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pr@idHAsskifichecid diester is polycondensed at increasing temperature and
reduced pressure. Both reaction steps can be accelerated by catalysts.
Compounds of titanium (Ti), manganese (Mn), cobalt (Co) or zinc (Zn) are
suitable for the transesterification, and compounds of antimony (Sh),
titanium (T1), lead (Pb), germanium (Ge), zinc (Zn) or tin (Sn) for the
polycondensation, whereby the catalyst compounds are in general oxides,
alcoholates, acetates, or carboxylates. The amount of metal jon 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, thess catalysts often react with trace quantities of
aldehyde-based impurities derived from the diol and produced in the
polymerization process, which causes the resuliing polymer to develop a
more yellow color.  Diol recovered from the manufacturing process
contains increased amounts of these impurities, which are believed to
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The examined Japanese patent application, Kokoku No. HEI

20 4{1992]-28247, discloses a method for purifying crude ethylene glycol
formed in the preparation of ethylene oxide. This method includes
distilling the crude glycol, hydrogenating the crude distilled glycol, and
then purifying the resulting glycol by, for example, vacuum distillation.

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.qg.,
reduced yellowing as comparad with processes where the diol impurities
are not removed, or are not removed as effectively as the invention
35 described herein).



Therefore, it is desired to have a process for removing impurities 30 from
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group consisting of terephthalic acid and isophthalic acid; (b) esterifying
20 the slurry to form an oligomer; (c) polymerizing the oligomer; (d) capturing
unspent diol as a recycle stream; (e) hydrogenating said recycle stream
containing the unspent diol in the presence of hydrogen and at least one
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) pelymerizing 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 {o the sturry.

The hydrogenated diols have lower concentrations of color-forming
impurities such as crotonaldehyde, acetaldehyde and 2-methyi-1,3-
35 dioxolane than recycled diol that has not been hydrogenated. The
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direct esterification or an ester-interchange reaction. 15 In the direct
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20 hydrogenation unit for hydrogenation and recycle to the mixing tank. The
next phases of the polymerization involve pre-polycondensation and final
polycondensation. The excess diol, water and low-boiling organic
byproducts are removed from these two phases either by vacuum
conditions or by a carrier gas and condensed. Again, the excess diol may

25 be fed to the diol hydrogenation unit for hydrogenation and recycle to the
mixing fank.

Polyesters may also be made by another manufacturing method, an
ester-interchange method which comprises two sieps: in the first step, a
dimethyl carboxylate and a diol are reacted in the presence of catalysts at

30 reaction temperatures ranging from 160° to 240°C to synthesize monomer;
and thereafier, in the second step, the synthesized, esterified compounds
are polycondensed in the presence of polymerization catalysts at stiil
higher reaction temperatures ranging from 260° fo 300°C under reduced
pressure, in order to prepare high polymers. Again, excess, i.e., unspent,
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finigh&f gge@s’tenf er 18, pre ymerlzer 22 and finisher 26 via lines 20, 24.
20 and 28, respectively, may be fed into the diol hydrogenation reactor 30. it
is in this reactor 30 that the excess diol is hydrogenated. The
hydrogenated diol is then carried via line 32 to mixing tank 16.
Polymerized material from the finisher 26 is removed via line 34 and may

then be pelletized, for example.

25 The excess diol that is removed from esterification and
polycondensation phases of the polymerization of polyester in either the
direct esterification or ester-inferchange 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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hydrogenated diol is then carried via line 32 to mixing tank 16.

