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DEHYDRATION OF ACETIC ACID BY AZEOTROPIC DISTILLATION IN THE PRODUCTION OF AN
AROMATIC ACID

This invention relates to separation of water from a liquid phase medlum containing water

and at least one other component

The invention has particular application to the separation of water from an aqueous feed
stream containing an atiphatic carboxyhc acid such as acetic acid.
. A specific application of the invention is in a process for the production of an aromatic
dicarboxylic acid such as terephthalic acid in which, to remove water generated in the reaction

~producing the dicarboxylic acid, an acetic acid/water vapour stream is drawn off from the reactor

10

overheads and subjected to distillation to separate the water from the acetic acid. The dehydrated
acetic acid is then recycled at least in part to the oxidation reactor. Traditionally fractional
distillation has been used for this task since the manufacture of terephthalic acid is a process

. which, when operated at elevated pressures (typically in excess of 20 bara), produces sngmfcant

_. waste heat which is available for use as reboil heat for the distillation column.
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However, with the advent of interest in lower pressure processes for the manufacture of
terephthalic acid combined with a drive for more efficient heat recovery schemes, heterogeneous
azeotropic distillation has been recognised as offering potentlal capltal and variable cost benefits
over fractional distillation. :

~ Heterogeneous azeotropic distillation for acetic acid/water separation is disclosed in
US-A-2050234, US-A-4250330 and GB-A-1576787. As stated in GB-A-1576787, a significant
advantage of azeotropic distillation is low reflux ratio and hence reduced héat energy requirement
for_diatillation. Reflux ratio is dependent on the particular entrainer seiected for the azeotropic
distiliation. In terms of low reflux ratios. n-butyl acetate (boiling point: about 126.2’0) must be
considered. This particular entrainer is favoured in GB-A-1576787 for the separation of acetic acid
and water. Less desirable from thé standpoint of refiux ratio is the lower boiling point entrainer
isobutyl acetate (boiling point: about 117°C) which is favoured by US-A-4250330; even less
desirabie in this context is n-propyl acetate (bailing point: about 101 'C)' which was found to be

useful as an entrainer in the 1930's prior to the recognition of n-butyl acetate as a superior

entrainer (see US-A-2050234 which is concerned with the production of substantially pure "glacial"
acetic acid from aqueous acetic acid). N-butyl acetate is advantageous because of the higher
amount of water entrained in the azeotrope which allows a lower reflux ratio when organic phase
reﬂux only is used. _ '

~ Inthe kind of application that the present invention is specifically concemed with, it is not

'necessary for the distillation to be carried out in such a way as to produce substantially anhydrous

acetic acid. Because the acetic acid is to be recycled at least in part to the oxidation reactor, it is
expadnent to produce a partially dehydrated acetic acid product typicaily containing of the order of
5% by weight water based on the combined acetic acid/water content. US-A-4250330 and _
GB-A-1576787 both contemplate the possibility of producing a bottoms product containing some

_watar; US-A-4250330 mentions a water content of no more than 10% (and preferably no more
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than 5%) by weight usihg isobutyl acetate entrainer whilst Gé-‘A-1 576787 gives a spegcific
Example in which, using n-butyl acetate entrainer, the water content in the dehydrated acetic acid
product is 6.3% by welght

" n GB-A-1576787 a bottoms product containing water is obtained using n-butyl acetate
entrainer and, apart from_u;ing an excessive number of trays in‘the bottom part of the distillation
column, slippage of entr_aiqet into the bottoms product can only be avoided by employing a feed

stream which has a high water content and/or by using a reflux combining both organic (entrainer)

and aqueous phases Thus, in the Example given in GB-A-1576787, the water content of the feed
stream supplied via feed line 5 oompnses 56.51% by weight of water relative to the acetic acid
content of the feed stream. Nowadays terephthalic acid produotion installations tend to empioy
relatively low water oootent in the oxidation reactor (eg about 8% by weight based on the
combined quuid phase acetic acid/water content) in order.to minimise corrosion and burning of
acetic acid and hence loss of solvent. Thus, for olant operating with relatively low water content in
the oxidation reactor, if the feed stream to the distillation column is derived from the reactor
overheads, to achieve a water cont_Ent in the feed stream of for example 56% by weight, it would
be necessary to use a rectifier or equivalent watér conoentraﬂon device upstream of the ’

azeotropio distillation column, ie to produce from the relatively low water content in the "condenSed '

acetic acid/water reactor overheads a water rich feed stream for treatment in the azeotropic
distillation column. Moreover, in the Example of GB-A-1578787, it will be noted that the reflux to
the distillation column is a combined feed of organic and aqueous phases. '

in US-A-4250330, the water content of the feed stream to the distiliation cotumn is not
specifically disclosed but, according to Example 1, the feed stream is made up of acetic
acid/water vapours derived from a partially anhydrifying column :su'p'plied with mother tiquor {line
1) and a liquid stream of aqueous acetic acid at 70% by weight (line 8) derived from other parts of
the plant. Significantly, Figure 1 of the drawings illustrates the provision of aline 17 which will be
eﬁeotive 1o recycle part of the aqueous phase back to the distillation column so that the reflux

) oompﬁsos a combined feed of organic and aqueous phase components. Apparently the aqueous

phase component was considered necessary in order to avoid slippage of entrainer into the
bottoms product.

