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pol yester product from al kyl ene oxi de and carboxylic

acid. Mre specifically this invention relates to a

process to produce pol yethylene terephthal ate (PET)

from et hyl ene oxi de and terepHthalic acid (TPA). Even

nore specifically, this process relates to a process

to produce PET by reacting terephthalic acid and
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al cohol is evolved at this stage and is usually
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process relates to a process to produce PET by reacting terephthalic acid
and ethylene oxide in the presence of a catalyst and a solvent to form a
partially esterified terephthalic acid product. The partially esterified

15  terephthalic acid product is further reacted with a minimal amount of

ethylene glycol to produce PET.

BACKGROUND OF THE INVENTION:

20 Thermoplastic polyesters are step growth polymers that are useful
when made at high molecular weights. The first step in a common method
of producing a polyester or copolyester, such as polyethylene tergphthalate,
is an esterification or ester-exchange stage where a diacid, typically
terephthalic acid, or a diester, typically dimethylterephthalate, reacts with an

25  appropriate diol, typically ethylene glycol, to give a bis(hydroxyalkyl)ester



Pursuant to the goal of naking pol yethyl ene

terepht hal ate and ot her polyesters, a great deal of
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for preparing terephthalic acid/ethylene glycol

m xtures suitable as starting materials. In general,

t hese inventions describe specific m xing schenes with

a purified terephthalic acid sddid and |iquid ethyl ene

gl ycol as starting materials. Additionally, there is a

substantial body of literature devoted to producing a
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conducted in one or nore stages and can be conpl et ed
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In the present invention, a process to produce polyethylene
terephthalate from ethylene oxide and teréphthalic acid is provided.
Terephthalic acid and ethylene oxide are reacted to form a partially
esterified terephthalic acid product. The partially esterified terephthalic acid

15  product for example is subsequently reacted with ethylene glycol in a
conventional polyethylene terephthalic process or through the use of a pipe
reactor to produce polyethylene terephthalate.

The use of ethylene oxide can be a preferred method over using
ethylene glycol. In addition, less heat input can be required during

20 esterification using ethylene oxide versus using ethylene glycol. The
polycondensation step can be conducted in one or more stages and can be

completed with ethylene glycol addition, if needed, in order to increase the

rate and fo control the mole ratio. Suitable catalysts and additives can be



rate and to control the nole ratio. Suitable catal ysts
and additives can beadded prior to or during
w@oelogogdensat i on. Possi bl e catal ysts include pONps20ae06727
based on Sb, Ge, Ti, A, Sn and Zr or conbinations
thereof. SUMMARY OF THE INVENTION It is an object of
this invention to provide a process for producing a
partially esterified carboxylré-acid product by
contacting in a reactor zone at |east one carboxylic
acid with at | east one al kyl ene oxide in the presence
of ' 1 .
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zone terephthalic acid and ethylene oxide in the
presence of at |east one solvent and at | east one

basic catalyst. It | not her | e f IS invention
to provide a proce@%&i&ﬂ&wﬂe :
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S erephthalic acid with ethylene oxide in the presence

of a solvent and a basic catalyst to produce a
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aci one
10 It is another object of this invention to provide a process for

producing a partially esterified terephthalic acid product by contacting in a
reactor zone terephthalic acid and ethylene oxide in the presence of at least
one solvent and at least one basic catalyst.
It is another object of this invention to provide a process to produce
15 polyethylene terephthalate by contacting in a reactor zone terephthalic acid
with ethylene oxide in the presence of a solvent and a basic catalyst to
produce a partially esterified terephthalic product; and then reacting said
pértially esterified terephthalic acid product with ethylene glycol to produce
polyethylene terephthalate.
20 In one embodiment of this invention, a process to produce a partially
esterified carboxylic acid product is provided. The process comprises
contacting in a reactor zone at least one carboxylic acid with at least one

alkylene oxide in the presence of at least one solvent and at least one basic



al kyl ene oxide in the presence of at |east one sol vent
and at | east one basiccatal yst to produce the
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said al kyl ene oxide is present in a nolar ratio
rangi ng fromabout 0.5:1 to less than 1: 1 al kyl ene
oxi de to carboxylic acid. In another enbodi nent of
this invention, a process to pfloduce a partially
esterified terephthalic acid product is provided. The
process conprises contacting in a reactor zone
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In another embodiment of this invention, a process to produce a
partially esterified terephthalic acid product is provided. The process
comprises contacting in a reactor zone terephthalic acid with ethylene oxide
in the presence of at least one solvent and at least one basic catalyst to

15  produce said partially esterified terephthalic acid product; wherein said
ethylene oxide is present in a molar ratio ranging from about 0.8:1 to 1.2:1
ethylene oxide to terephthalic acid.

In another embodiment of this invention, a process to produce
polyethylene terephthalate is provided. The process comprises:

20 (a) contacting in a reactor zone terephthalic acid with ethylene
oxide in the presence of a solvent and a basic catalyst to produce a partially

esterified terephthalic acid product; wherein said ethylene oxide is present

in less than 1:1 molar ratio of ethylene oxide to terephthalic acid;



oxide in the presence of a solvent and a basic

catal yst to produce a partially esterified
\NmeMBphmﬂmllc acid product; wherein said ethyl rBOEUS200806727

is present in less than 1:1 nolar ratio of ethylene

oxide to terephthalic acid;(b) reacting said partially

esterified terephthalic aC|d product with ethyl ene

gl ycol to produce said pol yett®tene terephthaiate. In

anot her enbodi nent of this invention, a process to
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substantial portion of the ethylene oxide is in a liquid phase; wherein said
reactor is operated at a temperature of about 120°C to about 280°C .
In another embodiment of this invention, a process to ‘produce a
partially esterified terephthalic acid product is provided. The process
15  comprises contacting in a reactor zone terephthalic acid with ethylene oxide
in the presence of xylene, oligomeric polyester or toluene and triethylamine
to produce said partially esterified terephthalic acid product; wherein said
ethylene oxide is present in a molar ratio of 0.8:1 to less than 1:1 ethylene
oxide to terephthalic acid; wherein said reactor zone comprises at least one
20 reactor operated at a pressure such that a substantial portion of the

ethylene oxide is in a liquid phase; and wherein said reactor is operated at

a temperature of about 120°C to about 280°C .



oxide to terephthalic acid; wherein said reactor zone
conprises at | east one reactor operated at a pressure
wGeook/oviesd a substantial portion of the ethyl ePeT/U81008006727

is in a liquid phase; and wherein said reactor is
operated at a tenperature of about 120C to about 2800C
. These obj ects, and other objects, will becone nore
apparent to others with ordina®y skill in the art
after reading this disclosure. DETAI LED DESCRI PTI ON OF
THE | NVENTION I n one enbodi nent of this invention, a
process r
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alkylene oxide is present in a molar ratio ranging from about 0.5:1 to less
10  than 1:1 alkylene oxide to carboxylic acid.

The alkylene oxides are selected from the group consisting of
ethylene oxide, propylene oxide, butylene oxide or mixtures thereof.
Preferably, the alkylene oxide is ethylene oxide.

