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GAS-DRIVEN ROTARY FILTER

TECHNICAL FIELD

The present invention relates to a gas-driven rotary filter, a method for separating a solid from a solvent in
the gas-driven rotary filter, and a process for manufacturing an aromatic dicarboxylic acid incorporating
this method.

BACKGROUND ART

Gas-driven filters, such as rotary filters, are used in numerous chemical processes that require the
separation of solids from liquids, such as the manufacture of synthetic infermediates, for instance
aromatic dicarboxylic acids such as terephthalic acid {TA), which is widely used in the manufacture of
polyesters, such as poly(ethylene terephthalate) (PET). A typical gas-driven rotary filter comprises a
plurality of filter cells arranged around the circumference of a rotatable filter drum, the interior of which
contains a filter mechanism typically made up of a series of drainage pipes that connect filter cloths or
membranes at the base of the filter celis to a mechanism for collecting and redirecting (e.g. to a different
focation in the filter) or discharging fluids (e.g. filtrate, wash fluids). The gas space between the
circumference of the filter drum and the housing in which it resides is maintained at a higher pressure
than the space helow the filter cloths by the injection of an inert gas (e.g. nitrogen) into this gas space,
which provides a motive force for filtration. The end walls of the housing are typically “dished” (i.e.
convex) to withstand the force exerted by the pressurised gas within if. A slurry is contacted with the
outer surface of the filter drum at a load point, the drum is rotated, and a resuitant filter cake is discharged
from the oufer surface of the filter drum at a discharge point. In addition {o separating a slurry into filter
cake and filtrale, gas-driven rotary filters may subject the filter cake to subsequent treatment (e.g.
washing) before discharging it. These gas-driven rotary filiers are therefore useful in the solvent

interchange step of processes for manufacturing aromatic dicarboxylic acids.

Aromatic dicarboxylic acids are commonly manufactured by the catalytic oxidation of a hydrocarbon
precursor in an organic solvent. The TA required as a reactant for PET production is khown as “purified
terephthalic acid” (PTA) and generally contains over 99.97 wt%, preferably over 99.99 wi%, of
terephthalic acid, and less than 25 ppm 4-carboxybenzaidehyde (4-CBA). On the commercial scale, PTA
suitable for use in PET production is generally prepared in a two-stage process. First, p-xylene is
oxidized (e.g. in air) in the presence of a metal catalyst (e.g. a cobalt andfor manganese salt or
compound) to provide “crude terephthalic acid” (CTA), as described in, for example, US 2,833,816.
Second, the CTA produced by this oxidation reaction is then purified, as it is typically contaminated by
impurities such as 4-CBA, p-toluic acid, and various coloured impurities that impart a yellowish colour to
the TA. Purification of the CTA typically requires at least one chemical transformation (e.g.
hydrogenation) in addition to at least one physical procedure (e.g. crystallization, washing, etc.) to yield
PTA. PTA is generally considered to be a commeodity item, with several million tonnes being produced
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annually, and it is therefore desirable for manufacturers to reduce their costs to maximise the economy

and efficiency of PTA production. This can be achieved both by reducing capital costs (e.g. equipment
costs) and variable costs (e.g. costs associated with waste disposal, use of starting materials, organic

solvent, heating fuel and demineralised water).

The CTA is transferred from the organic solvent-based system (typically comprising acetic acid) in which
it is produced to a water-based system via a solvent interchange step prior to the purification process, It
is desirable fo minimise carry-forward of organic solvent from this step to minimise the contamination of
the PTA product by this organic salvent, and to maximise the recovery of the organic solvent raw material
for recycle to the oxidation reaction. In addition, where the organic solvent is acetic acid, its removal at
this stage avoids the need to use materials with increased corrosion resistance in the equipment
downstream of this stage, thus reducing capital cost. In this solvent interchange step, CTA may be
filtered out of the organic solvent-based slurry resulting from the oxidation reaction using a gas-driven
rotary filter, and the resultant filter cake washed on the filter drum with water to remove as much organic

solvent as possible from the filter cake before it is discharged to the purification process.

The residual organic solvent content of the CTA discharged to the purification process has been found to
be higher than might be expected from simple washing efficiency calculations. It is believed that this is
due, in pari, to contamination of the CTA filter cake via the gas space between the circumference of the
filter drum and the housing. This contamination is caused by entrainment of droplets of wash liquid
contaminated with the organic solvent, and/or by entrainment of crganic solvent vapour, into the filter
cake. It has been suggested that the contamination of the CTA filter cake may be reduced by providing a
flow of inert gas in the gas space between the circumference of the filter drum and the housing that is
counter-current to the direction of travel of the CTA filter cake, i.e. from a location near the discharge

point to a location near the load point.

It is an object of the present invention to provide a gas-driven rotary filter in which the contamination of
the filter cake with the solvent from which it has been separated is minimised. It is a further object of the
present invention o provide a more economic and efficient process for the manufacture of aromatic

dicarboxylic acids. Further objects will be apparent from the description below.

