WD 03/ 072630 PCT/ US03/ 05746 -1 HYDROGENATI ON OF POLYESTER OLI GOVERS
CONTAI Nl NG TEREPHTHALI C ACI D RESI DUES FI ELD OF THE | NVENTI ON [ 0001] This
i nvent i orwpasaieds t o a process of hydrogenati ng a pol yestem/ushs/griner
containing terephthalic acid residues, wherein terephthalic acid residues
are converted to residues of 1,4-cyb1bhexanedicarboxylic acid. This
invention also pertains to a process for the preparation of polyesters
cont ai ni ng 1, 4-cycl ohexane- di carboxylic acid residues by first
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resulting CHDA from aqueous sodiumsalts. The present invention provides a
proce [ ol yesters contai ning CHDA residues by the
hydroﬁ%gﬁ%ﬁbg’gﬂ%%gbgw%vgmrs contai ni ng TPA residues. [0003]

Hy dr od@0a2] oG opolyessse sonfprisimgoieveptghaler apdahadletlo/lae glyeditresisiudsranded from
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gi ve &pecialty polyesters. The incorporation of a saturated.comonomer such as 1,4-cyclo-

hexanedicarboxylic acid (CHDA) into the polyethylene terephthalate (PET) framework
can impart desirable properties, e.g., slower crystéllization rates, to the resulting
polyester. Copolyesters norAmaHy are prepared by reaction of a purified dicarboxylic
acid such as CHDA and diols under polymerizing conditions. Coployesters derived |
from CHDA or a diester therof are significantly more expensive due to the cost of the
CHDA monomer. For example, 1,4-CHDA normally is prepared commercially from
terephthalic acid (TPA) by the ruthenium-catalyzed hydrogenation of the disodium
salt of TPA, followed by neutralization and separation of the resulting CHDA from
aqueous sodium salts. The present invention provides a process for the prbduction of
copolyesters containing CHDA residues by the hydrogenation of polyester oligomers
containing TPA residues. ,

[0003] Hydrogenation processes of involving terephthalic acid esters derived from
poly(ethylene terephthalate) are known. U.S. Patent 3,501,420 discloses the
depolymerization of waste poly(ethylene terephthalate) in an alcohol to give a
solution of terephthalic acid esters. The resu‘lﬁng solutioh‘is hydrogenated to remove

color bodies. In this process, poly(ethylene terephthalate) is converted to primarily



solution of terephthalic acid esters. The resulting solution is

hydr ogenated to renbve color bodies. In this process, polyethylene
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nmononeric esters before contact with hydrogen. The decolorized solution of
TPA esters may be used to prepare high-quality poly(ethylene
terephthalate). [0003] U. S. Patent 3,487,100 discloses that
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the catalyst and treated again with hydrogen at high pressure in the presence of a

second hydrogenation catalyst. The object of the second step is to convert the esters

of cyclohexanedicarboxylic acid into a solution of CHDM.

SUMMARY OF THE INVENTION

[0004] We have developed a process wheréby a polyester oligomer, i.e., a low
molecular weight polyester, comprising residues of TPA and one or more diols may
be hydrogenated under certain conditions to convert at least 1 mole percent of the
TPA residues to CHDA residues. Accordingly, one embodiment of the present
invention is a process wherein a polyéster oligomer comprising terephthalic acid
residues is contacted with hydrogen in the presence of a supported or suspended
hydrogenation catalyst under a hydrogen pressure of at least about 60 bars gauge
(barg; about 870 pounds per square inch gauge — psig) and a temperature of about

180 to 280°C whereby at least 1 mole percent of the terephthalic acid residues are



hydr ogenati on catal yst under a hydrogen pressure of at |east about 60 bars
gauge (barg; about 870 pounds per square inch gauge - psig) and a

t enper at we eb7mbout 180 to 280C whereby at | east 1 nol epparusesntsied t he
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present invention is a process conprising the steps of: (1) contacting a
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saturated and unsaturated monomers. The polyesters which may be obtained in

accordance with the present invention have a variety of uses such as adhesives,

food packaging and coating compositions.