Suitable carboxylic acids include any chemical compound containing

15  atleast two carboxylic acid groups. For example, carboxylic acids include
aromatic dicarboxylic acids preferably having 8 to 14 carbon atoms,
aliphatic dicarboxylic acids preferably having 4 to 12 carbon atoms, or
cycloaliphatic dicarboxylic acids preferably having 8 to 12 cérbon atoms.
Other examples of suitable carboxylic acids include, but are not limited to,

20 terephthalic acid, isophthalic acid, trimellitic acid, naphthalenedicarboxylic

acid, cyclohexanedicarboxylic acid, cyclohexanediacetic acid, diphenyi-4,4'-



cycl oal i phatic dicarboxylic acids preferably having 8
to 12 carbon atonms. Ot her exanples of suitable
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napht hal enedi car boxyl i c acid, cycl ohexanedi carboxylic
aci d, cycl ohexanedi acetic acid,
di phenyl - 4, 4' - di carboxyl i ¢ aci’d,
di phenyl --3, 4' -di carboxyl i c acid, succinic acid,
glutaric acid, adipic acid, azelaic acid, sebacic »
acl &icar@ﬁ%g{@ efi'.lflc?n Toi?@géﬂ“yﬁ-@ Q@-@ica?ﬁﬂx&ﬁ@' a%i@,@u\égﬁlﬁcs%éiﬂ Chluekic

but "are n tol uene, xyl ene, nmethy enzoat e,

et hyl. ,bepz ' ; ] clic
ancHeity HE 21, PR SBIEAT, EBARE RIS o BRI erc
benzene, | .ethyl. ketone, other.ketones Wt o]

7 car borﬁlg%'?%s@‘lﬁ%rﬂg éf%clﬁllfiﬁ ﬁ)‘ﬁ aries%cb{ Igﬂﬁ?&%ﬁ"@ﬁ'g ’ ?ylgné, methyl
3- pent anone (di et hyl keton%%, 3,§ di et hyl ékguta.one

ot PhANZOgisp eYpY beRerasncenteie Ry oIPBsians! adpffies cvslic and
hexanone, 3-heptanone, diisopropyl ketone,
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tri Byetfgrlagw, ﬂ'lee’ solvent is oligomeric polyesters, xylene or toluene.

A basic catalyst results in a pH greater than 8 when 1 gram of the
catalyst is dissolved in 100 ml of water. Examples of suitable basic
catalysts include, but are not limited to, primary, secondary, and tertiary

15  amines, benzyltrialkyl ammonium hydroxid e, alkyl/aryl ammonium hydroxide
salts and tetraalkyl ammonium hydroxide salts. The basic catalyst can be
triethylamine, tributylamine, frimethylamine, tripropylamine, tributylamine,
diisopropylamine, diisopropylethylamine, tetramethyl ammonium hydroxide,
benzyltrialkyl ammonium hydroxide,ytetraalkyl ammonium hydroxide or

20 mixtures thereof. Preferably, the basic catalyst is selected from the group

consisting of triethylamine and tributylamine. Most preferably, the basic

catalyst is triethylamine.



di i sopropyl am ne, diisopropylethylam ne, tetranethyl
anmoni um hydr oxi de, benzyl trial kyl amoni um hydr oxi de,
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Preferably, the basic catalyst is selected fromthe.
group consisting of triethylam ne and tri butyl am ne.

Most preferably, the basic catalyst is

triethylam ne. The carboxylic-&ci d, al kyl ene oxi de,
sol vent and basic catal yst can be charged to the
reactor zone separately or mxed in any conbi nati on.
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reactor. Preferably, the reactor zone conprises a plug

5 | oy the &arhoof smstractidnetheratifn flowevps rtheueactos zabeis subject to
1800C to about 2800C in order to obtain high reaction
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Si de products such as diethylene glycol (DEG, may be
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conducted at a tenperature of
10  to about 280°C in order to obtain high reaction rates and near complete
conversion of ethylene oxide. Side products such as diethylene
glycol(DEG), may be controlled by addition of small amounts of water, and
water may be used to insure complete reaction of the ethylene oxide.
The reaction of the carboxylic acid, akylene oxide, solvent, and basic
15  catalyst in the reactor zone is conducted at a temperature of about 120°C to
about 280°C. Preferably, the reaction is conducted at a temperature of
about 180°C to about 280°C. Generally, the reaction is conducted at a
pressure of about 100 psi to about 1500 psi. Preferably, the reaction is
conducted at a pressure of about 300 psi to about 1500 psi. Most
20 preferably the reaction is conducted at a pressure of about 500 psi to about

1200 psi. In a preferred embodiment of this invention, the reactor zone

comprises at least one reactor operated at a pressure such that a



about 1800C to about 2800C. Cenerally, the reaction is

conducted at a pressure of about 100 psi to about 1500
wW@3005/09296d er abl y, the reaction is conducted atP@r/US2005/006727

pressure of about 300 psi to about 1500 psi. Most

preferably the reaction is conducted at a pressure of

about 500 psi to about 1200 psi. In a preferred

enbodi nent of this invention-%-+he reactor zone

conprises at | east one reactor operated at a pressure

such that asubstantial portion of the al kyl ene oxide
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10  triethylamine is present in a concentration of about 0.5 to about 5 percent
by weight based on the weight of the terephthalic acid. Preferably, the
triethylamine is present in a concentration of about 1 to about 5 percent by
weight. Most preferably, the'triethylamine is present in a concentration of
about 1 to about 3 percent by weight. In this embodiment the partially
15  esterified carboxylic acid product is known as a partially esterified
terephthalic acid product. The conversion of terephthalic acid to a partially
tere'pﬁthalic acid product is defined as the percent conversion of the acid
groups in the terephthalic acid to ester groups. Typically, the conversion is
between about 8% to about 60%. Preferably, the conversion is about 30%
20 to about 50%. Most preferably, the conversion is about 40% to about 50%.
The partially esterified carboxylic acid product can be subsequently |

used to produce a polyester product. This can be accomplished by

transferring the partially esterified carboxylic acid product to a conventional



terephthalic acid product. The conversion of

terephthalic acid to a partially terephthalic acid
w@e@doeg1so s defi ned as the percent conversi on BET/URE05/006727

acid groups in the terephthalic acid to ester groups.

Typically, the conversion is between about 8% to about

60% Preferably, the conversion is about 30%to about

50% Most preferably, the conv@rsion is about 40%to

about 50% The partially esterified carboxylic acid

product can be subsequently used to produce a

este oduct . Thi C
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The polyester ester product comprises at least one polyester.
Examples of polyesters include, but are not limited to, homopolymer and
copolymers of polyethylene terephthalate (PET); homopolymer and
copolymers of polyethylene naphthalate; homopolymer and copolymers of
15 polyethylene isophthalate; homopolymer and copolymers of polyethylene
succinate; homopolymer and copolymers of polyethylene adipate and
homopolyesters and copolyesters that are usually derived from 1,2-
propanediol and 1,2-butanediol and mixtures thereof.
In Ianother embodiment of this invention, a process to produce a
20 partially esterified terephthalic acid product is provided. The process
comprises contacting in a reactor zone terephthalic acid with ethylene oxide
in the presence of at least one solvent and at least one basic catalyst to

produce said partially esterified terephthalic acid product; wherein said



copol ynmers of pol yet hyl ene napht hal ate; honopol ymer
and copol yners of pol yethyl ene i sophthal at e;

wheovspedogorer and copol ymers of pol yet hyl ene suBCT/Iig10e5/006727
honmopol ymer and copol yners of pol yet hyl ene adi pate and
honopol yesters and copol yesters that are usually
derived from 1, 2- propanediol and 1, 2-butanedi ol and
m xtures thereof. In another-¢tbodi nent of this
i nvention, a process to produce a partially esterified
terephthalic acid product is provided. The process

co I ses contacting,in 8 A 4C

aci iRt oBFRyF et It M RS R b AR o o tess
one sol vent and at | egst e basi¢ catal yst to produce
sai Bapdit etviapedsids 1o P@’cﬁ’%ﬂ@'@ﬁﬁcﬁal ic acid product;
wherei n sai dethyl ene oxide is present in a nol ar riati 0
rangi ng Thesecannanentsand pecpes stepp hiave beepprgyiausly
oxide to terephthalic acid. These conponents and

pr odecsibed @pthihdiselobaren previ ously described in this

di scl osure. In another enbodi nent of this invention, a
Hrocess lhanptatepthalirpent ofdhisynwesition) 4 peatese te prdiade a
acid product is provided. The process conprises

conbAfkiyEktbrifict fePasHRdlicZRNe ploduepBiphevited.aThd protéss
et hyl eneé oxide in the presence of at |east one sol vent

aNd ol SAYonRABAS bosabAkIR tohSpHAARES] WnCthylene oxide

partially esteritred terephthalic acird product;
1153l A B 0 T oot
acl gfoduce said partially esterified terephthalic acid product; wherein said
10 ethylene oxide is presentin 0.8:1 to 1.2:1 molar ratio of ethylene oxide to
terephthalic acid.

