TI TLE | CONTI NUOUS PROCESS FCR PREPAR NG POLY( A HEE 73 | Pad

TEREPHTHALATE) OLI GOVER OR POLY( BUTYLENE | SOPHTHALATE)
OLI.GOVER 5 BACKGROUND OF THE | NVENTI ON The
demand for pol y(butyl ene terephthal ate), her ei naf t er FABTHIS SHEET HAS BEEN
copol yet herester el astoners cont ai ni ng PBT hard segnens, aR§PLACED

pol y( butyl ene | sopht hal ate), hereinafter PBI, continues to grow. 10
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BACKGROUND OF THE INVENTJON

The demand for poly(butylene terephthalate),
hereinafter PBT, copolyetherester elastomers
containing PBT hard segments, and poly(butylene
isophthalate), hereinafter PBI, continues to grow.

There are numerous patents directed to
processes for the continuocus preparation of PBT from
dimethyl terephthalate and 1,4-butanediol, hereinafter
DMT and BDO respectively. Typically, these continuous
processes employ a first transesterification stage
wherein DMT and a substantial excess of BDO are
contacted in the presence of a transesterification
catalyst and reacted at around atmospheric pressure
and at temperatures of 170-200°C. During the
transesterification reaction, methanol is formed as a
by-product. In typical continuous processes, the bulk
of the methanol thus formed is removed overhead
through a fractionating column while any unreacted BDO
is retained in the reaction mixture. The first
transesterification stage is usually followed by two
or more reaction stages operating at reduced pressure
wherein the removal of methanol formed as a by-product
of the transesterification reaction is completed and
sufficient precondensation to form an oligomer (or
prepolymer) suitable for feed to a continuous
polycondensation reactor is achieved.

A recent disclosure of such a continuous
process for preparing PBT from DMT and BDO is provided
by U.S. Patent 4,499,261 to Heinze et al. In the
specific example of this reference, two
transesterification stages and two precondensation
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processes enploy a first transesterification stage 15 wherein DMI and a
subSt anti al excess of BDO are contacted in the presence of a
"transesterification catal yst and reacted at around atnos B e
and at tenmperatures of 170-200[err]C. During the t ransegt BFSFIHERT ity Bty
reaction, methanol is formed as a 20 bywproduct. In typicalconREHSGES

processes, the bul k of the nethanol thus formed is renoved overhead
through a fragiiageal ake %%EHU%:WQ&'%oaﬁknuﬁh@th@ﬂr%EQltin i s retained in

the reaction m.xture. The fi ransester,if i.cation sta e i.s usually
fol | oned by tﬂ&lgngQ’(HErPrF§§@ﬂpﬁﬁ)sF§b§§ %MPQWQ§§§9§1§Wbssure
wherei n t he r eeactioref nmmh&ﬁabtfmtﬁmdecterﬂnhﬁmﬁﬂmcbtage iaf the
transesterifl r t|o d u
%te?%[ltede%(‘t gﬂxjeis%wtﬁt‘i 3a%($r. Th}rré\e) Q;'ix[ aebﬁ e for feed
A

precondensati O r
to a cont 5nuo§§39@5 ﬁ'ﬁmr@mr@?aﬁ@am qlémre

recent discl Op¥ed haq—ec@yéﬁmas at suh%rt%%%éﬁrc Q{:ggydﬂg PBT from
DMI and BDO i Vi d tﬁa{at eg_é, 4, 49%t%%]ts %n |hnezef°e1;t al. In
t he specfl?ﬁec%@@ﬁplrés&ldet’%es

stages prior to polycondensation is 240 minutes. A

30% molar excess of BDO relative to DMT is used. The

10 loss of BDO resulting from the formation of

tetrahydrofuran, hereinafter THF, is stated to be 5.1

moles per 100 moles of DMT fed.

While the above reference indicates that the
loss of BDO to THF in the process therein is

15 substantially less than encountered in earlier
processes, a loss of 5.1 moles of BDO per 100 moles of
DMT still represents a serious loss of an expensive
raw material, especially when it is realized that the
desired product is being manufactured at levels of

20  tens of million pounds a year.

Beyond this yield loss, the ﬁrocess of the
reference inherently represents a source of
environmental contamination by virtue of the fact that
several stages prior to the final polycondensation

25 (i.e., precondensation stages) are operated at reduced
pressure. This is a problem shared by prior
continuous processes, along with batch processes, in
general. Operation of the precondensation stages at
reduced pressure on a commercial scale generally

30 requires vacuum sources, such as, for example, steam
jets or vacuum pumps. When a vacuum source is used,
environmental contamination can occur because some of
the volatile organics being removed in the
precondensation stages cannot be fully condensed. The

35 organic volatiles can then be emitted into the
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35 transesterification stages and two precondensati on

2 "stages are used prior to sending the resulting ollgoner (or
prepolyner) to the final polycondensation react or. The ffFst
transesterification stage is operated at a pressure of’i”ﬁsﬁﬁﬁETHMSEmEﬁ"
next three 5 stages required to prepare the oligoner (or ' _prﬁﬁﬁbggg;l“_
are operated at subat nospheric pressure. The total residence tine o

't he reactants [ r |Mg9ﬂﬁ§n§ﬁ§ IRY; 40

m nut es. g%%{’}e ﬂ’?&r‘t ealéoené:ﬁg?e‘ga[%jéngj%?ﬁdfto 1s.ed lfﬁﬁ 10

| oss of BDO r eSYRERWY PPeYREiRN ARMYIRA okn contimuons reactian
process, and also in batch processes, additional

measures are necessary to protect the environment from
5 the volatile organics that may be emitted by the
vacuum source.
Thus, while the continuous preparation of
PBT from BDO and DMT is. well advanced as a result of
numerous extensive investigations, there is still a
10 need for improvement with regard to utilization of BDO
and with regard to contamination of the environment
with volatile organics. Likewise, the same type of
improvements are desired in preparing PBI and
copolymers based upon PBT or PBI.
15 SUMMARY OF THE JINVENTION
The loss of BDO to THF and environmental
contamination by volatile organics are both
substantially reduced by an improved continuous
process wherein a countercurrent column reactor system
20 is used for the preparation of PBT oligomer or PBI
oligomer (or prepolymer) from a reaction mass formed
by a transesterification reaction between BDO and a
dimethyl ester, said ester being selected from
dimethyl isophthalate, DMT, and mixtures thereof, and
25 in the presence of a transesterification catalyst.
More specifically, in the present invention,
PBT cligomer or PBI oligomer {(or prepolymer) is
prepared by an improved continuous process comprising
the steps of
30 (1) continuously feeding a reaction mass
prepared from a transesterification reaction
between BDO and a dimethyl ester in. the presence
of a transesterification catalyst and having a
dimethyl ester conversion of 50-95%, into
35 the top part of a heated countercurrent column
reactor having internal plates,

3
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t et rahydr of ur an, herelnafter THF is stated to be 5.1 nol es per 100

nolles of DMI fed. VWil e the above reference indicates that
the | oss of BDOto THF in the process therein is 15 substan ——
| ess than encountered in earlier processes, a | oss of S'Iﬁﬁﬁﬁggygff'bo
per 100 nol es of DMI still represents a serious |loss of an egﬁgﬁ&L

raw materi al , espeC|aIIy mhen it is realiztd that the red product

‘i s bei ng manuf act ur

vel s 2 0
Beyond this yield |§§g c?ﬂ 1 ?%%%%% g#éiiﬁb Jnrqﬁé nce |nﬁ§?gﬁ?{
represents a sour cehaving a eampenmhwneawfo@hthﬁ@ﬁhi?%ﬁlqWﬂﬂﬁQtﬁkﬁcﬁ t he

fact that Seveﬁéictéﬁagsé PoE Ond Ccblift & Ot T O YSONGHaN SPéd 025

(i..e., precondensation sta are operated duced ressure. This
i s a problen1sharedab9 @iievlng it. gtf%ﬁ%u%pﬁﬁﬂi ough SR it h bat ch

pr 30683 es, §n getigtatrcutpentt comuwh té@cpmscwlmﬁbas‘we areachiens at
redauce ressure on a conmer
P Madsg? M},gkék?é&siﬁ Ef&% a&&%@&a r Sgul rfétaa%%&g} R

sources, such as, or vacuum pu
vacuum source i s usthbat said reaction mass has a res1dence t1me of at

least 5 minutes in the countercurrent column
reactor,

10 (3) continuously feeding the inert gas stream,
which now also contains water, methanol, THF, and
BDO, from the top part of the countercurrent
column reactor into the bottom part of an absorber
while also continuously feeding butanediol at a

15 temperature lower than that of the incoming inert
gas feed stream into the top part of the absorber,
(4) continuously passing the inert gas stream
upwards through the absorber and into a compressor
while simultaneously and continuously passing the

20 butanediol downward through the absorber and into
a transesterification process or back to a
butanediol feed line, and
(5) collecting an oligomer (or prepolymer) of PBT
or an oligomer of PBI from the bottom part of the

25 countercurrent column reactor.

The PBT or PBI oligomer or prepolymer can be
fed into conventional polycondensation processes to
form PBI polymer or PBT polymer. It also can be mixed
with a poly(alkylene oxide) glycol and introduced into

30 a polycondensation reaction to form a
copolyetherester.

In a preferred embodiment, and specifically
for the preparation of PBT oligomer, even greater
reduction in the loss of BDO to THF can be achieved if

35 operation of the transesterification stage which
provides the reaction mass feed for the countercurrent

4
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~environnental contam nation can occur because some of the volatile
organi cs being renoved in the precondensati on stages cannot be fully

.condensed. The 35 organic volatiles can then be emttedfi ‘§ LEC
3 ~environment fromthe vacuum source. Accordingly, mte I SHERT, HASREEN
operations are used in continuous reactions process, a SREALACHB! ch

processes, additional _measures are necessary to protect the environnent
from5 the vol agblemer g€nadHusted smyh beheti thedréactinn mass afeedn sour ce.

from said prior transesterification reaction stage is
the reaction product of DMT and BDO in the presence of
a transesterification catalyst, wherein said BDO is
5 added in a molar excess of 10% or less.
FIGURE
FIG. 1 is a flow sheet showing equipment
arrangement and material flows for the improved
process of this invention. The equipment arrangement
10 shown is provided only to facilitate description of
the invention and is not meant to limit the scope of
the invention as defined by the claims.
DETAILED DESCRIPTION OF THE INVENTION
The improved process of the present

15 invention makes use of a continuous countercurrent
column reactor system to convert a reaction mass from
a prior (i.e., upstream) transesterification reaction
stage into an oligomer (or prepolymer) of PBT or an
oligomer (or prepolymer) of PBI suitable for feed to a
20 continuous polycondensation stage.
1. Prior Transesterification Stage

In the prior transesterification stage, a
reaction mass is prepared by reacting BDO with a
dimethyl ester in the presence of a

25 transesterification catalyst.

The dimethyl ester used in the prior
transesterification stage is selected from DMT,
dimethyl isophthalate (hereinafter DMI), and mixtures
thereof. To produce a reaction mass from which PBT

30 oligomer will be prepared, the dimethyl ester of
choice is DMT or a mixture of DMT and DMI wherein DMT
is the dominant component; more preferably, it is DMT
alone. To produce a reaction mass from which PBI
oligomer will be prepared, the dimethyl ester of

35 choice is DMI or a mixture of DMI and DMT wherein DMI
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Thus, while the continuous preparation of PBT from BDO and DMl is wel |
advanced as a result of numer ous extensive investigations, there is

stil{l a 10 need for inprovement with regard to utilizati o of B 1 srin
and with regard to contam nation of the environnent W th vpl%%ikgﬁﬁ -

organi cs. Likew se, the sane type of 6 i nprovenents are-desi+ed-—+h—

preparing PBI and copol ymers based upon PBT or PBI. 15 |
SUMVARY OF THELS NtEeTominant component; Tmerecpreferablys oitHEisaBMI |
envi ronnent al ajgnegontam nation by volatile organics are both

substantially reduced by_an |nproved conti nuous rocess wherejn a
countercurre%t col um rgg@?oFgg9§F§F?§bf1°Fg19§eﬂaF6}8Fﬁe“ﬁPgpéPa?#Sn of

PET ol i goner oprPBr transestgpificébionrspaggnean beoany ofaati on nass

f or med by. sgstarif | cll b and a
di et hyl éZter?gggé e§?e§%%é}g§£§g?%%?@d£§?§ﬁ1ﬁg&gﬁgiggf%yl | sopht hal at e,
DMI, and nmi xt ukxansestevifigation reagtienspr cThacprefernred

transesterificpihfBesfbpi¥$bation catalysts aPMR’ 8r§hfsef tihhitek) the
Present 1Nt O cially tetsaniRyT titanstes, doed atone ot in’ ™) 'S

combination with magnesium acetate or calcium acetate.

