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TH 0426 " PROCESS FOR MANUFACTURI-NG POLYESTER GERQUNERS» 50 ~
CONTAI NI NG TEREPHTHALATE AND NAPHTHALATE UNI TS Thi s |nvent|on
relates to a process for ‘manuf acturing a |inear random pol yester
copol yner. More particularly, this invention relates to a process

for manufacturing a polyethylene 5 t erephthalat e/ napht hal ate, or PET/N
copol yner. Li near polyesters are generally nmade in two stages.

In the first stage, called the esterification or transesteri fTRa842M
stage, a dicarboxylic acid or diester is reacted with a diol at
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10 and at either atmospherlc or elevated pressures where

water, or the corresponding alcohol, is produced as a
byproduct. 1In the second or polycondensation stage, a
vacuum is gradually applied, one or more catalysts are
utilized, and additional water along with excess diol

15 are withdrawn as condensation byproducts. This
two~stage process is generally conducted in the melt
phase, until the intrinsic viscosity of the polymer
reaches about 0.2 dl/g or higher, for example, up to
about 0.6 dl/g. At this point, the molten polymer is

20 rapidly cooled to produce a solid polymer which is
then pelletized, chopped, etc. Various polyesters can
be made by such polymerization techniques, including
polyethylene terephthalate (PET), and various
copolymers thereof. '

25 To.produce crystallizable copolymers with high
molecular weights and high melting points, such as
those suitable for use as bottle resins, the pelletized
product of the melt phase process is subsequently
subjected to solid state polymerization at a

30 temperature below the melting point of the partially
formed polymer, and in the presence of a vacuum or a.



nitrogeén purge to renove reaction byproducts. The polymer is actually
polynerized in a solid state, with t he pol ycondensati on reacti on bei ng
contipued in such a state. Solid state polynerization is continued
until 5 the intrinsic viscosity of the polynmer reaches any desired

| evel, such as from0.6 dl/g to 1.0 dl/g or . 2 -even higher. Desirably,
the intrinsic viscosity ranges =~ from0.70 dl/g to_0.90 dl/g.
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is heated with an excess of ethylene glycol in the
presence of an ester interchange catalyst at a
temperature of 185°C to 220°C under atmospheric pressure
until approximately the theoretical amount of methyl
20 alcohol has been liberated. The excess glycol is
distilled off and the product remaining, which is the
bis glycol ester, is polymerized by condensation.
Glycol is eliminated by heating the bis glycol ester
with a catalyst at elevated temperatures and under
25 reduced pressures until a high molecular weight product
is formed.

High molecular weight polyesters can also be
produced on a commercial scale by an acid-based
process. Polyethylene terephthalate, for example, can

30 be produced by heating terephthalic acid with ethylene
glycol tb form a mixture of low molecular weight
oligomers, which can then be polycondensed by heating
in the presence of a catalyst at a temperature of 260°C
to 300°C under reduced pressures to form a high

35 molecular weight product. The acid-based process is
currently preferred for commercial operations.



35 F;D| ecul ar wei ght product. The acid-based process is currently
preferred for conmmercial operations.

- 3, The aci d-based process has many advant ages, both

techni cal and economical. The free acids are | ess expensi ve than

di al kyl esters of acids. There is no | owar-al kyl al cohol byproduct,
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acetate, manganese acetate, or alkali metal alcoholates
may be employed. The only catalyst actually necessary

20 is a condensation catalyst, which may suitably be
antimony trioxide, zinc borate, litharge, lead acetate,
magnesium oxide, or other condensation catalyst.

Polyester copolymérs afe generally prepared by

combining one or more diCarboxylic acids with one or

25 more diols, or by combining one or more diesters of
dicarboxylic acids with one or more diols. A
polyethylene terephthalate/naphthalate copolymer, for
example, may be made by combining dimethyl
terephthalate, dimethyl-2, 6-naphthalene~dicarboxylate,

30 and ethylene glycol. It is also possible to prepare
such copolymers through a combination of terephthalic
acid, 2,6-naphthalene dicarboxylic acid, and ethylene
glycol. However, 2,6-naphthalene dicarboxylic acid,
with a purity sufficient to produce high molecular

35 weight polyester, is not currently commercially
available, while its diester equivalent,



with & purity sufficient to produce high nolecular 35 weight polyester,
Is not currently comrercially avail able, while its diester equivalent,
di met hyl - 2, 6- napht hal ene-di carboxyl ate, is comercially avai |l abl e.
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transesterification product of dimethyl-2, 6-naphth-
alene-dicarboxylate and ethylene glycol. It is
important that all the methyl groups of
dimethyl-2, 6-naphthalene-dicarboxylate are completely
20 exchanged with hydroxyethyl groups, since any residual
methyl end groups will not be removed during the
subsequent polycondensation reaction and will act as
"dead ends" on the polymer chains, thus limiting the
attainable molecular weight and rate of the melt and
25 solid state polymerization steps.

This invention provides an improved process for
producing pblyester.copolymers. This invention allows
manufacturers, who'employ an acid-based process for the
manufacture of polyester polymers, to utilize a

30 combination of a diester of a dicarboxylic acid and a
dicarboxylic acid to prepare a polyester copolymer.
This invention allows production of a PET/N copolymer
through a'combination of terephthalic acid,
dimethyl-2, 6-naphthalene-dicarboxylate, and ethylene
35 glycol. :



This i'nfention all ows production of a PET/N copol yner t hrough a
conbi nation of terephthalic acid,
di met hyl - 2, 6- napht hal ene- di car boxyl ate, and et hyl ene 35 gl ycol .

The subject invention is an inproved process for t he manuf acture of
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polymer is added to the initial stage of an acid-based
polymer process, and polymerization is continued to
produce a polyester copolymer. Alternatively, the low
molecular weight naphthalate-based polymer is added to

20 phthalate-based oligomers after the initial

esterification stage, and polymerization is continued
to produce a polyester copolymer. For example, a low
molecular weight'PEN polymer is combined with
terephthalic acid and ethylene glycol to form a PET/N

25 copolymer. As an alternative, a small portion of a low
molecular weight PEN polymer is added to PET oligomers,
and polymerization is continued to produce a PET/N
copolymer.

The'subject invention also includes polyester

30 copolymer products of the process described above. A
PET/N copolymer containing carboxylate monomer units
that are from 85 mole percent to 99 mole percent
terephthalate-based and 15 mole percent to 1 mole
percent naphthalate-based, based on total moles of

35 carboxylate units, is preferred, and a PET/N copolymer
containinglcarboxylate monomer units that are from 90



PET/ N copol yner containi ng carboxyl ate nmonomer units that are from 85
nol e percent to 99 nole percent © = terephthal ate-based and 15 nol e
percent.to 1 nole per cent napht hal at e- based, based on total noles of
35 carboxylate units, is preferred, and a PETgN-copol yner cont ai ni ng
car boxyl ate nononer units that are from 90
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pol yest er copol yrmer.
di net hyl - 2, 6- napth hal diestter of a waphtixglene mmﬂeneagmc@ndaa ediol

conbined in an are combined in an ester-based process to manufacture a
low molecular weight naphthalate-based polymer product
with a degree of polymerization between 20 and 100, and
preferably between 25 and 100. This naphthalate-based

20 product may be stored for later use, or provided
directly to the acid-based process. An aromatic
dicarboxylic acid, a diol and the naphthalate-based
product are combined in an acid-based process, where

esterification and ester interchange reactions and
25 further polymerization result in a random polyester
copolymer.

