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TI TLE PROCESS FOR | NCREASI NG THE DI RECT ESTERI FI CATI ON REACTI ON RTS8 .
DIACID WTH A GLYCOL BACKGROUND Techni cal Field Some high nol ecul ar wei ght .
pol'ymers, such as, for exanple, polybutylene terephthalate (PBT) polyners,
pdl yet hyl ene terephthal ate ponners-(PET),‘and copol yet heresters, are
synt hesi zed fromthe product obtained fromthe direct esterification of a

di acid, such as terephthalic acid, with ol , such as 1, 4-butanediol or
ethylene egcoI The direct esterificatidimreacti on has been known to take

as . : PROCESS FOR INCREASING THE DIRECT
L EéTERIFICATION REACTION RATE OF
A _DIACID WITH A GLYCOL
5 - BACKGROUND
Some high molecular weight polymers,
such as, for example, polybutylene terephthalate
(PBT) polymers, polyethylene terephthalate
10 - polymers (PET), gnd copolyetheresters, are
synéhesized from the product obtained from the
direct esterification of a diacid, such as
terephthalic acid, with a glycol, such as
1,4-butanediol or ethylene g1Ycol. The direct
15 esterification reaction has been known to take as
long as 3 to 4 hours to complete. This long
reaction time, usually at high temperatures, is
 undesirable not only because of the length of the
processing time required, but also because the ]
20 likelihood that side reactions will occur
- increases with time. A particularly_undeéirable
side reaction that can occur is the conversion of
hydroxybutyl end groups into tetrahydrofuran
(THF) . Hydroxybutyl end groups are generated when
.25 the acid ends of a diacid are esterified with
1,4-butanediol' A faster reaction time is thus
desired in order to reduce the amount of THF
generated during a direct esterificatlon reaction
between a diacid and 1,4-butaned101.:

30 The present invention is related to
significantly increasing the direct '
esterification reaction rate of a diacid with a
glycol, particularly with 1,4-butanediol or
ethylene glycol. More specifically, the present
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i
long as 3 to 4 hours to conplete. This long reaction tinme, usually at high
tenpeératdres,” i s undesirable hot only. because of the |length of the.
processing tinme required, but also because the likelihood that side
reactions will occur increases with tine. A pgrtlcularly undesi rabl e side
. reaction that can occur is the conversi on of Mhydroxybutyl end groups into

tetrahydrof uran dlwﬂtl&yd ADPEYEELduHEPURS gELEabRCEARRIoYREN (he acid

ends of ‘a diacid are esterl iol. A faster reaction
time is thus degﬁwiﬁﬁr?%#@e?nﬂﬁ P@décélﬁﬁédaﬁﬁenglﬁﬁctﬁﬁ generated during

a direct esterifdgtaidonié®apyi anghgtveenpardiaal dragdby, 4- but anedi ol . The
present |nvent|0n|5LJég§%§1°ioor ethylene gylcol, in less than
5 seventy minutes. Further, when 1,4fbutanediél is
the glycol used in a direct esterification
reaction, the present invention provides a
process whereby less than 5% of the
1,4~-butanediol is converted to THF during said
10 reaction. The product of this process can be
polycondensed to form a high molécular weight
polymer, such as PBT or PET, or it can be further
reacted to produce other types of high molecular
weight polymers, such as, for example,
15 copolyetheresters.
- Description of Related Art _
U.S. 4,680,376 discloses a process for
the continuous production of PBT by the direct
esterification of terephthalic acid with
20 1,4-butanediol in the presence of tin- or
titanium—containing.catalysts, followed by
polycondensation of the direct esterification
product. The direct esterification reaction must
be conducted under pressure and at temperatures
25 Dbetween 225°C and 260°C. The molar ratio of
1,4-butanediol to terephthalic acid is 2 to
3.8:1. There is no example showing that greater
than ninety-five percent of the acid ends of a
diacid are diréctly esterified in less than
30 seventy minutes at atmospheric pressure.
Eaét.Germén Patent 241,826 discloses a
pProcess for preparing PBT by esterification of
S terephthalic acid with butanediol, followed by
; subsequent polycondensation. The esterification
+ 35 reaction times disclosed are at least 90 minutes
[
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significantly increasing the direct esterification reaction rate of a
didacid with a glycol, particularly with 1,4-butanediol or ethylene glycol.

More specifically, the present ‘2 invention is a process wherein greater
‘thhan 95% of the acid ends of a diacid are directly esterified by a glycol,
particularly by 1,4-butanediol or ethylene gylcol, in less than seventy

m nut-es. Further, when 1, 4-butanediol is the egcoI used in a direct
eSter'f'Cai'(”hﬂé*ﬁﬁﬁéﬁbdibﬁ possest viaveohivernspoovtdeSHE are

reported at 6-11 percent. Further, the reference
js focused on increasing the polycondensation
reaction rate, not on increasing the direct

;@ 5 esterification reaction rate.

U.S. 4,049,635 discloses a process for
preparing a polyester by transesterifying
1,4-butanediol and at least one dialkylbenzene
dicarboxylate in the presence of a tetraalkyl

10 titanate catalyst and then polycondensing the
trénsesterification reaction product to high |
molecular weight polymer. The
transesterification reaction is conducted over a
period ranging from 75 minutes to 3 hours.

15 British patent specification 1,320,621
discloses a process for the production of
fiber-forming poly(tetramethylene terephthalate)
comprised of the fbllowing three stages: (1)
direct esterification, (2) vacuum letdown, and

20 (3) polycondensation. The direct esterification
step occurs over a 2 to 8-hour'period, under
pressure.

Japanese kokai patent no. 76-37187
discloses a method for manufacturing polyester

25 which involves esterifying terephthalic acid and

| 1,4-butanedi§1 and then subsequently .
polycondensing the esterification product to form
polyester. ' - '

Japanese kokai patent no. 87-225521

30 discloses a method for'manufécturing PBT which
involves an esterification reaction, said
esterification reaction being between a
dicarboxylic acid component and a glycol

} component. The molar ratio of 1,4-butanediol to

%35 terephthalic acid should not exceed 1.5:1.
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process mhereby | ess than 5% of the 1, 4-butanediol is converted to THF
during said reaction. The product of thIS process can be pol ycondensed to
. forma high ‘nol ecul ar wei ght polymer, such as PBT or PET, or it can be
‘further reacted to produce other types of high nolecul ar weight polyners,
~such as, %or exanpl e, copolyetheresters %rlption of Related Art U. S.

£ 080, 316, 9 scl 055 2 P oEERaldH 4 SBF: fmé“’%%*’é B T ne
presence of ti gigylddd aniprocess afor ngsterifying, afdiacid hone
polycondensatl%p 2y dde Hd §54rE5L81aF5C8E Ple present
invention. Further, for those cases where the
: 5 glycol used is 1,4-butanediol, there is no
process disclosed wherein less than 5 weight
percent of the 1,4-butanediol used in the
reaction is converted to THF.
| SUMMARY OF THE INVENTION
;10 The present invention relates to a
~ process for increasing the direct esterification
reaction rate between a diacid and either .
1,4-butanediol or ethylene glycol. It has been
discovéered by the present invention that greater
@5 than 95% of the acid ends of a diacid can be
: - esterified in less than seventy minutes, most
preferably in less than twenty minutes, when the
diacid and either 1,4-butanediol or ethylene
glycol are mixed together in a molar ratio of
diol or glycol:diacid of at least 2:1 and are
{ reacted in the presence of from 0.13x10-3 to
5.2x10'3'm01es of a catalyst compound per mole of
the diacig, said catalyst compound being selected
_ ‘from the group consisting of organo-titanium, '
éS organo-tin, and organo-zirconium coﬁpounds.‘The _
reaction iempérature when 1, 4-butanediol is used
ranges,aon.éverage at atmospheric pressure, from
180°C to 245°C. The reaction temperature when
ethylene glycol is used ranges, on average at
30 atmospheric pressure, from 190°C to 200°C. Higher
average reaction temperatures can be tolerated
if the reaction is conducted under pressure.
‘The catalyst compound should be added neat
when ethylene glycol is the dominant glycol
§5  component used in the reaction. The product of
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product.: The direct esterification reaction nust be conducted under
preéssure and at tenperatures between 225[err]C and 260[err]C. The nol ar
ratio o‘ 1,4-butanediol to terephthalic acid is 2 to 3.8:1. There is no
*exanple showi ng that greater than ninety-five percent of the acid ends of a
diacid are directly esterified in |less thanSseventy minutes at atnDspherlc
pressurey East German Patent 241,826, di scl oses rocess for preparing PBT
by esterLfl(ﬁﬂﬂhﬁ}Q#r?%ﬁeﬁﬁ?ﬁﬁ}FECQEPBnWFFHCB&PQngﬁﬁopsef&PIowed by
subsequent polggepndersat érampIlp £8t eanf beatuethecackheteti wos di scl osed
are at |east 90 n1nutes

q - form a high molecular weight polymer, such as a
‘copolyetherester, or it can be polycondensed to a
5 high molecular weight polymer, such as PBT or

- PET.

n

DETAILED DESCRIPTION OF THE INVENTION
This iﬁvention is related to
increasing, and thereby improving, the rate at
flo which a diacid is directly esterified by a
glycol, particularly 1,4-butanediol or ethylene
glycol. Such an increase in the rate'at which
the direct esterification reaction proceeds is
desired in order to reduce the amount of
15 undesirable side reactions that can 6ccur. For
example, when 1,4-butanedicl is the glycol used,
a side reaction that can occur is the conversion
of hydroxybutyl end groups into THF. It is
desired to reduce the degree to which this side .
§20 reaction occurs and to thereby decrease the
| amount of THF generated from these hydroxybutyl
end groups. Correspondingly, as the degree to .
which this side reaction occurs is decreased, the
amount of 1,4~-butanediol that is recoverable from
the reaction will be increased. The direct
esterification reaction product is useful as it

. _/mvrma -
»n

can be polyéondensed or otherwise treated. to
vield a high molecular weight polymer, such as
' PBT, PET, or a copolyetherester.
%0 Specifically, the present invention
Provides a process for significantly increasing
the direct esterification reaction rate between a
diacid component and a glycol component wherein
- Fhe glycol component is either 1,4~butanediol or
W5 ethylene glycol.
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3 and butanediel "] osses via conversion to THF are reported at 6-11 percent.
Furiher,-the reference is focused on increasing the polycondensation
reactlon rate, -not on increasing the direct esterification reaction rate.
U¥S. 4,049, 635 di scl oses a process for preparing a polyester by
transesterifying 1,4-butanediol and at | east one di al kyl benzene

di'carboxyl ate in the presence of a, % ig y# titanate,catal yst and then
polyconden5|ng t he transé@?ﬁ?l?Pﬁﬁf sRatd¥et FBR BFSE&BF t'o hi gh nol ecul ar
‘wei ght polyner iﬂ;ghgiaﬂspﬁbeidéscatpmnceeacWhenebs tbedddiredtover a

esterification reaction between a d1ac1d and
1,4-butanedlol is ”essentlaLly complete” within
5 .sixty minutes, preferably within thirty minutes,
and most preferably within twenty minutes after
‘the diacid, the 1,4-butanediol, and a catalyst
compound are mixed together at reaction
- temperature, and further whereby the amount of
‘0 the 1,4-butanediol that is converted to THF is
less than 5 weight percent. By the term
#essentially complete” it is meant that greater
than 95% of the acid ends of the diacid have been
esterified. In accordance with this invention,
«5 there is provided a process to increase the
direct esterification reaction rate between at
least one diacid and a 1,4-butanediol and to
directly esterify greater than 95% of the acid
ends of the diacid comprising the steps of:
§o _ (a) mixing the diacid and the
' ' 1,4-butanediol in a molar ratio of
1,4-butanediol to diacid of at
least 2:1 to form a reaction
mixture, .
5 (b) heating the reaction mixture to
about 180°C,

(c) adding from 0.13x10-3 to 5. 2x1o-3
moles of a catalyst compound per
mole of the diacid to the reaction

o | mixture, said catalyst compound
' being selected from the group
consisting of organo-tin,
organo-titanium, and
organo~zirconium compoundé, and
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period ranging .from75 mnutes to 3 hours. British patent speC|f|cat|on
1,320, 621 discl oses a process for .the production of fiber-fornng

pol y(tetramet hyl ene terephthalate) conprised of the foll ow ng three stages:
1) direct esterification, (2) vacuum | etdo?n; and (3) pol ycondensat i on.

The direct esterlflcatlon step occurs ovyer a 2 to 8 hour period, under
pressure. Japanese kokai ($hte eﬂore?ﬁté?QSFhﬁl§8P8§é§na met hod for

manuf act uri ng pol yester whi chmrmmkuesaesmmbfsphamt:epe@s@m{e c acid and
1, 4- but anedi ol and t hen subseggentlxvggléconden Ehe est%rlflcatlon

product to form pol yester. € reacti emperatu
~ranging from 180°C to 245°C for a

period of time no longer than -
sixty minutes from the time at
which the catalyst compound was
added to the reaction mixture.
Alternatively, and with similar reeults, the
reaction mixture may be prepared in batch-wise
fashion; i.e., the diacid, the 1,4-butanediol,
and the catalyst compound may be mixed together
prior to reaching the'reaction temperature range,
in which case the reaction will be essentially
complete within sixty minutes from the time the
reaction mixture reaches, and is maintained
within, the average reaction temperature range.
By either method, greater than 95% of the diacid
acid ends will have been esterified by the
1,4-butanediol within sixty minutes. The

y resulting esterification product can be isolated’

~ polycondensed to PBT, or otherwise treated by

- standard techniques to form high molecular welght
polymer.

'The present invention also specifically
provides a process whereby the direct '

! esterification reaction between a diacid and
ethylene glycol is 'essentially complete” within
seventy minutes - after a catalyst compound is
added to the diacid/ethylene glycol reaction
medium. The term “essentially complete” has the
same meaning as above, i.e., it means that

1_]___g'reat:er than 95% of the acid ends of the diacid

- have been esterified. As such, and in accordance

with this invention, there is also provided a

[ 4

This Sheet Has Been Reﬁaced .