DETAILED DESCRIPTION OF THE INVENTION ,

[0005] The oligomer used in the invention typically is produced by esterifying
terephthalic acid, or a diester thereof such as dimethyl terephthalate, with one or
more diols such as ethylene gylcol, diethyléhe glycol, 1,3-butanediol, 1,4-cyclo-
hexanedimethanol, and the like. The product of the esterification reaction is an
oligomer mixture having a degree of polymerization (DP) of about 2 to 20. The
oligomer preferably has a DP of about 2 to 10, most preferably about 3 to 5, wherein
DP is defined as the number average molecular weight of the oligomer divided by the
molecular weight of the repeat unit. The oligomers which may be employed in the
present invention also may be characterized by the general formula:

HO--[Diol}y—[~-TPA--Diol--,—H



nmol ecul ar wei ght of the repeat unit. The oligonmers which may be enpl oyed in

the present invention also may be characterized by the general formula:
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is a divalent residue of a diol or glycol conponent such as ethyl ene

gl ycol, diethylene glycol, 1,2- and-4-3 propanediol,
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1, 4- cycl ohexanedi mnet hanol, and the Ilike, TPA is the di val ent residue of
s.0 or has an avera value of about 2 to
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aboutcarboxyﬂuorenone compounds may be hydrogenated to colorless carboxyfluorene
compounds. Other compounds such as dicarboxybenzophenone and
dicarboxybiphenyl have been identified in low concentrations. Although essentially
any grade of CTA can be used in the preparation of the oligomers employed as the
starting material for the process of the present invention, the CTA used typically
contains less than about 4000 ppm of CBA, preferably less than 700 ppm CBA, and
most preferably from about 50 to 250 ppm CBA.
[0007] CTA typically is reacted with at Ieasi one diol at a temperature between
about 200 and about 280°C to produce an oligomer which may be hydrogenated in
accordance with the present invention. Suitable esterification pressures include, but
are not limited to those up to about 27.6 barg (400 psig) and preferably up to about
13.8 barg (200 psig). The reaction c.an'be self-acid catalyzed or catalyzed with a
suitable esterification catalyst such as titanium or organic or inorganic acids. The
oligomer mixture typically is produced continuously in a series of one or more
reactors. Two reactors frequently are used in commercial operation. Alternatively,

the monomer and oligomer mixture may be produced in one or more batch reactors.



13.8 barg (200 psig). The reaction can be self-acid catal yzed or catal yzed
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imes include those up to about three hours. It should be appreciated that

hydrogenation times will vary with the amount and activity of the catalyst selected as
well as the partial pressure of hydrogen and mode of operation. The hydrogenation
process may be carried out in a batch, semi-continuous or continuous mode of
operation using a slurry or fixed bed of cetalyst. The process preferably is carried out
in a continuous mode of operation utilizing a trickle bed reactor wherein a melt of the
oligomer flows over and through one or more beds of a supported hydrogenation
catalyst at elevated temperature and pressure. The hydrogenation may be carried
out in the presence of a diluent such as the diol, e.g., ethylene glycol, used in the
preparation of the oligomer. The amount of diluent used may be in the range of
about 5 to 50 weight percent based on the-weight of the oligomer.

[0008] Examples of the hydrogenation catalysts which may be used in our novel
process include the platinum group metals, such as ruthenium, rhodium, palladium,
platinum and osmium. Nickel also may be used. Suitable catalysts are commercially

available from Englehard and Sud Chemie. Preferred hydrogenation catalysts .



out in the presence of a diluent such as the diol, e.g., ethylene glycol,
used in the preparation of the oligoner. The anmobunt of diluent used may be
i n the rawgesnfe3@bout 5 to 50 wei ght percent based on t hecwdisgsos7ed t he

ol i gonmer. [0008] Exanpl es of the hydrogenation catal ysts which may be used
I n our novel process include the plaiinumgroup netals, such as ruthenium
rhodium palladium platinumand osmum N ckel also nay be used. Suitable
catal ysts are conmercially available from Engl ehard and Sud Cheni e.
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in the art 1 n continbods or
polyester oligomer which has not been hydrogenated or has been hydrogenated

under different conditions to give an oligomer product containing more or less
1,4-cyclohexanedicarboxylic acid residues. The hydrogenated oligomer mixture also
may be reacted with dicarboxylic acids and/or diols different from those from which
the oligomer is prepared. _

[0010] The polymerization or polycondensation is conducted in conventional
reactors, which are known in the art in continuous or batch modes. Suitable
polycondensation catalysts include compouﬁds of titanium, gallium, germanium, tin,
antimony, aluminum, bismuth, silicon, zirconi-um, compounds of antimony,
germanium, titanium or mixtures thereof are preferred.  The amount of catalyst added
is from about 5 to about 400 ppm and preferably between about 20 to about 300 ppm
when germanium or antimony is used. The oligomer mixture undergoes melt-phase
polycondensation to produce a precursor polymer which has a degree of
polymerization from about 20 to about 120. The precursor polyester is produced in a
series of one or more reactors operating at elevated temperatures. To facilitate