DISCLOSURE OF THE INVENTION

{t has been found that even when a counter-current flow of inert gas in the gas space between the
circumference of the filter drum and the housing of a fypical gas-driven rotary filter is provided, the
contamination of the filter cake with the solvent from which it has been separated remains higher than
might be expected. Unexpectedly, it has also been found that this contamination may occur, at least in
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part, due to migration of solvent vapour through the gas space between the ends of the filtter drum and

the housing.

A first aspect of the present invention provides a gas-driven rotary filter comprising:

a) a housing;

b) a filter drum positioned within the housing and rotatable about its axis in a first direction within the
housing; and

c) means to provide a flow of gas within a gas space between the circumference of the filter drum

and the housing in a second direction,
characterised in that the gas-driven rotary fiiter is adapted to inhibit migration of solvent vapour through a

gas space hetween an end of the filter drum and the housing.

The inventors have found that by inhibiting (i.e. reducing or preventing altogether) migration of solvent
vapour through the gas space hetween the end of the filter drum and the housing, contamination of the
filter cake that is discharged from the gas-driven rotary filter with the solvent is reduced. Preferably, the
gas-driven rotary filter is adapted to inhibit migration of soivent vapour through gas spaces between both
ends of the filter drum and the housing to maximise the reduction in the contamination of the filter cake.
The migration of the solvent vapour may be inhibited by providing one or more baffle{s) extending
between the housing and the filter drum, providing the filter drum and the housing with at least one flat
end wall to minimise or eliminate the gas space between this end wall of the filter drum and the housing,
andfor by providing a positive gas pressure within the gas space between the end of the filter drum and

the housing to inhibit migration of the solvent vapour into this gas space.

The first direction and the second direction are suitably not the same. Preferably, the second direction is
opposite to the first direction {e.qg. if the first direction is clockwise, the second direction is anti-clockwise)
to reduce the migration of solvent vapour around the circumference of the filter drum, thus reducing the

contamination of the filter cake with the solvent from which it has been separated.

This aspect of the present invention also provides a method of separating a solid from a solvent in a gas-

driven rotary filter comprising the steps of;

(i) introducing a mixture of the solid and the solvent onto an outer surface of a filter drum within a
housing of the gas-driven rotary filter;

(if) rotating the filter drum about its axis in a first direction within the housing;

{iif) providing a flow of gas within a gas space between the circumference of the filter drum and the
housing in a second direction,

characterised in that the gas-driven rotary filter is adapted to inhibit migration of solvent vapour through a

gas space between an end of the filter drum and the housing.
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The solid may be an aromatic dicarboxylic acid, in particular a crude aromatic dicarboxylic acid, such as

crude terephthalic acid. The solvent may be an organic solvent, such as acetic acid.

Accordingly, a further aspect of the invention provides a process for the production of a purified aromatic

dicarboxylic acid comprising the catalytic oxidation of a hydrocarbon precursor in an organic solvent,

comprising the steps of;

hi oxidising the hydrocarbon precursor in the organic sclvent in the presence of a metal catalyst to
provide a crude aromatic dicarboxylic acid; and

1} purifying the crude aromatic dicarboxylic acid to yieid the purified aromatic dicarboxylic acid,

wherein the process further comprises the step of separating solid crude aromatic dicarboxylic acid from

the organic solvent via the method of the first aspect of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Error! Reference source not found. is a cross section of a conventional gas-driven rotary filter.

Error! Reference source not found. is a radial section and a cross section of a gas-driven rotary filter of
the present invention.

Error! Reference source not found. is a radial section and a cross section of a gas-driven rotary filter of
the present invention.

Error! Reference source not found. is a radial section and a cross section of a gas-driven rotary filter of
the present invention.

Error! Reference source not found. is a radial section and a cross section of a gas-driven rotary filter of
the present invention.

Error! Reference source not found. is a radial section and a cross section of a gas-driven rotary filter of
the present invention.

Error! Reference source not found. is a radiat section and a cross section of a gas-driven rotary filter of

the present invention.

DETAILED DESCRIPTION OF THE INVENTION
Various embodiments of the invention are described herein. It will be recognised that features specified in
each embodiment may be combined with other specified features to provide further embodiments.

A gas-driven rotary filter comprises a filter drum positioned within a housing.
Housing

The housing cenfains the filter drum, which is rotatable about its axis in a first direction within the housing.

The housing is typically substantially cylindrical, but other shapes may be employed. If the housing is
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cylindricai, the axis of the housing may be parallel to the axis of the filter drum, and these axes may be

aligned but are typically offset reiative to one another. Altemaftively, the axis of the housing may be
perpendicular to the axis of the filter drum. The housing typically confains the means to provide the flow
of gas within the gas space between the circumference of the filter drum and the housing in the second
direction. The housing typically also contains means for contacting a slurry (i.e. a mixture of solid and
solvent) with the outer surface of the filter drum at a load peint, means for discharging a filter cake from

the outer surface of the filter drum at a discharge point, and one or more wash liquid inlets.