AR




Japanese koka| patent no. .87-225521 di scl oses a nethod for manufacturing
PBT whi'ch involves an esterification reaction, said esterification reaction
belng bet ween a di carboxylic acid conponent and a gl ycol component. The
“voltar- ratio of 1,4-butanediol to terephthalic acid should not exceed 1.5:1
4 Although each of t he above references disclose a process for esterifying

a diaci d. nojgdlicd 058 1Hereask! eHbdai-abt! BatRraaRat et i on. Further,
for those cases where t
reaction rate between at least one diacid and

ethylene glycol and to directly esterify greater
- than 95% of the acid ends of the diacid
5 comprising the steps of: .
' (a) mixing the diacid and the ethylene
glycol in a molar ratio of'
ethylene glycol to diacid that is
at least 2:1 to form a reaction
10 ) mixture, ' _
(b) heating the reaction mixture to
. about 180°C,
(c) adding from 0.13x10-3 to 5.2x10~3
moles of a neat catalyst compound
i 15 per mole of the diacid, said neat
eatalyst compound beinq selected
from the group consisting of
organo-titanium, organo-tin, and
organo—zirconiﬁm compounds, and
20 '~ (d) reacting the reaction mixture, at
atmospheric pressure, at an
average reaction temperature
ranging between 190°C to 200°C for
a period of time no longer than
25 seventy-minutes from the time at
which the catalyst compound was
- added to the reaction mixture.
Alternatively, and w;th similar results, the
reaction mixture may be prepared in batch-wise
- 30 fashion; i.e., the diacid, the ethylene glycol,
and the catalyst compound may be mixed together

Fe
’

prior to reaching the reaction temperature range,

in which case the reaction will be essentially

complete within seventy minutes from the time the
35- reaction mixture reaches, and is maintained
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gryqufuseH is 1,4-butanediol, there is no process disclosed wherein |ess

t han ‘5 ‘wei ght percent of the 1,4-butanediol used in the reaction is

. converted to THF. SUMMARY OF THE I NVENTION The present invention relates to
a protess for increasing the direct esteri®ication reaction rate between a
diacid and either 1,4-butanediol or ethylene glycol. It has been discovered
by ‘t.he presefittPalenthen aeHage ceretionntemperatyre X@ndeends of a diacid:

can. be esterb§iédthﬁr*ﬁﬂﬂﬂﬂhﬂnéﬁﬁﬁﬁaéf €hati 66t 8PSthereisgeally in less
thah.tmenty m_nyt es mhgﬁ_t e diacid and either 154-€gtanediol or ethyl ene
glycol are nf%38 £8§S Mty havedresn esterified by the

ethylene glycol within seventy minutes. The
;;' 5 resulting esterification product can be isolated,
" polycondensed to PET, or otherwise treateg_by
standard techniques to .form high molecular weight
‘polymer.’ |
The diacid component used in the
10 process of the present invention is preferably,
though not necessarily, aliphatic or aromatic in
nature. Examples of suitable aromatic diacid
components include isophthalic acid and
terephthalic acid. Examples of suitable
15 aliphatic diacid components include adipic acidq,
sebacic acid, and dodecanedioic acid. The
preferred diacid components are adipic acid and
terephthalic acid with the most preferred being
terephthalic acid. The diacid component may also
20 be a mixture of more than one aromatic diacid or -
more than one aliphatic diacid. It further can
be a mixture of an aromatic diacid and an
aliphatic diacid. The diacid components useful
in the present invention are commercially .
25 available or can be prepared by techniques known
in the art. '

It is believed that the direct
esterification of the diacid component proceeds
as the diacid component'dissolves in the glycol

30 component. Such dissolution is facilitated as
the surface area of the diacid component is
increased. One way to increase the surface area
of the diacid component is to decrease the
particle size of the diacid component. While it

35 . is not necessary for the diacid component to have
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diol*'or glycol:diacid of at least 2:1 and are reacted in the presence of
from0.13x10[err] to 5.2x10[err] noles of a catal yst conpound per nole of

. the diacid, said catal yst conpound being selected fromthe group consisting
of organo-titanium organo-tin, and organo-zirconi um conpounds. The
reacti on tenperature when 1, 4-butanedi ol i $%sed ranges, on average at
at.nospheric pressure, from 180[err]C to 245 err]C._The reaction tenperature
when et hyl ené@ §18%b|shallisRaTEifdes sige e IGeafok MSheric pressure,
from 190[ er r Jfedcx Z8190[ €6 I pEocteaheitavRiyade darntaydomipaiont ures can be

compound. shosriish Gifeiaeia” BRBRORAR Gt HGRE FERTIS AN nant ol yool
' ‘Further, the process should be conducted with . :
5 .sufficient agitation to keep the diacid component
from settling out of the reaction mixture.
. The glycol component used in the
4 ‘process of the present invention is either
' 1,4-butanediol or ethylene glycol.'1,4-butanediol
10 1is a cbmmercially available chemical. It can be
used alone or as a mixture with other diols,
provided that the 1,4-butanediol component is the
dominant component in the mixture. Ethylene
glycol is a commercially available, polymer grade
15 chemical. It can be used alone or as a mixture
with other diols provided that the ethylene
glycol is the dominant component. in the mixture.
Both 1,4-butanediol and ethylene glycol, if not
obtained from commercial sources, can be prepared
20 Dby techniques readily available to those skilled
in the art. .
In order for the direct esterification
to proceed by the process of the present
" invention, the molar ratio of the glycol
25 component (or components) to the diacid component
(or components), must be 2:1 or greater,
preferably it is between 4:1 to 6:1, and most
. preferably it is:about 5:1. A molar ratio of
glycol to diacid of greater than 6:1 is expected
30 to yield the same type of results obtained with .
molar ratios of glycol to diacid ranging between
351 and 6:1; howevér, with current techniques, it
may not be practical to proceed with such an
excess of glycol due to the time and effort that
35 would be required to separate the unreacted
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coqpbnent used in the reaction. The product of 5 the direct
esterification reaction has use in that, for exanple, it can be further
;reacﬂed to forma high nolecular weight polymer, such as a

copol yetherester, or it can be pol ycondensedl o a hi gh nol ecul ar wei ght
pol ymer, such as PBT or PET. DETAILED DESCRI PTI ON_.OF THE | NVENTI ON Thi s
i nvention is relytaell, tehiobr vas! A exeesshefaop ther 6\}1’7@@7 the rate at

whi ch a di aci d,igefl £ £6hLYoRS ko i%h BroRuct.

The catalyst compound used in the
' : process of the present invention is selected from
5 the group consisﬁing of organo-titanium,
organo-tin, and organo-zirconium compounds.
Examples of suitable catalyst compounds include
tetraalkyl titanates, especially tetrabutyl
titanate, and alkyl stannic acids, especially
10 n-butylstannic acid, along with anhydrides of
alkylstantiic acids. The pfeferred catalyst
~ compounds are tetrabutyl titanate and
n-butylstannic acid. The most preferred catalyst

' compound is tetrabutyl titanate.

15 _For reactions wherein 1,4-butanediol is
the dominant giycol component, the catalyst
compound can be added to the reaction mixture as
a solution in, for example, 1,4-butanediol, or it

- can be added neat. For reactions wherein ethylene

20 glycol is the dominant glycol component, the '
catalyst compound should be added neat. The
catalyst compound can be added simultaneously

. with the diacid component and the glycol

-l' . component or it can be preferably added after the
25 .diacid component and the glycol component have
been mixed together-and_have been heated to
'i reaction teﬁperature or near reaction —
' temperature. The amount of cataiyst compound
added to the process of the present invention

30 ranges from 0.13x10~3 to 5.2x10~3 moles of

catalyst compound per mole of the diacid
component. Preferably, it ranges from 0.13x1073
to 2.6x10~3 moles of catalyst compound per mole
of the diacid component. Most preferably, it

35 ranges from 0.39x10~3 to 1.7x10~3 moles of
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gl ycol, particularly 1,4-butanediol or ethylene glycol. Such an increase
inthe rate at which the direct esterification reaction proceeds is desired
.in order to reduce the anpunt of undesirable side reactions that can occur
For, exanpl e, when 1, 4-butanediol is the gl y@ol used, a side reaction that
can occur is the conversion of hydroxybutyl end groyps into THF: It is
desired to rceRieplysie G@BP@B“PoPﬁﬁiEﬁxﬁhpg §$ﬁb on occurs and to

t her eby decTe&gﬁbéﬁ@hgnDunt of THF generated fromthese hydroxybutyl end

OLoUS, (Son oo VeofenblE. SRSl Bl Wpgglce eac o opcurs
reacti on wllcispomentaisdl, #hbutianediol, the average reaction '
5 temperature at which the process of the present
invention should be conducted ranges, at
atmospheric pressure, from 180°C to 245°C,
preferably from 220°C to 230°C. When the glycol
component is ethylene glycol, then for best

10 results, the average rééétion temperature at
which the process of the present invention should
be conducted ranges, at atmospheric pressure,
from 190°C to 200°C. In either case, higher
temperatures, which generally result in faster

15 reaction times, can most 1ikeiy be tolerated if

 the process is conducted under pressure. When
1,4-butanediol is the glycol of choice, and
further when the reaction is conducted under
pressure, it is recommended that the average

20 reaction temperature not exceed 270°C. Further,
when the process is conducted under pressure, it

'is, of course, advantageous to provide a means by
7 which water that is generated during the direct
esterification reaction can be removed.

25 The reaction of the process ef the
present invention may be conducted by any of
several known methods. The preferred method of
carrying out the reaction process is by use of a

 batch reactor. In such a case, the diacid

30 component and the glycol component would
preferably be added simultaneously to the batch
reactor at heated, with stirring, near reaction

N . temperature, or, alternatively, the glycol
| component would be charged into the batch
35 reactor,'heated'to near reaction temperature, and

-
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esierlflcathon reaction product is useful as it can be pol ycondensed or
otherwi'se treated to.yield a high nol ecul ar wei ght pol yner, such as PBT,

. PET, or. a copol yetherester. Specifically, the present invention provides a
process for significantly increasing the direct esterification reaction
rate between a diacid conponent and a gl ycb8 conponent wherein the glycol
coffponent is either 1,4-butanediol or ethylene glycol. 6 More
spec|f|ca||ythenemea§;ﬁc1d component would be added to the

batch reactor. The catalyst compound can be
added to the reactor with the initial charge of
reactants. Preferably, it is added after the
: 5 diacid component and the giycol component have
i been mixed together and heated to the reaction
temperature or near the reaction temperature.
! The reaction mixture should be thoroughly and
constantly agitated to insure maximum conversion.
10 When the glycol component is 1,4-butanediol, the
' direct esterification reaction is essentially
;f complete within one hour and in most cases, 1s
essentially complete within 20 minutes. When the
N glycol component is ethylene glycol, the direct
.1 15 esterification reaction is essentially complete
' within seventy minutes.

Once the direct esterification
reaction, as done in the batch reactor, is
essentially complete, the resultant product can

20 Dbe isolated by-sténdard techniques or it can be:
further mixed or reacted with other materials by
standard'techniques or it can be polycondensed to

H a high molecular weight polymer by standard

techniques. As an example, the resultant product,

T

25 made from a diacid and 1,4-butanediol, can be
polycondensed by any of the three methods
described below.

By the first method, the _
polycéndensation polymerization is conducted in

30 the same batch reactor that contains the direct
esterification product. Specifically, the
temperature inside the reactor would be raised to
at least 235°C, preferably 250°C to 260°C, and
maintained until the polycondensation

35 . polymerization is complete. Temperatures higher

-
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i nventi.on provides a process whereby the direct esterification reaction

bet ween"a diacid and 1, 4-butanediol is "essentially conplete" within sixty
.mnutes, preferably within thirty mnutes, and nost preferably w thin
twenty mnutes after the diacid, the 1,4- butanedlol and a catal yst
conpound are m xed together at reactlon tenpeﬂéture and further whereby

t he anmount of the 1,4-butanediol that is converted to THF is |ess than 5
wei ght percent. B)2Rh@6PaFnATresassepkable.&@5 &be it is neant that greater

than 95% of the peigcendenshtiba @bawéﬂiwllweﬁnagt diel idhed. I n accordance
with this |nvent|o there.is i de roce§§ to. i creQﬁe th dlrect
Lomen bind, Brodufen v dedrade

esterification rRAtYR
temperature. The polycondensation polymerization

5 should be conducted with. vacuum in order to
- remove unreacted glycol component and also
essentially all of the glycol that is produced
during the polycondensation polymerization
reaction. 1In a commercial application, where

10 higher temperatures may be necessary in order to

'_ remove the unreacted glycol component or the
glycol generated during the polycondensation
reaction, it may be advantageous to include heat
exchangers, or other additional devices that are

15 capable of providing extra heat, on the batch
reactor, preferably on the outside of the batch
reactor or attached thereto. Use of a heat
exchanger inside the batch reactor may be
disadvantageous since the high molecular weight

20 polymer may be difficult to remove therefrom. '_

| The él&col can be collected and recovered from
the batch reactor in accordance with known
techniques and can further be recycled back to
the reactor by standard techniques.

25 Alternatively, by the second method,
the polycondensation polymerization is conducted
by following a semi-continuous process. In such
a case, a batch reactor is used as deécribed

N previously for making the product of the direct
» 30 esterification reaction between 1,4-butaﬁediol
and a diacid. At the end of the direct

esterification reaction, the entire direct
esterification reaction mixture in the batch
reactor is passed through a heat exchanger at a
35 temperature of about 100°C to 150°C in order to
i "’ﬂ”#,,,,/~>f*”’ _
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reasr§ane diacid and a 1, 4-butanediol and to directly esterify gredter than
95% of the acid ends of the diacid conprising the steps of:. (a) mxing the
«diacid and the 1,4-butanediol in a nolar ratio of 1,4-butanediol to diacid
of at least 2:1 to forma reaction mxture, (b% heating the reaction
mxture to about 180[err]C, “(c) adding from &213x10[err] to 5.2X10[err]

e O 2,02 dliah SHPOMICRE STPLE. Bl Letl aghd Loy Anpeact o
T _ Cooling of the reaction mixture would be
o necessary in order to reduce any side reactions,
suéh as conversion of butanediol to THF, that can .
-5 occur when. the mixture is held at a high |
temperature. The cooled direct esterification
reaction mixture then flows into a storage
apparatus, such as a surge tank, from which it
_ would continuously flow out of such épparatus and
10 into a standard apparatus designed for a
continuous process, such as a wiped film
evaporator, wherein the cooled reaction mixture
would be heated to at least 235°C, preferably
250°C to 260°C, under vacuum, and the reaction
15 mixture would be polycondensed to high molecular
- weight polymer. During the polycondensation
polymerization, the unreacted glycol component
and any glycol generated during the.
polycondensation polymerization would be
20 simultaneously removed and collected. The
collected glycol can be recoveted by any of
several known methods and can be fed backwérds
into the reaction prbcess for recycle by standard
techniques. B
25 Finally, as a third alternative, the
polycondensation polymerization can be conducted
by followiné a continuous process. In such a.
process, the cpmpénents (diacid, 1,4-Butanediol,
and catalyst) are continuoﬁsly fed into a first
_ 30 stirred reactor having an average reaction
., temperature ranging between 180°C to 245°C. The
components are stirred to form the direct
. esterification reaction mixture. The direct
esterification reaction mixture, which contains
35 Dboth unreacted diacid cpmponént and unreacted
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consisting of organo-tin, organo-titanium and organo-zirconi umconpounds,
and 7 (d). then reactlng'the reaction mxture, at atnospheric pressure,
.at an average reaction tenmperature ranging from 180[err]C to 245 err]C for
a period of tinme no | onger than sixty ninuteasfron1the time at which the
catal yst compound was added to the reaction m xture.

glycol component, along with direct -

esterification reaction product, then flows from
the first stirred reactor into a second stirred
reactor héving-én average temperature of 180°C to
5 245°C, where the direct esterification reaction

continues. The direct esterification reaction
mixture from the second stirred reactor can, if
desired, flow into a third stirred reactor. The
direct esterification reaction will be

10 essentially complete in less than sixty minutes.