- More preferably, dimethyl-2,é-naphthalene-di-
carboxYlate and ethylene glycol are combined in an
ester-based process to manufacture a low molecular

30 weighthEN polymer, having an intrinsic viscosity of
from 0.15 dl/g to 0.45 dl/g and a number average
molecular weight of from 4,800 to 24,200, and
preferably from 6,050 to 24,200. Then terephthalic
acid, ethylene glycol, and the low molecular weight PEN

35 polymer are combined in an acid-based process, where
esterification and ester interchange reactions and



est er < based process to manufacture a | ow nol ecular 30 wei ght PEN pol yner,

having an intrinsic viscosity of from0.15 dl/g to 0.45 dl/g and a
nunber. average nol ecul ar wei ght of from 4,800 to 24,200, and
preferably from 6,050 to 24, 200. Then terephthalic acid, ethylene

gl ycol, and the IOM/nDIecuIar wei ght PEN 35 -poplyner are conbined In an
acid-based process, where esterification and ester intercha

reactions and further po}ypertral Al k&S P@nar€§8 pm; RET, andom
PET/ N copol yner copolymer. The randon1po|yester copol ymer prepared from
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process to nmanufacture, for exanpl e, a pht hal at e- based product,
preferably pht hal at e- based ol igonmers with a degree of

pol ynerization of from1l.4 t blly 1.6 to 15 . The
pht hal at e- based ol i goners Hch dr ds on the
ol i goner chai ns. Separately, | | 7% alene

di carboxylic acid and a

where X = mole fraction naphthalate-based units and y =
mole fraction terephthalate-based units, based upon
total moles of carboxylate units.

10 An aromatic dicarboxylic acid and a diol are
combined in an acid-based process to manufacture, for
example, a phthalate-based product, preferably
phthalaté-based oligomers with a degree of
polymerization of from 1.4 to 10 and preferably 1.6 to

15 5. The phthalate-based oligomers have both acid'and
hydfoxyl ends on the oligomer chains. Separately, an
alkyl diester of a naphthalene dicarboxylic acid and a
diol are combined in an ester-based process to
manufacture a naphthalate-based product, preferably a

20 low molecular weight naphthalate~based polymer with a
degree of polymerization between 20 and 100, and
preferably between 25 and 100. This naphthalate-based
product may be stored for later use, or provided
directly to the acid-based process. The

25 naphthalate-based product is combined with the
phthalate-based product in the acid-based process,
where esterification and ester interchange reactions
and further polymerization result in a random polyester
copolymer.



di ol “ate conbined in an ester-based process to manuf acture a

napht hal at e- based product, preferably a 20 | ow nol ecul ar wei ght

napht hal at e- based pol yner with a - degree of polynerization between 20
and 100, and preferably between 25 and 100. Thi s napht hal at e- based
product may be stored for |ater use, or provi-ded— directly to the
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acid, suberic acid, 1n(§f%ﬁ%ﬁag %eac%ggggcaﬁ lgﬁrgh er péiymerlzatlon result
in a random PET/N copolymer.
Representative examples of acids which can be used
are linear dicarboxylic acids having from 2 to 16
20 carbon atoms. Specific examples of such alkyl
dicarboxylic acids include oxalic acid, malonic acid,
succinic acid, glutaric acid, adipic acid, pimelic
acid, suberic acid, azelaic acid, sebacic acid, and the
like. Preferably, the acids are aromatic acids or
25 alkyl-subétituted aromatic acids containing from 8 to
16 carbon atoms. Specific examples of such aromatic
acids include the various isomers of phthalic acid
(orthophthalic acid, metaphthalic or isophthalic acid,
and paraphthalic or terephthalic acid), and the various
30 isomers of dimethylphthalic acid (dimethylisophthalic
acid, dimethylorthophthalic acid, and dimethyltere-
phthalic acid). Naphthalic acids are specifically
excluded, since the naphthalate-based component of the
polymers of the invention is provided in the form of an
35 ester. Terephthalic and isophthalic acid are the
preferred acids, and a combination of terephthalic acid



like.* Preferably, the acids are aromatic acids or 25 -al kyl-substituted
aromatic acids containing from8 to 16 carbon atons. Specific exanples
of such aromatic acids include the various isoners of phthalic acid
(ortHophthalic acid, netaphthalic or isophthalic acid, and
paraphthalic or terephthalic acid), and the-.various 30 | somers of

di met hyl phthalic acid (dimethylisophthalic ~ acid, dinmethylorthophthalic
aci d, and di net hyl f8deisophthahi@ad¢tdacihpreing pifcdplithalici asidrés a

speci fically  exebedadi astempohdet Danh i taleriaggd peatpepeat of the
pol yners of the |nvent#on | S gﬁovlded in Hhe fo E%%f an 35 estgr.
Terepht hal i ¢ and i sophRRBFPECAERHIYE LXFwles °€; AL EFLEER qUSednif o

conbi nati on of teré&phshahventiton are the alkyl dimstersoplit bhki c aci d,
wher ei n i sophtdal i gl ¢ ; ] . ACJ Nt .. i articularly
preferred. . Eagg%gggéﬁtéaﬁ?/%r%(%ﬁggd%&?r?(gﬁ%?l etsJTtn g@dgsed in

this invention arelrBenaPRihagenretdicarpoxnd e acighpiv Banenbthatenreoxylic

aci ds which incl udaicarboiEZieaaemﬁl Eje-sligiaihoend dikerBoxflScnaghgpal ene

di car boxylic acid, _1,4-naphthal ene,di carboxylic acjd - papht hal ene
di carboxylic acid, 1176PAR %ﬁi?%ﬁedlcaéL?ﬁQ%%QMiﬁﬁ4'c1aéf&?p%Fg§ﬂS€ﬁthaIene

di carboxylic aci d, diearbexglhapachd) ehe?-thaphithadeniec dicatdbolyBinapbidial ene

di carboxylic i d, 12a85 eq £ ] j d -

2, 7- napht hal & o 3&?b8§9pﬁg’?g%‘?§=d%§%$’%?’f g 2,3 2?%9?**?5 F8al s

bonded to the oxygfACarBREYdLCtaeid, 2, ¢gnaphihadsnec dicagbrkyihc12¢dd6

carbon atons. Suchah@ z,al-habhtndiméSdr@aa:&ﬁclymet s@1a.or pdeEbeaBDy, end
e

methyl, ethyl | propyYy SBRFERYP DREdN i e, SR oRohd b Eng,

n-pentyl, and n-hegykestBremodesudbé contajphthdid & seirtponaptompeci Suchl |y

excl uded, singe th§é§91 rHHEE?iéCm%$%§% EFHT?HME“brOBi%%%rgﬂkyPﬁﬁ& RhytHE

invention is provided in the form cld.. Diesters . of |
2, 6- napht hal ene di ¢&RB8%yPFcPEaRelefe (Tt aldyl radicals include
methyl, ethyl, propyl, isopropyl, n-butyl, iso-butyl,

tert-butyl, n-pentyl, and n-hexyl. Diesters of
phthalic acids are specifically excluded, since the

20 phthalic-based component of the polymers of the
invention is provided in the form of an acid. Diesters
of 2, 6-naphthalene dicarboxylic acid are the preferred
esters for use in this invention, and dimethyl-2, 6+
naphthalene-dicarboxylate is particularly preferred.