10 Most preferred is tetrabutyl titanate. The organic
titanates are used in amounts corresponding to 0.5-1.0
moles of organic titanate per 1000 moles of dimethyl
ester. Other catalysts which can be used include
complex titanates derived from alkali or alkaline

15 earth metal alkoxides and titanate esters, inorganic
titanates, such as lanthanum titanate, calcium
acetate/antimony trioxide mixtures, and lithium and
magnesium alkoxides.

In a preferred embodiment of the present

20 invention, excess BDO should be fed into the prior
transesterification stage. Most preferably, the
excess is 10% or less. Excess BDO is calculated on
the basis. that one mole of BDO is reguired per mole of
dimethyl ester in order to prepare a high molecular

25 weight polymer. When the ratio of moles BDO:moles
dimethyl ester is greater than 1:1, then excess BDO is
present. For example, a feed of 1.05 moles of BDO per
mole of dimethyl ester corresponds to a 5% excess of
BDD. L

30 Limiting the excess of BDO to 10% or less in
the transesterification stage is advantageous in the
present process because any excess BDO fed forward
must be volatilized in later stages. Large excesses
of BDO would therefore require that substantial _

35 amounts of heat be supplied to any column reactor to
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prepared by an inproved conti nuous process conprising the steps of 30

(1) continuously feeding a reaction nass

prepared from a

transesterification reaction bet ween BDO and a di fefdiylsHest e1asI BEEN
t he presence of a transesterlflcatlon catal yst and havi RgPIACED

dii methyl ester conversion of 50-95% into’ 35

ZOUI"I'[ ercurre?é) (iO ﬁ%ﬁ? *%eg?(igg%wa’r_‘énﬁ‘l nt

the top partof—a heated
a%% ap§§ize the

10

15

20

25

30

35

BDO. This is complicated, expenszve, and more to the
point, unnecessary since it has been found that if the
methyl ester conversion is less than 85%, then the
rate of exchange of methyl ester groups during the
transesterification reaction shows little or no
increase when the amount of excess BDO is raised from
2-3% to as high as 30%. Moreover, limiting the excess
of BDO in the transesterification stage reduces the
amount of BDO lost through the formation of THF. It
has been found that when the excess BDO is limited to
10% or less in the transesterification stage, the loss
of BDO to THF can be reduced to less than 1 mole of
BDO per 100 moles of DMT and the total residence time
required to prepare an oligomer (or prepolymer) of PBT
suitable for continuous polycondensation can be less
than 15 minutes. These results represent substantial
improvements relative to prior art processes.

Fig. 1 includes a schematic of a continuous
transesterification stage useful in the process of the
present invention. The continuous transesterification
process detailed in Fig. 1 makes use of a
recirculating loop. More specifically, a continuous
transesterification process is as follows: Vertical
heat exchanger 5 establishes a flow in the loop by
convection, with vapors, which consist of methanol,
BDO, water, and THF, and heated reaction mass, which
is comprised of BDO, DMT, catalyst, monomer, dimer,
trimer, etc., continuously feeding via line 18 into
the bottom of transesterification prereactor column 6
having internal plates. The vapors are separated from
the reaction mass in the bottom of the column. Methan-
ol formed by the transesterification reaction proceeds
up transesterification prereactor column 6 as the

principal component of the vapor. The reaction mass
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having a tenperature of at |east 225[err]C into the bottom part of
t hé countercurrent colum reactor and allowing it to flow upwards
through the 5 countercurrent columm reactor while the[T ?@?Eit?%

mass si nul taneously flows downward at a rate such IFlaf HAS BEEN
reaction mass has a residence tine of at 8 | east 5 nhﬁa%es~pn —_—
countercurrent colum reactor, 10 (3) continuously feedlng
‘the inert gas sthennrec1rcu1ateahcchtﬁmupu$bw intoalimevd8eko net hanol ,

THF, and ég&% % RO { top part of the countercurrent
colunn react or |nt ofto E%art of ap absor e al so

conti nuously feeding butaHEE?Ebeleﬁtﬁs is °°nF£ﬂ$%?§}ﬁr€eFohE#°tﬁgﬂ t hat
of the |n00”1n9166§r01a dlmethyﬂaésfeﬂdfééﬂeﬁﬁhenlo the top part of the

absor ber, o
upwar ds t hrough® ¥ﬁ@éa%§8F§§ %ﬁﬁgpﬁfgégf ﬁp 553% }eaaéoﬁE51? sly
si mul t aneousl| y intiocthéi baopsviapaastatysthfeed line Zbut&ﬁedescr&bﬁﬁmard

hrough the absgpgy Adeha!geceion on Enbl 3BSRELEELELERL! BBI1BRACCSS O

back to a
reactor system, BDO containing some methanol and

'l Y

traces of THF and water is introduced into the

10 transesterification stage on one of the plates,
preferably on one of the upper plates, of
transesterification prereactor column § by means of
line 20. BDO is continuously fed into
transesterification prereactor column § from the

15 countercurrent column reactor system, said reactor
system being described in detail in section 2, below.
Specifically, fresh BDO, preferably at a temperature
slightly above its freezing point and more preferably
at about 30°C-60°C, most preferably 35°C-45°C, is fed

20 into the countercurrent column reactor system via feed
line 3, with all or a major portion thereof entering
absorber 9. Any BDO not fed to the absorber is fed to
the transesterification prereactor column 6 via line
16. Also, BDO containing some methanol and traces of

25 THF and water from the bottom of the absorber 9 is
introduced into the transesterification prereactor
column 6 via line 20. Methanol vapor containing minor
amounts of THF and water exits overhead from the
transesterification prereactor column 6 and is

30 condensed in heat exchanger 7. The impure methanol
condensed in heat exchanger 7 is split into two
streams, one of which exits the system through line
15; and the other of which is returned as reflux to

the top of column §.
35
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(5) collecting an oligonmer (or prepolyner) of PBT or an oligonér

of ‘PBI " fromthe bottom part of the 25 countercurrent colum reactor.
The PBT or PBI oligoner or prepolynmer can be fed int

pol ycondensati on processes to form PBI pol yner or PBY B8P pHEET HAD BRRY,
can be nixed with a poly(al kyl ene oxigde) gl ycol and i t.rodtEdkGERL o 30

a pol ycondensation reaction to forma copol yet herest er.
In a preferred enbod|nenﬂniquwpanmnglnﬂmqu PBI fingm tehalimeddhwilati on of PBT

ol i goner, even Qunegt %['{d, B df ddter %’&%&Hs RO 'a-ilfnéqg{ylbe

achieved if 35 opera e traﬁgesterlflcatlon stage whic
provi des the r @sheromuats de é‘@ﬁlﬂﬁd thee ac e QW Aawel by

transesterification with BDO to form an oligomer (or
5 prepolymer) that has sufficient degree of
polymerization and low enough volatility for
introduction into a continuous polycondensation
reactor. The continuous transesterification stage
described above, along with other known continuous

10 transesterification processes, is effective for
converting the bulk of the methyl €ster groups on the
dimethyl ester but is relatively inefficient for
completing the removal of the methyl ester groups and
for yielding an oligomer (or prepolymer) having

15 sufficient degree of polymerization to make it
suitable for continuous polycondensation to high
molecular weight polymer. Indicative of the
inefficiency of a transesterification stage for

completing methanol removal is the process of U.S.

20 Patent, 4,499,261, wherein a total residence time of
130 minutes in two transesterification stages is
required with a 30% excess of BDO to reach a
conversion of 91%. 5Such a long residence time
increases the losses of BDO to THF substantially.

25 At the same time, however, it is preferred
in the present process that the conversion of methyl
ester groups in the prior transesterification stage be
50-95%, more preferably 70-90%, and most preferably,
75-85%. In the most preferred continuous

30 transesterification process described above with
reference to Fig. 1, degrees of conversion of about
80% to about 88% can be achieved with
transesterification reactor residence times of about
6-10 minutes with excess BDO of 2-10%. It is noted

35 that while the preferred minimum degree of conversion
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5 . colum is adjusted such that the reaction nass feed fromsaid

pri‘or transesterification reaction stage is the reaction_product of

DMI and BDO in the presence of a transesterification ca} aiysSHEEhEASBEEN
said BDOis 5 added in a nolar excess of, 10%or |ess. _ REPLACED

FI GURE FIG 1is a flow shé& showi ng equi pnent’

arrangement_angsiedhhal ddhQlis hidfudd el B0V itansestiirqiathtdlor hi s

invention. The equl pnent arrangemnefit shown is provided only tao
facilitate des®FCRUSHS ith a loyer degtecRiafPrversdemeh™edMinit the
scope of elst ern \gaiiupen vati 1de beneth ivabillee faraif@@d into the

DETAI LED DESCRIP ' I I.aproved process of
t he present 15?oﬂhg\;q%ﬁr}r'gﬁ%%@&g%&acgo&% r?l?gu?-g(%%&rﬁ@ércurrent
col umm reabt or inyendrhore cdmvdiacta tdectfiiostmedade om a prior (i.e.,

upstream trangeanReshtieddlrida tiAC reddtion could be bypassed
' entirely and the ingredients of said reaction could be
fed directly into the countercurrent column reactor
system. However, to do so would require that all the

10 heat load for boiling methanol generated by the
transesterification reaction would have to be provided
by sidestream heat exchangers on the countercurrent
column reactor. This is expensive and would require
that the size of the countercurrent column reactor be

15 substantially increased. Similarly,
transesterification products having a degree of methyl
ester conversion of greater than 95%)are acceptable
for feeding into the countercurrent column reactor
described herein; however, such a higher degree of

20 conversion generally requires increased residence time
and as residence time increases, it is known that THF
formation also increases.

2. Countercurrent Column Reactor System
By the process of the present invention,

25 conversion of methyl ester groups to hydroxylbutyl
endgroups and the building of molecular weight (which
impacts in turn on a degree of polymerization and
volatility) are efficiently and rapidly accomplished
by a novel process wherein there is used a continuous

30 countercurrent column reactor system. Since the
continuous countercurrent column reactor system is
operated at or slightly above atmospheric pressure,
environmental contamination associated with a vacuum
source is avoided. Further, since the continuous

35 countercurrent column reactor system operates

10
This Sheet Has Been Replaced

A




'stage into an oligoner (or prepolyner) of PET or an ol i goner (or

prepol yner) of PBI suitable for feed to a 20 continuous pol ycondeAEAF HAS BEEN
st age. 1. Prior Transesterification Stage In t hepRhoh

transesterification stage, a reaction_nmass i s prepared by TEacttg—BBO
with a dimethyl ester in the presenceldf a 25 transesterification
f?gﬁlsgi erifi cﬁqf&?iﬁ’%&gT%‘gg{é?&%é’&'e%‘eﬁr I?Jlléslf?sd of’ Bb@?%’[ #% iissopht hal at e
(herei naft er Dwinimdrmedyi xt ures t hereof. To produce a reaction nass
fromwhich PBT 30 = ol ! 0GRS delirifoud! fintdr duie et Rl Hnn® HeBletll
choice is DMI or a m xture of and DM lerein ) I'S the _dom nant
conponent ; nor EY§tEmyr AN, the preaear by whichn #BTTOLI0OMEEe ©X PBct i on
nmass from whi chiiRomer (oY iH@PY1yMdY) e Prepared firiom dheetleulctdsher of
35 choice is mg\ésorota trHeXtpl{ri%rOftr%seasr%%r%ch%%%%l %t%'é"e, is most
easily described by reference to Fig. 1. In Fig. 1, a
countercurrent column reactor is identified as 8.
Stream 17, which is the reaction mass from a prior
10 (i.e., upstream) transesterification stage, is
continuously fed to the top plate of the
countercurrent column reactor 8. The reaction mass
flows downward through multiple reactor plates in the
countercurrent column reactor and issues from the
15 bottom of the countercurrent column reactor through
line 14, which then carries the product (i.e., an
oligomer of sufficient degree of polymerization for
polycondensation) to a continuous polycondensation
stage. The residence time of the reaction mass in the
20 countercurrent column reactor is at least 5 minutes,
preferably 6-10 minutes. Heat is applied to the
countercurrent column reactor in order to maintain or
increase the temperature of the liquid reaction mass
flowing down the countercurrent column reactor. Heat
25 may be applied to the countercurrent column reactor
contents by various known methods. Heat could be
applied in any of several places on or in the
countercurrent column reactor. An example of an
acceptable method for applying heat to the
30 countercurrent column reactor 8 is illustrated in Fig.
l. In Fig. 1, a sidestream from the countercurrent
column reactor 8 is removed by means of pump 12, which

stream is heated by heat exchanger 13 and then
returned to the countercurrent column reactor 8.