removal of excess glycols, water, alcohols and other reaction products, the
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oo RS ooy ESle (ARTBLEph U pASEE, O Lashalal (PUcbe o |
ol i gordrégenmtad is maa tiguidvihen capgplamdbaing myﬂp@gémammthecmlettyeslt i s used
and %% e%g'}élnaahon ream%er%n%hceonftellcrti?\tg tﬁe caf%?ycs??od effect the desired reaction. For |
example, the hydrogenation feed also may be a prepolymer. The hydrogenation step
may be performed as early as the first oligomer-forming reactor when a granular
hydrogenation catalyst is used and as early as between the first and second
oligomer-forming reactors using a fixed and/or trickle bed reactor. It may be possible
to conduct the hydrogenation step between esterification and polycondensation, after
polycondensation, or at any point in between. In embodiments wherein the selected
polycondensation catalyst reacts with the hydrogenation catalyst it may be preferable
to conduct the hydrogenation prior to adding the polycondensation catalyst.
[0013] The polyesters derived from the oligomers hydrogenated in accordance with
the present invention include polyester homopolymers and copolymers that are
suitable for use in a wide variety of applications including packaging, film, sheet,
coatings, adhesives, molded articles and the like. Food packaging is a particularly
preferred use for certain polyesters of the present invention. The polyesters

comprise a dicarboxylic acid residue component comprising 1,4-cyclohexanedicar-



oligonmer-formng reactors using a fixed and/or trickle bed reactor. It may
be possible to conduct the hydrogenati on step between esterification and
pol ycondemeasihma3o aft er pol ycondensati on, or at any poi nPCirrushzosmeen. | n
enbodi nents wherein the sel ected Qc%ycondensati on catalyst reacts with the
hydr ogenati on catalyst it nmay be preferable to conduct the hydrogenation
prior to adding the pol ycondensation catalyst. [0013] The pol yesters
derived fromthe oligomers hydrogenat ed in accordance with the present
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for use in a wide variety i'cations Jinelu g ‘pac agl ng, #PIm sheet,
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acid reS|due§ optionally, one or nore other dlcarboxyllc aci ds such as
t er efREWQNCEL 52 mtEP”é‘rﬁ‘S/’@ﬁ‘dU%@Iﬁﬁh@aS&O@%Ud)‘ sush @ diag dp!ﬁ@fnér%dilyeeé pbm about 1

to 58t %é es ues, and nore

pr ef er%@e gg/ggpqru C%CIéh%XéH g%?é‘rit%ﬁ%tng Cq?yq%g dé(gr%yl ic acid

r esi Aisiresmthesea. olhe psiydsﬂers amw‘urtbertcmpme somgndsm%r fgduey inat | east one
diol 4 | ene gl ycol

1, 4- c (Jﬁh%égttg%bﬁgf ?bo ﬁsiéj %H@C&P@egpne B[Jfr!%%éflf@lre%tnd mi xt ur es

ther d@brbd’*wcmimcewugwawnm@fo SISTIRIE S RoRPPEIRENESf drfsSddiBRe | 1 amount s

8 bout %J(g t o about mol e percent of one or nore differen
d| caf Bk §idc 18R mpde prerest digarbexyiis @gid and ad 0Quoale Baliohiiasigpeincesttainf one or

past o RS iRl oIS ENERBE Ak ofMBren e Bt onyl 1 c

aci dcemppoashor, eadteingiwdully afmmormmt 26 rﬁa@tpermﬁar@pablabogf 1gp to about
| e percent may be preferred. Mre

spegp‘?o?cﬁgf%e"gh‘é)y;%‘? Br‘%ﬂﬂff QBbMQ{/‘F §Ee‘%¢%‘y LiaBigo ﬁéaasbwm @6 aromatic
di C%M&Mbh&ér@mdﬂﬁj@é@rﬁé&b&Manﬁ‘)‘k:yﬂgaéigs g)?ef% 1%%8% céjboﬁl | phati

di carboxylic acids preferably hav tons | es of
di cariomsaralipbatic éW@%C@Cwmfeseblpmdvmg 4:tcad:2 darbosm:tbmal ic acid,

S?BE%EQJI“%L& _@F%@%%glic?é%'c%maocn'o%erg%%mopr}les)éap AL RCES legphtﬁallc acid,
naphthalene-2,6-dicarboxylic acid, cyclohexanediacetic acid, diphenyl-4 4'-dicarbox-
ylic acid, dipheny-3,4’-dicarboxylic acid, succinic acid, glutaric acid, adipic acid,
azelaic acid, sebacic acid, mixtures thereof and the like.