PoRjakstizeePrihteriapRoeh tHd dhikieradsiras over kesainerg4vanaunay
thembespeliptizddr the exaaniestabchishexeesadtiaid prive semgredifsom
estarlicaliondithpore Al s ISR Rl Ghese
polyester in ell;a_’eér]cf%e?:;r direct esterjfication or ester-interchan ethods
SRR AER AN TSRS MR ORISR ISP Sciule
5 highigruaskepaethctcaibayg aldyisoadepsaadropradivedfdansasers
formehdiying the 3 eateslfivaiitn-aathpielycendansalioniaasiens dyarth,
th . dati pol i rdi j iQnat
g4 A SR e e
prei%%’c@% WASNECKny catalyst that is customarily used in
hydrogenation reactio a used in this invention. 35 Suitabl
ity A AR A G R R T o R

10 ryitrinRpRatsaLfinRt maE dendd Uk el lydesstiran 2&0fcrnd more
20p44026513 iR O B RE041 05T Ghickbk bybalyanatmpped iehecjotars
as é‘llﬁ‘i&@@Mcﬁﬁ;ﬁ@]@dﬁav%r%s&'r@WFiM?ﬁﬁF@tmh%rk E}S‘é%hge), |
ca as Waear n S ela e. on
B RSaBREC AN B o R i BIRRCFE I HEand8 BI85

onéfhorterrtEfR AR & dhandericdest brsk R sy veSfiported
itable k i h bon, alymina, titanjym djoxide,

15 giica gel, ARBITSCEATR B4 CAATHEIRS B Wiar R e BaRg B -

suetieeieinanarsied ang hvdoeareaipen isifjurrarestsidvsgbnation of

themegyists (liel idiarcaioplisbediataid® wemperaitntkof agereae than
309%@%%{%@@%&8%? ﬁlilcﬂﬂb%oﬁ’&&ri':‘? tﬂ@?ﬁaﬁ[ﬁ%ﬁ%@'&%‘@e@ﬂge of

20-150C. The hydrogenation of the recycled diol is accomplished at a
pressure ehaghinay eflanabid HaH(earaR) acids include, terephthalic acid
20 and isophthalic acid.

Examples of suitable diols include, ethane diol, propane dial
{especially 1,3-propane diol), and butane diol (especially 1,4-butane diol).

An example of a suitable ester is dimethyl terephthalate.

Various catalysts are used in the production of polyester.

25  Compounds of fitanium (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

30 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. |t should be understood that these examples are



preferably less than 50 Bar(g) and more preferably in the range of 1 to 20
Bar(g). The purified diol is then recycled back to the slurry vessel. 15
Because excess diol contaminated with water and low-boiling by- products
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characterlze 5 the recycled ethylene glycol and the final polyester
polymer 1 Gas Chromatography (G.C.) test method - ppm of specific
ald Qe diol were analyzed with a HP 6890 Gas Chromatograph
from ewle Packard Company of Palo Alto, California. Chromatography
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croé%nﬁ\lfgjeer@/er was mixed with 0.05g 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 .

20  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 1hr before being depressurized and cooled.
The sample was removed, filtered and analyzed. Using the same
experimental method, a control experiment was conducted using an

25  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
86876 ppm 2-methyl-1,3-dioxolane (MD).

30 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.



w

5

10

15

20

25

2. Polymer Color test method: the L*, a*, b* and YIE values are
determined using a Color-view spectrophotometer, model number 9000,
from BYK Gardner Inc. of Columbia, Maryland. 15 EXAMPLE 1 A 1oml
saple;gfitecycle ethylene glycol from a PET continuous. paiymesi#gfoseze
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EXAMPLE 10

Using the same experimental method as Example 1, with conditions of
50°C, 20 Bar(g), 1 hour and 0.05 g 5% ruthenium on carbon catalyst, a
sample of hydrogenated glycol was collected. The sample was removed,
fittered and analyzed. In a second step, this sample was mixed with 0.05g
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
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
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.
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found to have 0 ppm CA, 95 ppm AA and 2794 ppm MD. This equates fo
a 100% removal of CA, 86% removal of AA and 72% removal of MD.
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EXAMPLE 12