25 Representative examples of the diols which can be
used in this inventioh are linear and branched alkyl
diols having from 2 to 10 carbon atoms. Specific
examples include ethylene glycol (1,2-ethanediol),
propylene glycol (e.g. 1,3-propanediol), trimethylene

30 glycol, butylene glycol (e.g. 1,4-butanediol), and
neopentyl glycol. Ethylene glycol, propylene glycol,
and butylene glycol are preferred, and ethylene glycol
is particularly preferred.

The molecular weight of a polymer is a measure of

35 the average weight of the molecular chains in the
mixture of different-sized molecular chains that make



esterss for use in this invention, and dinethyl-2, 6-
napht hal ene-di carboxyl ate is particularly preferred. 25

Representative exanpl es of the diols which can be used in this

i nvention are linear and branched al kyl diols having from2 to 10
carbon atons. Specific exanpl es incl ude gt hyl ene gl yco

(1, 2- et hanedi ol ), propyl ene glycol (e.g. 1, 3-propanediol),

trimethyl ene 30 YpytEbe PelyReene Eﬂ%ﬂﬁﬂmqﬁ¥g?Vera&EbEPéﬁéﬂléF)Wehﬁﬂt is
neopentyl glycol. Ebh&heﬂpoﬁl yee! sur@r&ﬁ))ﬂkfé“?nﬁ{h\éfzo|fzract10n§ndoPU{:Héene

gl ycol are preferred, d Iene particularly, preferred.
The ol ecul ar melgHFigﬁg g % ﬁ%ﬂﬂ%ﬁ%&%&F 5 alntﬁﬁeﬁﬁéF TRe ght
of the nDIecuIar Chailymern tTke numbem>dvaragﬂ mhiliccelent weight ﬁotetMéar

chai ns t hat up the
pol ymer. The nunbeP ggﬁgseoﬁb Lﬁ%ﬁeﬁﬁﬁo ay be determlaeaobx t he sum of

t he number fractloﬁ§dT6¥°FHetltrat¥ﬂﬁgﬂﬁ Qﬁl(Eﬁﬂ@%?ﬁi@noFhﬁﬁmé§90§§Pbﬁa|n
present in the usmﬁbyaeﬁveﬂ¥§bﬁgqﬁmgtﬁaay'age nol ecul ar weight for the 5

pol yners of the invent e _det eryy ned |trat|on or
gel - per meat i on chronat%ﬁ?ﬁﬁﬁ%%c ViSCQRY Jfbﬁ%?ﬁPFBFEV Hg%ﬁbg%é
I ntrinsic viscositygndicatiguenf| yheitndlendas weright ofi pdilgesten of the

o ecul ar wei gt OboROh¥Es!err ﬂ&g iR Sri scHR dynbiE! BSh61Yhagossty of a

polymer is ned by ofting t uce i nh
viscosity of a ser¢8§e§mlﬁﬁﬁyh¥rP%RﬂERWQnEPQMHﬁ¢uﬁ§@ 84sinherepb| yner

concentrations agavaEOEBEyp@fyafﬁerles dIvamyMé&tB@ﬂutmohbewYﬁhlﬁwﬁlous
sol uti ons. Extrapolaglon 15 %3% ﬁ ot_ta.z pgonce ntration yields the

intrinsic vi s€8 V??r of °Phg aﬁﬁgqs SP8 vigE OSIty
(measured in dl/g)coscentrabiordin nthe 6 zimus sol;urtenuls t eExticapolatidmne

m xed SOlventmsO|UBfoﬂhét?§9£ef6]£éro concentr%&ﬂb%e&1@%859§ﬁé0£?ffiﬁéfg to

nol ecul ar wei ght is gﬁee()yég ynerlzatlon his refers to the
nunber of nonomer WBFEREEEY Pha fifyeigtrinsic viscosit

(measured in dl/g) is determined in a 60:40
phenol:tetrachloroethane mixed solvent solution at 30°C.

Another expression related to molecular weight is

20 the degree of polymerization. This refers to the
number of monomer molecules that combine to form a
single polymer molecule. The degree of polymerization
is estimated by dividing the number average molecular
weight of the polymer by the molecular weight of the

25 polymer repeat unit.

The operating conditions for the acid-based and
ester-based polymerization processes described herein
are generally known to those skilled in the art of
preparing polyester polymers and copolymers.

30 The temperature used for the esterification or
transesterification reactions is from 150°C to 300°C,
depending upon the monomer units present, and is
preferably operated in the range of from 200°C to 280°C.
The pressure used for the esterification or

35 transesterification reactions will vary with the
temperature used, and generally will be at least as



single polynmer nol ecule. The degree of polynerization I's estimted by

di vidi ng the nunber average nol ecul ar wei ght of the polyner by the

nol ecul ar wei ght of the 25 pol ymer repeat unit. : The operating
conditions for the acid-based and - ester-based pol yneri zati on processes
descri bed herein are generally known te mese skilled in the art of
preparing polyester polynmers and copol ymers. The tenperature used
for the esterificathigh @& the VPP&HSEW@F???C%E’E}FP Rt |V(5’r4sarqglslef Adacol
150[err] C to 300[ eriif] @he reactdpandifrguupoatt tite NbempeEratiind uspideserhe and

S preferably erated i apge Lerr].C
The pressure used fo‘?ﬁsr]i’er eé’tsrérdl P‘&égt gg l%% 3@}9&&3&% s‘%er&%%%&rg O]f
reactions wll varwafigth athdhe tempewpsuzeurt which thel xpaaddign yiswill be

at least as ;5 occurring.Nl #huas the ﬁi@géu;@é eé&d”éhi@‘aﬁl@ﬁ‘ H@Sftrolﬁp'z%t' le
gl ycol in the reactjon nmixture at the tenperature

pressure used will # 4008% St REY\ SPURY Br ERSYrERge pSIQ&a@Qﬂ'&P t he

t enperature at whi grdfferakdacioperatedSin theurangg.of Trmy Itheéopr essure can
suitably be from2 { 1000 pounds per square inch gauge (psig) and is
preferably operate mqsngorange of from30 to 100 psig The
tenperature used for tihepdleppenasusat naad1bor tmmqlafcqrgieﬁws@mlanout

250[err] C to apout = 9Rit8id Gs @%ﬁm%egt 250°¢1RY)! d0RtTRRePE! ddPdiding
present, and is prefera ratgd in the range of 265/ erc].C to

285[err] C. The preég?ﬁxb%ye m°t§’§&? f YPLERePPBFFRLN g & I is
gradual |y r edwspeskatheet irheheouwnsgeobft RESTEat |2@r5°Cfr0‘I‘hé.5pressure

atmspher i ¢ pressungde aahialh (BIYIHAbaLERSoh Macrion W dhddtaaaly The

reaction enploys a po ycondensa be
antinony trioxi de, aduced ovepithee coprsfapfet ¢ eeepGliamt roFagnesi um

oxi de, or thejs dtiddpheric pressure to a high vacuum of less than
133.3 Pascal. The reaction employs a polycondensation
catalyst, which may suitably be antimony trioxide, zinc
borate, litharge, lead acetate, magnesium oxide, or the
like.