- After the direct esterification reaction is
esséntially complete, the direct esterification
reaction mixture next flows into one or more

'apparatus, such as wiped film evaporators, where

15 essentially all of the unreacted glycol component
is removed and collected and where, if desired,
the direct esterification product is
polycondensed to high molecular weight polymer.
The collected glycol can be recovered and

20 recycled by standard techniques. :

It should be noted that in the process
7 of the present invention, other additives, .
ingredients, modifiers, such as antioxidants,
that are dommonly,useg in such processés may be
25 included.
EXAMPLES
In the following examples, there are
shown specific embodiments of the present
invention and éertain comparisons with
30 embodiments of control experiments_whete one or
more of the parameters discussed above was chosen

" outside the range defining the limits of the

present invention. All parts and percentages are
by weight and all temperatures are in degrees
35 Celsius unless otherwise specified. Measurements

_— .
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Alternatlvely, and wth simlar results, the reaction m xture may be
prepared I n batch-wi se fashion; i.e., the diacid, the 1, 4-butanediol, and
t he datal yst conpound may be m xed together prior to reaching the reaction
" tenperature range, in which case the reactiopswi || be-essentially conplete
wi t hi.d sixty mnutes fron1the time the reaction mxture reaches, and is

mai ntai ned wit hidy ¢ ff% eifeSEt 1RTLECAROBAbEER EBNEBNVEY-tRid her
met hod, greater than % of the diacid aC|geends wi || have ‘been esterified -

by the 1, 4- but FHSH XAURELR; ¥REF Kt JPRFABFE8 e The resulting esterification
product can be isol ated, préycompesieiiohs BBTther erbilplesseatheat ed by

standard tecmﬂégﬁ§ﬁiﬁééc§n§f@ggln@&ﬁﬁghgﬁt?eggggacid componeht,
' S and; in most casés,.a catalyst compound. The
‘diacid component was one of the following:
TPA = commercial grade terephthalic
acia
AA = commercial grade adipic acid
10 The glycol component was one of the following:
' BDO = 1,4-butanediol (technical grade,
greater than 99.3% pure)
EG = ethylene glycol (greater than 99%
pure) _
15 The catalyst component was one of the following:
A =5 weight percent ‘
tetrabutyl titanate
in butanediol

; _ B = tetrabutyl titanate (neat)
?_ 20 C = n-butylstannic acid (neat)
e ‘D = 5 weight percent
! tetrabutyl titanate
in ethylene glycel.
i E = 75 weight percent tetrapropyl
25 zirconate in propyl alcohol

Unless specified otherwise, all
examples were run by charging the glycol

iﬁ component and the diacid component into a round

- bottom flask'eqﬂipped with a cohdenser,

30 thermometer, stir bar, and distillate collecting
flask in order to create a reaction mixture.
TABLE IA, below lists the amount of each
component used for each example. A slight flow of

g

nitrogen was provided to protect the reaction
35 mixture from oxygen. The reaction mixture was

—_—
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pol.ymer. The present invention also specifically provides a process whereby
the “direct esterification reaction between a diacid and et hyl ene glycol is
."essentially conplete” within seventy mnutes after a catal yst conpound is
addedto the di.aci d/ et hyl ene gl ycol reactlon medium The term "essentially
conpl ete" has the sane neaning as above, i.e8 it neans that greater than
95% of the acid ends of the diacid have been esterified. As such, and in
accor.dance wi ttheni stinved: pod heatied jin An Pk Rath o near

reaction temperature. Unless specified otherwise,
“the catalyst compound was added at or near
reaction temperature. The specific temperature at
5 which the catalyst compound was added for each
example is detailed in TABLEQIB, below. After the
catalyst compound was added, the temperature of
the reaction was maintained within the range
detailed in TABLE IB, below. The temperaturé
10 range reported includes the temperature at which
'a - the catalyst compouhd was added for each example
unless stated otherwise. Also reported in
TABLE IB, below, is the average temperature of -
the reaction mixture for each example, said

15 average startlng from and including the
temperature at which the catalyst compound was:
added to the reaction mixture and ending when the °
oil bath was removed from the reaction flask,
unless stated otherwise. Unless specified
. 20 otherwise, all reactions were run at atmospheric -
-pressure. All times are reported from the time,
P the catalyst was added to the reaction mixture,
unless otherwise stated. Samples were extracted
from the reaction medium periodically throughout
25 the reaction. The time reported for each
extracted sample is the time that passed since
the catalysé compound was added to the reaction
mixture, unless stated otherwise. '
. The extracted samples were tested for
30 acidity by the potehtiometric titration method
described below. Samples (0.6-0.7 grams) weighed
to the nearest 0.0001 g, were dissolved in 50 ml
of warm (about 100°C) o-cresol. If the carboxyl
levels were anticipated to be less than 10 meq
35 COOH/kg, 2.0 g of sample was used. When the
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8 pr.ocess to increase the direct esterification reaction rate between at

| east one diacid and ethyl ene glycol and to directly esterify greater than
95% of the acid ends of the diacid conprising the steps of: (a) m.xing the
di*facid-and the ethylene glycol in a nolar ratio of ethylene glycol to
diacid that is at least 2:1 to forma reacti od9m xture, (b) heating the
reaction mxture to about 180[err]C_ (c) adding from0.13x10[err] to

5. 2x10[err] ol EamFle, YRatdéasalysd,cS0pBdng@f o-dichlorobenzene

was added and the solution was cooled to room
temperature. After several minutes, 5 ml of 10%
‘lithium chloride in methanol were added. A blank
5 control (B) was treated similarly. The sample was
titrated with 0.03 normal potassium hydroxlde in
ethanol. A Brinkman Metrohm 636 Titro processor
was used with a Brinkman/Metrohm E635 Dosimat and
10 ml burette as auxiliary equipment. A Metrohm
10 model combination EA120 combination glass/calomel
electrode was used with the standard aqueous
potassium chloride filling replaced by ethanolic
~lithium chloride. Acid end group concentration
was calculated as follows:

15 A = [(C-B) * N * 1000}/S
i vhere A = terminal acidity in
' _ milliequivalents/kg
- € = the amount of the sample titer (ml)
_ N = the normality of the potassium
20 . hydroxide solution

S = the sample weight (g)
1000 = units of g/kg.
Acid conversion was determined by the
following formula:

25 1%106) —. ‘ i s y - *100
[(1*10 ) - (A*18)] :

where A = &acidity in mllliequivalents/kg (as
determlned above)

B = the molar ratio of glycol: diac1d
30 MW = molecular weight

EXAMPLES 1-9. DIRECT ESTERIFICATION OF A DIACID AT
VARYING GLYCOL:DIACID RATIOS AND
CONTROLS .

Examples 1-7.5 relate to various examples of
the process of the present lnventlon whereln the ratio
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pék nol e of the diacid, said neat catal yst conpound being selected fromthe
group consisting of organo-titani-um organo-tin, and organo-zirconi um
conpounds and (d) reacting the reaction m xture, at atnospheric pressure,
"at -an average reaction tenperature rangi ng2lpetween 190[err]C to 200[err]C
for a period of time no |longer than seventy mnutes fromthe tine at which
the‘cat al yst @mr@iwladﬂadmod&lmetreacumeamhxbwampw tagignati vel y, and

with simlar fesihs ehlC1 58611 QBnflotlt VIR 105 -BueRAed oy batch-wi se
Examples Cl1-C2 are control.examples. The compositions
are described in TABLE IA, below. The results are
5 reported in TABLE JJA, below. Example Cl was a
control example wherein no catalyst compound was used
in the process. Times reported are measured from the
~time catalyst was added to the reaction'mixture,
unless otlierwise specified. The percent of diacid
10 ends esterified after sixty minutes was 71.8. 1In
.Example C2, the ratio of élycol:diacid was 1.5:1 and
the percent of diacid ends esterified after sixty
minutes was 93. In Examples 1-5, the ratio of
glycol:diacid was varied from a minimum of 2:1 to a
15 maximum of 5:1. Catalyst compound was the same for
Examples 1-5. In each case, after only a 30 minute

' reaction time, greater than 95% of the diacid ends
were esterified. For Examples 2-5, greater than 99%
of the diacid ends were esterified after only a 20

20 minute reaction time. In Examples 6 and 7.5, the
catalyst compound was varied. Greater than 95% of the
diacid ends were esterified within a 60 minute
reaction time. ' : _

_ Examples 8-9 and C3-C4 relate to various

25 examples wherein the glycol component was ethylene

d . glycol. The ;,compositions are described in TABLE IA,

i below. The results are detailed in TABLE 1IB, below.
In Examples C3-C4, the catalyst added waS'tet:aputyl
titanate in an ethylene glycol solution. The acid

30 conversion after eighty minutes was 76% for Example C3

v and 84% for Example C4. In cdntrast, for Examples 8

and 9, the catalyst was added neat and 'in both cases,
greater than. 95% of the diacid acid ends were
converted within seventy minutes.

35

\
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and the catal yst conpound
be essentially conplete within seventy m nutes

the ethylene glycol,
prior to reaching the reaction tenperature range,

t he di aci d,

.e.,

beé ni xed toget her
whi ch case the reaction w |l
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polycondensed .to PET, or otherw se ?reated by standard technlques to form
hi gh mol ecul ar melght poI*HE e d 5 d in the process of
-the present invention |s'pre#gr;%Fy—iéﬁ%gégﬁﬂggLigéggég%|Iy, al i phatic or
aromatic in nature. f su t c di onen |nclude
es of %&&Egk%gpallpggi
aci d, ecane

|sophthbllc acid .and t@iﬁgm aI|c acl

di aci-d conmaent s incl uggiadhpic aci

acid. The preferred diacid conpon&n s are adliprc acid an er epht ha |c
acid with ahedthost prefevsed being terephthalic aci dzai1sHadi acid qnnponent

may alsok3561n1xture of egore t han one %ﬁ&yatlc dIaqu7 555 235
) 1 60 227 222-254 241
2 66 217 217-243 236
3 65 _ 225 . 222-237 231
4 60 218 218-237 231
5(5) 80 : 67 196-237 . 228
6 80 ' 224 _ 221-237 - 232
7 80 | 202 © 202-229 214
7.5 60 o221 221-239 229
c3 80 194 194-201 198
c4 80 194 193-202° 198
8 80 196 195-204 199
9 80 - 197 197-205 200
10 17 225 217-235 224
11 17 223 219-234 224
12 18 223 221-230 227
cs 80 184 184-197 190
13 9 : 216 214-218 216
14 9 _ 224 218-224 220
15 11 226 220-226 222
17

15 ' 214 214-227 - 220

.

(1) measured from time of catalyst addition to time heat
source was removed from reaction flask ’

(2) 1owest and highest temperature recorded from time catalyst
was added until the heat source was removed

(3) average of values recorded. from time catalyst was added

~_ until the time the heat source was removed

(4) data reported from the first recorded reaction temperature
(215°C) ({5 minutes after heat was applied] until heat

? source was removed

4 (5) a11 components were charged to the reactor before heating:;

o . the time reported is measured from when heat was applied.

eet Has Been Replaced

B[]



s
-

more than one aliphatic diacid. It further can be a m xture of an aronmatic
diacid and an aliphatic diacid. 2Bhe diacid conponents useful in the present
i nvention are comercially available or can be prepared by techni qgues known
*inthe art. It is believed that the direct esterification of the diacid
conponent proceeds as the diacid conponent dissolves in-the glycol
conponent. Such dissolution is facilitated as the surface area of the
diacid conponent is increased. One way to increase the surface area of the

dlaC|d ongnty i & t9 decrease the particle size of the diacid conponent.
VWil e i |, n,qt (pege§§a§,;y p: 0] tgeupll,gm d corrponent to have
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10 a very snall partlcle size in order for the reaction to proceed,
be advant ageous to grind the diaci @4conponent to smaller particles.
dugted with suf

Sllng aat of the req

1, 4- but anedi ol

A

as a

Further, the process should be c
the diaci-d conponent fcrnwset
conponent used in tH& Bro@ssTof the present invg
1, 4- but anedi ol or et{hyl ene gl ycol.
avail abl e chem cal. |It can be used al one or
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76.4
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C3

26.2 46.3 11.6 65.3
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62.8 85.2

57.4 72.1 70.5 31.0 18.3

C4

43.6 . 80.4 86.7 87.1 -98.9

58.1

55.7 54.3 84.4 90.1 87.9 /100 -

43.3

ND = none detected
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pr-qvi ded that the 1,4 -butanediol conponent is the dom nant conponent in
the m xture. Ethyléne glycol is a commercially available, polyner grade.

- chemcal. It can be used alone or as a mxture with other diols provided
that the ethylene glycol is the dom nant conponent in the m xture. Both
1, 4-butanediol and ethylene glycol, if not oB®Bai ned from commrer ci al

'sources, can be prepared by techniques readily available to those skilled
inthe art. E#AH§L@ Brifnd2 dlrgggsggﬁypﬁFTP t PEGRDE GOPVERSIQN, EVEBRY

_process of the ' - nent
(or_rComponents) to the diachd,GaTRANSH 15" SRMHBRCHLEL rTHRY el frich O
the reaction vessel every two minutes to monitor the

5 progress. of the reaction. The results are reported in
TABLE III, below, and.the-compositions'are'reported in
TABLE JA, above. After only fifteen minutes, greater
than 95 percent acid conversion was achieved for each
exanmple. '
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preferably It is between 4:1 to 6:1, and nost preferably it is about 5:1.
A nolar ratio of glycol to diacid of greater than 6:1 is expected to yield
. the sane type of results obtained with nolar ratios of glycol to diacid
‘tTanging between 3:1 and 6:1; howev@f, with current techniques, it may not
be practical to proceed with such an excess of glycol due to the tinme and

effort that uld be required to separate the unreacted 11 gl ycol, which
was in ex¢esd, ﬁror’ﬂthe digrect, esterification reaction product.
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L)

The.catal yst conpound used in the process of the present invention is
sel ected fromthe group consisting of organo-titanium organo-tin, and
- organo:- zi rconi um conpounds. Exanpl es of suitable catal yst conpounds include -
tetraal kyl titanates, especially tetrabutylzbltanate and al kyl stannic
acids,. especially n- butylstannlc acid, along with anhydrides of

al kyl stanni c EXAMPLESThe, pcsf er EFHECE! OFy TEMPERATURES ON REACTIONIL !
titanate and n;hutvlstannic aciBATEhe nost preferred catal yst conpound is
tetrabutyl titanate. For reactions wherein 1,4-butanediol is the dom nant
gl ycol conponent, the cafmlBxampdepdurfcteparted adddderoankde repaciticm

m xture as here) and Example CS5, the reaction temperature was

5 wvaried to determine the effect of temperature on
reaction rate. The results are reporﬁed in TABLE 1V,
below, and the compositions are reported in TABLE I,
‘above. In Example 4, the average reaction temperature
was about 231°C, as measured from the time the

10 catalyst compound was added. In Example C5, the
average reaction temperature was about 189°C. The
results show that if the average reaction temperature

is too low, the reaction proceeds much slower than
when the average temperature is in the range of 190°C
15 to 240°C.
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Y

a solution in, for exanple, 1,4-butanediol, or it can be ‘added neat. For
react\ohs wherein ethylene glycol is the dom nant glycol conponent, the
.catal yst conpound shoul d be added @#&t. The catal yst conpound can be added
si mul taneously with the diacid conponent and the glycol conponent or it can
be préeferably adde .ie t hg diacid conponent and the glycol conponent
have béen m xed todet Eer “andehave been heated to reaction tenperature or
near reaction tenpdratyre. TRe anount of catal yst conpound added to.the
process of the pre gﬁi @engi on ranges from 0.13x10[err] to 5.2x10[err]
nol es of catal yst und p® nole of the diacid conponent. Preferably, it
ranges from O. 13x“[er‘:] ° : _
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to 2,6x10[err] noles of catalyst conpound per nole of the diacid. cenponent.
Most préferably, it ranges from 0.39x10[err] to 1.7x10[err] noles of: 12
cat al yst conpound per nple of the diacid conponent. For best results, when
the gl.ycol conponent is 1,4-butanediol, the average reaction tenperature at
whi ch the process of the present invention sh@% d be conductéd ranges, at
at nospheric pressure, from180[err]C to 245[err]C, preferably from

220[ err] C to 23C{RMRIES vhanlbhe %ﬁ%@%ﬁﬁgVE S;gichogéFFERENT_TIMEs

In Examples 13-15, three reactions were run:

on identical compositions, said compositions being in
5 IABLE Ja, above. Each reaction was stopped by removing
heat after the time specified in TABLE V, said time
being measured from the time at which catalyst was
added to the reaction mixture, and then guenching with
ice. a saﬁple was collected for testing. The
results, as reported in TABLE V, show that greater
than 99% of the diacid ends were esterified after only.
11 minutes '

:!.0
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conponent is ethylene glycol, then for best results, the average reaction
tenperature at which'the process ofgthe present invention should be .