[0014] Suitable diol comonomers comprise cycloaliphatic diols preferably having 6
to 20 carbon atoms or aliphatic diols preferably having 3 to 20 carbon atoms.
Examples of such diols comprise triethylene‘glycol, propane-1,3-diol, butane-1,4-diol,
pentane-1,5-diol, hexane-1,6-diol, neopentyl‘glycol, 3-methylpentane-2,4-diol,
2-methyi-1,4-pentanediol, 2,2,4-trimethylpentane-diol-(1,3), 2-ethylhexane-1,3-diol,
2,2-diethylpropane-diol-(1,3), hexanediol-(1,3), 1,4-di-(hydroxyethoxy)-benzene,
2,2-bis-(4-hydroxycyciohexyl)-propane, 2,4-dihydroxy-1,1,3,3-tetramethyl-cyclo-
butane, 2,2,4,4 tetramethylcyclobutanediol, 2,2-bis-(3-hydroxyethoxyphenyl)-
propane, 2,2-bis-(4-hydroxypropoxyphenyl)-propane, isosorbide, hydroquinone,
mixtures thereof and the like. Polyesters may be prepared from two or more of the
above diols.



ylic acid, dipheny-3,4'-dicarboxylic acid, succinic acid, glutaric acid,
adi pic acid, azelaic acid, sebacic acid, m xtures thereof and.the I|ike.

[ 0014] Swwbablozedd ol conononmers conprise cycl oal i phati c dipalraisps/es7es abl y
having 6 to 20 carbon atons or alipkatic diols preferably having 3 to 20
carbon atons. Exanples of such diols conprise triethylene glycol, propane-
| ,3-diol, butane-1,4-diol, pentane-1,5-diol, hexane-1, 6-diol, neopentyl

gl ycol, 3-nethyl pentane-2,4-diol, 2-nethyl-1,4-pentanediol,
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i f deynpeyingsadditieel]isuches plateletgarticléwiandtie kel ThePolye8tdre depherant s,
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ant i ox PHaHTsO"9qMgS YAEReenated inaccardansewih thegpregentdnventionsereferadishy de

r educiang prsdtied sispol BEIEIA ' miREE | ' |

addi ti _eg, suchngipp at el egqgﬁrﬁgﬂd&gafﬁ?%ﬁi%@rérh‘éa635?;525 er!rsrségjderi ved
from Phe ol i gonmers hydrogenated in accordance with the present invention

nd ard Gl BB dRE g R PP hE il Fohifi SPRRsRLeS antoer m Xt ure
1, 4- cycl terephtiredic aaid@sidues; agdd resi dues and terephthalic acid residues;
and (%ii)) d%l?(lasigggé ggr?w%rig%gpertkilierqg g(!a)}crc]) lees%%e%! yeel residues.

[0016] As used in the specification and concluding claims, residue refers to the

moiety that is the resulting product of the chemical species in a particular reaction

scheme or subsequent formulation or chemical product, regardless of whether the

moiety is actually obtained from the chemical species. Thus, an ethylene glycol

residue in a polyester refers to one or more -OCH,CH,0- répeat units in the

polyester, regardless of whether ethylene glycol is used to prepare the polyester.

Similarly, a sebacic acid residue in a polyestér refers to one or more -CO(CH5)sCO-

moieties in the polyester, regardless of whether the residue is obtained by reacting

sebacic acid or an ester thereof to obtain the polyester. |

[0017] Copolymers of isophthalic acid and 1,3-cyclohexanedicarboxylic acid may be

produced from crude isophthalic acid without first producing purified 1,3-cyclohexane-

dicarboxylic acid since isophthalic acid also may be converted to the corresponding

cyclohexanedicarboxylic acid by ihe hydrogenation treatment. Similar processing

steps are removed or avoided for the 1,3-cyclohexanedicarboxylic acid process as

described in the 1,4-cyclohexanedicarboxylic acid process. Thus, another



[0016] As used in the specification and concluding clains, residue refers
to the noiety that is the resulting product of the chem cal species in a
parti cul aworreatisdon schene or subsequent formul ati on or ek@mseabs7ps oduct ,
regardl ess of whether the noiety ispactually obtained fromthe chemi cal
speci es. Thus, an ethylene glycol residue in a polyester refers to one or
nore - OCH2CH2O- repeat units in the polyester, regardl ess of whether

et hyl ene glycol is used to prepare the polyester. Simlarly, a sebacic
aci d erabodineentrofahgpresest mveheé.eban&é}ng@epr@&ef,@é&np@@h?aahﬁa%grgpi eties in
t he goolye%t er,. re%ar dl ess of whether the residue is_obtained by reacting
sebadl WY SRPHOHYONEr eaarsing dsarifhalis agd HPA) residues yitbiwerogemonthe Copol ynrer s
of 1 spbthéed bEaag| = I}g@g i garh i i pr oduced
fromqjgr ude isoph?l Rg?ﬁ?:glg%?gs@mé/ﬂ?gut I sté}%{‘ Oc%{%l}&ﬁ&u%%r%%o&&

