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The present invention relates to a process for
purifying recycled diol inlldLEol yester manufacturing
process by capturing unspent diol, hydrogenating
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polycondensation, whereby the catalyst compounds are in general oxides,
alcoholates, acetates, or carboxylates. The amount of metal ion in the
catalyst compound ranges mostly between 20 and 500 ppm, based on
polyester. Among these catalysts, the titanium compounds are considered
the most effective and the most widely usable because they are non-
poisonous and can be used in the esterification or transesterification
reactions, as well as in the polycondensation reaction.

However, these catalysts often react with trace quantities of
aldehyde-based impurities derived from the diol and produced in the
polymerization process, which causes the resulting polymer to develop a
more yellow color. Diol recovered from the manufaciuring process
contains increased amounts of these impurities, which are believed to
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As shown in these previous disclosures, removing color-forming
25  impurities from a glycol (diol) stream has been accomplished in multiple
steps. While one of the steps may be hydrogenation, at least one other
purifying step, such as distillation, has been required to achieve the
desired result.

Therefore, it is desired to have a process for removing impurities
30 from recovered diol before the diol is recycled to the beginning of a
polyester manufacturing process, whereby the recovered diol is effective
in producing a polyester polymer product with improved color (e.g.,
reduced yellowing as compared with processes where the diol impurities
are not removed, or are not removed as effectively as the invention
35 described herein).
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hydrogenation catalyst; and (f) returning the hydrogenated diol to the
slurry. The resulting polyester has improved color properties as compared
25  to polyester produced with recycled diol that has not been hydrogenated.

Another aspect of the invention is a process for making polyester,
comprising: (a) transesterifying a diol selected from the group consisting of
ethane diol, propane diol and butane diol with a dimethyl terephthalate to
form a monomer; (b) polymerizing the monomer; (c) capturing unspent diol

30 as arecycle stream; (d) hydrogenating said recycle stream containing the
unspent diol in the presence of hydrogen and at least one hydrogenation
catalyst; and (e) returning the hydrogenated diol fo the slurry.

The hydrogenated diols have lower concentrations of color-forming
impurities such as crotonaldehyde, acetaldehyde and 2-methyl-1,3-
35 dioxolane than recycled diol that has not been hydrogenated. The
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Polyesters may also be made by another manufacturing method, an
ester-interchange method which comprises two steps: in the first step, a
dimethyl carboxylate and a diol are reacted in the presence of catalysts at
reaction temperatures ranging from 160° to 240°C to synthesize monomer;
and thereafter, in the second step, the synthesized, esterified compounds
are polycondensed in the presence of polymerization catalysts at still
higher reaction temperatures ranging from 260° to 300°C under reduced
pressure, in order to prepare high polymers. Again, excess, i.e., unspent,
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25 The excess diol that is removed from esterification and
polycondensation phases of the polymerization of polyester in either the
direct esterification or ester-interchange methods usually contains color-
forming impurities. These impurities may include highly unsaturated,
colored aldol condensation products of aldehydes formed during the

30 esterification and polycondensation reactions by thermal degradation of
polymer or diol.

According to the invention, the unsaturated products in the unspent
diol are hydrogenated in the presence of a catalyst. Any catalyst that is
customarily used in hydrogenation reactions can be used in this invention.

35  Suitable catalysts include: platinum group elements such as platinum,
rhodium, ruthenium, palladium, and the like, and metals such as iron,
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Compounds of titanium (Ti), manganese (Mn), cobalt (Co) or zinc (Zn) are
suitable for transesterification, and compounds of antimony (Sb), titanium
(Ti), lead (Pb), germanium (Ge), zinc (Zn) or tin (Sn) for polycondensation,
whereby the compounds are in general oxides, alcoholates, acetates, or
carboxylates. The amount of metal in the catalyst compound ranges
mostly between 20 and 500 ppm, based on polyester. A mixture of
catalysts may be used.