35

11 This Sheet Has Been Replaced

AT




6 I's the dom nant conponent; nore preferably, it is DM alone.

Thé transesterification catalyst used in the prior transestert tTon
stage can be any of a 5 variety of catalysts known to'be us OiHS; S E?%?égBEﬂq
transesterification reactions. The preferred transesterlflcatlc)lnLA

catal ysts are organic titanates, esp%%ially tetraal kyl titanates, used

al one or in conbi na %%ggt%$%gﬁsfgge§ g%% §£3£$a9& fgéﬁ#ana neaggt ate. 10

‘Most preferred is tetrab ani c es are used
i n anounts corefsphadraeactibof. bags0in thenobustefrcurygentccelumnat e per 1000

mol es of dimethyl tor iE€SLCEtr&hRCo£CAALYEES YREFR §8B, bgregefabny! ude
nitrogen, which is continuously introduced at the
5 bottom part of the countercurrent column reactor 8.
The heated inert gas proceeds up the column and picks
up increasing concentraticns of volatiles, such as
methanol, BDO, and minor amounts of THF and water,
from the reaction mass flowing down the countercurrent
10 column reactor. The inert gas plus the volatiles
exits from the top part of the countercurrent column 8
and flows continuocusly into the bottom of an absorber
9 via line 21. An example of an absorber 2 that is
adequate for this process is a packed tower having
15 about two theoretical plates. Incoming BDO from line
3, at a temperature slightly above freezing, more
preferably 30°C-60°C, and most preferably 35°C-45°C,
continuously flows countercurrent to the inert gas
containing the volatiles and scrubs out the methanol,
20 THF, and water in the inert gas. The partial pressure
of the BDO in the inert gas stream 22 after scrubbing
is, as a result, lowered to a level corresponding to
the relatively low temperature of the incoming BDO,
which is lower than the temperature of the inert gas
25 stream as it enters the absorber. The scrubbing of
the inert gas containing volatiles in order toc remove
methanol, THF, and water is essential for the
economical operation of the process since it permits
the inert gas to be continuocusly recycled through the
30 countercurrent column reactor system. Incidental
losses of inert gas can be compensated for by addition
of inert gas through line 4.
The inert gas after scrubbing next exits the

absorber 9 and is compressed by a compressor 10,
35 '
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conplex titanates derived fromalkali or alkaline 15 earth netal
al koxides and titanate esters, inorganic titanates, such as |anthanum
titanate, cal cium acetate/antinony trioxide mxtures, and |ithium and

‘magnesi um al koxi des. In a preferred enbodi ment i
( : ET HAS BEEN
present 20 i nvention, excess BDO should¥® fed into the pri O?;Tus %%pLACED

transesterification stage. Nbst refera e | \e—+09t 0T 1T€5S.
‘Excess BDO i s~ RASRRGitdFJIPh 2 9853?%‘9 t—lo'neaq%f%’eo BDO i s required
per mol e of reﬁiﬁi&tdu&edESirﬁro |the)mhﬁtqufa;mnﬂ:a‘¢umnﬁ)l@@l}lm 25

wei ght _pol yrer fie ralig of) RLER ARO MRS, the UimBHEgagster i s

greater than 1:%€2 ‘E present. For exanple, a feed of
1. 05 nol es of &imq)arolatlleﬁ)quxﬁlfw reheh GOURE RFCRIT Tl Ro a 5%
excess of g to) 8 can be compréSdddby ' ComSEssSor BEXFED 40430 or

lp(razzeln'? procetsgtmréggg;;i’géat I O%g&eg Gav\gvantclg& 3 "I?n%%h\?ol atilized
In later stagesgedd¥lSed @¥E€S Such Gin BXtermativécmetiod wenldre t hat
substantlal result in more effective scrubbing than if the inert
gas plus volatiles were not first compressed pbut it
10 would demand higher amounts of energy than if the
inert gas plus volatiles were scrubbed first.

It is not necessary that all of the BDO
required by the process be fed to absorber 2. As
shown in Fig. 1, a portion of the BDO may by-pass the

15 absorber via a line 16 and be directly introduced into
transesterification prereactor column 6. It is
desirable that a major portion of the BDO be
introduced to the process via absorber 9 so that the
BDO, THF, water, and methanol are thoroughly removed

20 from recycling inert gas. It is most preferred that
the total BDO feed of the entire process, regardless
of where said BDO is fed into the process, be such
that the molar excess of BDO is less than 10%.

‘- The reaction mass from the

25 transesterification prereactor system fed to the
countercurrent column reactor via line 17 should be
introduced into the countercurrent column reactor at a
temperature at least eguivalent to the temperature of
the reaction mass as it leaves the transesterification

30 stage. It may be advantageous to heat the reaction
mass to a higher temperature after it leaves the
transesterification stage but before it enters the

. countercurrent column reactor.
_ The countercurrent column reactor should
35 have about 6-12 plates. Examples of such plates

13 This Sheet Has Been Replaced




35 anounts of heat be supplied to any columm reactor to

7 . 'which the BDOis fed forward in order to vaporize the¢ THis H
is .conplicated, expensive, and nore to the poi nt, unnecgssar YReph R iREEN
has been found that if the met hyl ester conversion is | €SS

then the 5 rate of exchange of nethyl estgr groups during the
transesterification reaction shows little™or no i ncrease when the

amount. of excess, AR § il g el o102 pi%ied ADitibite Ay Mor cover,

limting the excess t'he transesterification stage reduces the
10 anount of Bl@tesst tBwhilgh qare Mates iagie @refigrred because they

are less sensitive to variations in flow rate and
viscosity. Because the reaction mass flowing down the

5 column is increasing in viscosity, the plates may need
to be modified, for instance, by reducing weir height
and increasing the width of the slots in the bubble
cap.

The flow of the heated inert gas into the
10 bottom of the countercurrent column reactor should be
sufficient to reduce the partial pressure of the
butanediol at the bottom of the countercurrent column
reactor to sﬁch an extent that an oligomer of
sufficient molecular weight for subsequent
15 polymerization reactions is produced. The range for
acceptable flow rates depends upon column design and
further, such flow rates are known in the art. 1If the
flow rate is too low, the liquid in the column will
_ 7weép” through the holes in the plates of the column.
20 If the flow rate is too high, entrainment flooding
could occur. A short, large diameter column with few
trays would have a higher optimal gas flow rate than a
tall, smaller diameter column.
In general, it is recommended that the gas
25 flow rate for the process of the present invention
range from about 600-900 standard liters per kilogram
of the reaction mass feed from the transesterification
stage. However, as stated above, the gas flow rate is
dependent upon the column design and as such, it
30 should be determined for the particular column design
being used in the process of the present invention.
The volume of recycled inert gas used per
kilogram of transesterification stage reaction mass
depends in part on the amount of excess BDO used in
35 the transesterification stage and the concentration of
methyl ester groups in the transesterification stage

] 14
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has been found that when the excess BDOis limted to 10%@QL”LE$S*LFP*~ sy
the transesterification stage, the |oss of BDO to THF car| DiSrSeMEE dths BEEN
less than 1 nol e of BDO per 100 rol es of DMI and the totgl resREEMGED

time 15 required to prepare an oligoner ger prepolyner) of PBT

suitabl e for continuous pol ycondensati on can be |ess than 15 m nutes.
These results gepcesent magkst aTheahreateri fheoexoesss ofeBAO usetdoipri or art
processes

| : | ud :
transesterlflc§PFOﬁrgpéﬁét&§ngFatﬁ%PﬁEgéFg&égh%gaEP% GEe%tQQHEh@uous 20
i nvention. Thecoacentratdonr aifsaetbylf es&erogroups énonser@pgpp@d in Fig.

1 makes use of yaoe ¢nCEIaUe! LABuIAORe ¥BECvEAGG! G7alkhs H3atadl i nuous

transesterifica process 1s as 'ows: Vertical 25 heat exchanger 5
est abl i she§ a finexti gashe | oop by convection, wth vapors, which
S\ﬁ'nSIhSt of nethanol, 4 TheD@netd! gas %It&eBhiF,lsarffédhaaitedmﬁaction nass,
ic is conprised o DO, cat trimer,
etc., contlnuoﬁ§$5t5555§ﬁ§n$i§qlpﬁ@ f?ﬁc g%ﬁ onlo erature

transesterifi cofi abowterResCyr prelferabdy 250|cmaamgq nternal plates. The
vapors are separated frorﬂs shown in Fig. 1, only one

10 transesterification stage precedes the countercurrent
reactor stage. While a single transesterification
stage is preferred, the use of two or more
transesterification stages prior to the countercurrent
reactor stage is meant to be included within the scope

15 of this invention. The essence of this invention
resides in the use of the countercurrent column
reactor which has proven to be highly efficient for
eliminating methyl ester groups from the
traqgesterification reaction mass and at the same time

20 for building sufficient molecular weight in the
transesterification reaction mass to form a prepolymer
(or oligomer) suitable for feeding to the final
polycondensation stage. In turn, use of the
countercurrent reactor is made practical by scrubbing

25 of the inert gas stream in the absorber with incoming
BDO. The efficiency of the process can be further
enhanced by operating the transesterification stage
such that an excess of BDO of 10% or less is used in
the process.

30 As stated previously, the
transesterification stage is known to be effective for
converting the bulk of the methyl ester groups but it
is relatively inefficient for completing the removal
of methyl ester groups. It is preferred in the

35 present process of the present invention that the

15
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the reaction mass in the bottom of the colum. Mt han- ol forned hy

the transesterification reaction proceeds up transest er| fTHERASHIGET HAS BEEN
prereactor colum 6 as the 35 principal conponent of the vapor. RELACED
reacti on nmass then recirculates continuously into line 19 to
conpl ete the |oop. D nmet hyl ester is continuously fed into

the | oop gbﬁ¥gf§§53yﬁfeﬁ£€ﬁyieégtétn réups rang@nELeimes0+058t inn

catal yst is also ted continuousl

| : .
> hs”Gescri betihe Teaghiaw RASEnEedcte: bheRORREBORRTERE PP M ACol

reactor since sufficient heat must be provided to
vaporize the methanol formed within the countercurrent
5 column reactor. As is the case with excessive amount
_ of BDO, excess concentrations of methyl ester groups
complicate the operation of the countercurrent column
reactor because of the large amounts of heat which
must be. introduced into the reactor.

10 The oligomer (or prepolymer) produced in the
countercurrent column reactor normally has a
conversion of about 98.5% of methyl ester groups. It
has a number average molecular weight of about
3000-4000 and an inherent viscosity of about 0.2 to

15 0.25, measured at 30°C and at a concentration of 0.1

" g/dl in m-cresol.
3. Polycondensation Reaction
The oligomer (or prepolymer) exiting the
column reactor via line 14 is preferably fed directly

20 to a continuous polycondensation reactor to prepare
high molecnlar weight polymer. 1In order to prepare
copolyetherester elastomers, the oligomer (or
prepolymer) from the countercurrent column reactor is
mixed with the desired amount of a poly(alkylene

25 oxide) glycol, such as poly(tetramethylene oxide)
glycol, until the two ligquids form a single phase
liguid, which is in turn introduced to a continuous
polycondensation reactor. Typical continunous
polycondensation reactors are well known in the art.

30 EXAMPLES
Example 1

A series of continuous transesterification
reactions were run in which the principal variable
studied was the effect of the BDO/DMT ratio on

35 conversion of methyl ester groups. The
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_reactor system BDO containing some nethanol and traces of THF and .
wat'er I's introduced into the 10 transesterification stage ¢mmHOCHRET HAC BEEN

pl at es, preferably on one of the upper plates, of REPLACED
transesterification prereactor colum 6 by ans of | i ne 20 BDOTS
continuously fed into transesterific %IOH prereactor colum 6 fromthe

15 count er cur

‘described in d
preferably at arG%hBefh@EkeflttedsV%Eht?ysEbBVertSTP?e%9¥F§ »8Pnt and nore

preferably

35 C 45
Systemvia 1 oedteackSr fes oSuppbRhBi Ty 8 RRRbFph haROERE R Crnrer i ng

§P£$58§£8Hf£8§€£85 f?!é&@gi' wakda rﬂé&é@& and 1ﬁ.¥§18€é§el ng

I'n section Speci ficall res BDO,

i\év aheat wab[ eurkCcb0her thar tnattpansestbryfication

absor ber 9.5 Anyc&hbBinobusedeactohe aBeedbstresméedBDg, and DME were
transesterlflcahéggﬁgée%ﬁ %BSrQQEUBH?ﬁthﬂdléﬂﬁered the- tbpser Ehe

cont ai ni ng sone net
of the absorbertHaP§eSterlfh?PEéBEeHeFﬁFSrtheB?FéH§§sP€rFFFC

pr er eact or

races

PWEHR
mémtuﬁg Po¥he,| tne de bEt MmOl ivaponteastatoi DYTYI nor

amounts of  THF §a01Ta£g£e8XE£§rg ?Egegg Lﬁgnkkagsesterlflcatlon

10

15

20

25

30

35

reactor. Tetrabutyl titanate catalyst was injected by
a syringe pump into the BDO feed stream just prior to
its entry into the transesterification reactor.
Product was removed through an outlet centrally
located on the bottom of the transesterification
reactor and passed through a U-leg to a vertical tube,
the height of which could be adjusted to control the
level of the reaction mass in the reactor.
Temperature in the transesterification reactor was
controlled by varying the heat supplied by a heating
mantle. Vapors from the transesterification reactor
consisting largely of methanol, with some BDO and
traces of THF, and vater exited the reactor through an
outlet in the top of the reactor, passed through a
vacuum jacketed Vigreux column, and were condensed in
a water-cooled condenser, which was vented to the
atmosphere. Part of the condensate was returned as
reflux to the Vigreux column by means of a reflux
splitter. The rest of the condensed methanol was
passed to a receiving flask.