These components and process steps have been previously
described in this disclosure.

In another embodiment of this invention, a process to produce a

15  partially esterified terephthalic acid product is provided. The process
comprises:

(a)  contacting in a reactor zone terephthalic acid with ethylene
oxide in the presence of a solvent and a basic catalyst to produce said
partially esterified térephthalic acid product; wherein said ethylene oxide is

20 presentin a molar ratio of about 0.5:1 to less than 1:1 ethylene oXide to
terethhalic acid; and

(b) reacting the partially esterified terephthalic acid product with a

diol to produce polyethylene terephthalate.



These conponents and process steps have been
previously described in this disclosure. In another

weniwsapayent of this invention, a process to prpdiws2085/006727

5

10

15

20

partially esterified terephthalic acid product is
provi ded. The process conprises: (a) contacting in a
reactor zone terephthalic acid with ethylene oxide in
the presence of a solvent andia-basic catalyst to
produce said partially esterified terephthalic acid
product; wherein said ethylene oxide is present in a

nmol ar rati f abou : : L ene

oxi de 19ebdpde Raenetarpas AieftRisd s waBE e

parti al sterified ter thalic acid oduct. with.a..
G ol + Sthp dRs per reer Bed DurGRlarina e ket b e
has been previously discussed in this 'Ll_scl osure. Step

( biereptihalis agiscrrpdidie @ whveptionaldyre ﬁg tRHRCeRS Whelie y
esterified terephthalic acid product to a conventional

t yestefichtipn ase ssligameenizationaanthe eentiinednfis used herein,

ol i goneri zati on can be continued. As used herein,

" cuaviesitionaibio oess es apparafyEpaita respest tohpolgsesiec pracessing |
pol yester processing refers to a non-pi pe reactor or

Pr RE&S 30 alidflpisieY@ackittor pedcddsiirichding bugnoblivhited tisa
stirred tank reactor (CSTR) process or apparatus, a

(r: g?ﬁ{ﬂn\ﬁSuQ bttdd tAhKk AshctSt (PR protéss 6:?:5;%1;53&@&131 ateactive

M process or apparatus, or tank with internals,

SChiEHatidh, RGNS orREAEfioR coftiRA HRSSs or apparatus, or tank
with internals, screw, or kneader process or apparatus.

Suitable diols for producing copolyesters comprise cycloaliphatic
diols, preferably having about 6 to about 20 carbon atoms, or aliphatic diols,
preferably having about 3 to about 20 carbon atoms. Examples of such
diols include, but are not limited to ethylene glycol(EG), diethylene glycol,

triethylene glycol, 1,4 -cyclohexanedimethanol, propane-1,3-diol, butane-
1,4-diol, pentane--1,5-diol, hexane-1,6-diol, neopentylglycol, 3-
methylpentanedio I-(2,4), 2-methylpentanediol-(1,4), 2,2 4-trimethylpentane-
diol-(1,3), 2-ethylnexanediol~(1,3), 2,2-diethylpropane-diol-(1,3), hexanediol-
(1,3), 1,4-di-(hydroxyethoxy)-benzene, 2,2-bis-(4-hydroxycyclohexyl)-
propane, 2,4-dihydroxy-1,1,3,3-tetramethyl-cyclobutane, 2,2,4,4
tetramethylcyclobutanediol, 2,2-bis-(3-hydroxyethoxyphenyl)-propane, 2,2-
bis-(4-hydroxypropoxyphenyl)-propane, isosorbide, hydroquinone, BDS-
(2,2-(sulfonylbis )4, 1-phenyleneoxy))bis(ethanol), and the like, and mixtures

thereof. Polyesters may be prepared from one or more of the abowve type



Sui tabl e diols for producing copol yesters conpri se

cycloaliphatic diols, preferably having about 6 to
W@bwawR8 car bon atons, or aliphatic diols, predepvsihy006727

havi ng about 3 to about 20 carbon atons. Exanpl es of

such diols include, but are not Iimted to ethylene

gl ycol (EG, diethylene glycol, Mthylene glycol, 1,4

- cycl ohexanedi net hanol , propan8-1, 3-di ol , butane-

1,4-diol, pentane- "1,5-diol, hexane-1 ,6-diol,

neopentylglycoi, 3- net hyl pent anedi ol - (2, 4),

2. gglgE%/ ?ﬁg@ﬁ@ﬁ%ﬁ%%g%?ﬂth?liclagf caa bgtiﬂgfjﬂed in the process,
ﬁéigf@ﬁg%m%t et 'gwtequm '%ﬂph%g 9?0@w@fq@ydnde)

2, 2-bi s- (4- hydroxycycl ohexy] ) -
2, 42§ ny drlovaphthalenedicarbpylic aa@ﬂpf@wldaﬂﬁrbaﬁwc acid and
2 2,4,4 tetranet hyl cycl obut anedi ol ,
2, 2sﬂnbene(cﬁeawmwzmda oXlygsiecanjds) ca b@adéed 2t any time during the
bIS (4- hydr oxypr opoxyphenyl ) - propane, i sosor bi de,

@ydpmusmon@u |Re%s of other additives can also be included in the process,
(2, 2-(sul fonyl bi s)4-, 1~phenyl eneoxy) ) bi s(et hanol ), and

thegldrkgs ulﬂﬁdlol‘étéb%ﬂferé heloeaits, RPk¥eagats, my be
prepared fromone or nore of the above t ypedi ol s.

D aghgksicRhbehibRBAnk YRR BRIRIRAdL A rbEe sRb uiR

e process, suc not "l Im ted

' 30 t%"’ﬁ‘%’ﬁﬁ? %%Fgaﬁ%eﬂ&d%a%dgf&’&géﬁ SEQ\éer@étPé/ CHllle?jg)anozth@ like.

b hyl d boxyl id b di
R bing s E%Y%gﬁwgc
rocess. Low | evel s of ?} her, addltlveE ag sb

19 ncpeidednpie thae e slcahel UaGHeNSQr ,FRMRR P'atof 2t Slcohol and

absorbers, colorants, reheat agents,
ant c&box}dicﬁbaﬁﬁta%mﬂh@ Wgent s, br anchi ng agents,
processi ng aids,

Some examples of PET processes are described in U.S patents 4,110,316,

4,235,844, and 4,230,818 herein incorporated by reference.
In an alterative embodiment of this invention, the partially esterified
15  terephthalic acid product is transferred to a pipe reactor where the
esterification and oligomerization can continue. The pipe reactor process
as described in U.S. application serial # 10/013,318 filed December 7, 2001
with a publication # 20020137877 is herein ihcorporated by reference.
Step (b) can be conducted in one of more stages and can be
20 completed with ethylene glycol added. Suitable catalysts and additives can
also be added prior to or during polycondensation. Typical catalysts are

compounds containing antimony(lil) or titanium (IV). The ethylene glycol



anti oxi dants, acetal dehyde and oxygen scavengers,
fillers, and the |ike. Branching agents are conpounds
W@ eousad9smg nore than two carboxylic acids, nOPET/URBNS/006727
two al cohol functions or a conbination of both al coho
and carboxylic that totals nore than two. Sone
exanpl es of PET processes are described in U S patents
4,1 10, 316, 4, 235,844, and 4,330,818 herein
i ncorporated by reference. In an alterative enbodi nent
of this invention, the partially esterified

tergpht hal.ic acid oduct | ' :
- cadbrs Giteradten BLREPS ool iSRNE L BF iR S iy partier
can continue. The pipe reactor process as described in
U. sPa @ tNeRiesss- serial # 10/ 013,318 fil ed Decenber 7,
2001 with a publication # 20020137877 is herein

i ncorporated by reference. Step (b) can be conducted
in one of nore stages and can be conpleted with

et hyl ene gl ycol added. Suitable catal ysts and
additives can al so be added prior to or during

pol ycondensati on. Typical catalysts are conpounds
contai ning antinmony(lIll) or titanium (1V). The

et hyl ene glycolthat is not reacted into the pol yester
product can be recycled to an earlier part of the
process. EXAMPLES Thi s invention can be further
illustrated by the foll ow ng exanples of preferred
enbodi nents thereof, although it will be understood
that these exanples are included nerely for purposes

of illustration and are not intended to limt the
scope of the invention unless otherw se specifically



i ndi cated. Exanple 1: Use of Different Basic Catal yst:
Tol uene (40Qg), terephthalic acid (40 g) and a basic

