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This invention relates to the production of terephthalic acid.
Purified terephthalic acid (PTA) is commonly produced by
purification of crude terephthalic acid (CTA) obtained by the liquid
5 phase air oxidation of p-xylene. It may also be produced by the
hydrolysis of a polyalkylene terephthalate, for example polyethylene
terephthalate.
Such purification typically camprisés adding an aqueous medium to
the CTA to form a slurry thereof which is then heated to dissolve the

CTA in the medium to provide an aqueous solution of terephthalic acid.

10
This solution is then passed to a reduction step in which the solution

is contacted with hydrogen under reducing conditions in the presence of
a heterogeneous catalyst to reduce chemically organic impurities, for
example 4-carboxybenzaldehyde (4-CBA). The hydrogenated solution is
15 passed to pressure let-down vessels in which PTA crystals form to
provide a slurry of PTA in aqueous medium. PTA is recovered from the
aqueous medium. ]
It is knoun to recover PTA from the-aqueous medium by separating
the PTA and medium in a decanter centrifuge in a first separation
20 stage, reslurrying the PTA with fresh water, separating the reslurried
PTA and fresh water in a decanter centrifuge in a second separation
stage to produce a PTA cake and then drying the cake in a drier.
These steps involve special equipment which incur significant
capital écsts and variable costs of operation. The recovery stage
25 requires large quantities of water in the centrifuge and resiurry
steps. Therefore a large quantity of dqueous waste effluent must be
treated and may present problems of disposal. Further, dissolved PTA
and other valuable materials in the waste effluent stage may be lost.
The present invention seeks to provide improvements in the
10 production of terephthalic acid. '
According to one aspect of the present invention there is provided
a process for the purification of crude terephthalic acid, comprising:
(a) dissolving the crude tgrephthalic acid in an aqueous medium to
produce a terephthalic‘acid-containing solution;
(b) contacting the terephthalic acid solution with hydrogen under

35 .
reducing conditions and at elevated temperature and pressure to -
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crude terephthalic acid; _

(c) reducing pressure and temperature to obtain a slurry comprising
crystallised pure terephthalié acid in aqueous medium;

(d) in a first zone effecting separation of the PTA crystals from the
aqueous medium by filtration of the slurry to remove agqueous
medium through a2 filter surface to obtain a wet mass of crystals;

(e) transferring said wet mass of crystals to a second zone without
reslurrying said mass and supplying aqueous wash liguor to said
mass while effecting filtration whereby the wash liquor is
displaced through the mass and through a filter surface in the

second zone; and

(f) maintaining a differential pressure across the filter surface in

at least one of said zones such that, on the lower pressure side

of the filter surface, the pressure is substantially the same as

or greater than the pressure prevailing following step (c).

Step (c) will normally be carried out in a series of crystalliser
stages, in which the pressure and temperature is reduced progressively.
Thus, the pressure differential of step (f) will therefore be such
that, on the lower pressure side of the filter surface, the pressure is
at least equal to the pressure prevailing in the final crystalliser

stage, which will normally be superatmospheric, eg within the range 1.5

-to 15 bara, more preferably 3 to 10 bara.

Preferably the pressure differential will be such that, on the
loﬁer side of the filter surface in each of said zones, the pressure is
at least equal to the pressure prevailing following step (c).

Advantageously steps (d), (e) and (f) are carried out by
discharging said slurry on to a filter material which is mnﬁable to.
transport the terephthalic acid through said first zone in which
filtration of said aqueous medium from the slurry is effected, to the
second zone in which said mass of crystals is washed by displacement of
said aqueous wash liquor through said mass.

In this way, reslurry of the terephthalic acid is avoided and by
effecting filtration through a filter surface in such a why that the
lower pressure side of the filter surface is at a pressure no less than
said superatmospheric pressure, liquid removal from the terephthalic

acid can be effected substantially without accompanying flashing

reslurrying

in
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contaminate the mass of purified terephthalic acid. In addition, any
tendency for material to precipitate and foul the filter medium is
reduced.

5 The filter material is suitably a metal gauze, or a cloth
comprising a plastics material such as polyester, polypropylene,
polyetheretherketone (PEEK) and the like. The filter surface is
suitably in the form of a band, preferably a continuous band which is
moved continuously or intermittently to convey material comprising

10 terephthalic acid through the first and second zones.

The second zone'may'be followed by a third zone in which the
washed deposit of PTA is removed from the filter surface by any
suitable means, for example by scraping or by gravity.

Further, it is desirable to provide suitable means to pass liquid
for example water or alkaline solution, through the returning part of

the band to wash off downwardly facing adhering deposits into a

15

receiver.
Usually the CTA employed in the production process of the
invention is derived from the oxidation of paraxylene in a liquid
20 reaction medium containing acetic acid to produce a slurry of CTA in
the reaction medium. The liquid reaction medium normally incorporates a
catalyst, for example a cobalt/manganese/bromide catalyst system which
is soluble in the reaction medium. Suitably the oxidation is carried
out in the presence of an oxygen source for example air, at a pressure

75 of 5 to 30 bars absolute, and preferably an oxygen concentration of 0
to 87 by volume in the gas leaving the reactor and at a temperature of
150 to 250°C. It is suitably a continuous process, and is preferably
carried out in a stiried reactor. The reaction is exothermic and the
heat of the reaction may conveniently be removed by evaporation of

30 water and acetic a;id from the reaction medium.

The water and acetic acid evaporated from the reaction medium is
preferably distilled to produce acetic acid ha#ing a lower water
content. Acetic acid having a lower water content obtained in this way
may be passed to the oxidation step and the water recovered from
distillation may be used as the aqueous medium for dissolving CTA

35 .
and/or as the aqueous wash liquor for washing PTA.
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Following the oxidation step, the CTA produced may then be
separated from the reaction medium conventionally by centrifugal
separation and drying but it is more expedient to exchange the reaction
medium, preferably continuously, for an aqueous medium to provide a

5 terephthalic acid stream comprising CTA in aqueous medium in a process
such as that disclosed in our prior co-pending EP-A-502628.

If desired, following combination of the CTA with aqueous medium
to produce the terephthalic acid-containing solution, the resulting
solution may be fed directly to the hydrogenation step or
alternatiéely, may be treated prior to it being fed to the
hydrogenation step. Such treatment may comprise subjecting the aqueous

10

terephthalic acid-containing solution to oxidation to increase the
conversion of terephthalic acid precursor compounds, especially 4-CBa,
into terephthalic acid. Such oxidation may be effected in the aqueous
15 phase using air or gaséous oxygen or a non-gaseous oxidising agent may
‘be employed.

Suitably the heterogeneous catalyst employed in the purification
of the crude tereﬁhthalic acid product is a supported noble metal
'catalyst, for example platinum, rhodium and/or preferably palladium on
an inert, for example carbon, support. The reduction is suitably
carried out by passing the terephthalic acid solution comprising
terephﬁhalic acid and impurities, for example 4-carboxybenzaldehyde,
through a flooded bed of catalyst at a temperature of 250 to 350°C in
the presence of hydrogen. The solution suitably comprises 20 to 50 by

20

25 weight of terephthalic acid.
The terephthalic acid solution, after reduction, is suitably
cooled in a crystallisation process to a temperature in the range 100
to 220°C, typically 135 to 180°C, and a pressure of 3 to 10 bara, to
produce solid purified terephthalic acid product.

10 Desirably, at least part of the aqueous medium removed in the
first zone and at least part of the aqueous wash removed through the
filter surface in the second zone is recovered and combined, directly
or indirectly, with the CTA. The aqueous wash and/or medium thus
desirably constitute at least a part of the aqueous medium with which

55 the CTA is combined. '

If both the aqueous medium and the aqueous wash are recycled, they

may be mixed together to form a single stream prior to combination with



(df in afirst zone effecting separation of the PTA crystals fromthe
aqueous nedium by filtration of the slurry to renove aqueous nedi um t hrough
a filter ngfSh&eHmeamila&da wet nmass of crystals; (e) transferring said

wet nmass of second zone w t hout reslurrying sai'd mass and
suppl yi ng a
wher eby t he mas

quor to said nmass while effecting filtration
s di spl aced thrgjugh the mass and through a filter
sufface in the second zone; and (f) maintaining a differential pressure
across the filter surface in at |east one of said zones such that, on the
| ower pressure side of the filter surface, the pressure is substantially
the sanme aghe CTA. The aqueous medium and the aqueous wash may be treated, for
example by distillation and/or evaporation to produce substantially
pure water or at least partially eliminate para-toluic acid, either
individually before mixing, or as a single stream after mixing prior to
5 being combined with the CTA as desired.

Such treatment of the aqueous medium and/or wash may also comprise

cooling, preferably to a temperature in the range 15 to 100°C, or
evaporation of the aqueous medium and/or wash to produce a less pure
precipitate and a residual mother liquor which are then suitably
separated. Suitably, where the CTA is produced by an oxidation plant

integrated with the purification plant, such less pure precipitate is

10

returned to oxidation step of the oxidation plant. The mother liquor

may be treated further and/or used as aqueous medium to be combirned

with the CTA.

15 The second zone desirably comprises a single stage wash in which
the wash liquor passes through the filter surface only once either as a
single stream or, following splitting of the wash liquor, as a
plurality of streams. If desired the second zone may comprise a
succession of wash stages wherein the wash liquid is passed through the

20 filter surface more than once. The succession of wash stages may be.

co-current but is preferably counter-current in which, in each stage

(other than the last), the incoming aqueous wash passed through the wet

mass of crystals and the filter surface is the aqueous wash which has

passed through the wet mass and the filter surface in the succeeding

25 stage. In the last stage the aqueous wash liquor is preferably fresh

incoming water.

The wash liquor is preferably introduced at a temperature which is
substantially the same as the temperature of said mass as it enters the
second zone so as to avoid problems with flashing or quenching (with
the consequent risk of precipitating impurities).

The wash liquor is suitably at least in part water separated from
acetic acid in the aforesaid distillation step following evaporation of
acetic acid and water from the oxidation step, if present, or derived
from other water streams within the process, for example from treatment
of the aqueous wash and/or medium. This is advantageous as it reduces

further the intake of fresh water and.disposal of water in the process.

30
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normal Iy be carried out in a series of crystall iser—stages, in which the
pressure ang erature is reduced progressively,. T rEsgure -
; TH' '-Eee r pressure

side of the filter surface, the pressure is at |lea e pressure
prevailing in the final crystalliser stagg which
10 bara. Preferably the pressure differential will be such that, on the
| ower side of the filter surface in each of said zones; the pressure is at

each of said zones is at least 0.05 bar with the side of the filter

surface on which the mass of terephthalic acid crystals is located

5 Preferably the pressure differential is 0.1 to 10 bar, more preferably,
0.2 to 3 bar and especially 0.2 to 1 bar, for example 0.3 bar.

or‘greater than the pressure prevailing followng step (c). Step (c) wll
dlfferentlal step (f) will therefore be such t
super at nospheric, eg within the range 1.5 to 15 bara, m)re preferably 3to
| east equal to Tylpécallysthé prpsauei diffpréntiadvacpsst e €Llter surface in
being at a higher pressure than the other side of the filter.
The actual pressure on the lower pressuie side of the filter is

maintained at such a pressure that the aqueous wash liquor in the

second zone and, if applicable, .the aqueous medium in the first zone
10 which are removed through the filter surface, remain substantially in
the liquid phase.

The higher pressure side of the filter surface is preferably
maintained at elevated pressure, desirably at 2 to 15 bara and
especially 3 to 10 bara and is desirably above the pressure of the
preceding pressure-reducing step in the process.

The terephthalic acid slurry is suitably introduced into the first

15

zone at a temperature of at least 60°C and preferably 100 to 200°C,
especially 120 to 180°C.

Suitably the slurry is deposited in such a way that the saturation
,q DPressure of the feed is less than tﬁe absolute pressure on the lower
(dovmstream) side of the filter medium.

Deposition of the terephthalic acid stream at elevated temperature
and pressure is advantageous as improved filtration is possible due to
the aqueous medium being less viscous at elevated temperature.

25 Furthermore there is less co-crystallisation of impurities for example
p-toluic acid, with the terephthalic acid product at elevated
temperature. Thus a higher purity terephthalic acid product is obtained
and there is a correspondingly higher levei of impurities for example
p-toluic acid in the aqueous medium which is desirably recycled within
10 the process. The elevated temperature may also pefmit heat recovery and
hence provide a reduction in variable costs.

If recycle of aqueous medium and/or wash liquor is employed, it
may be necessary to provide a purge to allow control of the level of
components in the recycle stream.

According to a second aspect of the invention there is provided a

35 _
process for the production of terephthalic acid comprising:



-Aanntageoust steps (d), (e) and (f) are carried out by discharging said
slurry on to a filter material which is novable to transport the
t er epht-hal CER awivdr t hr ough said first zone in whi ch ThisiShdetttids Been®eplaci d

aqueous nediumfromthe slurry is effected, to the s whi ch
said mass of crystals is washed by displacenent of s sh |iquor
t hrough said mass. In this way, reslurry7ef the terep | S

avoi ded and by effecting filtration through a filter surface in such a way
that the | ower pressure side of the filter surface is at a pressure no | ess
t han sai d superatnospheric essure, liquid renmoval fromthe terephthalic

acid can b&® ngE‘E%"&ngfu‘H‘s"tdaE{‘?“an VPARATHERE HE @oRPART) PR Peiym (Fopprising

an aliphatic carboxylic acid to produce a first slurry of crude
terephthalic acid in the reaction medium;
(b) subjecting said first slurry to a separation and washing process
5 in which the reaction medium is removed from the crude
terephthalic acid; '
(c) dissolving the crude terephthalic acid from step (b).in an aqueous
medium to produce a terephthalic acid-containing solution; '
(d) éontacting the terephthalic acid solution with hydrogen under
10 reducing conditions and elevated temperature and pressure
conditions to reduce chemically at least some of the impurity
present in the crude terephthalic acid;
(e) reducing pressure and temperature to obtain a second slurry
comprising crystallised purified terephthalic acid in aqueous
15 - medium containing reduced impurities in solution; and
(f) subjecting the second slurry to a separation and washing process

in which said aqueous medium is removed from the purified

terephthalic acid with the aid of an aqueous wash liquor and

without reslurrying the purified terephthalic acid prior to " \
20 washing thereof with the aqueous wash liquor;

the separation and washing process carried out in each of steps (b) and
(f) being implemented under elevated pressure conditions using a
respective belt filter system.
Usually the second slurry will be at superatmospheric pressure
25 followingzstep (e).

The amount of water required in the process according to said
second aspect of the invention is significantly reduced as compared
with that required in prior art processes involving a reslurry '
operation. An important factor in this respect is the use of belt _
30 filters; such filters allow highly efficient washipg to be carried out
and because the separation of terephthalic acid from the reaction
medium or aqueous medium can be integrated and carried out on the same
filter belt, the need for reslurry of the terephthalic acid is
eliminated. Overall therefore the amount of water employed in the
35 terephthalic acid production process can be substantially reduced. In

turn, the amount of waste effluent to be treated can also reduced

substantially. Large quantitiés of effluent preclude the recycle of a



-3- thereby reducing the tendency for soluble inpurities to preC|p|taré and
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tendency foemsmaterial to precipitate and foul the f||t educed
The filter material is suitably a nmetal gauze, or M"E

pl astics material such as polyester, polypropylene tone

(PEEK) and the like. The filter surface Lg.

substantial portion thereof into thé terephthalic acid stream without
.further treatmeﬁt. In said second aspect of the present invention a
reduction in the amount of water required to provide a given wash
efficiency allows liquid, herein referred to as mother liquor,

5 recovered from the purification plant, for example aqueous mediuﬁ from
the separation of purified terephthalic acid product and the agueous
wash, to be ;ecycled into the terephthalic ﬁioduction process. Such
recycling is highly desirable as valuable materials in the mother
liquor may be retained within the process rather than lost by disposal.

ld The improved washing efficiency allows higher impurity levels in

the terephthalic acid stream to be tolerated. Consequently, the

impurity level in the CTA which is fed to the hydrogenation step may be
higher thus allowing beneficial re-optimisation of the process by which
the CTA was produced, for example by reducing the severity of the

15 oxidation reaction conditions. Further, the hydrogenation step and, if

desired, the pressure and temperature reducing step may be also be

re-optimised, if desired, such that the terephthalic acid stream has
higher impurity levels.
According to a further aspect of the present invention, a process

20 for the productlon of terephthalic acid comprises:

(a) effecting oxldatlon of paraxylene in a reaction medium comprising
an aliphatic carboxylic acid to produce a first slurry of crude
terephthalic acid in the reaction medium;

(b) subjecting said first slurry to an integrated separation and
washing process in which the reaction medium is removed from the

crude terephthalic acid and the crude terephthalic acid is washed

25

with aqueous wash liquor;
(c) dissolving the crude terephthalic acid from step (b) in an aqueous
medium to produce a terephthalic acid-containing solution;

30 (d) contacting the terephthalic acid solution with hydrogen under
reducing conditions and elevated temperature and pressure
conditions to reduce chemically at least some of the impurity
present in the ‘crude terephthalic acid;

(e} reducing pressure and temperature to obtain a second slurry
comprising crystallised purified terephthalic acid in aqueous

35
medium containing reduced impurities in solution;



suitably in the formof a band, preferably a continueus_band_ﬂDLED_L%_$Dved

continuously or intermttently to convey material conprising terephthalic

aci d throoughethe first and second zones. The second 2 e b@nk idcgived by

a third zone in which the washed deposit of PTAis re fllter

surface by any suitable means, for exanple by scrapin

Further, it is desirable to prOV|de sui talgLe nmeans to pass |qu

~exanpl e water or al kaline solution, through the returning part of the band
to wash of f downwardly facing adherlng deposits into a receiver. Usually

the CTA enployed in the production process of the
(f) subjecting the second slurry to an integrated separation and

washing process in which said aqueous medium is removed from the
purified terephthalic acid and the purified terephthallc acid is
washed with aqueous wash liquor;

5 (8) treating the aqueous medium removed in step (f) to produce a less
pure precipitate of terephthalic acid and a résidual aqueous
mother liquor; and

(h) recycliﬁg said less pure precipitate to the oxidation step (a)
and/or recycling. said residual mother liquor for use in step (c).
10 By "integrated separation and washing process" we mean that the
separation and washing steps are carried out within the same item of
equipment without an intermediate slurrying of the terephthalic acid in
water prior to the washing step. '

In one embodiment of said further aspect of the invention, the
15 separation and washing process carried out in each of steps (b) and (f)
is implemented under elevated pressure conditions using a respective
belt filter system.

In another embodiment of said further aspect of the invention, the
separation and washing process carried out in.each of steps (b) and (£f)
o0 DBY be implemented in the case of the separation stage in a first zone
involving deposition of the terephthalic acid on a solid inner surface
of a rotatable hollow vessel, for example a centrifuge, and in the case
of the washing stage a filter surface forming a second zone of the
vessel. The solid surface and the filter surface are suitably arranged
such that the mass of purified terephthalic acid crystals is’
transported along the inner surface across the filter surface to a
third zone, for example by a scroll on the inner wall of the hollow
vessel, from which it is recovered and the aqueous medium from:the
terephthalic acid stream is transported away from the solid inner
surface without crossing the filter surface as a result of the rotation
of the hollow vessel, thereby effecting separation of the purified
terephthalic acid and the aqueous medium. As the solid purified
terephthalic acid passes over the filter surface, it is washed with an '
aqueous wash liquor which is removed ihrough the filter surface to
produce washed mass of terephthalic acid crystals. The washed mass is

suitably transported to the third zone by rotation of the vessel and

30

35

subsequently recovered from the third zone.



i nvention is derived fromthe oxidation of par axyl ' Lquid reaction
medi um containing acetic acid to produce a slurry of CTA I n the reaction

medi um Thewki quid reaction medi um normal ly incorpor ﬁﬂ hquor '
exanpl e a cobal i/ manganese/ br omi. de catal yst system wh in the
‘reaction nmedium Suitably the oxidation is carried ou nce of
an oxygen source for exanple air, at a prgpsure of 5 to 30 bars a qute
and preferably an oxygen concentration of 0 to 8Z by volune in the gas

| eaving the reactor and at a tenperature of 150 to 250[err]C. It is
suitably a continuous process, and is preferably carried out in a stirred

reactor. The relcpractice, eiotinalestirakledtd eathkkiishodn takeosphace i afn inent
conveni ent ngsb&rer CeRY %q.lpgr %Xﬁé)q,ﬁa“&'} 93 exclude or control the level of
oxygen present. This inert gas also passes through the filter material
in the washing zone and additional gas must be introduced in order to
5'maintain the gaseous atmosphere. The inert gas may be nitrogen for
instance, althoﬁgh in the case of the filter/washing system employed in
the purification stage of the process, the inert gas may with advantage
comprise steaﬁ.
Thus for instance the process of the invention as defined in any
10 ©of the above aspects thereof preferably comprises means for supplying
pressurised gas to the washing zone to establish a pressurised gaseous
atmosphere on that side of filter surface on which the layer or mass or
terephthalic acid crystals is formed. The gas from said atmosphere will
be drawn through the mass of terephthalic acid crystals along with the
15 wash liquor and preferably means is provided for recovering the gas and
treating it to eliminate or at least reduce contamination thereof by
the liquor, and the treated gas may be reintroduced into said
atmosphere.
At least the separation step, and preferably the washing step \
20 also, is carried out in such a way as to prevent any substantial
precipitation of solute from the liquid component. For instance, the
liquor component in the purification stage may comprise a substantial
content of solute in the form of paratoluic acid which should desirably
be maintained in solutiom.
25 Thus, according to a preferred feature applicable to all of the
aspects of the invention defined above, the pressure differential
established between the upstream and downstream sides of the filter
mediﬁm is created by:means of a pressurised fluid constituted at least
in part by a solvent component of the liquor, which component is in its
30 vapour phase whereby flashing of the solvent component actually present
in the liquor is substantially suppressed during filtration of the
terephthalic acid/liquor slurry.
By employing a pressurised fluid based on the solvent component
actually present in said liquor or said liquid , it is possible to
35 conduct the filtration in such a way that the filter cake is not
" chilled or at least only cooled to a somewhat lesser extent than is the

case where the pressurised fluid comprises nitrogen or other inert gas.
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wat er and acetic acid fromthe reaction nedium The water and acetic acid
evaporated fromthe reaction nediumis preferably distilled to produce
acetic -aci deaadspg a | ower water content. Acetic amlsLShbnaHa elaRet er
content obtained in this way nay be passed to the o nd the
wat er recovered fromdistillation may be used as. th mfor

di ssol ving CTA and/or as the aqueous wasii-i quor for vvas

It is highly desirable that the partial pressure of said solvent
component in or forming the pressurised fluid on the downstream side of
the filter medium is maintained substantially at or above the vapour

_ pressure of the solvent coﬁponent actually present in the slurry fed to
5 the upstream side of the filter medium.

The solvent component employed as said pressut;sed fluid may be
derived from a product stream from which the liqour to be filtered is
derived. .

Thus, for instance where the process of the present invention is
employed for the filtration of the product stream resulting from from
the liquid phase oxidation of para-xylene in acetic acid as solvent,
filtration of the slurry may be effected using acetic acid vapour as
the pressurised fluid. The acetic acid may, but need not necessarily,

be derived from the acetic acid evaporated from the liquor during a

10

crystallisation process (which may be conventional) carried out

following withdrawal of the acetic acid/terephthalic acid slurry from

15

the oxidation reactor. In this case therefore, following the

crystallisation process in which further terepﬁthslic acid crystallises

out from the liquor, the slurry is passed to a filtration zone in which

20 the method according to the invention is carried out using, as the

pressurised fluid, acetic acid vapour derived from the crystallisation

process.
Similarly where terephthalic acid (however obtained) is purified
by dissolving the same in water and subjecting the solution to

25 hydrogenation, the purified terephthalic acid is subsequently recovered

by filtration using water vapour as the pressurised fluid, ie. in the

form of steam. Again the steam may, but need not necessarily, be
derived from a crystallisation péocess following the purification
process.

30 The pressurised'fluid may consist substantially wholly of said
solvent component in the vapour phase but we do not exclude the
possibility of incorporating in the pressurised fluid a non-condensible
gas (usually one which is inert with respect to the liquor/crystals
system, eg nit:ogen). By pon-condensable. we mean a gas which is only

35 condenses at temperatures somewhat below normal room temperature and

pressure.



Fol |l owi ng the oxidation step, the CTA produced nmay then from
the reaction medi um conventionally by centrifugal .ﬁlﬁ@ﬂ&f’ﬁs‘ﬁ@e d‘agegyi ng but
it is noregxpebsgnt to exchange the reaction nediu
continuously, for an aqueous nediumto provide a teM@ﬂ[ﬂ'ﬁ?ﬂd stream
conprising CTA in aqueous nediumin a process such sed in our
prior co-pendi ng EP- A-502628. |f desiredyi2kol | owt ng conbi nati on of the CTA
with aqueous nediumto produce the terephthalic acid-containing solution,
the resulting solution may be fed directly to the hydrogenation step- or
alternatively, may be treated prior to it being fed to the hydrogenation
step. Such tredfhesata miytexmpfithe solyjeattdompondns amrfi@ogas are employed,
the composition should desirably be such that the partial pressure of
the solvent component in the pressurised fluid is substantially at or
above the vapour pressure of the solvent cdmponent in the slurry at the
5 feed condition of the'iatger.
Usually the solvent éumponent will comprise the major frﬁction (by
volume) of said pressufised fluid. )
PreferaBly the filtration is carried out in such a way that the
temperature differential across the filter cake is essentially zero,
10 and typically no more than 1 to 2°C.
Other more specific features of the process defined with reference
to said first aspect of the invention are also optionally incorporated
in said second and third aspects where the context admits. In some
cases, for instance where the terephthalic acid-containing aqueous
15 solution is subjected to an oxidation reaction prior to step (d) of
said second or third aspect of the invention in order to oxidise
terephthalic acid precursors such as 4-CBA to terephthalic acid, the
lower pressure side of the filter may be at or below atmospheric
pressure if desired.
20 The invention will now be described by way of example only with
reference to the accompanying drawings, in which:
Figure 1 is flow sheet of a terephthalic acid production process in
accordance with the present invention; _
Figure 2 is a schematic view of a belt filter system for use in the
25 process of Figure 1 and which integrates separation and washing stages;
Figure 3 is a diagrammatic cross-sectional view of one form of
centrifuge for implementing integrating separation and washing stages;
Figure 4 is a diagrammatic view of an alternative form of centrifuge
for use in a process in accordahce with the invention;
10 Figure 5 is a schematic diagram showing one form of filtration system
in which pressurisation on the upstream side of the filter medium is
effected by means of a solvent component forming part of the liquor in
which terephthalic acid is slurried; and |
Figure 6 is a schematic diagram showing another form of filtration
system in which pressurisation is effected by means of a solvent

35
component present in the liquor.



terepht hal i ¢ acid-containing solution to oxidation—Lo_LﬂQL§§§§_LDECBA
conver.sion-of terephthalic acid precursor conpounds, especially 4- , into
t er epht hal i Gzagigs- Such oxidation may be effected i 'ﬁ BeaRspiphfse
usi‘ng air or gaseous oxygen or a non-gaseous oxi di si e
enpl oyed. Suitably the heterogeneous catal yst enplo Wﬁf I cation
of the crude terephthalic acid product isg;g supported noble ne cat al yst,
for exanple platinum rhodium and/or preferably palladiumon an inert, for
exanpl e carbon, support. The reduction is suitably carried out by passing

the terephthalic acid solution conprising terephthalic acid and inpurities,
for exanpl e 4-cheflerxyinetoafilpir¢ede, reactor A is fed with paraxylene and acetic

acid containing a dissolved catalyst comprising cobalt, manganese and
bromine ions by line 1 and with air via line 2. Product from the
reactor A is passed to crystallisation section B by line 3. The

5 temperature within the reactor A is controlled by evaporating a mixture
of acetic acid and water from the reactor to a condensing system C via
line 4 and is typically above 150°C. Most of the condensate is returned
to the reactor A via line 5 with noncondensibles venting via line 6. To
control the water content of the reactor A, part of the condensate is

10 removed from the condensing system via line 7 and passed to the

distillation column D. _

In the crystallisation section B the temperature is dropped to
approximately 80°C to 150°C and the slurry containing crystalline
terephthalic acid in reaction mother liquor (mainly acetic acid)

15 thereby produced is passed to a separation stage E. Acetic acid and/or

water may be recovered from crystallisation section B and passed to the

distillation column D via line 8 and/or to the reactor A via line 9a.

The crystallisation section B typically comprises a series of

crystalliser vessels in which the pressure and temperature of the

20 slurry withdrawn from the oxidation reactor A is progressively reduced.

In a typical embodiment of the invention, the resulting slurry of crude

terephthalic acid in acetic acid-based mother liquor is reduced to a

pressure in the range 0.5 to 2 bara and a temperature in the range of

90 to 130°C. ' .