1, 3- Bresoweimtleatit adobb& biacs gauge fargkand apbmpatatareasf abaait 360t8Y be

conv pondi n cycl ghexanedi car boxylic acid by the

hydr ?ggteoﬁgt\lyvg%&{bsleag? ‘%r%%tsl mgf%w%gpn PB%%E%?%agogtt {4%50 %¢ S‘ql%ﬁﬁ_V@(ﬂ‘¥-de avoi ded
for tthe isorSthgiid @&iexwedégaréo@gWértéda@i1@3'@¥@|@ﬁ§§ar?e%icéi6§%c in the

1, 4- cycl ohexanedi car boxyli¢c acid process. Thus, another 03/ 072630

PCT/ (RYSHES7 dde Rrefereatherndivions and pligorperss shereintemtdrephitalicecids a process

conpresulgs i ; el | Si i sopht hal i ¢c.acid

(1 Py o Aot v ERE Caol b RS, EERbeT it FBPSfced i ended
hydr g Pae¢ens efdydrygenalinder palybster oligomepc@sptising (opiithdlasdid about 60 bars
gauge,{; nd a.t erature of ahout 180 to 28QC whereby at |least 1

ol e‘?%&(é‘géﬂé%%‘? %BP‘é%?gﬁoai{ Liecle picany, Bf@f%gbf Fhaut dArto Prmolerpercedbht hal i ¢
aci d of é% (ephilRdie ATV (001 3-YurekaRexaneli AR Aoy hiiguaci d  resi dues.
The preferred conditions and oligoners, wherein the terephthalic acid

rei sudes are replaced with isophthalic acid residues, described above may
be ussdhiup gdde process of hydrogenating a pol yester oligomer conprising

i sophthalic acid residues to convert at least 1 nole percent, preferably
abou{0Q 08} ol 3@ prmlesspe provided bpthd preseabiphithadn Greftirthel BBEEHUES by She

1, 3- %g’l ahexanedi car Boi(eyl ic acid residues. EXAMPLES [0018] The  processes
pr ovi dEVVBY PRI s HRESsHpestied pthervise alirarcentrges gives ibyhe he

examples are by weight.

EXAMPLES 1-15

[0019] A 300 mL titanium autoclave equipped with a glass liner was charged with a
poly(ethylene terephthalate) oligomer (100 g) having a degrée of polymerization of
5.1. The oligomer was prepared by the reaction of ethylene glycol and CTA in a 1.3/1
mole ratio respectively at 260°C for 2 hours.i The hydrogenation catalyst (8 g) was
added and the resulting mixture was pressur‘ized to 34.3 barg (about 500 psig) with
hydrogen. The mixture was heated to 210 - 260°C for 180 minutes while the pressure
was maintained at 68.9 - 124 barg (approximately 1000 - 1800 psig) with hydrogen.
After cooling, the mixture was remov‘éd from the autoclave and ground into a powder
(after removal of large catalyst particles). Examples 1, 4, and 7 contained 17%

ethylene glycol added before hydrogenation in order to lower the melting range of the
oligomer.



foll owi ng exanpl es. Unl ess specified otherw se, all percentages given in
the exanples are by weight. EXAMPLES 1 - 15 [0019] A 300 nL titanium

aut ocl avewequiopgeedl with a glass liner was charged with a PppolusizosTyé ene
terephthal ate) oligomer (100 g) having _a degree of polynerization of 5.1.
The ol i gomer was prepared by the reaction of ethylene glycol and CTAin a
1.3/1 nole ratio respectively at 260C for 2 hours. The hydrogenati on
catalyst (8 g) was added and the resulting m xture was pressurized to 34.3
barg ([@B@0] A0&kmsie®f thé biigorR¥dhRE6HendtiBe Wbééﬂléfeﬁ‘\/ﬁﬁe \DE@EEQOﬁlF?e@%\ch 260C
for 180 utes while the pressure was naintained 124 barg
(appr d)?faﬂlﬁr@ N4 Goe!yzed bymasseypmategranyyfas dee metwlt%ﬁersmﬁlcvdghexm-m xt ur e
was r edypy h e removal of
o g e By Frf SRR ARt 8L BREER 21685 ety ene

gl ycolh)éilldgdnlmeéaﬂuee Ktyatg Y Jemay isomeltemec&nret ©C) engthd hglusjiddrfbrr ange of

t he n(lé!r_' WO 03/.072630, PCT/ USO3/ 05746 = -11 [0020] A sanple of the
oligo y@r%&@r‘?&’f@ﬂ"\a? Rl PeresRbPEthRiacdid sevidvessef thietoNgomer hanol  and
anal yzegréserias pgAr ters of cycl ohexane-

di car bogyl i c aci gh "%Egélexarrp eséag!r’)%{slgr?r%r?r':@zéiaé]%?n Table I wherein Press is
the hydrogen pressure (barg), Tenp is the tenperature (C) and the val ue
given for CHDA is the approxi mat e-AB percent of the diacid residues of
the oligonmer represented by 1, 4-cye¢i xanedi car boxylic acid residues.
TABLE ExarBgkenpl e No. Catal yst Tenp Press CHDA 1 1 % Pd + 0 1 %Ni on
Alum na NdO0 70 2 2 1% Pgataifst1% NI on Al unfdygn230 f)e + 0.1 %