W@ 2108/09950 wer e added to a one liter Hastell oy PCT/US2005/006727
aut ocl ave. The autocl ave was purged and pressurized to
100 psi with nitrogen. The autocl ave was heated to
2600C, and the pressure was then adjusted to 500 psi
with nitrogen. Ethylene oxide16-11.5 g) was added at
one tinme to the autoclave from anot her pressure vessel
whi ch was mai ntai ned at 700 psi of nitrogen. The
tenperature of the reaction was nai ntained at 2600C

for __30 'ﬂ?ﬁ%es to produce the partially esterified

terepY C” acid product. Then the partially

esterified TPA product was cool ed to anbient

t enper at Thie invEhtiom e bei fugherdliugtesited by dresfol lowdiag examples of
product was filtered and the solid esterified TPA was

vei grgstred Babedimerits trmreof, althcrhhit will hehendarsiqdthad tikese
given'in the Table 1 and were neasured by 1H NVR A
50%£4A¥RE SO McRidedire RN pLitpdsas ioflillstiatibmadd are not
approximately a 100% yi el d based on et hyl ene

oxi imith ' i ' RErWRe shecificall
o oTSEHD e BB G URlinkARIoR, R SRS dheplfcally
best Cc%&egd yst for this process would be the one that

gi v@gl "best conversion while providing a product
with | ow DEG and | ow b*. The b* is one of the
three-color attributes nmeasured on a spectroscopic

refl| ect ance- based._ i trupment, Hunter U trascan XE
Example 1: Use of Dn‘?eren asic (,Aatavvst:

10 Toluene (400g), terephthalic acid (40 g) and a basic catalyst were
added to a one liter Hastelloy autoclave. The autoclave was purged and
pressurized to 100 psi with nitrogen. The autoclave was heated to 260°C,
and the pressure was then adjusted to 500 psi with nitrogen. Ethylene
oxide (11.5 g) was added at one time to the autoclave from another

15 pressuré vessel which was maintained at 700 psi of nitrogen. The
temperature of the reaction was maintained at 260°C for 30 minutes to
produce the partially esterified terephthalic acid product. Then the partially
esterified TPA product was cooled to ambient temperature. The resulting
partially esterified product was filtered and the solid esterified TPA was

20 weighed. The conversions for each of the examples are given in the Table
1 and were measured by "H NMR. A 50% conversion of terephthalic acid

would mean approximately a 100% yield based on ethylene oxide.



instrument is typically the neasuring device. Positive
readi ngs signify the degree of yell owness (or
wabwsohmsce of blue |ight), while negative reaPdTygS2005/006727
signify the degree of blueness. In general, the
tertiary amnes (triethylamne, triphenylam ne,

tri et hanol am ne, dii sopropyethyl eam ne,

trimethylam ne, tributyl am nejl6and

di met hyl dodecyl ami ne) in the exanpl es above under
these conditions givethe best results. However, wthin
these, there are clear diff?hgﬂﬁeﬁ. Tri met hyl am ne,
the | east hindered am ne gi ves The hi ghest conversion,
but al so gives high color and DEG

Di isopropyl et hyl am ne, the npst—-hin ri-Re—iA- P%*e

gr pEFETPEI lves 9%?’%/Cﬁt%*conve&\§tgl8f an h OE rsion Mcf/"e
Tr| et hanol am ne, a hydroxy]l “2oNta ani ne, 384 DEOG
gi yes high color and DEG [The vveakesﬁppbase of this

gr pup, 7 tTI PepydREMRe 01 VES1 BlgTOST3818 LONVE[&oon | 21| 2.6
{m CTE Ty TTHHBREyRndthe PNAT 1 £9lgeT ,!%X{.gal neg4 1.18 | 0.0

r i Fhiws anT ey gild "OT3gss igyTaodeLy ! amMe [ 10.8
gabe the best nanarotaife ST (ri s nrbye being the 7

best 14° ﬁidiisdp?&ﬂle‘ﬂﬁ/‘ianﬂﬂé’ef 1.5§S€e| cHNgid 1jons 2 zlhe 1é,7l7 8.4
unmnoeTed DL IREYEHIREE, Pefzy amiies Jave geasonanice) 7.0
copversi on, Eﬂt”eq‘&?_ very high %EG and gt hie hi ndered 5

s eCongr Y| @M B HiniRoPT OPY3IThgE, | GBVE POOT 124 | 8.58 | 0.7
oMy O DisBploBliaiiiieY, AT gt mElEQxide Bgse, | 227 | 3.5
,e1Ly|.‘l|llb‘ll T MY[OT 9%10€] ARy 6 000038, 1 6.32| 6.9
conve1r8$i on,aﬁﬁmﬁﬁgﬁrﬁg@éy hi _gr? DEG It(ag ppears that |

t he—spgcesst @ CAbART 187 &1 58S [ 4% g0 ETY [2.26 | 3.9
hi hdered a%qyf(ﬁ{ig NydP@ah& [to givel the desjired ,

Pr PP]THTes Olg ML Himethyl 02g | 4049 24 226 71
' ammonium hydroxide

1.11 Tributylamine 2249 41.1g 10.1 NA | 1.5
1.12 Dimethyldodecylamine 3.29g 35.8 24.3 56 | 5.2

5 The choice of basic catalyst has a significant effect on the

conversion of the TPA. The best catalyst for this process would be the one
that gives the best conversion while providing a product with low DEG and
low b*. The b* is one of the three-color attributes measured on a
spectroscopic reflectance-based instrument. A Hunter Ultrascan XE
10  instrument is typically the measuring device. Positive readings signify the
degree of yellowness (or absorbance of blue light), while negative readings
signify the degree of blueness.
In general, the tertiary amines (triethylamine, triphenylamine,
triethanolamine, diisopropyethyleamine, trimethylamine, tributylamine, and

15  dimethyldodecylamine) in the examples above under these conditions give



conversion, |ow DEG and | ow b*. Exanple 2: PET
A igoner prepared and converted to pol yner
waeoospbob@l i c acid (60 g), toluene (600 g) andPCT/US2005/006727
triethylamne ( 1.8 g) were added to a one liter
Hast el | oy autocl ave. The autocl ave was purged and
pressurized to 500 psi with nitrogen. The autocl ave
was heated to 2000C, and the-pressure was then
adjusted to 1500 psi with nitrogen. Ethylene oxide
(15.7 g) was added at one tinme to the autoclave

17O Bl PRMsRe! SHER, WSer et APt ARt ,
\gan;'il’@n%? ty I nggat?utgrlégs(%ifgc[g%%ggg}ne]e&ﬁtgg gﬁ%%{ucg%glggrqvérgion, but

recovered by filtration. Table 2 sh the vield, .
condlep Gives, Nigh calptang PEpERIigPr ?%@etgb’ aomhs ¥rf%m?§’f hislered
TABLE 2 3 1.9 grans of the esterified oligoner from

ex aapine ia e geaup, glves veonriomneanvarsion and i igh DR

tetrai sopropoxi de catalyst (35 ppmin the final

ol yrgthhandlambey adfydiskyl-Ehetaiming amineysdsd giescigly colos and
foll owi ng sequence: TABLE 3 A second exanple using Sb

as bke. CRiahkakestdse @fEHie yrAipy Fiphenylbenimengives afassaso
shown in Table 3. Antinony oxide was dissolved in EG

(3 GnvrsloRdeRE didriiRiyohihd&raaraliphaes @ptib ines,

concentration 1 n the polyner wascal cul ated to be 250 |,

g LR A Bt i i g
results with triethylamine being the best overall catalyst under these

10 conditions. The unhindered primary amine, benzylamine, gave reasonable
conversion, but had very high DEG, and the hindered secondary amine,
diisopropyamine, gave poor conversion. The tertiary ammonium hydroxide
base, benzyltrimethylammonium hydroxide, gave good conversion, but
relatively high DEG. It appears that the successful catalyst here has to be

15  moderately hindered and fairly basic to give the desired properties of high

conversion, low DEG and low b*.