The gas space between the circumference of the filter drum and the housing is maintained at a higher
pressure than the space within the filter drum by the injection of an inert gas (e.g. nitrogen) into this gas
space. This pressure differential provides a molive force for filtration. The gas pressure in the gas space
between the circumference of the filter drum and the housing is typically about 2 barg, although pressures
of up to about 4 barg, up fo about 6 barg, up to about 8 barg, or up to about 10 barg may be used.
Conventionally, the end walls of the housing (commonly known as "heads”) are dished (e.g.
hemispherical or torispherical} o withstand the force exerted by the pressurised gas within it. However, in
the present invention, the end wall(s) of the filter drum and the wall(s) of the housing adjacent the end(s)
of the filter drum at at Jeast one end, and preferably at both ends, of the filter drum may be flat to minimise
or eliminate any gas space between the end(s) of the filter drum and the housing, thus inhibiting migration
of solvent vapour through the gas space(s) between the end(s) of the filter drum and the housing. In this
embodiment, the end wall(s) of the filter drum and the wall(s) of the housing are suitably adjacent in that
they are positioned as close together as possible without interfering with the rotation of the filter drum,

thus minimising or eliminating any gas space between the end(s} of the filter drum and the housing.

The gas space(s) between the end, preferably both ends, of the filter drum and the housing may be
provided with a positive gas pressure to inhibit migration of the solvent vapour into the gas space(s).
Specifically, the gas-driven rotary filter may comprise means for injecting an inert gas {e.g. nitrogen) into
the gas space(s) between the end, preferably both ends, of the filter drum and the housing, suitably at a
pressure greater than that in the gas space between the circumference of the filter drum and the housing,
e.g. the inert gas may be injected info the gas space between the end (or both ends) of the filter drum and
the housing at greater than about 2 barg, or greater than about 4 barg, or greater than about 6 barg, or
greater than about 8 barg, or greater than about 10 barg.

Baffles

The gas-driven rotary filter may comprise one or more haffle(s) extending between the housing and the
filter drum, inhibiting migration of solvent vapour through the gas space between the end, preferably both
ends, of the filter drum and the housing, particularly where the ends of the housing are dished. The
baffle(s) may be attached to the housing or the filter drum, although, as the filter drum is rotatable, it is
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preferred that the baffle(s) be attached to the housing. The baffle(s) suitably extend all the way from the

housing to the filter drum, i.e. the baffle(s) suitably extend from the housing to make contact with the filter
drum {or vice versa), typically forming an airtight seal and thereby forming a physical barrier fo the
migration of solvent vapeour through the gas space(s) between the end(s) of the filter drum and the
housing. Alternatively, one or more baffle(s) may extend from the housing and one or more baffle(s) may
extend from the filter drum to communicate with (e.g. contact) the one or more baffle(s) extending from
the housing, thus typically forming an airtight seal and thereby forming a physical barrier to the migration
of solvent vapour through the gas space(s) between the end(s) of the filter drum and the housing. in
either configuration, if there is a smalt gap between the baffle and the filter drum/housing, or between the
respective baffles, migration of solvent vapour through the gas space between the end{s} of the filter

drum and the housing can stilf be inhibited.

In one configuration, the gas-driven rotary filter comprises one or more annular baffle(s) extending
between the end(s), preferably both ends, of the filter drum and the housing, inhibiting solvent vapour
from entering the gas space between the end(s) of the filter drum and the housing. The annular baffle(s)
suitably extend longitudinally between the end(s) of the filter drum and the housing, and suitably have the
same diameter as the filter drum, thus can be viewed as extending the outer surface of the filter drum to
join the wall(s) of the housing. The annular baffle(s} may extend around the whole circumference of the
filter drum, or around part of the circumference whilst remaining effective to inhibit sclvent vapour from
entering the gas space(s) between the end(s} of the filter drum and the housing. For instance, the
annular baffle(s) may extend around the circumference of the filter drum from the load point to the
discharge point in the direction of rotation of the filter drum (i.e. the first direction).

In a further configuration, the gas-driven rotary filter comprises one or more circumferential baffle(s)
extending between the filter drum and the housing (i.e. suitably extending radially between the
circumference of the filler drum and the housing), thus inhibiting solvent vapour from migrating axially
across the filier drum to enter the gas space(s) between the end(s) of the filter drum and the housing. As
the concentration of solvent vapour in the gas space between the circumference of the filter drum and the
housing is typically greatest around the load point, the baffle(s} suitably extend circumferentially from the
load point towards the discharge point, thus inhibiting solvent vapour from migrating axially across the
filter drum to enter the gas space(s) between the end(s) of the filter drum and the housing adjacent the
load point. The baffle(s) may extend circumferentially across the whole distance from the load point
towards the discharge point in the direction of rotation of the filter drum (i.e. the first direction), or across
part of this distance, e.g. across up to half of this distance, or across up to a quarter of this distance.
Preferably, the gas-driven rotary filter comprises a circumferential baffle extending between the filter drum
and the housing at both ends of the filter drum, thus inhibiting solvent vapour from entering the gas
spaces between the ends of the filter drum and the housing. The gas-driven rotary filter may further
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comprise additional circumferential baifle(s) between these two circumferential baffles to inhibit solvent

vapour from migrating axially across the filter drum.