25 Separation stage E may be a conventional centrifuge and drier
arrangement but is preferably an integrated separation and washing
stage in which a continuous solvent'exchange process is carried out,
eg. as disclosed in our prior EP-A-502628. Reaction mother liquor
recovered from stage E is returned in part via lines 9 and %a to the

30 reactor A optionally by first mixing with the fresh catalyst,

paraxylene and acetic acid contained in line 1. Any remaining reaction -

mother liquor and any wash liquid is suitably passed.to an evaporation

stage F in which water and acetic acid vapour is removed by line 10,

condensed and passed to reactor A via line 10a or optionally passed to

distillation column D via line 10b. A purge of by-products and catalyst

35 .
is withdrawn via stream 11. _ .



through a flooded bed of catalyst at a tenperature—of 250 to 350[err]Cin
the presence of hydrogen. The solution suitably co rlses 20 to 502 by

wei ght of tggkepdyshalic acid. The terephthalic aC|d
reduction, is suitably cooled in a.crystallisation p nperature
in the range 100 to 220[err]C, typically 135 to" 180[ ressure

of .3 to 10 bara, to produce solid purifigg _terephthalic aC|d product.
Desirably, at least part of the aqueous mediumrenoved in the first zone
and at |east part of the aqueous wash renoved through the filter surface in
t he second zone is recovered and conbined, directly or indirectly, with the
CTA. The aqueoUthensslidanodteriakdiidnedudeSterephthalic acid (CTA), recovered

from the separation sﬂage E is transferred to reslurry stage G. In
reslurry stage G, the CTA crystals are reslurried with water recovered
from the distillation column D via lines 12, 12a and/or other water
5 which may be recycle mother liquor via stream 13, recycle mother liquor
via stream 14 and/or demineralised water via stream 15. The slurry
produced in this stage is heated iﬁ section H to a temperature of for
example 250°C to 350°C to form an aqueous solution of CTA which is
passed to reactor J in which it is reacted with hydrogen over a fixed
10 bed palladium catalyst thus reducing impurities in the solution and
then crystallised in crysfallisation'section K. The temperature to
which the solution is cooled in the crystallisation section K and the
rapidity of cooling is adjusted to produce the appropriate purity of
the desired terephthalic acid product. The crystallisation section K
15 typically comprises a series of crystalliser vessels in which the
pressure and temperature of the hydrogenated solution is progressively
reduced. In a typical embodiment of the invention, the resulting slurry
of purified terephthalic acid in aqueous mother liquor is reduced to a
pressure in the range 3 to 10 bara and a temperature in the range of
135 to 180°C. _
"~ The slurry from the final stage of the crystallisation section K

is transferred at the pressure and temperature prevailing in the final

20

. crystalliser stage to section L in which an integrated separation and
washing process is carried out. Thus, in stage L, PTA crystals are
25 separated from the aqueous mother liquor and the separated PTA product

is washed with water which may be derived from column D via lines 12,

12b, recovery stage M via line 17 and/or fresh water via line 18 and is

recovered, following washing, via line 19. The aquéous mother liquor
from the separation in stage L is passed to recovery stage M via line
10 13a and/or to reslurry stage G via line 13.

In stage M the aqueous mother liquor is evaporated or further
cooled so as to permit the recovery of further solids in the form of a
. less pure precipitate of terephthalic acid which is passed back to '
reactor A via stream 20. In stage M the temperature of the liquor may
be reduced by flashing steam from it at, for example, atmospheric
pressure. Suéh steam may be further purified for example by

distillation in column D via line 22 and used if desired as wash in

35



desirably constitute at least a part of .the aqueousfm he

CTA is conbined. |If both the agueous nedi um and the Hu'pmegtlﬁasv?sh'are

- recycled, they.fmy be m xed together to forma si ngl e lateq
conbi nation with -5- the CTA. The aqueous medi um wash
may be treated, for exanple by distillation and/ or evap roduce

substantially pure water or at |east parijqally elim nate para-toluic acid,
ei ther

stage L, used elsewhere in the process or purged. The remaining liquor
may be cooled or evaﬁorated further and solids separated from it and
recycled to reactor A via line 20 ‘as desired.
The mother liquor recovered from stage M may be in part passed.
5 back to the distillation column D via line 22 and processed as
described later, may be returmed to the reslurry stage G via stream 14
and/or be purged via stream 21. Preferably, if the aqueous mother
liquor is evaﬁorated. the evaporated water is returned to the reslurry
stage G via line 14.
The distillation column D fractionally distils a mixture of water

and acetic acid evaporated from the reaction medium in condenser system

10

C and is modified if required for use for the treatment of mother
liquor separated from stages F and M . The cclumﬁ D comprises three
zones; an upper zone comprising for example 5 theoretical stages, a
15 middle zone comprising for example 45 theoretical stages and a lower
zone comprising for example 5 theoretical stages. Part of the mixture
of acetic acid and water evaporated derived from the reactor A is
passed via stream 7 optionally together with stream 8 and/or 10b to
between the middle and lower zones of the columm D. Mother liquor from
20 the precipitation of terephthalic acid may_be passed into the column D
between the upper and middle zones via stream 22. Acetic acid and heavy
material are passed froﬁ the base of the column D via.stream 23 to
reactor A. Water is condensed in the condenser and may be re-used in
the process via stream 12.
25 Referring to Figure 2, there is shown one embodiment for
implementing an integrated separation and washing process suitable for
use in each of stages E and L, in the form of a continuous band or belt
filter unit such as a Paﬁnevis filter of the form generally described
in Filtration and Separation (Page 176 et seg, March/April 1979). The
filter unit cbmprises an endless filter belt or band 100 driven by
rollers around which the belt or band extends at each end, the belt
being enclosed in a pressure tight housing 101. The belt 100 comprises
generally horizontally disposed upper and lower runs 100a and 100b. The
interior of the housing 101 is pressurised with a suitable gas such as
nitrogen in the case of the filtration unit employed in stage E or

nitrogen or steam in the case of the filtration unit employed in stage

'Lo
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i ndividually before mxing, or as a single streamafter mxing prior to
bei ng conbined with the CTA as desired. Such treatment of the—agqueous

medi um and/ g wash, may al so conprise cooling, prefergbkyet Bech RIREL At Ur €
inthe range 15 to [err], or evaporation of the aquej Hnﬂl & wash

t-0. produce a |l ess pure precipitate and a residual ot ch are
then suitably separated. Suitably, where_gpe CTA is
oxi dation plant integrated with the purification pl ant, such less pure
precipitate is returned to oxidation step of the oxidation pl ant. The
nmot her |iquor may be treated further and/or used as aqueous nediumto be
conbi ned with tPett€@@Alines S and T show the locations of a first zone on the

left, a second zone between the lines S and T and a third zone to the

right of line T. The slurry of térephthalic acid in mother liquor (ie.

acetic acid in the case of stﬁge E or aqueous medium in the case of
5 Sstage L) is introduced to the first zone via line 103 onto the band and
mother liquor drains through the band into collector pan 104 from which
it is removed.via line 105 to leave a first wet deposit of terephthalic
acid crystals which is then passed to a second (middle) zone (in the
direction of arrow A). In the second zone, aqueous wash liquor, for
example water, is introduced via line 106 and passed through the band
to collector pan 107 to produce a second wet deposit. The aqueous wash

is removed via line 108. The second wet deposit then passes to a third

10

zone (in the direction of arrow B) in which it is removed from the
band, collected in a receiver 109, recovered and then slurried with
aqueous medium in the cése of CTA or dried in the case of PTA.

The water introdyced via line 106 may be:derived from line 12b, 17
and/or 18 (stage L) or line 12¢ (stage E) as shown in Figure 1 or any
other suitable source. Suction is applied to the filter cake formed on

the upper run 100a via the pans 104 and 107 and the pans are coupled

15

20 together for reciprocating movement as a unit in a direction parallel
to the direction of travel of the belt. During travel of the pans from
left to right, suction is applied to draw liquid through the upper run
100a and during return travel of the pans, suction is terminated. The
pressure differential across the filter belt, between the region above
25 the filter cake and the downstream side of the filter medium (ie. the
interior of the pans) is typically of the order of 0.6 bar. In the case
of stage L, the pressure reéiding oﬁ the downstream side of the filter
medium is at least as great as that prevailing in the final stage of
the crystallisation section K. The wash liquor applied to the filter

30 cake passes through the cake by virtue of the pressure differential
between the upstream side of the filter cake and the downstream side of
the filter medium and is applied in such a way that the wash liquor
displaces résidual mother liquor within the cake without undergoing
channelling. It will be appreciated that the wash liquor may be applied
35 in a single stage or it may comprise a series of stages with wash

liquor applied at a number of locations along the path of travel of the

filter belt. In this event, the wash liquor may be applied as a number



The second zone desirably conprises a single stage wash—+ﬁ—ﬂh+ehf%he—mash
l'i quor- passes through the filter surface only once eH%h% S '%d
streamor, &@ kewig splitting of the wash liquor, as
st reans. | f desired the second zone may conprise a suc ! : : h
stages wherein the wash liquid is passed through the f _ nor e
than once. The succession of wash stages.fpy be co-current but is
preferably counter-current in which, in each stage (other than the |ast),
t he i ncom ng aqueous wash passed through the wet nmass of crystals and the
filter surface is the aqueous wash whi ch has passed t hrough the wet nmass
and the filaefepasaklfedcetrieams ke ttlcmqeﬂé rigpsiagen d Betiel masderSt aftherhe
aqueous vvas&, IchMt bl.s c%ﬁﬁ&&lf-%m'ye e mother liquor and wash liquor

recovered from each filter belt unit are utilised in the manner

described with reference to Figure 1. Thus, for example, in the case of

5 the filtration unit forming stage L, the mother liquor and recovered

wash liquor may be combined and then subjected to cooling or

evaporation to produce a less pure terephthalic'acid precipitate which
is recycled to the reactor A. The residual mother liquor/wash liquor
may be further processed for example to reduce the para-toluié.acid
‘10 content thereof and then recycled to the reslurry stage G for use in
dissolution of CTA prior to the hydrogenation reaction in reactor J.
The stages E and L may be implemented by other forms of filtration
unit capable of operating under pressure; for instance, the filtration
units may be consﬁituted by pressure drum filters, eg multi-cell
15 Pressure drum filters of the type well-known in the filtration art or
rotary cylindrical filters such as the type disclosed in EP-A-406424.
Alternatively the integrated separation and washing units forming
stages E and L may take other forms such as those described below.
Figure 3 shows. a cross-section represeﬁtation of a centrifuge
20 adapted for use in the present invention which comprises a hollow
vessel 200 of circular cross section which is rotatable about its
longitudinal axis R and which comprises an inner solid wall 201 onto
which the terephthalic acid stream comprising terephthalic acid in an
aqueous medium is deposited via inlet 202. Dotted lines S and T denote
25 the boundaries between the zones, the first zone being above line S,
the second zone being between lines S and T and the third zone being
below line T. Rotation of the vessel causes a substantial proportion of
the mother liquor component of the terephthalic acid slurry to be
transported in the direction of arrow C, out of the first zone whilst
30 the purified terephthalic acid-containing wet deposit is transported in
the direction of arrows D, across the second zone and across the third
zone by means of an inner scroll 203. In the second zone, the wet
deposit passes across filter surface 204 and is washed with an aqueous
wash liquor supplied by inlet 205. The aqueous wash liquor may be
35 derived from.sourcés such as those described in relation to the
embodiment of Figure 2. The wash liquor is withdrawn through the filter

surface 204 and the wet deposit is retained by the filter 204 to



incomng water. The wash liquor is preferably introduced at a tenperature.
which is substantially the same as the tenperature of Said mass as i1t

enters the ggeopdggzone so as to avoid problens with flaqg ﬂwﬂﬁs %
(wi'th the consequent risk of precipitating inpurities).
suitably at least in part water separated from acetic aC| sald

distillation step follow ng evaporatlon ofjgacetic acid an
oxidation step, if present, .derived from ot her water streans mnthln the

process, for exanple fron1treatnent of the aqueous wash and/or nedium This
i s advantageous as it reduces further the intake of fresh water and
di sposal of pratues 4 rsebbitd e@CRHosit comprising terephthalic acid which is

transported to the third zone in the direction of arrow E. The second

wet deposit is then desirably removed from the third zone and processed

further, ie by slurrying in stage G or drying depending on whether the

5 terephthalic acid is in its crude or purified form.
Figure 4 shows a cross section representation of another form of

centrifuge adapted for use in the present invention, the same reference

numerals being used in Figures 3 and 4 to depict like components. The

centrifuge of Figure 4 differs from that of Figure 3 in several
10 respects. Inlets 202 for depositing the terphthalic acid stream and .
inlet 205 for providing the aqueous wash are coaxially arranged along
the longitudinal axis of the centrifuge and an additional aqueous wash
inlet 206 is provided which is also coaxial with inlets 202 and 205.
Inlet 202 has a greater diameter than inlet 205 which, in turn, has a
greater diameter than inlet 206. A further difference between Figures 3
and 4 is that the second zone (between S and T) is sub-divided into a
dewatering zone betweén V and T, and intc two wash sub-zones between U
and V, and S and U respectively. As the wet deposit of terephthalic

acid is transported across the filter surface 204 in the sub zone

15

between S and U, it is washed with aqueous wash via inlet 205 which
wash has been obtained as the filtrate recovered from the succeeding

sub-zone between U and V. As the deposit passes through the sub zone

20

between U and V, it is washed with aqueous wash, preferably

demineralised water, via inlet 206. Thus, the wet deposit is washed

counter-currently as it passes through the part of the second zone. In
the sub zone between V and T, the washed wet deposit may be dewatered

by removing aqueous wash through the filter surface 204 to produce a

second wet deposit which is then passed to the third zone in the

direction of arrow E. .

30 As the separation and washing processes are carried out under
pressure somewhat in excess of atmospheric pressure, where it is
desired to transfer the washed terephthalic acid to equipment operating
at lower pressure (eg at atmospheric pressure), this may be effected
either by reslurrying the filter cake or'by transferring the filter

35 cake in its moist condition from higher pressure to lower pressure
using a suitable pressure isolating arrangement. For instance, a PTA

filter cake removed from the filtration unit of Figure 2 into the



--6- Typically the pressure differential across the filter—surface in each
of said zones is at least 0.05 bar with the side of the f||ter surface on

whi ch the n@ss.gé-terephthalic acid crystals is |ocated
pressure than fhe other side.of the filter. Preferably the m
differential is 0.1 to 10 bar, nore preferably, 0.2 to 3 b

0.2 to 1 bar, for exanple 0.3 bar. The acjgal pressure on the | ower
pressure side of the filter is - _

receiver 109 may be transferred to drying equipment at lower pressure
by means of various devices such as variable pitch screws, the use of
two lock vessels, one of which can be under pressure and filled with
filter cake and the other open to atmosphere, or a rotary valve

5 arrangement. -

Referring now to Figure 5, this illustrates the use of a
pressurising fluid for the filtration step in such a way as to reduce
further any tendency for solute present in the slurry liquor to
precipitate out and hence contaminate the terephthalic acid. As shown,

10 slurry stored ina tank 310 is fed by pump 312 and flow controlled
valve 314 to a rotary drum type filter 316 which may be.of conventional
design. The slurry is fed to the tank 310 via line 318 and may be
derived for example from a crystalliser system (not shown) associated
with plant for effecting purification of terephthalic acid by .

15 contacting an aqueous solution thereof with hydrogen in the manner

previously described. The rotary vacuum filter 316 comprises an outer
housing 320 within which a cylindrical support 322 carrying a filter

medium (typically a filter cloth) is mounted for rotation about a

horizontal axis perpendicular to the plane of the paper. The slurry is
supplied to the lower region of the housing 320 which forms a reservoir

324 bordered on one side by weir 326 so that the slurry contained

within the reservoir 324 is of constant depth. Overflow passes into

20

seetion 328 from which it is withdrawn and recirculated via level

controlled valve 330 to the slurry holding tank 310, the control being

25 effected in dependence on the level of the slurry within section 328.
Usually the slurry feed to the filter will be under pressure and at a
relatively high temperature; for instance, typical pressure and
temperatures of the slurry at the inlet to. the rotary vacuum filter are
about 8 bara and 170°C.

30 A suction unit 332 is located within the interior of the support
322 so as to exhaust fluid (both pressurising fluid and filtrate) from
the interior of the filter medium. The arrangement is such that, as the
support 322 rotates in a clockwise direction as viewed in Figure S,
successive parts of the.periphery of the cylindrical filter dip into

35 the reservoir 324 and siurry is drawn against the filter medium. As the
* filter medium rotates, the applied suction serves to draw the liquor

through the filter medium, forming a cake of solid material (eg



mai nt ai ned at such a pressure that the aqueous wash |liquor in the-seecefd

zone and, if applicable, the agqueous nediumin the first zone mhlch ar

renoved thggualk-.the filter surface, remain substant|aﬂmy$mﬁ

phase. The hi gher pressure side of the filter surface

mai nt ai ned at el evated pressure, desirably at 2 to 15 aIIy 3
to 10 bara and is desirably above the pressure of the precedlng
pressure-reducing step in the process. The terephthalic acid slurry is
suitably introduced into the first zone at a tenperature of at |east [err]

and preferably 100 to [err], especially 120 to [err].
crystals of terephthalic acid) on the upstream face of the filter

medium. The filtration process is driven by the application of
differential pressure across the filter medium. This pressure is
developed by the supply of pressurised fluid to the space between the

5 housing 320 and the filter medium. The pressure exerted by the fluid is

such that a small pressure differential is established through the
thickness of the filter cake. Typically, this pressure differential is
of the order 6f 0.1 to 2 bar. With reference to the typical slurry
pressure quoted above, the pressurised fluid may be supplied at a
pressure of the order of 8.5 bara and the pressure at the downstream
side of the filter medium is typically of 0.1 to 2 bar less but at

least substantially the same as or greater than the pressure prevailing

10

in the final stage of the crjstallisation process.

At a location above the reservoir 324, the filter medium traverses
15 @ washing zone 334 in.which with a washing medium such as water issuing
from nozzles 336 is applied to the filter cake. In the (clockwise)
direction of filter travel, this washing zone is preceded by a
filtration zone 338 and is succeeded by a further filtration zone 340
in which the wash liquid and any residual liquor from the slurry is
removed from the filter cake. The filter cake is then finaliy dislodged

from the filter medium in the zone 342 by unshown means and falls into

20

‘a collection section 344 from which it is recovered and optionally
dried to produce substantially dry pure terephthalic acid.
The fluid used to pressurise the upstream side of the filter

25 medium is constituted by the solvent component present in the liquor,
ie water where the slurry is derived from the purification of
terephthalic acid, the solvent used for the purpose of establishing the
pressure differential being in its vapour phase. Thus, for example,
steam pressurised by compressor 346 is introduced into the housing 320
10 via line 348 and circulates around g.path in which it passes through
the filter cake and the filter medium, enters suction unit 332 (along
with filtrate), and returns to the compressor 346 via line 347 and line
352. Filtrate removed by suction unit 332 collects in the tank 350 from
whicﬁ it is withdrawn for further processing wvia level controlled valve
35 354. The supply of steam to the rotary filter is controlled by valve

356 and pressure differential sensor 358 coupled between lines 347 and

348. Excess steam may be purged, as necessary, from the system via



Suftably the slurry is deposited in such a way tha%~Lhe~§§Lg%g£%32%£;§ssure
of the feed is less than the absol ute pressure on the | ower 0 amnm
side of - thesdd LEgr medi um Deposition of the tereph tet HAaM L 54 7 €am at

elevated tenperature and pressure i s advant ageous as “dtion is
possi bl e due to the aqueous nmedi um being | ess visco
tenperature. Furthernore there is |ess cqQpgrystalli-sation ities for

exanpl e p-toluic acid, with the terephthalic acid product at el evated
tenperature. Thus a higher purity terephthalic acid product is obtained and
there is a correspondingly higher level of inpurities for exanple p-toluic
acid in thevalgeezaos whtld mikevupCtdah fi€)F ibeabipplied,yab atkcessidy) via valve

362 both under the control of pressure sensor 364. The steam supply to
the system may be derived from any suitable source; for instance, it
may be constituted by steam derived from the purification process at a
5 point upstream of the filtration system, a convenient source being
steam produced dufing a conventional crystallisation process applied to
the liquor withdrawn from the hydrogenation reactor.
The steém employed as the pressurising fluid will usually be at a
temperature slightly above that at which the liquor is introduced into
10 the filter. Thus, for example, where the liquor is introduced at a
pressure_ofis bara and at 170°C, the steam admittéd as the pressurising
steam.will be at about 173 to 175°C and, in particular, at a
temperature which ensures that there is no tendency for condensation.
The arrangement is such that the temperature of the pressurising fluid
15 on the upstream and downstream sides of the filter cake are
substantially the same and the equipment will be thermally insulated to
avoid heat losses as the pressurising fluid circulates around the
system. In practice, the compression of the circulating fluid by
‘compressor 346 introduces heat into the circulating steam and means may \
be provided for moderating or controlling the temperature of the steam

entering the filter. For instance, this may be achieved by passing the

20

steam through a heat exchanger following compression or by controlled
injection of further steam or water (depending on whether heating or
cooling is required) into the recirculating wvapour to adjust the
25 temperature thereof so that the steam entering the filter is within a
desired temperature range.

Referring now to Figure 6, there is showh schematically a
filtration system in which a housing 400 encloses a continuous filter
be1£ or band 402 which is driven so that the upper run thereof travels
from left to right as viewed in Figure 6. The upper run of the filter

band 402 traverses three zones A, B and C. A slurry of terephthalic

30

acid in aqueous liquor is introduced to the first zone via line 403

onto the band and aqueous liquor passes through the band 402 with the

assistance of pressurised fluid, namely stéam (which may be derived
35 ‘from the crystallisation section K or from eisewhere). the steam
serving to develop & pressure differential between the space above the

upper run of the band 402 and the space immediately beneath the upper



the process. The el evated tenperature may -al so pefnit heat recovery'ahd
hence provide a reduction in variable costs. If recycle of aqueous nedi um

and/ or washekt Gigak. i s enployed, it may be necessary t'misinﬁaviid@e&@ﬁh@e to

al lrow control of the level of conponents in the recycl rdi ng
to a second aspect of the invention there is provided t he
production of terephthalic acid conprising2- -7-
run thereof. The aqueous. liquor passing through the band 402 in zone A
is collected in collector pans 404 located beneath the upper run of the
band 402 and is removed from the pans 404 via lines 405 to leave a
first wet deposit which is then passed to the second zone B. The

5 aqueous liquor is fed via lines 405 to a filtrate pot 406.
In the zone B, aqueous wash, for example water, is introduced via

line 408 and a series of sprays 410 and passes, with the assistance of
the pressuriéed steam, through the band 402 to collector pans 412 to
produce a second wet deposit. The aqueous wash is removed via lines 414
10 and fed to the filtrate pot 406. The second wet deposit then passes to
zone C in which it is removed from the upper run of the band 402,
collected at point 416, recovered and then optionally dried to produce
substantially dry purified terephthalic acid. The water collecting in
filtrate pot 406 is removed via line 420 and level controlled valve 422
15 for further processing as described above in relation to stage L of
Figure 1. _ .
Although all of the liquor collected following filtration is shown
as being collected in a common collection vessel, ie filtrate pot 406,
it will be appreciated that liquor collécted at different locations
20 along the filter medium may be collected and supplied to different
collection points as required. Also, as previously mentioned, the
liquor collected at a location adjacent the end of the travel path of
the upper run may, instead of being routed to the filtrate pot 406, be
used to wash the deposit at a location preceding it, and likewise the
25 liquor collected from the latter location may be used to effect washing
at the location preceding it, and so on.

The pressurised steam is circulated around a loop including
compressor 424, valve 426 (controlled by differential pressure sensor
428), the steam passing from the upstream side of the band 402 through
the filter cake and the filter medium to the (downstream side)

underside of the upper run of the band from where it passes to the

30

filtrate pot 406 along with the filtered aqueous medium. Make-up steam
is added to the system as needed, and steam is purged from the system
when necessary, by means of valves 430, 432 controlled by pressure

35 Sensor 434. In an alternative embodiment, purge and make-up of the
steam for pressurising the system may be effected by means of a balance

line connected to the crystalliser from which the slurry is obtained.



'(ai effecting oxidation of paraxylene in a reaction _nedium conprising—an

al i phatic carboxylic acid to produce a first slurry -of crude terephthalic
acid in thegheagld.on nedium (b) subjecting said fi r s tThis Sheet E ﬁﬁplaced
separation and washi ng process in which the reaction ng m= d from
the crude terephthalic acid; (c) dissolving the crude t luw

fromstep (b) in an aqueous nediumto prggﬁpe a terephthallc
acld-containing solution; (d) contacting the terephthalic acid solution

wi th hydrogen under reducing conditions and el evated tenperature and

pressure conditions to reduce chemically at |east some of the inpurity
In this case, the need for valves 430 and 432 and sensor 434 is

obviated. As described in relation to the embodiment of Figure 5, the
arrangement is such that temperature'of_the steam is substantially the
same on each side of the filter cake and, where necessary, the

5 temperature of the steam entering the filter may be moderated or

controlled as previously described.

The filter system shown in Figure 6 may be generally in the form
of a belt filter of the type'which.is manufactured by Pannevis BV of
Utrecht, Holland and uses intermittent application of vacuum as

1o described for instance in.the Proceedings of the Filtration Society,
Filtration & Separation, March/April 1979, Page 176 et seq.

In carrying out the filtration process as described above in
relation to the embodiments of Figures 5 and 6, the temperature at the
upstream'and dowvnstream sides of the filter is maintained substantially
15 the same, ie. isothermal operation, so as to substantially prevent the

development of a supersaturation condition during the filtering
operation, thereby preventing deposition of otherwise soluble
constituents of the liquor and hence reduction in product quality

and/or clogging of the filter medium.

20
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present in the crude terephthalic acid; (e) reducing pressure and
tenperature to obtain a second slurry conprising crystallised purified

t er epht hal i-gmagsghbai N aqueous nedi um cont ai ni ng r educ®his small{améeﬁﬁe ldded
sofution; and (f) subjecting the second slurry to a s shi ng
process in which said aqueous nediumis renoved fromt !ﬂﬂuﬁu
terephthalic acid with the aid of an aquepas wash Iiquor

reSTurrying the purified terephthalic acid prior -to washing thereof with

t he aqueous wash |iquor; the separation and washing process carried out in
each of steps (b) and (f) being inplenmented under el evated pressure

condi ti ons QiaiIMy a

1. A process for the purification of crude terephthalic acid,

comprising: .
(a) dissolving the crude terephthalic acid in an aqueous medium to
5 produce a terephthalic acid-containing solution;

(b) contacting the terephthalic acid solution with hydrogen under
' reducing conditions and at elevated temperature and pressure to
reduce ehemically at least some of the impurityﬁbresent in the
crude terephthalic acid; T
10 (c¢) reducing pressure and temperature to obtain a slurry comprising
crystallised pure terephthalic acid in agueous medium;
(d) in a first zone effecting separation of the PTA crystals from the
aqueous medium by filtration of the slurry to remove aqueous
medium through a filter surface to obtain a wet mass of crystals;
15 (e) transferring said wet mass of crystals to a second zone without
reslurrying said mass and supplying aqueocus wash liquor to said
mass while effecting filtration whereby the wash liquor is
displaced through the mass and through a filter surface in the
second zone; and .
20 (f) maintaining a differential pressure across the filter surface in
at least one of said zones such that, on the lower pressure side
of the filter surface, the pressure is substantially the same as
or greater than the pressure prevailing following step (c).
2. A process as claimed in Claim 1 in which steps (d), (e) and (f)
25 are carried out by discharging said slurry on to a filter material
which is movable to transport the terephthalic acid through said first
zone in which filtration of said aqueous medium from the slurry is
effected, to the second zone in which said m;ss of crystals is washed
by displacement of said aqueous wash liquor through said mass.
30 3- A process as claimed in Claim 2 in which the filter material lies
in a generally horizontal plane during traverse of said first and
. second zones.
4. A process as clalmed in Claim 2 or 3 in which the filter material
is driven along an endless path so that it repeatedly traverses said
15 first and second zones.
5. A process as claimed in Claim 4 in which the filter material is

AR

confxgured as a loop.



resbective belt filter system Usually the second stFFV—ETTT—BE“ET*‘—*-

super at mospheric pressure following step (e). The annmhimﬁ&fM@BéﬁRé gLy red
in the process afarding to said second aspect of the | ﬂ,m M

si gnificant!’y reduced as conpared with that required | cesses
involving a reslurry operation. An inportant factor in s t he
use of belt filters; such filters allow higfily effickent mashlng to be
~carrted out and because the separation of terephthalic acid fromthe
reaction medi um or aqueous .nedi um can be integrated and carried out on the
sanme filter belt, the need for reslurry of the terephthalic acid is

6. A process as claimed in any one of Claims 1 to 5 in which aqueous

medium separated in step (d) and/or wash liquor displaced through said

mass is step (f) is recycled for use in step (a).

7. A process as claimed in any one of Claims 1 to 5 in which aqueohs

5 medium separated in step (d) is evaporated or cooled to produce a less
pure tereﬁhthalic.acid precipitate and the residual liquid is recycled
for use in step (a). ' '

8. A proceés as claimed in any one of Claims 1 to 7 in which said

crude terephthalic acid is derived from the liéuid phase oxidation of

10 paraxylene in a carboxylic acid solvent in the presence of a heavy
metal catalyst. _

9. A process as claimed in any one of Claims 1 to 7 in which said

crude terephthalic acid is derived from hydrolysis of a polyalkylene

terephthalate.
15 10. A process for the production of terephthalic acid comprising:

(a) effecting oxidation of paraxyleﬁe in a reaction medium comprising
an aliphatic carboxylic acid to produce a first slurry of crude
terephthalic acid in the reaction medium;

(b) subjecting said first slurry to a separation and washing process

20 in which the reaction medium is removed from the crude
terephthalic acid;

(c) dissolving the crude terephthalic acid from step (b) in an aqueous
medium to produce a terephthalic acid-containing solution;

(d) contacting the terephthalic acid solution with hydrogen under

25 reducing conditions and elevated temperature and pressure
conditions to reduce chemically at least some of the impurity
present in the crude terephthalic acid;

(e) reducing pressure and temperature to obtain a second slurry
comprising crystallised purified terephthalic acid in aqueous

30 medium containing reduced impurities in solution; and

(f) subjecting the second slurry to a separation and washing process
in which said aqueous medium is removed from the purified
terephthalic acid with the aid of an aqueous wash liquor and

without reslurrying the purified terephthalic acid prior to

35 washing thereof with the aqueous wash liquor; I

N A



el i ni nated—Overal i theref ore the amount of water enployed in the

t er epht halfhgsﬂ&tﬂas gdn process can be substantially reduced. In turn,
t he amount ent to be treated can al so reduced substantially:

Large quant nt preclude the recycle of a subst ant i
portion the n o the terephthalic acid. streamw thout further

treatment. In said second aspect of the peesent inventio i I|

- thé&anount of water required to provide a given vvash effmm“mnﬁM‘m

liquid, herein referred to as mot her |iquor, + ¢ L W s 7
the separation and washing process carried out in each of steps (b) and

(f) being implemented under elevated pressure conditions using a

respective belt filter system.