The present invention will now be further described with reference
to specific examples. It should be understood that these examples are
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The sample was removed, filtered and analyzed. Using the same
experimental method, a control experiment was conducted using an
identical recycle glycol sample and the same conditions, but without a
hydrogenation catalyst present.

Prior to the above described hydrogenation, the recycle glycol
contained 20 ppm crotonaldehyde (CA), 456 ppm acetaldehyde (AA) and
6876 ppm 2-methyl-1,3-dioxolane (MD).

Following the hydrogenation, the hydrogenated recycle glycol was
found to have 0 ppm CA, 415 ppm AA and 6801 ppm MD. This equates to
a 100% removal of CA, 9% removal of AA and 1% removal of MD. By
contrast, the control sample contained 16 ppm CA, 392 ppm AA and 6852
ppm MD after heating, pressurization and agitation.



ot herwi se noted. The follow ng test nethods were used
to characterize 5 the recycled ethylene glycol and the
wo 2evalo7gsed yest er pol yner. 1. Gas Chromat ogr aphpCT/851804/005920

test method - ppm of specific aldehydes in the diol

were analyzed with a HP 6890 Gas Chromat ograph from

Hew ett - Packard Conpany of Palo Alto, California.
ChEXAMBLES2® pernits direct quantification of the

| evel s of acetal dehyde and 10 crotonal dehyde. 2.
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pr esentsy fdoh O4iboh O |t he dbove destdaénbeéd hydr ogenati on,

the recycle glycol contained 20 ppm crot onal dehyde

(CA), 456 ppm acet al dehyde (AA) and 6876 ppm

2-nmet hyl -1, 3-di oxol ane (MD). 30 Follow ng the

hydr o enatl on t he hydrogenated recycl e glycol was
10fo 0 ppm CA, 415 ppm AA and 6801 ppm I\/D

ates to a 100% rerm 9% r enpya
i%l{aﬂ%%@a?ﬁmeépeame h%ﬁﬂé@%mpk@hé uBiis peitions of
Pl & 8rBa(@kd heu ﬁﬁﬁ&o 3 5% sHhRRIUR Preg8bory patalyst, a
I\/DSafT’[Pé@ oh&xdiaggnategkgel wasmﬂe@tﬁd abfie sample wasyggmoved,
206tecremdBarayzeis2 D 4a/xebsd Gtep, this sample was mixed with 0.05g
15 of a 1% Palladium on carbon catalyst. The gas space above the sample
was purged of oxygen by pressurizing with nitrogen and venting. The
sample was heated to 50°C and the gas space pressurized to 20 Bar(g)
using hydrogen gas while the mixture was agitated with a magnetic stirrer.
The sample was held at pressure and temperature, and agitated for 4
20  hours before being depressurized and cooled. The sample was removed,
filtered and analyzed.

Prior to hydrogenation, the recycle glycol contained 12 ppm CA,
400 ppm AA and 6154 ppm MD.

Following the second hydrogenation step, the treated recycle glycol
25 contained 0 ppm CA, 341 ppm AA and 4869 ppm MD. This equates to a
100% removal of CA, 15% removal of AA and 21% removal of MD.



EXAMPLES 2-9 Using the sanme experinental nethod as
Exanple 1, but with different ranges of tenperatures,
w@r@3swses, residence tines and catal yst 5 typerUS1004005920
results as set forth in Table 1 were obtained: Table

1. No. Catalyst Tenp Press Catalyst Tine %% % (C
(Bar(g)) Mass (g) (hr) renoval renoval renoval of CA
of ERAMPLE®12. 5% Pd on Carbon 100 20 0.05 4 100 16 11
3. 1 %Pt on Carbon 50 5 0.25 1 100 4 7 4. 5% Ru on
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maghete it wstsi caoded to FBBeglpsferandischaligingat pressure and
tenperature, and agitated for 4 20 hours before being
15 depr essHollawidgand hydmgrhatibhetreamuregaestedasoyad glycol was

r eIy EE0 RS PRI ER Reprr AR n i O 3BT MES, Tl Eppates to
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the treated recycle glycol