Although the azeotroplc distillation systems of US-A-4250330 and GB-A-1576787 can be
operated using n-butyl or isobutyl acetate entrainers, from the foregoing it wilt be seen that certain
compromises have to be made in order to secure a water-oontaimng bottoms produot which is
substantially free of entrainer. - :

According to one aspect of the present invention there is provided a process for the
production of an aromatic dicarboxylic acid comprising oxidising a precursor of the dlcarboiylio
acid in an aqueous liquid phase modlum comprising a lower atiphatic carboxylic acid and in the
presence of a heavy metai catalyst system, the oxidation being accompanied by the production of
an _overhead vépour stream oomprising the aliphatic carboxylic acid and ‘water, condensing the



10

15

20

25

30

s

WO 96/06065 | o PCT/GB95/01933

overhead vapour strearﬁ'to produce a liquid phase feed stre‘ém.c’ontaihinﬁ the aliphatic carboxylic
acid and water, and azeotropically distilling the feed stream to produce a'bdttom.s product
contéin_ing the aliphatic carboxylic acid and a reduced amount of water, characterised in that:
(a) the feed stream subjected to azeotrdpic distillation has a water content within the
range 20% to 40% by weight based on the combmed welght of the aliphatic carboxylic
acid and water in the feed stream; .
(b) isobutyl acetate, n-propyl acetate or an entrainer with a boiling po'int intermediate
those of isobutyl acetate and n-propyl acetate is used as the entrainer;
(c) the distillation is operated with a single organic phase reflux comprising said entrainer;
and '
(d) a bottoms product substantially free of said entrainer is produced which contains an
amount of water within the range 2 to 12% by weight based on the combined weight of
the aliphatic carboxylic acid and water in the bottoms product. -

According to a second aspect of the present invention there is provided a p’rocéss for the
production of an aromatic dicarboxylic acid comprising oxidising a precursor of the dicarboxylic
acid in an aqueous liquid phase medium comprising a lower aliphatic carboxylic acid and in the
presence of a heavy metal catalyst system, the oxidation being accompanied by the production of
an overhead vapour stream comprising the aliphatic carboxylic acid and water, condensing the
overhead vapour stream to produce a liquid phase feed stream containing the aliphatic carboxylic
acid and water, and azeotropically distilling the feed stream in a distillation column to produce a
bottoms product containing the aliphatic carboxylic acid and a reduced amount of water, _
characterised in that the overhead vapour stream from the reactor is processed with or without the
addition of water from other sources to produce a feed stream having a water content of 20 to
40% by weight relative to the combined acetic acid and water in the feed stream and such that the
azeotropic distillation can be carried out using as entrainer n-propyl acetate or isobutyl acetate or
an entrainer having an intermediate boiling point and using organic phase reflux only while

| securing a bottoms product which contains between 2 and 12% water by weight based on the

combined acetic acid and water content and is substantially entrainer free.

Whilst, in practising the process as defined in the above defined aspects of the invention, it
is not contemplated that there will be any reflux of the aqueous phase, we do not exciude the
poéSibility that an insignificant amount (eg no more than 1% and certainly no more than 2% by
weight of the total reflux) of the aqueous phase may be refluxed.

Where the water content of the feed stream is below 30% by weight the presently preferred
entrainer is n-propyl acetate.

Preferably the water content of the feed stream comprises 20 to 30% (more preferably 23to
27%) by weight based on the combined acetic acid and water content of the feed stream.
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_ Usually the water content of the bottoms produet-coropﬂSeS' 3 to 10% (preferably 3t0 7%
and more preferably 4 to 5%) by weight based on the combined acetic acid and water content of
the bottoms product. _ : -

' Where water is added to the feed stream from other sources, the amount added will bea
minor propomon of the total water oontent Typically the amount added will form no more than 5%
{more usually no more than 3%) by weight of the combined acetic acid and water content of the
feed stream.

In contrast with US-A-4250330 and GB-A-1 576787 the azeotropic distillation process of the
present invention is carried out without resorting to a reflux comprising an organic phase and a
significant amount of the aqueous phase thereby avoiding complexity in the column overheads
system. Also, it is not necessary to take special measures to increase the water content of the
feed stream to avoid slippage of entrainer into the bottoms product.