If the housing is cylindrical and its axis is aligned with that of the filter drum, one or more circular
circumferential baffle(s) may be attached to the filter drum and extend between the housing and the filter
drum. Alternatively, particularly if the housing is not cylindrical and/or its axis is not aligned with that of
the filter drum, one or more circular circumferential baffle(s) may be attached to the filter drum and extend
between the filter drum and one or more correspending baffle(s) attached fo the housing. The circular
circumferential baffle(s) attached to the filter drum may thus communicate (e.g. they may abut, or overlap)
with the baffie(s) attached to the housing, typically forming an airtight seal and thereby inhibiting migration
of solvent vapour through the gas space(s) between the end(s) of the filter drum and the housing. A
sealing bead or a ring of a sealant material may be included where the baffles communicate to ensure the
formation of an airtight seal. The baffle(s) attached to the housing may therefore include a circular
opening that is the same size as or smaller than the circudar circumferential baffle(s) attached to the filter
drum. If the baffles overlap, the baffte(s) attached to the housing may be displaced outward (i.e. towards
the wall(s) of the housing) of the circular circumferential baffle(s) attached to the filter drum, or may be
dispiaced inward of the circular circumferential baffle{s) aftached to the filter drum. The circular
circumferential baffle(s) are suitably positioned at the end, preferably both ends, of the filter drum, and the

baffle(s) attached to the housing are positioned in a corresponding location on the housing.

in a further configuration, the gas-driven rolary filtler comprises one or more longitudinal baffle(s)
extending between the end(s), preferably both ends, of the filter drum and the housing, thus inhibiting
migration of solvent vapour through the gas space(s) between the end(s) of the filter drum and the
housing. In paricular, the haffle(s) may extend radially from the axis of the filter drum fo the
circumference of the filter drum, preferably from the axis of the filter drum to the housing, and extend
longitudinally between the end(s) of the filter drum and the housing, inhibiting solvent vapour that has
entered the gas space(s) between the end(s) of the filter drum and the housing from exiting the gas
space(s) in the location of the discharge point. The gas-driven rotary filter may comprise a plurality of
such longitudinalfradial baffles, spaced at intervals around the whole circumference of the filter drum, or
around part of the circumference, e.g. from the load point to the discharge point in the direction of rotation
of the filter drum (i.e. the first direction). Thus, if the gas-driven rotary filter comprises a first
longitudinal/radial baffte and a second longitudinalfradial baffle arranged between the load point and the
discharge point in the direction of rotafion of the filter drum and the angle between the first
longitudinal/radial baffle and the second longitudinal/radial baffle is X°, solvent vapour entering the gas
space between the ends of the filter drum and the housing and between the first iongitudinalfradial baffie
and the second longitudinaliradial baffle cannot exit this gas space more than X° further around the

circumference of the filter drum in the direction of rotation of the filter drum from the point at which it
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entered this gas space. The gas-driven rotary filler may suitably comprise at least two, at least three, at
least four, at least five, or at least six longitudinal/radial baffles at one, or preferably at both, ends of the
filter drum. These longitudinal/radial baffles may be evenly spaced around the filter drum, andfor may be
separated by at least 10° at least 20° at'least 30° at least 40°, at least 50°, or at least 60°, and/or by less
than 120° less than 110°, less than 100°, less than 90° less than 80°, or less than 70°. The gas-driven
rotary fiter may comprise one or more longitudinal/radial baffle(s) spaced at least 10° at least 20°, at
feast 30°, at least 40°, at least 507, at least 60°, at least 70°, at [east 80°, at least 90°, and/or by iess than
180°, less than 170°, less than 160° less than 150°, less than 140°, less than 130°, less than 120° less
than 110°, or less than 100° from the load point in the first direction (i.e. the direction of rotation of the

filter drum).

in one embodiment, the gas-driven rotary filter comprises the annular baffle(s) and circumferential
baffle(s) described above. In another embodiment, the gas-driven rotary filler comprises the annular
baffle(s) and longitudinal/radial baffle(s) described above. In this embodiment, the longitudinal/radial
baffle(s) extend longitudinally between the filter drum and the housing and radially between the annular
baffle(s) and the housing. In another embodiment, the gas-driven rotary filter comprises the
circumferentiat baffle(s) and longitudinal/radial baffle(s) described above. In another embodiment, the
gas-driven rotary filter comprises the annular baffie{s}, circumferential baffle(s) and longitudinalfradial

baffle(s) described above.