EXAMPLE 12

20 In a further experiment, polyester was manufactured in a 15-liter
batch autoclave using terephthalic acid (TA) and virgin ethylene glycol
(EG). TA, EG and a titanium-based polycondensation catalyst were
charged to the autoclave, mixed and heated to 250°C, esterification occurs
and the water of reaction was removed by distillation of the overhead

25  product. The temperature was then gradually increased to a final batch
temperature of 300°C. During this time the vessel was evacuated to
remove glycol as the polycondensation proceeds. Once the autoclave
stirrer indicates the target viscosity had been reached the vacuum was
released and the polymer cast as chip.

30 The L*, a*, b* color of the polymer chip was measured giving L* of
62.99, a* of -2.16 and b* of 8.15.



25 contained O ppm CA, 341 ppm AA and 4669 ppm MD.

This equates to a 100% renoval of CA 15%renoval of
w@\2ooands2d % renoval of MD. 8 WD 2004/ 076513 PCT/US2004/005920

PCT/ US2004/ 005920 EXAMPLE 11 In a further experinent

a EXAVIBLEf 1%t hyl ene gl ycol containing 58 ppm

crot onal dehyde (CA), 693 ppm acet al dehyde (AA) and

9967 ppidsing hensamelexpedrmdintad sheithed (At xawmpld €2, palyester is

gr?ﬁ]uﬁgé{ Rfq ﬁﬁe}%% dr’ifﬁeh] %gn%dfmr%f]s.ﬁg 1?@ 8n8 %gh}’cfte The
fm@weaE@ \Mas mnamd rayttakingl 1.81 kg virglsy Efforind eddiag7l.1g AA,

5I [ t1§r59eli\¢|gtgﬁdc:@bg? deat ed preheat vessel with an
operating tenperature of 150DegC. The preheated

gl ycol wag |pagseg by,05 ﬂ%bt@bl%rﬂe%hlﬁl\ﬁﬁ 'e%ém%a dRing L* of

heat ed reaction vesse cont al
hy dPtfe@ataf oa-48andl H'sef 10.The react or was pressuri zed
with hydrogen to 10Barg and its tenperature was
controlled to approxi mately 150DegC. G ycol | eaving
the reactor was collected in a buffer vessel before
being transferred to a collection vessel where it was
cool ed to 40DegC before discharging. 15 Follow ng the
10 hydrogenati on, the hydrogenated recycle glycol was
found to have 0 ppm CA, 95 ppm AA and 2794 ppm MD.
This equates to a 100% renoval of CA, 86% renoval of
AA and 72% renoval of MD. EXAMPLE 12 20 In a further
experinment, polyester was manufactured in a 15-liter
bat ch aut ocl ave using terephthalic acid (TA) and
virgin ethylene glycol (EG. TA EG and a
titani um based pol ycondensati on catal yst were charged
to the autoclave, m xed and heated to 250C,
esterification occurs and the water of reaction was
renmoved by distillation of the overhead 25 product.
15The tenperature was then gradually increased to a
final batch tenperature of 300C. During this tinme the
vessel was evacuated to renove glycol as the
pol ycondensati on proceeds. Once the autoclave stirrer
indicates the target viscosity had been reached the
vacuum was rel eased and the polyner cast as chip. 30
The L*, a*, b* color of the polyner chip was neasured
gi ving L* of

20

25

10



62.99, a* of -2.16 and b* of 8.15. 9 WD 2004/ 076513
PCT/ US2004/ 005920 EXAMPLE 13 Using the sane

wezxpeaiesent al net hod as Exanpl e 12, pol yester PGI/US2004/005920
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25

30

mapuf agt.ured in a 15-liter batch autoclave using TA

an ﬁ‘fﬁi EG The inpure EG was prepared by taking
1.% g,virgin EG and adding 1.1g AA,_ 5 15.5g M D and
0. h9g CA Pregess for aking Polysister, 6PMPREINGs| yner chi p was
measured giving L* of 70.65, a' of -2.45 and b" of