The conditions used tc make three runs
differing mainly in BDO/DMI feed mole ratio and
analyses of the resulting products are presented in

Table I.
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transesterification prereactor colum 6 and is 30 condensed I n heat

exchanger 7. The i npure nethanol condensed in heat excgﬁ&

split into two streans, one of which exits the system hr@%&%ﬁ)¥ﬁ§BﬂrN
15 and the other of which is returned as reflux to t He—t-op~BF-45H2
6. 35 18 9 I n preparing
PBT or PBI from a dinethyl ester and BDO, the nethyl ester groups of

the di met hyl ester nust be reduced Tabke Bry |ow | evel by
transesterification with BDO to forman oligomer (or Run

A B N o2
Average reactor temperature

‘C - 196 189 193
5 Average reactor residence
time, min 6.1 7.0 7.0
BDO/DMI feed mole rgtio- 1.34 1.20 1.00
Tetrabutyl titanate, moles
per 1000 moles DMI 0.790 0.758 0.703
10
Methyl ester conversation,
s(a) 81.0 B1.1 B80.7
Moles BDO degraded to
THF per ’
100 moles DMI(b) 0.19 0.42 0.31
15

(a) Methyl ester conversion is the average of values
determined by
(1) analysis of the bottoms product for residual
methyl ester end groups and
~12) by calculation from the ratio of methanol
20 take-off rate and DMI feed rate
(b) THF was determined by gas chromatography of the

recovered methanol
The results of the three runs showed that
methyl ester conversions of about 81% were obtained
25 Wwith residence times of 6~7 minutes regardless of the
BDO/DMI feed ratio, which was varied from 1.00-1.34.
THF formation was low for all three runs.
Substantially identical results would de
cbtained if DMI was replaced by an equal amount of
30 DMT, due to the fact that, at the same temperature and
catalyst concentration, the ester exchange rate of
either with BDO is very nearly identical.
Exanmple 2
This example illustrates the use of a
35 continuous countercurrent column reactor system to
convert the transesizrification reaction mass from a

18
This Sheet Has Bezn

i i



5 _prepolyner) that has sufficient degree of

reactor. The continuous transesterification stage

A2 pol yneri zati on and | ow
enough volatility for introduction into a continuous pol ycenseReaf 4RY peEn

descri bed ab@tgacep

along with other known continuous 10 transesterification prOCESSEST™S
effective for converting the bulk of 3%e nethyl ester groups on the

di met hyl ester but is reIativeIxSLne f,iciegtag

fenoval of the RELAYI tEangestepificapion s

f | eti th
&r tg; anaPhigEmes) {85mer (or

prepol yner) havppgpdiymes)f suditabledegreteed pol aneontidhuounst o make it

sui tabl e for cog%%gggﬂafﬁgg¥ggﬂd?ﬁ§??Lgg to high

Iclency of a transesterification stage-

pol ymer. 1ndica

nmol ecul ar wei ght

for conpl eting net haWibe Fenpterchrrent gpdumEBsTYeACtOS wag a Patent,
4,499, 261, shergbaidibat ohaeeshdnes1unfitoel 28 mm &3AmEteY, 8 plates,

transesterification ﬁtage
reach a convERsPH

A i d wt 30%
cheits, trak SPpGine; belHBRRIZE) AD

exc sigof BDO to
Macr eases

the | osses of Brhet colihferchsrenti eblymn?¥eactor was heAtetihwithma ti ne,
homgver, 't 1s Bigkgﬁﬁii heater. The transesterification reaction
- mass from a transesterification reaction, described

10 below, was féd to the top of the countercurrent column
reactor. Heated nitrogen was introduced into the
countercurrent column reactor below the bottom tray of

the column. Finished oligomer (or prepolymer) was
removed from the bottom of the countercurrent column
15 - reactor. After passage upward through the
countercurrent column reactor, the nitrogen gas stream
exited from the top of the countercurrent column
reactor and was paséed through cold traps to condense

the volatile organics contained therein.

20 The transesterification reaction mass from a
transesterification reaction fed to the column was
prepared in the continuous fransesterification reactor
described in Example 1. A BDO/DMI feed mole ratio of
1.065 was used with a 7 minute residence time. The

25 transesterification product (i.e., the
transesterification reaction mass) had a methyl ester
conversion of 81.25%. The moltem transesterification
reaction mass at a temperature of 262°C was fed to the
countercurrent column reactor at a rate of about

~30 - 460 g/hr. The skin temperature of the countercurrent
column reactor was maintained at about 264°C by means
of the clamshell heater. The temperature in the
countercurrent column reactor at the uppermost level
(above the uppermost tray) heated by the clamshell
35 heater was about 262°C. Nitrogen was introduced into

19
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in the present process that the conversion of nethyl ester groups in
the prior transesterification stage be 50-95% nore prefe ——
and nost preferably, 75-85% In the nost preferred conti QuUDHIS SBIEET HAS BEEN

transesterification process described abOé% with referende to RERLACED
degrees of conversion of about 80% t 6§ "about 88% can be achieved with

transesterifi cati0 tar, i j -10 'nu;es with
-excess BDO of %bfo&)ol%%l%% |Q>sf r%g%e%%%%e% Eat e\?&ﬁ‘. I%gi(it%'f%“él ;free g:ro e rgm'anl mum
degree of conv&@&eoRf about 5 standard liters/min. This flowigate of

methyl aster ggawiesa $a®d¥ dff aboRY ¥50f 1G¢er@ of nithidy@fipe M th a | over
degree of Conviﬁiggga%fo@e%g¥%sesterification product fed. The
5 nitrogen was heated to about 244°C before it was
introduced into the countercurrent column reactor.
The average residence time of liquid
transesterification reaction mass in the
countercurrent column reactor was estimated to be
10 about 7 minutes.

The oligomer (or prepolymer) product from
the countercurrent column reactor had a methyl ester
conversion of 98.5 and an inherent viscosity of
0.2329 dl/g in m-cresol at a concentration of

15 0.1 g/dl. The number average molecular weight of the
product was 3400, determined by gel permeation
chromatography. This molecular weight corresponds to
a degree of polymerization of 15. The product is

suitable as feed to a continuous polycondensation
20 reactor.

Substantially identical results would be
obtained if the transesterification product fed to the
column was based on DMT rather than DMI, due to the
fact that, at the same temperature and catalyst

o5 Concentration the ester exchange rate of either with

BDO is very nearly identical.
30
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ester groups would be suitable for feed into the countercurrent colum
reactor of the present 5 I nvention. In fact, the firstlstage
transesterification reaction could be bypassed entire ybfﬁﬁffg§¥“"2' .

i ngredi ents of sai dmlfﬂﬂ fed directly intloTHeSFEr] sk B
countercurrent colu IJ m'"m M”m tem wever, to do. bo_wﬁl_ﬁ.ﬁqw—iae——
that all the 10 heat* | dadf ot boi 4 ng nmetfranol generated by the
transesterification reaction would have &Pa provi ded by si destream
heat exchangers on the countercurrent um reactor. This is
expensive and woul d requite A comhimueps proeess for RTRPARIRIrent col um

reactor be 15 gy tsﬁiyﬁéha t@féﬁﬁﬁﬁ&‘lat %iﬂj&ﬁ{er or poly(butylene

transesterlflcatlon 0 in ree, o
conversion of gr t‘eﬁ?@g{?ﬁ A 95%1?’%8"5%’6 'g%}"bsmg t’?%rs?%%%ll‘?ﬁ into the
countercurreht céaymm ceatinuously fleedindeca hedetion hnasy eformed hfrori gher

degree of 20 cgn*;gigi,ogrgﬁgggeg{-%[figgg%%ﬁ;s%%%eﬁ:ﬁéj {ﬁéigﬁ‘ﬁ?ﬂ St

and as residence tTne | ncreases ( I on al so
i ncreases. 2 heatifd cFeuntercuTrentnCRuER Greaytor iwherein the

reaction mass is prepared from a transesterification

reaction between butanediol and a dimethyl ester

10 selected from the group consisting of dimethyl
terephthalate, dimethyl isophthalate, and mixtures
thereof, in the presence of a transesterification
catalyst,

(b) continuously feeding into the bottom part of the

15 heated countercurrent: column reactor a stream of inert
gas having a minimum temperature of 225°C,

(c) continuously passing the inert gas stream upward
through the heated countercurrent column reactor and
out the top part of the heated countercurrent column

20 reactor into the bottom part of an absorber while the
reaction mass is continuously flowing down and through
the heated countercurrent column reactor, thereby
forming an oligomer, at a flow rate such that the
reaction mass has a residence time in the reactor of

25 at least 5 minutes,

(4d) continuously feeding butanediol into the top
part of the absorber at a temperature lower than that
of the inert gas stream incoming at the bottom part of
the absorber,

30 (e) continuously passing the inert gas stream upward
through the absorber and out the top part of the
absorber into a compressor while the butanediol is
continuously flowing downward through the absorber,

AD-5788 35
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By the process

of th Jmﬂﬂm nvention, i
and the bui l din c+—*ﬁ**HH*4“—4*”4ﬁq-
?\r/\gups to hydroxyl but !wm g THI§ SHEET HAS BEEN |

ich i mpacts i turne
volatility) are efficiently and rapidl y acconplished by aRERICED

e of pol yneri zati on

conversion of nethyl ester

process wherein there is used a continuous230 countercurrent colum

reactor system Since the

systemis

syst em oper at esP2

: .'
Fig &k
s

s
‘15

conti nuous countercurrent columm reactor

éfer at passdngr thei ghery apsvstueamsfreni therecupressor

envi ronment al CQﬂ%@”h”ﬁbh@”eﬁéﬁﬁﬁbé&egn&‘igcﬁcifﬁguﬂt into SEHE CBotfom

e continuous 35
avoi ded. Further e ehaCoSont e MEO S es? cotomn reactor,

(g) passing the butanediol

countércurrent columm reactor

out the bottom part of

the absorber and into a butanediol feed line for use
in the prior transesterification stage, and

(h) collecting an oligomer

of poly(butylene

terephthalate) or an oligomer of poly(butylene

isophthalate) from the bottom of the countercurrent

column reactor.

N 2. The process of
ffeaction mass of step (a) is
and a dimethyl ester wherein
butanediol:dimethyl ester is

3. The process of

Claim 1 wherein the
prepared from butanediol
the molar ratio of
1:1-1:1.1.

Claim 1 wherein dimethyl

ester used to prepare the reaction mass of step (a) is

dimethyl terephthalate.

4. The process of
transesterification catalyst
reaction mass of step (a) is

5. The process of
conversion df'dimethyl ester
mass of step (a) is 50-95%. -

6. - The process of
conversion of dimethyl ester
mass of step (a) is 75-85%.

7. The process of
transesterification reaction

Claim 1 wherein the
used to prepare the
tetrabutyl titanate.
Claim 1 wherein the
groups in the reaction

Claim 1 wherein the

groups in the reaction

Claim 1 wherein the
mass of step (a) is fed

into the countercurrent column reactor at a

temperature at least as high

as the temperature at

which the transesterification reaction was conducted.

8. The process of

Claim 1 wherein the inert

gas stream of step (b) is a nitrogen gas stream.

9. The process of
temperature of the stream of
10. The process of

Claim 1 wherein the
inert gas is 250°C-260°C.
Claim 1 wherein the

stream of inert gas has a flow rate in the

22 This Sheet Has Been R
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~efficiently and rapidly, the loss of BDOto THF is m ni m zed.
Thé: cont’i nuous cou react or system {apgiStSHERPIHXEBEEN)Y
whi.ch PBT ol i goner gm& mﬂwr Eij‘ner (or prepolyner) is |preparepLACEIM t he
S

‘reaction mass o esterification stage, TS5 NnD31
easily described by reference to Fig. 1.2Bn Fig. 1, a count ercurrent
colum reactor is identified as 8. Stream 17, mhlch IS the reaction

‘mass from a pcRntErcurment calyawy X&RCtorafle S08-900 stABAaTage, s

conti nuousl y fiaddrs e SOoRNY &teedtflotmalass bed@ignifedc intentheol um react or
8. T action SS flo domnmar through nultiple reactor plates in
t he '\/ 60unf¥? TIEstuGP ¢ *i ssues fromthe 15 bottom of

t he countergurrent col Wwin r &et (p‘rOtdetswg:If Claim iInghexeimhitble t hen carries

the progy ('ccﬁl téiturr n@lddi‘?ﬁﬁf ¥factidh! hese%f-ﬁe%%eﬁfalpol ymeri zation

for [ polycon ensati on cont i nuous pol ycondensati on stage. The
reS|dence tlrnPkﬁt%ﬁﬂa reactlon mass in the
Tr 12. The process of Claim 11 wherein the

internal plates are bubble cap plates.