Example 2: PET Oligomer prepared and converted to polymer

Terephthalic acid (60 g), toluene (600 g) and triethylamine (1.8 g)
20 were added to a one liter Hastelloy autoclave. The autoclave was purged
and pressurized to 500 psi with nitrogen. The autoclave was heated to.
200°C, and the pressure was then adjusted‘ to 1500 psi with nitrogen.

Ethylene oxide (15.7 g) was added at one time to the autoclave from



TABLE 4 Clearly, a high inherent viscosity(lV) PET can

be prepared fromthe partially esterified TPA product
w@e@dioewdo Wi t h et hyl ene oxi de. Exanpl e 3: Usi nBCT/US2005/006727

D fferent Tenperatures, Pressures And anounts of Et3N

Tol uene (40Qg), terephthalic acid (40 g) and

triethylam ne were added to a one liter Hastell oy

aut ocl ave. The autocl ave was-fgé@-ged and pressurized to

with nitrogen. The autocl ave was heated to the

specified tenperature and the pressure was increased

0 S5 eP S S P A Pta T 6378 i fboen.

pressure vessel. The.reaction te r o .

e P aTEe Of thageRrAR Wes IR AN 19Ut e Rgyginutes and
cooled to anbient tenperature. The resultin arti al Ig
est epoled dolambjenp faseRrIaiUSe é\asﬁlkrdagstﬁﬁ'ﬂ'QC£F86\ ‘g(ﬁg regayered by
solid was wei ghed. The conversions for each of the

exafifriaéisn.al ablgi2showsrthehield adsrvesipan) Taml d %866 of the
conversions of esterified TPA were obtained in this

gnt pigorm@fgenationl 50- 2600C, 1-3 wt % triethyl am ne, and
500- 1500 psi. The hi ghest conversion with this
experinment were obtained i nTaBLE gange of 175-200 0OC.

At higher triethylam ne |evels the percent conversion

Ve s BEhas TVEeId STEEMST U] VE D Pr 6% N1k of BBErfigast b* | Mole %

desi rabl e |t eppediiod LS [ 108AkdEn POI Nt olfomer DEG
2.1 64.5¢ 48.4 96.8 470| 08
2.2 68.19 48.3 96.6 568| 0.8
2.3 63.8 ¢ 46.2 92.4 418 0.7
2.4 57.7 ¢ 42.8 85.6 216 0.6

31.9 grams of the esterified oligomer from example 2.3 were then combined
with a titanium tetraisopropoxide catalyst (35 ppm in the final polymer) in 3

10 g of EG. The mixture was heated by the following sequence:

TABLE 3
Time Temp | Vacuum
Stage (min) (°Cc) (mm)
1 0.1 225 760
2 5 225 760
3 2 225 760
4 60 225 760
5 20 265 760
6 10 285 760
7 1 285 200
8 2 285 0.8
9 75 285 0.8

A second example using Sb as the catalyst was completed using the same
15  stages as shown in Table 3. Antimony oxide was dissolved in EG (3 g)

and added to the oligomer. The antimony concentration in the polymer was



vi ew of continuing to make polynmer fromthe oligomer

is in the range of 250 to 28Q0C because that is the
waeomoms@ange for the early part of the PET 0 PCT/US2005/006727

production process.W Claim 1. A process to produce a

partially esterified carboxylic acid product said

process conprising contacting in a reactor zone at

| east one carboxylic acid wi tH%t |east one al kyl ene

oxide in the presence of at |east one solvent and at

| east one basic catal yst to produce said partially

B AR b, S Btod v

0.5;1 to less than . 1: | kyl ene oxide to carboxylic
aci e @Pp?ﬁ@sﬁ’%@%‘égé@ﬁ%}?‘di ng to claim1 wherein said
al kyl ene oxide is present in a rg;l ar ratio of about
0.8:1 to less than 1:1 al kyIT&ﬁ!- %ide to car boxylic

acid. 3. The process according to claiml1l or 2 wherein
said al kylene oxide is at | east one selected fromthe

gr oEmacpiesk sti ng of el Imperamd Visdodidy pr opyb&ne oxi de,

but pleiearsyh ¢atyst) M x0.886s thereof. 4. THO.7pr ocess

ac¢ofgliShkdtalgsig! ai m 3| glggpei n sai d carboxglgsx acid is

t Teast one serected fromtne group consisting of
terephthalic acid, isophthalic acid, trinellitic acid,

napgé@i ggg@'xmé%qgmécssaagiﬁgéweéﬂfb%xa%sg}é"oaﬁewbipfamauy

aci anedi acetrc
di phe

3, 48 'b%‘?géﬁﬁgpgar@?orég&é%c@m gg]ygécrﬁ)%sgélﬁut aric acid,
adi pi c acid, azelaic acid,
10 Example 3: Using Different Temperatures, Pressures And amounts of
EtsN: |
Toluene (400g), terephthalic acid (40 g) and triethylamine were
added to a one liter Hastelloy autoclave. The autoclave was purged and
pressurized to with nitrogen. The autoclave was heated to the specified
15  temperature and the pressure was increased to the desired level. Ethylene
oxide (about 11.5 g) was added at one time to the autoclave from another
pressure vessel. The reaction temperature was maintained for 30 minutes
and then the autoclave cooled to ambient temperature. The resulting
partially esterified TPA product stream‘was filtered and the solid was

20 weighed. The conversions for each of the examples are given in the table

below.



sebaci ¢ aci d,

wherein said reactor zone conp

reactor

zone conprises at

and m xtures thereof.
according to claim1l or

5. The process

2 wherein said al kyl ene oxi de

WO 300s8tdppene oxi de and said carboxylic acid i SPCT/US2005/006727
terephthalic acid.6. The proce

according to claim1

?bs’ es at

| east one

operated at a pressure such that a substanti al
portion of the alkylene oxide is in |liquid phase.
The process according to cl JimBBEvéherei n sai d reactor

| east one reactor operated at a

7.