20 It may be desirable to prepare the low molecular
weight naphthalate-based polymer and place it in
intermediate storage for later use. To avoid the
expense of storing the molten polymer at an elevated
temperature, it is preferable to first cool and

25 solidify (e.g. pelletize) the polymer prior to storage.
If the low molecular weight naphthalate-based polymer
has been cooled and solidified for storage, it must be .
exposed to a temperature sufficient to solublllze the
polymer in order to effectively combine it w1th the

30 aromatic dicarboxylic acid and diol (or phthalate-based
oligomers) through ester interchange reactions.

Heating the polymer to a temperature above its melting
point will facilitate its copolymerization with the
aromatic dicarboxylic acid and diol (or phthalate-based

35 oligomers) through ester interchange reactions. For
the low molecular weight PEN polymer, this melting



20 < = It may be desirable to prepare the | ow nol ecul ar wei ght

napht hal at e- based pol yner and place it in I nternmedi ate storage for

| ater use. To avoid the expense of storing the nolten polyner at an

el evat ed tenperature, it is preferable to first cool and 25 solidify
(e.g. pelletize) the polyner prior to storagez - If the | ow nol ecul ar

wei ght napht hal at e- based g as been, cooled and sqolidified for

er
storage, it nust beoint Ed t§malE€ﬁpE?5fh?Ees§ﬁ4q§nﬂﬁﬁ 1 #3590l ubi | i ze
t he pol yner |ﬂaoi]jfta1te) i § s hdeiny atdnkeope lyiewi thtide. 30 aromatic

di carboxylic acid and ‘?ﬂ&‘% 90 Y E??l%tc%'l S%glgpt Pﬁﬁtﬁgﬁ& tgwough

ester int erchange reac ons. enper ature
above its nelting combiped rifith |terephithat 1Cea|Ct1§ enéoevwlmzetqbyccm h the

aromatic di casboxyjig ﬁ&i@h@@%&rgﬂ 1@%}&3&%@%3‘3‘5@ éﬁaeéiséénfpéamrs)

t-hrough ester |nterchange reactlo he | ow nol ecul ar. wei ght PEN
pol yner, this nelt?%%Ct on procee The subsequent polycondensation

point is 265[err]Cboﬁﬁﬁiiamsrﬁﬁsdnﬁ(eﬁﬁxniemm traakesterifiéacidn taxid

di ssol uti on and cop gﬁig@téf) he[ PET;{rll\lt }ly\gggg%?g lﬁ%’gﬂ:ﬁ%%&ﬁ wei ght

PEN pol ymer is ned Wt ene glycol, 5
its melting point m%léﬁ%h@ﬁé@%@iﬁ t?@l‘bs"{seraﬁﬂﬁélatpoﬁET ollgmm ofpl}mt@l:eeds

The subsequenp pol yepadepsatiitial eét@i‘i'ftl'cg'ﬁioﬁn§eé§tf$ﬁ' Ci’@é‘tmeltln
transesterification and ﬁ%ﬁi t.i on_of thﬁgPET/N co When the
ﬁﬁé I

| ow mol ecul arPAERGHtS BET & £ 89@?5820 %%d 10 after
the initial ester|pml&ﬂmmﬁems&tﬂonnreadtiomeIhgagn ensupingteffiedaeeded in

the early stages O’Eréiz}i' est rlﬂ%éﬁ%dé gﬁuEﬁi‘SB' B?EER%WSUH ng

ef ficient transest err i cation an duction . of
copol yner. 15 CONPRYRRY d- based process for melt polynerization is

preferably casried outTié tébicdxa:ase@ @s‘ro@esae@br méhE polyméeriat Sorfnis

g:zg::;:gg::gg P;gg?%% %%fy carrle& dut with hglgge ogges"of f$e he

heel is an esterification product recycled to the
initial stages of the esterification reaction to
increase the solubility of the dicarboxylic acid,

20 thereby increasing the reaction rate of the
dicarboxylic acid and the diol. The use of a heel is
explained in U.S. 4,020,049 (Rinehart), and may be
applied-to both continuous and batch manufacturing
processes.

25 A heel is advantageously used in either of the two
embodiments described above. For example, when
terephthalic acid, ethylene glycol, and the low
molecular weight PEN polymer product are combined in
the acid-based polymer process, the reactor in which

30 these materials are combined may contain a heel of
preformed PET oligomers to facilitate dissolution of
the terephthalic acid. Also, for example, when
terephthalic acid and ethylene glycol are combined to
form the PET oligomers, the reactor in which these

35 materials are combined may contain a heel of preformed
PET oligomers.



i ncreedse the solubility of the dicarboxylic acid, 20 t her eby i ncreasing

the reaction rate of the di carboxylic acid and the diol. The use of a
heel .i_s explained in US. 4,020,049 (Rinehart), and may be

applied to both continuous and batch manufacturing processes. 25

A heel is advantageously used in either of thé3two enbodinents

descri bed above. For I h t col,
and the | ow nol ec Q@ig\el%ﬁ%mt efm r]fg) [Ejlr géuéréggrifejl% (ril’\e}ggéi

t he aci d- based pol yFBe pa%‘éla% a@?@a%ea%mmmﬁemu ef Bhe p@hﬁé@%rm%rtm s

are conbi ned may COﬂhﬁéﬂtﬁoﬂef% ﬁélat1veﬂ¥*§ﬁ&lEEGnPETw@igE@ §béﬂt
facilitate dissol ut]jon, of t he terenphthali exa

when t er epht haPRE18¢ci §AnePRRSHH I“S?(‘:‘&?i g gBBrTﬁrf‘?l]e]d ‘E% serv rg:)fé’cﬁ m
the PET oligonsdrs, the heattas desmimhﬂdiﬂme§95354 opajed49al s are conbi ned
may contain a heel of X S
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The napht hal at e- bas‘éhecﬁﬁ?@ﬂ%ﬁw%ftfﬂﬁ‘e W%P@ @ﬁYt h@ increagr@My¥ on is

relatively small Onpalyﬁéﬁbia’@ﬂiﬁeﬁi the sA13s BtakBd CORsesseid |yl d be
too small to serve as eel sCri he 4,020, 049.

as
The ol ecul ar meigh?oﬁyc?ﬂéeﬁﬁﬁgﬁﬂﬂsf @b&sbfonducg%ﬁeéﬁrEﬁﬂRﬁF%ﬁ unRes§ s
i nvention may e i nfrems:80lyy to 25000} yimrilatpmesencet o€ anl idestagas The
solid state ol yc re | d t tures 10
from190[err]C to 2&% gr?‘?%é% é)rtﬂhe glﬁ}eésgn@’ceé&oﬁgg gg}sg?a&o Péfl?&?@ g
nitrogen). The |nerFegﬁgl%%rb%BﬁQQFQQﬁnnﬁFCh as ﬁ@ﬁ@ﬁﬁoﬂl%fpﬁﬁﬁhwﬁ@&rsuch as

excess diol and watghe sol:.dT@@@@Ipdiﬁte&tﬁam@.bﬁw&aéaiwnlé Eérid 1N 15

general |y contlnu d u e reaches, an intrinsjc 15
viscosity of 0.7 dl ¥g" ‘5 nd i Y eFolr$BEREF VPt YIRS I oduced i n
the nelt ¥dol ynvlsqaslbyl cpfdl:e’lssilﬁmfoe:r ape.cont ai ns a car boxyl

The polyester copolymer produced in the melt
polymerization process preferably contains a carboxyl
content that provides an enhanced solid state
polymerization rate. A method for producing polyester

20 polymers with an optimum carboxyl content is described
in U.S. 4,238,593 (Duh).