Ni onAIumna23012472711%Pd+0.1WQonAumna230 35 51 %
Pd + 0.1 % Ni on!%A Rghitfal %68 gmABsnina 210 70
2 1% Pd + 0.1% Ni on Alumina 230 70 12
3 1% Pd + 0.1% Ni on Alumina 230 124 72
4 1% Pd + 0.1% Ni on Alumina 230 124 35
5 1% Pd + 0.1% Ni on Alumina 260 70 56
6 1% Pd + 0.1% Ni on Alumina 260 124 43
7 3% Pd on Silica 210 124 15
8 3% Pd on Silica 230 124 44
9 3% Pd on Silica 230 124 16
10 3% Pd on Silica : 260 124 15
11 3% Pd on Silica 260 124 20
12 1% Pd on Titania 230 124 23
13 1% Pd on Titania 260 124 12
14 1% Ru on Carbon 230 70 12
15 1% Pd on Carbon 230 124 4

[0020] The invention has been described in detail with particular reference to
preferred embodiments thereof, but it will be understood that variations and

modifications can be effected within the spirit and scope of the invention.



6 1% Pd + 0.1% N on Alumna 260 124 43 7 3% Pd on Silica 210 124 15 8 3%
Pd on Silica 230 124 44 9 3% Pd on Silica 230 124 16 10 3% Pd on Silica
260 124 NS0 030728% Pd on Silica 260 124 20 12 1 % Pd on Tipcanisas/@3@® 124 23
13 1 % Pd on Titania 260 124 12 1443 % Ru on Carbon 230 70 12 15 1 %Pd
on Carbon 230 124 4 [0020] The invention has been described in detail with
particular reference to preferred enbodi nents thereof, but it wll be
understood that variations and nodifications can be effected within the
spirit and scope of the inventionc Wm83/ 072630 PCT/ US03/ 05746 -12 CLAI M5
Ve clly?i .1. Process which conprises contacting a pol yester oligoner

conp & m'terepht halic acid residues wth hydrogen in the presence of a
supported or suspended hydrogenation catal yst under a hydrogen pressure of
at | east about 60 bars gauge (barg). and a tenperature of about 180 to 280C
wher dby afrpeesst whichujoenprisrscenitacing 4 polyestn alieiice cagipdisiesi dues ar e

4 h di.car- boxyl i i d i dues. 2. P
ccofreRi o el R HRoP B Rt B preelGe sbr SprRgiaty t or epnt hal i
aci dsussertisbhydreiagattord €8RRt 9hdBPhWBIJgER preBs b cﬁ%%a]s% g 8u?-§oi S

contacted with hydrogen under a hydrogen pressure of at |east about 70 to
170 BaFy9aWee Parenped atlempeasatuse ol aboulo! 8btop280CC BheRbycadsastcicotodé ng t o

d ai i Iy i i S\ t erepht hali,c aci d residues
navi oo e oK 6l 26l RS SBATRS 151 fuSioBheahedEeta wit
hydr bg¥ylic acid hesiguesence of a supported or suspended hydrogenation

2. Process according to Claim 1 wherein a polyester oligomer comprising
terephthalic acid residues having a degree of polymerization of about 2 to 20 is
contacted with hydrogen under a hydrogen pressure of at least about 70 to 170 barg
and a temperature of about 240 to 270°C.