R 13. The process of Claim 1 wherein the

KJlfy temperature of the butanediol being fed into the
absorber in step (d) is about 30°C to 60°C.

}émjg 14. A continuous process for preparing .
poly(butylene terephthalate) oligomer or poly(butylene
isophthalate) oligomer comprising the steps of

15 (a) continuously feeding a reaction mass formed from
a prior transesterification stage into the top part of
a heated countercurrent column reactor wherein the
reaction mass is prepared from a transesterification
reaction between butanediol and a dimethyl selected

20 from the group consisting of dimethyl terephthalate,
dimethyl isophthalate, and mixtures thereof, in the
presence of a transesterification catalyst,
(b) continuously feeding into the bottom part of the
heated countercurrent column reactor a stream of inert

25 gas having a minimum temperature of 225°C,
(¢) continuously passing the inert gas stream upward
through the heated countercurrent column reactor and
out the top part of the heated countercurrent column
reactor into a compressor while the reaction mass is

30 continuously flowing down and through the heated
countercurrent column reactor, thereby forming an
oligomer, at a flow rate such that the reaction mass
has a residence time in the reactor of at least 5
minutes,

35

23
This Sheet Has Been Repl

T



20 countercurrent colum reagB@@U&s at least 5 m nutes, preferably

i T 2o

the tenperature of t haHIs %E&?A?%BF%E]

“mass f1 owi ng dotwn % he countercurrent col um reactor. | beat y
applied to the countercurrent columm reactzq contents by various known
nmet hods. Heat coul d be applied in any of several places on or in the
-count ercurrent ¢d)umcontthoously passihe the apompressedciment egast hod f or

appl ying heat tgrbliect cofRHBLELEHERENEoSahN Ped B0 Oindo  end hugtaR! ed i1

Fi g. estrean1 rom t he, countercurfent col urm
reactor 8 |s reI?BV dOSyaﬁeah§°§Peﬁdﬂ3bllﬁ Igpding butanediol) $RtpctRed by

heat exchanger ¢3papdrthef the absbrbéedat OatbemporEtere Iswet Ednm
reactor 8. 35 that of the compressed inert gas stream incoming at
5 the bottom part of the absorber,
(e) continuously passing the compressed inert gas

stream upward throdéh the absorber and out the top
part of the absorber into a heat exchanger and
recycling it into the bottom part of the

10 countercurrent column reactor,
() passing the butanediol out the bottom part of
the absorber and into a butanediol feed line for use
in the transesterification stage, and
(g9) collecting an oligomer of poly(butylene

15 terephthalate) or an oligomer of -poly(butylene
isophthalate) from the bottom of the countercurrent
column reactor.

20

25

30
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12 Countercurrent to the downward liquid flow of the

~

reacti on mass in the countercurrent colum reactor is ree—stte

heated inert gas, preferably nitrogen, which is continu d§§g%%*3g;fhEEN
introduced at the 5 bottom part of the countercurrent ca -
The heated inert gas proceeds up the col ugd and pi cks up increasing
concentrations of volatiles, such as nmet hanol, BDO, and m nor anounts

of THF and water, fromthe reacti oRIEEEs flow ng down the

count er cur rent 10 coﬁ%murse@ﬁbeﬁss FOR Pﬁﬁbﬁmﬂﬁé ?bﬂ?(ﬁb@yﬁﬁkﬁt' I es

exits fromthe to countercurr
conti nuously i FES %F%5H96@F§ﬁ1QFIﬁﬁugﬁsggbgpLY(BUT§L§N§ F?ﬂgnﬁﬁALﬁﬁEéxanple
of an absorber 9 that is adequat oeLTGOMERI s process is a packed tower

having 15  about two theoreh@&&ééﬁhabgsSggnsgghagsﬁgg fromline 3, at

a tenperat%re slightly above
- Economic and efficient process for preparing

an oligomer of poly(butylene terephthalate) or an

oligomer of poly(butylene isophthalate) from a

transesterification reaction mass by using a

countercurrent column reactor system wherein the
10 transesterification reaction mass is fed into the
countercurrent column reactor and continuously flows
downward while simultaneously a heated inert gas
stream continuously flows upward to scrub out
volatiles from the transesterification reaction mass,
15 thereby yielding from the bottom of the countercurrent
column reactor an oligomer of poly(butylene
terephthalate) or an oligomer of poly(butylene
isophthalate) suitable for use in a polycondensation
reaction. Butanediol is recycled throughout the

20 process through an absorber column.
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preferably 30[err] CG60[err]C, and nost preferably 35[err] G é?g§F{ T HAS BEEN

continuously flows -countercurrent to

ED

con
vol atil es and scrubs out the nethanol %ﬁﬁéﬁ:gfand water in the inert

‘gas. The partial pressure of the in the inert gas stream aft
scrubbi ng Is, as Jresult, lowered to a |l evel correspo
the relatively Iowtemperature of the4ncom ng BDO, whi C‘I

| ower-than the te
absorber. The scr
order to renove

econom cal operatlo
be conti nuously

t he—inget ghs containing vqlatil[és in
, THF, a?g watef is essential flo@t
Dr ocess st¥ice itfpermts t '

countercurrent co acto

t he” 30
system I nci dent al | osses |df inert ggggasan be conpénsated for by
addi tion ¥ inert ggs throygh |ine 4. ' The ~nert gas

after scrubbing next exit|s the absor Qg
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13 . passed t hrough a heat exchanger fﬁ and'?hen relm
“into the bottom of countercurrent columm reactor 8. In an BEpEEéHMENJ SHEE}
nmet hod, the inert gas plus volatiles exiting the counterc ent coruamm
5 reactor 8 can be conpressed by a conpressor first and t1qung§§qmp
into the absorber 9 for scrubbing as descri bed above. Such fan !
alternative nethod woul d result inlfore effective scr ubbi hg-tkan—-F
the inert gas plus volatiles mere Q@@ﬂﬂrst conpressed bui it 10
woul d demand hi gher ampunts_of__ener an T Us —
vol atiles were scr fEPEFENIQUE PROCE FOR PREPA%EEQ339324€§£¥ pthat al
of the BDO r equi rEEREBHTHILATE)C IS GOMHRe OR POIN(@®UIBLENE As
shown in Fig. 1, a portion of thbﬂﬂ;ﬁﬂEﬂ@ﬁgytﬁﬁﬁﬁnﬁﬁﬁ

5 CKGRO o) ON

The demand for poly(butylene terephthalate),
hereinafter PBT, copolyetherester elastomers
containing PBT hard segﬁents, and poly(butylene
isophthalate), hereinafter PBI, continues to grow.

10 There are numerous patents directed to
processes for the continuous preparation of PBT from
dimethyl terephthalate and 1,4-butanediol, hereinafter
DMT and BDO respectively. Typically, these continuous
processes employ a first transesterification stage

15 wherein DMT and a substantial excess of BDO are
contacted in the presence of a transesterification
cataiyst and reacted at around atmospheric pressure
and at temperatures of 170-200°C. Dufing the
transesterification reaction, methanol is formed as a

20 by-product. In typical continuous processes, the bulk
of the methanol thus formed is removed overhead
through a ffactionating column while any unreacted BDO
is retained in the reaction mixture. The first
transesterification stage is usually followed by two

25 or more reaction stages operating at reduced pressure
wherein the removal of methanol formed as a by-product
of the transesterification reaction is completed and
sufficient precondensation to form an oligomer (or
prepolymer) suitable for feed to a continuous

30 polycondensation reactor is achieved.

A recent disclosure of such a continuous
process for preparing PBT from DMT and BDO is provided
by U.S. Patent 4,499,261 to Heinze et al. 1In the
specific example of this reference, two

35 transesterification ‘stages and two precondensation



15 absorber via a line 16 and be directly introduced into P
transesterification prereactor colum 6. It is desirabl e tﬁEPLACMMEN{ SHEE
portion of the BDO be i ntroduced to the process via absorberf 9 so tThat i
t he BDO, THF, water, and nethanol are thoroughly renmoved 20} 4 §0prn nas |
i
§

recycling inert gas. It is nost preferred that the total |{BDO 'f2ed of

the entire process, regardl ess of where said BDO is fed inté—the
process, be ssthges tlret usked pristr ¢scsenddhgBibfe resmdtimigan 10%

The reaction rom,.the ekt QN _ N r_S%SLemTted
fotthe " BEiBomeRl (b2 pEdporkhBR] SEb" the, Flal" ph1 TR HsHea bR
i ntroduced i nreackersoufher fdrstntravsesterdficotion gtage dsenperature at

| east equival gplerh@eldnat! aTpeedsur® B 1.3 bahS ' 98E Mkt Tdhreds it | eaves
t he transgsterlfication 0 stage. It ma 2; agvantageous to heat the

reaction stages; & S to PFSPAXEY omex] dQ¥es t he
transesterifi paiepelymerje aye dpeirated atesubatndspheric pxedstnal rent
O et e eatad TemiqanelE AR SN Wil Fonif o1 ¢ 35

stages prior to polycondensation is 240 minutes. A

30% molar excess of BDO relative to DMT is used. The

10 loss of BDO resulting from the formation of
tetrahydrofuran, hereinafter THF¥, is stated to be 5.1
moles per 100 moles of DMT fed.
While the above reference indicates that the
loss of BDO to THF in the process therein is

15 substantially less than encountered in earlier

processes, a loss of 5.1 moles of BDO per 100 moles of
DMT still represents a serious loss of an expensive
raw material, especially when it is realized that the
desired product is being manufactured at levels of

.20 tens of million pounds a year.

Beyond this yield loss, the process of the
reference inherently represents a source of
environmental contamination by virtue of the fact that
several -stages prior to the final polycondemsation

25 (i.e., precondensation stages) are operated at rxreduced
pressure. This is a problem shared by prior
continuous processés, along with batch processes, in
general. Operation of the precondensation stages at
reduced pressure on a commercial scale generally

30 requires vacuum sources, such as, for example, steam
jets or vacuum pumps. When a vacuum source is used,
environmental contamination can occur because some of
the volatile organics being removed in the
precondensation stages cannot be fully condensed. The

35 organic volatiles can then be emitted into the
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“plates, slot plates, or bubble cap pl ates. Bubbl e cap pl atieg are

preferred because they are less sensitive to variations in fil dwdrBEQ 1997
and vi scosity. Because the reaction mass flowi ng down thei5{ columm is

I ncreasing in viscosity, the plates may need to be nodifijed;—Tor

I nstance, by reduci ng weir height and increasing the wdtjh_of the

slots in the bubtironmentcafxrom the vacuum soumqe.f 1Ageadin Yhe M@ | nert
gas into the 1Q.,-Rgh tepRAfeidifs A IS {1f HorROintiBud aacyidoul d be

10
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process, and also in batch processes, additional
measures are necessary to protect the environment from
the volatile organics that may be emitted by the
vacuum source.

Thus, while the continuous preparation of
PBT from BDO and Dui is well advanced as a result of
numerous extensive investigations, there is still a
need for improvement with regard to utilization of BDO
and with regard to contamination of the environment
with volatile organics. Likewise, the same  type of
improvements are desired in preparing PBI and
copolymers based upon PBT or PBI.

OF ON

The loss of BDO to THF and environmental
contamination by volatile organics are both
substantially reduced by an improved continuous
process wherein a countércurrent column reactor system
is used for the preparation of PBT oligomer or PBI
oligomer (or prepolymer) from a reaction mass formed
by a transesterification reaction between BDO and a
dimethyl -ester, said.ester being selected from
dimethyl isophthalate, DMT, and mixtures thereof, and
in the presence of a transesterification catalyst.