Polyester copolymers can be prepared with a wide
variety of characteristics which make such polymers
useful for a wide variety of applications. A PET/N

25 copolymer, for example, exhibits improved gaseous
barrier, greater UV absorption and chemical resistance,
and higher temperature properties relative to a PET
polymer, yet may be more economic than a PEN
homopolymer. Such PET/N copolymers are particularly

30 useful for making fibers, films, and food and beverage
packaging articles. "Hot £fill" and "returnable,
reuseable" containers may require the thermal
properties of a polyester copolymer such as a PET/N

. copolymer. Copolymers containing carboxylate monomer

35 units that are from 90 mole percent to 98 mole percent

terephthalate~-based and 10 mole percent to 2 mole



content that provides an enhanced solid state pol yneri zation rate. A
nmet hod for producing polyester 20 polynmers with an opti num car boxyl

content is described in US. 4,238,593 (Duh). Pol yest er
copolynmers can be prepared with a w de vari ety of characteristics

whi ch make such pol yners useful for awhggle. variety of applications. A
PET/ N 25 copol yner, for exanple, exhibits inproved gaseous barrier,

greater UV absor ptpercemd narhihadiateebiasedncbased onapetal ghekes efperat ure
properties rel ati veatodyFftle unitsOlat@®par¥ebullBY1PeusPr€l eEONMic¢h t han a

PEN honopol yner. Squ PET/ N copol yners are particularly 30 usef ul
for making fibers, 2PRtHe2 P f ood and bever age packagi ng articles.
"Hot fill" and "r cExamabe el reuseabl e" containers nay require the

t her mal roperti I r R

copol yner. Cogol yner s%co%%?[}\ﬁ%fﬁ?‘?rrgg’fg?‘g?eﬁﬁngngﬁggﬂﬁgswgirfﬁtjésdgt% ial{lr e

e
a
from 90 nol e per ceble tEOHOWIE Baameaht * An oidziapkehad a8 ka bakess arfeeld
nol e percent to 2 p@A€tor (378.54 liter capacity) preheated to 190°t4was
percent napht hal at &- based, q@i%%Z%ﬁ Eptal gnle% 05—2 6- %%i oxylate units,
are particul arly uS2t§ed atHStcir- %G AEBEFBXL -2, 6-na Y 5
A | ow nol ecul ar weditarbsayiatteedS Mds kgr efaettlylane glycdk, fand @i ng
manner. An oiyy-j acket ed. sty Heb8l£4 ioh€ask ﬁ@?&léél llﬁ
_ 1 ﬁﬁ%% ficatioh®@ataivyse! chddflal
capacity) preheate 1%5%96?err C was, cﬁargeg mn? 62. 87 kg fﬁa
di met hyl - 2, 6- napht ¥} eaelon was dinddrighef ane, tBs. 18akEOBf Okt HFRRF YRS
and a 10 manganesgciéads® vt fillanext Gzl yst 220%echaptieal
agitation was initjated %%%jgf%éﬁﬁﬁfor oiLl. te eratureu %ncreased over
t he next hour to 2 %ﬁ?i : fF?ﬁ%&?PérlPFEé?foﬂ F iR $%n, carried
out under _at rospéepherir aymasiraravasorphpietedninbaoou. 3. hdowys,15
during whi ch jsi e depr figq K Rlh xRl Q0L Wt BENBY-PEEGuct meORMASLRke The
transesterification froduct ad a final . ) .
ollected. The transesterification product had a final
temperature of 209°C. The reactor contents were then
transferred to a second oil-jacketed stainless steel
reactor (264.95 liter capacity) preheated to 270°C. To
20 the contents of the second reactor, held at atmospheric
pressure under mechanical agitation, a manganese
catalyst deactivator/stabilizer formulation and an
antimony polycondensation catalyst were added. The
reactor was then sealed, the oil temperature increased
25 to 275°C, and the reactor pressure reduced at a
controlled rate to about 666.5 Pascal. The
polycondensation reaction cycle totalled about 1.5
hours. The polycondensation product had a final
temperature of 261°C. The reactor contents were then
30 extruded onto a moving casting belt to form a ribbon
which was then cooled, solidified, broken into pieces,
and ground into a fine powder. This reaction produced
63.50 kg of PEN having an IV of 0.17 dl/g and a melting
point (Ty) of 265°C. This low molecular weight PEN was
35 subsequently used as one of the starting materials for
the reactions described in Examples 2 and 3.



temperature of 209[err]C. The reactor contents were then "~ transferred

to a second oil -jacketed stainless steel reactor (264.95 liter
capacity) preheated to 270[err]C. To 20 the contents of the second
reactor, held at atnospheric pressure under mechanical agitation, a
manganese catal yst deactivator/stabilizeg formulation and an

anti nony pol ycondensati on catal yst were added. The reactor was then

seal ed, the oil t&¥amRlq% increased 25 to 275[err]C, and the reactor

pressure reduced at ap poly@%rtte&obbpalmée &Qna&pminéﬁfa Sndiaasgﬁérceme

pol ycondensati on react | q: | e to aI I eg gbo 32%‘1 Q@

pol ycondensat i on profiiit £ ﬂi}%r%?’fﬁ%ntofn t[sl'@rlrﬂ The
reactor contents vnm:d:st,hém@(d upent rtodiaﬁl molesaofrwartgpxm]s!hmgnhﬂ:lst, wasf orm
a ribbon I br nt

and ground |nto acé}# é&mg'% Ct%%h?(sglrlégé?g Iﬁ'léuqr%ru qgr?rbll W of PEN
having an 1V of O. sitiald}]/‘ifsarﬁe&lrrﬁleﬁpﬁer (373p54 ntitey éF%I]a)CkﬁY)ZGS[err] C.
This | ow nol ecul arvaai@tﬁedDEﬂ& m%sﬁ coﬁt@ﬁ%&lfﬁﬁﬂnbgi&@(ie@% one.oB k eof

starting materials f the r, l,ons described, i n Exanpl e .