Another advantage s_ecured by the process of the invention is that the column height may
be reduced significantly compared with a fractional distillation column or azeotropic distillation
coiumn operating with n-butyl acetate as the entrainer. -For instance, whilst a conventional
fractional distnllatuon column may use 52 theoretical stages and an azeotropic distillation column
operatmg wnth n-butyl acetate as entrainer may require 40 theoretical stages, a column operating
in accordance with the process of the invention may have 35 theoretical stages in the case of
isobutyl acetate entrainer and as few as 24 theoretical stages in the case of n-propyi acetate.

An important advaotage stemming"from theuseof a eingl'e phase reflux is that a packed
column (with a random or structured packing) may be used instead of a trayed column. Where the
reflux compﬁsee two phaees. the use of a packed column gives rise to distribution problems which
would 'require'the use of specially designed redistributors to ensure a uniform liquid phase
composition. Thus, in eceordanoe with a preferred aspect of the invention, the azeotropic

distillation is carried out in a packed column (provided with a random packing, eg Raschig or Pall

rings, or a structured packing). This confers a number of potential advantages over a trayed
column, eg column size and column hold-up inventory may be reduced which in tum increases .
control stability, speeds up response to upsets such as partial or total loss of feed to the column or
feed composition changes, and reduces the volume of materiai -dumped into the bottom of the
column in the event of loss of reboiler heat.

In the production of aromatic dtoarboxyllc acids such as terephthallo acid, the reactor
overheads vapour stream t__ends to oarry over amounts of the precursor (eg paraxylene) which
should desirably be recovered. ina further aspect thereof, the present invention is concemed with
the recovery of the precursor in an efficient manner. -

According to this aspect of the present inventlon there is provided a process for the _
productnon of an aromatic dica_rboxylic acid comprising oxidising a precursor of the dicarboxylic
acid in an aqueous liquid phase medium comprising a lower aliphatic carboxylic acid and in the
presence of a heavy metal catalyst system, the oxidation being accompanied by the productioh of
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an overhead vapour stream comprising the aliphatic carboxyl;c acld said precursor and water,

, condensing the overhead ‘vapour stream to produce a liquid phase feed stream containing the

aliphatic carboxylic acid, water and said precursor, and distilling the feed stream in a column to
produce a bottoms product containing the aliphatic carboxylic acid and a reduced amount of
water, characterised in that said precursor is recovered by:
carrying out the distiliation using an entrainer which is capable of forming a heterogeneous
azeotrope with water; . '
controlling penetration of the entrainer whereby the bottoms product is substantially entrainer
free; _
introducing the feed stream into the column at a location above the lower limit of the
azeotropic zone; and
withdrawing said precursor from the column in the region of the location of introduction of the
feed stream. '

In practice, the point at which the feed stream is introduced into the column will be
consistent w1th the need to minimise the concentration of the aliphatic acid in the tops product
withdrawn at the upper end of the.column and will be somewhat closer to the lower limit of the .
azeotropic zone than to the top of the column. '

' This aspect of the invention is based on the surprising finding that the concentrat_ion of the
precursor is increased substantially in the vicinity of the point of entry of the feed stream. In
particular, the ratio between the concentrations of the precursor and the entrainer has been found
to peak at a location a short distance below the point of entry of the feed stream.

In one embodiment of the invention, the dicarboxylic acid is terephthalic acid and the
precursor is péraxylene. _

The entrainer is conveniently one which allows the azeatropic distillation to be carried out
using an organic phase reflux only, especially in circumstances where the feed stream to the'
_clistillation column contains a water content of no more than 40% (more usually ne more than
35%) by weight based on the combined aliphatic acid/water content of the feed stream and where
the bottoms product is required to be substantially free of entrainer and have a water content of
from 2 to 12% by weight based on the aliphatic acid/water content of the bottoms product.

In this aspect of the invention, the entrainer is preferably constituted by an alkyi acetate, eg
iso-butyl acetate or an entrainer having a boiling point lower than iso-butyl acetate (eg n-propyl

" acetate).

As used throughout this speciﬂcatioh, "azeotropic zone" refers to that region of the
distillation column where the concentratlon of the entrainer in the combind liquid phases is at least
0.1% by weight.

Another aspect of the invention relates to control of an azeotropic distillation column so as
to cope with changes in the composition of the feed(s) to the column and/or substantial or total

. loss of feed .
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‘According to this-aspect of the present invention there is provided a process for effecting

the separation of water from a liquid phase medium containing at least one other comporient by

azeotropic distillation wherein the tops component pnmarlly oomprises water whilst the bottoms
product comprises said component and a reduced amount of water, charaotensed tn that the
amount of water in the bottoms produot is controlled by regulation ofa separate water feed to the
lower section of the column. -

n addition, regulation of the reﬂux rate |s preferably employed to contml the amount of

~water in the bottoms product.