. conduct ed ranges, at _atnospheric presSure from 190[err]C to 200[err]C. In
&i t her case, higher nperatures, which generally result in faster reaction
times,. can nost likely be tolerated if the process is conducted- under
pressure. \Wen 1, 4- b anedi ol it_the.glycol of choice, and further when the
‘reaction is conduct®ufur®ler pressure, it is recommended that the average
reaction tenperatur otmexeeedn270[ err] C. Further, when the process is
conduct ed under pre rd; i® i of course, dvantageous to provide a neans
by which water that i5$ generated during the direct

S
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ACID CONVERSION IN SIMULTANEOUSLY
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esterlflcatlon reaction can be renoved. The reaction of the process of the
présent invention may be conducted by any of several known nethods. The

. preferred nethod of carrying out the reaction process is by use of a batch

‘reactor. In such a case, the diacid conponsmt and the glycol conponent

woul 8. preferably be added sinultaneously to the batch reactor at heated,
with stlrrlngthaﬂEr&ﬁunluﬁaswmﬁuEHTuOE THE, PERCENFAGEV OFy BDOhe gl yco
conponent wo ; Rot FHFr eactor _heated to near reaction
tenperature, and

In Examples 16A—160, the percentage_of
butanediol converted to THF was measured. '
5 Measurements were made 6n the distillate collected
from the reaction. The distillate was collected
| throughout the reaction, until the reaction was
1 complete. The compositions are described in TABLE IA,
above. The results are reported in TABLE VI, below.
10 The percent BDO that'waé converted to THF was
determined by standard gas chromatography on the
distillate that was collected during the reaction.
The distillate contained mostly water, BDO, and THF.
From the results of the gas chromatography on the
15 distillate, the percentage of THF in the distillate
was determined. The percentage of THF in the
distillate was converted to moles of THF. The weight
of the BDO, as initially charged into the reaction
vessel, was converted to moles of BDO. The percentage
20 of BDO converted to THF was determlned by the
following formula:

noles THF (100%) = $ BDO to THF
moles BDO

The results, as reported in TABLE VI, show that 1éss
'25 than 5% of the BDO was converted to THF.

o il
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13 then the di aci d conmponent woul d be added to the batch reactor. The
cat'al yst conpound can be added to the reactor with the initial charge of
reactants. Preferably, it is added after the diacid conponent and the

‘gl ycol conponent have been m xed together and heated to the reaction

tenperature or near the reaction tenperature. The reaction mxture should
be thgg Highby and consgtantly agitated to insure maxi mum conversion. \Wen
t he glg/ | <onPBondnt s 1, 4-butanediol, the direct esterification reaction

is essemiiakl yoconrpl ebe within one hour and in nost cases., is essentially
- conpl & within 20 minutes. \Wen the gl ycol conponent is et hyl ene gl ycol,
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esterification reaction is.essentially conplete wi thin seventy ninutes.
Onée the direct esterification reaction, as done in the batch reactor, is
. essentially conplete, the resultant product can be isol ated by st andar d
techniques or it can be further mxed or reacted with other materials by
standard techniques or it can be.polycondens@d to a high nol ecul ar wei ght
pol ymer by standard techni ques. As an exanple, the resultant product, nade
froma d|aC|dEﬁﬁﬂﬂLﬂ-bﬂtan?@i&pON@@WSBQIQQIF@bﬁﬁ@ﬁ§€dE§FE£%FIﬂATIQNthree
met hods descr i-bed ETHONS C
polynerlzatlon S conducted I n : .
In Example 17, 6.36 grams TPA and 16.84

- grams BDO were charged into a stirred reaction vessel

5 at atmospheric pressure. The components were stirred
and the resultant reaction mixture was heated with an
0il bath having an initial temperature of about 268°C.
After 10 minutes, when the bath temperature was about
250°C, 0.445 ml of catalyst A was added. |

10 Approiimately 19 minutes thereafter, pressure wvas
reduced from atmospheric to 144 mm'Hg. over the next
approximately 56 minutes, the pressure was reduced to
1 mm Hg and the reaction was stopped about 75 minutes
after the catalyst was added by lowering the bath and

15 breaking the vacuum with nitrogen. The product
resulting therefrom was a high molecular polymer. The
inherent viscosity of the polymer was 0.50. It was
measured by dissolving O.i g of polymer in 100 ml of
m-cresol at 30°C. An inherent viscosity of 0.50.

20 corresponds to a welght average molecular weight .of
about 33,300 and a number average molecular weight of
about 16,650. This example illustrates that the direct.

e esterification product can be polycondensed to high
molecular weight polymer. '
25 '

30
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the"ff'fsarre batch reactor that contains the direct 'esterific i~ t

| east 235[err]C, preferably 250[err]C to 260[err]C, and ra

Spécifically, the tenperature inside the reactor would be { lsed to at'
" »the pol ycondensation polynerization is cgqplete. Tenperatu ,

Wi g

than 260[err]C are acceptable for the polycondensation polymerizati8n énly

i f the polymer being produced wll

not degrade at such tenperature. The

pol ycondensetagNspol yneri zati on shoul d be conducted with vacuumin order to

15

20

25

10

1. A process for directly esterifying greater than 95

percent of the acid ends of a diacid comprising the steps

of:

(a)

(b)

(c)

(d)

mixing the diacid with (i) 1,4-butanediol
or ('ii') ethylene glycol at a (i) or (ii):
diacid molar ratio of at least 2:1 to form
a reaction mixture,

heating the reaction mixture to about 180°C,
adding to the reaction mixture before or
after step (b) from. 0.13x10™> to 5.2x107°
moles of a catalyst compound per mole of the
diacid, said catalyst compound being
selected from the group consisting of
organo-tin, organo-titanium, and organo-
zirconium compounds, and also said catalyst
compound, in the case of (ii), being neat,

- and

reacting the reaction mixture, if at
atmospherid pressure, in the case of (i) at
an average reaction temperature ranging from
is_of’c to 245°C for a period of time no
longer than sixty minutes, or in the case
of (ii) at an average reaction temperature
ranging from 190°C to 200°C for a period of
time no longer than seventy minutes, from

the time at which the catalyst compound is -

added to the reaction mixture, to form a
directly esterified diacid product.

This Sheet Has Been RTlac'ed
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renove unreacted glycol conponent and al so egsentialIyigrrsa?“fﬁé4g%yeeL__
that i's produced during the pol ycondensation polynerizaywmw ' In a
éomrerci al application, where higher tenpergiures may b ”Q(mymzﬁl,“m er

he

" “to genmove the unreacted glycol component -or the glycol génefate
pol ycondensati on reaction, it may be advantageous to include heat

exchangers, or other additional devices that are capable of providing extra

heat, on the Batch pPrsaess ferfdirefilyrester bt N9 STrateE BheBh%Peact or

or attached tpereent ¥ tHe adbdtenaehengerdiasidiecétirDeisg tract or nmay
bexdlsadvantaggggg %che t he hi gh nol ecul ar wei ght pol yner may be di'ffjcult
to renove the m< = *

5 (a) mixing the diacid with 1,4-butanediol

at a 1,4-butanediol :diacid molar ratio
of at least 2:1 to form a reaction
. mixture,
_ (b) heating the reaction mixture to about
10 180°C, L _
(c) adding to the reaction mixture from
" 0.13x10~3 to 5.2x10~3 moles of a
_ cataiyst compound per mole of the
i diacid, said catalyst compound being
15 ' selected from the group consisting of -
organo-tin, organo-titanium, and
organo-zirconium compounds, and
(d) reacting the reaction mixture, at
Atmospheric pressure, at an'average
- 20 i reaction temperature ranging. from 180°C
to 245°C for a period of time no longer
than sixty minutes from the time at
which the catalyst compound was added
to the reaction mixture to form a
25 '~ directly-esterified diacid product.
' 3. A process for directly esterifying
greater than 95 percent of the acid ends of a diacid
cohprising the stéps of: : _
(2) mixing the diacid with ethYlene glycol
30 ‘an ethylene glycol:diacid molar ratio
of at least 2:1 to form a reaction
mixture,
(b) heating the reaction mixture to about
180°C, - |
35 (c) addjng_to the reaction mixture from

This Sheet Has Be, :
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The gl ycol can be collected and recovered fromthe batch reactor in
accordance w th known.techni ques and can further be recycleiﬂnﬂ"m

.reactor by standard techniques. Alternatively, by the secon mum, ﬂ””",
pol ycéndensati on pol ymeri zation is conductedsgy followi ng a Senf-cbntd nusous

process. In such a case, a batch reactor is used as. descr.i bed previously

f or naklng t he product of the dlﬁgghoestgblglgggooﬁ melek of aehmgﬂn
1, 4-but anediol and a diacid. At t he .di rect ;sterl cat|0n

0
reaction, the entire direct esF@%PﬁV§§tFHWPP839tP85 RetELPE 1t he bat ch
reactor is passed through a heataeidjasgdd aead banpéyatucempbumuout

100[err]C to 150[err]Cin ordege&%g selected from the group
5 - consisting of organo--t:.n_,=
organo-titanium, and organo-zirconium
compounds, and
(d) reﬁcting the reaction mixture, at
atmoépheric pressure, at an average
10 reaction temperature ranging from 190°C °
K : to 200°C for a period of time no longer
than seventy minutes from the time at
which the catalyst compound is added to
_ the reaction mixture to form a directly
15 _ o esterified diacid produc}.
4. The process of Claim 2/wherein the
catalyst compound of step (c) is added during _step (a)
to form the reaction mixture. |

20
5. The process of Claim 1, 2, 3 or 4
whereln the diacid is selected from the group.
consisting of aromatic diacids and aliphatic diacids.
25 6. The process of Claim 5 wherein

the-diacid.is terephthalic acid or adipic acid.
7. The process of Claim 1, 2, 3 or 4
wherein the diacid is terephthalic acid. -
of Claigs 1 _to 7
8. The process of any one/wherein the
"30 catalyst compound is tetrabutyl titanate or

n-butylstannic acid.

35
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15 cool t he dlrect esterlflcatlon reacti on m xture. Cooling “
mxture woul d be necessary in order to reduce any side react mg Bm "l
_conver5|on of butanediol to THF, that can occur when the n1x

& high tenperature. The cool ed direct esterlgbcatlon reaction mxture then

flows into a storage apparatus, such as a sufge tan;&%£r0n1mh|ch it woul d

continuously flow out of §uchTﬁ8psEgEg%sagq 5“? °§e Fi %E@l#%é@

desi gned for a continuous”process; suc
' | - of (1) or (ii):diacid ranges from 4:1 to 6:1.

10. The process of Claim 2 wherein the
average reaction temperatdre ranges from 220°C to
230°C. of Claims 1 to 10

11. The process of any one/wherein the

10 amount of the catalyst compound added is from
0.39%10-3 to 1.7x10-3 moles of catalyst compound per

mole of dla01d.

15
12. The process of Claim 2 wherein the
reaction mixture is reacted for a period of time no
longer than thirty minutes. ' .
20 13. The process of Claim 2 whereln the
reaction mixture is reacted under pressure at a -’
temperature no greater than 270°C.
14. The process of Claim 3 wherein‘the
reaction mixture is reacted under pressure. _
Claims. 1 to 14
25 1S. The process of ‘any one of / further.

comprising the step of polycondensing the directly
esterified diacid product to high molecular weight

' polymerx. .
Claims 1 to 14
16. The process of any one of / further
30 comprising the step of further reacting the directly
esterified diacid product to form a copolyetherester,d
' 17. A semi-continuous method for directly
esterifying a diacid with a glycol in the presence of
a catalyst compound selected from the group consisting
35 of organo-tin, organo-titaniﬁm,'and organo-zirconium

i
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evapor at or, mhereln t he cooled reaction m xture would be heated—ffrf&—+{ﬁﬁ%———
235[ery] C, preferably 250[err]C to 260[err]C,. under vacuum

_redction mixture woul d be pol ycondensed to hi gh nol ecul ar ﬂ ﬂ, ,MM}”"’
Buri-ng the pol ycondensation pol ynerization, the unreacted g

and ‘any glycol generated during the pol ycondessati on pol ynerization woul d

be si nul taneously renoved and col |l ected. The collected glycol can be
recovered by ampmﬁbuhagﬂéﬁdkﬂ@Mﬂpatyboddeasdngahhberﬁsuﬂtaﬂtmﬂite¢mto t he

ol tornati ve, 1 REsarciTRetEa. ToRCFEPfner SRR RUERr B, e b ¢

(a) preparing a reaction mixture by mixing
5 the diacid, the glycol, and the
catalyst together and heating to a
reaction temperature of at least 180°C
or alternatively, preparing a reaction
mixture by mixing the diacid and the

10 glycol together, heating to a reaction
temperature near 180‘C, and adding '
thereto the catalyst compound in a
batch reactor,

- (b) reacting the reaction mixture at an

15 ' éverage_reaction temperature ranging
between 180°C to 245°C at atmospheric
pressure until greater than 95% of the
acid ends of the diacid are directly

. estefified,

20 (c) passing the reacted reaction mixture
through a heat exchanger at a
temperature of about 100°C to 150°C in
order to coel said mixture, '

(d) passing the cooled reaction mlxture

25 C into an apparatus that prov1des storage
capacity and that allows for continious
outflow of the reaction mixture,

(e) passing the reaction mixture from the
storage apparatus into a heating

30 N apparatus where the mixture is heated
to at least 250°C, under vacuum, and
polycondensed to high molecular weight
polymer or passed into a separate
apparatus for polycondensation.