3. Process according to Claim 1 wherein a polyester oligomer comprising
terephthalic acid residues having a degree of polymerization of about 2 to 10 is
contacted with hydrogen in the presence of a supported or suspended hydrogenation

. catalyst selected from catalysts comprising about 0.1 to 10 weight percent palladium
or platinum on a catalyst support material under a hydrogen' pressure of at least
about 70 to 170 barg and a temperature of about 240 to 270°C

4, Process according to Claim 3 wherein‘ the polyester oligomer has a degree of
polymerization of about 2 to 10. |

o. Process which comprises confacting.a polyester oligomer having the formula
HO--[Diol]x-—[—-TPA-—Diol--]y——H

wherein Diol is a divalent residue of a diol component, TPA is the divalent residue of

terephthalic acid, x is 0 or 1; and y has an average value of about 2 to 20 in the

presence of a supported or suspended hydrogenation catalyst selected from



catal yst selected fromcatal ysts conprising about 0.1 to 10 wei ght percent
pal l adium or platinumon a catalyst support material- under a hydrogen
pressure wh oab7desmst about 70 to 170 barg and a tenperat eca/ushs/eteut 240
to 270C 4. Process according to Caiym3 wherein the polyester oligonmer has
a degree of polynerization of about 2 to 10. 5. Process which conprises
contacting a polyester oligoner having the formula HO-[D ol]X
[--TPA--Diol--]y Hwherein Diol is a divalent residue of a diol conponent,

TPA lmtamstsdcmba@hgraes@udaa ©f 10 Welghppéteahi SalRfii oX platinnPbnk and y has
an aver ag,ehval ue of about to 20 in the presence OP a supported or

sus perfIEH Shy PR mate i %@ﬁa@;}&tdr%@,qrewéwremm nesb3POTIEBD PXETbERD3/ 05746
-13 C@ﬁ@bwéhﬁae@&ﬂpé Pﬁw&t%&b é)fO]’Ctv%ejrgb)Y]‘ﬁf @ik Pﬁ{ogsg rc%% nggum or
nd en p

pl ati num on catal yst support materia Sure of at

| easttea%@mhah’@a@ld regidubamage canderted mmycluhexafedwmmxyxé@ctdn 270C wher eby
at Ie,zégf nol e percent of the terephthalic acid residues are converted to
1, 4- cyclohexanedi carboxylic acid residues. 6. Process according to aimb5
wherein Di ol is a divalent residue of a diol conponent selected from

et hyl ene col, diethylene glycol, 1,2- and 1, 3-propane- diol,

2- nettyl - g’ﬁ%%&&ﬁ@m"ﬁﬁ to Glapmd wherajn DD‘IS@dW@Jmédesjduemfa-dwlt anedi ol , and

1, 4- cyfih 8@&@1@#%&8& %ﬂ?bt@%ea& ] Jﬁtp&%@g' LOpRd § 0 s Rlanaer boxyl i ¢

terephthal i c aci residu are on\/er
aci d qieki2dmethyl-1, 3-Bramrzemhdl o2 2td1me|ﬁiy$-p68 ﬁﬁdp@ﬁe@n‘bl A, polieided], ¥dd ch

conprj ge st eps cont a poI ester ol i gomer conmprising
tere L?hc;cfo}%@pa "3{“6%@ ghput 5%') géﬁO'rerP rentof dReigrepbihalic egishor t ed or
SUSp%dlﬂiﬂld@MéQ@ﬂﬂéﬁté@fb q@@d@rﬁexa‘r\@@ﬁér%xgm%ag%’slg ggsure of at |east

about 60: barg and a tenperature of about 80 to 28 to convert at least 1
nol e percent of the terephthalic acid reS|dues

o oduzt of rass [P aRIBE o ARl sy %2?0418%% B 4B ohnte 10 the
pr esdi eonfactingal Wstéabllxgmin@%@hyﬁun@@emﬁéﬁc 8O YERHLZakitan

hydrogen in the presence of a supported or suspended hydfogenation catalyst

under a hydrogen pressure of at least about 60.barg and a temperature of about

180 to 280°C to convert at least 1 mole percent of the terephthalic acid residues

to 1,4-cyclohexanedicarboxylic acid residues; and

(2) reacting the oligomer product of step (1) with one or more polyester-forming

reactants in the presence of a polymerization catalyst ahd under polymerization

conditions of pressure and temperature to produce a polyester comprising

1,4-cyclohexanedicarboxylic acid residues.

8. A Process according to Claim 7 comprising the steps of:.
(1) contacting a polyester oligomer having the formula
HO--[Diol],—[--TPA--Diol--J,—
wherein Diol is a divalent residue of a diol component, TPA is the divalent residue
of terephthalic acid, x is 0 or 1, and y has an average value of about 2 to 20 in the
presence of a supported or suspended hydrogenation catalyst selected from

catalysts comprising about 0.1 to 10 weight percent palladium or platinum on a



conditions of pressure and tenperature to produce a pol yester conpri sing
1, 4- cycl ohexanedi carboxylic acid residues. 8. Process according to Caim7
conpri si /yotobe7mBEeps of: (1) contacting a pol yester ol i gecenshaes7ag t he
formula HO-[Dol]X-[--TPA--Diol--]it-H wherein Diol is a divalent residue
of a diol conponent, TPA is the divalent residue of terephthalic acid, x
is O or 1, and y has an average val ue of about 2 to 20 in the presence of
a supported or suspended hydrogenation catal yst selected from catalysts

gg/rrgr |2 2 patjalmcsupggr)t gategéoumaér@hycr)egeememlré @ﬂétﬂ@h@tra}dﬂu@zm@m?‘g)”d- a WO