Regulation of the reflux rate and said separate water feed is preferably effected in
dependence upon the concentration of water in the bottoms product, such regulatlon conveniently
being carried out so as to maintain the water concentratlon within predeterrmned llmlts for
instance as specified hereinafter.

in the preferred embodiment of the invention the separate water feed is introduced into the
column at a location comespondlng to or below the lower timit of the azeotroplc zone.

One application of the present invention is especlally surtable, ‘but not necessarily limited to,
the control of trayed columns where the use of reflux rate regulatlon to control the bottoms product
water concentration tends to have a very slow response rate. The provisnon ofa separate water
feed to the base of the column allows a fast responding controf loop to be established which, in
conjunction with the siow acttng -control. loop established by regul_ation of the reflux rate, allows the
bottoms product water concentration to be maintained within desired limits.

A further advantage secured by the provision of the séparata water feed (applicable to both
trayed and packed coiumns) is tnat sudden reduction or loss of water supplied to the column via
the feed stream, eg as a result of a reactor trip in the case where the feed stream is derived from
the oxidation process associated with the production of terephthalic acid, can be readily
compensated for. For instance, in the event of loss of the feed stream as a result of a reactor trip,
the entrainer will rapidly strip out all of the water from the base of the distrllatron column resulting
in loss of the column profile (making it more difficult to re-establish normal operatlon) and
eventually leading to corrosion difficulties in that zone. By monltonng the water concentration in
the base of the column (eg by monitoring temperature and/or on-line analysis), a safeguard
against such circumstances may be provided by contro! of the separaté water feed to the column.

" The liquid phase medium may comprise an aliphatic carboxylic aoid. such as-acetio'ac!d.
and water. : ' :

~ The process of the invention has particular application to azeotropic distillation carried out
in such a way as to secure a predetermined amount of water i in the bottoms product - for instance,
in situations where the bottoms product is required to have a certain water content for

' compatability with subs_equent use of the bottoms product, eg reoycle of acétic acid to the

oxidation reactor in plant for the production of terephthalic acid.
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Where the liquid é_l;a,_;e medium comprises an a_liphaticz.qgrboxylic acid, such as acetic acid,
and water, any suitable compound forming a heterogeneous azeotrope with water may be
em_ployed. eg élkyl acetates such as n-butyl acetate, iso-butyl acetate and n-propyl acetate.

Although this last-defined aspect of the invention may conveniently be used in processes

§ according to earlier defined aspects of the invention, it is not limited to those processes and may
for example be used in processes in which both the organic and aqueous phases are refluxed
back to the distillation column.

The invention will now be described by way of example only with reference to the
-accompanying drawings in which: | _

10 Figure 1 is a schematic view of an azeotropic distillation plant in accordance with the invention;
Figure 2 is a view similar to that of Figure 1 showing a modified control scheme; and
Figure 3 is a view similar to that of Figure 2 showing another variant of the control scheme.
The invention will be illustrated by reference to the processing of an aqueous acetic acid
stream derived from piant for producing terephthalic acid by the liquid phase oxidation of
15 péraxylene. The oxidation is carried out in a reactor in which the liquid phase medium comprises
paraxylene, acetic acid solvent, some water and a brominated catalyst system comprising cobait
and manganese compounds. Such an oxidation process is described in our prior EP-A-498501
and EP-A-502628, the disclosures of whlch are incorporated herein by this reference. The
_ oxidation process results in the generation of a reactor overhead vapour comprising mainly acetic
20 acid and water of reaction together with other compounds such as methyl acetate and paraxylene.
This overhead vapour is withdrawn from the reactor and is partially condensed in an overheads
condenser system to produce liquid phase aqueous acetic acid components, a water-lean
component which is retumed to the reactor as a reflux and a water-rich component which is
péssed to the distillation column. The latter component contains a water content of the order of 20
25 to 30% (typically 25 to 28%) by weight based on the combined acetic acid and water content of
the stream. The aqueous acetic acid stream usuaily also contains some paraxylene and methyl
acetate. . _
Inthe procéss of the present invention, such recovery is effected using azeotropic
distillation in such a way as to produce a bottoms produ'ct comprising acetic acid with a reduced
30 water content (typically 5% by weight based on the combined acetic acid/water content) whereby
the water content in the oxidation reactor can be regulated by removing excess water and
returning a residual amount together with the recycied acetic acid. The lower reflux ratios that can _
be employed through use of high boiling point entrainers such as n-butyl acetate make such
entrainers the logical choice for the azeotropic disﬁllation, especially where the intention is to
35 make more effective use of the significant waste heat generated in the oxidation reaction or to
operate the oxidation process at reduced pressure with attendant reduced energy input
requirements. However, the water content present in the overhe'ads aqueous acetic acid stream
and that present in the acetic acid product derived from the azeotropic distitlation are such that

7
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high boiling point entrainers require special steps to be taken to preveM'elippege of the entrainer
into the bottoms product; for instance, operation with a combined organic phase and agueous
phase reflux and/or processing of the reactor overheads stream to increase the water content of
the feed to a level effective to strip out substantially all of the entremer above the pount of
withdrawal of the bottoms product from the distillation ‘column.