20 In a further experiment, polyester was manufactured in a 15-liter
batch aufoclave 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 fo
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.
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10stirrer 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.
9 WO 2004/076513 PCT/US2004/005920 EXAMPLE13 Using the same
experimental method as Example 12, polyester is manufactured in a
15-liter batch autoclave using TA and impure EG. The impure EG was
prepared by taking 1.81Kg virgin EG and adding 1.1g AA, 5 15.5g M(r)
and 0.09g CA. The L*, a*, b* color of the polymer chip was measured
giving L* of 70.65, a* of -2.45 and b* of 10.74.
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10 1520 2510 WO 2004/076513 PCT/US2004/00 59 20 We claim: 1.
A process for making polyester, comprising: a. forming a slurry of a diol
selected from the group consisting of ethane diol, propane diol and

wo bsiiasng diol with a dicarboxylic 5 acid selected from the groppraensisiingaf
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terephfhalic acid and isophthalic acid; b. esterifying the slurry to form an
ollJSHi&TE. polymerizing the oligomer; d. capturing unspent diol as a

recycle stream; 10 fe Eﬁd%oé;ena ing said rec§cle. stream containing the
unspent iBI 15 e 8? ande effAHa 5t ¥hst one hydrogenation

catalyst; an turni e t i vy ,
orocess ot oy SR X IR SRIECAOIA e G nilifng o
from the g BT ISl BRI AT FHEKIERs ARSI Jeakeiii
iron, nickel, actaileoigseiramdioe misinattams stitveood tenepefhbbcenfidand
The processseigigiald awigerein before the hydrogenated recycle stream
is returned to the slurry, it is again hydrogenated one or more 20 times in

the preséncestétifytirodhe siodratdiefisthone biidopgenation catalyst. 4. A
process for making polyester wherein a slurry of a diol selected from the
group cohsiptihgrefrzthgribeliwigpropane diol and butane diol anda
dicarboxylic acid selected from the group consisting of terephthalic acid
and isopAtheRBHERKISIRSIPGEE HRE B ArPRYet&ifRaMo form an oligomer,
the oligomer is polymerized, and unspent diol is captured as a recycle |
stream; the IWPIOYBAMROHTDIRME Ry dRABRAMg i e paaretiedipl in
containing tbeuprgsemceiof inythegeasuntetde agidrogdyaraganadiast
catalyst; and

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, cobalf, 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. A process for making polyester wherein a slurry of a diol selected
from the group consisting of ethane diol, propane diol and butane diol
anda 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 ieast
one hydrogenation catalyst and returning the hydrogenated diol fo 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
terephthaiate to form a monomer;
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one hydrogenation catalyst and returning the hydrogenated diol to the
slurry. 5.. A process for making polyester, comprising: 30 a.
ansesterifying a diol selected from the group consisting of ethane diol
%r%”;%?%’figéﬁg and butane diol with a dimethy! terephthaiate R (s]tr1a- 005920
monomerb|1 pigROTANQBBIBGHOTIRE2004/005920 b. polymerizing the
monomer; c. capturing unspent diol as a recycle stream; d. hydrogenating
said recy@le SaBRITNCHWISIRGY thel asspeetidilst Hrahmpresence of
hydrogenfnd one or more hydrogenation 5 catalysts; and e. returning the

hydrogenSte B9 AENG R e T Pheasn epeiainis, haetespentdiol in

hydrogenatiohe atalystis stlectechionniegoopmonsisiihoeinpksinum,
rhodium, ruthepiimais paliadium, iron, nickel, cobalt, copper and
combinations of two or more 10 thereof. 7. The process of claim 5,

wherein beforettingiity diegerniesresyeistieantisitefymed to the slurry,
it is again hydrogenated one or more times in the presence of hydrogen

and at leabepeckpdsogferiativrb catadysinlife hydrogenation catalyst is
selected from the group consisting of: platinum, rhodium, ruthenium,

palladium, iron, nickel, cobalt, copper and combinations of two or more
thereof.

7. The process of claim 5, 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.
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