The gas-driven rotary filter may comprise any combination of the above features for inhibiting migration of
solvent vapour through the gas space(s) between the end(s) of the filter drum and the housing. In
particular, the gas-driven rotary filter may comprise one or more baffle(s) extending between the housing
and the filter drum and may comprise means for injecting an inert gas into the gas space(s) between the

end(s) of the filter drum and the housing.

Fifter drum

The filter drum is suitably cylindrical and comprises a plurality of filter cells {typically between 16 and 24)
arranged around its circumference (i.e. its curved surface, as opposed lo its end surface, which is
typically flat). Thus, the ouler surface of the filter drum may comprise a plurality of circumferentially
arranged filter cells andfor a plurality of longitudinally arranged filter cells that may form an array of filter
cells across at least part (and preferably all) of the surface of the filter drum. The filter cells are defined,
and separated from each other, by filter cell walls which extend radially out from the surface of the filter
drum, and are typically arranged circumferentially and longitudinally across its surface. In a typical filter
drum, the filter cells accommodate filter cell inserts, which incorporate the filter medium (typically referred
to as a filter cloth or membrane) and are fastened (fypically bolted) to the drum. The filter cloth allows
fluids (e.g. filtrate (solvent), wash fluids) to pass through but collects filter cake (i.e. solids) upon its
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surface when a slurry is applied o the filter drum. The fitter cloth is typically made of plastic or metal

fabrtic, as required by the application, as is conventional in the art. Thus, each filter cell is suitably defined
by four walis, with the filter cloth at the base of the cell, thus forming a pocket in the outer surface of the
filter drum into which fluids (e.g. slurry, wash fluids) can flow and in which solid material can collect. Cake
thickness is typically within a range of 5 to 2060mm, or 50 to 175mm, or 120 to 150mm, and can be varied

by inserting spacers with the inserts.

The filter cell therefore provides a fluid inlet in the outer surface of the filter drum. Fluid that passes
through the fiiter cloth is collected by a filter mechanism that is typically made up of a series of drainage
pipes that connect the filter cloths to a mechanism outside the filter drum for collecting and redirecting or
discharging the fluid. A fluid pathway from the oufer surface of the filter drum to the mechanism for
collecting and redirecting or discharging the fluid is therefore provided by the filter cells, the filter cloths,
and the drainage pipes. The filter mechanism is typically enclosed by the filter drum, thus maintaining the
pressure differential across the filter cloths.

Gas flow within the housing

The housing typically contains the means to provide the flow of gas within the gas space between the
circumference of the filter drum and the housing in the second direction. Typically, this means comprises
one or more gas inlet(s) and cne or more gas outlef(s) displaced from the one or more gas inlef(s} in the
second direction. As noted above, the first direction and the second direction are suitably not the same,
i.e. the gas does not flow in the direction of rotation of the filter drum. For instance, the second direction
may be perpendicuiar fo the first direction. Preferably, the second direction is opposite to the first
direction, i.e. the flow of gas is in the opposite direction {counter-current) to the rotation of the filter drum.
Accordingly, the one or more gas outiet(s) may be displaced from the one or more gas inle{s} in the
direction of the load point.  The one or more gas inlet(s) and, oplionally, the one or more gas outle!(s)
may extend longitudinally across the length of the filler drum fo provide a consistent gas flow in the

second direction across the length of the filter drum.

Load point

The gas-driven rotary filter suitably comprises means for contacting a slurry with the outer surface of the
filter drum at a load point within the housing. Typically, this means comprises a trough that, during
operation of the gas-driven rotary filter, contains a slurry in which the filter drum is partially submerged.
Accordingly, the siurry in the trough prevents migration of solvent vapour from the load point to the
discharge point between the circumference of the filter drum and the housing in the opposite direction to
the direction of rotation of the filter drum. One or more baffle{s) may be provided between the trough and
the housing to inhibit migration of solvent vapour towards the discharge point via this route. if one or

more circular circumferential baffle(s) is attached to the end(s) of the filter drum, a seal may be provided
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between the end(s) of the frough and the circular circumferential baffle(s). The frough is suitably

continuously supplied with a slurry, such as a slurry of a solid crude aromatic dicarboxylic acid in an
organic solvent, at a pressure similar to that of the gas space between the circumference of the filter drum
and the housing, thus maintaining the level of the slurry in the trough.

Discharge point

The gas-driven rotary filter suitably comprises means for discharging a filter cake from the outer surface
of the filter drum at a discharge point within the housing. Typically, this means comprises a plough or
knife, which is arranged to scrape the filter cake off the outer surface of the filter drum as the fitter drum
rotates (e.g. the plough or knife may be arranged tangentially to the outer surface of the filter drum) and
which is also suitably arranged above a chute or a conveyor for removing the filter cake from the gas-
driven rotary filter. The gas-driven rotary filter may also comprise means for reslurrying the filter cake at
or adjacent to the discharge point, .g. the gas-driven rotary filter may comprise one or more water inlet(s)
for applying water to filter cake that has been scraped off the outer surface of the filter drum.