These complications can be avoided by limiting the processing of the overheads aqueous
acetic acid stream coupled with operating the distillation process with a single organic phase
reflux and so that the acetic acid bottoms product is substantially entrainer free and contains the
requisite level of water consistent with recycle to the oxidation reactor. This is achieved by using a
relatively low boiling point entrainer such as n-propyl acetate, iso-butyl acetate or a compound

‘which has an intermediate boiling point, is compatible with the desired separation and forms a

heterogeneous azeotrope with water. By "limiting processing of the reactor overheads aqueous
acetic acid stream" we mean that the vapour phase reactor overheads are 'sdbjected to
condensation processes without taking special addmonal steps to increase the water content by
way of additional rectification equipment. '

Referring to the drawing, the feed 10 to the distillation column 12 (which may be a packed
column ora treyed column) is obtained directly from the reactor overheads condenser system 14
associated with the oxidation reactor of plant for the productlon of terephthalic acid, ne without any
intervening rectification process to provide a feed with a high water content in excess of 40%. A
low boiling point entrainer such as n-propyl acetate is used and the column is opérated so as to
secure penetration of the entrainer to a level below the feed 10 whereby the feed 10 enters the

column at an entrainer-rich region. Although only one feed is illustrated in the drawing, there may

be additional aqueous feeds (liquid phase and/or vapour phase) to the column at othef'points
along the height of the column, eg feeds derived from the high pressure absorber and the first and
second crystallisers associated with the oxidation reactor. Such additional feeds may or may not
enter the column in the azeotropic zone. The primary feed will be that derived from the overheads
condenser system 14 which will generally contribute inore water than any other feedS'present in
some cases, such other feeds may be combined with the feed from the overheads condenser
system 14 and introduced into the column as a single feed.

The tops product at the head of the column 12 is cooled in column overheads condenser
system 16 and the condensate is supplied to a phase separator 18 where the condensate is
separated into an organic' phase (primarily entrainer and a small quantity of water and some
methyl acetate, paraxylene and other organics) and an aqueous phase containing a small quantity
of entrainer and, infer elte some methyl acetate. Although not stiown, the phase separator 18 is
provided with-an outlet for purging of gaseous inerts from the system. To regulate the pressure in
the column 12, the cooling medium supplied to cooling system 16 is fed via line 50 under the

_control of vaive 52 controlied by'a pressure controlier 54. In this way, the pressure within the

column 12 can be regulated by adjustment of the flow in line 50. Alternatively the pressufe in the

-4
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column may be reguléied by other expedients such as inert._;plggkéting or liquid logging of the
condenser 16. The condensed aqueous phase is supplied via lifie 20 to a stripping column (not .
shown) where the entrainer is recovered for recycle to the distiliation column and methyl acetate is

‘separated as the tops product for subsequent processing. The flow in line 20 is regulated by a

valve 56 which is controlled by level controlier 58 responsive to the phase interface level within
the phase separator 18. In this manner, mass balance at the top of the column is maintained by
take off of the aqueous phase under the control of valve 56. The organic phase is retumed to the
column 12 as a reflux via line 22 regulated by a valve 60 controlied by temperature controller 62 -
which is responsive to the temperature profile within the distillation coldmn 12. In accordance with
certain aspects of the present invention, none of the aqueous phase obtained from the separator
18 is recycled to the column as a reflux. Thus, a single phase reflux is éihployed thereby securing
the advantages previously referred. However, as mentioned previously, we do not exclude the
possibility of reflux of the aqueous phase and provision is made in the drawing for this possibility
by the inclusion of line 64 with associated flow controller 66 and flow regulating valve 68. '
Mass balance is maintained at the base of the column 12 by withdrawing the bottoms

product via line 34 at a rate determined by the setting 'of valve 70 which is regulated by level *

-controller 72. The separation efficiency is maintained by controlling the heat supplied to the

reboiler 32 by means of valve 73 which is coupled to temperature controller 74 for sensing the
temperature at or near the base of the column.

As mentioned, the coiumn is operated so as to ensure that the entrainer penetrates down
the column to a level below the point at which the feed 10 is infrodhoed. Because the entrainer
has a low boiling point well removed from that of acetic acid, control of entrainei' pen_eiraﬁon can
be readily achieved without the risk of penetration into the bottomns product withdrawn via line 34.
Such control can be impiemented by monitoring temperature at a number of venical'ly spaced
locations within the column since the position where the entrainer concentration falis sharply within
the column is accompanied by a corresponding sharp change in the temperature profile in that
region. By monitoring the temperature profile by means of controller 62, the extent of penetration
of the entrainer can be measured and suitable feedback control of the refiux rate via vaive 60
and/or reboil rate (via reboiler 32) can be used to adjust entrainer penetration to within
predetermined limits. Also, penetration may be controlied by other means such as splitting the
reflux into two or more streams, one of which is introduced at the top of the column and the
other(s) of which are introduced at one or more lower points - as disclosed in US-A-2050234. _

