition of a

small amount of p-toluenesulfonic acid. The solution was

}

heated at 45-55°C for about one hour, followed by
distillation. The major cut contained a higher level of

carbonyls than obtained 1n Example 3.
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Example 9
Purification of 1,3-Propanediol-Contalining Stream with

Added Borohvydride
A ftlask was charged with 250g of the 1,3-propanediol

stream described in Example 3 and the pH was adjusted to

9 by addition of 1IN NaOH. After addition of

| - 4

(N

tetraethylammonium borohydride (1g, 6.9 mmol), the

reaction mixture was degassed with nitrogen and heated to
75°C for 50 minutes under nitrogen purge. The solution
10 was then distilled as in the previous examples. The

results are shown in Table 1.

Example 10 |
Purification of 1,3-Propanediol-Containing Stream with

Added-Borohydride

15 The procedure of Example 9 was repeated, except that

212.5g of the 1,3-propanediol stream was mixed with 37.5g
deionlzed water to give a solution of about 85wt% 1,3-
propanediol 1n water containing about 1.9 mmol carbonyls.
After adjustment of the pH to 9.5 with 1IN NaOH, 0.23qg

20 (6.1 mmol) sodium borohydride was added, the reaction

mixture was heated to 70°C for about one hour, and the

mixture was distililled. Carbonyl analyses are shown in

Table 1.
Example 11
25 Purification of 1,3-Propanediol-Containing Stream with

Added Borohvydride

The procedure of Example 9 was repeated, except that

250g of the 1,3-propanediocl stream described in Example 1

was used (about 10.6 mmol carbonyls), the adjusted pH was

30 9.2, and 0.40g (10.6 mmol) sodium borohydride was added.

Carbonyl analyses are shown 1n Table 1.

Example 12
Purification of 1,3-Propanediol-Containing Stream with

Added Borohydride
The procedure of Example 11 was repeated, except

that the pH was adjusted to 8.6 and 0.8g (21 mmol) sodium

I
(i
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borohydride was added. Carbonyl analyses are shown in
Table 1.

Example 13 (Comparative)

Purification of 1,3-Propanediol-Containing Stream with

LA

Added Borohydride
The procedure of Example 9 was repeated, except that
‘there was no adjustment of pH prior to addition of 1g
(6.9 mmoles) borohydride. The reaction mixture turned
black while it was being degassed. After heating for an
10 hour at 75°C, the black mixture was distilled. Although
the major cut had low carbonyls, the formation of the
black color suggests decomposition of the borohydride or
other unwanted side reaction.
As can be seen from the results of Table 1, the use
15 of base and borohydride gave similar or somewhat lower
concentrations of carbonyls in the major cuts compared to
the use of base alone. 1In the case of the fresher
distillate, the carbonyl levels measured in the forecuts
and bottoms were less with base/borohydride than for
20 comparable runs using base alone, which would be an
advantage for recycle of one or both of these fractions.
Doubling the amount of borohydride (Example 12) did
not substantially reduce the total amount of carbonyls
(compare Example 11), which demonstrates that a large
25 proportion of the "carbonyls" in the 1,3-propanediol are
not subject to reduction by hydrides, such as would be
the case for acetals. Thus, the base treatment with
distillation i1s an effective procedure even in the

absence of the borohydride.

30 Example 14

Polymerization of Treated 1,3-Propanediol
The purified 1,3-propanediol {(major cuts) from

Examples 1 and 11 was used to prepare polytrimethylene

terephthalate oligomer. A 600ml stainless steel pressure

35 reactor fitted with a distillation column, condenser and
collection vessel was charged with 66.6g of

1,3-propanediol (0.88 mole) and 103.9g terephthalic acid

- ——
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(0.63 mole). The reactor was pressurized to 345-552 kPa
(50-80 psi1i) with nitrogen, the pressure was released five
times to degas, then the vessel was repressurized to

138 kPa (20 psi1) and heated to 250°C. For the first two

hours, the pressure was maintained near 345 kPa (50 psi)

L

and was then lowered 1in 69 kPa (10 psi) increments each

hour thereafter. After a total of about 6 hours, any

remalnling pressure was released, and the aqueous

distillate was collected, weighed and analyzed by GC.
10 The molten oligomer was poured into a pan and cooled.

The results are shown i1n Table 2.

The oligomer (140g) and 0.09g titanium butoxide
catalyst were charged to a 500-ml 3-neck flask. The
flask was degassed with nitrogen, evacuated to about

15 20 kPa (200 mbar) with a small nitrogen sweep, heated 1in
an oil bath to 260°C, and stirred at about 20 rpm. The
pressure was reduced to about 0.1 kPa (1 mbar). After 3
hours, the reaction mixture was cooled and the polymer
was 1solated. Results are shown in Table 2.

20 As can be seen from the results, the purified
1,3-propanediol (from Examples 1 and 11) produced less
acrolein in the agqueous distillate, less acrolein and
total carbonyls in the 1,3-propanediol distillate, and

higher molecular weight than unpurified commercial-grade

25 1,3-propanediol.
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1. A process for preparing a 1,3-propanediol-based
polyester comprising:
(a) contacting, 1n a polymerization reaction

mixture at a temperature within the range of 200 to 300°C

under less than atmospheric pressure, terephthalic acid,
or an ester thereof, and a molar excess of
1,3-propanediol, to produce a reaction product mixture
comprising polytrimethylene terephthalate and a
distillate comprising excess 1,3—propanediol, by-product
carbonyl compounds and a minor amount of water;

(b) adding a sufficient amount of a base to i1mpart
to the distillate a pH higher than 7;

(c) heating the base-containing distillate to a
temperature sufficient to distill a major portion of the
1,3-propanediol therefrom; and

(d) passing at least a portion of said distilled
1,3-propanediol to the polymerization reaction mixture as
a recycle stream.

2. The process according to claim 1 wherein the base is
selected from alkali and alkaline earth hydroxides,
carbonates and blcarbonates.

3. The process according to claim 1 or 2 which further
comprises removing any solids from the distillate prior
to addition of the base.

4 . The process according to claim 1, 2 or 3 wherein the
distillate in step (a) contains no more than 20 wt%
water.

5. The process according to claim 4 wherein, 1n step

(b), said addition of base is achieved without railsing
the water content of the base-containing distillate above

20wt %.
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6 . The process according to claim 4 or 5 wherein step

(a) comprises adding 1,3-propanediol to the distillate to

reduce the water content thereof to no more than 20 wt%.
7. The process according to any one of the preceding

claims which further comprises adding a borohydride of

the formula MBH,Y,, 1n which M 1s an alkalili metal or

tetraalkylammonium cation, vy 1s a ligand, x 1s at least 1

and x+y=4, to the base-containing distillate prior to
distillation of 1,3-propanediol therefrom.

8 . The process according to claim 7 wherein the
borohydride is selected from the group consisting of
potassium borohydride, sodium borohydride and

tetraalkylammonium borohydride.

9. The process according to claim 7 or 8 1in which the
borohydride 1s added i1n an amount within the range of

0.05 to 5 moles per mole of carbonyl.
10. The process according to any one of the preceding

claims 1in which the 1,3-propanediol-based polyester 1is

polvtrimethylene terephthalate.
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