Wash liquid inlets

The gas-driven rotary filter suitably comprises one or more wash liquid inlet{s), which are suitably
positioned within the housing to wash filter cake on the outer surface of the filter drum, i.e. between the
circumference of the filter drum and the housing and between the and point and the discharge point. The
one or more wash liquid inlet(s) irrigate the filter cake, typically with an aqueous wash liquid {(e.g. water),
to wash residual solvent and, optionally, one or more other contaminants out of the filter cake. The one
or more wash liquid inlet(s) may extend longitudinally across the length of the filter drum to provide
consistent washing of the filter cake. The gas-driven rotary filler may comprise one or more first wash
liquid intet(s} and one or more second wash liquid iniet(s} that are dispiaced from the one or more first
wash liguid inlet(s) in the opposite direction to the direction of rotation of the filter drum. Fresh wash liguid
{e.g. clean water, or water from elsewhere in an aromatic dicarboxylic acid manufacturing process} may
be supplied fo the one or more first wash liquid inlet(s). Wash liquid from the one or more first wash liquid
inlet(s) that passes through the filter cloth may be collected by the filter mechanism that connects the filter
cloth o the mechanism outside the filter drum for collecting and redirecting or discharging the fluid, which
may thus redirect the collected wash fluid to the one or more second wash liquid inlet(s). In other words,
the gas-driven rotary filter may be configured to provide a counter-current flow of wash liquid refative to
the direction of rotation of the fiiter drum via one or more first wash liquid inlet(s) and one or more second
wash liguid inlet{s}). The gas-driven rotary filter may further comprise one or more further wash fiquid
inlet(s) that are displaced from the one or more second wash liquid inlet(s) in the opposite direction to the
direction of rotation of the filter drum. Accordingly, the counter-current flow of wash liquid may continue

around the circumference of the filter drum via the one or more further wash liquid inlet(s).
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The use of counter-current flow of wash fluid in which fresh wash liquid {e.g. fresh water) is supplied fo

the supplied to the first wash liquid inlet(s) only, rather than to each wash liquid inlet{s), reduces the fresh
water requirement of the gas-driven rotary filter, and also reduces the amount of water discharged from
the gas-driven rotary filter, which may require further processing to remove the solvent and other
contaminants before it can be released to the environment. However, solvent from which the solid is
separated in the gas-driven rotary filter (e.g. acetic acid} may become entrained in the wash fluid through
the washing of the filter cake, and may thus be introduced into the gas space between the circumference
of the filter drum and the housing via subsequent wash liquid inlet{s), providing a potential source of
solvent vapour that may contaminate the filter cake. Nevertheless, the use of the present invention
mitigates the risk of this contamination, allowing the benefits of reducing the water usage o be obtained

without increasing contamination of the filter cake to a degree that would ocutweigh these benefits.

Production of an aromatic dicarboxylic acid

it will be appreciated that the general operation of a process and apparatus for the production of an
aromatic dicarboxylic acid by the catalytic oxidation of a hydrocarbon precursor in an organic solvent is
well known. For example, as discussed above, terephthalic acid suitable for use in PET production (i.e.
purified terephthalic acid) is generally prepared in a two-stage process. First, p-xylene is oxidized (e.g.
using air) in the presence of a metal catalyst {(e.g. a cobalt and/or manganese salt or compound) to
provide crude terephthalic acid. Second, the crude terephthalic acid produced by this oxidation reaction
is then purified to remove impurities, such as 4-CBA and p-toluic acid, to yield purified terephthalic acid.
Purification of crude terephthalic acid typically requires at least one chemical transformation (e.g.
hydrogenation) in addition to at least one physical procedure (e.g. crystallization, washing, etc.).

The terephthalic acid is typically produced by a process comprising the catalytic oxidation of a
hydrocarbon precursor in an organic solvent. The hydrocarbon precursor is a compound that may be
oxidised to form the terephthalic acid. Thus, the hydrocarbon precursor is typically benzene substituted
with groups such as Cisalkyl, formyl, or acetyl in the positions of the carboxylic acid substituents in
terephthalic acid. Preferred hydrocarbon precursors are Cqgalkyl-substituted benzene, in particular p-
xylene. The organic solvent is typically an aliphatic carboxylic acid, such as acetic acid, or a mixture of
such aliphatic carboxylic acid(s) and water. The oxidation reaction may be carried out under any
conditions wherein oxygen is available, e.g. the reaction can be carried out in air. The reaction catalyst
typically comprises soluble forms of cobalt andfor manganese (e.g. their acetates), with a source of
bromine, such as hydrogen bromide, used as a promoter. The temperature of the oxidation reaction is
typically in the range of about 100-250 °C, preferably about 150-220 °C. Any conventional pressure may

be used for the reaction, suitably to maintain the reaction mixture in a liquid state.
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An oxidation stage performs the function of catalytically oxidizing the hydrocarbon precursor in the

organic solvent, thus forming a product stream and the vent gas. The product stream is typically
transferred to a crystallisation stage to form a first slurry of crude terephthalic acid crystals and an
overhead vapour. The first slurry of crude terephthalic acid crystals is typically passed to a separation (or
soivent interchange} stage, in which a mother liquor is separated from the crude terephthalic acid
crystals, which may then be mixed with an agueous liquid fo form a second slurry of crude terephthalic
acid crystals. This second slurry of crude terephthalic acid crystals is typically transferred to a purification
plant, heated and subjected to hydrogenation, before being cooled to form a slurry of purified terephthalic
acid crystals.