\TT\\\§§§=:::::::::7
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by. follomnng a.continuous process "In-such a process, the conponents
(disaci d, 1, 4-butanediol, and catalyst) are continuously fed into a first
shlrred react or having an average reaction tenperature rangi ng between
180[err]C to 245[err]C. The conponents are sigrred to formthe direct:
esterification reaction mxture. The direct esterification reaction _

m xt'ure, which contains both unreacted diacid conponent and unreact ed 16
gl ycol component, along with direct este&iitﬁatlon reaction product; then
flows from :

. PROCESS FOR INCREASING THE DIRECT
ESTERIFICATION REACTION RATE OF

[ A DIACID WITH A GLYCOL .
ABS CT OF THE DISCILOSURE

A process for increasing the direct

esterification reaction rate between a diacid and
1,4-butanediol and for diréctly esterifying greater

10 than 95% of the acid ends of the diacid by mixing in
any order the diacid, the 1,4-butanediol and a
catalyst compound selected from'organo-titanium,
organo-tin, and organo-zirconium compounds, to form a
reaction mixture wherein the ratio of diol:diacid is

15 at least 2:1 and then reactihg the reaction mixture at
an average temperature ranging between 190°C to 240°C
for a period of time no longer than sixty minutes. The
same process may be followed substituting ethylene
glycol for 1,4-butanediol, provided the catalyst

20 compound is added neat, further provided that the .
average reaction temperature ranges from 190°C to
200°C, and also provided that the reaction mixture be
reacted for a period of time no longer than seventy

- minutes. The product resulting from this proéess.may

25 Dbe polycondensed or further treated to form a high

molecular weight polymer. |

-
.
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ROCESS FOR INCREASING THE DIRECT
ESTERIFICATION REACTION RATE OF
A_DIACID WITH A _GLYCOL

BACKGROUND

Technical Field

'significantly increa

Some high molecular weight polymers,
such as, for.example, polybutylene terephthalate
(PBT) pPolymers, polyethylene terephthalate
pPolymers (PET), and copolyetheresters, are
synthesized from the product obtained from the
direct esterificdtion of a diacid, such as
terephthalic acid, with a glycol, such asg
1,4-butanedio] Or ethylene glycol. fhe direct
esterification reaction has been known to take as
long as 3 to 4 hours to complete. fhis long

hydroxybutyl end groups into tetrahydrofuran
(THF) . Hydroxybutyl end groups are generated when
the acid ends of a diacid are esterified with
1,4-butanedio]. A faster reaction time jis thus
desired in order to reduce the amount of THF
generated during a direct esterification reaction
between a diaciq and 1,4-butanedjoi.

The prese f-%gvegtﬁgn;iqﬁréiaﬁzdﬁio
zgiﬂé the'direct lﬁ'ﬁfﬁ?

esterification reaction rate of a diacid with a

glycol, particularly ‘with 1,4~-butanediol or

ethylene glycol. More specifically, the present
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pofycondensed to high nol ecul ar wei ght polymer. The E
-recovered and recycled by standard techni ques. It 4R

t he process of the present invention, other additi\es

nodifiers, such as antioxidants, that are conmonly [uged 8 NOWH96PT

may be included. EXAMPLES In the foll ow ng exanpl eq
speci fic enbodi nents of the present invention and

enbodi ments of control experinents whepe one or nor

-t i ¢

[ACENFRGIORER .

, I ngredients|

cesses

there are sho
i ' wth

e of the paranetels

di scussed above was chosen outside the range defining the imts of the

‘invention is a process wherein greater than 95%
of the acid ends of a diacid are directly
esterified by a glycol, particularly by
1,4-butanediol or ethylene gylcol, in less than
seventy minutes. Further, when 1,4~butanediol is
the glycol used in a direct esterification
reaction, the present invention provides a
process whereby less than 5% of the
1,4-butanediol is converted to THF during said
reaction. The product of this process can be
| polycondensed to form a high molecular weight
polymer, such as PBT or PET, or it can be further
reacted to prbduce other types of high molecular

weight polymers, such as, for example,
copolyetheresters.

Description of Related Art
| U.S. 4,680,376 discloses a process for
the continuous production of PBT by the direct
esterification of terephthalic acid with
1,4-butanediol in the presence of tin- or
titanium—containing.catalysts, followed by
polycondensation of the direct esterification
product. The direct esterificatién.reaction nust
be conducted under pressure and at'temperatures
between 225°C and 260°C. The molar ratio of
1,4-butanediol to terephthalic acid is 2 to
3.8:1. There is no example showing that greater
than ninetf-ftve percent of the acid ehds of a
diacid are diréctly esterified in less than
seventy minutes at atmospheric ‘pressure.
East German Patent,241 B26- discloses a
process for preparing PBT by esterification of
 terephthalic acid with butanediol, followed by
subsequent polycondensation. The esterification
reaction times disclosed are at least 90 minutes



e

present invention. All parts and percentages are by wei ght and all.
tenperatures are in degrees Celsius unless otherw s F@:ﬁﬂ@fSﬁpﬁli

Measur enent s 17 not originally in SI units have gg

rounded where appropriate. The conpositions of the ¢x 88(§F@§

a glycol conponent, a diacid conponent, and, in nost dast&N é
conpound. The di acid conponent was one of the follow ng: TPA = conme
grade terephthalic acid 3

and butanediol losses via conversion to THF are
reported at 6-11 percent. . Further, the reference
is focused on increasing the polycondensation
reaction rate, not on increasing the direct
esterification reaction rate.

U.S. 4,049,635 discloses a process for
preparing a polyester by transesterifying
1,4-butanediol and at least one dialkylbenzene
dicarboxylate in the presence of a tetraalkyl
titanate catalyst and then polycondensing the
transesterification reaction product to high
molecular weight polymer. The '
transesterification. reaction is conducted over a
period ranging from 75 minutes to 3 hours.

- British patent specification 1,320,621
discloses a process for the production of
fiber-forming poly(tetramethylene terephthalate)
comprised of the following three stages: (1)
direct esterification, (2) vacuum letdown, and

- (3) polycondensation. The direct esterification
step occurs over a 2 to 8 hour period, under
pressure.

Japanese kokai patent no. 76-37187
discloses a method for manufacturing polyester
which . involves esterifying terephthalic acid and
1,4-butanediol and then subsequently
polycondensing the esterification product to form
polyester. _ '

Japanese kokai patent no. 87-225521
discloses a method for manufacturing PBT which
involves an esterification reaction, said
esterification reaction being between a
dicarboxylic acid component and a glycol
component. The molar ratio of 1,4-~-butanediol to
terephthalic acid should not exceed 1.5:1.



AA = commercial grade adipic acid The glycol conpon ong RECY
follow ng: BDO = 1, 4-butanedi ol (technical grade, g RFPEACE“ WSS?S@bpure)
EG = ethyl ene glycol (greater than 99% pure) The catja onponent ‘was one
of the following: A =5 weight percent tetrabutyl 'taqgt rp@&nanedlo

B = tetrabutyl titanate (neat) C = n-butylstannilc

= aqi neat ) D« g— 5
wei ght percent tetrabutyl titanate in ethylene glycof. 1
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Although each of the above references
disclose a process for esterifying a diacid, none
disclose the particulars of the present
invention. Further, for those cases where the
glycol used is 1,4-butanediol, there is no
process disclosed wherein less than 5 weight

. percent of the 1,4-butanediol used in the
reaction is converted to THF.
SUMMARY OF THE JINVENTION

The present invention relates to a
process for inéreasinq the direct esterification
reaction rate between a diacid and either .
1,4-~butanediol or ethylene glycol. It has been
discovéred by the present invention that greater
than 95% of the acid ends of a diacid can be
esterified in less than seventy minutes, most
preferably in less than twenty minutes, when the
diacid and either 1,4-butanediol or ethylene
glycol are mixed together in a molar ratio of
diol or lecol:diacid of at least 2:1 and are
reacted in the presence of fron 6;13x10‘3 to
5.2x1073 moles of a catalyst compound per mole of
the diacid, said catalyst compound being selected
‘from the group consisting of organo-titénium,
orgéﬁo-tin; and organo-zirconium compounds. The
reaction temperature when 1,4-butanediol is used
ranges, on average at atmospheric pressure, from
180°C to 245° c.!The reaction temperature when
ethylene glycol is used ranges, on average at
atmospheric pressure, from 190°C to 200°C. Higher
average reaction temperatures can be tolerated
if the reaction is conducted under pressure.

The catalyst compound should be added neat
vhen ethylene glycol is the dominant lecol
component used in the reaction. The product of



E = 75 weight percent tetrapropyl zirconate in propyl—acohol Linless
_ specified otherwi se, all exanples were run by charging ﬁﬁﬁ&gﬁﬂg@ﬂN§Qﬁ§§ﬁh
and the diacid conponent into a round bottom fl ask equijpped—wttr—a
condenser, thernoneter, stir bar, and distillate colledti ng1§rﬁ§¥1éz§ oride
to create a reaction mxture. TABLE | A, below lists thg 3 t ch
conponent used for each exanple. A slight flow of nitrdgdn.was provided t
protect the reaction mxture from oxy®en. The reaction |m xture was

the direct esterification reaction has use in
that, for example, it can be further reacted to
form a high molecular weight polymer, such as a
copolyetherester, or it can be polycondensed to a
high molecular weight polymer, such as PBT or
PET. .

ETAILED DESCRI ON OF THE NTION

This invention is related to
increasing, and thereby improving, the rate at
which a diacid is directly esterified by a
glycol, particulafly 1,4-butanediol or ethylene
glycol. Such an increase in the rate at which
the direct esterification reaction proceeds is
desired in order to reduce the amount of
undesirable side reactions that can occur. For
example, when 1,4-butanediol is the glycol used,
a side reaction that can occur is the conversion
of hydroxybutyl end groups into THF. It is
desired to reduce the degree to which this side .
reaction occurs and to .thereby decrease the _
amount of THF generated from these hydroxybutyl
end groups. Correspondingly, as the degree to .
which this side reaction occurs is decreased, the
amount of 1,4-butanediol that is recoverable from
the reaction will be increased. The direct
esterification reaction product is useful as it
can be polyéondensed or otherwise treated to
Yield a high molecular weight polymer, such as
PBT, PET, or a copolyetherester.

- Specifically, the present invention
provides a process for significantly increasing
the direct esterification reaction rate between a
diacid component and a glycol component wherein

the glycol component is either 1,4-butanediol or
ethylene glycol. :



18 then stirred and heated in an oi
Unl ess specified ot herw se,
reaction tenperature.

'he catal yat compound wRIBLACHMAL bATEL

The specific tenperature at whHi dh the catal yst

> |

conpound was added for each exanple is detailed in TABLE]8INEV B8%6ow; After

t he catal yst conpound was added,

bel ow,
sai d

the tenperature of j{tHe reaction wag
mai ntai ned wthin the range detailed in TABLE | B, bgl

range reported includes the tenperatur@® at which thd
added for each exanpl e unless stated ot herw se.

metammahre
cat al yst conpound was
Al so reported in TABLE I|B,

S the average tenperature of the reaction m xture for each exanple

More specifically, the present
invention provides a process whereby the direct
esterification reaction between a diacid and
1,4-butanediol is *essentially complete® within
sixty minutes, preferably within thirty minutes,
and most preferably within twenty minutes after
the diacid, the 1,4-butanediol, and a catalyst
compound are mixed together at reaction
temperature, and further whereby the amount of
the 1,4-butanediol that is converted to THF is

less than 5 weight percent.

By the term

"essentially complete” it is meant that greater
than 95% of the acid ends of the diacid have been

esterified.

In accordance with this invention,

there is provided a process to increase the
direct esterification reaction rate between at
least one diacid and a 1,4-butanediol and to
directly esterify greater than 95% of the acid
ends of the diacid comprising the steps of:

mixing the diacid and the

1,4~butanediol in a molar ratio of
1,4-butanediol to diacid of at
least 2:1 to form a reaction

heating the reaction mixture to

(a)
. mixture,
(b)
about 180°C,
(c)

adding from 0. 13x10’3 to S. 2x1o-3

moles of a catalyst compound per
mole of the diacid to the reaction
mixture, said catalyst compound
being selected from the group
consisting of organo-tin,
organo-titanium, and
organo-zirconium compounds, and



aver age stafting fromand including the tenperature at
, compound was added to the reaction m xture and endi ng

otherwi se, all reactions were run at atnospheric pressurle.

T A
renmoved fromthe reaction flask, unless stated ot herwlisqg. Ug:e e
NGV 15905

ci
F:

reported fromthe tine the catal yst was added to the riegacti on_m xture,

unl ess otherw se stated. Sanples were extracted fromtihe reaction nedi um

periodi cally throughout the reaction. e tine reported. for each-extrasted

sanple is the tine that passed since the catalyst conmpound was added to the
:ggfghopop1xture, un1es§ SESSEdt8ﬁ£§”£&§§%iﬂgetﬁétE%SE&Q;E?”DIes wer e

mixture, at atmospheric pressure,
at an average reaction temperature
ranging from 180°C to 245°C for a
period of time no longer than
sixty minutes from the time at
which the catalyst compound was
added to the reactign mixture.
Alternatively, and with similar results, the
reaction mixture may be prepared in batch-wise
fashion: i.e., the diacid, the 1,4-butanediol,
and the catalyst compound may be mixed together
prior to reaching the reaction temperature range,
in which case the reaction will be essentially
complete within sixty minutes from the time the
reaction mixture reaches, and is maintained
within, the average reaction temperature range.
By either method, greater than 95% of the diacid
acid ends will have been esterified by the
1,4-butanediol within sixty minutes. The
resulting esterification product can be isolated,
polycondensed to PBT, or otherwise treated by
standard techniques to form high moiecular weight
polymer. '
| ‘The present invention also specifically
provides a process whereby the direct
esterification reaction between a diacid and
ethylene glycol is “essentially complete” within
seventy minutes:after a catalyst compound is
added to the diacid/ethylene glycol reaction
medium. The term *essentially complete” has the
same meaning as above, i.e., it means that
greater than 95% of the acid ends of the diacid
have been esterified. As such, and in accordance
with this invention, there is also provided a



dacidity by the potentionetric titration nethod desc
(0.6-0.7 granms) weighed to the nearest 0.0001 g, werie
war m (about 100[err]C) o-cresol. If the carboxyl |eV
be | ess than 10 neq COOH kg, 2.0 g of sanple was uss
sanpl e was di ssolved, 50 ml of o-dichl orobenzene was

REBLAGENBIT SHEET 4
I ssolved in %0 im of

ells pBMNO\AMRS6ci patjed to
d.} When t he 19

geed—anmaTHhe Solluti on

was cooled to roomtenperature. After several mnutgs, 5 m of 10%l.i

hi um

chloride in nmethanol were added. A bl gpk control (B)
The sanpl e was

Was treated simlarly.

process to increase the direct esterification
reaction rate between at least one diacid and
ethylene glycol and to directly esterify greater
than 95% of the acid ends of the diacid
comprising the steps of:

(a) mixing the diacid and the ethylene

glycol in a molar ratio of

~ ethylene glycol to diacid that is
at least 2:1 to form a reaction
mixture, )

(b) heating the reaction mixture to

| about 180°C,

(c) adding from 0.13x10-3 to 5.2x10°3
moles of a neat catalyst compound.
per mele of the diacid, said neat
catalyst compound being selected
from the group coﬂsisting of
organo~titanium, organo-tin, and
organo-zirconium compounds, and

(d) reacting the reaction mixture, at
atmospheric pressure, at an
average reaction temperature
ranging between 190°C to 200°C for
a period of time no longer than
seventy minutes from the time at
which the catalyst compound was
added to the reaction mixture.