11. A process for the production of terephthalic acid comprising:

5 (a) effecting oxidation of paraxylene in a reaction medium comprising
an aliphatic carboxylic acid to produce a first slurry of crude
terephthalic acid in the reaction medium;

(b) subjectihg said first slurry to an integrated separation and
washing process in which the reaction medium is removed from the

10 crude terephthalic acid and the crude terephthalic acid is washed
with aqueous wash liquor;

(c) dissolving the crude terephthalic acid from step (b) in an aqueous
medium to produce a terephthalic acid-containing solution;

(d) contacting the terephthalic acid solution with hydrogen under

15 reducing conditions and elevated temperature and pressure
conditions to reduce chemically at least éome of the impurity
present in the crude terephthalic acid;

(e) reducing pressure and temperature to obtain a second slurry
comprising crystallised purified terephthalic acid in aqueous

20 medium containing reduced impurities in solution;

(f) subjecting the second slurry to an integrated separation and
washing process in which said aqueous medium is removed from the
purified terephthalic acid and the purified terephthalic acid is
washed with aqueous wash liquor;

25 (g) treating the aqueous medium removed in step (f) to produce a less
pure precipitate of terephthalic acid and a residual aqueous
mother liquor; and '

(h) recycling sai& less pure precipitate to the oxidation step (a)
and/or recycling said residual mother liquor for use in step (c).

30 12. A process as claimed in Claim 11 in which the separation and

washing process carried out in each of steps (b) and (f) is implemented

under elevated pressure conditions using a respective belt filter

system. .

13. A process as claimed in Claim 10 or Claim 12 in which each belt

35 filter is operable to transport the respective slurry on the'upper run

théreof through a first separation zone in which displacement of the

reaction or aqueous medium from the ﬁgrephthﬁlic acid component of the



recovered from the purification plant, for exanpl e aqueeus—mediumfromthe
separation of purified terephthalic acid product and the agqueous wash, to

be recycl edchptfdghe terephthalic production process. Suc'ﬂ“mm}‘wﬁ‘ﬁ laced
hi ghly desirable as valuable nmaterials in the nother Ii quol/ Eiﬁl’ﬂed
within the process rather than |lost by disposal. The inpro

. efficiency allows higher inpurity |evels dz7.the terephthalic acid streamto
- be toterated. Consequently, the inpurity level in the CTA which is fed to
‘the hydrogenation step may be higher thus allow ng beneficial
re-optinmsation of the process by which the CTA was produced, for exanple

| by reduci ngresmecsdversluyryfist éffecxedi abi beavecamotatomassonti ¢iudasor Pyreher, t he
hydr ogenat i QQ:éﬁﬁ%ﬂaf{Ejucii on the belt filter and a second washing zone in which

aqueous wash liquor is passed. through said mass of terephthalic acid.

14. A process as claimed in Claim 10, 12 or 13 in which each belt

5 filter traverses a third zone in which the washed terephthalic acid is

removed from the belt filter and in which the belt filter itself is

washed to remove adhering deposits during its return travel from said

third zone to the first zome. |

15. A process as claimed in any one of Claims 10 and 12 to 14 in which

10 the belt filter used for carrying out the separation and washing
process of step (f) is operated with a pressure differential such that
the pressure prevailing on the low pressure side of the filter is no
less than said pressure prevailing following step (e).

16. A ﬁrocess as claimed in Claim 11 in which the separation and

15 washing process carried out in each of steps (b) and (£f) is implemented
in the case of the separation stage in a first zone involving
deposition of the terephthalic acid on a solid inner surface of a
rotatable hollow vessel, and in the case of the washing stage a filter
surface forming a second zone of the vessel.

20 17. A process as claimed in Claim 16 in which the solid surface and
the filter surface are arranged such that the mass of terephthalic acid
crystals is transported along the inner surface across the filter
surface to a third zone from which it is recovered and the liquor from
the terephthalic acid stream is transported away from the solid inner

25 surface without crossing the filter surface.

18. A process as claimed in any one of Claims 10 and 12 to 17 in which
the washing operation of step (b) is carried out in a number of stages
in counter-current fashion such that the terephthalic acid is contacted
with aqueous wash liquor of increasing purity as it is progressed

30 through the washing operation.

19. A process as claimed in Claim 18 in which the washing operation of
step (f) is also carried out in a number of stages in counter-current
fashion such that the térephthalic acid is contacted with aqueous wash
liquor of increasing purity as it is progressed through the washing

35 oOperation.
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desired, the pressure and tenperature reducing step Tay be arso be——
re-optimsed, if desired, such that the terephthalic i 6heStH.SB5h RBSacH) Iher

inmpurity | e$®8 $=#ccording to a further aspect of the on, a
prbcess for the production of terephthalic acid conpri g%uﬂmuum i ng
oxi dati on of paraxylene in a reaction medi umconprisin |

carboxylic acid to produce a first slurry2®f crude terephthalic acid in the

reaction mediunm (b) subjecting said first slurry to an integrated -
separation and washi ng process in which the reaction nmediumis renoved from

the crude tgy epRthacbss 35 f1A00a 17 a5y ae SECERML"T' &% 36" & W dpshed

reaction medium and aquecus wash liquor recovered from step (b) is
‘recycled to the oxidation reaction of step (a). _
21. A process as claimed in any one of Claims 10 to 20 in which, prior

5 to step (d), the aqueous solution of crude terephthaliq acid is
subjected to oxidation to increase conversion of terephthalic acid
precursor compounds into terephthalic acid.
22. A process as claimed in any one of Claims 10 to 21 in which the
heat of reaction generated in step'(a) is removed by withdrawing vapour

10 containing carboxylic acid and watér from the reaction and processing

the vapour to derive a water component and a carboxylic acid component.
23. A process as claimed in Claim 22 in which water component derived
from said vapour is employed in step (c).

'24. A process as claimed in Claim 22 or 23 in which water component

15 derived from said vapour is employed as aqueous wash liquid in step

(f).

25. A process as claimed in any one of Claims 10 to 24 in which
carboxylic acid component derived from said vapour is recycled to step
(a). _

20 26. A process as claimed in Claim 10 or any one of Claims 13 to 25
when dependent on Claiﬁ 10 in which liquor derived from step (f) is
evaporated or cooled to recover a less pure terephthalic acid
precipitate which is recycled to step (a).

27. A ﬁrocess as claimed in any one of the preceding claims in which
25 the pressure differential established between upstream and downstream
sides of the filter medium is created by means of a pressurised fluid
‘constituted at least in part by a solvent component of the ligquor,
which component is in its vapéur phase whereby flashing-of the solvent
component actually present in the liquor is substantially suppressed
during filtration of the terephthalic acid/liquor slurry.

28. A process as claimed in Claim 27 in which the partial pressure of
said solvent component in or forming the pressurised fluid on the

downstream side of the filter medium is maintained substantial;y at or

30

above the vapour pressure of the solvent component actually present in

the slurry fed to the upstream side of the filter medium.

A

35




Wi th aqueous wash liquor; (c) dissolving the crude t er epnt trat-e—aei-d-from
step (b) in an aqueous nediumto produce a terephthalign@gjd-¢0 tal ni ng
solution; (gkr eesiacting the terephthalic acid soluti-on a"e‘ihder
reduci ng conditions and el evated tenperature and pressur
reduce chemically at |east sonme of the inpurity present
terephthalic acid;, (e) reducing pressure-z2:d tenperature to obt al n a second
slTrTy corBSERAMETcrystallised purified terephthalic acid in aqueous medium
containing reduced inpurities in solution;

PROCESS FOR THE PRODUCTION OF PURIFIED TEREPHTHALIC ACID

A process for the production of purified terephthalic acid
comprises subjecting an aqueous solution of crude terephthalic acid to
hydrogenation to reduce impurities therein, crystallising the resulting
5 solution to produce a slurry of purified terephthalic acid in aqueous

liquor and carrying out an integrated terephthalic acid sepa;ation and

washing process without a reslurrying stage between separation and

washing. In one form of the invention, the integrated separation and

washing process is implemented at elevated pressure by means of a belt

10 filtration system (100, Figure 2) in which the pressure on the

downstream side of the filter belt is no less than that prevailing

following pressure let-down in the crystallisation process. Other

implementations of the invention may be achieved by means of centrifuge

apparatus incorporated arrangements for the application of wash liquor

15 to the cake formed during centrifuging (Figures 3 and 4).



-9- (f) subjecting the second slurry to an-integrated_separation and '
washi ng process in which said aqueous nediumis renoved fro rified

terephthalic acid and the purified terephthalic acid i thgggggw t h aqueous

wash liquor; (g) treating the agueous nedi umrenoved i m o /ﬁ:ced
ueous

produce a less pure precipitate of terephthalic acid an
~mother liquor; and (h) recycling said |ess pure precip
oxi dation step (a)
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~and/or recycling said residual nother quuor for use in-step (c). By
integrated separati on and washi ng process" we nean that the separation and
hi ng St&hssmxﬁmcaﬂmmjimsﬁt within the sane itemof equipment w thout an

|nPerned|at the terephthalic acid in water prior to the
washi ng ste i ment of said further aspect of the invention,

the separation and washi ng process carried out in each of steps (b) and (f)
i s”i npl emented under el evated pressure conditions using a respective belt
filter system In another enbodi nent of said further aspect of the
“invention, the separation and washi ng process carried out in each of steps
(b) and (f) - _ :
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may be inplenented in the case of the separation stage in a first zone

i nvol vi ng de 03|t|on of the terephthalic acid on a solid inner surface of a
rotatable cﬁbr exanple a centrifuge, and in the case of the
washi ng st rface formng a second zone of the vessel. The
solid surf ter surface are suitably arranged such that the
mass of purlfled terephthalac acid crystals is transported al ong the inner
surface across the filter surface to a third zone, for exanple by a scrol
on the inner wall of the hollow vessel, fromwhich it is recovered and the -
aqueous nediumfromthe terephthalic acid streamis transported away from
the solid inner surface wthout cr055|ng he filter surface as a result of

the rotation
| Fig.3
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‘of the hollow vessel, thereby effecting separation of the purified
terephthal.d ¢ acid and the aqueous nedium As the solid purified

t erephthal i c -aci-d—passes—over the filter surface, it is washed with an
agueous wash 1] qugr RSoidc&oved through the filter surface to produce
washed mass of Id crystals. The washed mass is suitably
transported to tmﬁi‘ by rotation of the vessel and subsequently

retovered fromt In practice, it is desirable to establish
an atnosphere of inert
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gas over the filter cake in order to exclude or control the |evel of oxygen
present.- This inert gas al so passes through the filter material in the
washi ng- zommsﬂﬁd}adﬂmﬁ gas nust be introduced in order to maintain the
gaseous at ert gas may be nitrogen for instance, although in
t he case o hi ng system enployed in the purification stage of
t he process, e | may wi th advantage conprise steam Thus for

i N3t ance the process of the invention as defined in any of the above
aspects thereof preferably.conprises nmeans for supplying pressurised gas to
the washing zone to establish a pressurised gaseous atnosphere on that side
of filter surface on which trmr+ﬁwer-ﬁq mass or

o
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LerephtH;rfg-ggra-EFYEFars'is formed. The gas from said atnosphere will be

drawn 't hr %Mﬁeﬁﬁedt erephthalic acid crystals along with the wash

| i quor and ns is provided for .recovering the gas and treating
it to eli
the treated gas may

st reduce contamination thereof by the_liquor, and
ei ntroduced into said atnosphere. At |east the

separation step, and preferably the washing step also, is carried out in

sith a way as to prevent any substantial precipitation of solute fromthe

| i qui d conpongnt. |For i nstance, the |iquor conponent in the purification

stage may conpris§ a substantial content of solute in the form of

paratoluic aci'd I ch should desirably : -
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be mal nt ained in solution. Thus, according to a pret eREpHATEMECSHEETS  SG
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Thls invention relates to the production of terephthalic acid.
Purified terephthalic acid (PTA) is commonly produced by

purification of crude terephthalic acid (CTA) obtained by the liquid

phase air oxidation of p-xylene. It may also be produced by the

hydrolysis of a polyalkylene terephthalate, for example polyethylene

terephthalate.

Such purification typically comprises adding an aqueous medium to

the CTA to form a slurry thereof which is then heated to dissolve the

CTA in the medium to provide an aqueous solution of terephthalic acid.

This solution is then passed to a reduction step in which the solution

is contacted with hydrogen under reducing conditions in the presence of

a heterogeneous catalyst to reduce chemically organic impurities, for

example 4-carboxybenzaldehyde (4-CBA). The hydrogenated solution is

passed to pressure let-down vessels in which PTA crystals form to

provide a slurry of PTA in aqueous medium. PTA is recovered from the

’ aqueous medium.

It is known to recover PTA from the aqueous medium by separating

the PTA and medium in & decanter centrifuge in a first separation

stage, reslurrying the PTA with fresh water, separating the reslurried

PTA and fresh water in a decanter centrifuge in a second separation

stage to produce a PTA cake and then drying the ceske in a drier.

These steps involve special equipment which incur significan£

capital costs and variable costs of operation. The recoﬁery stage

requires large quantities of water in the centrifuge'and reslurry

steps. Therefore a large quantity of aqueous waste effluent must be

treatéd and may present prdblems of . disposal. Further, dissolved PTA

and other valuable mater;als in the waste éffluent stage may be lost.

The preseﬁt 1nvention seeks to frbv;de improvements in the

production of terephthalic acid.

According to onglgspect'of;the_prqsent invention there is provided

a process for the purification of crude terephthalic acid, comprising:

(a) dissolving the crude terephthalic acid in an aqueous medium to

‘produce a terephthalic acid-containing solution;

(b) contacting the terephthalic acid solution with hydrogen under

This Sheet Has Been R

reducing conditions and at elevated temperature and pti;;&ﬁsﬂﬁaﬁpéﬂg%t
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conduct the filtration in such a way that the filter cake is not chitled or

at |east onl y cooled to a sonewhat |esser extent than—l—s——t—he—ease_AAhﬂ_Lt he
pressuri se®rfsadod conprises nitrogen or other inert ga t is h| ghl y

desirable that the partial pressure of said solvent co
“the pressurised fluid on the downstream side of the filt
.mai ntai ned substantially at or above. the2wvapour pressur

conponent actually present in the slurry fed to the upstream side of the
filter medium -

reduce chemically at least some of the impurity present in the

crude terephthalic acid;

(c) reducing pressure and temperature to obtain a slurry comprising
crystallised pure terephthalic acid in aqueous medium;

(d) in A first zone effecting separation of the PTA crystals from the
aqueous medium by filtration of the slurry to remove aqueous
medium through a filter surface to obtain a wet mass of crystals;

(e) transferring said wet mass of crystals to a second zone without
reslurrying said mass and supplying aqueous wash liquor to said
mass while effecting filtration whereby the wash liquor is
displaced through the mass and through a filter surface in the
second zone; and

(f) maintaining a differential pressure across the filter surface in
at least one of said zones such that, on the lower pressure side
of the filter surface, the pressure is substantially the same as

. or greater than the pressure prevailing following sﬁep {c).

' Step (c) will normally be carried out in a serigs of crystalliser
stages, in which the pressure and temperature is reduced progressively.
Thus, the pressure differential of step (f) will therefore be such
that, on the lower pressure side of the filter surface, the pressure is
at least equal to the pressure prevailing in the final crystﬁlliser
stage, which will normally be superatmospheric, eg within the range 1.5
to 15 bara, more preferably 3 to 10 bara.

Preferably the pressure differential will be such that, on the
lower side of the filter surface in each of said zones, the pressure is
at least equal to the pressure prevailing following step (c).

Advantageously steps (d), (e) and (f) are carried out by
discharging said slurry on tbﬁa_filter material which is movable to
transport the terephthalic aéid through said first zone in which
filtration of said aqueous medlum from the slurry is effected, to the
second zone in which said.mass.- Qf crysxals is washed by displacement of
said aqueous wash liquor ‘thiough sazd mass.

In this way, reslurry of the terephthallc acid is avoided and by
effecting filtration through a filter surface in such a way that the
lower pressure side of the filter surface is at a pressure no less than
said superatmospheric pressure, quuid removal from the terephthalic

acid can be effected substantially without accompanying flashing .
This is the reptacement sheet
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Lhe‘éblVent conponent enpl oyed as said pressurised fluid may be derived—
froma proeduct stream from which the liqour to be filteﬂﬁgmg§HQg§£¥§d

Thus, for ¢rst3gpge where the process. of the present inve ph“?d
for the filtration of the product streamresulting from mlm”,mm,m
‘phase oxidation of para-xylene in acetic acid as sol vent; t he
slurry may be effected using acetic aci d-3~apour as the pressurised fluid.
THé "acetic acid may, but need not necessarily, be derived fromthe acetic
acid evaporated fromthe |iquor during a crystallisation process (which may
be conventional) carried out follow ng wthdrawal of the acetic : :
aci(“1:erepphqﬁgpycrgggpang|qypr§eqqe§ﬁy for soluble impurities to precipitate and

contaminate the mass of purified terephthalic acid. In addition, ahy
tendency for material to precipitate and foul the filter medium is
reduced.

The filter material is suitably a metal gauze, or a cloth
comprising a plastics material such as polyester, polypropylene,
polyetheretherketone (PEEK) and the like. The filter surface is
suitably in the form of a band, preferably a continuous band which is
moved continuously or intermittently to convey material comprising
terephthalic acid through the first and second zones.

The second zone'may be followed by a third zone in which the
washed deposit of PTA is removed from the filter surface by any
suitable means, for example by scraping or by gravity.

Further, it is desirable to provide suitable means to pass liquid
for example water or alkaline solution, through the returning part of
the band to wash off downwardly faéing adhering deposits into a
receiver. .

Usually the CTA employed in the production process of the
invention is derived from the oxidation of paraxylene in a liquid
reaction medium containing acetic acid to produce a slurry of CTA in
the reaction medium. The liquid reaction medium normally incorporates a
-catalyst, for example a cobalt/manganese/bromide catalyst system which
is soluble in the reaction medium. Suitably the oxidation is carried
out in the presence of an oxygen source for example air, at a pressure
of 5 to 30 bars absolute, and preferably an oxygen concentration of 0
to 82 by volume in the gas leaving the reactor and at a temperature of
150 to 250“CQ_It is suitably a continuous process, and is preferably
carried out in a stirred reactor. The reaction is exothermic and the
heat of the reaction may conveniently be removed by evaporation of
water and acetic acid from the reaction medium.

The water and acetic acid evaporated from the reaction medium is
preferably distilled to produce acetic acid having & lower water
content. Acetic acid having a lower water content obtained in this way
may be passed to the oxidation step and the water recovered from
distiilation.may be used as the aqueous medium for dissolving CTA
and/or as the aqueous wash liquor for washing PTA.

This i the replacemant sheet -
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tpe,oxidation reactor. .- In this case therefore, follow-ng—the

crystallisation process in which further terephthalic agi.d cr stalllses out

fromthe [¢RRUGE9A he slurry is passed to a filtration z

met hod according to the invention is carried out using, ﬂ

fluid, acetic acid vapour derived fromthe crystallisati

SquIarIy where .terephthalic acid (homevér obt ai ned) is purlfled by

di ssolving the sanme in water and subjecting the solution to hydrogenation,

t he purltled terephthalic acid is subsequently recovered by filtration

usi ng water va as the rls d fl

Again the st eaﬁ?#{f;‘f Etﬁq‘ ngﬁgﬁﬁ nec stgirel FTA %goatﬂzehhxﬁa; Wb e St caM
separated from the reaction medium conventlonally by centrifugal

separation and drylng but it is more expedient to exchange the reaction
medium, preferably continuously, for an aqueous medium to provide a
terephthalic acid stream comprising CTA in aqueous mediﬁm in a process
such as that disclosed in our prior co-pending EP-A-502628.

If desired, following combination of the CTA with aqueous medium
to produce the terephthalic acid-containing solution, the resulting
solution may be fed directly to the hydrogenation step or
alternatively, may be treated prior to it being féd to the
hydrogenation step. Such treatment may comprise subjecting the aqueous
terephthalic acid-containing solution to oxidation to increase the
conversion of terephthalic acid precursor compounds, especially 4-CBA,
into terephthalic acid. Such oxidation may be effected in the aqueous
.phase using air or gaseous oxygen Or & non-gaseous oxidising agent may
be employed.

: Suitably the heterogeneous catalyst employed in the purification
of the crude terephthalic acid product is a supported noble metal
catalyst, for example platinum, rhodium and/or preferably palladium on
an inert, for example carbon, support. The reduction is suitably
carried out by passing the terephthalic acid solution comprising
terephthalic acid ﬁnd impurities, for example 4-carboxybenzaldehyde,
through a flooded bed of catﬁlyst at a temperature of 250 to 350°C in
the presence of hydrogen. The solution suitably comprises 20 to 502 by
weight of terephthalic acid.

The terephthalic acid solution, after reduction, is suztably
cooled in a crystallisation process to a temperature in the range 100
to 220°C, typically 135 to 180°C, and a pressure of 3 to 10 bara, to
prodﬁce solid purified ﬁerephthalic acid product.

Desirably, at least part of the aqueous medium removed in the
first zone and at least part of the aqueous wash removed through the
filter surface in the second zone is recovered and combined, directly
or indirectly, with the CTA. The aqueous wash and/or medium thus
desirably constitute at least a part of the agueous medium with whxch
the CTA is combined.

If both the aqueous medium and the aqueous wash are recycled, they
may be mixed together to form a single streaﬁ prior to combination with

This is the replacement sheet
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derivéd froma crystallisation process follow ng the purification process.
The pressurised fluid may consist substantially wholly of said solvent
conmponent prt apour phase but we do not  excl udethe possibilTity of —

i ncor por at I'ng |n he pressurised fluid a non-condensi tHieShea Sad BrshiRd playedone :

which is inert with respect to the liquor/crystals SYSWMIMWWMFn)

non- condensabl e,. we nmean a gas which is g&ly condenses
the CTA. The aqueous medium and the aqueous wash may be treated, for

sonewhat bel ow normal room tenperature and pressure.

-

example by distillation and/or evaporation to produce substantially
pure water or at least partially eliminate para-toluic acid, either
individuaily before mixing, or as a single stream after mixing prior to
being combined with the CTA as desired. .

Such treatment of the aqueous medium and/or wash may also comprise
cooling, preferably to a temperature in the range 15 to 100°C, or
evaporation of the aqueous medium and/or wash to produce a less pure
precipitate and a residual mother liquor which are then suitably
separated. Suitably, where the CTA is produced by an oxidation plant
integrated with the purification plant, such less pure precipitate is
returned to oxidation step of the oxidation plant. The mother liquor
may be treated further and/or used as aqueous medium to be combined
with the CTA.

The second zone desirably comprises a single stage wash in which
the wash liquor passes through the filter surface only once either as a
single stream or.'follcwing splitting of the wash liquor, as a
plurality of streams. If desired the second zone may comprise a
succession of wash stages wherein the wash liquid is passed through the
filter surface more than once. The succession of wash stages may be
co-current but is preferably counter-current in which, in each stage
(other than the last), the incoming aqueous wash passed through the wet
mass of crystals and the filter surface is the aqueous wash which has
passed through the wet mass and the filter surface in the succeeding
stage. In the last stage the aqueous wash liquor is preferably fresh
incoming water.

The wash liquor is preferably introduced at a temperature which is
substantially the same as the temperature of said mass as it enters the
second zone so as to avoid problems with flashing or quenching (with
the consequent risk of precipitating impurities).

The wash liquor is suitably at least in part water separated from
acetic acid in the aforesaid distillation step following evapdration of
acetic acid and water from the oxidation step, if present, or derived
from other water streams within the process, for example from treatment
of the aqueous wash and/or medium. This is advantageous as it reduces

22
further the intake of fresh water and disposal of water in the process.
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-12- \'/\hére a mxture of the solvent conponent and a gas are enptoyedt,—the
conposi tion should desirably be such that the partialqppr C§H£seBengRt %\9 ]
e the

sol vent corgpanzssoli n the pressurised fluid is substant
vapour pressure of the solvent conponent in the slurry mlﬂumm
condition of the latter. Usually the sol vent conponent t he
major fraction (-by volume) of said pressubised fluid. Preferably the
filtration is carried out in such a way that the tenperature differenti al
across the filter cake is essentialtly zero,

Typically the pressure differential across the filter surface in
each of said zones is at least 0.05 bar with the side of the filter
surface on which the mass of terephthalic acid crystals is located
being at a higher pressure than the other side of the filter.
Preferably the pressure differential is 0.1 to 10 bar, more preferably,
0.2 to 3 bar and especially 0.2 to 1 bar, for example 0.3 bar.

The actual pressure on the lower pressuie side of the filter is
maintained at such a pressure that the aqueous wash liquor in the
second zone and, if applicable, the aqueous medium in the first zone
which are removed through the filter surface, remain substantially in
the liquid phase.

The higher pressure side of the filter surface is preferably
maintained at elevated pressure, desiraﬁly at 2 to 15 bara and
especially 3 to 10 bara and is desirably above the pressure of the
preceding pressure-reducing step in the proceés.

The terephthalic acid slurry is suitably introduced into the first

) zone at a temperature of at least 60°C and preferably 100 to 200°C,
especially 120 to 180°C.

Suitably the slurry is deposited in such a way that the saturation .
pressure of the feed is less than the absolute pressure on the lower
(downstream) side of the filter medium. .

Deposition of the terephthalic acid stream at elevated temperature
and pressure is advantageous as improved filtration is possible due to
the aqueous medium being less viscous at elevated temperature.
Furthermore there is less co-crystallisation of impurities for eiample
p-toluic acid, with the terephthalic acid product at elevated
temperature. Thus a higher purity terephthalic acid product is obtained
and there is a correspondingly higher level of impurities for example
p-toluic acid in the aqueous medium which is desirably recycled within
the process. The elevated temperature may also permit heat recovery and
hence provide a reduction in variable costs.

If recycle of aqueous medium and/or wash liquor is employed, it
may be necessary to provide a purge to allow control of the level of
components in the recycle stream.

According to a second aspect of the invention there is provided a
process for the production of terephthalic acid comprising:

This is the replacement sheet
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and: typ| caIIy no nore than 1 to 2[err]C. O her nore SM}IG&Q%S—,—S;
the process defined with reference to said first aspect of the inv

are al so oppr@sa8biy i ncorporated in said second and thlrmds@&@ﬁ%e%n “?chdthe
context admits. In sone cases, for instance where the t mf
aci d- cont ai ni ng aqueous sol ution IS subjected to an OXI %
prior to step (d) of said second or third7-aspect of the rder
to oxidise terephthalic acid precursors such as 4-CBA to terephthalic acid,
the | ower pressure side of the filter may be at or bel ow at nospheric

pressure if desired. The invention will now be described by way of exanple
only with (&) effecting oxidation of paraxylene in a reaction medium comprising

an aliphatic carboxylic acid to produce a first slurry of crude
terephthalic acid in the reaction medium; '

(b) subjecting said first slurry to a separation and washing process
in which the reaction medium is removed from the crude
terephthalic acid;

(c) dissolving the crude terephthalic acid from step (b) in an aqueous
medium to produce a terephthalic acid-containing solution;

(d) contacting the terephthalic acid solution with hydrogen under
reducing conditions and elevated temperature and pressure

“conditions to reduce chemically at least some of the impurity
present in the crude terephthalic acid;

(e) reducing pressure and temperature to obtain a second slurry
comprising crystallised purified terephthalic acid in agueous

- medium containing reduced impurities in solution; and

(£f) subjecting the second slurry to a separation and washing process
in which said aqueous medium is removed from the purified
terephthalic acid with the aid of an aqueous wash liquor and
without reslurrying the purified terephthalic acid prior to
washing thereof with the aqueous wash liquor;

the separation and washing procesé carried out in each of steps (b) and

(f) being implemented under elevated pressure conditions using a

respective belt filter system.

Usuaily the second slurry will be at superatmospheric pressure

following step (e).