The vent gas from the oxidation stage is typically separated in a distillation stage into an organic solvent-
rich stream and a water-rich vapour stream. The organic solvent-rich stream from the distillation stage
typically comprises 80-95 % wfw organic solvent and is typically returned to the oxidation stage. The
water-rich vapour stream from the distillation stage typically comprises 0.1-5.0 % w/w organic solvent and
is typically condensed to form a condensate stream and an overhead gas in a condensing stage. The
condensate stream typically forms a portion of the wash fluid for the purified terephthalic acid crystals
from the purification plant. In the present invention, a portion of the condensate stream is suitably used
as the fresh wash liguid, and/or as the aqueous liquid used fo form the second slurry of crude terephthalic
acid crystais mentioned above {alternatively, demineraiised water may be used).

The operation of a conventional gas-driven rotary filter is described with reference to Error! Reference
source not found.. Gas-driven rotary filter 10 comprises filter drum 12 positioned within housing 14 and
rotatable anti-clockwise about its axis within housing 14. Gas space 16 between the circumference of
filter drum 12 and housing 14 is maintained at about 2 barg by the injection of nitrogen at gas inlet 18.
Gas flows clockwise from gas inlet 18 to gas outlet 20. Trough 22 contains slurry 24 of solid and solvent.
The solid is [oaded onto filter drum 12 by the pressure differential across filter drum 12. First wash liquid
inlet 26 irrigates the solid on the outer surface of filter drum 12 with fresh water, which passes through the
solid and is collected by a filter mechanism (not shown) and redirected to second wash inlet 28, which
also irrigates the solid on the outer surface of filter drum 12 with this water. Knife 30 scrapes the solid off

the outer surface of filfer drum 12 for collection in chute 32.

Error! Reference source not found. shows gas-driven rotary filter 110 in which annular baffles 116
extend between both ends of filter drum 112 and housing 114, which has dished ends. Annular baffles
116 have the same diameter as filter drum 112.

Error! Reference source not found. shows gas-driven rotary filter 120 in which annular baffles 126
extend between both ends of filter drum 122 and housing 124, similarly to gas-driven rotary filter 110. in
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addition, longitudinal/radial baffles 128 extend both longitudinally and radially between annular baffles

126 and housing 124.

Error! Reference source not found. shows gas-driven rotary filter 130 in which circumferential baffles
136 extend between both ends of filter drum 132 and housing 134.

Error! Reference source not found. shows gas-driven rotary filter 140 in which the axis of filter drum
142 is offset relative to the axis of housing 144. Circular circumferential baffles 146 are attached to both
ends of filter drum 142 and communicate with housing baffles 148, which are attached to housing 144. A

seal may be included between circular circumferential baffles 146 and housing baffles 148.

Error! Reference source not found. shows gas-driven rotary filter 150 in which longitudinalfradial batfles
156 extend longitudinally between both ends of filter drum 152 and housing 154 and radially from the axis
of filter drum 152 to housing 154.

Error! Reference source not found. shows gas-driven rotary filter 180 in which the end walls of fiiter

drum 162 and housing 164 are flat.
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CLAIMS

1.

A gas-driven rotary filter comprising:

a) a housing;

b) a filter drum positioned within the housing and rotatable about its axis in a first direction within the
housing; and

£) means fo provide a flow of gas within a gas space between the circumference of the filter drum
and the housing in a second direction,

characterised in that the gas-driven rotary filter is adapted to inhibit migration of solvent vapour

through a gas space between an end of the filter drum and the housing.

A method of separating a solid from a solvent in a gas-driven rotary filter comprising the steps of.

(i} introducing a mixture of the solid and the solvent onto an outer surface of a filter drum within a
housing of the gas-driven rotary filter,

(i} rotating the filter drum about its axis in a first direction within the housing;

(i} providing a flow of gas within a gas space between the circumference of the filter drum and the
housing in a second direction,

characterised in that the gas-driven rotary filler is adapted to inhibit migration of solvent vapour

through a gas space between an end of the filter drum and the housing.

The gas-driven rotary filter of claim 1 or the method of claim 2, wherein the gas-driven rotary filter is
adapted to inhibit migration of solvent vapour through gas spaces between both ends of the filter

drum and the housing.

The gas-driven rotary filter or the method of any preceding claim, wherein the second direction is
opposite to the first direction.