7 5746 -14 catal yst_support material under a hydrogen

pressur éggf%é gﬁggg)ter%t%%pf ?go‘t'tomi)?é 2@3&@”%@1’6% af lafsei anelpdententnfut 240

to 270Ctvdrephythalic heiasesueR!fe ESHG&'&Ed &f 1 4£d§@loh‘é§<§r%6igﬁjbio§yl?cc%¢q resi dues
| I'c aci ues;’an ?

are converted to 1,4-cycl ohexanedi carboxylic resi 2)
react i nffS#esIBGoner product of step (1) with one or nore

| i : t J h f i.zat t al yst
Pnd” Uabee e dofR 8Tt SR (ATE P € of mofe R PRSP R Be 1o pr bauce
a pol yestastanteripthespregente 4f eysdl@henaatim caalheadd Gnc?ecr:dﬂ)_lyfrﬁériiiiéf%%- 9.

Pr ocesscéﬁﬁ)r di ngq)to Claim8 wherein, in step (1@, Dol i's a divalent
resi due HANYPHPressHisoRRA ferBpeBtyredo mrefi e hpplastegcorprisingi et hyl ene

gl ycol , 1 4-@ycigtskahedicabb GRARSRHPlosiRiddet hyl - 1, 3- pr opanedi ol ,
2, 2-di et hyl - 1, 3- propanedi ol , I1 4e-sllodzutéaggedi ol, and
1, 4- cycl ohexanedi nmet hanol and about 10 to 50 nol e percent of the
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acid residues are converted to 1,4-cyclohexanedicarboxylic acid residues.

10.  Process for the preparation of a polyester which comprises the steps of:
(1) contacting a polyester oligomer having the formula
HO--[Diol},—{--TPA--Diol--J,—H

wherein Diol is a divalent residue of ethylene glycol, TPA is the divalent residue of
terephthalic acid, x is 0 or 1, and y has an average value of about 2 to 20 in the
presence of a supported or suspended hydrogenation catalyst selected from
catalysts comprising about 0.1 to 10 weig:ht percent palladium or platinum on a
catalyst support material under a hydrogen pressure of at least about 70.to 170
barg and a temperature of about 240 to 270°C whereby about 10 to 50 mole
percent of the terephthalic acid residues are converted t6 1,4-cyclohexanedicar-
boxylic acid residues; and _

(2) polymerizing the oligomer product of step (1) in the presence of a polymerization
catalyst and under polymerization conditions of pressure and temperature to

produce a polyester comprising 1,4-cyclohexanedicarboxylic acid residues.



catal ysts conprising about 0.1 to 10 wei ght percent palladiumor platinum
on a catalyst support material under a hydrogen pressure of at |east about
70. to 1A90obarm3mnd a tenperature of about 240 to 270C wreraisys/eeut 10 to
50 nole percent of the terephthalic&cid residues are converted to

1, 4- cycl ohexanedi car- boxylic acid residues; and (2) polynerizing the

ol i goner product of step (1) in the presence of a polynerization catalyst
and under pol ynerization conditions of pressure and tenperature to produce
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f or mulrasidd€s-[Di ol ] X [--1PA--Diol--]Y H wherein Diol is a divalent residue
of a diol conponent, IPAis the divalent residue of isophthalic acid, x is
0 or 1, and y has an average value of about 2 to 20 in the presence of a
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catal yst support mat endHOm[j}ml%_h%LdlrpmeDi@[L ssiyge of at |east about 70 to
170 barg and a tenperature of about 240 to 2 oc whereby at least 1 nole

per cen{Tgein Hig! is @ diystentiresidue ofl ardisli abmemorent 1BArs énd ditatent residue of

1, 3-¢ i i i.d residues. 3. Proc cording to Claim
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and a temberature of about 240 to 270°C whereby at least 1 mole percent of the

isophthalic acid residues are converted to 1,3-cyclohexanedicarboxylic acid residues.

13. Process according to Claim 12 wherein Diol is a divalent residue of a diol
component selected from ethylene glycol, diethylene glycol, 1,2- and 1,3-propane-
diol, 2-methyl-1,3-propanediol, 2,2-dimethyl-1,3-propanediol, 1,4-butanediol, and
1,4-cyclohexanedimethanol and about 10 to 50 mole percent of the isophthalic acid

residues are converted to 1,3-cyclohexanedicarboxylic acid residues.