The amount of water required in the process according to said
 second aspect of the invention is significantly reduced as compared
with that required in prior art processes involving a reslurry
operation. An important factor in tﬁis respect is the use of belt
filters; such filters allow highly efficient washing to be carried out
and because the separation of terephthalic acid from the reaction
medium or aqueous medium can be integrated and carried out on the same
filter belt, the need for reslurry of the terephthalic acid is
eliminated. Overall therefore the amount of water employed in the
terephthalic.ﬁcid production process can be substantially reduced. In
turn, the amount of waste effluent to be treated can also reduced

substantially. Large quantities of effluent preclude the recycle of a
This is the replacement sheet
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r ef erence to the acconpanying draw ngs, in which: Figure 1 is. flow sheet of
a terephthalic acid production process in accordance ‘W Th the presest——

i nventi on;
the process

Figure 3 is a diagramatic cross-sectional view of one f

for inplementing.integrating separation ang washi ng sta

di agrammatic view of an alternative formof centrifuge for use in a process
in accordance with the invention; Figure 5 is a schematic di agram show ng
one formof filtration systemin which pressurisation on the upstream side

of the filt

35

E@?uﬁésﬁ is a schematic view of a belt fi lt'ﬁﬁs%hﬁ or tise in
gtire 1 and which i nt egr at es separatlon Jﬁﬁﬁﬁﬁ%

StbdtRdt i ipdrtion thereof into the terephthalic acid stream without
further treatment. In said second aspect of the present invention a
reduction in the amount of water required to provide a given wash
efficiency allows liquid, herein referred to as mother liquor,
recovered from the purification plant, for example agueous medium from
the separation of purified terephthalic acid product and the agueous
wash, to be recycled into the terephthalic jfoduction'process. Such
recycling is highly desirable as valuable materials in the mother
liquor may be retained within the process rather than lost by-disposal.

The improved washing efficiency allows higher impurity levels in
the terephthalic acid stream to be tolerated. Consequently, the
impurity level in the CTA which is fed to the hydrogenation step may be
higher thus allowing beneficial re-optimisation of the process by which
the CTA was produced, for example by reducing the severity of the
oxidation reaction conditions. Further, the hydrogenation step and, if
desired, the pressure and temperature reducing step may be also be
re-optimised, if desired, such that the terephthalic acid stream has
higher impurity levels.

According to a further aspect of the present invention, a process
for the production of terephthalic acid comprises:

(a) effecting oxidation of paraxylene in a reaction medium comprising
an aliphatic carboxylic- acid to produce a first slurry of crude
terephthalic acid in the reaction medium;

(b) subjecting said first slurry to an integrated separation and
washing process in which the reaction medium is removed from the
crude  terephthalic acid and the crude terephthalic acid is washed
with aqueous wash liquor; _

(c) dissolving the crude terephthalic acid from step (b) in an aqueous
medium to produce a terephthalic acid-containing solution;

(d) .contacting the terephthalic acid solution with hydrogen under
reducing conditions and elevated temperature and pressure
conditions to reduce chemically at least some of the impurity
present in the crude terephthalic acid;

(e) reducing pressure and temperature to obtain a second slurry
comprising crystallised purified terephthalic acid in aqueous

medium conta;n;ng reduced impurities in solution;
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Date:? 3 AUG 1995



ef f ect ed by nmeans of a sol vent conponent form ng pamuor in.
whi ch terephthalic acid is slurried; and Figure 6 i smssﬁépmgg | £ d| agram

showi ng anogpersgher m of filtration systemin which pr

effected by neans of a sol vent conmponent present in t ’ZlB-
Referring to Figure 1, reactor Ais fed with paraxyl en cid
containing a dissolved catal yst conprising-<cobalt," rranganese and

-

(£) subjecting the second slurry to an integrated separation and
washing process in which said aqueous medium is removed from the
purified terephthalic acid and the purified terephth#lic acid is
washed with aqueous wash ligquor;

(g) treating the aqueous medium removed in step (f) to produce a less
pure precipitate of terephthalic acid and a residual aqueous
mother liquor; and

(h) recycling said less pure precipitate to the oxidation step (a)
and/or recycling said residual mother liquor for use in gtep (c).
By "integrated separation and washing procgss' we mean that the

separation and washing steps are carried out within the same item of

equipment without an intermediate slurrying of the terephthalic acid in
water prior to the washing step. '

In one embodiment of said further aspect of the invention, the
separation and washing process carried out in each of steps (b) and (f)
is implemented under elevated pressure conditions using a respective

' belt filter system.

In another embodiment of said further asﬁect of the invention, the
separation and washing process carried out in each of steps (b) and (f)
may be implemented in the case of the separation stage in a first zone
involving deposition of the terephthalic acid on a solid inner surface
of a rotatable hollow vessel, for example a centrifuge, and in the case
of the washing stage a filter surface forming a second zone of the
vessel. The solid surface and the filter surface are suitably arranged
such that the mass of purified terephthalic acid crystals is
transported along the inner surface across the filter surface to a
third zone, for example by a scroll on the inner wall of the hollow
vessel, from which it is recovered énd the aqueous medium from the
terephthalic acid stream is transported away from the solid inner
surface without crossing the‘filter surface as a result of the rotation
of the hollow vessel, thereby effecting separation of the purified
terephthalic acid and the aqueous'medium. As the solid purified
terephthalic acid passes over the filter surface, it is washed with an
aqueous wash liquor which is removed through the filter surface to

. produce washed mass of terephthalic acid crystals. The washed mass is
suitably transported to the third zone by rotation of the vessel and
subsequently recovered from the third zone. =~ This is the replacement sheet
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bromne ions by line 1 and with air via |line 2. Product Tromthe reactor A
I's passed to crystallisation section B by line 3. Theids e Wi thin
t he react of, ﬁgéggontrol | ed by evaporating a m xture QQ%Q?MET c%dgd _
wat er from? € reactor to a condensing systemC via | ﬂ"’%ﬂ%ﬂuaﬂ kpi cally
above 150[err]C. Most of the condensate is returned t ; via-
line 5 with noncondensi bl es venting via Ligle 6. To.control the water
content of the reactor A, part of the condensate is renoved fromthe
condensing systemvia line 7 and passed to the distillation colum D. In

the crystallisation section B the tenperature is dropped to approxi mately
[err] to [err] mngrididcel Wit iscdusiisabliengo cestabhidhi aw atmosphere of inert

gas over the filter cake in order to exclude or control the level of
oxygen present. This inert gas also passes through the filter material
in the washing zone and additional gas must be introduced in order to
maintain the gaseous atmosphere. The inert gas may be nitrogeh for
instance, although in the case of the filter/washing system employed in
the purification stage of the process, the inert gas may with advantage
comprise steam.

Thus for instance the process of the invention as defined in any
of the above aspects thereof preferably comprises means for supplying
pressurised gas to the washing zone to establish a pressurised gaseous
atmosphere on that side of filter surface on which the layer or mass or
terephthalic acid crystals is formed. The gas from said atmosphere will
be drawn through the mass of terephthalic acid crystals along with the
wash liquor and preferably means is provided for recovéring the gas and
treating it to eliminate or at least reduce contamination thereof by
the liquor, and the treated gas may be reintroduced into said
atmosphere.

At least the separation step, and preferably the washing step \
also, is carried out in such a way as to prevent any substantial
precipitation of solute from the liquid component. For instance, the
liquor component in the purification stage may comprise a substantial
content of solute in the form of paratoluic acid which should desirably
be maintained in solutiom.

Thus, acéording to a preferred feature applicable to all of the
aspects of the invention defined above, the pressure differential
established between the upstream and downstream sides of the filter
medium is created by means of a pressurised fluid constituted at least
in part by a solvent component of the liquor, which component is in its
vapour phase whereby flashing of the solvent component actually present
in the liquor is substantially suppressed during filtration of the
terephthalic acid/liquor slurry.

By employing a pressurised fluid based on the solvent component
actually present in said liquor or said liquid , it is poséible to
conduct the filtration in such a way that the filter cake is not
chilled or at least only cooled to a somewhat lesser extent than is the
case where the pressurised fluid compr:Lsesl nitroge?h?: i:l;ggrmigtggg HR-sheel
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t er epht halic acid in reaction nother i quor (mainly acetic acid)y—thereby
produced is passed to a separation stage E. Acetic acid af’lﬂ{sgﬁeeyt r .may be
i

recovered TCE'Q”%&;BXS'[ allisation section B and passed to t,hegw laced

colum Dvia lTné 8 and/or to the reactor Avialine 9a. T m’,

.crystallisation section B typically conprises a series of
vessel s in which the pressure and tenpergjjre of the slurry wthdrawm from
t he- oxi dation reactor A is progressively reduced. In a typical enbodi nent
of the invention, the resulting sluctry of crude terephthalic acid in acetic
aci d- based nother liquor is reduced to a pressure in the range 0.5 to 2
bara and a tenpes akHighly ddrsbigehsdd tHe partfiel rgressure of said solvent

component in or forming the pressurised fluid on the downstream side of
the filter medium is maintained substantially at or above the vapour
pressure of the solvent component actually present in the slurry fed to
the upstream side of the filter medium. |

The solvent component employed as said pressurised fluid may be
derived from a product stream from which the liqour to be filtered is
derived.

Thus, for instance where the process of the present inveation is
employed for the filtration of the product stream resulting from from
the liquid phase oxidation of para-xylene in acetic acid as solvent,
filtration of the slurry may be effected using acetic acid vapour as
the pressurised fluid. The acetic acid may, but need not necessarily,
be derived from the acetic acid evaporated from the liquor during a
crystallisation process (which may be conventicnal) carried out
following withdrawal of the aceﬁic acid/terephthalic acid slurry from
the oxidation reactor. In this case therefore, following the
crystallisation process in which further terephthalic acid crystallises
out from the liquor, the slurry is passed to a filtration zone in which
the method according to the invention is carried out using, as the
pressurised fluid, acetic acid vapour derived from the cryétallisation
process.

Similarly where terephthalic acid (however obtained) is purified
by dissolving the same in water and subjecting the solution to
hydrogenation, the purified terephthalic acid is subsequently recovered
by filtration using water vapour as the pressurised fluid, ie. in the
form of steam. Again the steam may, but need not necessarily, be

derived from a crystallisation process following the purification
process. |

The pressurised fluid may consist substantially wholly of said
solvent component in the vapour phase but we do not exclude the
possibility of incorporating in the pressurised fluid a non-condensible
gas (usually one which is inert with respect to the liquor/crystals
system, eg nitrogen). By non-condensable, we mean a gas which is only
condenses at temperatures somewhat below normal room temperature and

pressure. |
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Separ ation stage E may be a conventional centrifuge and d{—l—e-L_a,r_Lang_e\
but is preferably an integrated separation and washing sta e |n Wmch a

conti nuous C?g %629% L, exchange process is carried out, eg.
prior EP-A-502 Reacti on not her |i quor recover ed from s
returned in part via lines 9 and 9a to the reactor A optio

m xing with the fresh catal yst, paraxyl engzand acetic acid contai ned i n
line 1. Any remaining reaction nother liquor and any wash liquid is
suitably passed to an evaporation stage F in which water and acetic acid
vapour is renoved by line 10, condensed and passed to reactor A via line
10a or opti onalWherpas Idsture difsthd Isalvent caponent andaa |gascandiempkoyedn ge of
by_[)rOdUCtE%h%ngkﬁg%s§{§gn should desirably be such that the partial pressure of '
the solvent component in the pressurised fluid is substantially at or
above the vapour pressure of the solvent component in the slurry at the
feed condition of the latter.

Usually the solient component will comprise the major fraction (by
volume) of said pressurised fluid. )

Preferably the filtration is carried out in such a way that the
temperature differential across the filter cake is essentially zero,
and typically no more than 1 to 2°C.

Other more spec;fzc features of the process defined with reference
to said first aspect of the invention are also optionally incorporated
in said second and third aspects where the context admits. In some
cases, for instance where the terephthalic acid-containing aqueous
solution is subjected to an oxidation reaction prior to step (d) of
said second or third aspect of the invention in order to oxidise
terephthalic acid precursors such as 4-CBA to terephthalic acid, the
lower pressure side of the filter may be at or below atmospheric
pressure if desired.

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

Figure 1 is flow sheet of a terephthalic acid production process in
accordance with the present invention;

Figure 2 is a schematic view of a belt filter system for use in the
process of Figure 1 and which integrates separation and washing stages;
Figure 3 is a diagrammatic cross-sectional view of one form of
centrifuge for implementing integrating separation and washing stages;
Figure 4 is a diagrammatic view of an alternative form of centrifuge
for use in a process in accordance with the invention;

Figure 5 is a schematic diagram showing one form of filtration system
in which pressurisation on the upstream side of the filter medium is
effected by means of a solvent component forming part of the liquor in
which terephthalic acid is slurried; and

Figure 6 is a schematic diagram showing another form of filtration
system in which pressurisation is effected by means of a solvent

component present in the liquor.
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is withdrawn via stream 11.

terephthalic acid (CTA), recovered fromthe separation st j©SHeetiHas Been Re I
transferreckpkoﬁgéeﬁl urry stage G In reslurry stage G the o i

reslurried Wt

wat er recovered fromthe distillation colu

12, 12a and/or other water which may be recycle nother i quor
13, recycle mother liquor via stream 14 aRdlor denmineralised water via:

stream 15. The slurry

S0

-

Referring to Figuré 1, reactor A is fed with paraxylene and acetic
acid containing a dissolved catalyst comprising cobalt, manganese and
bromine ions by line 1 and with air via line 2. Product from the
reactor A is passed to crystallisation section B by line 3. The
temperature within the reactor A is controlled by evaporating & mixture
of acetic acid and water from the reactor to a condensing system C via
line 4 and is typically above 150°C. Most of the condensate is returned
to the reactor A via line 5 with noncondensibles venting via line 6. To
control the water content of the reactor A, part of the condensate is
removed from the condensing system via line 7 and passed to the
distillation column D.

In the crystallisation section B the temperature is drbpped to
approximately 80°C to 150°C and the slurry containing crystalline
terephthalic acid in reaction mother liquor (mainly acetic acid)
thereby produced is passed to a separation stage E. Acetic acid gndlor
water may be recovered from crystallisation section B and passed to the
distillation column D via line 8 and/or to the reactor A via line 9a.
The crystéllisation section B typically comprises a series of
crystalliser vessels in which the pressure and temperature of the
slurry withdrawn from the oxidation reactor A is progressively reduced.
In a typical embodiment of the invention, the resulting slurry of crude
terephthalic acid in acetic acid-based mother liquor is reduced to a
pressure in the range 0.5 to 2 bara and a temperﬁture in the range of
90 to 130°C.

Separation stage E may be a conventional centrifuge and drier
arrangement but is preferably an integrated sefaration and washing
stage in which a continuous solvent exchange process is carried out,
eg. as disclosed in our prior EP-A-502628. Reaction mother liquor
recovered from stage E is returned in part via lines 9 and 9a to the
reactor A optionally by first mixing with the fresh catalyst,
paraxylene and acetic acid contained in line 1. Any remaining reaction
mother liquor and any wash liquid is suitably passed to an evaporation
stage F in which water and acetic acid vapour is removed by line 10,
condensed and passed to reactor A via line 10a or optionally passed to
distillation column D via line 10b. A purge of by-products and catalyst

is withdrawn via stream 1l1.

Dates 23 AUG g5
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produced in this stage is heated in section Hto a te f for
exanple [err] to [err] to form an aqueous sol ution of%
to reactor é'i ??ich it is reacted with hydrogen over-aj laced
pal I adi um & Fa%%g? thus reducing impurities in the sol uti

crystallised in crystallisation section K The tenperatu j,m?
solution is cool.ed in the crystallisatiopgsection K and the r api
cooling is adjusted to produce the appropriate purity of the desi red
terephthalic acid product. The crystallisation section K typically
conprises a series of .crystalliser vessels in which the pressure and

tenperature of fneséidisogftatied, Sel siidentérephtigliiesstie(YTARdueederkd a

typical enb(gglxl“ n&r;t sggartagie.or{ Q:‘égé'é IEOQé érﬁgs eersrlélitti.pngegiéjrrryystage G. In
reslurry stage G, the CTA crystals are reslurried with water recovered
from the distillation column D via lines 12, 12a and/or other water
which may be recycle mother liquor via stream 13, recycle mother liquor
via stream 14 and/or demineralised water via stream 15. The slurry
produced in this stage is heated in section H to a temperature of for
example 250°C to 350°C to form an aqueous solution of CTA which is
passed to reactor J in which it is reacted with hydrogen over—a fixed
bed palladium catalyst thus reducing impurities in the solution and
then crystallised in crystallisation section K. The temperature to
which the solution is cooled in the crystallisation section K and the
rapidity of cooling is adjusted to produce the appropriate purity of
the desired terephthalic acid product. The crystallisation section K
typically comprises a series of crystalliser vessels in which the
pressure and temperature of the hydrogenated solution is progressively
reduced. In a typical embodiment of the invention, the resulting slurry
of purified terephthalic acid in aqueous mother liquor is reduced to a
pressure in the range 3 to 10 bara and a temperature in the range of
135 to 180°C. |

The slurry from the final stage of the crystallisation section K
is transferred at the pressure and temperatﬁre prevailing in the final
crystalliser stage to section L in which an integrated separation and
washing process is carried out. Thus, in stage L, PTA crystals are
separatéd from the aqueous mother liquor and the separated PTA product
is washed with water which may be derived from column D via lines 1z,
12b, recovery stage M via line 17 and/or fresh water via line 18 and is
recovered, following washing, via line 19. The aqueous mother liquor
from the separation in stage L is passed to recovery stage M via line
13a and/or to reslurry stage G via line 13.

In stage M the aqueous mother liquor is evaporated or further
cooled so as to permit the recovery of further solids in the form of a
less pure precipitate of terephthalic acid which is passed back t6
reactor A via stream 20. In stage M the temperature of the liquor may

5 be reduced by flashing steam from it at, for example, atmospheric
pressure. Such steam may be further purified for example by

distillation in column D via line 22 and used if desired as wash in heat
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of prified terephthalic acid in aqueous nother liquor TS

pressure in the range 3 to 10 bara and a tenperature inﬁ,}gghge of 135 to
[err]. The ?%Lﬁraré fromthe final stage of the crystallisagy lgceil s
transf erre§ 2t°%CRE pressure and tenperature prevailing ia‘ j
crystalliser stage to section L in which an integrated s .
washing process.is carried out. Thus, in_gjage L, PTA crystals are
separated fromthe agueous nother |iquor and the separated PTA product is

washed with water which nmay be derived fromcolum D via lines 12, 12b,
recovery stage Mvia line 17 and/or fresh water via line 18 and is

recovered, ¢t Qld @\ AgbdVaStdwh@re Vird the (Rodfss bRemA@ee O hePésddhihg QUgior

may be cooled or evaporated further and solids separated from it and

recycled to reactor A via line 20 as desired.

The mother liquor recovered from stage M may be in part passed
back to the distillation column D via line 22 and processed as
described later, may be returned to the reslurry stage G via stream 14
and/or be purged via stream 21. Preferably, if the aqueous mother
liquor is evaporated, the evaporated water is returned to the reslurry
stage G via line 14. -

The distillation column D fractionally distils a mixture of water
and acetic acid evaporated from the reaction medium in condenser system
C and is modified if required for use for the treatment of mother
liquor separated from stages F and M . The column D comprises three
zones; an upper zone comprising for example 5 theoretical stages, a
middle zone comprising for example 45 theoretical stages and a lower
zone comprising for example 5 theoretical stages. Part of the mixture
of acetic acid and water evaporated derived from the reactor A is
passed via stream 7 optionally together with stream 8 and/or 10b to
between the middle and lower zones of the column D. Mother liquor from
the precipitation of terephthalic acid may be passed into the column D
between the upper and middle zones via stream 22. Acetic acid and heavy
material are passed from the base of the column D via stream 23 to
reactor A. Water is condensed in the condens;r and may be re-used in
the process via stream 12.

Referring to Figure 2, there is shown one embodiment for
implementing an integrated separation and washing process suitable for
use in each of stages E and L, in the form of a continuous band or belt
filter unit such as a Pannevis filter of the form generally described
in Filtration and Separation (Page 176 et seqg, March/April 1979). The
filter unit comprises an endless filter belt or band 100 driven by
rollers around which the belt or band extends at each end, the belt
being enclosed in a pressure tight housing 101. The belt 100 comprises
generally horizontally disposed upper and lower runs 100a and 100b. The
interior of the housing 101 is pfessurised with a suitable gas such as

55 nitrogen in the caée'of the filtration unit employed in stage E or
" nitrogen or steam in the case of the filtration unit employed in stage

L. .
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fromthe separatlon in stage L is passed to recovery st.age MV|a I|ne 13a

and/or to reslurry stage Gvia line 13. In stage Mthe Iaced
l'iquor is PQEgd.ed or further cooled so as to permt t
further soli |n]1heformof a |l ess pure precipitate of aC|d

which is passed back to reactor A via stream 20. |n stage Mthe terrperature
of the liquor may be reduced by flashing sgeamfromit at, for exanple,

at mospheri c pressure. Such steam may be further purified for exanpl e by
distillation in colum D via line 22 and used if desired as wash in

Dotted lines S and T show the locations of a first zone on the
left, a secénd zone between the lines S and T and a third zone to the
right of line T. The slurry of terephthalic acid in mother liguor (ie.
acetic aéid in the case of stage E or agqueous medium in the case of
stage L) is introduced to the first zone via line 103 onto the band and
mother liquor drains through the band into collector pan 104 from which
it is removed via line 105 to leave a first wet deposit of terephthalic
acid crystals which is then passed to a second (middle) zone (in the
direction of arrow A). In the second zone, agueous wash. liquor, for
example water, is introduced via line 106 and passed through the band
to collector pan 107 to produce a second wet deposit. The aqueous wash
is removed via line 108. The second wet deposit then passes to a third
zone (in the direction of arrow B) in which it is removed from the
band, collected in a receiver 109, recovered and then slurried with
aqueous medium in the case of CTA or dried in the case of PTA.

The water introduced via line 106 may be derived from line 12b, 17
and/or 18 (stage L) or line 12c (stage E) as shown in Figure 1 or any
other suitable source. Suction is applied to the filter cake formed on
the upper run 100a via the pans 104 and 107 and the pans are coupled
together for reciprocating movement as a unit in a direction parallel
to the direction of travel of the belt. During travel of tﬁe'pans from
left to right, suction is applied to draw liquid through the upper run
100a and during return travel of the pans, suction is terminated. The
pressure differential across the filter belt, between the region above
the filter cake and the downstream side of the filter medium (ie. the
interior of the pans) is typically of the order of 0.6 bar. In the case
of stage L, the pressure residing on the downstream side of the filter
medium is at least as great as that prevailing in the final stage of
the crystallisation section K. The wash liquor applied to the filter
cake passes through the cake by virtue of the pressure differential
between the upstream side of the filter cake and the downstream side of
the filter medium and is applied in such a way that the wash liquor
displaces residual mother liquor within the cake without undergoing
channelliné. It will be appreciated that the wash liquor may be applied
in a single stage or it may comprise a series of stages with wash

- liquor applied at a number of locations along the path of travel of the

filter belt. In this event, the wash liquor may be applied as a number
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s_t_age"L,' used el sewhere in the process or purged. TheTemannhg—tH-guer—may

bé cool ed or evaporated further and solids separated ff&g&%éHa recycl ed
to reactor Hgrvigedii ne 20 as desired. The nother |iquor X % age
M may be in part passed back to the distillation coIUnnlﬂﬂﬂr iﬂ and

processed as described later, may be returned to the re Vi a

- stream 14 and/or.be purged via stream 21..qPceferably; if the aqueous nother
| i quor is evaporated, the evaporated water is returned to the reslurry
stage Gvia line 14. The distillation colum D fractionally distils a

. mxture of water

of parallel streams or it may be applied in a serial manner, either

co-current or counter-current. The mother liquor and wash liquor
recovered from each filter belt unit are utilised in the manner
described with reference to Figure 1. Thus, for example, in the case of
the filtration unit forming stage L, the mother liquor and recovered
wash liquor may be combined and then subjected to cooling or
evaporation to produce a less pure terephthalic acid preéipitate which
is recycled to the reactor A. The residual mother ligquor/wash liquor
may be further processed for example to reduce the para-toluic acid
content thereof and then recycled to the reslurry stage G for use in
dissolution.of CTA prior to the hydrogenation reaction in reactor J.
The stages E and L may be implemented by other forms of filtration
unit capable of operating under pressure; for instance, the filtration
units may be constituted by pressure drum filters, eg multi-cell'
pressure drum filters of the type well-known in the filtration art or
rotary cylindrical filters such as the type disclosed in EP-A-406424.
Alternatively the integrated separation and washing units forming
stages E and L may take other forms such as those described below.
Figure 3 shows a cross-section representation of a centrifuge
adapted for use in the present invention which comprises a hollow
vessel 200 of circular cross section which is rotatable about its
longitudinal axis R and which comprises an inner solid wall 201 onto
which the terephthalic acid stream comprising. terephthalic acid in an
aqueous medium is deposited via inlet 202. Dotted lines § and T denote
the boundaries between the zones, the first zone being above line S,
the second zone being between lines S and T and the third zone being
below line T. Rotation of the vessel causes a substantial proportion of
the mother liquor component of the terephthalic acid slurry to be
transported in the direction of arrow C, out of the first zone whilst
the purified terephthalic acid-containing wet deposit is transported in
the direction of arrows D, across the second zone and across the third
zone by means of an inner scroll 203. In the second zone, thé wet
deposit passes across filter surface 204 and is washed with an aqueous
wash liquor supplied by inlet 205. The aqueous wash liquor may be
derived from sources such as those described in relation to. the
- embodiment of Figure 2. The wash liquor is withdrawn through the filter

surface 204 and the wet deposit is retained by the filter 204 t P
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and - acet ic acid evaporated fromthe reaction nmediumin condens

and is nodified if required for use for the treatment of TRDERG .| |, quor
separated fromstages F and M. The colum D conpri ses thr Sen Beplaced
upper zone €SP ng for exanple 5 theoretical stages, 15
conprising for exanple 45 theoretical stages and a Iower

for exanple 5 theoretical stages. Part of the m xture of acetlc aci d and
wat-er . evaporated derived fromthe reactor” ®’-is passed via stream?7
.optionally together with stream 8 and/or 10b to between the m ddl e and

- | ower zones of the colum D. Mther |liquor fromthe precipitation of

ter epht hal ig rakd mc%&g&%ss qsmocosn Pl ggumegh&%l%e&ﬁh@hwpgg and
m ddl e zoneS via stream I C acl
transported to the third zone in the direction of arrow E. The second

wet deposit is then desirably removed from the third zone and processed
further, ie by slurrying in stage G or drjing depending on whether the
terephthalic acid is in its crude or purified form. |
Figure 4 shows a cross section representation of another form of

centrifuge adapted for use in the present invention, the same reference
numerals being used in Figures 3 and 4 to depict like components. The
centrifuge of Figure 4 differs from that of Figure 3 in seveéral

CL respects. Inlets 202 for depositing the terphthalic acid stream and
inlet 205 for providing the aqueous wash are coaxially arranged along
the longitudinal axis of the centrifuge and an aﬁditional agqueous wash
inlet 206 is provided which is also coaxial with inlets 202 and 205.
Inlet 202 has a greater diameter than inlet 205 which, in turn, has a
greater diameter than inlet 206. A further difference between Figures 3
and 4 is that the second zone (between S and T) is sub-divided into a
dewatering zone between V and T, and into two wash sub-zones between U
and V, and S and U respectively. As the wet deposit of terephthalic
acid is transported across the filter surface 204 in the sub zone
between S and U, it is washed with aqueous wash via inlet 205 which
wash has been obtained as the filtrate recovered from the succeeding
sub-zone between U and V. As- the deposit passes through the sub zone
between U and V, it is washed with aqueous wash, preferably

demineralised water, via inlet 206. Thus, the wet deposit is washed

counter-currently as it passes through t_' art of the second zone. In
the sub zone between V and T, the washed wé# deposit may be dewatered
by removing aqueous wash through the filter surface 204 to produce a
second wet deposit which is then passed to the third zone in the
direction of arrow E.

As the sepération and washing processes are carried out under
pressure somewhat in excess of atmospheric pressure, where it is
desired to transfer the washed terephthalic acid to equipment operating
at lower pressure (eg at atmospheric pressure), this may be effected
either by resiurrying the filter cake or by transferring the filter

35 cake in its moist condition from higher pressure to lower pressure
using a suitable pressure isolating arrangement. For instance, a PTA

filter cake removed from the filtration unit of Figure 2 into the
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material are passed fromthe base of the colum D via stream 23 to reactor
A. Water is condensed in the condenser and nmay be re-used in the process

via stream 2. ,Referring to Figure 2, there.is shown oneryareRQeiily KeBfaced
i npl ementi Nng an 1 ntegrated separati on and washi ng process ' use
in each of stages E and L, in the formof a continuous baH“me&mIm) Iter
unit such as a Pannevis filter of the forgygenerally desc

FiFtration and Separation (Page 176 et seg, March/April 1979). The filter
unit conprises an endless filter belt or band 100 driven by rollers around
whi ch the belt or band extends at each end, the belt being enclosed in a
pressure tir@bbiveausd9gnaiOte thafsfsired 1410 depiny eGeipment at lower pressure

by means of various devices such as variable pitch screws, the use of

two lock vessels, one of which can be under pressure and filled with
filter cake and the other open to atmospheré, or a rotary valve
arrangement.

Referring now to Figure 5, this illustrates the use of a
pressurising fluid for the filtration step in such a way as to reduce
further any tendency for solute present in the slurry liquor to
precipitate out and hence contaminate the terephthalic acid. As shown,
slurry stored in a tank 310 is fed by pﬁmp 312 and flow controlled
valve 314 to a rotary drum type filter 316 which may be of conventional
design. The slurry is fed to the tank 310 via line 318 and may be
derived for example from a crystalliser system (not shown) associated
with plant for effecting purification of terephthalic acid by
contacting an aqueous solution thereof with hydrogen in the manner
previously described. The'rotary vacuum filter 316 comprises an outer
housing 320 within which a cylindrical support 322 carrying a filter
medium (typically a filter cloth) is mounted for rotation about a
horizontal axis perpendicular to the plane of the paper. The slurry is
supplied to the lower region of the housing 320 which forms a reservoir
324 bordered on one side by weir 326 so that.the slurry contained
within the reservoir 324 is of constant depth. Overflow passes into
section 328 from which it is withdrawn and recirculated via level
controlled valve 330 to the slurry holding tank 310, the control being
effected in dependence on the level of the slurry within section 328.
Usually the slurry feed to the filter will be under pressure and at a
relatively high temperature; for instance, typical pressure and
temperatures of the slurry at the inlet to the rotary vacuum filter are
about 8 bara and 170°C.