The gas-driven rotary filter or the method of any preceding claim, wherein the gas-driven rotary filter
comprises one of more baffle(s) extending between the housing and the filter drum to inhibit
migration of solvent vapour through the gas space(s) between the end(s} of the filter drum and the
housing.

The gas-driven rotary filter or the method of claim 5, wherein the gas-driven rotary filter comprises

one or more annular baffie(s) extending between the end(s) of the filter drum and the housing.

The gas-driven rotary filter or the method of claim 6, wherein the one or more annular baffle(s) have
the same diameter as the filter drum.
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The gas-driven rotary filter or the method of claim 6 or claim 7, wherein the gas-driven rotary filter

comprises one or more annular baffle(s) extending between both ends of the filter drum and the
housing.

The gas-driven rotary filter or the method of any one of claims 6-8, wherein one or more
longitudinal/radial baffle(s) extend longitudinally between the filter drum and the housing and radially
hetween the annular baffle(s) and the housing.

The gas-driven rotary filter or the method of claim 8, wherein one or maore longitudinal/radial baffle{s)
extend longitudinally between the filter drum and the housing and radially between the annular
haffle{s) and the housing at hoth ends of the filter drum.

The gas-driven rotary filier or the method of any one of claims 5-10, wherein the gas-driven rotary
filter comprises one or more circumferential baffle(s) extending between the filter drum and the

housing.

The gas-driven rotary filter or the method of claim 11, wherein the gas-driven rotary filter comprises a
circumferential baffle extending between the filter drum and the housing at both ends of the filter

drum.

The gas-driven rotary filter or the method of any one of ¢laims 5-10, wherein the gas-driven rofary
filter comprises one or more circular circumferential baffle(s) attached to the filter drum that exiend
between the filter drum and one or more corresponding baffle(s) attached to the housing.

The gas-driven rotary filter or the method of claim 13, wherein the gas-driven rotary filter comprises a
circular circumferential baffle attached to the filier drum that extends between the filter drum and a
corresponding baffle attached to the housing at both ends of the filter drum.

The gas-driven rotary filter or the method of any one of claims 5-14, wherein the gas-driven rotary
filter comprises one or more longitudinal baffle(s) extending between the end(s) of the filter drum and
the housing.

The gas-driven rotary filter or the method of claim 15, wherein the gas-driven rotary filter comprises
ohe or more longitudinal baffle(s} extending between both ends of the filter drum and the housing.

The gas-driven rotary filter or the method of claim 15 or claim 16, wherein the one or more
longitudinal baffie(s) extend radially from the axis of the filter drum {o the housing.
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The gas-driven rotary filter or the method of any preceding claim, wherein the end wall(s) of the fiiter
drum and the wall(s) of the housing adjacent the end(s) of the filter drum at at least one end are flat
to minimise or eliminate any gas space between the ends of the filter drum and the housing.

The gas-driven rotary filter or the method of claim 18, wherein the end walls of the filter drum and the
walls of the housing adjacent the ends of the filter drum at both ends are flat to minimise or eliminate
any gas space between the ends of the filter drum and the housing.

The gas-driven rotary filter or the method of any preceding claim, wherein the gas-driven rotary filter
comprises means for injecting an inert gas into the gas spaces between the end(s) of the filter drum

and the housing.

The gas-driven rotary filter or the method of claim 20, wherein the gas-driven rotary filter comprises
means for injecting an inert gas into the gas spaces between both ends of the filter drum and the
housing.

The gas-driven rotary filter or the method of any preceding claim, wherein the gas-driven rotary filter
comprises one or more gas inlet(s) and one or more gas outlet(s) displaced from the one or more gas
infet(s) in the second direction and positioned within the housing.

The gas-driven rotary filter or the method of any preceding claim, wherein the gas-driven rotary filter
comprises one or more first wash liquid inlet(s) and one or more second wash liquid inlef(s)
positioned within the housing to wash fiiter cake on the outer surface of the filter drum and wherein
the gas-driven rotary filter is configured to provide a counter-current flow of wash liquid reiative to the
direction of rotation of the filter drum via the one or more first wash fiquid inlet(s) and the one or more
second wash liquid inlef(s).

The method of any one of claims 2-23, wherein the solid is an aromatic dicarboxylic acid, preferably a

crude aromatic dicarboxylic acid.

The method of claim 24, wherein the crude aromatic dicarboxylic acid is crude terephthalic acid.

A process for the production of a purified aromatic dicarboxylic acid comprising the catalytic oxidation

of a hydrocarbon precursor in an organic solvent, comprising the steps of.

I} oxidising the hydrocarbon precursor in the organic solvent in the presence of a metal catalyst to
provide a crude aromatic dicarboxylic acid; and
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) purifying the crude aromatic dicarboxylic acid to yield the purified aromatic dicarboxylic acid,

wherein the process further comprises the step of separating solid crude aromatic dicarboxylic acid

from the organic solvent via the method of any one of claims 2-25.
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