S L T i EET oligamd®,WE3R1NCAE SERSIRREELS Braie fnst ) o
per cent terepttﬁdhﬁrmcalumgtlsta&ndnz nBhe heeterprepataddmtmeactionunits,
based upon t g4 al t y@gn par,

foll ow ng ma(r?l‘?ler An ﬁptﬁ%ﬁ‘l@’g@&@ Hmsi g}:lﬁ essés? ﬁf&r ee‘{%}or (1%9%634
liter capacity), to Idrdated sedubddizirg cthe okerephichalis A6icht e Mpe

117. 93 kg of xaaal%E:onlwa@ormrargbaew tat 52t BBspdes £ Ctér@ﬂﬁuﬁaqllwd@ﬁd

mechani cal agitatiQn eel , pared. by action 10 ht hal i c
acid and et hyl ene gr} c \?%s dc'tlr% qv 19 P# j@(’f‘?’f a‘frepsao]"lqjg quI ng the
terephthalic acid Exmle 1. r Shet éﬂeamgrcWaSg’ehlen\n $¢a56d,33>mfa)frlzed to

terepht hal i 01910' d 206. ezaf)@a"(g@?w‘iﬂhohlwégéﬁ%és\/ PEN R BRI RFigRared 7n
Exanpl e 1. The rea}(ctor was then seal e ressurl zed to 15 206 82 kPa(g)

with nitrogen gas X%&Rf a%s'd@alw o3 gpd an additive formulation.
amount of low molecular weight PEN polymer added was

sufficient to adjust the entire contents of the reactor
(the heel as well as the terephthalic acid and ethylene
20 glycol added) to contain 2 mole percent naphthalate,
based on total moles of carboxylate units. The reactor
0il temperature was increased to 285°C, and the reaction
pressure was increased to 482.58 kPa(g).
Over the last hour of the esterification, the
25 pressure was reduced at a controlled rate to
68.94 kPa(g). The total esterification reaction cycle
was completed in about 2.0 hours, during which time
12.24 kg of by-product water were collected. The
esterification product had a final temperature of 276°C.
30 Then, 68.03 kg of the reactor contents were transferred
to a second oil-jacketed stainless steel reactor
(264.95 liter capacity) preheated to 275°C. While the
contents of the second reactor were held at atmospheric
pressure under mechanical agitation, an additive
35 formulation and an antimony polycondensation catalyst
were added to the reactor. The reactor was then sealed



kg of ethylene glycol and an additive formulation. The amount of | ow
nol ecul ar wei ght PEN pol yner added was sufficient to adjust the entire
contents of the reactor (the heel as well as the terephthalic acid and
ethylene 20 glycol added) to contain 2 nole percent naphthal at e,

based on total noles of carboxylate units. -T{fge-reactor oi | tenperature
was increased to 285[err]C, and the reaction pressure was increased to

482.58 kPa(g).  and theopzesghge| Beduerdratbra iqpnteideds rakei eMert fe 25
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oi | -jacketed stainless steel reactor | capaci.t
to 275[err] C. Wi F&3CKOT (SglcgﬁtLh?%roﬁaﬁﬁﬁﬁgﬁﬁxﬁﬁ?hﬁé§@go§°mé?é&ﬁeld at
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the reactor. The Egggégggahggth£§9§%g$é§£é&hm 5¥f%ﬁ6ﬂt 40.0 9§sgai, Eﬂe
- 16- and t hepplysondensatibendwas eortinued |far ehowtoded hours period

of about 1.1jghour gnkqi1aRaudt a§3BaBora66Akue eached d PredRdiralifed

pol ycondensati on %épdu t Eag 2 ngal tggPerature qf ZGSEErr]C. The
reactor contents WeFESth8A 5-% F1LAEaLhs RF t 0% r S0dS IiReket ed

stai nl ess steel polyceadeasat28i.gboduderhahpading teabezhedreoof
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obtaining an ultimte vaculmo i
pol ycondensat i on Radigofipi figew sbran@euthat sersurapol@d ipnei watpes kathat or
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280(err]C. The'r oBOLAP LU PRRI CoTRPRtitEAL Shisa EPRIRPIBHR 02 o die to
form strands that copodymerl Rdvingathet sl beting properties: IV = 0.59
' dl/g, Ty = 250.0°C, glass transition temperature (Tg) =
77.9C, and color values Rq = 35.4 and b = 3.3.
20 Example 3 _

A polyester copolymer containing 95 mole percent
terephthalate units and 5 mole percent naphthalate
units, based on total moles of carboxylate units, was
prepared in the following manner. About 117.93 kg of a

25 PET oligomer "heel” was held at atmospheric pressure
under mechanical agitation in an oil-jacketed stainless
steel reactor (378.54 liter capacity) preheated to
265°C. The heel, prepared by reaction of terephthalic
acid and'ethylene glycol, was utilized to facilitate

30 solubilizing the terephthalic acid. The reactor was
then charged with 48.85 kg of terephthalic acid and
11.57 kg of the low molecular weight PEN polymer
prepared in Exampie 1. The reactor was then sealed,
pressurized to 206.82 kPa(g) with nitrogen gas, and

35 charged with 19.60 kg of ethylene glycol and an
additive formulation. The amount of low molecular




15 - and pelletized. This reaction produced 71.21 kg of

pol yet hyl ene(t er epht hal at e) . 98( napht hal at e) . 02 copol yner havi ng the
foll owi ng properties: IV = 0.59 dl/g, T[err] = 250.0[err]C, gl ass
transition tenperature (T[err]) = 77. 90 and color values Rerr] =
35.4 and b = 3.3. 20 Exampl e 3 golyester copol yner contai ni ng
95 nol e percent terephthal ate units and’s ol e percent napht hal ate

units, based on t%al_;hﬂobsﬁ ﬁélf@é@@ﬁdéﬂ wadlisuFfivasnt to Eﬂ?ﬂ@feﬂhén the
follomnng manner . out .
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entire contents o he react or terephthalic

aci d and et i ence§kEbELiGaBEey FoAchinmiGycle WQ? EBWB 6@?@eﬁ? PRt hal at e,
based on total nopbes abubs, @arbwy\wiaich wiines.10 .83 kijeadt by-prbduetper at ure

nas | ncrease grl:%ﬁ ggsrg; é’dt hgp{ AU HRIRI6R PPBauct had a

i ncreased to 482. ela our the erlflcatlon
reaction, the prefipmé mgpeéd*gweel ef 276°C. @bnnr 681 64 katef tthes. 94

;Pg( g) Thedt ot al réQctOESESﬁtéhﬁétw@ﬁe r@@&ﬁf bémx@epd ltd wageeenml eted in about
ours uring 0 produ
col l ected. The esPé}|FP€g?Eeﬂ 5F%H%£$E§EEF%%1 reaéioﬁa“2§éﬁ%é i?geﬁ of
276[ err] C. Then 68apdckgydf prbreated to 275°C. While the contents of the
second reactor were held at atmospheric pressure under

mechanical agitation, an additive formulation and an
antimony polycondensation catalyst were added to the
20 reactor. The reactor was then sealed and the pressure
reduced at a controlled rate over a period of about 1.1
hours to about 333.3 Pascal. The intermediate
« polycondensation product had a final temperature of
265°C. The reactor contents were then transferred to a
25 third oil-jacketed stainless steel reactor (291.48
liter capacity) preheated to 275°C. After increasing
the oil temperature to 280°C and obtaining an ultimate
vacuum of about 40.0 Pascal, the polycondensation was
continued for about 1.3 hours until the agitator torque
30 reached a predetermined target of 2.4 kilowatts at 30
rpm. This final polycondensation product had a final
temperature of 280°C. The reactor contents were then
extruded through'a die to form strands that were cooled
in a water bath and pelletized. This reaction produced
35 65.3 kg of polyethylene (terephthalate) g5 (naphtha-
late) g5 copolymer having the following properties:



reactor contents were transferred to a second 15 oi | -jacketed stainless

steel reactor (264.98 liter capacity) preheated to 275[err]C. Wile
the contents of the second reactor were held at atnospheric pressure
under mechani cal agitation, an additive fornulation and an