A suction unit 332 is located within the interior of the support
322 so as to exhaust fluid (both pressurising fluid and filtrate) from
the interior of the filter medium. The arrangement is such that, as the
support 322 rotates in a clockwise direction as viewed in Figure 5,
successive parts of the periphery of the cylindrical filter dip into
the reservoir 324 and siurry is'drawn against the filter medium. As the
filter medium rotates, the applied suction serves to draw the liquor

through the filter medium, forming a cake of solid material (e : R
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generally horizontally di sposed upper and | ower runw
interior of the housing 101 is pressurised with a suitable ga

nitrogen icprt Beomaase of the filtration unit enpl oyedThigsSktafiey el ni t rogen
or steamin the case of the filtration unit enployed i eblaced) ;_
Dotted lines S and T show the locations of a first zo MM4 m"I a -’

second zone between the lines S and T ar@0a third zone
crystals of terephthalic acid) on the upstream face of the filter
medium. The filtration process is driven by the appiication of
differential pressure across the filter medium. This pressure is
developed by the supply of pressurised fluid to the space between the
housing 320 and the filter medium. The pressure exerted by the fluid is
such that a small pressure differential is established through the
thickness of the fil;ef cake. Typically, this pressure differential is
of the order of 0.1 to 2 bar. With reference to the typical slurry
pressure quoted above, the pressurised fluid may be supplied at a
pressure of the order of 8.5 bara and the pressure at the downstream
side of the filter medium is typically of 0.1 to 2 bar less but at
least substantially the same as or greater than the pressure prevailing
in the final stage of the crystallisation process.

At a location above the reservoir 324, the filter medium traverses
a washing zone 334 in which with a washing medium such as water issuing
from nozzles 336 is applied to the filter cake. In the (clockwise)

* direction of filter travel, this washing zone is preceded by a
filtration zone 338 and is succeeded by a further filtration zone 340
in which the wash liquid and any residual liquor from the slurry is
removed from the filter cake. The filter cake is then finally dislodged
from the filter medium in the zone 342 by unshown means and falls into
a collection seé@ion 344 from which it is recovered and optiocnally
dried to produce‘substantially dry pure terephthalic acid.

The fluid used to pressurise the upstream side of the filter
medium is constituted by the solvent component present in the liquor, .
ie water where the slurry is derived from thg@iurification of
terephthalic acid, the solvent used for the purpose of establishing the
pressure differential being in its vapour phase. Thus, for example,
steam pressurised by compressor 346 is introduced into the housing 320
via line 348 and circulates around a path in which it passes through
the filter cake and the filter medium, enters suction unit 332 (along
with filtrate), and returns to the compressor 346 via line 347 and line
352. Filtrate removed by suction unit 332 collects in the tank 350 from
which it is withdrawn for further processing via level controlled valve
354. The supply of steam to the rotary filter is controlled by valve
356 and pressure differential sensor 358 coupled between lines 347 and

348. Excess steam may be purged, as necessary, from the system via _
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ri,ght of line T. The slurry of terephthalic acid in nmother tigquer—{ie— .
acetic acid in the case of stage E or aqueous nedi um i nmgslk%ee ase of stage
L) is introghicaged0 the first zone via line.103 onto the lﬁ ﬁeqd
| i quor drains through the band into collector pan 104 fr
renoved via line 105 to |eave a first wet deposit of ter

;crystals which is then passed to a second2joiddle) zone (in the direction

- of 'afrow A). In the second zone, aqueous wash |iquor, for exanple water, is
~introduced via |ine 106 and passed t-hrough the band to collector pan 107 to
. produce a second wet deposit. The aqueous wash is renoved via |ine 108. The

i second wet ddpyesseo whibe pakgosp tsbeam mayribk soppliedn ashoeckéssacyi oriaovalvwer ow

B). in whi ChBéf bkéhrﬁiﬁg¥€%iéfESKQQerdf pressure sensor 364. The steam supply to

the system may be derived from any suitable source; for instance, it
may be constituted by steam derived from the purification process at a
point upstream of the filtration system, a convenient source’ being
steam produced during a conventional crystallisation hfocess applied to
the ligquor withdrawn from the hydrogenation reactor.

The steam employed as the pressurising fluid will usually be at a
temperature slightly above that at which the liquor is introduced into
the filter. Thus, for example, where the liquor is introduced at a
pressure of 8 bara and at 170°C, the steam admitted as the pressurising
steam will be at about 173 to 175°C and, in particular, at a
temperature which ensures that there is no tendency for condensation.
The arrangement is such that the temperature of the pressurising fluid
on the upstream and downstream sides of the filter cake are
substantially the same and the equipment will be thermally insulated to
avoid heat losses as the pressurising fluid circulates around the
system. In practice, the compression of the circulating fluid by
‘compressor 346 introduces heat into the circulating steam and means may.
be provided for moderating or controlling the temperature of the steam
ehtering the filter. For instance, this may be achieved by-passing the
steam through a heat exchanger following compression or by cbntrolled
injection of further steam or water (depending on whether heating or
cooling is required) into the recirculating vapotr to adjust the
temperature thereof so that the steam entering the filter is within a
desired temperature range.

Referring now to Figure 6, there is shown schematicallj a
filtration system in which a housing 400 encloses a continuous filter
belt or band 402 which is driven so that the upper run thereof travels
from left to right as viewed in Figure 6. The upper run of the filter
band 402 traverses three zones A, B and C. A slufry of terephthalic
acid in aqueous liquor is introduced to the first zone via line 403
onto the band and aqueous liquor passes through the band 402 with the
assistance of pressurised fluid, namely steam (which may be derived
from the crystallisation section K or from elsewhere), the steam
serving to develop a pressure differential between the space above the

upper run of the band 402 and the space immediately beneath the upper .
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band, "collected in a receiver 109, recovered and then STurried—w-th agueou u ' ueous

mediumin the case of CTA or dried in the case of PTA yart er |ntroduced
via |ine 1@ npyope derived fromline 12b, 17 and/or 18 Tlﬁ eplacae
12c (stage E) as shown in Figure 1 or any other suitable n IS
applied to the filter cake forned on the upper run 100a

and 107 and the.pans are coupl ed toget hetz2g-or reciprocating nnvenent as a
unit in a direction parallel to the direction of travel of the belt. During
travel of the pans fromleft to right, suction is applied to draw liquid

t hrough the upper run 100a and during return travel of the pans, suction is
t er m nat edrull thepeet.s The aijukpes didgiod passings thinughi thecbald|402 fretzaverd t he

region aboyg collected in collector pans 404 located beneath the upper run of the
band 402 and is removed from the pans 404 via lines 405 to leave a
first wet deposit which is then passed to the second zone B. The_
aqueous liquor is fed via lines 405 to a filtrate pot 406.

In the zone B, aqueocus wash, for example water, is introduced via
line 408 and a series of sprays 410 and passes, with the assistance of
the pressurised steam, through the band 402 to collector pans 412 to
produce a second wet deposit. The aqueous wash is removed via_lines 414
and fed to the filtrate pot 406. The second wet deposit then passes to
zone C in which it is removed from the upper run of the band 402,
collected at point 416, recovered and then optionally dried to produce
substantially dry purified terephthalic acid. The water collecting in
filtrate pot 406 is removed via line 420 and level controlled valve 422
for further processing as described above in relation to stage L of
Figure 1.

Although all of the liquor collected following filtration is shown
as being collected in a common collection vessel, ie filtrate pot 406,
it will be appreciated that liquor collected at different locations
along the filter medium may bé collected and supplied to different
collecticn points as required. Also, as previously mentioned, the
liquor collected at a location adjacent the end of the travel path of
the upper run may, instead of being routed to the filtrate pot 406, be
used to wash the deposit at a location preceding it, and likewise the
liquor collected from the latter location may be used to effect washing
at the location preceding it, and so on. _ '

The pressurised steam is circulated around a loop including
compressor 424, valve 426 (controlled by differential pressure sensor
428), the steam passing from the upstream side of the band 402 through
the filter cake and the filter medium to the (downstream sidg).
underside of the upper run of the band from where it passes tb the
filtrate pot 406 along with the filtered aqueous medium. Make-up steam
is added to the system as needed, and steam is purged from the system
when necessary, by means of valves 430, 432 controlled by pressure
sensor 434. In an alternative embodiment, purge and make-up of the
steam for pressurising the system may be effected By means of a balance

line connected to the crystall;ser from which the slurry is obtained.
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the.f'ihlt‘er cake and the downstream side of the filter medium(ie—the——

Interior of. the pans) is typically of the order of O. GHmﬂmmﬂh 'cgse of
stage L, theggressure residing on the downstream side o I um
is at |east® P&t as that prevailing in the final st ’
crystalllsatlon section K The wash liquor applied to t

passes through the cake by virtue of the pjgessure differential betmeen t he
upstream side of the filter cake and the g%mnstrean15|de of the filter

medi um and is applied in such a way that the wash liquor displaces residual
not her |iquor within the cake w thout undergoing channelling. It will be

appr eci at edyf hal; ot BseVashe |de@HOorTRN1RE 48P |an@0432Nafld SeRgLL 43hage or it nmay
conprise a ggxrnl.aei\:sed()fAsStdgggrsingdt :r.]n Vz\’%lpuon to the embodiment of Figure 5, the
arrangement is such that temperature of the steam is substantially the

same on each side of the filter cake and, where necessary, the

temperature of the steam entering the filter may be moderated or

controlled as previously described.

The filter system shown in Figure 6 may be generally in the form
of a belt filter of the type which is manufactured by Pannevis BV of
Utrecht, Holland and uses intermittent application of vacuum-as
described for instance in the Proceedings of the Filtration Society,
Filtration & Separatioh, March/April 1979, Page 176 et seq.

In carrying out the filtration process as described above in
relation to the embodiments of Figures 5 and 6, the temperature at the
upstream and downstream sides of the filter is maintained substantially
the ‘same, ie. isothermal operation, so as to substantially prevent the
development of a supersaturation condition during the filtering
operation, thereby preventing deposition of otherwise soluble
constituents of the liquor and hénce reduction in product quality

and/or clogging of the filter medium.

e
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Ilquor applled at a nunber of. locations along the path of travel of-the
filter belt. In this event, the wash Iiquor may be applied as a nunber

-17- of pargdg gkestr.eans or it may be applied in a sermggheammsq:en ‘\“ﬁ%r
co-current or counter-current. The nother |iquor and ver ed
fromeach filter belt unit are utilised in the rrannerwag“m m ’
reference to Figure 1. Thus, for exanple,.24h the case o

unit - form ng stage L, the nother |iquor and recovered

-

[tration

CLATMS

1. A process for the purification of crude terephthalic acid,

comprising: _ .

(a) dissolving the crude terephthalic acid in an aquécus medium to
produce a terephthalic acid-containing solution;

(b) contacting the terephthalic acid solution with hydrogen under
reducing conditions and at elevated temperature and pressure to
reduce chemically at least some of the impurity present in the
crude terephthalic acid; —

(c) reducing pressure and temperature to obtain a slurry comprising
crystallised pure terephthalic acid in aqueous medium;

(d) in a first zone effecting separation of the PTA crystals from the
aqueous medium by filtration of the slurry to remove aqueous
medium through a filter surface to obtain a wet mass of crystals;

(e) transferring said wet mass of crystals to a second zone without
reslurrying said mass and supplying aqueous wash liquor to said
mass while effecting filtration whereby the wash liquof is
displaced through the mass and through a filter surface in the
second zone; and

(f) maintaining a differential pressure across the filter surface in
at least one of said zones such that, on the lower pressure side
of the filter surface, the pressure is substantially the same as
or greater than the pressure prevailing following step (c).

2. A process as claimed in Claim 1 in which steps (d), (e) and (f)

are carried out by discharging said slurry on to a filter material

which is movable to tfansport the terephthalic acid through said first
zone in which filtration of said aqueous medium from the slurry is
effected, to the second zone in which said mass of crystals is washed
by displacement of said aqueous wash liquor through said mass.

3. A process as claimed in Claim 2 in which the filter material lies

in a generally horizontal plane during traverse of said first and

second zones.

4. A process as claimed in Claim 2 or 3 in which the filter material

is driven along an endless path so that it repeatedly traverses said

first and second zomes. '

5. A process as claimed in Claim 4 in which the filter material is

et g gy
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. recycled to the reslurry stage G for use in dissolution

wa.sh-'liiciuor may be conbi ned and then subjected to cooling or ev ' to
produce a |l ess pure terephthalic acid precipitate whi CﬁhisSh&?H%‘ﬂe&qﬁo t he

reactor A &b 96854 dual nother |iquor/wash liquor may be Bed o -
for exanple to reduce the para-toluic acid content therée H]MFB
o the

' hydrogenation reaction in reactor J. The sisages E and L may be inpl enented
. by other forns of filtration unit capable of operating under pressure; for

|

i nstance, the filtration units may be constituted by pressure drumfilters,
eg nmulti-cell pressure drumfilters of the type well-known in the
filtration &rt @rprotemsyag\dlpimed dulardy bherof Claimsal tohé irypwpbich sgueswsd in

f EP'A'406424hmdium separated in step (d) andlbr wash liquor displaced through said

mass is step (£) is recycled for use in step (a).

7. A process as claimed in any one of Claims 1 to 5 in which aqueous

medium separated in step (d) is evaporated or cooled to produce a less

pure terephthalic acid precipitate and the residual liquid is recycled

for use in step (a).

8. A process as claimed in any one of Claims 1 to 7 in which said

crude terephthalic acid is derived from the liquid phase oxidation of

paraxylene in a carboxylic acid solven; in the presence of a heavy
metal catalyst.

9. A process as claimed in any one of Claims 1 to 7 in which said

crude terephthalic acid is derived from hydrolysis of a polyalkylene

terephthalate.

10. A process for the production of terephthalic acid comprising:

(a) effecting oxidation of paraxylene in a2 reaction medium comprising
an aiiphatic carboxylic acid to produce a first slurry of crude
terephthalic acid in the reaction medium;

(b) subjecting said first slurry to a separation and washing process
in which the reaction medium is removed from the crude
terephthalic acid; -

{(c) dissolving the crude terephthalic-acid from step (b) in an agueous
medium to produce a.terephthalic acid-containing solution;

(d) contacting the terephthalic acid solution with hydrogen under
reducing conditions and elevated temperature and pressure
conditions to reduce chemically at least some of the impurity
present in the crude terephthalic acid;

(e) reducing pressure and temperature to obtain a second slurry
comprising crystallised purified terephthalic acid in aqueous
medium containing reduced impurities in solution; and

(£f) subjecting the second slurry to a separation and washing process
in which said aqueous medium is removed from the purified
terephthalic acid with the aid of an aqueous wash liquof and
without reslurrying the purified terephthalic acid prior to
washing thereof with the aqueous wash liquor;

_
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Al ternatlvel y the integrated separation and washing units formng stages E
and L may take other forms such as those described bel ow. Figure "3 shows a
cross-sect @R Béfflesentation of a centrifuge adapt ed fEﬂ“ e ent
i nvention which conprises a holl ow vessel 200 of ci rcuI Bﬁ

“which is rotatable about its longitudinal axis R and V\:h

~inner solid wall.201 onto which the t erepi#bhal i ¢ acid stream conpri SI ng :
terephthalic acid in an aqueous nediumis deposited via inlet 202. Dotted
lines S and T denote the boundaries -between the zones, the first zone being

bove Ii . th d bet d_T and the thi
e o e S ST oA PSSR B ekl 5 Ser e sl e

proportion ¢f) being implemented under elevated pressure conditions using a

respective belt filter system. _

11. A process for the production of terephthalic acid comprising:

(a) effecting oxidation of paraxylene in a reaction medium comprising
an aliphatic éarboxylic acid to produce a first slurry of crude
terephthalic acid in the reaction medium;

(b) subjecting said first slurry to an integrated separation and
washing process in which the reaction medium is removed from the
crude terephthalic acid and the crude terephthalic acid is washed
with aqueous wash liquor;

(c) dissolving the crude terephthalic acid from step (b) in an aqueous
medium to produce a terephthalic acid-containing solution;

(d) contacting the terephthalic acid solution with hydrogen under
reducing conditions and elevated temperature and pressure
conditions to reduce chemically at least some of the impurity

1 present in the crude terephthalic acid;

(e) reducing pressure and temperature to obtain a second slurry
comprising crystallised purified terephthalic acid in aqueous
medium containing reduced impurities in solution;

(f) subjecting the second slurry to an integrated separation and
washing process in which said aqueous medium is removed from the
purified terephthalic aéid and the purified terephthalic acid is
washed with aqueous wash liquor;

(g) treating the aqueous medium removed in step (f) to produce a less
pure precipitate of terephthalic acid and a residual aqueous
mother liquor; and

(h) recycling said legs pure precipitate to the oxidation step (a)
and/or recycling said residual mother liquor for use in step (c).

12. A process as claimed in Claim 11 in which the separation and

washing process carried out in each of steps (b) and (f) is implemented

under elevated pressure conditions using a respéctive belt filter
system.

13. A process &s claimed in Clalm 10 or Claim 12 in which each belt

filter is operable to transport the respective slurry on the upper run

thereof through a first separation zone in which displacement of_the

reaction or aqueous medium from the terephthalic acid component of the
This is the replacement s
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t he . ffot her l'i quor conponent of the terephthalic acid sm

transported in the direction of arrow C, out of the flr'ﬂhss;1 O Ry the
purified tqz?gpQMI i ¢ aci d-containing wet deposit is tra as
direction of arrows D, across the second zone and across by
means of an inner scroll 203. In the second zone, the me

across filter surface 204 and is washed weth an agueous vvash Ilquor
supplied by inlet 205. The aqueous wash |iquor nay be derived from sources

such as those described in relation.to the enbodi ment of Figure 2. The wash

l'iquor is withdrawn through the filter surface 204 and the wet deposit is
retai ned byrespectiviet gtur24is @ffected to leave a wet mass of crude or pure :

terephthalic acid on the belt filter and a second washing zone in which
aqueous wash liquor is passed through said mass of terephthalic acid.
14. A process as claimed in Claim 10, 12 or 13 in which each belt
filter traverses a third zone in which the washed terephthalic acid is
removed from the belt filter and in which the belt filter itself is
washed to remove adhering deposits during its return travel from said
third zone to the first zone.
15. A process as claimed in any one of Claims 10 and 12 to 14 in which
the belt filter used for carrying out the separation and washing
process of step (f) is operated with a pressure differential such that
the pressure prevailing on the low pressure side of the filter is no
less than said pressure prevailing following step (e).
16. A process as claimed in Claim 11 in which the separation and
washing process carried out in each of steps (b) and (f) is implemented
in the case of the separation stage in a first zone involving

' deposition of the terephthalic acid on a solid inmer surface of a
rotatable hollow vessel, and in the case of the washing stage a filter
surface forming a second zone of the vessel.
17. A process as claimed in Claim 16 in which the solid surface ﬁnd
the filter surface are arranged such that the mass of terepﬁthalic acid
crystals is transported along the inner surface across the filter
surface to a third zone from which it is recovered and the liquor from
the terephthalic acid étream is transported away from the solid inner
surface without crossing the filter surface.
18. A process as claimed in any one of Claims 10 and 12 to 17 in which
the washing operation of step (b) is carried out in a number of stages
in counter-current fashion such that the terephthalic acid is contacted
with aqueous wash liquor of increasing purity as it is progressed
through the washing operation.
1§. A process as claimed in Claim 18 in which the washing operation of
step (£) is also carried out in a number of stages in counter-current
fashion such that the terephthalic acid is contacted with aqueous wash
liquor of increasing purity as it is progressed through the washing

operation.

—_—
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produce a second wet deposit conprising terephthalic acrd whrch 'S

transported to the third zone in the direction of arrow E nd vvet
deposit is ¢iensdesirably renmoved fromthe third zone and elaced
further, ie by slurrying in stage G or drying dependi ng o

terephthalrc acidis inits crude or purified form Figure 4 ss

section representation of another form of-28entrifuge adapted for use in the
present invention, the sane reference nunerals being used in Figures 3 and
4 to depict |ike conponents. The centrifuge of Figure 4 differs fromthat

of Figure 3 in several
20. A process as claimed in any one of Claims 10 to 19 in which

reaction medium and aqueous wash liquor recovered from step (b) is
recycled to the oxidation reaction of step (a).

21. A process as claimed in any one of Claims 10 to 20 in which, prior
to step (d), the agueocus solution of crude terephthalic acid is '
subjected to oxidation to increase conversion of terephthalic acid
precursor compounds into terephthalic acid.’

22, A process as claimed in any one of Claims 10 to 21 in which the
heat of reaction generated in step (a) is removed by withdrawing vapour
containing carboxylic acid and water from the reaction and processing
the vapour to derive a water component and a carboxylic acid component.
23, A process as claimed in Claim 22 in which water component derived
from said vapour is employed in step (c).

24. A process as claimed in Claim 22 or 23 in which water component
derived from said vapour is employed as aqueous wash liquid in step
(f).

' 25. A process as claimed in any one of Claims 10 to 24 in which
carboxylic acid component derived from said vapour is recycled to step
(a).

26. A process as claimed in Claim 10 or any one of Claims 13 to 25
when dependent on Claim 10 in which liquor derived from step (f) is
evaporated or cooled to recover a less pure terephthalic acid
precipitate which is recycled to step (a).

27. A process &s claimed in any one of the preceding claims in which
the pressure differential established between upstreaﬁ and downstream
sides of the filter medium is created by means of a pressurised fluid
constituted at least in part by a solvent component of the liquor,
which component is in its vapour phase whereby flashing of the solvent
component actually present in the liquor is substantially suppressed
during filtration of the terephthalic acﬁdlliquor slurry.

28. A process as claimed in Claim 27 in which the partial pressure of
said solvent component in or forming the pressurised fluid on the
downstream side of the filter medium is maintained substantially at or
above the vapour pressure of the solvent component actually present in

the slurry fed to the upstream side of the filter medium.

AR
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respects. Inlets 202 for depositing the terphthalic acid stream and inl et
205 .for providing the aqueous wash are coaxial |y arranggsibngBéed Replaced
| ongi tudi nal_axis of the centrifuge and an additional a et

206 is pro®ité§®Hhicch is also coaxial with inlets 202 aﬁ’iﬂﬂ“ﬂ‘ﬂﬂﬂﬂ"l’#%
has a greater dianmeter than inlet 205 which, in turn, has _

diameter than inlet 206. A further differﬁﬁce between Figures 3 and 4 is
t hat. the second”zone (between S and T) isS Sub-divided into a dewatering

zone between V and T, and into two wash sub-zones between U and V, and S
and U respectively. As the wet deposit of terephthalic acid is transported

across thepﬂddﬂsgrrw&kﬂclfko%ﬁéﬁdk b SR PTEP RerEGiTAREGIE BcBwd U, it is washed
whi ch

wi th aqueous wash via inlet 205 whi ) ) )
A process for the production of purified terephthalic acid

comprises subjecting an aqueous solution of crude terephthalic acid to
hydrogenation to reduce impurities therein, crystallising the resulting
solution to produce a slurry of purified terephthalic acid in aqueous
liquor and carrying out an integrated terephthalic acid separation and
washing process without a reslurrying stage between separation and
washing. In one form of the invention, the integrated separation and
washing process is implemented at elevated pressufe by means of a belt
filtration system (100, Figure 2) in which the pressure on the
downstream side of the filter belt is no less than that prevailing
following pressure let-down in the'crystallisation process. Other
implementations of the invention may be achieved by means of centrifuge
apparatus incorporated arrangements for the application of wash liquor

to the cake formed during centrifuging (Figures 3 and 4).

FIGURE 2
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wash has been obtained as the filtrate recovered fromthesucteeding
sub-zone between U and V. As the deposit passes through t

between U and V, it is washed with aqueous wash, preferab i &QHéﬁQ Replaced
water, via inlet 206. Thus, the wet deposit is vvashed counI Hlm‘aﬂill

It passes through the part of the second zone. In the sub

and T, the washed wet deposit may 1y dewatered by renoving aqueous wash
through the filter surface 204 to produce a second wet deposit which is
then passed to the third zone in the direction of arrow E. As the

separ ati on dand washi ng processes are carried out under pressure somewhat in
excess of gtnospheric pressure, where it is
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-desi red to transfer the washed terephthalic acid to equi prrent oper ati

| ower pressure (eg at atnospheric pressure), this may be Hlfﬂﬁit%ﬂsﬁcle{lﬁ
reslurrying the filter cake or by transferring the filter

condi tion from hi gher pressure to | ower pressure using a s H'H ME
| sol ating arrangenent. For instance, f'r/BPTA filter cake renove

filtration unit.of Figure 2 into the receiver 109 may be
transferred to drying equi pment at | ower pressure
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by’ nmeans of various devices such as variabl e pitch screws, The use of two

| ock vessel s, one of which can be under pressure and flllqgsgkaqhgh elmmd
cake and the other open to atnosphere, or a rotary valve ar
Referring nowto Figure 5 this illustrates the use of a pr
for the filtration step in such a as to reduce further

solute present i.n the slurry |iquor {8 precipitate out and hence

contam nate the terephthalic acid. As shown, slurry stored in a tank 310 is
fed by punp 312 and flow controll ed-valve 314 to a rotary drumtype filter

316 which may be of conventional design. The slurry is fed to the tank 310

via line 318 and may be '
' Fig3
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derived far exanple froma crystalliser system (not sho ociated with
pl ant for effecting purification of terephthalic acid ;gyzgﬁfzz?Tﬁg‘aﬁ\\\
aqueous sol ution thereof with hydrogen in the manner pre Eggﬁr'bed.
The rotary vacuum filter 316 conprises an outer housing d” aced a

cylindrical support 322 carrying &/6ilter medium (typical | ot h)
I sThounted for rotation about a horizontal axis perpendicul ar | ane
of the paper. The slurry is supplied to the | ower region of the housing 320
which fornms a reservoir 324 bordered on one side by weir 326 so that the
slurry contained within the reservoir 324 is of constant depth. Overfl ow
passes into section 328 fromwhich it is withdrawn and recircul ated via
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controlled valve 330 to the slurry holding tank 310, t

effected in dependence on the level of the slurry wthi sectlon 328
Usually the slurry feed to the filter will be under pre laced
relatively high tenperature; for i nsygnce, typical press I”ﬂmmf
tenperatures of the slurry at the inlet to the rotary va

about 8 bara and 170[err]C. A suction unit 332 is |located within the
interior of -.the support 322 so as to exhaust fluid (both pressurising fluid
and filtrate) fromthe interior of the filter nmedium The arrangenent is
such that, as the support 322rLQLaLea_'n a clockw se direction as viewed in
Figure 5, successive parts ofythe perilhery of the cylindrical filter dip
into !

|

“’%’%

w
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Fig.5
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t he 'reserv'éir 324 and slurry is drawn agai nst the filter medium As the —
filter mediumrotates, the applied suction serves to drawngmetlHagy&ﬁ

lac
through the filter nmedium formng a cake of solid rraterl i
crystals of terephthalic acid) on the éu‘{)streamface of th I "H |mn
The filtration process is driven by th application of dif

pressure across the filter medium This pressure is devel oped by the supply
llll d to the space between the

- a

of pressurised fl
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t he orde 3; BOAY toPZ "Har?t. W pigeiiefeer.gnce to the
quat.ed l@ HAVPRE) prasseUri-s edpdgedi.d. may bd-suppl i pdfat>taipr essited of- £ Heged .o
order of Absiragia amdsgché\.preggad e~at. {t he downstream side of the filter

1gss but at | paDATEUOF RECEET y.MA8T1......

medi um i PAVHIQRIRECEPT)..1..1 0. 2 bar I
|4 € 1dff! stage of the

mec um = AT e e
crystalli sagl orggrrggegéh%ﬁpnﬁ#ﬁ I On above e reservolr 324, the filter
medi um traver sethis \ﬁ.asmmgnzmietssmq shetnrofustiion of \Rasmhtgahttdm;ﬁrﬂs uch as
water 1SSUING pyrified terephthalic acid (PTA) is commonly produced by

purification of crude terephthalic acid (CTA) obtained by the liquid
phase air oxidation of p-xylene. It may alsc be produced by the
hydrolysis of a polyalkylene terephthalate, foﬂ example polyethylene
terephthalate.

Such purification typically comprises adding an aqueous medium to
the CTA to form a slurry thereof which 15 then heated to dissolve the
CTA in the medium to provide an aqueous sclution of terephthalic acid.
This soclution is then passed to a reduction step in which the solution
is contacted with hydrogen under reducing conditions in the presence of _
a heterogeneous catalyst to reduce chemically organic impurities, for -
example &4-carboxybenzaldehyde (4-CBA). The hydrogenated solution is
passed to pressure let-down vessels in which PTA crystals form to
provide a slurry of PTA in aqueous medium. PTA is recovered from the
aqueous medium.

It is known to recover PTA from the aqueous medium by separating
the PTA and medium in a decanter centrifuge in a first separation
stage, reslurrying the PTA with fresh water, separating the reslurried
PTA and fresh water in a decanter centrifuge in a second separation
stage to produce a PTA cake and thenidrying the cake in a drier.

These steps involve special equipment which incur significant
capital costs and variable costs of operation. The recovery stage
requires large quantities of watei{in“the centrifuge and reslurry
steps. Therefore a-large quantity of aqueous waste effluent must be
treetee and may present problems of disposal. Further, dissolved PTA
andnother_yeluable meteg{als in the waste effluent stage may be lost.