More specifically, in the present invention,
PBT oligomer or PBI oligomer (or prepolymer) is
prepared by an improved continuous proéess comprising

. the Steps of

(1) continuously feeding a reaction mass
prepared from a transesterification reaction
between BDO and a dimethyl ester in the presence
of a transesterification catalyst and having a
dimethyl ester conversion of 50-95%, into

the top part of a heated countercurrent column
reactor having internal plates,



sufficient to reduce the partial pressure of the butanec@@rlﬁgtwﬁﬁf SHEET
bottom of the countercurrent columm reactor to such an dx arnr—
ol i goner of suf ficient nolecular weight for subsequent 15 o ~n
pol ymeri zation reactions is produced. The range for acceptabBeTEﬁohP’
rat es depends upon col um design and urther, such flowjrdies are
known in the art. If the flowrate is too low, the liquijd in the

colum wi || ﬁlﬁggh @t q-,ftltéhqreeql-&ﬁﬂ—%—
If the flow rate |2F?go % i]"glnmsnt I(MiFhé% éggcould Q
short, large d|anetb@vb@guﬁﬁtQWE¢F4ﬁﬁFe of Q? %Eh

?pti nal gfis Tltovv ras@teaﬁ élrt ofttﬁéh |co@wé2iéﬁrﬁbmﬂumlm%tor

n general, it is rec t as the process
of the present i nve?l't‘ °"’m9a+| et ?r%ﬂ?‘éb‘b‘fﬁ' %‘iﬁ) Wf’én@grd liters per
kilogram g of theoua'aercmemsscébmhfrmtm vhile ctherreactiomn
stage. However, as ﬁ%&geglﬂ&gﬂ&?&g%waf}] g%gﬁﬁ@af& at a SORENEEH upon

t he col um de5|gn and as suc determ ned for the

particul ar col um dthagnsaid r%?ﬁ&%s@%ﬁ?ﬂ‘%ﬁeap?%%b%%“%? tipe phah:

i nventi on. least 5 minutes in the countercurrent column
reactor,
10 (3) continuously feeding the inert gas stream,

which now also contains water, methanol, THF, and
BDO, from the top part of the countercurrent
column reactor into the bottom part of an absorber
while also continuously feeding butanediol at a

15 temperature lower than that of the incoming inert
gas feed stream into the top part of the absorber,
(4) continuously passing the inert gas stream
upwards through the absorber and into a compressor
while simultaneously and continuously passing the

20 butanediol downward through the absorber and into

= a transesterification process or back to a

butanediol feed line, and .
(5) collecting an oligomer (or prepolymer) of PBT
or an oligomer of PBI from the bottom part of the

25 countercurrent column reactor.

The PBT or PBI oligomer or prepolymer can be
fed into conventional polycondensation processes to
form PBI polymer or PBT polymer. It also can be mixed
with a poly(alkylene oxide) glycol and introduced into

30 a polycondensation reaction to form a
copolyetherester. .

In a preferred embodiment, and specifically
for the preparation of PBT oligomér, even greater
reduction in the loss of BDO to THF can be achieved if

35 operation of the transesterification stage which
provides the reaction mass feed for the countercurrent




The vol une of recycled inert gas used per ki | ogram of REPLACEMENT SHEET
transesterification stage reaction nass depends in part {on tr u b

of excess BDO used in 35 the transesterification stage and {tHe ﬁ ?EB'@ 7
concentration of met hyl ester groups in the transesterifiidation stage
REPLACEMENT SHEET 5 15 reaction nass.

The greater the excess of BDO used in the transesterifi cat+er—+eacti-oh—

or the greater ¢dPumn isoadimsted isuchfthpt he cceagtipnupass feeR reacti on
mass, (he of eal gognglld B SR MEhUEeOF 1 HCatifoH SFbadt ion PEdgdats

The inert gas streamis f countercurrent colum reacior at
a mi ni mum t enpethe ureaction gpregeck 9DPETF ard BhQrin g presence o

250[ err] C-260[ egrtfansesterification catalyst, wherein said BDO is
s added in a molar excess of 10% or less.
FIGURE
FIG. 1 is a flow sheet showing equipment
arrangement and material flows for the improved
process of this invention. The equipment arrangement

10 shown is provided only to facilitate description of
the invention and is not meant to limit the scope of
the invention as defined by the claims.

DETATLED DESCRIPTION OF THE INVENTION
The improved process of the present
15 - invention makes use of a continuous countercurrent
. column reactor system to convert a reaction mass from
a prior (i.e., upstream) transesterification reaction
stage into an oligomer (or prepolymer) of PBT or an
oligomer (or prepolymer) of PBI suitable for feed to a
20 continuous polycondensation stage.
1. Prior Transesterification Sfage
In the prior transesterification stage, a
- yeaction mass is prepared by reacting BDO with a
dimethyl ester in the presence of a

25 transesterification catalyst.

' The dimethyl ester used in the prior
transesterification stage is selected from DMT,
dimethyl isophthalate (hereinafter DMIj, and mixtures

. thereof. To produce a reaction mass from which PBT

30 ~oligomer will be prepared, the dimethyl ester of
choice is DMT or a mixture of DMT and DMI wherein DMT
is the dominant component; more preferably, it is DMT
alone. To produce a reaction mass from which PBI
oligomer will be prepared,. the dimethyl ester of

35 choice is DMI or a mixture of DMI and DMT wherein DMI



' - o ED[ ACEMENT SHEZ
As shown in Fig.1, only one 10 transesterification stage pr éﬂhél¥¥ﬂﬂ§‘7 °{~;
count ercurrent reactor stage. Wiile a single transesterifjcation |

]
i
]

stage is preferred, the use of two or nore transesterificat'ohgsféébﬁﬁ?
prior to the countercurrent reactor stage is nmeant to be ingcluded

Wi thin the scope 15 of this invention. 6The essence of this |nvent|on

resides in the use of the countercurrent col um reactor which has. . ..
proven to be higt¥he deninant ¢epponent p marepreferabhy; itiis BMBups from

t he transgpdgael fication reaction mass and at the same tine 20 for

butLing oul 11 ent ol cgu of el ol et felUge son chEBIFEE! SHER SELLRD. o o
to the final priopotysnsestenificatiogestagetcan, besenpfofhe _
CouT o Cund GERGLY ot SofRAEy kg huah BY G yparep, B, o e et oes
process can béttim¥¢ﬂﬁeriflcéhﬁ%hc%qa%y on8s ot The Prefernedesterification
stage SUCHrdfhidés€8r £X£68€16h EREAPYsER"hPe bPGaniE tE€anhBes, (he
process. especially tetraalkyl titanates, used alone or in
combination with magnesium acetate or calcium acetate.
10 Most preferred is tetrabutyl titanate. The organic
titanates are used in amounts corresponding to 0.5-1.0
moles of organic titanate per 1000 moles of dimethyl
ester. Other catalysts which can be used include
complex titanates derived from alkali or alkaline
15 earth metal alkoxides and titanate esters, inorganic
titanates, such as lanthanum titanate, calcium
acetate/antimony trioxide mixtures, and lithium and
magnesium alkoxides.

In a preferred embodiment of the present

20 invention, excess BDO should be fed into the prior
transesterification stage. Most preferably, the
excess is 10% or less. Excess BDO is calculated on
the basis that one mole of BDO is required per mole of
dimethyl ester in order to prepare a high molecular

25 weight polymer. When the ratio of moles BDO:moles
dimethyl ester is greater than 1:1, then excess BDO is
present. For example, a feed of 1.05 moles of BDO per
mole of dimethyl ester corresponds to a 5% excess of
BDO.

30 Limiting the excess of BDO to 10% or less in
the transesterification stage is advantageous in the
present process because any excess BDO fed forward
must be volatilized in later stages. Large excesses
of BDO would therefore require that substantial

35 amounts of heat be supplied to any column reactor to



S _ REPLAGEMENT ohREt]
30 - As stated previously, the transesterificatlidn stage i's™
known to be effective for converting the bulk of the nethyl CEER 1997
‘groups but it is relatively inefficient for conpleting tHe rgﬁgng
present invention that the 16

of nmethyl ester groups. It is preferred in the 35 present prjoc
conversi on of iRyl +43d Ypd A Hed FHKrdrd T Grdy)itid) vapor $2& EREACTT ON
mass fed to the countercurrent cal um react,or sinc suff|0|qﬂ} heat

must be provi d&PGo This i GqmRd iGatedt IEFRANS DiSre ATE AFEE (42
count ercurrent pgimto] WilhdEaty sinde ithaha=mdeen tfound et ty d farihent

methyl ester conversion is less than 85%, then the

5 rate of exchange of methyl ester groups during the
transesterification reaction shows little or no
increase when the amount of excess BDO is raised from

2-3% to as high as 30%. Moreover, limiting the excess
of BDO in the transesterification stage reduces the
10 amount of BDO lost through the formation of THF. It
has been found that when the excess BDO is limited to
10% or less in the transesterification stage, the loss
of BDO to THF can be reduced to less than 1 mole of
BDO per 100 moles of DMT and the total residence time
15 required to prepare an oligomer (or prepolymer) of PBT
suitable for continuous polycondensation can be less
than -15 minutes. These results represent substantial
improvements relative to prior art processes.
Fig. 1 includes a schematic of a continuous
20 transesterification stage useful in the process of the
present invention. The continuous transesterification
process detailed in Fig. 1 makes use of a
recirculating loop. More specifically, a continuous
transesterification process is as follows: Vertical
25 heat exchanger 5 establishes a flow in the loop by
_convection, with vapors, which consist of methanol,
BDO, watef, and THF, and heated reaction mass, which
is comprised of BDO, DMT, catalyst, monomer, dimer,
trimer, etc., continuously feeding via line 18 into
30 the bottom of transesterification prereactor column 6
having internal plates. The vapors are separated from
the reaction mass in the bottom of the column. Methan-
ol formed by the transesterification reaction proceeds
up transesterification prereactor column 6 as the

35 principal component of the vapor. The reaction mass



of BDO excess concentrations of methyl ester groups conplﬁ&giACEN@

operation of the countercurrent colum react or because of tre l'arge
amounts of heat which nmust be introduced into the reactor.y 1044 rrp 1397
The ol igonmer (or prepolynmer) produced in the count ercurrent {col Unm’

~—t
=

Jr'l‘tf

reactor normally has a conversi on of sbout 98.5% of nethyl] ester
groups. It has a nunber average nol ecul ar wei ght of about

3000- 4000 and athenheeeirculatesi conbinubuslyOinteolibe 10 26, reasured at

30[err]C and atcaEgggggngﬁ@tiggpof 0.1 g/dl in mcresol. 3.
Pol ycondensat i on he ol i gomer _(or prggﬁlyne

exiting the col umm rB&E?BFY%lﬁsFFﬁei§4°P§t5P§PSF&BIfepe Pr&kely 20

to ahtcont: nUOUS1Iaeby0Qademﬁath9m estetroreka mnﬁaa%e t hi Igh {ml ecul a{h
wei 0 r n or e er er e st one e
o ooer " rrinfeger 818 RER catay Bl SrL B1RE, ERECLOREITUSNRLY | ¢
nmixed with the dntortHealoopt vha eapalyétl feedndine 2.oxRsepegcribed such
as p0|y(tetraneggxbgn?noéhgeéectiongbxcehe Babht e 3o rrift Biuds forma

si ngl e phase
reactor system, BDO containing some methanol and

traces of THF and water is introduced into the

10 transesterification stage on one of the plates,
preferably on one of the upper plates, of
transesterification prereactor column § by means of
line 20. BDO is continuously fed into
transesterification prereactor column 6 from the

15 countercurrent column reactor system, said reactor
system being described in detail in section 2, below.
Specifically, fresh BDO, preferably at a temperature
slightly above its freezing point and more preferably
at about 30°C-60°C, most preferably 35°C-45°C, is fed

20 into the countercurrent column reactor system via feed
line 3, with all or a major portion thereof entering
absorber 8. Any BDO not fed to the absorber is fed to
the transesterification prereactor column 6 via line
16. Also, BDO containing some methanol and traces of

25 THF and water from the bottom of the absorber 9 is
introduced into the transesterification prereactor
column 6 via line 20. Methanol vapor containing minor
amounts of THF and water exits overhead from the
transesterification prereactor column 6 and is

30 condensed in heat exchanger 7. The impure methanol
condensed in heat exchanger 7 is split into two
streams, one of which exits the system through line
15; and the other of which is returned as reflux to

the top of column §.
35



. i . .. . . . . - -‘u
liquid, which is in turn introduced to a continuous pol_ggBLéEEMENT otk
reactor. Typical continuous pol ycondensation reactors afe{wel|l known

in the art.

EXAMPLES Exanpl ¢ 1 19 FEB 1997

A series of continuous transesterification reacti ons wetejrun in which

the princi pal

EH

vari abl e studi ed wastl?e effect of the BD{Y DMI rati o on
35 conversion of nethyl ester groups.

17 transesterificatildh R%%"M@Ta%é’t% frap 3, Simathyl resin

flask fitted wegtedr Hnd U0, the a@thiill @ster groupsiat wise dimdthyant t hat
t he transesterlflcatlon

10

15

20

25

30

35

ster must be reduced to a very low level by
transesterification with BDO to form an oligomer (or
prepolymer) that has sufficient degree of
polymerization and low enough volatility for
introduction into a continuous polycondensation
reactor. The continuous transesterification stage
described above, along with other known continuous

- transesterification processes, is effective for

converting the bulk of the methyl #ster groups on the
dimethyl ester but is relatively inefficient for
completing the removal of the methyl ester groups and
for yielding an oligomer (or prepolymer) having
sufficient degree of polymerization to make it
suitable for continuous ﬁoiycondensation to high
molecular weight polymer. Indicative of the
inefficiency of a transesterification stage for
completing methanol removal is the process of U.S.
Patent, 4,499,261, wherein a total residence time of
130 minutes in two transestexification stages is
required with a 30% excess of BDO to reach =
conversion of 91%. Such a long residence time
increases the losses of BDO to THF substantially.