Pressu

e SucC

thal a

substantl g

il por T

pn ot the

0,
cuny| ener i bl | W PPI881o flg e Process oy
EAGER A1 NGl |1 B 6| Whsh oS ITPARLIY | 8RObE8 || Sigomer | b
CHIYTTITE J8T UT 306 SPT Y 4@  DOXYT T30 84T H 15494 . 2.4 2.77
C L CPITTT LU AU J 'l T'OCTESS CUOT UTTT U Uldlrl
K rg%r. ?Q ee “pﬁf +5 “'"ngat”drigﬁ cﬁ‘ﬁgo"‘i*ru"r’ ﬂfg'd 4.24
aBdut—12658 tlo Bu* 280%5&0. Th%'&'rc:%ssfé‘gceh:ﬂfp'ﬁ 0.92
t 84c| ipmzéowrer_é?_hfi-d—ﬁ-&actor 20000 o oGy 5] 0.9 6.64
t 88per at 1208 of HWBut| 12088 t o abofd-72800C 394 The 05 3.27
_pBécesy #8Bor|di YOt of cl alPh 7 \I\Eﬁfé@-ﬁ shid #®3cton idl7 2.38
ofdrat ed 230 4 t &¥fer At ur 8.00f abhout4.980C t 03about |2800T 6.97
. 3B2. Thespr qces®oacrordiiig to|cl é4.in 6] wheBbn _sai d 0.7 1.73
r-e@ct o izsoogder #doed At atenpenat 4.8 of abous 180 0Q.8 2.67
toi@bolt 2380 [0Cs0d.3. | The3pr ocess agsor i ng18.0 cl ai ne.9 2.18
1342, 4, %o 1, 8009,[10, 131, of 12swhelei nzsai d basigs 0.85
cayal YST Jda3g del @pped| Trompt he groypzcopsi spr.pg o 0.8 1.21
3.13 200 1500 3.0 45.8 54.4 0.9 6.40
3.14 175 1000 2.0 43.1 28.2 1.0 4.19
3.15 260 1500 3.0 38.0 29.6 3.8 5.63
3.16 175 1500 3.0 48.5 49.6 1.3 2.16
3.17 150 1000 2.0 42.3 20.4 0.7 1.43
3.18 260 1500 3.0 39.3 24.1 2.9 2.95

Good conversions of esterified TPA were obtained in this entire range of

150-260°C, 1-3 wt% triethylamine, and 500-1500 psi. The highest

At higher triethylamine levels the percent conversion was relatively

conversion with this experiment were obtained in the range of 175-200°C.

10

insensitive to pressure. The most desirable temperatures from the point of
view of continuing to make polymer from the oligomer is in the range of 250
to 280°C because that is the common range for the early part of the PET

production process.



benzyl trial kyl ammoni um hydr oxi de, tri butyl am ne,
triethyl amne, trinmethylamne, tripropylam ne,
WO edosagdoky| anmoni um hydr oxi de and nmi xt ures t heeBUE2008006727
The process according to 3 wherein said basic catal yst
Is selected fromthe group consisting of
tributylamne, triethylamne, trinethylam ne,
tripropylam ne, tetraal kyl anmpni um hydroxi de and
m xtures thereof. 15. The process according to 5
wherein said basic catalyst is selected fromthe group
con 'sé ng of tributylamnne, triethylam ne,
tri lﬂ ne, tripropylam ne, tetraal kyl amoni um
hydr oxi de and mi xtures thereof. 16. Be pro)%giss .
accdr di nf) Presesp 4 Rradiicpiepartially gsterified e OpdiRmcid ppduct
at | east one selected fromthe group consisting of
t ol said @ragess pmptisinglcontagiinginoe eacteiczstedatigastons eanpoxylic
13 wherein said solvent conprises at |east one
ol i geidevithcatpedst esealkyldrée oXide iptioe pessence of i Fegst one solvent
claim 12 wherein said basic catalyst is triethylam ne.

49. afdat RESCATShASIE ehidiyag té produiensald pagiztly estaifidd carboxylic
partially esterified carboxylic acid product is

SUbé&H gﬁ&idc‘f WsSRir Sid %ﬁ@d&% 6x@8h%’/ﬁ%s%ht W@Mér rafi8- of

he process ‘according to claim19 wherein said

Caf BOSHd 5:1 {;5&5 tﬁ?ﬁﬁ.i @ﬂg{eh%%aee &Eér%@x{glﬁﬂé%& he

group consi s Ic acld

ccrg. UrprebliLLe act RPRLHRY b AU S5t

cycgohex

present in a molar ratio of about 0.8:1 to less than 1:1 alkylene oxide to

10  carboxylic acid.
3. The process according to claim 1 or 2 wherein said alkylene oxide is
at least one selected from the group consisting of ethylene oxide, propylene
oxide, butylene oxide and mixtures thereof.
4. The process according to claim 3 wherein said carboxylic acid is at

15 least one selected from the group consisting of terephthalic acid, isophthalic
acid, trimellitic acid, naphthalene dicarboxylic acid, cyclohexanedicarboxylic
acid, cyclohexanediacetic acid, diphenyl-4,4'-dicarboxylic acid, diphenyl-
3,4'-dicarboxylic acid, succinic acid, glutaric acid, adipic acid, azelaic acid,
sebacic acid, and mixtures thereof.

20 5. The process according to claim 1 or 2 wherein said alkylene oxide is

ethylene oxide and said carboxylic acid is terephthalic acid.



aci d, cycl ohexanedi acetic acid,

di phenyl -4, 4" -di car boxylic acid, diphenyl-
w@20b500096@r boxyl i ¢ acid, succinic acid, glutarPCT/astods/006727

adi pic acid, azelaic acid, sebacic acid, and m xtures

thereof. 2 1. A process to produce a partially

esterified terephthalic acid product said process

conprising contacting in a rea22er zone terephthalic

acid withethyl ene oxide in the presence of at | east

one solvent and at |east one basic catalyst to produce

sai @ partiall terl fd ter t ' g X
whePel n S0P areRs PR g SRR 1 Wikisi PRl deBEREYthe
rati o of, about 0.5:1 to, I ess than 1:1 ethylen xi de
Lo CRMBREHA) leastabiaTeasior SHRIAISAGH ELaresents SHayhPba
claim2 1 wherein said ethylene oxide i s present in

0. 8sybstantial ortiorf the allkfieng oxigeipindigijd @Eés%xi de to
terephthalic acid. 23. The process according to claim
22 &her eThe proagss agcerdingAonelairo Spwherein saidireastor zore
reactor operated at a pressure such that a substanti al
por tomprisés aleastidmd renetoppipdeates atra pregaue gichsthat 24.
The process according to claim2 1 wherein said

I eagfi9staAifd) oRRRIITiRE Bthdler & BSideq8 i liQad phaseper at ed
at a pressure such that a substantial portion of the

et hy| eneTﬁégsﬂ&e@ abgg{hm%dcnem%%&%m 358 NSRS Sxide is

according to clarm ereln said reactor 1S operated

o BB g bR ol 7 T
opega t eolThe process according to claim 7 wherein said reactor is operated at
10  atemperature of about 120°C to about 280°C.
10.  The process according to claim 6 wherein said reactor is operated at
a temperature of about 120°C to about 280°C.
11.  The process according to claim 7 wherein said reactor is operated at
a temperature of about 180°C to about 280°C .
15 12.  The process according to claim 6 wherein said reactor is operated at
a temperature of about 180 °C to about 280 °C.
13. The process according to claims 1, 2,4, 6, 7, 8, 9, 10, 11, or 12
wherein said basic cafalyst is selected from the group consisting of
benzyltrialkyl ammonium hydroxide, tributylamine, triethyl amine,

20 trimethylamine, tripropylamine, tetraalkyl ammonium hydroxide and

mixtures thereof.



at a tenperature of about 1200C to about 2800C. 27.
The process according to claim24 wherein said reactor
WO 300602298t ed at a tenperature of about 1800C tBCHDSUD5/006727
2800C. 28. The process according to claim 23 wherein
said reactor is operated at a tenperature of about 180
OC to about 280 0C. 29. The process according to
clainms 2 1, 22, 23, 24, 25, 2@3-27 or 28 wherein said
basic catalyst is selected fromthe group consisting
of benzyl trial kyl ammoni um hydr oxi de, tri butyl am ne,

: :eitﬁt hy! yfg é‘{ﬁ%t {éﬁg%qummrt&g\ RLIAMAsREABlyst isfselected

aal oxi de and m xtures thereof.