. The present lnveﬁtlen eee@e to provide improvements in the
prudection of terephthalic acid. ;; ,
According to one aspect of tﬁe_ptesent invention there is provided
" a process for the purification of crude terephthalic acid, comprising:
(a) dissolving the crude terephthalic acid in an aqueous medium to
produce a terephthalic acid-containing solution;
(b) .contacting the terephthallc acid solutzon with hydrogen under

reducing conditions and at’ elevated temperature and pressure to
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Tron1nozz|es 336 is applied to the filter cake. In the (cl ockw se)
direction of filter travel, this washi ng zone is preceded by a filtration
zone 338 and i s succeeded by a further filtration zone 340 in which the
wash liquid and any residual liquor fromthe slurry is removed fromthe
filter cake. The filter cake is then finat#y dislodged fromthe filter

medi umin the zone 342.by unshown neans and falls into a collection sectlon
344 fromwhich it is recovered and optionally dried to produce

substantially d;%flﬁééfl gﬁtj_ hg]l_ 1céagg|squ&e {‘ Limgu*’ dp;._g ress%(rgl sd the

upstream side o dium s const Tt § vent mponent
present in the Iqrqée)rﬁerPEhmleF atidse the slurry is der| ved fromthe

purificatiopepf reducing pressure and temperature to obtain a slurry comprising
crystallised pure terephthalic acid in aqueous medium;

(d) in a first zone effecting separation of the PTA crystals from the
aqueous medium by filtration of the srﬁ;ri*to remove aqueous
medium through a filter surface to obtain a wet mass of crystals;

(e) transferring said wet mass of crystals to a second zone without
reslurrying said mass and supplying aqueous wash liquor to said
mass while effecting filtration whereby the wash liquor is
displaced through the mass and through a filter surface in the
second zone; and

(f) maintaining a differential pressure across the filter surface in
at least one of said zones such that, on the lower pressure side
of the filter surface, the pressure is substantially the same as
or greater than the pressure prevailing following step (c).

Step (c) will normally be carried out in a series of crystalliser .
stages, in which the pressure and temperature is reduced progressively.
Thus, the pressure differential of step (f) will therefore be such
that, on the lower pressure sidé of the filter surface, the pressure is
at least equal to the pressure prevailing in the final crystilliser
stage, which will normally be supef@tmnspheric, eg within the range 1.5

_ to 15 bara, more preferably 3 to 10 bara.

Preferably the pressure differential will be such that, on the
lower side of the filter surface iﬁ eﬁ?h of.said zones, the pressure is
at least equal to the pressure prevailing following step (c).

Advantageously steps (d), (e) and (f) are carried out by
dlscharglng said slurry on to a filter material which is movable to
transport the terephthalic acid through said first zone in which
filtration of said aqueous medium from the slurry is effected, to the
second zone in which said mass of crystals is washed by displacement of

" said agqueous wash liquor through said mass.

In this way, reslurry of the terephthalic acid is avoided and by
effecting filtration through a filter surface in such a way that the
lower pressure side of the filter surface is at a pressure no less than

. said superatmospheric pressure, liquid removal from the terephthalic
acid can be effected-substantially without accompanying flashing
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t:erephthalic acid, the solvent used for the purpose of establishing the
pressure differential being in its vapour phase. Thus, for exanple, steam
pressurised by conpressor 346 is introduced into the housing 320 via |line
348 and circul ates around a path in which it passes through the filter cake
and the filter nmedium enters suction unit-3332 (along with filtrate), and
retGrns to the conpressor 346 via line 347 and line 352. Filtrate renoved
by suction unit 332 collects in the tank 350 fromwhich it is wthdrawn-for
further processing via |level -controlled valve 354. The supply of steamto

the rotary fihegepy izedeeing She ckenggncrafor spipbimdmpirisdas 4 PreeiRifatre and
sensor 358 CouRb@hAIBt YIRS hak s NEES pdfi/Eialdred4Bht e e Sdcidl eBiNadayt 00, Pariyoed,

as nhecessar yﬁen]:icraz?cr:g tflgg n?éltsetrgm thoaprecipitate and foul the filter medium is
reduced.

The filter material is suitably a metal gauze, or a cloth
comprising a plastics material such as poI?ésgér, polypropylene,
‘polyetheretherketone (PEEK) and the like. The filter surface is
suitably in the form of a band, preferably a continuous band which is
moved continuously or intermittently to convey material comprising
terephthalic acid through the first and second zones.

The second zone may be followed by a third zone in which the
washed deposit of PTA is removed from the filter surface by any =
suitable means, for example by scraping or by gravity.

Further, it is desirable to provide suitable means to pass liquid
for example water or alkaline solution, through the returning part of
the band to wash off downwardly facing adhering deposits into a
receiver.

Usually the CTA employed in the production process of the
invention is derived from the oxidation of paraxylene in a liquid
reaction medium containing acetic acid to produce a slurry of CTA in
the reaction medium. The liquid reaction medium normally iﬂcorporates a
catalyst, for example a cobalt/manganese/bromide catalyst system which
is soluble in the reaétion_medium. Suitably the oxidation is carried
out in the presence of an oxygen- source for example air, at a pressure
of 5 to 30 bars absolute, and preferably an oxygen concentration of 0
to 82 by volume in the gas leaving the}reactor and at a temperature of
150 to 250°C. It is suitably a continuous process, and is preferably
carried out in a stirred reactor. The reaction is exothermic and the
heat of the reaction may conveniently be removed by evaporation of
water and acetic acid from the reaction medium.

The water and acetic acid evaporated from the reaction medium is
preferably distilled to produce acetic acid having a lower water
content. Acetic acid having a lower water content obtained in this way
may be passed to the oxidation step and the water recovered from
distillation may be used as the aqueous medium for dissolving CTA

and/or as the aqueous wash liquor for washing PTA.
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~2%1- V&l ve 360 while make-up steam may be supplied, as necessary, via valve
362 both under the control of pressure sensor 364. The steam supply to the
system may -be derived from any suitable source; for instance, it may be
constituted by steamderived fromthe purification process at a point
upstream of the filtration system a convgfiient source being steam produced
durisig a conventional crystallisation process applied to the |iquor

wi t hdrawn fromthe hydrogenation reactor. _ .

Following the oxidation step, the CTA produced may then be
separated from the reaction medium conwentionally'by centrifugal
separation and drying but it is more expedient to exchange the reaction
medium, preferably continuously, for an aqueous medium to provide a
terephthalic acid streﬁm comprising CTA in aqueous medium in a process
such as that disclosed in ocur prior co-penainénEP-A-SOZSZB.
If desired, following combination of the CTA with aqueous medium
to produce the te:ephthaiic acid-containing solution, the resulting
solution may be fed directly to the hydrogenation step or -
alternatively, may be treated prior to'it being fed to the

- hydrogenation step. Such treatment may comprise subjecting the aqueous
terephthalic acid-containing solution to oxidation to increase the -
conversion of terephthﬁlic acid precursor compounds, especially 4-CBA,
into terephthalic acid. Such oxidation may be effected in the aqueous
phase using air or gaseous oxygen or a non-gaseous oxidising agent may
be employed.

Suitably the heterogeneous catalyst employed in the purification
of the crude terephthalic acid product is a supported noble metal
catalyst, for example platinum, rhodium and/or preferably palladium on
an inert, for example carbon, support. The reduction is suitably
‘carried out by passing the terephthalic acid solution comprising
terephthalic acid and impurities, for example 4-carboxybenzaldehyde,
through a flooded bed of catalyst at a temperature of 250 to 350°C in
the presence of hydrogen. The solution suitably comprises 20 to 50Z by
weight of terephthalic acid. '

The terephthalic acid solution, after reduction, is suitably
cooled in a crystallisation prdéess to a temperature in the range 100
to 220°C, typically 135 to 180°C, and a pressure of 3 to 10 bara, to
produce solid purified terephthalic acid product.

Desirably, at least part of the aqueous medium removed in the
first zone and at least part of the aqueous wash removed through the
filter surface in the second zone is recovered and combined, directly
or indirectly, with the CTA. The aqueous wash and/or medium thus
desirably constitute at least a part of the aqueous medium with which
the CTA is combined; |

If both the aqueous medium and the aqueous wash are recycled, they

may be mixed together to form a single stream prior to combination with
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_'Tﬁe-stéan1enployed as the pressurising fluid will usually be at a
tenperature slightly above that at which the liquor is introduced into the
filter. Thus, for exanple, where the liquor is introduced at a pressure of
8 bara and at [err], the steamadmtted as the pressurising steamw || be
at about 173 to [err] and, in particular, at a tenperature which ensures
that there is no tendency for condensation3-The arrangement is such that
the tenperature of the pressurising fluid on the upstream and downstream
sides of the filter cake are substantially the same and the equi pmrent wl|

e, Cher | L 0,0 e PSR bl S SE R

circul ati ng eikkwplee by distillation and/or evaporation to produce substantially
pure water or at least partially eliminate para-toluic acid,- either
individually before mixing, or as a single stream after mixing prior to
being combined with the CTA as desired. .7 ..

Such treatment of the aqueous medium-andfor wash may also comprise
cooling, preferably to a temperature in the fange 15 to 100°C, or
evaporation of the adueous medium and/or wash to produce a less pure
precipitate and a residual mother liquor which are then suitably .
separated. Suitably, where the CTA is produced by an oxidation plant

& integrated with the purification plant, such less pure precipitate is
returned to oxidation step of the oxidation plant. The mother liquor d
may be treated further and/or used as aqueous medium to be combined
with the CTA.

The second zone desirably comprises a single stage wash in which
the wash liquor passes through the filter surface only once either as a
single stream or, following splitting of the wash liquor, as a
plurality of streams. If desired the second zone may comprise a
succession of wash stages wherein the wash liquid is passed through the
filter surface more than once. The succession of wash stages may be
co-current but is preferably counter-curreant in which, in each stage
(other than the last), the incoming aqueous wash passed through the wet
mass of crystals and the filter surface is the aqueous wash which has
passed through the wet mass and gﬁe filter surface in the succeeding
stage. In the last stage the aqueous wash liquor is preferably fresh
inéoming water. _ -

The wash liquor is preferﬁbly introduced at a temperature which is
substantially the same as the temperature of said mass as it enters the
second zone so as to avoid problems with flashing or quenching (with
the consequent risk of precipitating impurities).

| The wash liquor is suitably at least in part water separated from
acetic acid in the aforesaid distillation step following evaporation of
acetic acid and water from the oxidation step, if present, or derived

from other water streams within the process, for example from treatment

of the aqueous wash and/or medium. This is advantageous as it reduces

further the intake of fresh water and disposal of water in the process.
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‘conmpressor 346 introduces heat into the circulating steamand neans nay be
provi ded for noderating or controlling the tenperature of the steam
entering the filter. For instance, this may be achi eved by passing the
steam t hrough a heat exchanger follow ng conpression or by controlled
injection of further steamor water (depending on whether heating or
coolirng is required) i.nto the recircul ating vapour to adjust the
tenmperature thereof so that the steamentering the filter is within a -
desired tenperature range. Referring nowto Figure 6,' there is shown

schematical |y apfpidali®yitie Sysdsamei dirsbiadtial atebnahdOfileel aagaca in
continuous t101EE ' z9nes” 0 e 92adt 0hs 'sar i kB 3160 LHE RREL U
surface on which the mass of terephthalic acid crystals is located
being at a higher pressure than the other side of the filter.
Preferably the pressure differential is 0.1.to.10 bar, more preferably,
0.2 to 3 bar and especially 0.2 to 1 bar, %or Eiample 6.3 bar.

- The actual pressure on the lower pressu}e side of the filter is
maintained at such a pressure that the aqueous wash liquor in the
second zone and, if applicable, the aqueous medium in the first zone
which are removed through the filter sﬁffacé. remain substantially in
the liquid phase.-

The higher pressure side of the filter surface is preferably -
maintained at elevated pressure.'desirably at 2 to 15 bara and
especially 3 to 10 bara and is desirably above the pressure of the
preceding pressure-reducing step in the process.

The terephthalic acid slurry is suitably introduced into the first
zone at a temperature of at least 60°C and preferably 100 to 200°C,
especially 120 to 180°C. '

Suitably the slurry is deposited in such . a way that the saturation
pressure of the feéd is less than the absolute pressure on the lower
(downstream) side of the filter medium.

Deposition of the terephthalic acid stream at elevated temperature
and pressure is advantageous as improved filtration is possible due to
the aqueous medium being less viscous-at elevated temperature.
Furthermore there is less co-crystallisation of impurities for example
p-toluic acid, with the terephthalic acid product at elevated
temperature. Thus a higher.puriﬁy terephthalic acid product is obtained
and there ié a correspondingly higher level of impurities for example
p-toluic acid in the aqueous medium which is desirably recycled within
the process. The elevated temperature may alsc permit heat recovery and
hence provide a reduction in variable costs.

If recycle of aqueous medium and/or wash liquor is employed, it
may be necessary to provide a purge to allow control of the level of
components in the recycle stream.

According tq a second aspect of the invention there is provided a

process for the production of terephthalic acid comprising:
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fron1left toright as viewed in Figure 6. The upper run of the filter band
402 traverses three zones A, B and C. A slurry of terephthalic acid in
aqueous liquor is introduced to the first zone via line 403 onto the band
and aqueous |iquor passes through the band 402 with the assistance of
pressurised fluid, namely steam (which nay,be derived fromthe

crystal lisation section K or fronlelsemhere) the steam serving to devel op
a pressure differential between the space above the upper run of the bard
402 and the space i nmedi ately beneath the upper

(a) effecting oxidation of ﬁaraxylene in a reaction medium comprising
an aliphatic carboxylic acid to produce a first slurry of crude
terephthalic acid in the reaction medium;

(b) subjecting said first slurry to a separation and washing process
in which the reaction medium is removed from the crude
terephthalic acid;: ' : '

(c) dissolving the crude terephthalic acid from step (b) in an aqueous
medium to produce a'terephthalic acid-containing soiutidn;

(d) contacting the terephthalic‘acid §olutioﬁ with hydrogen under
reducing conditions and elevated iemperature and pressure

= conditions to reduce chemically at least some of the impurity
present in the crude terephthalic acid;

(e) reducing pressure and temperature to obtain a second slurry
comprising crystallised purified terephtﬁalic acid in aqueous
medium containing reduced impurities in solution; and

(£) subjecting the second slurry to 2 separation and washing process
in which said aqueous medium is removed from the purified
terephthalic acid with the aid of an aqueous wash liquor and
without reslurrying the purified terephthalic acid prior to
washing thereof with the aqueous wash liquor;

the separation and washing process carried out in each of steps (b) and

(f) being implemented under elevated pressure conditions using a

.respective belt filter system.

Usually the second slurry wfil be at superatmospheric pressure
following step (e). |

The amount of water required in the process according to said
second aspect of the invention is significantly reduced as compared
with that required in prior art processes involving a reslurry
operation. An important factor in this respect is the use of belt
filters; such filters allow highly efficient washing to be carried out
and because the separation of terephthalic acid from the reaction
mediuﬁ or aqueous medium can be integrated and carried out on the same
filter belt, the need for reslurry of the terephthalic acid is
eliminated. Overall therefore the amount of water employed in the
terephthalic acid production process can be substantially reduced. In
- turn, the amount of -waste effluent to be treated can also reduced

substantially. Large quantities of effluent preclude the recycle of a.
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'HZZ-H}un t hereof . The aqueous |iquor passing through the band 402 in zone A
I's collected in collector pans 404 | ocated beneath the upper run of the
band 402 and is rénoved fromthe pans 404 via lines 405 to |l eave a first

wet deposit which is then passed to the second zone B. The aqueous |iquor
is fed via lines 405 to a filtrate pot 406, In the zone B, aqueous wash,
for-exanple water, is rntroduced via Iine'308 and a series of sprays 410
and passes, with the assistance of the pressurised steam through the band
402 to collector pans 412 to produce a second wet deposit. The aqueous wash

is renoved VdRstdd183149dttaBe fifedeb ihh6 dHel tépleilicdBbid ThLeS GORHbuLT
deposit then passes to
: - further treatment. In said second aspect of the present invention a

reduction in the amount of water required to provide a given wash
efficiency allows liquid, herein referred to as mother liquor,
recovered from the purification plant, for.example aqueous medium from
the separation of purified terephthalic aéid é;aduct and the aqueous
.wnsh. to be recycled into the terephthalic ﬁfoduction process. Such
recycling is highly desirable as v&luﬁble materials in the mother
liquor may be retained within the process rather than lost by-disposal.

| The improved washiﬂg efficiency allows higher impurity levels in

- the terephthalic acid stream to be tolerated. Consequently, the
impurity level in the CTA which is fed to the hydrogenation stép may be
higher thus allowing beneficial re-optimisation of the process by which
the CTA was produced, for example by reducing the severity of the
oxidation reaction conditions. Further, the hydrogenation step and, if
desired, the pressure and temperature reducing step may be also be
re-optimised, if desired, such that the terephthalic acid stream has
higher impurity levels. _ ' '
According to a further aspect of the present invention, a process

for the production of terephthalic acid comprises:

(a) effecting oxidatioﬁ of paraxylene in a reaction medium comprising
an aliphatic carboxylic acid to produce a first slurry of crude
teréphthalic acid in the reaction medium;

{b) subjecting said first slurr?‘to-an integrated separation and
washing process in which the reaction medium is removed from the
crude terephthalic acid and the crude terephthalic acid is washed
with .aqueous wash liquor;:

(c) dissolving the crude terephthalic acid from step (b) in an ‘aqueous
medium to produce a terephthalic acid-containing solution;

(d) contacting the terephthalic acid solution with hydrogen under
reducing conditions and elevated temperature and pressure
conditions to reduce chemically at least some of the impurity
present in the crude terephthalic acid;

(e) reducing pressure and iemperaturé to obtain a second slurry
comprising crystallised purified terephthalic acid in agueous

medium containing reduced impurities in solution;
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‘'zone'Tin which it is removed fromthe upper run of the band 402, collected
at poi ht 416, recovered and then optionally dried to produce substantially
dry purified terephthalic acid. The water collecting in filtrate pot 406 is
renmoved via |ine 420 and | evel controlled valve 422 for further processing
as described above in relation to stage L @f Figure 1. Although all of the
| i guor collected followng filtration is s%omn as being collected in a
comon col | ection vessel, ie filtrate pot 406, it will be appreciated.tHhat

| i quor coll ected at different | ocations along the filter medium may be

col l ected ang, Su%]'e@gulé) tHlbf §&ioBAt 5162 Y 6 bRNinReEAltRdASegadtidCdnd Al SO, as
previ ously nentloned th
washing process in which said aqueous medium is removed from the

purified terephthalic acid and the purified terephthalic acid is

washed with aqueous wash liquor;

(g) treating the aqueous medium removed in-step (f) to produce a less
pure precipitate of terephthalic aci& ané.a residual aqueous
mother liquor; and

(h) recycling said less.pure precipitate to the oxidation step (a)
and/or recycling said residual mo;her'liquor for use in step (c).
By "integrated separation and waShing process" we mean that the

& separation and washing steps are carried out within the same item of

equipment without an intermediate slurrying of the terephthalic acid im

water prior to the washing step. '

. In one embodiment of said further aspect of the invention, the
‘separation and washing process carried out in each of steps (b) and (f)
is implemented under elevated pressure conditions using a respective
belt filter system.

In another embodiment of said further aspect of the invention, the
separation and washing ﬁrocess carried out in each of steps (b) and (f)
may be implemented in the case of the separation stage in a first zone
involving deposition of the terephthalic acid on a solid inner surface
of a rotatable hollow vessel, for example a centrifuge, and in the case
of the washing stage a filter surface forming a second zone of the
vessel. The solid surface and the filter surface are suitably arranged
such that the mass of purified terephthalic acid crystals is
trahsported along the inner surface across the filter surface to a
third zone, for example by a scroll on the inner wall of the hollow
vessel, from which it is recovered and the aqueous medium from the
terephthalic acid stream is transported away from the solid inner
surface without crossing the filter surface as a result of the rotation
of the hollow vessel, thereby effecting separation of the purified
terephthalic acid and the aqueous medium. As- the solid purified
terephthalic acid passes over the filter surface, it is washed with an
aqueous wash liquor which is removed through the filter surface to
produce washed mass of terephthalic acid crystals. The washed mass is
suitably transported to the third zone by rotation of the vessel and

subsequently recovered from the third zone. . _
This-is the replacement sheet

Date: nD 'JAN 1997



‘Liquor collected at a location adjacent the end of the travel path of the
upper run may, instead of being routed to the filtrate pot 406, be used to
wash the deposit at a location preceding it, and |ikew se the |iquor
collected fromthe latter location may be used to effect washing at the
location preceding it, and so on. The presgyrised steamis circul ated
around a |'oop including conpressor 424, valve 426 (controlled by
differential pressure sensor 428), the steam passing fromthe upstream side
of the band 402 through the filter cake and the filter nediumto the

(downstream si deyn Uiideesddle 10fid ldesiiidee td@sedblibR dadBemdspheraRear gnédt
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oxygen present. This inert gas also passes through the filter material
in the washing zone and additional gas must be introduced in order to
maintain the gaseous atmbsphere. The inert.gas may be nitrogen for
instance, although in the case of the filéerl%ﬁshing system employed in
-the purification stage of the process, the inert gas may with advantage
comprise steam.

Thus for instance the process of the invention as defined in any
of the above aspects thereof-preferablf comprisés means for supplying

- pressurised gas to the washing zone to establish a pressurised gaseous
atmosphere on that side of filter surface on which the layer or mass or
terephthalic acid crystals is formed. The gas from said atmosphere will
be drawn through the mass of terephthalic acid crystals along with the
wash liquor and preferably means is provided for recovering the gas and
treating it to eliminate or at least reduce contamination thereof by
the liquor, and the treated gas may be reintroduced into said |
atmosphere. _

At least the separation step, and preferably the washing step
also, is carried out in such a way as to prevent any substantial
precipitation of solute from the liquid component. For instance, the
liquor component in the purification stage may comprise a substantial
content of solute in the form of paratoluic acid which should desirably
be maintained in solution. ' _

This, according to a preferred feature applicable to all of the
aspects of the invention defined above, the pressure differential
established between the upstréém and downstream sides of the filter
medium is created by means of a pressurised fluid constituted at least
in part by a solvent component of the liquor, which component is in its
vapour phase whereby flashing of the solvent component actually present
in the liquor is substantially suppressed during filtration of the
terephthalic acid/liquor slurry.

By employing a pressurised fluid based on the solvent component
actually present in said liquor or said liquid , it is possible to
conduct the filtration in such a way that the filter cake is not
chilled or at least only cooled to a somewhat lesser extent than is the

case where the pressurised fluid comprises nitrogen or other inert gas.
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‘ls added to the system as needed, and steamis purged fromthe system when

necessary, by neans of val ves 430, 432 controlled by pressure sensor 434.

In an alternative enbodi nent, purge and make-up of the steam-for
pressurising the system may be effected by neans of a balance line
connected to the crystalliser fromwhich the slurry is obtained. -23- In
this case, the need for valves 430 and 432 and sensor 434 is obvi ated. As
described in relation to the enbodi nent of Figure 5, the -

It is highly desirable that the partial pressure of said solvent
component in or forming the pressurised fluid on the downstream side of
the filter medium is maintained substantially at or above the vapour
pressure of the solvent component actually present in the slurry fed to
the upstream side of the filter medium. e |

The solvent component employed as sazd pressurlsed fluid may be
‘derived from a product stream from which the liqour to be filtered is
derived.

Thus, for instance where the process of the present invention is
employed foi the filtration of the product stream resulting from from
the liquid phase oxidation of para-xylene in acetic acid as solvent,
filtration of the slurry may be effected using acetic acid wapour as -~
the pressurised fluid. The acetic acid may, but need not necessarily,
be derived from the acetic acid evaporated from the liquor during a
crystallisation process (which may be conventional) carried out
following withdrawal of the acetic acid/terephthalic acid slurry from
the oxidation reactor. In this case thereforé, following the
crystallisation process in which further terephthalic acid crystallises
out from the liquor, the slurry is passed to a filtration zone in which
the method according to the invention is carried out using, as the
pressurised fluid, acetic acid vapourfderived from the crystallisation
process. ' ,

Similarly where terephthalic acid (however obtained) is purified
by dissolving the same in water.énd subjecting the solution to
hydrogenation, the purified terephthalic acid is subsequently recovered
by filtration using water vapour as the pressurised fluid, ie. in the
form of steam. Again- the steam:may. but deed not necessarily, be
derived from a crystallisation process fclléwing the purification
process.

" The pressurised fluid may consist substantially wholly of said
-solvent component in the vapour phase but we do not exclude the
possibility of incorporating in the pressurised fluid a non-condensible
gas fusuaily one which is inert with respect to the liquor/crystals
system, eg nitrogen). By non-condensable, we mean a gas which is only
condenses at temperatures somewhat below normal room temperature and

pressure.
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‘qrrangenent is such that tenperature of the steamis substantially the sane
on each side of the filter cake and, where necessary, the tenperature of
the steamentering the filter nay be noderated or controlled as previously
described. The filter systemshown in Figure 6 may be generally in the form
of a belt filter of the type which is manufactured by Pannevis BV of
Utrecht, Holland and uses intermittent appiércation of vacuum as descri bed
for instance in the Proceedings of the Filtration Society, Filtration. &-
Separation, March/ April 1979, Page 176 et seq. In carrying out the
filtration process as describﬁg

Figures 5 and 6/¢¥f% & BHPaY St etig'? g‘ﬁ’fégt r.C%L'%‘t’Ae%Q 2 tahgaserglg_gdémnﬁgtygd’of
the composition should desirably be such that the partial pressure of
the solvent component in the pressurised fluid is substantially at or
above the vapour pressure of the solvent component in the slurry at the
feed condition of the latter. EREEEY

Usually the solvent component will comp:iée the ma jor fraction (by
volume) of said pressurised fluid. )

Preferably the filtration is carried out in such a way that the
temperature differential across the filter cake is essentially zero,
and typically no more than 1 to 2°C. '

= Other more specific features of the process defined with reference _
to said first aspect of the invention are also optionally incorporated B
in said second and third aspects where the c¢ontext admits. In some
cases, for instance where the terephthalic acid-containing aqueous
solution is subjected to an oxidation reaction prior to step (d) of
said second or third aspect of the invention in order to oxidise
terephthalic acid précursors such as 4-CBA to terephthalic acid, the
lower preséure side of the filter may be at or below atmospheric
pressure if desired.

The invention wili now be described by way of example only with
reference to the accompanying drawings, in which:

Figure 1 is flow sheet of a terephthalic acid production process in
accordance with the present_invengion;
Figure 2 is a schematic view of azbelﬁ filter system for use in the
process of Figure 1 and which integrates separation and washing stages;
Figure 3 is a diagrammatic cross-sectional view of one form of
centrifuge for implementing integrating separation and washing stages;
Figure 4 is a diagrammatic view of an alternative form of centrifuge
for use in a process in accordance with the invention;
Figure 5 is a schematic diagram showing one form of filtration system
in which pressurisation on the upstream side of the filter medium is
effected by means of a solvent component forming part of the liquor in
which terephthalic acid is slurried; and |
Figure 6 is a schematic diagram showing another form of filtration
system in which pressurisation is effected by means of a solvent

component present in~the liquor.
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‘upst ream and downstream sides of the filter is maintained substantially the
sanme, ie. isothermal operation, so as to substantially prevent the

devel opnent of a supersaturation condition during the filtering operation,

t hereby preventing depositi.on of otherw se soluble constituents of the

| iquor and hence reduction in product quahgty and/or clogging of the filter

meei um -24- 1. A process for the production of terephthalic acid :
conpri si ng: : ' .-

Referring to Figure 1, reactor A is fed with paraxylene and acetic
acid containing a dissolved catalyst.comprising cobalt, manganese and
bromine ions by line 1 and with air via line 2. Product from the
reactor A is passed to crystallisation section B by line 3. The
temperature within the reactor A is control}gd'py evaporating a mixture
of acetic acid and water from the reactor to atéondensing system C via
iine'k and is typically above 150°C. Most of the condemsate is returned
to the reactor A via line S with noncondensibles venting via line 6. To
control the water content of the reactor A, part of the condemsate is
removed from the condensing system via iine 7 and passed to the

- distillation column D. |
. In the crystallisation section B the temperature is dropped to =
approximately 80°C to 150°C and the slurry containing crystalline
terephthalic acid in reaction mothér liquor (mainly acetic acid)
thereby produced is passed to a separation stage E. Acetic acid and/or
water may be recovered from crystallisation section B and passed to the
distillation column D via line 8 and/or to the reactor A via line 9a.
The crystallisation section B typically comprises a series of
crystalliser vessels in which the pressure and temperature of the
slurry withdrawn from the oxidation reactor A is progressively reduced.
In a typical embodiment of the invention, the resulting slurry of crude
terephthalic acid in acetic acid-based mother liquor is reduced to a
pressure in the range 0.5 to 2 bara and a temperature in the range of
90 to 130°C. '

Separation stage E may be a conventional centrifuge and drier.
arrangement but is preferably an integrated separation and washing
stage in which a continuous soIGent exchange process is carried out,
eg. as disclosed in our prior EP-A-502628. Reaction mother liquor
recovered from stage E is returned in part via lines 9 and 9a to the
reactor A optionally by first mixing with the fresh catalyst,
paraxylene and acetic acid contained in line 1. Any remaining reaction

mother liquor and any wash liquid is suitably passed to an evaporation
stage F in which water and acetic acid vapour is removed by line 10,
condensed and passed to reactor A via line 10a or optionally passed to
distillation column D wvia line 10b. A purge of by-products and catalyst

is withdrawn via stream 11.
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(a) "effecting oxidation of paraxylene in a reaction nedi um conprising an

al i phatic carboxylic acid and water to produce a first slurry of crude
terephthalic acid in the acidic nedium 5 (b) under elevated pressure
conditions subjecting said first slurry to an integrated filtration and

wat er washi ng process in which said acidic_nmediumis exchanged with water
to produce a water-containing mass of crudé‘ferephthalic acid crystals; (c)
di ssol ving the water-contai ning crude terephthalic acid crystals 10 from
step (b) in water to produce an aqueous terephthalic acid-containing

medi um (d) - CONtALtdoRfad e AAHMIOUR 'BLEP VoD fa PR de EOYCRA! W BT ™
from the separation stage E is transferred to reslurry stage G. In
reslurry stage G, the CTA crystals are reslurried with water recovered
from the distillation column D via lines 12, 12£ and/or other water
which may be recycle mother liquor via stresm 13, recycle mother liquor
.via stream 14 and/or demineralised water via stream 15. The slurry
produced in this stage is heated in section H to a temperature of for
example 250°C to 350°C to form an aqueous solution of CTA which is
passed to reactor J in which it is reacted with hydrogen over—a fixed
bed palladium catalyst thus reducing iﬁpurities in the solution and

‘ then crystallised in crystallisation section K. The temperature to
which the solution is cooled in the crystallisation section K and the -
rapidity of cooling is adjusted to produce the appropriate purity of
the desired terephthalic acid product. The crystallisation section K
typically comprises a series of crystalliser vessels in which the
pressure and temperature of the hydrogenated solution is progressively
reduced. In a typical embodiment of the invention, the resulting slurry
of purified terephthalic acid in aqueous mother liquor is reduced to a
pressure in the range 3 to 10 bara and 2 temperature in the range of
135 to 180°C.