Alternatively, and with similar results, the

' reaction mixture may be prepared in batch-wise

fashion; i.e., the diacid, the ethylene glycol,

and the catalyst compound may be mixed together
prior to reaching the reaction temperature range,
in wvhich case the reaction will be essentially
complete within seventy minutes from the time the
reaction mixture reaches, and is maintained



ti'trated with 0.03 nornal pot assi um hydr oxi de i n et hanol . [y, :. A
Metrohm 636 Titro processor was used with a Bri nkman/ Met : HﬁkﬁﬂnﬁT

“and 10 ml burette as auxiliary equi pment. A Metrohm nodel conbinatloh'tA?Z
conbi nati on gl ass/cal onel el ectrode was used with the stgndarfi8ame {

potassiumchloride filling replaced by ethanolic |ithiumjchl oride. Acid én
group concentration was calculated as - follows: A [(CB)y * .
where A =terminal acidity in mlliequigval ents/kg C = th¢_anount of the
sanple titer (mM) N = the normality of the potassi um hydroxi de solUtiomn

within, the average reaction temperature range.
By either method, greater than 95% of the diacid
acid ends will have been esterified by the
ethylene glycol within seventy minutes. The
resulting esterification product can be isolated,
polycondensed to PET, or otherwise treateg by
standard techniques to form high molecular weight
polymer.

The diacid component used in the
~process of the present invention is preferably,
though not necessarily, aliphatic or aromatic in
nature. Examples of suitable aromatic diacid
components include isophthalic acid and
terephthalic acid. Examples of suitable
aliphatic diacid components include adipic aciq,
sebacic acid, and dodecanedioic acid. The
preferred diacid components are adipic acid and
terephthalic acid with the most preferred being
terephthalic acid. The diacid component may also
be a mixture of more than one aromatic diacid or
more than one aliphatic diacid. It further can
be a mixture eof an aromatic diacid and an
aliphatic diacid. The diacid components useful
in the present invention are commercially .
available or can be prepared by techniques known
in the art. - ' '

It is believed that the direct
esterification of the diacid component proceeds
as the diacid component dissolves in the glycol
component. Such dissolution is facilitated as
the surface area of the diacid component is
increased. One way to increase the surface area
of the diacid component is to decrease the
particle size of the diacid component. While it
is not necessary for the diacid component to have



S° the sanple weight (g) 1000 = units of g/kg. Acid Cunyersiums
_ determined by the following fornula: [(1*10[err])-(A*( ﬂﬂjﬁdgﬁﬁﬁ¥

glycol)]/2))] *100 [(1*10[err]) - (A*18)] where A =adidity In
m | liequival ents/ kg (as determ ned above) B = the nol & |r ajgNG¥ 1996
gl ycol : di acid MW = nol ecul ar wei ght EXAVMPLES 1-9. D
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to various exanpl es of the process of 1Phe present invention wherein the
ratio ‘ '

+=—~f-5-reliat e

a very small particle size in order for the

 reaction to proceed, it may be advantageous to
grind the diacid component to smaller particles.
Further, the process should be conducted with
sufficient agitation to keep the diacid component
from settling out of the reaction mixture.

The glycol component used in the
process of the present invention is either
1,4-butanediol or ethylene glycol. 1,4-butanediol
is a commercially available chemical. It can be
used alone or as a mixture with other diols,
provided that the - 1,4-butanediol component is the
dominant component in the mixture. Ethylene
glycol is a commercially available, polymer grade
chemical. It can be used alone or as a mixture
with other diols provided that the ethylene

~ glycol is the dominant component in the mixture.
Both 1,4-butanediol and ethylene glycol, if not
obtained from commercial sources, can be prepared
by techniques readily available to those skilled
in the art. .

' In order for the direct esterification
to proceed by the process of the present
invention, the molar ratio of the glycol
component (or -components) to the diacid component
(or components), must be 2:1 or greater,
preferably it is between 4:1 to 6:1, and most
preferably it is about 5:1. A molar ratio of
glycol to diacid of greater than 6:1 is expected
to yield the same type of results obtained with
molar ratios of glycol to diacid ranging between
3:1 and 6:1; however, with current techniques, it
may not be practical to proceed with such an
excess of glycol due to the time and effort that
would be required to separate the unreacted -



20 6f the glycol:diacid differed in each exanple and mheqﬁg

conponent was 1, 4-butanedi ol . Exanples Cl-C2 are control

conpositions are described in TABLE | A, below. The results ar %§§3§§%d hn

TABLE 11 A, below. Exanple Cl1 was a control exanple wherp

conpound was used in the process. Tines reported are neasg ed fromthe tjine
catal yst was added to the reaction m xture, unless otherw se specified. The
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percent of diacid ends esterified afterysgi xty m nutes was—4l.-8.—ln Exanpld
C2, the ratio of glycol:diacid was 1.5:1 and

glycol, which was in excess, from the direct
esterification reaction product.

The catalyst compound used in the
process of the present invention is selected from
the group consisting of organo-titanium,
organo-tin, and organo-zirconium compounds.
Examples of suitable catalyst compounds include
tetraalkyl titanates, especially tetrabutyl
titanate, and alkyl stannic acids, especially
n-butylstannic acid, along with anhydrides of
alkylstannic acids. The pfeferred catalyst
compounds are tetrabutyl titanate and
n-butylstannic acid. The most preferred catalyst
compound is tetrabutyl titanate.

For reactions wherein 1,4-butanediol is
the dominant glycol component, the catalyst
compound can be added to the reaction mixture as
a solution in, for example, 1,4-butanediol, or it
can be added neat. For reactions wherein ethylene
glycol is the dominant glycol component, the
catalyst compound should be added neat. The
catalyst compound can be added simultaneously
with the diacid component and the glycol
component'or'it can be preferably added after fhe
diacid component and the glycol component have
been mixed together .and have been heated to
reaction teﬁperature or near reaction
temperature. The amount of catalyst compound
added to the process of the present invention
ranges from 0.13x10"3 to 5.2x10-3 moles of
catalyst compound per mole of the diacia
component. Preferably, it ranges from 0.13x10-3
to 2.6x10"3 moles of catalyst compound per mole
of the diacid component. Most preferably, it
ranges from 0.39%10-3 to 1.7x10-3 moles of



the percent of diacid ends ésterified after sixty minutes was 93.

Exanpl es 1-5

, the ratio of glycol:diacid was varied fr Py os .
to a maxi nrum of 5:1. Catal yst conpound was the sane foﬁﬁaggﬁgﬁ'gﬁl-ﬁﬂhﬁp
each case, after only a 30 mnute reaction tine, greatgrjthan 95% of the

In

diacid ends were esterified. For Exanples 2-5, greater|tharf®R/d09% he
diacid ends were esterified after only a 20 mnute rea¢tfon tine.

Exanples 6 and 7.5, the catal yst conpod®d was varied. € _
the diacid ends were esterified within a 60 mnute reagtion tine. Exanpl

8-9 and C3- mdﬁa@hﬁsﬁ%m pband P mhEEe"BEr ehe Biacdld/col conponent was
et hyl ene gl ycol

In
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conp03|t|ons are described in TABLE I A,
component.

For best results, when the glycol
component is 1,4-butanediol, the average reaction
temperature at which the process of the present
invention should be conducted ranges, at
atmospheric pressure, from 180°C to 245°C,
preferably from 220°C to 230°C. When the glycol
component is ethylene glycol, then for best
results, the average reaction temperature at
which the process of the present invention shoulad
be conducted ranges, at atmospheric pressure,
from 190°C to 200°C. In either case, higher
temperatures, which generally result in faster
reaction times, can most likeiy be tolerated if
the process is conducted under pressure. When
1l,4-butanediol is the glycol of choice, and
further when the reaction is conducted under
pressure, it is recommended that the average
reaction temperature not exceed 270°C. Further,
when the process is conducted under pressure, it
is, of course, advantageous to provide a means by
vhich water that is generated during the direct
esterification treaction can be removed.

The reaction of the process of the
present invention may be conducted by any of
several known methods. The preferred method of
carrying out the reaction process is by use of a
batch reactor. In such a case, the diacid
component and the glycol component would
preferably be added simultaneously to the batch
reactor at heated, with stirring, near reaction
temperature, or, alternatively, the glycol
component would be charged into the batch

‘reactor, heated to near reaction temperature, and



bel ow. The results are detailed in TABLE 1B, bel oy
catal yst added was tetrabutyl titanate in an ethyl

acid conversion after eighty mnutes was 76% f or
Exanmple C4

W thin seventy m nutes. 21 [err]
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8 Ldiand 84 ofor
4. In contrast, for Exanples 8 and 9, the |cat ahgioywagsadded neat
and in both cases, greater than 95% of the diacid acid ggaéamere o nVerted

then the diacid component would be added to the
batch reactor. The catalyst compound can be
added to the reactor with the initial charge of
reactants. Preferably, it is added after the
diacid component and the glycol component have
been mixed together and heated to the reaction
temperature or near the reaction temperature.
The reaction mixture should be thoroughly and
constantly agitated to insure maximum conversion.
When the glycol component is 1,4-butanediol, the
direct esterification reaction is essentially
complete within one hour and in most cases, is
essentially complete within 20 minutes. When the
glycol component is ethylene glycol, the direct
esterification reaction is essentially complete
within seventy minutes.

once the direct esterification
reaction, as done in the batch reactor, is
eésentialiy complete, the resultant product can
be isolated by standard techniques or it can be
further mixed or reacted with other materials by
standard techniques or it can be.polycondensed to
a high molecular weight polymer by standard
techniques. As an example, the resultant product,
made from a diacid and 1,4-butanediol, can be
polycondensed by any of the three methods
described below.

By the 'first method, the _
polycondensation polymerization is conducted in
the same batch reactor that contains the direct
esterification product. Specifically, the
temperature inside the reactor would be raised to
at least 235°C, preferably 250°C to 260°C, and
maintained until the polycondensation
polymerization is complete. Temperatures higher
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22" TABLE | B. REACTI ON CONDITI ONS Total Rxn  Tenp. at \REPEHCEMENT pu il ‘.T
_Avg. Time(l) : Cat al yst Range( 2) Tenp. (B)

{mn.) Added ([err]C) ([err]C) ([err]C) C1 (4)18N0\I"i9%3

- 215- 237 c2 60 226

217- 255 235 1. 60 227 v vl 4e T S
241 2 66 217 217-243 236 3

65 225 222- 237 231 4 60

218 218- 237 231 5(5) 80 67

196- 237 228 6 80 224 221- 237

232 7 fHan 260°Cc are a8éeptable foMdwed 214~

polycondensation polymerization only if the
polymer being produced will not degrade at such
temperature. The polycondensation polymerlzatlon
should be conducted with vacuum in order to
remove unreacted glycol component and also
essentially all'6f the glycol that is produced
during the polycondensation polymerization
reaction. In a commercial application, where
higher temperatures may be necessary in order to
remove the unreacted glycol component or the
glycol generated during the polycondensation
reaction, it may be advantageous to include heat
exchangers, or other additional devices that are
capable of providing extra heat, on the batch
reactor, preferably on the outside of the batch
reactor or attached thereto. Usé of a heat
exchanger inside the batch reactor may be
disadvaptageous since the high molecular weight
polymer may be difficult to remove therefrom.'
The él&col can be collected and recovered from

- the batch reactor in accordance with known

techniques and can further be recycled back to
the reactor by standard techniques.
Alternatively, by the second method,’
the polycondensation polymerization is conducted
by following a semi-continuous process. In such
a case, a batch reactor is used as described
previously for making the product of the direct
esterification reaction between 1,4-butanediol
and a diacid. At the end of the direct
esterification reaction, -the entire direct
esterification reaction mixture in the batch
reactor is passed through a heat exchanger at a
temperature of about 100°C to 150°C in order to
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t2(%4ti rre. heat géﬁ?ééz\‘hﬁ'g roefrm%% é%%?ngﬁgg‘g%ﬁqg‘rgﬁggg{é&d ogecat alyst addition
necessary in order to reduce any side reactions,
such as conversion of butanediol to THF, that can
occur when the mixture is held at a high
temperature. The cooled direct esterification
reaction mixture then flows into a storage
apparatus, such as a surge tank, from which it
would continuously flow out of such épparatus and
into a standard apparatus designed for a
continuous process, such as a wiped film
evaporator, wherein the cooled reaction mixture
would be heated to at least 235°C, preferably
250°C to 260°C, under vacuum, ahd the reaction
mixture would be polycondensed to high molecular
weight polymer. During the pélycondensation
polymerization, the unreacted glycol .component
and any glycol generated during the
polycondensation polymerization would be
simultaneously removed and collected. The
collected glycol can be recovered by'any of
several known methods and can be fed backwards
into the reaction process for recycle by standard
techniques. _ N
Finally, as a third alternative, the
polycondensation polymerization can be conducted
by following a c¢continuous process. In such a
process, the components (diacid, 1,4-butanediol,
and catalyst) are continuously fed into a first
stirred reactor having an average reaction _
temperature ranging between 180°C to 245°C. The
components are stirred to form the direct
esterification reaction mixture. The direct
esterification reaction mixture, which contains
both unreacted diacid component and unreacted



(2) lowest and highest tenperature recorded fromti 'Ebﬁé&}@%{W@@q,@ﬂed
until the heat source was renoved (3) average of vajugs Tecordead-fEdnjtine
catal yst was added until the tinme the heat source s.rggg @9,$§§ dat p
reported fromthe first recorded reaction tenperatufej( ? r [b
mnutes after heat was applied] until heat source waslremved (5) alI{ .
conponents were charged to the reactor before heating; the tine reporjted is
measured from when heat was applied. 16 23 [err] ;

glycol component, along with direct
esterification reaction product, then flows from
the first stirred reactor into a second stirred
reactor having ﬁn average temperature of 180°C to
245°C, where the direct esterification reaction
continues. The direct esterification reaction
mixture from the second stirred reactor can, if
desired, flow into a third stirred reactor. The
direct esterification reaction will be
essentially complete in less than sixty minutes.
After the direct esterification reaction is
essentially complete, the direct esterification
reaction mixture next flows into one or more
apparatus, such as wiped film evaporators, where
essentially all of the unreacted glycol component
is removed and collected and where, if desired,
the direct esterification product is
polycondensed to high molecular weight polymer.
The collected glycol can be recovered and
recycled by standard techniques. '

It should be noted that in the process
of the present invention, other additives,
ingredients, modifiers, such as antioxidants,
that are commonly used in such processes may be
included. )

- EXRMPLES

In the following examples, there are
shown specific embodiments of the present
invention and ¢ertain comparisons with
enbodiments of control experiments where one or
more of the parameters discussed above was chosen
outside the range defining the limits of the
present invention. All parts and percentages are
by weight and all temperatures are in degrees
Celsius unless otherwise specified. Measurements
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every two minutes to nmonitor the progress of the rledct 18 ® rdsilits are

reported in TABLE |11, below, and the conpositions dre reported in TABLE
| A, above. After only fifteen mnutes, greater '
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' not originally in SI units have been so converted
and rouﬁded where appropriate.