30. The process acgordi.ng to _cl.aji m. i PioSad :
ol mn i o oaasno LAt BRE B ety TS, firighflamine
consi sting of toluene and xyl %‘B/e' 3.1. The @{Soc SS oof

ac dopr@pyigmine. dekpaikyoammaniing hydroxide pod SEEERD e eer

at | east one oligoneric poI@yester_. 32. The %)r?)cgss
acctir. di et process ancgdingded wherain saiddhasic galafypt{s $elected
triethyl amne. 33. The process according to claim2 1
srvhef@h fthe gialippmnsistingyof ésbdylaiiiee, triethatanng) trgnefbiylamine,
product i s subsequently used to produce pol yet hyl ene

t ertﬂﬁrap*ymnﬁh@,- teBdalkJhempiardesshiaicoxideiang roistureathergofl
further "conprising reacting said partially esterified

ter gpht hgld GroBEsadidtelitef tovdldih &3 dhereihasald solvert comprises at

least one selected from the group consisting of toluene and xylene.
17.  The process according to claim 13 wherein said solvent comprises at
10 least one oligomeric polyester.
18.  The process according to claim 12 wherein said basic catalyst is
triethylamine.
19.  The process according to claim 1 wherein said partially esterified
carboxylic acid product is subsequently used to produce a polyester
15  product.
20. The process according to claim 19 wherein said carboxylic acid is at
least one selected from the group consisting of terephthalic acid, isophthalic
acid, trimellitic acid, naphthalene dicarboxylic acid, cyclohexanedicarboxylic
acid, cyclohexanediacetic acid, diphenyl-4,4'-dicarboxylic acid, diphenyl-
20 34-dicarboxylic acid, succinic acid, glutaric acid, adipic acid, azelaic acid,
sebacic acid, and mixtures thereof.
21. A process to produce a partially esterified terephthalic acid product

said process comprising cbntacting in a reactor zone terephthalic acid with



pol yet hyl ene terephthal ate. 35. A process to produce a

partially esterified terephthalic acid product said
WER@SOVSTOoNPri sing contacting in a reactor zoPET/US2005/006727

terephthalic acid with ethylene oxide in the presence

of at |east one solvent and at |east one basic

catal yst to produce said partially esterified

terephthalic acid product; wh@Aei n said ethyl ene oxide

is present in a nolar ratio of about 0.8:1 to 1.2:1

et hyl ene oxide to terephthalic acid.36. The process

acfﬁgﬁﬁé,ggo}gﬁeﬁ@ief&%%e%& of iaf‘le%gito Gné t% bAf ad@B€least one basic

co ast” one reactor erated at a pressure
such that a syubstantial. portion. of Y. |gle
s P rasan saridp st dh R dapdr
36 wherein said reactor is operated at a.te rat Lre
of ihasein SEibethYIeDoABIAE B30 Mg MO 3P G apgdt 0/571 to less
according to claim36 wherein said reactor is operated
at than dripethyleneoxisie tierephibelicasid. about 280 0C . 39.
The process according to claim35 further conprising,
5 eqrd.i ngeaprdcesr ddcairdingdstaaint 2 twheeeis sieichathyiengcpdde is
product with a diol to produce polyethyl ene _
t ergpbéhtah ale1 téHess Ehan A boedar ratio @thlene brideso te@phthalic
37, 38, or 39 wherein said basic catalyst is selected
f rofpig he group consisting of benzyltrial kyl anmmoni um

roxi de, tributylamne, triethylam ne,

h
e P e ko s
comprises at least one reactor operated at a pressure such that a
10  substantial portion of the ethylene oxide is in liquid phase.
24. The process according to claim 21 wherein said reactor zone
comprises at least one reactor operated at a pressure such that a
substantial portion of the ethylene oxide is in liquid phase.
25.  The process according to claim 24 wherein said reactor is operated
15  at a temperature of about 120°C to about 280°C.
26. The process according to claim 23 wherein said reactor is operated
at a temperature of about 120°C to about 280°C.
27. ﬂwpmw$ammmmgmcmm24Mwmmsﬂdmmﬂw&qmmwd
at a temperature of about 180°C to about 280°C.
20 28. ﬂmpmw%ammdMgbchZSMmmmsmdmmmqummwd
at a temperature of about 180 °C to about 280 °C.

29. The process according to claims 21, 22,23, 24, 25, 26, 27 or 28

wherein said basic catalyst is selected from the group consisting of



41 . The process according to claim40 wherein said

solvent is at |east one selected fromthe group
wa@esiosrsng of toluene and xyl ene. 42. The pr OREEES2005/006727

according to claim40 wherein said solvent conprises

at | east one oligoneric polyester. 43. A process to

produce pol yet hyl ene terephthal ate sai d process

conprising: (a) contacting in-@5reactor zone

terephthalic acid with ethylene oxide in the presence

of a solvent and a basic catalyst to produce a

partially esterified terephthal.i .4 p o

e Pefitiaidh Brio S e RdupSrbioRahieh b¥iomine. o

of about 0.5:1 to less than 1: t hyl ene oxide to

Cer EpmehRngCHPoRIgm g tatiaaod grimaaie Bydrxk and
esterified terephthalic acid product with a diol to

pr otnidteresdherenfl yet hyl ene terephthal ate. 44. The

process according to claim43 wherein said reactor
zon&0conjhe pesceds decasding he cladmc2%whersin saiddsolend comprises at
pressure such that a substantial portion of the

Bt hydzgbeneseletéd from thelgraup dopsiating ofimluchecamt ryless.
according to claim43 wherein said reactor is operated

at a1t enpRE PlrbéEssPiccabdlng td SRiMQY Whakmi taid&dIéat céfprises at

The process according to claim45 wherein said reactor

is ﬂa%%f@ﬁ@@li gw%he?)gwgggérpc to about 280 C. 47. The

process accordi ng claim 43, 44, 45, or 46 wherein
sal %2b AShfie process according to claim 28 wherein said basic catalyst is

triethyl amine.

10 33. The process according to claim 21 wherein said partially esterified
terephthalic acid product is subsequently used to produce polyetﬁylene
terephthalate.

34. The process according to claim 21 further comprising reacting said
partially esterified terephthalic acid product with a diol to produce

15  polyethylene terephthalate.

35. A process to produce a partially esterified terephthalic acid product
said process comprising contacting in a reactor zone terephthalic acid with
ethylene oxide in the presence of at least one solvent and at least one basic
catalyst to produce said partially esterified terephthalic acid product;

20 wherein said ethylene oxide is present in a molar ratio of about 0.8:1 to

1.2:1 ethylene oxide to terephthalic acid.



catalyst is selected fromthe group consisting of
benzyl trial kyl amoni um hydr oxi de, tributyl am ne,
wo poosobaps@m ne, trimethyl am ne, tripropyl an nepCT/US2005/006727
tetraal kyl ammoni um hydr oxi de and m xtures thereof.
48. The process according to claim47 wherein said
solvent is at |east one selected fromthe group
consi sting of toluene and xyl€2@- 49. The process
according to claim47 wherein said solvent conprises
at | east one oligorneric polyester. 50. The process
according to claim4 eln: S ai - Ce 3 '
ri Bny! 3 Resces peori |y SR s aa R dhlear,
wherein said reacting ogccurs in a . pipe_reactof.h2. _The
pr o%%@?”ﬁ%%@"r'&?%gort% gﬂrrﬂpﬂaﬁﬁeqt@ ‘ﬁ' eggtfrg = Iﬂléf"tsa
sel ected fromthe group consisting,of %éh | ene
of yshsiatjal periamgfisn@tayigea pxideds i i PIRSEol , 1, 4
- cycl ohexane- di net hanol , propane-1 , 3-diol, .
but 3fe- 1THe pradesspenotding to ¢laindi36| whereitasiid 1eagogis siperated
neopentyl gl ycol , 3-net hyl pentanedi ol - (2, 4),
2~ et Aydppaiadiredifabo(il12@ PC to about 280 °C.
2,2,4-trinmethyl pentane-diol-(1,3), 2-
et hyh hex?ﬂ@g?&%e's%]lacg)éadirig Zc?cl@irﬁtB'GY\Mﬁ’ér@P%kﬂd désdtof ik operated

,3), hexane

di - (hydr oxyet hoxy) - e, o

2, 2‘-gtb¥ stﬁﬂﬁ%@tHF%éf/%‘g@ﬁé@g’xﬁ Yo BPOUERR0°G - 4.

di hygr ox pé@ﬁqq%ﬁ%g}qéﬁqﬁﬁff L BB RO S NSrisiAy Teatifhg said
2, 2- bi s- (3- hydroxyet hox _phe_ra/l ) - propane, 2, 2-

bi spadially estsxifipd tererbihediaacid progpshwith adialde predice

hydr oqui none, BDS-
10  polyethylene terephthalate.