The slurry from the final stage of the crystallisation section K
is transferred at the pressufe and temperature prevailing in the final
crystalliser stage to section L in which an integrated separation and
washing process is carried out. ihus;‘in stage L, PTA crystals are
separate& from the aqueous mother liquor and the separated PTA product
is washed with water which may:be derived from column D via lines 12,
;Zb, recovery stage M via line 17 and/or fresh water via line 18 and is
recovered, following washing, via line 19. The aqueous mother liquor
from the separation in stage L is passed to recovery stage M via line
13a and/or to reslurry stage G via line 13.

In stage M the aqueous mother liquor is evaporaﬁed or further
cooled so as to permit the recovery of further solids in the form of a
less pure precipitate of terephthalic acid which is passed back to
reactor A via stream 20. In stage M the temperature of the liquor may
be reduced by flashing steam from it at, for example, atmospheric
pressure. Such Steim may be further purified for example by

distillation in column D via line 22 and used if desired as wash in
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‘hydr obgen under reducing conditions and el evated tenperature and pressure
conditions to reduce chemcally at |east sone of the inpurity present in 15
the crude terephthalic acid; (e) reducing pressure and tenperature to
obtain a second slurry conprising crystallised purified terephthalic acid

I n aqueous nedi um cont ai ni ng reduced i npunsties in solution; and (f) under
el evated pressure conditions subjecting the second slurry to 20 an
integrated filtration and water washing process in which said agueous -°
mediumis displaced fromthe purified terephthalic acid by water. 2. A
process as stagenkd used Glsewhdre rinnkhe lprodesswas pungedphat fepainingsfldguarh) is

carried outyi 3 MUTRE o fevipGltial FurtBEP a0k f116E Yepa88ddP Rron it and
recycled to reactor A via line 20 as desired.

The mother liquor recovered from stage M may be in part passed
back to the distillation column D via line 22 and processed as
described later, may be returned to the reslurry stage G via stream 14
‘and/or be purged via stream 21. Preferably, if the aqueous mother-
liquor is evaporated, the evaporated water is returned to the reslurry
stage G via line 14. -

The distillation column D fractionally distils a mixture of water
and acetic acid evaporated from the reacﬁion medium in condenser system
C and is modified if required for use for the treatment of mother =
liquor separated from stages F and M . The columm D comprises three
zones; an upper zone ccmpfising for example 5 theoretical stages, a
middle zone comprising for example 45 theoretical stages and a lower
zone comprising for example S theoretical stages. Part of the mixture
of acetic acid and water evaporated derived from the reactor A is
passed via stream 7 optionally together with stream 8 and/or 10b to
between the middle and lower zones of the columm D. Mother liquor from
the precipitation of terephthalic acid may be passed into the column D
between the upper and middle zones via stream 22. Acetic acid and heavy
material are passed from the base of the columm D wvia stream 23 to
reactor A. Water is condensed in the condenser and may be re-used in
the process via stream 12. o

Referring to Figure 2, there is shown one embodiment for
implementing an integrated separation and washing process suitable for
use in each of stages E and L, in the form of a continuous band or belt
filter unit such as a Pannevis filter of the form generally described
in Filtration and Separation (Page 176 gg,ggg, March/April 1979). The
filter unit comprises an endless filter belt or band 100 driven by
rollers around which the belt or band extends at each end, the belt
being enclosed in a pressure tight housing 101. The belt 100 comprises
generally horizontally disposed upper and lower runs 100a and 100b. The
interior of the housing 101 is pressurised with a suitable gas such as
nitrogen in the case of the filtration unit employed in stage E or
nitrogen or steam in the case of the filtratjon unit employed in stage
L.
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“such’that the crude terephthalic acid is contacted with wash |iquor 25
conprising water of increasing purity as it is progressed through
successi ve stages of the washing operation. 3. A process as clained in
Claim1 in which the washing operation of step (f) is carried out in a
nunber of stages in counter-current fashigg.such that the purified
terephthalic acid is contacted with wash Iiquor 30 conprising water of
increasing purity as it is progressed through successive stages of the -
washi ng operation. 4. A process as clained in Jdaim1l, 2 or 3 in which said
integrated filtpatted 1ewes sasind 1y showabeslacakiinsdod gt fiinstizepe (99 thg

L mpl ement ed, yhdel, SlhA" ShePbEARNECHEL 18hid SNEnd!'T! B & WRMIGoRANS e

filter mateff
right of line T. The slurry of terephthalic acid in mother liquor (ie.

acetic acid in the case of stage E or aqueous medium in the case of
stage L) is introduced to the first zome via line 103 onto the band and
mother liquor drains through the band into coliéctor pan 104 from which
it is removed via line 105 to leave a first wet deposit of terephthalic
acid crystals which is then passed to a second (middle) zone (in the
direction of arrow A). In the second zone, aqueous wash liquox, for
example water, is intrdduced via line 106 and passed through the band

- to collector pan 107 to produce a second wet deposit. The aqueous wash
is removed via line 108. The second wet deposit then passes to a third =
zone (in the direction of arrow B) in which it is removed from the
band, collected in a receiver 109, recovered and then slurried with
aqueous medium in the case of CTA or dried in the case of PTA.

The water introduced via line 106 may be derived from line 12b, 17
and/or 18 (stage L) or line 12c (stage E) as shown in Figure 1 or any
other suitable source. Suction is applied to the filter cake formed on
.the upper run 100a via the pans 104 and 107 and the pans are coupled
together for reciprocating movement as a unit in a direction parallel
to the direction of travel of the belt. During travel of the pans from
left to right, suction is applied to draw liquid through the upper run
100a and during return travel of the pans, suction is terminated. The
pressure differential across the "filter belt,. between the region above
the filter cake and the downstream side of the filter medium (ie. the
interior of the pans) is typically of the order of 0.6 bar. In the case
of stage L, the pressure :esidihg on the downstream side of the filter
medium is at least as great as that prevailing in the final stage of
the crystallisation section K. The wash liquor applied to the filter
cake passes through the cake by virtue of the pressure differential
between the upstream side of the filter cake and the downstream side of
the filter medium and is applied in such a way that the wash liquor
displaces residual mother liquor within the cake without undergoing
channelling. It will be appreciated that the wash liquor may be applied
in a single stage or it may comprise a series of stages with wash
liquor applied at a_number of locations along the path of travel of the

filter belt. In this event, the wash liquor may be applie§ ﬁs a number
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*35't6‘effect filtration. 5.. A process as clainmed in any one of Clainms 1 to

4 in which said integrated filtration and washing process carried out in

step (f)

is inplemented under el evated pressure conditions usi.ng a noving

band of filter material to effect filtration. 40 6. A process as clained
in.Cl.aim4 or 5 in which said band i s comnuous. - 25-

‘of parallel streams or it may be applied in a serial manner, either

co-current or counter-current. The mother liquor and wash liquor
recovered from each filter belt unit are utilised in the manner
described with reference to Figure 1. Thus, for example, in the case of
the filtration unit forming stage L, the mother liquor and recovered
wash liquor may be combined and then subjedgédeib cooling or _
evaporation to produce a less pure terephthalic acid precipitate which
is recycled to the reactor A. The residual mother liquor/wash liquor
may be further processed for exaﬁple to reduce the para-toluic acid

content thereof and then recycled to the reslurry stage G for use in

dissolution of CTA prior to the hydrogenation reaction in reactor J.

The stages E and L may be implemented by other forms of filtration __
unit capable of operating under pressure; for instance, the filtration
units may be constituted by pressure drum filters, eg multi-cell
pressure drum filters of the type well-known in the filtration art or
rotary cylindrical filters such as the type disclosed in EP-A-406424.
Alternatively the integrated separation and washing units forming
stages E and L may take other forms such as those described below.

Figure 3 shows a cross-section representation of a centrifuge
adapted for use in the present invention which comprises a hollow
vessel 200 of circular cross section which is rotatable about its
longitudinal axis R and which comprises an inner solid wall 201 onto
which the terephthalic acid stream comprising terephthalic acid in an .
aqueous medium is deposited via inlet 202. Dotted lines § and T denote
the boundaries between the zones.'éhe‘first zone being above line S,
the second zone being between lines S and T and the third zone being
below line T. Rotation of the vessel causes a substantial proportion of
the mother iiquor componenﬁ of the terephthalic acid slurry to be
transported in the direction of arrow C, out of the first zome whilst
the purified terephthalic acid-containing wet deposit is transported in
the direction of arrows D, across the second zone and across the third
zone by means of an inner scroll 203. In the second zone, the wet
deposit passes across filter surface 204 and is washed with an aqueous
wash liquor supplied by inlet 205. The aqueoﬁs wash liquor may be
derived from sources such as those described in relation tc the
embodiment of Figure 2. The wash liquor is withdrawn through the filter
surface 204 and the wet deposit is retained by the filter 204 to
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“7. A process as clained in daim4, 5 or 6 in which said noving band of
filter material is.operable to transport the respective slurry on the upper
run thereof through a first separation zone in which the acidic or aqueous
mediumis separated fromthe terephthalic acid conponent of the 5
respective slurry to | eave a wet nass of ek8rde or pure terephthalic acid
contai ning residual actdic or aqueous nediumon the filter material and a
second washi ng zone in which wash |iquor conprising water is passed threéugh

PR, TR O LELEPI HALLG 8l g /A CBLOSEES B2 SURbIPL LA E Al 7,40 W
washed ter eplthhigpdreedcicd the ttdravashel fonehishéideekior ioft &xrrosmE. iThewhéoindt he
bel t filter Je%ssggoské is then desirably removed from the third zone and processed
further, ie by slurrying in stage G or drying depending on whether the
terephthalic acid is in its crude or purified form.

Figure 4 shows a cross section reprggéafégion of another form of
‘centrifuge adapted for use in the present invention, the same reference
numerals being used in Figures 3 and 4 to depict like components. The
centrifuge of Figure 4 differs from that of Figure 3 in several
fespects. Inlets 202 for depositing the terphthalic acid stream and
inlet.zos for providing the aqueous wash are coaxially arranged along
the longitudinal axis of-the centrifuge and an additional aqueocus wash -
inlet 206 is provided which is also coaxial with inlets 202 and 205.
Inlet 202 has a greater diameter than inlet 205 which, in turn, has a
greater diameter than inlet 206. A further difference between Figures 3
and 4 is that the second zone (between S and T) is sub-divided into a
dewatering zone between V and T, and into two wash #ub-zones between U
and V, and S and U respectively. As the wet deposit of terephthalic
acid is transported across the filter'sﬁrface 204 in the sub zone
between S and U, it is washed with aqueous wash via inlet 205 which
wash has been obtained as the filtrate recovered from the sﬁcceeding
sub-zone between U and V. As the deposit passes through the sub zone
between U and V, it is washed with aqueous wash, preferably
demineralised water, via inlet 206. Thus, the wet deposit is washed
counter-currently as it passes through the part of the second zone. In
the sub zone between V and T, the washed wet deposit.may be dewatered
by removing aqueous wash through the filter surface 204 to produce a
second wet deposit which is then passed to the third zone in the
direction of arrow E.

As the separation and washing processes are carried out uﬁder
pressure somewhat in excess of atmospheric preﬁsure. where it is
desired to transfer the washed terephthalic acid to equipment operating
at lower pressure (eg at atmospheric pressure), this may be effected
either by reslurrying the filter cake or by transferring the filter
cake in its moist condition from higher pressure to lower pressure
using a suitable pressure isolating arrangement. For instance, a PTA

filter cake removed from the filtration unit of Figure 2 into the

This is the raplacement sheet

Date: 10 JAN 1897



-washed to renove adhering deposits during its return travel fromsaid third
zone to the first zone, 9. A process as clainmed in Caim7 or 8 in which
the band of filter 15 material used to carry out the separation and washi ng
process of step (f) is operated with a pressure differential such that the
pressure prevailing on the | ow pressure sigg of the filter is no |less than
said pressure prevaili-ng followng step (e). 10. A process as
claimed in daiml, 2 or 3 in which said 20 integrated filtration and -
washi ng process carried out in step (b) is inplenented under el evated
pressure -comdtéivensiosimag be crabtsidrrge.toldrying equifmemto@esiowesr pressuwed in

Gaimi, 2 %ry u’\%eaing X\P'v%l;i§@§ %evices such as variable pitch screws, the use of
two lock vessels, one of which can be under pressure and filled with
filter cake and the other open to atmosphere, or a rotary valve
arrangement. T

Referring now to Figure 5, this illuétraéés the use of a

'pressurising fluid for the filtration step in such a way as to reduce

further any ﬁendency for solute present in the slurry liquor to

precipitate out and hence contaminate the terephthalic acid. Xxs shown,
slurry stored in a tank 310 is fed by ﬁump 312 and flow controlled
valve 314 to a rotary drum type filter 316 which may be of conventional
design. The slurry is fed to the tank 310 via line 318 and may be -
derived for example from a crystalliser system (not shown) associated
with plant for effecting purification of terephthalic acid by
contacting an aqueous solution thereof with hydrogen in the manner
previously described. The rotary vacuum filter 316 comprises an ocuter
housing 320 within which a cylindrical'suppoft 322 carrying a filter

medium {typically a filter cloth) is mounted for rotation about a

horizontal axis perpendicular to the plane of the paper. The slurry is

supplied to the lower region of the housing 320 which forms a reservoir

324 bordered on one side by weir 326 so that the slurry contained

within the reservoir 324 is of constant depth. Overflow passes into

section 328 from which it is withdrawn and recirculated via level
controlled valve 330 to the slurry holding tank 310, the control being

effected in dependence on the level of the slurry within section 328.

Usually the slurry feed to the filter will be under pressure and at a

relatively.high temperature; for instance, typical pressure and

temperatures of the slurry at the inlet to the rotary vacuum filter are
about 8 bara.and 170°C.
A suction unit 332 is located within the interior of the support

322 so as to exhaust fluid (both pressurising fluid and filtrate) from

the interior of the filter medium. The arrangement is such that, as the

support 322 rotates in a clockwise direction as viewed in Figure S,

successive parts of the periphery of the cylindrical filter dip into

the reservoir 324 and siurry is drawn against the filter medium. As the
filter medium rotates, the applied suction serves to draw the liquor
through the filter medium, forming a cake of solid material (eg
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‘integrated filtration and washing process carried out in step (f) is

i npl ement ed under_ el evated pressure conditions using a centrifuge. 25 12. A
process as clainmed in any one of the preceding clainms in which the acidic
medi um and wash |iquor recovered fromstep (b) are recycled for use in step
(a). 13. A process as clainmed in any one @b-.the preceding clains in which,
pricor to step (d), the-aqueous terephthalic acid-containing nmediumis 30
subjected to oxidation to increase conversion of terephthalic acid . -
precursor conpounds into terephthalic acid. 14. A process as clained in any
one of the quyeesll ng tériphehiXicnacid) bhethecapstarkam acei ofh thentileeed in step

(a) is rent%gaqugy f@etP£¥é¥Qt£Eh‘6%88é!s is driven bylthe application of
differential pressure across the filter medium. This pressure is
developed by the supply of pressurised fluid to the epece between the
housing 320 and the filter medium. The pressure exerted by the fluid is
such that a small pressure differential is established through the
thickness of the filter cake. Typically, this pressure differential is
of the order of 0.1 to 2 bar. With reference to the typical'slurry
pressure quoted above, the pressurised fluid may be supplied at a
pressure of the order of 8.5 bara and the pressure at the downstream

| side of the filter medium is typically of 0.1 to 2 bar less but at
least substantially the same as or greater than the pressure prevailing~
in the final stage of the crystallisation process.

At a location above the reservoir 324, the filter medium traverses
a washing zone 334 in which with a washing medium such as water issuing
from nozzles 336 is applied to the filter cake. In the (clockwise)
direction of filter travel, this washing zone is preceded by a
filtration zone 338 and is succeeded by a further filtration zone 340
in which the wash liquid and any residual liquor from the slurry is
removed from the filter cake. The filter cake is then finally dislodged
from the filter medium in the zone 342 by unshown means and falls into
a collection section 344 from which it is recovered and optionally
dfied to produce substantially dry pure terephthalic acid.

The fluid used to pressurise’the.upstream side of the filter
.medium is constituted by the solvent component present in the liquor,
ie water where the slurry is derived from the purifieation of
terephthalic acid, the solvent used for the purpose of establishing the
pressure differential being in its vapour phase. Thus, for example,
steam pressurised by compressor 346 is introduced into the housing 320
via line 348 and circulates around a path in which it passes through
the filter cake and the filter medium, enters suction unit 332 (along
with filtrate), and returns to the compressor 346 via line 347 and line
352. Filtrate removed by suction unit 332 collects in the tank 350 from
which it is withdrawn for further processing via level controlled valfe
354. The supply of steam to the rotary f£ilter is controlled by valve
356 and pressure differential sensor 358 coupled between lines 347 and
348. Excess steam may be purged, as necessary, from the system via
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‘eontai ning said aliphatic carboxylic acid and water fromthe reaction and
35 distilling said aliphatic carboxylic acid and water to derive a water
conponent and an al i phatic carboxylic acid conponent. 15. A process as
claimed in aim11l4 in which the water conponent is enployed in step (c).
16. A process as clainmed in Caim 14 or 1&i-n which the water conponent 40
I's enpl oyed as wash li-quor in step (f). - 26-

valve 360 while make-up steam may be supplied, as ﬁecessarj. via valve
362 both under the control of pressure sensor 364. The steam supply to
the system may be derived from any suitable source; for instance, it
may be constituted by steam derived from the purification process at a
point upsﬁream of the filtration system, a‘qpnvenient sourée being
steam produced during a conventional crysﬁiilightion process applied to
‘the liquor withdrawn f£rom the hydrogenation reactor.

The steam employed as the pressurising fluid will usually be at a
temperature slightly above that at which the liquor is introduced into
the filtér. Thus, for example, where the liquor is introduced at a
pressure of 8 bara and at 170°C, the steam adm;tted as the pressurising
steam will be at about 173 to 175°C and, in particular, at a =
temperature which ensures that there is no tendency for condensation.
The arrangement is such that the temperature of the pressurising fluid
on the upstream and downstream sides of the filter cake are
sﬁ%stantially the same and the equipment will be thermally insulated to
"avoid heat losses as the pressurising fluid circulates around the
system. In practice, the compression of the circulating fluid by
‘compressor 346 introduces heat into the circulating steam and means may

 be provided for moderating or controlling the . temperature of the steam
entering the filter. For instance, this may be achieved by passing the
steam through a heat exchanger following compression or by controlled
injection of further steam or water (depending on whether heating or
cooling is required) into the recirculating vapour to adjust the
temperature thereof so that the steam entering the filter is within a
desired temperature range.

Referring now to Figure 6, there is shown schematically a
filtration system in which a housing 400 encloses a continuous filter
belt or band 402 which is driven so that the upper run thereof travels
from left to right as viewed in Figure 6. The upper run of the filter
band 402 traverses three zones A, B and C. A slurry of terephthalic
acid in aqueous liquor is introduced to the firsﬁ zone via line 403
onto the band and aqueous liquor passes through the band 402 with the
assistance of pressurised fluid, namely steam (which may be derived
from the crystallisation section K or from elsewhere), the steam
serving to develop 2 pressure differential between the space above the
upper run of the band 402 and the space immediately beneath the upper
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7. A process as claimed in any one of the preceding clains in which
filtrate derived fromstep (f) is evaporated or cooled to recover a |ess
pure terephthalic acid precipitate which is recycled to step (a). 18. A
process as clainmed in any one of the precedlng clainms in which 5 aqueous
filtrate derived fromstep (f) is passed t#%a distillation colum for
separation of water and aliphatic carboxylic derived fromthe oxidation
reaction of step (a) whereby water present in said filtrate from step- (f)

I aan%%fs‘?‘?salhtﬁo %‘peeuat |J}'1qlu%g asggﬁs%h%ug}t Qﬁ%(%dt £ WlSSord! A1

wat er separ &t 8d" carboxyltc acl process as
claimed in dsycaolecoed Glnapqtlertpg BRas o |19F$fgdnh¢w&hnﬂ¥¢g“ap%ﬂ rrerefhthel

pressure achQ3s fd¥ahk!{Crend¥eddEfol RneifRs({0s via lines 405 to leave a
first wet deposit which is then passed to the second zone B. The
aqueous liquor is fed wvia lines 405 to a filtrate pot 406.

In the zone B, aqueous wash, for example'wnter, is introduced wvia
line 408 and a series of sprays 410 and passes, with the assistance of
the pressurised steam, through the band 402 to collector pans 412 to .
'produce a second wet deposit. The aqueous wash is removed via_lines 414
and fed to the filtrate pot 406. The second wet deposit then passes to
zone C in which it is removed from the upper run of the band 402,
collected at point 416, recovered and then optionally dried to produce _
substantially dry purified terephthalic acid. The water collecting in
filtrate pot 406 is removed via line 420 and level controlled valve 422
for further processing as described above in relation to stage L of
Figure 1. | .

Although all of the liquor collected following filtration is shown
as being collected in a common collection vessel, ie filtrate pot 406,
it will be appreciated that liquor collected at different locatioms

. along the filter medium may be collected and supplied to different
collection points as required. Also, as previously mentioned, the
liguor collected at a location adjaceﬁt the end of the travel path of
the upper run may, instead of being routed to the filtrate pot 406, be
used to wash the deposit at a location preceding it, and likewise the
liquor collected from the latter ioc;tion may be used to effect washing
at the location preceding it, and so on.

The pressur;sed steam is circulated around a loop including
compressor 424, valve 426 (controlled by differential pressure sensor
428), the steam passing from the upstream side of the band 402 through
the filter cake and the filter medium to the (downstream side)
underside of the upper run of the band from where it passes to the
filtrate pot 406 along with the filtered aqueous medium. Make-up steam
is added to the system as needed, and steam is purged from the system
when necessary, by means of valves 430, 432 controlled by pressure
sensor 434. In an alternative embodiment, purge and make-up of the
steﬁm for pressurising the system may be effected by means of a balance
line connected to the crystalliser from which the'slutry is bbtained.
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»such- that, -on the lower pressure side of the filter surface, the pressure
is substantially the same as or greater than the pressure prevailing
following step (e). 15 20. A process as clainmed in any one of the preceding
clainms in which the pressure differential established between upstream and
downstream sides-of the filter in step (bjJ2ser step (f) is created by neans
of "a pressurised fluid constituted at |least in part by a solvent conponent
of said nedium which conponent is in its vapour phase whereby fl ashi-ng”of
20 the sol vent component actually present in said nmediumis substantially
suppressed Twrthig ¢aset.r the amedifarhyakvasdeddband A32f ard seasepitBhals ¢ aci d

slurry. obviated. As described in relation to the embodiment of Figure 5, the
arrangement is such that temperature of the steam is substantially the
same on each side of the filter cake and, where necessary, the
temperature of the steam entering the filter may be moderated or
controlled as previously described. T -

The filter system shown in Figure 6 may be generally in the form
of a belt filter of the type which is manufactured by Pannevis BV of
Utrecht, Holland and uses intermittent application of vacuum-as
described for instance in the Proceedings of the Filtration Society,
Filtration & Separation, March/April 1979, Page 176 et seq.'

In carrying out the filtration process as described above in =
relation to the embodiments of Figures S and 6, the temperature at the
upstream and downstream sides of the filter is maintained substantially
the same, ie. isothermal operatiomn, so as to substantially prevent the
development of a supersaturation condition during the filtering
operation, thereby preventing deposition of otherwise soluble
constituents of the liquor and hence reduction in product quality

and/or clogging of the filter medium.
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=21 ‘A procesvgmasjleeg |rred in Claim20 in which the partial pressure of said
sol vent corrpo n !amdng the pressurised flui'd on the 25 downstieam
side of the f i ned substantially at or

pressure of t onent actual ly present '”Tﬂﬂ“j}] Eﬂﬂﬁﬂjmlo t he
upstream si de of the filter. 22. A proces‘szl'as cl ai med ™n sl N *wh

t he sol vent conponent enployed in step (f) conprises steam 30 23.

process as claimed in Claim22 in which the steamforns at |east the aj or
part (by VOL% of said pressurising fluid. 24. A process as clainmed in
Claim22 or n which the partial pressure of the steam of the

pressuri sedifl umdpmr:etsnefmwhstmea-ﬁv-sméeno?f €Hede terephthalic acid,

comprising:

(a) dissolviﬁg,the crude terephthalic acid in an aqueous medium to
produce a terephthalic acid-containing solution;

(b) contacting the-terephthalic'acid solutior with hydrogen under
reducing conditions and at elevated temperature and pressure to
reduce chemically at least some of the impurity present in the
crudelterephthalic acid; -

(c) reducing pressure and temperature -to obtain a slurry comprising
crystallised pure terephthalic acid in aqueous medium;

(d) in a first zone effecting separation of the PTA crystals from the _
aqueous medium by filtratioﬁ of the slurry to remove aqueous
medium through a filter surface to obtain a wet mass of crystals;

(e) transferring said wet mass of crystals to a second zone without
reslurrying said mass and supplying aqueous wash liquor to said
mass while effecting filtration whereby the wash liquor is
displaced through the mass and through a filter surface in the
second zone; and

(£) maintaining a differential pressure across the filter surface in
at least one of said zones such that, on the lower pressure side
of the filter surface, the pressure is substantially the same as
or greater than the pressure prevailing following step (c).

2. A process as claimed in Claxm 1l 1n which steps (d), (e) and (f)

are carried out by discharging sazd slurry on to a filter material

which is movable to transport the terephthalic acid through said first
zone in which filtration of said aqueous medium from the slurry is
effected, to the second zone in which said mass of crystals is washed
by displacement of said aqueous wash liguor through said mass.

3. A process as claimed in Claim 2 in which the filter material lies

in a genefally horizontal plane during traverse of said first and

second zones.

4. A process as claimed in Claim 2 or 3 in which the filter material

is driven along an endless path so that it repeatedly traverses said

first and second zones.

5. A process as claimed in Claim 4 in which the filter material is

configured as a loop. ) e
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1f»||teT s—matntaired—substantial ly at or above t he vapour—pressure of the

35 wat er terephthalic acid slurryfedtotheu si de of the
filter. m | ai med in any one of the pr Hmﬁﬁ”ul '!ﬂ”'ﬂ

whi ch t he Hﬁif ‘the filter surface with whi

cont act ed t a pressure w t4#sa the range of 2 to 15 *bara and

the 40 downstream side of the filter surface is at a pressure which is from
0.1 to 10 bar | ower. - -

6. A process as claimed in any one of Claims 1 to 5 in which aqueous
medium separated in step (d) and/or wash liquor displaced through said
mass is step (f) is recycled for use in step (a).

7. A process as claimed in any one of Claims 1 to 5 in which aqueous
medium separated in step (d) is evaporated or cooled to produce a less
pure terephthalic acid precipitate and the:§és£§ual liquid is recycled
for use in step (a)}.

8. A process as claimed in any one of Claims 1 to 7 in which said
crude tefephthalic acid is derived from the liquid phase oxidation of
paraxylene in a carboxylic acid solvent in the presence of a heavy
metal catalyst.

9. A process as claimed in any one of Claims 1 to 7 in which said =
crude terephthalic acid is derived from hydrolysis of a polyalkylene
terephthalate.