The compositions of the examples each
contained a glycol component, a diacid component,
and, in most cases, a catalyst compound. The
diacid component was one of the following:

TPA = commercial grade terephthalic

acid

AA = commercial grade adipic acid
The glycol component was one of the following::

'~ BDO = 1,4~butanediol (technical grade,
greater than 99.3% pure)

EG = ethylene glycol (greater than 99%

pure)
The catalyst component was one of the following:
A = 5 weight percent

tetrabutyl titanate
in butanediol
tetrabutyl titanate (neat)
= n-butylstannic acid (neat)
‘D = 5 weight percent
tetrabutyl titanate
in ethylene glycol.
E = 75 weight percent tetrapropyl
zirconate in propyl alcohol
Unless specified oﬁherwise, all
examples were run by charging the gl&coi
component and the diacid component into a round
bottom flask equipped with a condenser,
thermometer, stir bar, and distillate collecting
flask in order to create a reaction mixture.
TABLE YA, below lists the amount of each
component used for each example. A slight flow of
nitrogen was provided to protect the reaction
mixture from oxygen. The reaction mixture was

Q w
o



than 95 percent acid conversion was achi eved for each examl e. 26 1
. 27 EXAMPLES 4, C5. EFFECT OF TEMPERATURE ON REACTI ON RY }@ﬁﬂﬁ&%ﬁ@T
(reported earlier and repeated here) and Exanple C5, 3 B
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t enper at ure was

18

then stirred and heated in an oil bath to near
reaction temperature. Unless specified othervise,
the catalyst compound was added at or near
reaction temperature. The specific temperature at
which the catalyst compound was added for each
example is detailed in TABLE.JIB, below. After the
catalyst compound was added, the temperature of
the reaction was maintained within the range
detailed in TABLE IB, below. The temperature
range reported includes the temperature at which
tﬁe catalyst compound was added for each example
unless stated otherwise. Also reported in
' TABLE IB, below, is the average temperature of
the reaction mixture for each example, said
average starting from and including the
temperature at which the catalyst compound was
added to the reaction mixture and ending when the
0il bath was removed from the reaction flask,
unless stated otherwise. Unless specified
otherwise, all reactions were run at atmospheric
pressure. All times are reported from the time
the catalyst was added to the reaction mixture,
unless otherwise stated. Samples were extracted
from the reaction medium periodically throughout
the reaction. The time reported for each
extracted sample is the time that passed since
the'catalysé compound was added to the reaction
mixture, unless stated otherwise.
The extracted samples were tested for

+  acidity by the potéhtiometric titration method
described belovw. Samples (0.6-0.7 grams) weighed
to the nearest 0.0001 g, were dissolved in S0 ml
of warm (about 100°C) o-cresol. If the carboxyl
levels were anticipated to be less than 10 meq
COOH/Xg, 2.0 g of sample was used. When the



varied to determine the effect of tenperature on reaction rate. The result
are reported in TABLE IV, below, and the conpositions

S
, e,nﬁ BLE
|, above. In Exanple 4, the average reaction tenperaturéfvggﬁggﬁﬁf S .J?

231[err]C, as neasured fromthe tinme the catal yst conpgund was added. i{Inp

Exanpl e C5, the average reaction tenperature was about 1E o[ $8 NQY 19Phe
results show that if the average reaction tenperature ilsitoo |ow, the
reaction proceeds nuch slower than when the average tenperatareé 1S I n the
range of 190[err] Cto 240[err]C. 20

sample was dissol#ed, 50 ml of o-dichlorobenzene
was added and the solution was cooled to room
temperature. After several minutes, 5 ml of 10%
lithium chloride in methanol were added. A blank
control (B) was treated similarly. The sample was
titratéd with 0.03 normal potassium hydroxide in
ethanol. A Brinkman Metrohm 636 Titro processor
was used with a Brinkman/Metrohm E635 Dosimat and
- 10 ml burette as auxiliary equipment. A Metrohm
model combination EAl120 combination glass/calomel
electrode was used with the standard aqueous
potassium chloride filling replaced by ethanolic
lithium chloride. Acid end group concentration
was calculated as follows:
A= [(C-B) * N + 1000}/S
where A = terminal acidity in
: milliequivalents/kg
C the amount of the sample titer (ml)
N = the normality of the potassium
" hydroxide solution
8§ = the sample weight (g)
1000 = units of g/kg.

acid conversion was determined by the
following formula:s

[(;*1061-(5 (MW dégc;g +_ (B*MW glycol}]/2)3)1 *100
[(1*10 ) - (a*18)]

vhere A = acidity in milliequtvalents/kg (as
- determined above)
B = the molar ratio of glycol:diacid
MW = molecular weight

EXAMPLES 1~9. DIRECT ESTERIFICATION. OF A DIACID AT

VARYING GLYCOL:DIACID RATIOS AND
_ CONTROLS

Examples 1-7.5 relate to various examples of
the process of the present invention wherein the ratio




[érﬂ

29 EXAMPLES 13-15. ACI D CONVERSI ON AT DI FFE
REACTI ONS I n Exanpl es 13-15, three reactions were ru
conpositions,

stopped by renoving heat after the tinme specified in

REPLAUEMENL dDIGLY

N heauv 4396
sai d conpositions being in TABLE | A, abpve. Each reactilo

ABLE——sard 11

bei ng neasured fromthe time at which catal yst was adfled to the reactio

m xt ure

and then quenching with ice. A sanple was co
The results, as reported in TABLE V, shgy that greater

of the glycol:diacid differed in each eiample and

wherein the glycol component was 1,4-butanediol.

Examples Cl1-C2 are control examples. The compositions

are described in TABLE IA, below. The results are

reported in TABLE IYA, below. Example Cl was a
control example wherein no catalyst compound was used
in the process. Times reported are measured from the
time catalyst was added to the reaction'mixture,
unless otlierwise specified. The percent of diacid
ends esterified after six;y minutes was 71.8. In
Example C2, the ratio of glycol:diacid was 1.5:1 and
the percent of diacid ends esterified after sixty
minutes was 93. In Examples 1-5, the ratio of

"glycol:diacid was varied from a minimum of 2:1 to a

maximum of 5:1. Catalyst compound was the same for
Examples 1~5. In each case, after only a 30 minute
reaction time, greater than 95% of the diacid ends
were esterified. For Examples 2~5, greater than 99%
of the diacid ends were esterified after only a 20
minute reaction time. In Examples 6 and 7.5, the
catalyst compound was varied. Greater than 95% of the
diacid ends were esterified within a 60 minute

" reaction time.

Examples 8-9 and C3-C4 relate to various
examples wherein the glycol component was ethylene
glycol. The ;compositions are described in TABLE IA,
below. The results are detailed in m&ggﬁ_z;g, below.
In Examples C3-C4, the catalyst added was tetrabutyl
titanate in an éfhylene glycol solution. The acid
conversion after eighty minutes was 76% for Example C3
and 84% for Example C4. In contrast, for Examples 8
and 9, the catalyst was added neat and in both cases,
greater than 95% of the diacid acid ends were
converted within seventy minutes.

STEFOR SIIMILAR
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16D, the percentage of butanedﬁ@,‘l}ﬁj&l
21

31 EXAMPLE 16. MEASUREMENT OF THE PERCENTAGE OF BDO CONVERTED TO

than 99% of the diacid ends were esterified after only 11 m nutes

Jerr]

THF I n Exanpl es 16A-

nmeasur ed.

= UOT3RIJULOUCD 8ATBIRD JO SITUN (1)

¢-01 X (PFOPYP atou/punoduod 3sATeILD saToU)

136 oLt ¥ W S¥v°O vdy v°9 " oad m“oﬂ . M”
136 0L°T ¥ T8 G¥¥0 - V4D VU9 oad 8°91 o
126 0L°T V.TQ §Yy°0 . VdI ¥°9 oad u”oﬂ T
1:6 0L°T ‘¥ TR SYP0  ¥4L ¥°9 oad m.oa o
16 oL°T Y ™ SY¥ 0 vdl ¥°9 nam a.oa | ®
Y- 60°T o bu g°8 vdy v°9 oag T*Lt
H“m oL°T g & £€20°0 ¥4y ¥°9 oad n”uﬂ “H
1:8 oL'T ¥ TR S¥¥°0 YdL v°9 oad o.wa :
1:$ ze*t g Tu 220°0 Vdl 2°8 o8 a.eu X
1:g | ze't O Bu 9°cT vaL 2°8 o3 n.mﬂ .
118 ze'T a u oov'o vl 28 9% 6°VI .no
T1g ze'1 a T« 0oy°0 vdl 2°8 o3 6°VT .
1:6 YARS g. b gzo'o Ydy v°9 ogd €°4T. A
116 6£°0 o Bu gT°¢ YdlL v°9 oad €°L1 L
13§ 60°T obu 8°8 vdy ¥'9 oad I°LT 9
1:6 09°1 ¥ T S¥y°o YW 0°9 oag 0°8T S
1ig oLt ¥ TW SY¥°0 VYL v°9 oag 8°ST v
1§17 A 2R ¥ W S¥Y'0  ¥dD S°L oad 8°ST €
1:t 8T°1 _ ¥ TW G¥Y°O ¥4l T°6 oqd ¥ ¥t (4
1:2 £6°0 ¥ M SYP°O ¥dl 9°TT oag 2°21 T
1:6°T 08°0 ¥ W SY¥ro vdl v €T oagd §°0t z0
136 - - YdlL v°9 ‘ oqd €Lt ..Mun
PYSETATIOoATS  (¢)USTIEIIUe0uos T Punoauod (5] T S
omvaa (x) askye3zed asAtezed proeIa HOOhuw



Measur ements were made on the distillate collected frqmth
.distillate was collected throughout the reaction,

conpl et e.
are reported i

col |l ected duri

n TABLE VI,

ng the reaction.

The conpositions are described in TABLE | &
bel ow. The percent BDO t h§
was det erm ned by st andar d gas chromat ography on the.

The distill ate cont aijng«
and THF. Fromthe results of the gas ch®dnmatography }or

percentage of THF in the distillate was determ ned.

u Lkt

e _reaction.. The
_fﬁ;ﬁwcsﬁgﬁiwas

>U ts
to THF
\a S

BDO,
t he

o THF

in the distillate was converted to noles of THF. The wei ght of the BDO, as
initially charged into the reaction vessel,

The percent age BLE
Total Rxn
Time (1)

Ex.  __(min.)
c1(4) 75
c2 60

b 60

2 66

3 65

4 60
5(5) 80

6 80

7 . 80
7.5 60
C3 80 -
C4 80

8 " 80

9 . 80
10 17
11 17
12 18
CS 80
13 b=
14 9
1S 11
17 15
(1)

(2)
(3)
4

(5)

Added (°C)

was converted to nol es of BDQO

measured from time of catq.lyét addition to time heat
source was removed from reaction flask -

lowest and hi
was added un

until the time the heat source was removed

data reported from the first recorded reaction temperature
(215°C) [5 minutes after heat was applied] until heat

source wvas removed

ON_CONDITIO
Temp. at Which Rxn Temp. Avg.
Catalyst Range(2 Temp. (3)
(*c) (*c)
- 215-237 229
226 - 217-255 235
227 222-254 241
217 217-243 236
225 222-237 231
218 218-237 231
67 196-237 228
224 221-237 232
202 202-229 214
221 221-239 229
194 194-201 198
194 193~-202 198
196 195-204 199
197 197-205 ' 200
225 217-235 224
223 219-234 224
. 223 ' 221-230 227
184 184-197 190
216 214-218 216
224 218-224 220
226 220-226 222
214 214-227 - 220

ést temperature recorded from time catalyst
1 the heat source was removed

average of values recorded.from time catalyst was added

all components were charged to the reactor before heating;
the time reported is measured from wvhen heat was applied.
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as reporte g

/qBDO to THF nol es BDO The results,
| ess than 5% of the BDO was converted to THF.

of BDO converte : _
(100% = 9 d to THF was determi ned by the follow ng formula: noles THF
t hat :
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EXAMPLE 17. POLYCONDENSATI ON OF DI RECT ESTERI FI CATI ON | RERCACEMIPROSHEET!
;

Exampl e 17, 6.36 grans TPA and 16.84 grans BDO were chg ~mtoaTstTir ed
reaction vessel at atnospheric pressure.

The conponent g r i and
the resultant reaction mxture was heated with an oil b ﬁgﬁ%\éﬁ%
initial tenperature of about 268[err]C. After 10 m nute

t enperature was about 250[err]C, 0.44§4n1 of catalyst A was added.
Approxi mately 19 m nutes thereafter, pressure was reduceg—from-atmospheric
to 144 mm Hg. Over the next approximtely 56 mnutes, the pressure was
reduced to 1 nml—?

e

and hherﬁeagtim was stoppgd apoet # nknubes after the
catal yst was add IENerﬁngthé‘bath and br ngﬁthe v@cufim wi t h
ni trogen. The prod®c® < @ © o
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resul ting therefromwas a high nolecul ar polyner. The i.nherent viscosity of

.the polynmer was 0.50. It was neasured by dissolving 0.1 g

of polyner in 100

m of mcresol at -30[err]C. An inherent viscosity of 0.5
wei ght average nol ecul ar wei ght of about 33,300 and a nuni
nmol ecul ar wei ght of about 16,650. This exanple illustrate
esterification product can be pol ycondensed to hi gh nol ec

N SUEK |

95

pol ymer. 34 CLAIMS: 1. - A process igr directly esteri

il

ying greater thhn

EXAMPLES 10-12. MEASUREMENT OF ACID CONVERSION EVERY
: TWO MINUTES i

In Examples 10-12, samples were removed from
the reaction vessel every two minutes to monitor the
progress. of  the reaction. The results are reported in
IABLE IIY, below, and the compositions are reported in
IABLE JA, above. After only fifteen minutes, greater

than 95 percent acid conversion was achieved for each
exanple.



percent of the acid ends of a diacid conprising the steps of: (a) mxing
the diacid with (i) 1,4-butanediol or (ii) ethylene glycol at a (i) or

(ii): diacid nolar ratio of at least 2:1 to forma reaction m xture, (b)
heating the reaction m xture to-about 180[err]C, (c) adding to the
reaction m xture before or after step (b) fromO0.13x10[err] to 5.2x10[err]
nol es of a catal yst conpound per nole of the diacid, said catalyst conpound
bei ng sel ected fromthe group consisting of organo-tihgggéggpgg@ﬁtq;p'n
and organo- zirconi um conpounds, and al4® said catal y$t redapeihil,--a-T'he
case of (ii), being neat, .
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and (d) reacting the reaction mixture, if

case of (ii) at an average reaction tenperature rangin
200[err]C for a period of tinme no |longer than seventy
time at which the catal yst conpound is added to the r

aqtion m xt ,
forma directly esterified diacid prquFt.