At the same time, however, it is preferred
in the present process that the conversion of methyl
ester groups in the prior transesterification stage be
50-95%, more preferably 70-50%, and most preferably,
75-85%. In the most preferred continmuous
transesterification process described above with
reference to Fig. 1, degrees of conversion of about
80% to about 88% can be achieved with
transesterification reactor residence times of about
6-10 minutes with excess BDO of 2-=10%. It is noted
that while the preferred minimum degree of conversion




reactor was substantially a constant conposition 5 continuqus—feaetor-——"
-Feed streans, BDO, and DM were met ered by separate punps gnd gnLgHeqﬁw
the top of the transesterification reactor. Because of itls || olwer = v

mel ting point, the use of DM (in contrastygo DM) facilijtated . ... ..
operation of the transesterification 10 reactor. Tetrabutyl titanate

catal yst was i eciethPl ester AyEpIGEs S0P, | € nddet AT ieption - camjust— -

prior to its ent ransesterifjcation Pr oduct

was removed thr ucé{‘lgo‘lﬂ’?{ﬂgtat Eﬁ%‘tﬁﬁl gpree °# o%%?‘é%lréoﬁgﬁée)f BV of the
transesterifi caster Igroupsaculd el mattable foxgfeed Uinty thea verti cal

t ube, the deitdrairhe oofid! Neadeld BLANE prEREML the level

of the reaction mass | nt react or-.- enperature in the
transest er i i caANRRYER¢ orIRgEact, the fi¥f¥ Stagevarying the heat |
supplied by a Rerdns@stérifidaticn re&@Peion fecowld Nee tbppassedrification

of THE, and watTe e L atn SEhd Drarlaf Pithiot £418 Faetled Houta vep ot
the reactor, paEsddirectdly into the scoumtercierent \tolwm reachor and were
condensed in  gygtem. However, to do.so would require that all the

10  heat load for boiling methanol generated by the
transesterification reaction would have to be provided
by sidestream heat exchangers on the countercurrent
column reactor. This is expensive and would require
that the size of the countercurrent column reactor be

15 substantially increased. Similarly,
transesterification products having a degree of methyl
ester conversion of greater than 95% are acceptable
for feeding into the countercurrent column reactor
described herein; however, such a higher degree of

20 conversion generally regunires increased residence time
.and as residence time increases, it is known that THF
formation also increases.

2. Countercurrent CO;pmg Reactor System
-By the process of the present invention,

.25 conversion of methyl ester groups to hydroxylbutyl
endgroups and the building of molecular weight (which
impacts in turn on a degree of polymerization and
volatility) are efficiently and rapidly accomplished
by a novel process wherein there is used a continuous

30 . countercurrent -column reactor system. Since the
continuous countercurrent column reactor system is
operated at or slightly above atmospheric pressure,
environmental contamination associated with a vacuum

_ source is avoided. Further, since the continuous

35 countercurrent"column feactor systenm operates
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differing mainly in BDO DM feed nole ratio ard

anal yses of the resulting products, are presented ig]BDo téﬁguéafs 35

efficiently and rapidly, the loss o©
minimized. _

The continuous countercurrent column reactor
system, and the process by which PBT oligomer or PBI
oligomer (or prepolymer) is prepared from the reaction
mass of the prior transesterification stage, is most
easily described by reference to Fig. 1. In Fig. 1, a
countercurrent column reactor is identified as 8.
Stream 17, which is the reaction mass from a prior
(i.e., upstream) transesterification stage, is
continuously fed to the top plate of the
countercurrent column reactor 8. The reaction mass
flows downward throdgh multiple reactor plates in the
countercurrent column reactor and issues from the
bottom of the countercurrent column reactor through
line 14, which then carries the product (i.e., an
oligomer of sufficient degree of polymerization for
polycondensation) to a continuous polycondensation
stage. The residence time of the reaction mass in the
countercurrent column reactor is at least 5 minutes,
preferably 6-10 minutes. Heat is applied to the
countercurrent column reactor in order to maintain or -
increase the temperature of the liquid reaction mass
flowing down the countercurrent column reactor. Heat
may be'applied to the countercurrent column reactor
contents by various known methods. Heat could be
applied in any of several places on or in the
countercurrent column reactor. An example of an

.acceptable method for applying heat to the

countercurrent column reactor 8 is illustrated in Fig.
1. In Fig. 1, a sidestream from the countercurrent
column reactor 8 is removed by means of pump 12, which
stream is heated by heat exchanger 13 and then

returned to the countercurrent column reactor 8.
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of the react:.q;x pass n4'Lt e @oyiltfg;current
reactor is a stream of a heated inert gas, preferably

n:.trogen, which is cont.muously introduced at the
bottom part of the countercurrent column reactor 8.
The heated inert gas proceeds up the column and picks
up increasing concentrations of volatiles, such as:
nethanol, BDO, and minor amounts of THF and water,
from the reactionmass.flowing down the countercurrent
column reactor. The inert gas plus the volatiles
exits from the top part of the countercurrent column 8
and flows continuously into the bottom of an absorber
9 via line 21. An example of an absorber 8 that is
adequate for this process is a packed tower having
about two theoretical plates. Incoming BDO from line
3, at a temperature slightly above freezing, more
preferably 30°C-60°C, and most i:r'eferably 35°C~-45°C,
continuously flows counterciirrent to the inert gas
conjl;_aining the volatiles and scrubs out the methanol,
THF, and water in the inert gas. The partial pressure
of the BDO in the inert gas stream 22 after scrubi:ing
is, as a result, lowered to a level cdrresponding to
the relatively.low..'temperaturet:of: the incoming BDO,
which is lower than the temperature of the inert gas
stream as it enters the absorber. The scrubbing of
the inert gas containing volatiles in order to remove
methanol, THF, and water is essential for the
economical operation of the process since it permits
the inert gas to be continnously recycled through the
countercurrent column reactor system. JIncidental
losses of inert gas can be compensated for by addition
of inert gas through line 4.

The inert gas after scrubbing next exits the
absorber 8 and is cbmpressed by a compressor 10,
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described above. Such an alternative method would
result in more effective scrubbing than if the inert
gas plus volatiles were not first compressed but it
would demand higher amounts of energy than if the
inert gas plus volatiles were scrubbed first.

It is not necessary that all of the BDO
reguired by the process be fed to absorber 9. As

_shown in Fig. 1, a portion of the BDO may by-pass the
‘absorber via a line 16 and be directly introduced into

transesterification prereactor column 6. It is
desirable that a major portion of the BDO be
introduced to the process via absorber 9 so that the
BDO, THF, water, and methanol are thoroughly removed
from recycling inert gas. It is most preferred that
the total BDO feed of the entire process, regardiess
of where said BDO is fed into the process, be such

“-.that the mqlar excess of BDO is less than 10%.
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The.reaction mass from the
transesterification prereactor system fed to the
countercurrent column reactor via line 17 should be
introduced into the countercurrent column reactor at a

tTemperature at least equivalent to the temperature of

the reaction mass as it leaves the transesterification
sﬁage. It may be advantageous to heat the reaction
mass to a higher temperature'after it leaves the
transesterification stage but before it enters the

.countercurrent column reactor.

The .countercurrent column reactor should
have abont 6-12 plates. Examples of such plates
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are less sensitive to variations in flow rate and
viscosity. Because the reaction mass flowing down the
column is increasing in viscosity, the plates may need
to be modified, for instance, by reducing weir height
and increasing the width of the slots in the bubble
cap.

The flow of the heated inert gas into the
bottom of the countercurrent column reactor should be
sufficient to reduce the partial pressure of the
butanediol at the bottom of the countercurrent column
reactor to such an extent that an oligomer of
sufficient molecular weight for subsequént
polymerization reactions is produced. The range for
acceptable flow rates depends upon column design and
furthér, such flow rates are known in the art. If the
flow rate is too low, the liquid in the column will
7weep” through the holes in the plates of the column.
If the flow rate is too high, entrainment flooding
could occur. A short, large diameter column with few
trays would have a higher optimal gas flow rate than a
tall, smaller diameter column.

In general, it is .recommended that the gas
flow rate for the process of the present invention
range from about 600-900 standard liters per kilogram
of the reaction mass feed from the transesterification
stage. However, as stated above, the gas flow rate is
dependent upon the column design and as such, it
should be determined for the particulnr column design
being used in the process of the present invention.

The volume of recycled inert gas used per
kilogram of transesterification stage reaction mass
depends in part on the amount of excess BDO used in
the transesterification stage and the concentration of
methyl ester groups in the transesterification stage

‘
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mass froma transesterification reaction, described 10 bel ow,

the top of the countercurrent colum reactor. Heated nitrqggqn was
i ntroduced into the countercurrent colum reactor bel ow tHe jbok 8oREB 1997
tray of t he col um. Fini shed oligonerdlg or prepol yner) was renpved

fromthe bottom of the countercurrent colum 15 reactor. Aftler passage

upwar d t hr ough.ndeection massy erthe rgreatey the rexcess of Mi‘ﬁ@.&g&s——-———

stream eX'é:ﬁP %l}fméﬁtf&? £ 67 Wlje Pledler the ' act 01
oug

and was passed t traps to condense olatile organics

cont ai'ned theré?%ceZU-'-rat1°n of metmrel t?%ﬁ%’ésﬂ’??‘??’?‘cjéhﬂ?‘ﬁ’é%&‘??w Mass

froma tr GAs! Qnd | PRda ey IARild bd ethé (vdhené bfNtheAseated
prepared i n t he ﬁ%’;l nuous transesterification reactor described in

Exanpl e 1. 57 BE® %Y nole ratio of 1. 065 was used with a 7 mnute
resi dence tinme. The 25 -Thenesticrgds cstyesmpisdfed iate thehe

transesterifi ch ! t&anse%%%%m W £5hfhimum téﬂﬁ&

81.25% The reacti on nmass at terrperature
of 262[err] C w=f fahpuly 228°C, preferakly R3R1€-26P1Fn reactor at a rate of
about L As.shown .in Fig..1, only one

10 transesterification stage precedes the countercurrent
reactor stage. While a .single transesterification
stage is preferred, the use of two or more
transesterification stages prior to the countercurrent
reactor stage is meant to be included within the scope

15 of this invention. The essence of this invention
resides -in the use of the.countercurrent colum
reactor which has proven to be highly efficient for
eliminating methyl ester groups from the
transesterification reaction mass and at the same time

20 for building sufficient molecular weight in the
transesterification reaction mass to form a prepolymeyr
(or oligomer) suitable for feeding to the final
polycondensation stage. In turn, use of the
countercurrent reactor is made practical by sx:rubhing'

25 of the inert gas stream in the absorber with inconming
BDO. The efficiency of the process can be further

- enhanced by operating the transesterification stage
. such that an excess-of BDO of 10% or less is used in
the process.

30 o As stated previously, the
transesterification stage is known to bde effective for
converting the bulk of the metliyl ester groups but it
is relatively inefficient for completing the removal
of methyl ester groups. . It is preferred in the

35 present process of the present invention that the
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30 460 g/ hr. The skin tenperature of the countercurrent tomm
-reactor was nai ntai ned at about 264[err] C by neans of the IqFﬁhEEbigg?
heater. The tenperature in the countercurrent columm reactlor] at <t

upper nost | evel (above the uppernostieray) heated by the dl doshell 35
heater was about 262[err]C. N trogen was introduced into
20 t he bott convkrsiencofnmethyilr esterogronpscrange from59-9Staiadtt—5

standard liter E“E ?’88;&%%8; Im?\gsr 28 to. ??‘Cecgu;‘%grgggicﬂe@,?gggélﬁ{g. liters of

ni trogen per ransest er i atton pro 5 nitrogen

was heated to Xeagtorisimce] sufSisient; bgat musy he srovddedt® ¢ he
count ercurrent yapoiZe’ el flethanol formed within the countercurrent

5 column reactor. As is the case with excessive amount
of BDO, excess concentrations of methyl ester groups
comblicate the operation of the countercurrent column
reactor because of the large amounts of heat which
must be introduced into the reactor.

10 The oligomer (or prepolymer) produced in the
countercurrent column reactor normally-has a
conversion of about 98.5% of methyl ester groups. It
has a number average molecular weight of about

' 3000-4000 and an inherent viscosity of about 0.2 to

15 0.25, measured at 30°C and at a concentration of 0.1
g/dl in m-cresol.

3. Polvcondensatio eactio

Q.