antinony pol ycondensation catal yst were addeg, to the 20 reactor. The
reactor was then seal ed and the pressure reduced at a controlled rate
over a period of ahowut 0158 dl/g, hDyrs 24)2a$mng’33=319.I€aSpahnde:\@lor

i nternedi ate opdensagi pn d a final tenperature of
265[err] C. The rea g%% gten?é 3e?€&t ?ghsferred to a 25 third

oi | -j acket ed stai EXe@®lsr del reactor (291 48 liter capacity) preheated

to 275[err]C. After iacpeaeiBf of thé'"@o;%iyr& Rlude er%%QE@r 1HC and
obt ai ni ng an
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torque 30 reachm@d&rph&dhtUaauumdlnaagemtaﬁlngzréadhmmamtstempaeaturesrpn1
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280[err] C. The reactor contents were extruded hadeto
form strands that OwSSe dddgl- edMalnta%ﬁ”agv\Hﬁ%rdlﬁétCFP% iem |oft thed. This

reaction producedp%‘i e65 3tkﬁasf t@@hy@ébﬂé@mﬂtémmgélals@t-er) s%@népht ha-
| at e) . 05 cop yner t he_ f ow n

rtles
0056y g YT e gy Babs bR 881084 €1 QR Lot sonally progessel -
33.1 and b = 3.5. into 4F3ampl.ebdaxially oriegntpad thahitlefs midhcepckpireble
produced prepar ed a1 cEXRIBLCada 81501 VAIRE [ gefkar1d Bhyadled State by

heatlng under vacuun1|n a rotatlng reactor at tenperatures
from220[err]C toPE?@FéﬁﬂFé -unthe EARtRiNGH IS GEHMETadD for oxyass |/ g.
Mai nt ai nl ng the dbarededi,t il ekhibeted an pekydei trdnsmisstioansheered to a

Ni ssei g ngl% %pfg3z$ﬁ5t¥6 cﬂgynaéghrﬁ@}%gi)and conventional ly

processed axral ori en ottles with acceptable
The following comparatlve examples illustrate use

of the conventional ester based process to prepare
PET/N copolymers.
Comparative Example 1

20 A polyester copolymer containing 98 mole percent
terephthalate units and 2 mole percent naphthalate
units was prepared using a cdnventional ester-based
process in the following manner. An oil-jacketed
stainless steel reactor (378.54 liter capacity)

25 preheated to 180°C was charged with 67.04 kg of dimethyl
terephthalate, 1.72 kg of dimethyl-2, 6-naphthalene-
dicarboxylate, 48.35 kg of ethylene glycol, and a
manganese transesterification catalyst. Once the melt
temperature reached 140°C, mechanical agitation was

30 initiated. When the melt temperature reached 155°C, the
reactor oil temperature was increased at a controlled
rate over the next 1.7 hours to 230°C. The
transesterification reaction cycle, carried out under
atmospheric pressure, was completed in 3.2 hours,

35 during which time 16.78 kg of by-product methanol were
collected. The transesterification product had a final



viswal clarity and color, and suitable physical properties. The

cont ai ner was eval uated for oxygen barrier, and exhi bited an oxygen
transm ssion rate of 15 6.0 cnB/645.16 cnR/.0254 i day. The
fol FTowi ng conparative exanples illustrate use of the conventi onal
ester based process to prepare ‘PET/ N coppl.yners. Conparative
Exanple 1 20 A pol yester copol yner containing 98 nol e percent

t er epht hal at e uni ttempetaturel 0fp2R0¥t shitesichior contenhist wemastherpar ed

using a conventi ORdlar@¥eerel$8da secoRE06£ES ddkd i fHdiONAG TRARE" - AN
oi | -jacketed stainl ess st gl react or gB_ . b4 I;ﬁﬁﬁ‘rﬁcapam ty) 25
preheated to 180[ &SREHs (@ﬁérg dihfeR EaPeaiky ofd Iy jat

terepht hal ate, 1. &nkgphlerdicmpirbgbuZebundphtihedlentical agidiatdongxwhate,

48. 35 kg of et hyl en l...a . ngse terification
catal yst. Oncge thg’l %e ‘iq.zert ggpr@}l%?ﬁ%%gfge&g@hﬁ a.élﬁ‘g%ﬁfc, mechani cal
agitation was 30 Ppdlycongleagatiphenatadyst| verenmdded ur &hecaslasdorsvpsrr] C,

the react or Qiter! QAR UkBcBS1 DERSESLELAE #ha it Q] o, anfiate
over the next 1.7 hours to 230[err transesterification reaction

C.. The
cycle, carried outthfh@Fessure FF?H%ﬁﬁe?Fcap?‘é%E{R edyFat& Riedt 8dPeriedn
hours, 35 duri ngfrabolmtt iln® hour8 kg aboty-HSDAREtPamddianolTheer e

collected. T tr rd.f.icatl ' .

T enpe?i&%ﬁe?’éﬂ%ge%oﬁé?9f§58%ﬁ%5$£§12t%$3%%% 58 4.5 8% en
transferred to a JePeFasure) a&kebaC st b apacogelcontentpeerer thes4. 98
liter capacity), aérgedrald to a 8hiPAPHEL+FfadkesSs StdidssMReani cal
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oi | tenperature ra@ifded obt2i5[iegr pG, uabimate vadieumpres abontr ddscéd at a
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about 2.2 hours until the agitator torque reached a
predetermined target of 2.7 kilowatts at 30 RFM. The
final polycondensation product had a final temperature
of 280°C. The reactor contents were then extruded
20 through a die to form strands that were cooled in a
water bath and pelletized. This reaction produced
66.68 kg of polyethylene(terephthalate)  gg(naphtha-
1ate)_02 copolymer having the following properties:
IV = 0.58 dl/g, Ty = 255.5C, Tg = 81.6C, and color
25 values Rq = 31.7 and b = 4.1.
Comparative Example 2

A polyester copolymer containing 95 mole percent
terephthalate units and 5 mole percent naphthalate
units was prepared in the following manner. An

30 oil-jacketed stainless steel reactor (378.54 liter
capacity) preheated to 180°C was charged with 64.46 kg
of dimethyl-terephthalate, 4.26 kg of dimethyl-2, 6-
naphthalene-dicarboxylate, 47.71 kg of ethylene glycol,
and a manganese transesterification catalyst. Once the

35 melt temperature reached 140°C, mechanical agitation was
initiated. When the melt temperature reached 155°C, the



tefmperature of 254[err]C. The reactor contents were then transferred

toa third oil-jacketed stainless steel reactor (291.48 liter
capacity) preheated to 280[err]C. After obtaining an ultinmate vacuum
of about 106.66 15 Pascal , the pol ycondensation reaction was conti nued
for about 2.2 hours until the agitator dporque reached a
predeterm ned target of 2.7 kilowatts at 30 RPM The final

pol ycondensati on pragter fhl berperaturspasatipceeased gt asopekrptledhe

reactor contents waee bhed exérneee 207 nddvsLu@h 2aoda:e t‘l‘hé ouffarﬁéé@d&&that
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lter Cl . Pr at e err Wwas ar
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manganese transesgpl Eheaaa0?e£é£@£y%e19w@ éﬁ%sﬁ%en@ebgesgweraa&éf

reached 140[err] C, nechani ca i on initiate he nelt
t enper at ur e reachggcgggﬁgp;]ﬁglgﬁglo a stabilizer formulation and an