EXAMPLES 4, C5. EFFECT OF TEMPERATURE ON REACTION
RATE :

In Example 4 (reported earlier and repeated
here) and Example C5, the reaction temperature was

varied to determine the effect of temperature on

reaction rate. The results are reported in TABLE IV,

below, and the compositions are reported in TABLE I,
above. In Example 4, the average reaction temperature
was about 231°C, as measlired from the time the

" catalyst compound was added. In Example C5, the

average reaction temperature was about 189°C. The
results show that if the average reaction temperature
is too low, the reaction proceeds much slower than

when the average temperature is in the range of 190°C
to 240°C.



35 2. A process for directly esterifying greater than 95 percent: of the
acid ends of a diacid conprising the steps of: (a) mxing the diacid with
1, 4-butanediol at a 1,4-butanediol:diacid nolar ratio of at least 2:1 to
forma reaction mxture, (b) heating the reaction m xture to about
180[err]C, (c) adding to the reaction m xture fromO.13x10[err] to ,
5.2x10[err] noles of a catal yst conpoun@gper nole of the diacid, said
catal yst compound bei ng sel ected fron1the€§roup consi sting of

8.9
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organo-tin, organo-titanium and organo-zirconi um conpounds, and (d)
-reacting the reaction m xture, at atnospheric pressure, at an average
‘reaction tenperature ranging from 180[err] Cto 245 err]C for a period of
time no longer than sixty mnutes fromthe tine at which the catalyst
conpound was added to the reaction mxture to forma directly esterified
diacid product. 3. A process for directly esterifying greater than 95
percent of the acid ends of a diacid conprising the steps of: (a) mxing
the diacid mnth et hyl ene gl ycol an et@@ ene glycol:diacid nolar ratio

EXAMPLES 13~15. ACID CONVERSION AT DIFFERENT TIMES
__FOR SIMIY EACTIONS

In Examples 13-15, three reactions were run
on identical compositions, said compositions being in
TABLE JAa, above. Each reaction was stopped by removing
heat after the time specified in TABLE V, said tinme
being measured from the time at which catalyst was
added to the reaction mixture, and then quenching with
ice. A sample was collected for testing. The
results, as reported in TABLE V, show that greater

than 99% of the diacid ends were esterified after only
1l minutes

REPLACEMENT SRy 71
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of at least 2:1 to forma reaction mxture, (b) heating the reaction

m xture to about 180[err]C, (c) adding to the reaction m xture from 36
0.13x10[err] to 5.2x10[err] noles of a neat catal yst conmpound per nole of
the diacid, said neat catal yst conpound being selected fromthe group
con5| sting of organo-tin, organo-titanium and organo-zirconium
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conpounds, and (d) reacting the reaction mxture, at atnospheric pressure,
. at an average reaction tenperature ranging from190[err]C to 200[err]C for
a period of tine no | onger than seventy mnutes fromthe tinme at which the
catal yst conpound is added to the reaction mxture to forma directly
esterified diacid product. 4. The process of Claim2 or 3 wherein the .
cat al yst conpound of step (c) is added during step (a) to formthe reaction
m xture. 5. The process of Claim1, 2, 3 or 4 wherein the diacid is

selected fromthe group. consisti-ng cﬁjkronatic di acids and aliphatic
di aci ds.

EXAMPLE 16.  MEASUREMENT OF THE PERCENTAGE OF BDO
CONVERTED TO THF

In Examples 16A-16D, the percentage of
butanediol converted to THF was measured.
Measurements were made on the distillate collected
from the reaction. The distillate was collected
throughout the reaction, until the reaction was
complete. The compositions are described in TABLE JA,
above. The results are reported in TABLE VI, below.
The percent BDO that was converted to THF wvas
determined by standard gas chromatography on the
distillate that was collected during the reaction.
The distillate contained mostly water, BDO, and THF.
From the results of the gas chromatography on the
distillate, the perdentage of THF in the distillate
was determined. The percentage of THF in the '
distillate was converted to moles of THF. The weight
of the BDO, as initially charged into the reaction
vessel, was converted to moles of BDO. The percentage
of BDO converted to THF was determined by the
following formula: '

poles THE. (100%) = § BDO to THF
moles BDO

'The'results, as reported in TABLE VY, show that less
than 5% of the BDO was converted to THF.
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6. The process of Claimb5 wherein the diacid is terephthalic acid or adipic
“acid. 7. The process of daim1l, 2, 3 or 4 wherein the diacid is
terephthalic acid. 8. The process of any one of Clains 1 to 7 wherein the
catal yst conmpound is tetrabutyl titanate or n-butyl stannic acid. 37 9.
The process of any one of Clains 1 to 8 wherein the ratio of (i) or
(ii):diacid ranges from4:1 to 6:1. 10. The process of Caim2 wherein the
average reaction tenperature ranges fr 220[err]C to

to THFE
1.40
0.08
1.79
0.70

Moles % BDO

BDO_
0.16
0.13
0.19
0.19

Wt.
BDO

14.39
12.16
17.09
16.84

Moles

THF(1)
2.2
0.1
3.39
1.30

0.2442
0.0938

wt.

THF.

0.1607
- 0.0082

distgzig;g
2.87
3.05
1.96
1.75
B
1)

f
!

3 THF
5.60
0.27
12.46
5.36

17

Reaction
e
66
60
18

(L)moles THFx10-3

from
TABLE TA
2
1
10
8

Bx,
16A
168
16C
16D




11. The process of any one of Clains 1 to 10 wherein the anount of the
-catal yst conpound added is from 0.39x10[err] to 1.7x10[err] noles of
cat al yst conmpound per nole of diacid. 12. The process of Caim2 wherein
the reaction mxture is reacted for a period of time no longer than thirty
mnutes. 13. The process of Claim2 wherein the reaction mxture is reacted
under pressure at a tenperature no greater than 270[err]C. 14. The process
of Claim3 wherein the reaction nixturg i5 reacted under pressure. 15. The
process of any one of Clainms 1 to 14 f Pt her conprising the step of

pol ycondensing the directly esterified diacid product to hi gh nol ecul ar
wei ght

EXAMPLE 17. POLYCONDENSATION OF DIRECT ESTERIFICATION

REACTYON PRODUCT

In Example 17, 6.36 grams TPA and 16.84
grams BDO were charged into a stirred reaction vessel
at atmospheric pressure. The components were stirred
and the resultant reaction mixture was heated with an
oil bath having an initial temperature of about 268°C.
After 10 minutes, when the bath temperature was about -
250°C, 0.445 ml of catalyst A was added.
Approximately 19 minutes thereafter, pressure was
reduced from atmospheric to 144 mm Hg. Over the next
'approximately 56 minutes, the pressure was reduced to
1 mm Hg and the reaction was stopped about 75 minutes
after the catalyst was added by lowering the bath and
breaking the vacuum with nitrogen. The product
resulting therefrom was a high molecular polymer. The
inherent viscosity of the polymer was 0.50. It was
measured by dissolving 0.1 g of polymer in 100 ml of
m—cresol at 30°C. An inherent viscosity of 0.50
correspon&s to a weight average molecular weight :of
about 33,300 and a number average molecular weight of
about 16,650. This example illustrates that the direct.

esterification product can be polycondensed to high
molecular weight polymer.
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pol'yrrer. 16. The procesé of any one of Clains 1 to 14 further conprising

.the step of further reacting the directly esterified diacid 'product to form
a copol yet herester. '

_ . 17. A sem -continuous nethod for'dirg;éLgéﬁgigiLiyilgkék—
diacid with a glycol in the presence of a catal yst conpo ected from

t he group consisting of organo-tin,

38 conpounds and for

organo-titanium and. o m m
pol ycondensi ng the resultant direct e%ﬂﬁm“\m W H
reacti on product conprising the steps of

34

CLATMS:

1. - A process for directly esterifying greater than 95

percent of the acid ends of a diacid comprising the steps
of: '
(a) mixing the diacid with (i) 1,4-butanediol
or (ii) ethylene glycol at a (i) or (ii):
diacid molar ratio of at least 2:1 to form
a reaction mixture,
(b) heating the reaction mixture to about 180°C,
(c) adding to the reaction .mixture before or
after step (b) from 0.13x10™° to 5.2x107°

moles of a catalyst compound per mole of the

diacid, said catalyst compound being

selected from the group consisting of

organo-tin, organo-titanium, and organo-

zirconium compounds, and also said catalyst
compound, in the case of (ii), being neat,
and

(d) reacting the reaction mixture, if at
atmospheric pressure, in the case of ('i) at
an average reaction temperature ranging from
- 180°C to 245°C for a period of time no
longer than sixty minutes, or in the case
of (ii) at an average reaction temperature
ranging from 190°C to 200°C for a period of
time no longer than seventy minutes, from
the time at which the catdlyst compound is
added to the reaction mixture, to form a
directly esterified diacid product.

R}j .LJ '"’*.“.JI.J E“{? A F
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(é) preparing a reaction mxture by m xing the di aci d,

the glycol, and the
cat al yst toqs;ﬁg;rﬁggbngglLﬂg_Lo a reaction tenp — | east
180[err] C or ively,. preparing a reaction e MPprm t he
diacid and th “nm\ heating to a reagti 'e ear
180[err] C, ana[\ﬂg“m“mg he catal yst conpo
(b) reacting aeact Pon®nmikture at an average
rangi ng between 180[err]C to 245[err] C at at nosghert
greater than 95% of the acid ends of 3%he diacid

re directly

2. A process for directly esterifying greater than 95

percent of the acid ends.of a diacid comprising the
steps of:

(a) mixing the diacid with 1,4-butanediol
at a 1,4-butanediol :diacid molar ratjo
of at least 2:1 to form a reaction
mixture,

{(b) heating the reaction mixture to about
"180°C,

(c) adding to the reaction mixture from

" 0.13%10-3 to 5.2x10~3 moles of a
catalyst compound per mole of the
diacid, said catalyst compound being
selected from the group consisting of

. organo-~tin, organo-titanium, and
organo-zirconium compounds, and

-(d) reacting the reaction mixture, at
atmospheric pressure, at; an'average
reaction temperature ranging from 180°C
to 245°C for a period of time no longer
than sixty minutes from the time at
vhich the catalyst compound was added
to the reaction mixture to forn a
directly- esterified diacid product.

3. A process for directly esterifying
greater than 95 percent of the acid ends of 2 diacia
comprising the steps of:

‘(a) mixing the diacid with ethylene glycol

‘an ethylene glycol:dircid molar ratio
of at least 2:1 to form a reaction
mixture,

(b) heating the reaction mixture to about

- 180°C,

(c) adding to the reaction mixture fron



eSterified, (c) passing the reacted reaction m xture through a heat
exchanger at a tenperature of about 100[err]C to 150[err]C in order to cool
said m xture, (d) passing the cooled reaction mxture into an apparatus

that provides storage capacity and that allows for continrous- UutinW of
the reaction, mxture, (e)

passing the reaction m xtur

apparatus into a heating apparatus where the m xture El!!t‘g m'“mgst
250[ err] C, under vacuum and pol ycondensed to h| gh nol r welghts pol ymer
or passed into a separate

36

0.13x10-3 to 5.2x1073 moles of a neat
catalyst compound per mole of the
diacid, said neat catalyst compound
being selected from the group
consisting of organo-tin,
organo~titanium, and organo-zirconium
compounds, and
(4) reﬁcting the reaction mixture, at
'atmospheric pressure, at an average
reaction temperature ranging from 190°C
to 200°C for a period of time no longer
than seventy minutes from the time at
vhich the catalyst compound is added to
the reaction mixture to form a directly
esterified diacid product.
The process of Clain 2/where1n the

catalyst compound of step (c) is added during step (a)
to form the reaction mixture.

4.

5. The process of Claim 1, 2, 3 or 4
vherein the diacid is selected from the group.
consisting of aromatic diacids and aliphatic diacids.

6. The process of Claim 5 wherein
the diacid is terephthalic acid or adipic acid.

7. The process of Claim 1, 2, 3 or 4
wherein the diacid is terephthalic acid. -

8. The process of any one;vﬁ]é.i'ié?.n Lhto 7

catalyst compound is tetrabutyl titanate or
n-butylstannic acid.

2,
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apparatus for polycondensati on.
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. of Claims 1 to 8
9. The process of any one/wherein the ratio

of ().) or (ii):diacid ranges from 4:1 to 6:1.

10. The process of Claim 2 wherein the

average reaction temperature ranges from 220°C to
230°C.

of Claims 1 to 10
11. The process of any one/wherein the

amount of the catalyst compound added is from

0.39x10-3 to 1.7x10-3 moles of catalyst compound per
mole of diacid.

12. The process of Claim 2 wherein the
reaction mixture is reacted for a périod of time no
longer. than thirty minutes.

13. The process of Claim 2 wherein thg
reaction mixture is reacted under pre'ssure at a
temperature no greater than 270°C.

14. The process of Claim 3 wherein the
reaction mixture is reacted under pressu

aims 1 14
15. The process of any one of / further

comprising the step of polycondensing the directly
esterified diacid product: to high molecular weight
polymer.

16. The process of any one of / fur’cht.é.i' 1
comprising the step of further reacting the directly
esterified diacid product to form a copolyetherester.

17. A semi~continuous method for directly
esterifying a diacid with a glyéol in the presence of
a catalyst compound selected from the group consisting
of organo-tin, organo-titanium, and organo-gzirconium
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compounds and for polycondensing the resultant direct

of

(a)

(b)

' tc)

(4)

(e)

esterification reaction product comprising the steps

'preparing a reaction mixture by mixing

the diacid, the glycol, and the
catalyst together and heating to a
reaction temperature of at least 180°C
or alternatively, preparing a reaction
nixture by mixing the diacid and the
glycol together, heating to a reaction
temperature near 180°C, and adding
thereto the catalyst compound, in a
batch reactor,

reacting the reaction mixture at an
average reaction temperature ranging
between 180°C to 245°C at atmospheric
pressure until greater than 95% of the
acid ends of the diacid are directly
estefified, ' .
passing the reacted reaction mixtur
through a heat exchanger at a
temperature of about 100°C to 150°C in
order to cool said mixture, '

passing the cooled reaction mixture
into an apparatus that provides storage
capacity and that allows for continjous
outflow of the reaction mixture,
passing the reaction nixture from the
storage apparatus into a heating
apparatus where the mixture is heated
to at least 250°C, under vacuum, and
polycondensed to high molecular weight
polymer or passed into a separate
apparatus for polycondensation.
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ZITLE
PROCESS FOR INCREASING THE DIRECT
ESTERIFICATION REACTION RATE OF

——A DIACID WITH A GLYCOL,
() S S

A process for increasing the direct
esterification reaction rate between a diacid and
1,4-butanediol and for directly esterifying greater
than 95% of the acid ends 6f the diacid by mixing in
any order the diacid, the 1,4-butanediol and a
catalyst compound selected from organo-titanium,
organo-tin, and organo-zirconium compounds, to form a
reaction mixture wherein the ratio of diol:diacid is
at least 2:1 and then reacting the reaction mixture at
an average temperature ranging between 190°C to 240°C
for a period of time no longer than sixty minutes. The
same process may be followed substituting ethylene
glycol for 1,4-butanediol, provided the catalyst
compound is added neat, further provided that the .
average reaction temwperature ranges from 190°C to
200°C, and also provided that the reaction mixture be
reacted for a period of time no longer than seventy
ninutes. The product resulting from this process may
be polycondensed or further treated to form a high
molecular weight polymer.
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