Where a lower boiling point entrainer such as n-propyl acetate is employed (which resuits in
a higher organic reflux ratio than n-buty! acetate for organic phase only refiux), it is feasible to
minimise the reflux ratio, more specifically the internal reflux ratio of the column, by varying the
amount of sub-cooling that takes piace in the condenser systém 16. We have found thatit is
possible to minimise the internal reflux ;’atio by selection of an appropriate exit temperature from
the oondens_er system 16. Thus, for example, in the case of n-propy! acetate entrainer, we have
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found that tlie column internal reflux ratio is at or close.{o lts minimum value if the temperature at
the exit of the condenser system 18.is set at about 75°C. Thus, it is preferred that the condenser
exit temperature is wrlhin about 10°C, more preferably within about 5°C, of the value
corresponding to the minimum column intemal refiux ratio. By mimmlsmg the column intemal
reflux ratio in this way, both the column diameter and the enemy requrremenls for the distiliation
can be reduced.

One of the major impurities that tend to be present in the feed 10 derived from the
oxldatron reactor ls paraxylene which has a relatively high boiling point and forms an azeotrope
with water. if not removed from the distillation column, the paraxylene present in the feed will tend
to accumulate and, as its coricentration increases, will tend to impair the performance of the
column. We have deterr_nlned t__nat, if small amounts of paraxylene are present in the feed 10, the
concentration profile of paraxyiene in the column surprisingly tends to increase markedly in the
vic_lnity of the point of introduction of the feed stream 10. Accordingly, paraxylene removal is
ef_fected via Ilne 24 in the vicinity of the point of introduction of the feed stream 10. In this way, the —
impurity can be removed very effectively without removing excessive amounts of the desired
entrainer from the column. In contras, if n-butyl acetate is used as the entrainer, the paraxylene
tends to be more uniforrnly dispersed throughout the column and cannot be removed in significant
quanlltles ata single location.

'In practice, we have found that it is expedient to remove the paraxylene at a location
slightly removed from the poim at which it reaches its peak concentration relative to the entrainer
ooncentr_éti_dn. Experimental work has established that the ratio of paraxyiene concentration to
entrainer concentration peaks at & location just below the-point of introduction of the aqueous’

. 'aoetic. acid feed stream 10. However, it has aiso been established that the relative concenlration

25

30
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of toluene, another impurity that tends to be present in the feed stream 10, fails markediy below
the point of introduction of the feed stream 10. By purging paraxylene from the column at a
location just above the point of introduction of feed.stream 10 (ie a location where the ratio of

'paraxylene to entrainer concentrations is iess than its maximum value), a significant amount of

toluene can be removed at the same time thereby avording the need for separate draw-offs for the
paraxylene and toluene impuritres _ '

Referrlng now to Figure 2, this lllustrates a oontrol scheme for accommodating disturbances
or foss of feed(s) to the distillation column. The scheme shown in Figure 2 is similar in many
_respeots to that of Figure 1 and the same references have been used to depict like components
The key feature in the control scheme of Figure 2 is the provision for supply of water (via line 76)
to the lower section of the column under the control of vaive 78 which in tum is controlled by the
temperature controller 74. As shown, the water supply s derived from the water exported from
the system via line 20. However, the water employed forthis purposs m'a_y"tl“e-derived from other
sources. Thus, in circumstances where the temperature increases in the base of the column as
detected by controller 74 (eg as a result of a substantial or total loss of feed to the column), the
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setting of the valve 78 is adjusted tdm"édniit water into tiié column of the base to offset the

temperature increase and provide water on which the column can work. in a medification of this
scheme, the roles of the__temperature, controllers 62 and 74 may be reversed so that temperature
controller 62 controls the valve 73 while temperature controllejj_.;u controls the vaive 60 (and also

valve 78).

A more sophisticated control scheme is shown in Figure

3. Again the same reference

numerals are used to depict similar components in Figures 2 and 3. In this scheme, the base

temperature controller 74 controls operation of the valves 80 and 78 while controlier 62 controls
operation of the vaive 73. The arrangement is such that, while vaive 78 (water supply) can be set

by controller 74 to terminate water supply to the column, the vaive 80 has a minimum setting
which, once attained, is fixed thereby ensuring that there is always at least a predetermined

entrainer refiux rate which cannot be reduced further by controller 74. in normal operation of the

column, the reflux rate will be fixed to limit the extent of entrainer penetration to an optimum

position down the column. In this casé. the valve 78 may be set to its closed position so that no

water is imported into the column from the line 76.