- 20 - react aht@mbnyeppyedndeny@isi omatatet e ec adtiedl | ethe rate

Ceaction cyel e, CAPREERToHRShAED STatSim e D1t t¥iperaurt! LERLLE NG
in 3.5 hours, aur2ﬁ§°®m|mdtthna ressure3rekgcetl by- prmtrom¢me ver e

colfected. e over!haBagsbarbtiAaton R aists harlsbolknabot sgperature of

216[ err] C. The reactor contents were then transferred t &
oi | -j acket ed stai RR&§81 ste@heré%E?EWe?%ﬂﬁﬁsﬁ? Yconqu§QF18&pBEP99?tpP% eat ed
to 250[err]C. To kh€inant eshpepbture of 254°C. The reactor contents were

then transferred to a third oil-jacketed stainless
steel reactor (291.41 liter capacity) preheated to

20 280°C. After obtaining an ultimate wvacuum of about
106.67 Pascal, the polycondensation was continued for
about 2.0 hours until the agitator torque reached a
predetermined target of 2.7 kilowatts at 30 RPM. The
final polycondensation product temperature was 280°C.

25 The reactor contents were then extruded through a die
to form strands that were cooled in a water bath and
pelletized. This reaction produced 68.95 kg of
polyethylene (terephthalate} g5 (naphthalate) g5
copolymer having the following properties: IV = 0.61

30 dl/g, Tp = 248 8C, Tg = 82.1C, and color values Rgq =
28.4 and b = 2,9,



10"~ the second reactor, held at atnospheric pressure unde gm“lkﬁm
agitation, a stabilizer fornulation and an ant i nony p{)ﬂ“mwm
cat al yst were added. The reactor was then seal ed, the ct enpet atur é
raised to 275[err]C, and the pressure reduced at a controlled rate 15
over a period of about 1.6 hours to about 359.96 Pascal . The

I nt ermedi at e pol ycondensati on product had a final tenperature of

254[ err] C. The reactor contents were then transferred to a toH rodi26

oi | -jacket ed stainless steel reactor (291.41 liter capacity) preheated
to 20 2800C. After obtaining an ultinate yacyurg of about 106. 67
Pascal , the pol ycondensation was continmuedfor——  about 2.0 hours until
the agitator torque reached a predeterm ned target of 2.7 kilowatts at
30 RPM The 1ina pdgasmdiars aheomapuddutiire eapes at atidomaso R tayr | C.
25  The reactor £ .1 trud dj ; f.orm
strands that wer e‘?%%f@%&? %l%{%rq‘%sﬁ%aggntt%%ggl ?%t%gke%l %‘%’% ®action
produced 68.95 kgobfa naphtgulenedigeaboxydpit paidt ¢ithsg nEprsthaabiw) . 05
copol ymer having §461 fohdOW XY Eati¥n=cBnBitB0ns fh/he TlErr] =

248.8C, T[err] = 82.1C, and_col or val ues, _errg = 28.4 and b = 2.9.
- 21 - 5 presence of a transesterification catalyst to 3% 5%
CLAI MS bid (hydpsogseidey naphitha lamel , astbseqoéntl y adeknat ixed tyiass er

copol ymer whi ch CEQ?rﬁféﬁﬁééﬁﬁfﬁﬁﬂé%%fy% %5§¥gygfesEgﬁFactin ftﬁbnaphthalene

di carboxylic acid wt uhdér transestérification
condi tions in thebs (hydeesrrlkymaphthalede) eanfli aappbyicerdensation forma

bi s(hydroxyal kyl ngpbi s aindst sAqumdensdeachi ¥8hifions, tdeform a
transesterificatipn catalys contactin e
bi o hydr oxydPkyl nbh T SRS F Lo PR deaker BRsed polymer product
having a degree of polymerisation of from 20 to 100,
and reacting the low molecular weight naphthalate-based
polymer, under esterification conditions, with a
phthalic acid and a second alkyl diol, or with an
15 oligomer formed from the phthalic acid and second alkyl
diol, the proportions of the polymer and phthalic acid
and second alkyl diol, or oligomer thereof, being
chosen so that the resulting random polyester copolymer
product contains from 85 mole percent to 99 mole
20 percent phthalate-based units and from 1 mole percent
to 15 mole percent naphthalate based units, based upon
the total moles of carboxylate units.
2. The process of claim 1 wherein the diester of
naphthalene carboxylic acid is dimethyl-2, 6—-naph-
25 thalene-dicarboxylate.
3. The process of claim 1 wherein the diester of
napthalene carboxylic acid is an alkyl diester of 2,6-
naphthalene-dicarboxylate or mixtures thereof and the
bis(hydroxyalkyl-naphthalate) is bis(hydroxyethyl-2, 6-
30 naphthalate) having a number average molecular weight
of 4,800 to 24,200.



catal yst, under pol ycondensati on conditions, to forma 10
weigght napht hal at e- based pol ymer pr oduct havi ng a dengM'ﬁ, "””"’
polynerl sation of from 20 to 100, and reacting the |ow

wei ght napht hal at e- based pol ynmer, under esterification conditions,

with a phthalic acid and a second al k-yb_zdi ol, or with an 15 ol i goner
formed fromthe phthalic acid and second al k ., diol, the proportions
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The process of a i Ret ased
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phthalic acid andra:,rstqmmolyestmrolcop@ﬂymné gon‘g@m freomeRP tedreef rom 10

7. The proggss Oéelaé‘éh@% afg ‘ilo@'e%e%c@nﬂhﬁhﬁhalé@@—based qldmnd‘ or med

from Lhe PhthallGeiin & HLe StEnt T 10 mol2perESHE Sl d R 22t on
based units and preferably 95 mole percent to 98 mole
percent phthalate-based units and from 2 mole percent
to 5 mole percent naphthalate units, based upon the
20 total moles of carboxylate units.
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8:- The process of any one of clains 1-7 wherein the random pol yest er
copol yner contains from90 nole 15 percent to 98 nol e percent

pht hal at e- based units and from2 nole percent to 10 nol e percent
napht hal at e- based units and preferably 95 nole percent to 98 nole
percent phthal ate-based units and from 2 nol e percent to 5 nole
percent naphthal ate units, based upon the 20 total noles of carboxylate
units. ' . PS37/ THO426FF : TH 0426

ABSTRACT

PROCESS FOR MANUFACTURING POLYESTER COPOLYMERS
CONTAINING TEREPHTHALATE AND NAPHTHALATE UNITS

This invention is a process for producing polyester
copolymers, which employs an acid-based and an
ester-based process. The ester-based process is used
to manufacture a low molecular weight naphthalate-based

_ 5 polymer, and the acid-based process is used to
[ - manufacture phthalate-based oligomers. The low
molecular weight naphthalate-based polymer is combined
with the phthalate-based oligomers, or the raw
materials used to form the phthalate-based oligomers,
10 to form a random polyester copolymer. Specifically,
the process may be used to manufacture, in an
ester-based process, a low molecular weight
polyethylene naphthalate polymer, which is then
combined with polyethylene terephthalate oligomers
15 produced in an acid-based process, and the acid-based
process is then used to continue the polymerization
reaction which results in the production of a random
polyethylene terephthalate/naphthalate copolymer.
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