10. 74. @0 fompingp® slupty of endinlsaleotoTas the group consisting of

PCT! US20044A8R8 2, fepShaicfBl aho &Jtah@%ﬁ&% P4 fiEbAYiic

ol yester nprisin
2 el )éct ed f@%ﬁﬁﬁ?i@@tnﬂ %@r@ 18@@@@@ ucngs:@tmg @f i/ﬁﬁ@hfdﬂ%ﬁ acid and

propane diigbpindiidy¢igne diol with a dicarboxylic 5
acid sel ected fromthe group consi sti ng of

t er epht galdge l@lme%mwmm Bli

esterifying th urrytoformano C. di o

pol ymer zu@, capturi ng unspent (e}

as a re%’y r]i’]gﬁggbnug%gﬁé(?m%ydrogenati ng said recycl ef

st ream gont ai ni. ng t he unspent di ol t he presence o
hydrogeﬁ B Qgg'é%qe’ﬁﬁsé&ﬁ&%q B%%’ﬁ?t&&?@mcat al yst ; and

. returning the hydrogenated diol to the slurry.

The pr o€e @9%‘1'95?’/‘&13?'0' Rreicls sireqye W'BM@WPGHNIOI in

cat al yst ithe ptés@ﬁie&ﬁtrg@régmh@gt HRYBne HRIrSddiiod :
pl atinum rhoI tunh ruthenium palladium iron,
ni ckel , cotaf?s" & Bper and conbi nations of two or nore

f. returning the hydrogenated diol to the slurry.

2. The process of claim 1, wherein the hydrogenation catalyst is
selected from the group consisting of: platinum, rhodium, ruthenium,
palladium, iron, nickel, cobalt, copper and combinations of two or more
thereof.

3. The process of claim 1, wherein before the hydrogenated recycle
stream is returned to the slurry, it is again hydrogenated one or more
times in the presence of hydrogen and at least one hydrogenation catalyst.

4. In a process for making polyester wherein a slurry of a diol selected
from the group consisting of ethane diol, propane diol and butane diol and
a dicarboxylic acid selected from the group consisting of terephthalic acid
and isophthalic acid is formed, the slurry is esterified to form an oligomer,
the oligomer is polymerized, and unspent diol is captured as a recycle
stream; the improvement comprising hydrogenating said recycle stream
containing the unspent diol in the presence of hydrogen and at least one
hydrogenation catalyst and returning the hydrogenated diol to the slurry.

5. A process for making polyester, comprising:

a. transesterifying a diol selected from the group consisting of
ethane diol, propane diol and butane diol with a dimethyl
terephthalate to form a monomer;

11



thereof. 3. The process of claim1, wherein before the
hydr ogenated recycle streamis returned to the

wa@bkamye513t i s agai n hydrogenated one or nore POT/USI08£005920
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in the ﬁres nce.af hydrogen and at | east one

hydr ogeHatla @%@59§%?U’ MeMh a process for making
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diol is c&ftalveds a’da recycle stream the inprovenent
conpri sing hydrogenating said recycle stream

cont ai nEngetuieingribe éydrafiapiatechdichéo theeslarge of
hydrogen and at | east one hydrogenation catal yst and
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Fr S m I g R T ot BT, e g ofppentum,
cob@l|astivmgiren, niekel aeebalt, sopper apdsemtbiindticasdfwoaranore
di @lerawit h a dimethyl terephthalate to forma nononer;
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6. The process of claimb5, wherein the hydrogenation
catalyst is selected fromthe group consisting of:

pl ati num rhodium ruthenium palladium iron,

ni ckel, cobalt, copper and conbi nati ons of two or nore
10 thereof. 7. The process of claim5, wherein before

t he hydrogenated recycle streamis returned to the
slurry, it is again hydrogenated one or nore tines in
the presence of hydrogen and at | east one

hydr ogenati on catal yst. 12
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