In a situation where the feed 10 the column chadges. if for instance the temperature in the

base of the column 12 is increased in response to entrainer penetration beyond the optimum

point, this temperature increase is detected by controller 74 which operates to open valve 78 to

admit water thereby giving a fast response to temperature change. At the same time, the

.increased signal from the controiler 74 is detected and the setting of the vaive 60 is modified to
reduce the reflux rate to the column. This in turn reduces the extent of entrainer penetration down

the column with consequent change in the column temperature profile. As the entrainer

penetration ievel rises in the column, the reboiler turns down (under the control of controller 62)

with accompanying reduction of temperature in the base of the column and closure (partial or
complete) of the valve 78. Thus, the water admission vaive provides a fast response loop to
variations whilst the reflux valve 60 provides slower response loop which gradually restores

column operation to a condition where no or minimal water importation via valve 78 is required.
In extreme circumstances involving substantial or tota! loss of feed to the column, this will
result in an increase in temperature in the base of the column which is counteracted by opening of

the water admission vaive 78. As described above, the vaive 60 is also adjusted to reduce

entra_iner reflux to the column. However, in these circumstances, closure of the valve 60 is only
permitted until the predetermined minimum reflux rate is reached and as the reflux rate reduces,
-the reboiler 32 in response to the signal generated by controller 62 tums down to an extent
determined by the minimum refiux rate. The limit imposed on closure of the vaive 60 of course
imposes a limit on the extent to which the reboiler can tumn down. Thus, in the circumstances, the
temperature in the base of the column becomes effective to maintain sufficient water supply to the
column via valve 78 in order to provide water on which the column can work and also to prevent

- slippage of entrainer into the bottoms product.

11
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From the foregoing, it will be seen that the separate smail water feed 76 to the lower

section of the column with regulation of thts water feed in accordance with bottoms product water
-concentration (eg as measured by temperature changes or on-line analysis) provides fast
response to any changes in water concentration thereby maintaining close control over the water

5 content of the bottoms product. Two variables are used to control the bottorns product water
concentration, namely the separate water feed and the organic phase reflux rate. The water feed
provides fast response whilst the organic phase reflux changes gradually in such a way as to '
minimise the water feed and restore the concentration within desired limits. Both the water feed
and the refiux rate are controlled in dependence upon the bottoms product water oonoentratton

10 (eg as determined by temperature measurements or on-line analysis).

Also as mentioned previously, the separate water feed via line 76 can be used to safeguard
against reactor trips which would otherwise result in stripping out of substanttally' all of the water in
the bottom of the column. In this instance, the separate water feed is brought into play in the
event of a significant temperature increase in the base region of the column.

15 1t is to be understood that, whilst described in the context of azeotropto dxsttltatton using a
single organic phase reflux, those schemes involving supply of water to the lower sectron of th‘e
column may also be applied to azeotropic dtstrllation in which botn the organic and aqueous
phases are refluxed to the column.

12
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CLAIMS

1. A process for the prb&détion of an aromatic dicarboxylic acid comprising oxidising a precursor
of the dicarboxylic acid in an aqueous liquid phase medium comprising a lower aliphatic
carboxylic acid and in the presence of a heavy metal catalyst system, the oxidation being
accompanied by the production of an overhead vapour stream comprising the aliphatic carboxylic
acid and water, condensing the overhead vapour stream to produce a liquid phase feed stream

_containing the aliphatic carboxylic acid and water, and azeotropically distilling the feed stream to

produce a bottoms product containing the aliphatic carboxyiic acid and a reduced amount of
water, characterised in that: : -
~ (a) the feed stream subjected to azeotropic distiliation has a water content within the

range 20% to 40% by weight based on the combined weight of the aliphatic carboxylic

acid and water in the feed stream;

(b) isobutyl acetate, n-propyl acetate or an entrainer with a boiling point intermediate

those of isobutyl acetate and n-propy! acetate is used as the entrainer;

(c) the distillation is operated with a single organic phase refiux compﬁsing said entrainer;

and L . _ ' '

(d) a bottoms product substantially free of said entrainer is produced which contains an

amount of water within the range 2 to 12% by weight based on the combined weight of

the aliphatic carboxylic acid and water in the bottoms product.
2. A process for the production of an aromatic dicarboxylic acid comprising oxidising a precursor
of the dicarboxylic acid in an aqueous liquid phase medium comprising a lower aliphatic
carboxylic acid and in the presence of a heavy metal catalyst system, the oxidation being
accompanied by the production of an overhead vapour stream comprising the aliphatic carboxylic
acid and water, condensing the overhead vapour stream to produce a liquid phase feed stream
containing the aliphatic carboxylic acid and water, and azeotropically distilling the feed stream in a
distillation column to produce a bottoms product containing the aliphatic carboxylic acid and a
reduced amount of water, characterised in that the overhead vapour stream from the reactor is
processed with or without the addition of water from other sources to produce a feed stream
having a water content of 20 to 40% by weight relative to the combined aliphatic carboxylic acid
and water in the feed stream and such that the azeotropic distillation can be carried out using as
entr’éiner n-propyl acetate or isobutyl acetate or an entrainer having an intermediate boiling point
and using organic phasé reflux only while securing a bottoms product which contains between 2
and 12% water by weight based on the combined aiiphatic' carboxylic acid and water content and
is substantially entrainer free. ’ -
3. A process as claimed in Claim 1 or 2 in which the lower limit of the azeotropic zone is located
below the point of introduction of said feed stream.