40. The process according to 35, 36, 37, 38, or 39 wherein said basic
catalyst is selected from the group consisting of benzyltrialkyl ammonium
hydroxide, tributylamine, triethylamine, trimethylamine, tripropyl amine,
tetraalkyl ammonium hydroxide and mixtures thereof.

15 41. The process according to claim 40 wherein said solvent is at least
one selected from the group consisting of toluene and xylene.
42. The process according to claim 40 wherein said solvent comprises at
least one oligomeric polyester.
43. A process to produce polyethylene terephthalate said process

20 comprising:

(a) contacting in a reactor zone terephthalic acid with ethylene

oxide in the presence of a solvent and a basic catalyst to produce a partially

esterified terephthalic acid product; wherein said ethylene oxide is present



(2, 2-(sul fonyl bi s)4, 1- phenyl eneoxy) ) bi s(et hanol ), and

m xtures thereof. 53. The process according to claim
wddoost0e2960 n sai d di ol conprises ethyl ene gl ycoPCEG2005/006727

54. A process to produce a partially esterified

terephthalic acid product said process conprising

contacting in a reactor zone terephthalic acid with

et hyl ene oxide in the presence?2@f- t oul ene and

triethylam ne to produce said partially esterified

terephthalic acid product; wherein said ethylene oxide

tnaih SO P IEEsTE 0] A6 s AHT 1 Prviehel g T grppntvati

said reactor zone conprises at |east one reactor

opelaﬁlded a pressure such that a substantial portion of

the ethylene oxide is_in a |iquid phase; and wherein )
sai d readbbr Teadiersaicpadially estariied derepbthatic astd progpgt with
0OC to about 280 0C .55. A process to produce a

par widitlity pesdusze $aid polyatdand dnephth@latepr oduct sai d
process conprising contacting in a reactor zone

Ger épht h@hé praxcess acdondiag iy lckia 4 wherdim saldeepctes eone

of toulene and triethylamne to produce said partially

est @phiphisss higeRihbha rédctachSerdiaidca pradsaresiictsthat a
ethylene oxide is present in a nolar ratio of about

0. BlbEntdBeriibRtr HicloRiiBHbRARON e Ipid ghapthal i ¢

erern sail reactor zone conprises at |east one

r eatgrﬁor ?ﬂ(g F)Pc;c?gssaa ofdiny t6 cgéﬁﬁ%fﬁwggﬁlg ggﬁ' r%%gt%? id b9k ated

of e et ené oxi de 1s%in
abodt 2 2Bpeienrs Shtnut 338 Grts ol 2 tETPEr AL e ©
10 46. The process according to claim 45 wherein said reactor is operated
at about 180 °C to about 280 °C.
47.  The process according to claim 43, 44, 45, or 46 wherein said basic
catalyst is selected from the group consisting of benzyltrialkyl ammonium
hydroxide, tributylamine, triethylamine, trimethylamine, tripropylamine,
15 tetraalkyl ammonium hydroxide and mixtures thereof.
48. ' The process according o claim 47 wherein said solvent is at least
one selected from the group consisting of toluene and xylene.
49. The process according to claim 47 wherein said solvent comprises at
least one oligomeric polyester.
20 50. The process according to claim 49 wherein said basic catalyst is
triethylamine.
51. The process according to claim 44 wherein said reacting occurs in a

pipe reactor.



56. A process to produce a partially esterified
terephthalic acid product said process conprising

W@ ousAagsng in a reactor zone terephthalic aci BCTMIB1005/006727
et hyl ene oxide in the presence of toul ene and
triethylamne to produce said partially esterified
terephthalic acid product; wherein said ethyl ene oxide
is present in a nolar ratio of28bkout 0.8:1 to |ess
than 1.2:1 ethylene oxide to terephthalic acid,
wherein said reactor zone conprises at |east one

r eafe,gof e’ 5t B@gssaa@fo?&ﬁﬂrtg c?é#ﬁhmm@léPej]ﬁ aaky d%l JE%@ fdcP8Y from

e ethylene oXl
kel U AP A RS 'y[%e@i%' “ulnyiene
o e el g B S A o,
|to ;?gggiq{g %,géialloldhg(arge% 6r glgrcn%open%/ %I{)coll e?? ?nethylpentanedlol-
5 (2,4), 2-methylpentanediol-(1,4), 2,2,4-trimethylpentane-diol-(1,3), 2-
ethylhexanediol-(1,3), 2,2-diethylpropane-diol-(1,3), hexanediol-(1,3), 1,4~
di-(hydroxyethoxy)-benzene, 2,2-bis-(4-hydroxycyclohexyl)-propane, 2,4~
dihydroxy-1,1,3,3-tetramethyl-cyclobutane, 2,2,4,4
tetramethylcyclobutanediol, 2,2-bis-(3-hydroxyethoxyphenyl)-propane, 2,2-
10  bis-(4-hydroxypropoxyphenyl)-propane, isosorbide, hydroquinone, BDS-
(2,2-(sulfonylbis)4,1-phenyleneoxy))bis(ethanol), and mixtures thereof.
53. The process according to claim 44 wherein said diol comprises
ethylene glycol(EG).
54.  Aprocess to produce a partially esterified terephthalic acid product
15 said process comprising contacting in a reactor zone terephthalic acid with
ethylene oxide in the presence of toulene and triethylamine to produce said
partially esterified terephthalic acid product; wherein said ethylene oxide is
present in a molar ratio of about 0.5:1 to less than 1:1 ethylene oxide to
terephthalic acid; wherein said reactor zone comprises at least one reactor
20 operated a pressure such that a substantial portion of the ethylene oxide is

in a liquid phase; and wherein said reactor is operated at a temperature of

about 120 °C to about 280 °C .
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55. A process to produce a partially esterified terephthalic acid product
said process comprising contacting in a reactor zone terephthalic acid with
ethylene oxide in the presence of toulene and triethylamine to produce said
partially esterified terephthalic acid product; wherein said ethylene oxide is
present in a molar ratio of about 0.8:1 to less than 1:1 ethylene oxide to
terephthalic acid; wherein said reactor zone comprises at least one reactor
operated a pressure such a substantial portion of the ethylene oxide is in a
liquid phase; and wherein said reactor is operated at a temperature of about
120 °C to about 280 °C .

56. A process to produce a partially esterified terephthalic acid product
said process comprising contacting in a reactor zone terephthalic acid with
ethylene oxide in the presence of toulene and triethylamine to produce said
partially esterified terephthalic acid product; wherein said ethylene oxide is
present in a molar ratio of abqut 0.8:1 to less than 1.2:1 ethylene oxide to
terephthalic acid; wherein said reactor zone comprises at least one reactor
operated a pressure such a substantial portion of the ethylene oxide is in a
liquid phase; and wherein said reactor is operated at a temperature of about
120 °C to about 280 °C .

57.  The process according to claim 54, 55 or 56 further comprising
reacting said partially esterified terephthalic acid product with a diol to

produce polyethylene terephthalate.