The oligomer (or prepolymer) exiting the
column reactor via line 14 is preferably fed directly
20 to a continuous polycondensation reactor to prepare
high molecular weight polymer. In order to prepare
copolyetherester elastomers, the oligomer (or
prepolymer) from the countercurrent column reactor is
mixed with the desired amount of a poly(alkylene
25 oxide) glycol, such as poly(tetramethylene oxide)
glycol, until the two liquids form a single phase .
liquid, which is in turn introduced to a continuous
polycondensation reactor. Typical continuous
polycondensation reactors are well known in the art.
30 EXAMPLES
Example 1
A series of continuous transesterification
reactions were run in which the principal variable
studied was the effect of the BDO/DMT ratio on
35 conversion of methyl ester groups. The
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The average residence tine of liquid transesterification rdadti on nmass
‘in the countercurrent colum reactor was estimated to be 30 |abb8t FEB 1397
-m hut es. The ol igonmer (or prepolyner) product frdm t he
countercurrent colum reactor had a nethyllzster conversion jof 98.5 and
an i nherent viscosity of 0.2329 dl/g in mcresol at_a conceriration of

15 0.1 g/dl. trensestariticatinon meactenvagigheated and ingBiaked yas
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concentration tetesedrbyxeeparate punps and rentered theptep;ef\the nearly

I dentical . transesterification reactor. Because of its lower
melting point, the use of DMI (in contrast to DMT)
facilitated operation of the transesterification

10 reactor. Tetrabutyl titanate catalyst was injected by
a syringe pump into the BDO feed stream just prior to
its entry into the transesterification reactor.
Product was removed through an outlet centrally
located on the bottom of the transesterification

15 reactor and passed through a U-leg to a vertical tube,
the height of which could be adjusted to control the
level of the reaction mass in the reactor.
Temperature in the transesterification reactor was
controlled by varying the heat supplied by a heating

20 mantle. Vapors from the transesterification reactor
consisting largely of methanol, with some BDO and
traces of THF, and water exited the reactor through an
outlet in the top of the reactor, passed through a
vacuum jacketed Vigreux column, and were condensed in

25 a water-cooled condenser, which was vented to the
-atmosphere. Part of the condensate was returned as
reflux to the Vigreux column by means of a reflux
splitter. The rest of the condensed methanol was
passed to a receiving flask.

30 The conditions used to make three runs
differing mainly in BDO/DMI feed mole ratio and
analyses of the.resulting products are presented in

Table I.

35
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en butanedi ol a
selected fromthe group consisting. of digethylRun

A B _C
Average reactor temperature
°C 196 189 153

Average reactor residence
time' min 6.1 7.0 7.0

BDO/DMI feed mole ratio- . 1.34 1.20 1.00

Tetrabutyl: titanate, moles
‘per 1000 moles DMI . 0.790 0.758 0.703

Methyl ester conversation,
s(a) .81.0 B8l.1 BOD.7

Moles BDO degraded to

THF per
100 moles DMI (D) - 0.19 0.42 0.31

*

(a) Methyl ester conversion is the average of values
determined by

(1) analysis of the bottoms product for residual
methyl ester end groups and

(2) by calculation from the ratio of methanol
take-off rate and DMI feed rate
{b) THF was determined by gas chranatography of the

recovered methanol

The results 'of the three runs showed that
methyl ester conversions of about 81% were obtained
with residence times of 6-7 minutes regardless of the
BDO/DMI feed ratioc, which was varied from 1.00-1.34.
THF formation was low for all three runs.

Substantially identical results would be
obtained if DMI was replaced by an egual amount of
DMT, due to the fact that, at the same temperature and
catalyst concentration, the ester exchange rate of
either with BDO is very nearly identical.
Example 2

This example illustrates the use of a
continuous countercurrent column reactor system to
convert the transesterification.reaction mass from a

fryt=--=—
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‘presence of a transesterification cat al yst, (b) cpntinuously
feeding into the bottom part of the 15 heated countercurrent fofuf® FER 1397
reactor a stream of inert gas havingea m nimumtenperat yirg of
225[err] C, (c) continuously passing the inert gas streap upwara
t hrough t he heapedo&o&mhmsasﬁerﬁfﬁbdﬁﬂﬁm statjeotcamh ol igome:t [tdxe top part

of the heated ¢ QU T JOlm gn& ttom part of
an absorber whi E%%&% é%’lqt%rfo;n%& sfele?gtontl nuousﬁ qégwi ng dsown and
t hr ough tmonmggndenaanﬁnnwngaqaqr«xﬂunn r eact or. thereby

formng an ol igomer. al astieWditRrdirdrtloditin reactdinGldm mss has a
resi dence tine in the reactor of fﬁgt east

continuous! § f e@@GiFivg rihav, golumn f, 28 = r‘t%%&ﬁ"o%%er at
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gas. troam upnarPe °&ﬁ%ﬁ¥c}ﬁf€eﬁ%e olbms Headity i HRaCATSIAY 47° | 0o
clamshell heater. The transesterification reaction
mass from a transesterification reaction, described

10 below, was fed to the top of the countercurrent column
reactor. Heated nitrogen was introduced into the
countercurrent column reactor below the bottom tray of
the column. Finished oligomer (or prepalyner) wvas
removed from the bottom of the countercurrent column

5 reactor. After passage upward through the
countercurrent column reactor, the nitrogen gas stream -
exited from the top of the countercurrent column
reactor and was passed through cold traps to condense
the volatile organics contained therein.

20 The transesterification reaction mass from a
transestérification reaction fed to the column was
prepared in the continuous transesterification reactor
described in Example 1. A BDO/DMI feed mole ratio of
1.065 was used with a 7 minute residence time. The

25 transesterification product (i.e., the

" transesterification reaction mass) had a methyl ester
conversion of 81. 25%. The molten ‘transesterification
reaction mass at a temperature of 262°C was fed to the
countercurrent column reactor at a rate of about

30 460 g/hr. The skin temperature of the countercurrent
column reactor was maintained at about 264°C by means
of the clamshell heater. The temperature in the
countercurrent colﬁmn reactor at the uppermost level
(above the uppermost tray) heated by the clamshell

35 heater was about 262°C. Nitrogen was introduced into
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abéorber into a conpressor while the but anedi ol i s cont i{nyewrst
+fl om ng downward t hrough the absorber, . .
22 (f) passing the inert gas streamfromthe conpressor 19 FES B
heat exchanger and recycling it into the pottom part of the
countercurrent colum reactor,’ (g) passing the butanediqgl out the
bott om part ofthé&é bottombefr bhe countercurréntaceliumh feadtbranLap-use
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pol y(butyl ene gave ¢s§9ﬁ§ﬁaP§tGP°FFOW$9hbiberﬁoﬁfoﬂitﬁegeDUBGErcurrent

kilogram of transesterification product fed. The
5 nitrogen was heated to about 244°C before it was

introduced into the countercurrent column reactor.

The average residence time of liquia

transesterification reaction mass in the

countercurrent column reactor was estimated to be
10 @about 7 minutes.

The oligomer (or prepolymer) product from
the countercurrent column reactor had a methyl ester
conversion of 98.5 and an inherent viscosity of:
0.2329 dl1/g in m-cresol at a concentration of

15 0.1 g/dl. The number average molecular weight of the
product was 3400, determined by gel permeation
chromatography. This molecular weight corresponds to
a degree of polymefization of 15. The product .is
suitable as feed to a continuous polycondensation

20 reactor. _

' Substantially identical results would be

obtained if the transesterification product fed to the
column was based on DMT rather than DMI, due to the
fact that, at the same temperature and catalyst

25 concentration the ester exchange rate of either with

BDO is very nearly identical.
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ester used to prepare the reaction mass of ,gtep (a) is dif e
t er epht hal at e. 4. The process of Caim1 whereiln the
transesterification catalyst used to pr the 20 reaction TBSS Of STEP —

(a) is tetrabutyl titanate. Th im1l
wherein the conver'si én oft &PnﬁénquesPEP°3585§§£?§$§§%9;%§L?:g%
mass of step (apoly (mt%%aeptei-ephhhaﬁﬁes5w1gomer or poly(bgtyYeme
process of ClaiT 1 W&§%§52ﬁéh%1§§ mg&agaﬁ %gceﬁbogt &pacheon mass of

step (a) is fed cou ercurre nm react r at a
t enper at ur e5at  1{@dst apnﬁdgﬂou§lvh§eﬁéﬁpﬂr§tEﬁé°5 don magf; farped from

transesterifical ¢fichotratdesteri®icutiod stage into the top. pabe pfocess
of Caiml whereli) the
a heated countercurrent column reactor wherein the
reaction mass. is prepared from a transesterification
reaction between butanediol and a dimethyl ester

10 selected from the group consisting of dimethyl
terephthalate, dimethyl isophthalate, and mixtures
thereof, in the presence of a transesterification
catalyst, ’

(b) continuously feeding into the bottom part of the
.15 : heated countercurrent column reactor a stream.of-inert

gas having a minimum temperature of 225°C,

{c) continuously passing the inert gas stream upward

through the heated countexrcurrent column readtor and

out the top part of the heated countercurrent column -

20 reactor into the bottom part of an absorber while the
reaction mass is continuously. flowing down and through
the heated countercurrent column reactor, thereby

- .forming an oligomer, at a flow rate such that the
reaction mass has a residence time in the reactor of

25 at least 5 minutes,

(d) -continuously feeding butanediol into the top

“pért_of the absorber at a temperature lower than that
of the inert gas stream incdming at the bottom part of
the absorber, _

30 - (e) continuonsly passing the inert gas stream upward
"through the absorber and out-the top part of the
absorber into a compressor while the butanediol is
con;inuously"flowing downward through the absorber,
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cycling it into the bottom
part of the countercurrent column reactor,

(g) passing the butanediol out the bottom part of
the absorber and into a butanediol feed lire for use
in the prior transesterification stage, and

(h) collecting an oligomer of poly(butylene
terephthalate) or an oligomer of poly(butylene
isophthalate) from the bottom of the countercurrent
column reactor.

2; The process of Claim 1 wherein the
reaction mass of step (a) is prepared from butanediol
and a dimethyl ester wherein the molar ratio of
butanediol:dimethyl ester is 1:1-1:1.1.

3. The process of Claim 1 wherein dimethyl
ester used to prepare the reaction mass of step (a) is
dimethyl terephthalate. '

4. The process of Claim 1 wherein the
tranSeSterification catalyst used to prepare the
reaction mass of step (a) is tetrabutyl titanate.

5. The process of Claim 1 wherein the
conversion of dimethyl ester groups in the reaction
mass of step (a) is 50-95%, preferably 75-85%.

6. The process of Claim 1 wherein the
transesterification reaction mass of step (a) is fed
into the countercurrent column reactor at a
temperature at least as high as the téﬁpérature at
which the tranéesterification reaction was conducted!

7: The process of Claim 1 wherein the
stream of inert gas has a flow rate in the
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. 9. A continuous process - for preparing
poly(butylene terephthalate) oligomer or poly(butylene
isophthalate) oligomer comprising.the steps of
(a) continuously feeding a reaction mass formed from
a prior transesterification stage into the top part of
a heated countercurrent column reactor wherein the
reaction mass is prepared from a transesterification
reaction between butanediol and a dimethyl selected
from the group consisting of dimethyl terephthalate,
dimethyl isophthalate, and mixtures tliereof, in the
presence of a transesterification catalyst,

(b) continuously feedlng into the bottom part- of the
heated countercurrent column reactor a stream of ‘inert
gas having a minimum temperature of 225°C,

(c) continuously passing the inert gas stream upward
through the heated countercurrent column reactor and
out the top part of'the heated countercurrent column
reactor into a compressor while the reaction mass is
continuously flowing down and through the heated
countercurrént colunmn reactor, thereby forming an
oligomer, at a flow rate such that the reaction mass
has a residence time in the reactor of at least S
minutes,
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part of an absorber while feeding butanediol into the
top part of the absorber at a temperature lower than
that'of the compressed inert gas stream incoming at
the bottom part of the absorber,

(e) continuously passing the compressed inert gas
stream upward through the absorber and out the top
part of the absorber into a heat exchanger and
recycling it into the bottom part of the
countercurrent column reactor,

(£) passing the butanediol out the bottom part of
the absorber and into a butanediol feed line for use
in the transesterification stage, and

(9) collecting an oligomer of poly(butylene
terephthalate) or an oligomer of poly(butylene
isophthalate) from the bottom of the countercurrent
column reactor. ' )



(f) " passing the butanediol out the bottom part of t hey

“into a butanediol feed line for use in the transesteri ffi
and (g) collecting an oligomer of poly(butylene 15 tere
an ol i gonmer of poly(butylene i sopht hal ate) fromthe botjtd
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Economic and efficient process for preparing

an oligomer of poly(butylene terephthalate) or an

oligomer of poly(butylene isophthalate) from a
transesterification reaction mass by using a

countercurrent column reactor system wherein the

10

transesterification reaction mass is fed into the

countercurrent column reactor and continuously flows

downward while simultaneously a heated inert gas

stream continuously flows upward to scrub out

volatiles from the transesterification reaction mass,

15

column reactor an oligomer of poly(butylene
terephthalate) or an oligomer of poly(butylene.

thereby yielding from the bottom of the countercurrent

isophthalate) suitable for use in a polycondensation

reaction. Butanediol is recycled throughout the

%0 process through an absorber column.

'FIGURE 1
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