4.A procéss as claimed in Claim 1, 2 or 3 in which n-propyl acetate is employed as the entrainer. |
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S. A process as clarmed m claim 4 in which the water content of the feed stream is less than 30%
by weight. L :
6. A process as darmed in any one of ctarms 1t05in whrch the water content of the bottoms
product comprises 3 to 10% by weight based on the combmed alrphatic carboxylic acid and water
content of the bottoms product. - -
7. A process as claimed in any one of the preceding claims further characterised in that said
precursor |s recovered by introducing said feed stream into the column at a location above the
lower limit of the azeotropic zone and withdrawing said precursor from the column in the region of
the location of introduction of the feed stream. '
8. A process as claimed in Claim 7 in which said precursor is withdrawn from the column at a
locatron above the point of introduction of the feed stream.
9.A process as claimed in any one of the preceding’ claims in which the azeotropic distillation is
carried out in a packed column. : _
10. A process for the production of an aromatic drcarboxyhc acid comprising oxidising a precursor
of the dicarboxylic acid in an aqueous liquid phase medrurn comprising a lower aliphatic
carboxylic acid and in the presence of a heavy metal catalyst system, the oxidation being *
accompanied by the prod'uction of an overhead vapour stream comprising the aliphatic carboxylic
acid, said precursor and water, condensing the overhead r)apo‘ur stream to produce a tiquid phase
feed stream containing the aliphatic carboxylic acid, water and said precursor, and distilling the
feed stream.in a column to produce a bottoms product containing the aliphatic carboxylic acid and
a reduced amount of water, characterised in that said precursor is recovered by:

canying out the distillation using an entrainer which is capable of forrnmg a heterogeneous
azeotrcpe with water;
controiling penetration of the entrainerwhereby the bottoms product is substantially entrainer free;
introducing the feed stream into the column at a location above the lower limit of the azeotropic
zone; and -
withdrawing said precursor from the column in the region of the locatron of introductlon of the feed

_ stream.

1. A process as claimed in Claim 10 in which the entrainer is one which allows the azeotropic
distillahon to be carried out using an organic phase reflux only in circumstances where the feed _
stream to the distillation column contains a water content of no more than 40% by weight based
on the combined aliphatic acid/water content of the feed stream and where the bottoms product is
required to be substantially free of entrainer and have a water content of from 2'to 12% by weight
based on the aliphatic acid/water content of the bottoms product.

12. A process as claimed in 10 or 11 in which the entrainer is constituted by an alkyl acetate.

13. A process as claimed i rn Claim 10 in which the drstillatron is operated with a singie organic
phase reflux comprising said entrainer.
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14.A process as claumed in any one of the preceding clanms in which the dicarboxyic acid is

terephthalic acid and the preculsor is paraxylene.

15. A process as claimed in any one of the preceding claims in which the overhead_vapodr stream
from the reactor is processed with or without the addition of water from other sources to produce a
feed stream having a water content of 20 to 40% by welght relative to the combined aliphatic
carboxylic acid and water in the feed stream. _

18. A process as claimed in any one of the preceding claims in which the amount of water in the
bottoms product is controlled by regulation of a separate water feed to the l'qwer section of the
column. | )

17. A process for effecting the separation of water from a liquid phase medium containing at least
one other component by azeotropic distillation wherein the tops component primarily comprises
water whilst the bottoms product comprises said component and a reduced amount of water,
characterised in that the amount of water in the bottoms product is controlled by regulation of a
separate water feed to the lower section of the column. -

18. A process as claimed in Claim 17 in which, in addition, regulation of the reflux rate is is
employed to control the amount of water in the bottoms product. ’
19. A process as claimed in Claim 17 or 18 in which reguiation of the reﬂux rate and said separate
water feed is effected directly or indirectly in dependence upon the concentration of water in the
bottoms product.

20.A process as claimed in any one of Claims 17 to 19 in which the separate water feed is

introduced into the column at a location corresponding to or below the lower limit of the azeotropic
zone.

21. A process as claimed in any one of Claims 17 to 20 in which the liquid phase medium
comprises an aliphatic carboxylic acid and water, the azeotropic distillation being carried out using
as entrainer any suitable oompouhd forming a heterogeneous azeotrope with water.

22, A process as claimed in Claim 21 in which the entrainer comprises n-butyl acetate, iso-butyl
acetate or n-propyl acetate.
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