10. A process for the production of terephthalic acid comprising:

(a) effecting oxidation of paraxyleme in a reaction medium comprising
an aliphatic carboxylic acid to produce a first slurry of crude
terephthalic acid in the reaction medium; |

(b) subjecting said first slurry to a separation and washing process
in which the reaction medium is removed from the crude
tereﬁhthalic acid;

(c) dissolving the crude terephthalic acid from step (b) in an agueous
medium to produce a terephthalic acid-containing solution;

(d) contacting the terephthalic acid solution with hydrogen under
reducing conditions and elevated temperature and pressure
conditions to reduce chemically at least some of the impurity

_-present in the crude terephthalic acid;

(e) reducing pressure and-temperature to obtain a second slurry
comprising crystallised purified terephthaiic acid in aqueous
medium containing reduced impurities in solution; and

(£) subjecting the second élurry to a separation and washing process
in which said aqueous medium is removed from the purified
terephthalic acid with the aid of an aqueous wash liquor and
without reslurrying the purified terephthalic acid prior to
washing thereof with the aqueous wash liquor;
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pr oces I n which
sai d al | phat Iﬂlsﬁwﬁ | c_aci d corrprl ses acetic acid. 27. A process for the

purification o alic acid, conprising: 5 (a) dissolving the
crude terephth n aqueous madl umto produce a terephthalic
d (b) contact®fy the terephthalic acid sol ution

aci d-containin
wi t h hydrogen under redum ng conditions and at el evated tenperature and
pressure to reduce chemcally at |east some of the inpurity present i-n fhe
crude 10 tey %pgégaq:laltgoécang washing process carried out in each of steps (b) and

(£) being implemented under elevated pressure conditions using a

respective belt filter system.

11. A process for the production of terephthalic acid comprising:

(a) effecting oxidation of paraxylene in a.reaction medium comprising
an aliphatic carboxylic acid to produdgfa?first slurry of crude
terephthalic acid in the reaction medium;

(b) éubjecting said first slurry to an integrated separation and
washing process in which the reaction medium is removed from the
crude terephthalic acid and the crude terephthalic acid is washed
with aqueous wash liquor;

(c) dissolving the crude terephthalic acid from step (b) in an aqueous _
medium to produce a terephthalic acid-containing solution;

(d) contacting the terephthalic acid solution with hydrogen under
reducing conditions and elevated temperature and pressure
conditions to reduce chemically at least some of the impurity
present in the crude terephthalic acid;

(e) reducing pressure and temperature to obtain a second slurry
comprising crystallised purified terephthalic acid in aqueous
medium containing reduced impurities in solution;

(f) subjecting the second slurry to an integrated separation and
washing process in which said aqueous medium is removed from the
purified terephthalic acid and the purified terephthalic acid is
washed with aqueous wash liqnor°‘

(g) treating the agueous medium removed in step (£) to produce a less
pure precipitate of terephthalic acid and a residual aqueous
mother liquor; and

(h). recyclxng said less pure preczp;tate to the oxidation step (a)
and/or recycling said residual mother liquor for use in step (c).

12. A process as claimed in Claim 11 in which the separation and

washing process carried out in each of steps (b) and (f) is implemented

- under elevated pressure conditions using a respective belt filter
system.

13. A process as claimed in Claim 10 or Claim 12 in which each belt

filter is operable to transport the respective slurry on the upperlrun

thereof through a fiEst separation zone in which displacement of the

reaction or aqueous medium from the terephthalic acid component of the

This ie the replacement sheet
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"(c) redqurperature after step (b) to obtain a slurry

conpri si n H@dﬁ r| fied terephthalic acid in agqueous medi um (d)
in a first separatlon of the purified crystals fromthe
aqueous ne m tion of. the slurry to renove aqueous nedi um 15
through a filter to obtain a wet -2@8ss of purified crystals; (e)-
transferring said wet mass of crystals on said filter surface to a second
zone w thout reslurrying said mass and supplying aqueous wash |iquor -to-

said mass while effecting filtration whereby the wash |iquor is displaced
t hr ough t heraspsstimed sivnrgudh afifected tarleayefsaet| prashet FUIAPDPEBNe; and

(f) recoverdeigphiifa1adUaaas ol BlieUBefd @01 &drCRnd @) s@ddidova iniRgagisoun waizh
aqueous wash liquor is passed through said mass of terephthalic acid.
14. A process as claimed in Claim 10, 12 or 13 in which each belt
filter traverses a third zone in which the washed terephthalic acid is
removed from the belt filter and in which the Belt filter itself is
washed to remove adhering deposits during its return travel from said
third zone to the first zome.

15. A process as claimed in any one of Claims 10 and 12 to 14 in which
the belt filter used for carrying out the separation and washing
proéess of step (f) is operated with a pressure differential such that
the pressure prevailing on the low pressure side of the filter is no =
less than said pressure prevailing following step (e).
16. A process as claimed in Claim il in which the separation and
washing process carried out in each of steps (b) and (£f) is implemented
in the case of the separation stage in a first zone involving
deposition of the terephthalic acid on a solid inner surface of a

"~ rotatable hollow vessel, and in the case of the washing stage a filter
surface forming a second zone of the vessel.
17. A process &8s claimed in Claim 16 in which the solid surface and
the filter surface are arranged such that the mass of terephthalic acid
crystals is transported along the inner surface across the filter
surface to a third zone from which it is recovered and the liquor from
the terephthalic acid stream is transported away from the solid inner
surface without crossing £he filter surface.
18. A process as claimed in any one of Claims 10 and 12 to 17 in which
tﬁe_wnshing,operation of step (b) is carried out in a number of stages
in counter-current fashion such that the terephthalic acid is contacted
with aqueous wash liquor of increasing purity as it is progressed

i~ through the washing operation. _

19. A process as claimed in Claim 18 in which the washing operation of

| step (f) is also carried out in 2 number of stages in counter-current
fashion such that the terephthalic acid is contacted with aqﬁeous wash
liquor of increasing purity as it is progressed through the washing

operation.
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"I.i'qu'o'r' fromstep (e) and recycling the sanme in the process whereby the

wat er content thereof and valuable materials therein are retained wthin

t he procesSHis Sheet A Befn Replacdss as clainmed in Caim 27 in which aqueous

medi umfrom r-wash liquor fromstep (e) is recycled for use

i n step (a)| I“Mmirm as claimed in Caim27 or 28 including treating
aid recovere aqueous nedlun1and/or wash-E8quor before recycle within the

process to reduce the paratoluic-acid content thereof. 30 30. A process-as

claimed in any one of Clainms 27 to 29 including treating said recovered

e Dondianch HERGesA A8 GLALBed in any one of Claims 10 fo 13 1k ich® |

reaction medium and aquecus wash liquor recovered from step (b) is

recycled to the oxidation reaction of step (a).

21. A process as claimed in any one of Claims 10 to 20 in which, prior
to step (d), the agqueous solution of crudefieééphthalic acid is
-subjected to oxidation to increase conversion of terephthalic acid
precursor compounds into terephthalic acid.’

22. A process as claimed in any one of Claims 10 to 21 in which the
heat of reaction generated in step (a)-is removed by withdraqéng vapour
containing carboxylic acid and water from the reaction and processing
the vapour to derive a water component and a carboxylic acid component._
23. A process as claimed in Claim 22 in which water component derived
from said vapour is employed in step (c).

24. A process as claimed in Claim 22 or 23 in which water component
derived from said vapour is employed as aqueous wash liquid in step
(£).

25. A process as claimed in any one of Claims 10 to 24 in which
carboxylic acid component derived from said vapour is recycled to step
(a). ‘

26. A process as claimed in Claim 10 or any one of Claims 13 to 25
when dependent on Claim 10 in whichlliquo; derived from step (f) is
evaporated or cooled to recover a less pure terephthalic acid
precipitate which is recycled to, step (a).

27. A process as claimed in any one of the preceding claims in which
the pressure differential established between upstream and downstream
sides of the filter medium is created by means of a pressurised fluid
constituted at least in part by a solvent component of the liquer,
which component is in its vapour phase whereby flashing of the solvent
component actually present in the liquor is substantially suppressed
duriﬁg filtration of the terephthalic asidlliquor slurry.

28._.A process as claimed in Claim 27 in which the partial pressure of
said solvent component in or forming the pressurised fluid on the
downstream side of the filter medium is maintained substantially at or
above the vapour pressure of the solvent component actually present in

the slurry fed to the upstream side of the filter medium.
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‘31. -K.prtfcess as clained in Claim29 or 30 in which said treatnent _
conpri Sesgﬁgmtlﬁagggegne died out .in a'colum for use in the separation 35

of water frf , said colum being associated with a reactor for
t he product MHMI de terephthalic acid. 32. A process as clainmed in
any one of 1 in-which the washing operation of step (e) is

carried out in a nunber of stages in counter-current fashion such that the
terephthalic acid is contacted with 40 aq‘tf@ﬁus wash |iquor of increasing.
purity as it is progressed through the washing operation.

PROCESS FOR THE PRODUCTION OF PURTFIED TEREPHTHALIC ACID

A process for the production of purified terephthalic acid
comprises subjecting an aquequs solution of crude terephthalic acid to
hydrogenation to reduce impurities therein‘:;rzgtallising the resulting
solution to produce a slurry of purified cg;eﬁﬁihalic acid in aqueous
liquor and carrying out an integrated terephthalic acid separation and
washing process without a reslurrying stage between separation and
washing. In one form of the invention, the integrated separation and
washiné process is implemented at elevated pressure by means of a belt
filtration system (100, Figure 2) in which the pressure on the
downstream side of the filter belt is no less than that prevailing =
following pressure let-down in the crystallisation process. Other
implementations of the invention may be achieved by means of centrifuge
apparatus incorporated arrangements for the appiication of wash liquor

to the cake formed during centrifuging (Figures 3 and 4).

FIG. 2
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--284 33 A process as clained in any one of Clalns 27 to 32 in which the
filtrati on of steps (d) and (e) isicarried out while conveying nateri al
conprising terephthalic acid on a band through said first and second zones.
5 34. A process as clained in aim33 in which the band is continuous. 35.
A process as clained in any one of Cains 27 to-34 in which the slurry of
terephthalic acid crystals introduced into the first zone is at a
tenmperature in excess of [err] and up to [err]. 36. A process as clained in
any one of Cains 27 to 34 in which it/ke -
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‘20 'sl'urry of terephthalic acid crystals introduced into the first zone is
at a tenperature in the range of [err] to [err] 37. A process as clained in
any one of Clainms 27 to 36 in which the filtration of steps (d) and (e) is
carried out under a pressure of 2 to 15 bara on the slurry side of the
filter material. 15 38. A process as clained in any one of Clains 27 to 36
in which the filtratien of steps (d) and (e) is carried out under a
pressure of 8 to 15 bara on the slurry side of the filter material. 39.-A
process as clainmed in any one of Clains 27 to 38 in which agqueous nedi um
separated in step (d) is evaporated or cooled to produce a |less 20 pure
terephthalic acid precipitate for r%@@cle to a reactor for effecting
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‘the*l’i qui d phase oxidation of paraxylene to produce the crude terephthalic
acid. 40+ A process as clained in any one of Clains 27 to 39 in which the
separation and washing of steps (d) and (e) are inplenmented under 25

el evated pressure conditions using a filter system selected fromthe group
consisting of a pressurised belt filter and a pressurised rotary
cylindrical filter. 41:. A process for the production of terephthalic acid
conprising: (a) effecting oxidation of paraxylene in a reaction nedium -
conprising an 30 aliphatic carboxylic acid to produce a first slurry of
crude terephthalic acid in the reactig?6nediun1
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(b) ‘subjecting said first slurry to an integrated separati on and washi ng
process in which the reaction mediumis renpved fromthe crude terephthalic
~acid with the aid of an aqueous wash |iquor and wi thout 35 reslurrying the
~crude terephthalic acid prior to washing thereof with the aqueous wash

. liquor; (c) dissolving the crude terephthalic acid fromstep (b) in an
aqueous nediumto produce a terephthalic acid-containing solution; (d)
contacting the terephthalic acid solution with hydrogen under 40 reducing
conditi.ons and el evated tenperature and pressure conditions to
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~29-* reduce chenically at |east some of the inpurity present in the crude
terephthalic acid; (e) reducing pressure and tenperature to obtain a second
slurry conmprising crystallised purified terephthalic acid in agueous nedi um
5 containing reduced inpurities in solution; and (f) subjecting the second
slurry to an integrated separati on and washi ng process in which

- sai d" aqueous nediumis..-renoved fromthe purified terephthalic acid with the
- aid of an aqueous wash liquor and w thout reslurrying the purified

' terephthalic acid prior to washing gfgereof with

362

L..__.____.___‘
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Fig.5
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10" t'he aqueous wash |iquor; the separation and washing process carried out
in-step’(b) being inplemented under el evated pressure conditions using a
centrifuge provided with neans for effecting washing of the terephthalic
acid. 42. A process as clained in Caim4l conprising feeding said slurry
of 15 crude terephthalic acid through a first zone of the centrifuge in
whi ch said reaction mediumis largely renmoved fromthe slurry to produce a
wet deposit of jterephthalic acid and feeding the wet deposit through a-
second zone injwhich water is pas®sgé through said wet deposit. 43. A
process for the production of terephthalic acid conprising: 20 (a)
effecting oxidgtion of paraxylene in a reaction nmedium conprising an
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ali'phatic c ' ' produce a first slurry of crude terepht faf¢€ s
acid in them mm H)i“m Hlm (b) subjecting said first slurry to an
i ntegrated sepatati orw and washi ng process in which the reaction nediumis

renmoved fromthe crude 25 terephthalic-a¢t+d with the aid of an agueous wash

i quor and i { oW oEES) HEEYNTpLOGEIMHIE: | LEAILATLE QAR ot Ong0 uaSHI 1O

thereof w t]h' t he aaueous wash r,; (c I.ssol vi ng, the ¢rude ter,ePht hal i c
acid from st®p Tﬁ(f)ecF’rf‘gaﬁxé‘EﬁFéBHs%wBﬂfWF’be pRoY R TR e SpRrising an
aci d- cont ai aliiphasiol gatloxyl 86 z(cdil aydnvatstri ke prheutee @efingtablerrycetl oxvdieit i on
Wi th hydrog@&_egﬂg}grlieeggigi 09 henskdilal enseqdzd: el evated tenperature and
pressure éﬂ)ﬂﬂltéﬁy&% gfévated pressure conditions subjecting said first slurry to
an integrated filtration and water washing process in which said acidic
medium is exchanged with water to produce a water-containing mass of
crude terephthalic acid crystals;
(c) dissolving the water-—containing crude terephthalic acid crystals
10 from step (b) in water to produce an aqueous terephthalic acid-containing
medium; '
(d) contacting the agueous terephthalic acid-containing medium with
hydrogen under reducing conditions and elevated temperature and pressure
conditions to reduce chemically at least some of the impurity present in
18 the crude terephthalic acid; ‘ |
(e) reducing pressure and temperature to obtain a second slurry
comprising crystallised purified terephthalic acid in aqueous medium
containing reduced impuritiés in solution; and '
“{f) under elevated pressure conditions subjecting the second slurry to
20 an integrated filtration and water washing process in which said aqueous
medium is displaced from the purified terephthalic acid by water.
2. A process as claimed in Claim 1 in which the washing operation of
step (b) is carried out in a number of stages in counter-current fashion
such that the crude terephthalic acid is contacted with wash liquor
25 comprising water of increasing purity as it is progressed through
successive stages of the washing operation. .
3. A process as claimed in Claim 1 in which the washing operation of
step (f) is carried out in a number of stages in counter-current fashion
such that the purified terephthalic acid is contacted with wash liquor
comprising water of increasing purity as it is progressed through
successive stages of the washing éperation.
4. A process as claimed in Claim 1, 2 or 3 in which said integrated
filtration and washing process carried out in step (b) is implemented
under elevated pressure conditions using a moving band of filter material
35 to effect filtratiom.
5. A process as claimed in any one of Claims l.to 4 in which said
integrated filtration and washing process carried out in step (£) is
implemented under elevated pressure conditions using a moving band of
filter material to effect filtration.
40 6. A process as claimed in Claim 4 or 5 in which said band is

continuous.
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reduce cheni caH' of the inpurity present in the crude
terephthalic a mﬂmmmgulﬂmﬁ pressure and tenperature to obtain a second
slurry 35 conprrsing wcr ed purified terephthalic acid in aqueous
medi um contai ning reduced inpurities in-8dtution; and (f) subjecting the
aqueous: el i FsPrsrated: tr st R il 58 ol ATk Wl Ul 8
of an aquebts*SEBATTi Ghots SRATWMIChDUITADSRES| ther FRTRFERYE® FIFFFY &8 the
t erepht hal | sPpex duprtiheretH thasiging fihetesdpamptivnt heneduehishwelsh akidfiropr
This is t he aGRduRCREBRN §§“§%barated from the terephthalic acid component of the
§ respective slurry to leave a wet mass of crude or pure terephthalic acid
| containing residual acidic or agqueous medium on the filter material and a
second washing zone in which wash liquor comprising water is passed
through said mass of terephthalié acid.
8. A process as claimed in Claim 7 in which the band of filter material

10 traverses a third zone in which the water washed terephthalic acid is

removed from the belt filter and in which the belt filter itself is

washed to remove adhering deposits during its return travel from said

third zone to the first zone.

S. A process as claimed in Claim 7 or 8 in which the band of filter
o 15 material used to carry out the separation and washing process of step (f)
k“/ is operated with a pressure differential such that the pressure

prevailing on the low pressure side of the filter is no less than said

pressure prevailing following step (e).

10. A process as claimed in Claim 1, 2 or 3 in which said

20 integrated filtration and washing process carried out in step (b) is

implemented under elevated pressure conditions using a centrifuge.

11, A process as claimed in Claim 1, 2 or 3 in which said

integrated filtration and washing process carried out in step (f) is

implemented under elevated pressure conditions using a centrifuge.

25 12. A process as claimed in any one of the preceding claims in which the
acidic medium and wash liquor recovered from step (b} are recyéled for
use in step (a).

13. A process as claimed in any ocne of the preceding claims in which,
prior to step (d), the aqueous terephthalic acid-~containing medium is
suqucted to oxidation to increase conversion of terephthalic acid
precursor compounds into terephth#lic acid.
14. A process as claimed in any one of the preceding claims in which the
heat of reaction generated in step (a) is removed by withdrawing vapour
containing said aliphatic carboxylic acid and water from the reaction and
35 distilling said aliphatic carboxylic acid and water to derive a water
component and an aliphatic carboxylic acid component.
15. A process as claimed in Claim 14 in which the water component is
employed in step (c).
16. A process as claimed in Claim 14 or 15 in which the water component
40 is employed as wash liquor in step (f).
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-30- t’he separ [ process carried out in step (f) being

i mpl enent ed urlmllmllm]nlmﬂm sure conditions using a centrifuge provided

with neans for *ffectiinf washing of the terephthalic acid. 44 A process as

claimed in C aim43 conprising feeding-2-d slurry of 5 purified
terephthalic acid through a first zone of the centrifuge in which said

agqueous medi afi & ‘I’%f’rcﬁégfsr EhoVEE 7 GRY tare oF (rheyPIssepirm fdaing detwhdehosi t

of terepht hafiktrate dexrded dedinngrephbf) Wbt elepositiedt i @oghedd to recover a less
pure terephthalic acid precipitate which is recycled to step (a).

18. A process as claimed in ahy one of the preceding claims in which

$§ aqueous filtrate derived from step (f) is passed té a distillation column
for separation of water and aliphatic carboxylic derived from the
oxidation reaction of étep {a) whereby water present in said filtrate
from step (f) is recovered and passed to the washing process of step (b)
together with water separated from said aliphatic carboxylic acid.

10 19. A process as claimed in any one of Claims 1 to 6 comﬁfising
maintaining a differential pressure across the filter surface in step (f)
such that, on the lower pressure side of the filter ;urface, the pressure
is substantially the same as or greater than the pressure prevailing
following step (e).

16 20. A process as claimed in any one of the preceding claims in which the
pressure differential established between upstream and downstream sides
of the filter in step (b) or step (f) is created by means of a
pressurised fluid constituted at least in part by a solvent component of
said medium, which component is in its vapour phase whereby flashing of

20 the solvent component actually present in said medium is substantially
suppressed during filtration of the crude or purified terephthalic acid
slurry.

21. A process as claimed in Claim 20 in which the partial pressure of
said solvent component in or forming the pressurised fluid on the

25 downstream side of the filter is maintained substantially at or above the
vapour pressure of the solvent component actually present in the slurry
fed to the upstream side of the filter.

22. A process as claimed in Claim 20 in which the solvent component
employed in step (f) comprises steam.

\— 30 23.

the major part (by volume) of said pressurising fluid.

A process as claimed in Claim 22 in which the steam forms at least

24. A process as claimed in Claim 22 or 23 in which the partial pressure
of the steam of the pressurised fluid on the downstream side of the
filter is maintained substantially at or above the vapour pressure of the
35 water in the terephthalic acid slurry fed to the upstream side of the
filter.
25. A process as claimed in any one of the preceding claims in which the
upstream side of the filter surface with which the slurry is contacted is
maintained at a pressure within the tange of 2 to 15 bara and the
40 downstream side of the filter surface is at a pressure which is from 0.1
to 10 bar lower. ’
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setond zo wat er s passed through said wet deposit. 45. A _
process a m l lﬁﬂwone of Clains 41 to 44 in which aqueous 10 nedi um
derived f «evaporated or cooled to recover a less pure

terephthalic acid preC| p| tate whi ch i s 42geycl ed to step (a). 46. dA Eroce?‘s
~as claimed ip. Oaim42 jch the washing water is_passed throug
said wet depggl tfi‘l 55D uarsa H’;’“ %h“étaﬂlje?el Rt é‘(B‘ﬁn?’éerceEtﬁ‘-’r Eheitadni g Buch
that the ter&pt ﬁéH?*LataEl‘EPrngb’Gma%ltdedommheiicaqusdmsh | i quor of

i ncreasi ng p2ri ty mckss irptigpessadativrovghtlbe washhiaipaialj on. 47. A
process as clLgigredidfl any one of Clains 41 to 46 in which the water used
f or washi nég qe rudgn and/tgr gurl fied terephthalic acid is

issolving ude terephthalic acid in an aqueous medium to
produce a terephthalic acid-containing solution; and
{b) contacting the terephthalic acid solution with hydrogen under
reducing conditions and at elevated temperature and pressure to reduce
chemically at least some of the 1mpur1ty present in the crude
10 terephthalic acid;
{c) reducing pressure and temperature after step (b) to obtain a slurry
comprising crystallised purified terephthalic acid in aqueous medium;
(d) in a first zone effecting separation of the purified crystals from
the aqueous medium by filtration of the slurry to remove agueous medium
. - 15 through a filter surface to obtain a wet mass of purified crystals;
-/ (e)
second zone without reslurrying said mass and supplying aqueous wash
ligquor to said mass while effecting filtration whereby the wash liquor is .
displaced through the mass and through the filter surface in the second
20 zone; and ’

transferring said wet mass of crystals on said filter surface to a

(f) recovering the aqueous medium from step (d) and/or the agueous wash
liquor from step (e) and recycling the same in the process whereby the
water content thereof and valuable materials therein are retained within
the process.

25 28. A process as eleimed in Claim 27 in which aqueous medium from step
(d) and/or wash liquor from step (e) is recycled for use in step (a).
29. A process as claimed in Claim 27 or 28 including treating said
recovered aqueous medium and/or wash liquor before recycle within the
process to reduce the paratoluic acid content thereof.

\/ 30 30.

treating said recovered aqueous medium and/or wash liquor before recycle

A process as claimed in any one of Claims 27 to 29 including

within the process to produce substantially pure water.

31. A process as claimed in Claim 29 or 30 in which said treatment

comprises distillation carried out in a column for use in the separation
35 of water from acetic acid, said column being associated with a reactor

for the production of the crude terephthalic acid.

32. A process as claimed in any one of Claims 27 to 31 in which the

washing operation of step (e) is car;ied out in a number of stages in

counter-current fashion such that the terephthalic acid is contacted with
40 ' agueous wash liquor of increasing purity as it is progressed through the

washing operation.
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33. A process as claimed in .any one of Claims 27 to 32 in which éhe
filtration of steps (d) and (e) is carried out vwhile conveying material
comprising terephthalic acid on a band through said first and second
zones. ' _
34. A process as claimed in Claim 33 in which the band is continuous.
35. A process as claimed in any one of Claims 27 to 34 in which the

slurry of terephthalic acid crystals introduced into the f£irst zone is at

"a temperature in excess of 120°C and up to 180°C.

36. A process as claimed in any one of Claims 27 to 34 in which the
slurry of terephthalic acid crystals introduced into the first zone is at
a temperature in the range of 170°C to 200°C.

37. A process as claimed in any one of Claims 27 to 36 in which the
filtration of steps (d) and (e} is carried out under a pressure of 2 to
15 bara on the slurry side of the filter material.

38. A process as claimed in any one of Claims 27 to 36 in which the
filtration of steps (d) and (e} is carried out under a pressure of 8 to
15 bara on the slurry side of the filter material.

39. A process as claimed in any one of Claims 27 to 38 in which aqueous
medium separated in step (d) is evaporated or cooled to produce a less
pure terephthalic acid precipitate for recycle to a reactor for effecting
the liquid phase oxidation of paraxylene to produce the crude
terephthalic acid. )

40. A process as claimed in any one of Claims 27 to 39 in which the
separation and washing of steps (d) and (e) are implemented under
elevated pressure conditions using a filter system selected from the
group consisting of a pressurised belt filter and a pressurised rotary
cylindrical filter.

41. A process for the production of terephthalic acid comprising:

{a) effecting oxidation of paraxylene in a reaction medium comprising an
aliphatic carboxylic acid to produce a first slurry of crude
terephthalic acid in the reaction medium;

{b) subjecting said first slurry to an integrated separation and washing
process in which the reaction medium is removed from the crude
terephthalic acid with the aid of an aqueous wash liquor and without
reslurrying the crude terephthalic acid prior to washing thereof with
the aqueous wash ligquor;

{c) dissolving the crude terephthalic acid from step (b) in an aqueous
medium to produce a terephthalic aci§fcontaining solution;

{d) contacting the terephthalic acid solution with hydrogen undexr
reducing conditions and elevated temperature and pressure conditions to
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reduce chemically at least some of the impurity present in the crude
terephthalic acid; N

{e) reducing pressure énd temperature to obtain a second slurry
comprising crystallised purified terephthalic acid in agqueous medium
containing reduced impurities in solution; and_*

(f) subjecting the second slurry to an integrated separation and washing
process in which said ‘aqueous medium is removed from the purified
terephthalic acid with the aid of an équeous wash liquor and without
reslurrying the purified terephthalic acid prior to washing thereof with
the agueous wash liquer; ‘

the separation and washing process carried out in step (b} being
implemented under elevated pressure conditions using a centrifuge
provided with means for effecting washing of the terephthalic acid.

42. A process as claimed in Claim 41 comprising feeding said slurry of
crude terephthalic acid through a first zone of the centrifuge in which
said reactioh medium is largely removed from the slurxry to produce a wet
deposit of terephthalic acid and feeding the wet deposit through a second
zone in which water is passed through said wet deposit.

43. A process for the production of terephthalic acid comprising:

(a) effecting oxidation of paraxylene in a reaction medium comprising an
aliphatic carboxylic acid to produce a first slurry of crude
terephthalic acid iﬁ the reaction medium; )

{b) subjecting said first slurry to an integrated separation and washing
process in which the reaction medium is removed from the crude
terephthalic acid with the aid of an aqueous wash liquor and without
reslurrying the crude terephthalic acid prior to washing thereéf with
the aqueous wash liquor;

{c) dissolving the crude terephthalic acid from step (b) in an agueous
medium to produce a terephthalic acid-containing solutién;

(d) contacting the terephthalic acid solution with hydrogen under
reducing conditions and elevated témperature and pressure conditions to
reduce chemically at least some 6f the impurity present in the crude
terephthalic acid; -
(e) reducing pressure and temperature to obtain a second slurry
comprising crystallised purified terephthalic acid in agueous medium
containing reduced impurities in solution; and

(f) subjecting the second slurry to an integrated separation and washing
process in which said aqueous medium is removed from the purified
terephthalic acid with the aid of an’ aqueous wash liquor and without
reslurrying thg purified terephthalic acid prior to washing thereof with

the agueous wash liquor;
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implemented under elevated pressure conditions using a centrifuge
provided with means for effecting washing of the terephthalic acigd.

44 A process as claimed in Claim 43 comprising feeding said slurry of

. purified terephthalic acid through a first zone of the centrifuge in

which said aqueous medium is largely removed from the slurfy to produce a
wet deposit of terephthalic acid and feeding the wet deposit through a
second zone in which water is passed through said wet deposit.

- 45. A process as claimed in any one of Claims 41 to 44 in which aqueous

medium dexived from step (f) is evaporated or cooled to recover a less
pure terephthalic acid precipitate which is recycled to step (a).

46. A process as claimed in Claim 42 or 44 in which the washing water is
passed through said wet deposit in a plurality of stages in
counter-current fashion such that the terephthalic acid is contacted with
aqueous wash liquor of increasing purity as it is progressed through the
washing operation. '

47. A process as claimed in any one of Claims 41 to 46 in which the
water used for washing the crude and/or purified terephthalic acid is

derived from aqueous medium removed from the second slurry.
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PROCESS FOR THE PRODUCTION OF PURIFIED TEREPHTHALIC ACID

A process for the production of pu:ifiéd terephthalic acid
comprises subjecting an aqueous solution of crude terephthalic acid to
hydrogenation to reduce impurities thereinﬂzérzgtallising the resulting
solution to produce a slurry of purified tg;eﬁﬁihalic acid in aqueous
ligquor and carrying out an integrated terephthalic acid separation and
washing process without a reslurrying stage between separation and
washing. In one form of the invention, the integrated separation and
washing process is implemented at elevated pressure by means of a belt
£iltration systeﬁ (100, Figure 2) in which the pressure on the
downstream side of the filter belt is no less than that prevailing
following pressure let-down in the crystailisaticn process. Other
implementations of the invention may be achieved by means of centrifuge
apparatus incorporated arrangements for the appiication of wash liquor
to the cake formed during centrifuging (Figures 3 and &).

FIG. 2

et —
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