
A SOLID-LIQUID SEPARATION PROCESS  Field of Invention
The present invention relates to a process for
separating liquid(s) from solids in a  slurry feed.
Background of the Invention Solid-liquid separation
methods are important in a variety of industries,
including,  but not limited to, the chemical
industry, the pharmaceutical industry, and the water
and  waste treatment industry. Such solid-liquid
separation methods vary, and may include,  but are
not limited to, vacuum or pressure filtration,
centrifugation, sedimentation and  clarification. In
many chemical processes, these solid-liquid
separation methods often  play a critical role in the
manufacture of particular chemical intermediates. For
instance,  the purification of para-xylene for the
manufacture of terephthalic acid has historically
required centrifugation to achieve para-xylene purity
levels of about 99.7%. The purification of
para-xylene typically begins with a C8 aromatic
hydrocarbon  feed that typically comprises
ethylbenzene and mixture of xylene isomers, such as
ortho- xylene, meta-xylene and para-xylene. Processes
to separate these xylene isomers  include low
temperature crystallization, fractional distillation
and adsorption. Crystallization is often preferred
for separating para-xylene from the C8 aromatic
feedstream because while xylene isomers have
undesirably similar boiling points, they  have
dramatically different melting points. Pure
para-xylene freezes at 13.3C (56F.),  pure
meta-xylene freezes at -47.8C (-54F.), pure
ortho-xylene freezes at -25C (-13F.),  and pure
ethylbenzene freezes at -95C (-139F.). The recovery
and purification of para-xylene from a mixture of
xylene isomers by  crystallization are typically
limited by the formation of one or the  



1 WO 2005/035094 PCTIUS2004/025117  other of two
binary eutectics, the pare-xylene/meta-xylene binary
eutectic or the  Para-xylene/ortho-xylene binary
eutectic. Depending on the starling composition of
the mixture, para-xylene will crystallize from the
mixture as the temperature of  the mixture Is
lowered, and the mother liquor composition will
approach one of  5 the binary eutectic compositions.
If the temperature falls below either of the binary
eutectic temperatures, then a second solid phase
which is lean in para- xylene will crystallize from
the mixture. The formation of a second solid phase is
generally viewed as undesirable so crystallization
processes are typically  operated at a temperature
warmer than the warmest binary eutectic temperature.
10 While this limits the recovery of the process,
conventional para-xylene  separation processes that
use crystallization produce a substantially pure
para- xylene product. For example, U.S. Pat No.
3,177,265, which is Incorporated herein by
reference, illustrates a conventional indirect-cooled
crystallization process for  15 purifying
pare-xylene. In this process, a Cs aromatic
feedstream comprising about 20 percent pars-xylene
with the remaining components ortho-xylene, meta-
xylene, and ethylbenzene is crystallized in a series
of crystallization stages to  form a mixed xylene
slurry while utilizing costly centrifugation steps to
separate  the slurry into a crystal cake and a liquid
filtrate. This para-xylene purification 20 process
produces a para-xylene product with a purity in
excess of 98 percent.  Although such processes
produce a para-xylene product with a purity level  in
excess of 98 percent, the use of centrifuges add
significant costs to the  



purification process due to their high capital costs
and the high maintenance  costs inherent in high
speed rotating parts. As a result, prior efforts have
25 focused on developing alternatives to
centrifugation to improve the economics of  producing
substantially pure para-xylene. 2 WO 20051035094
PCTIUS2004/025117  Two such efforts are U.S. Patent
Not 4,734,102 and 4,735,781, to Thrissen which
disclose an apparatus and process for concentrating a
suspension. The Thijssen apparatus, called a
hydraulic wash column, is directed  to a hollow
cylinder in which one or more tubes of a constant
outer diameter 5 extend in an axial direction within
the wall of each tube comprising at least one  filter
being mounted forming the only direct connection
between the interior of the  tube and the interior of
the hollow cylinder. The Thijssen process - separates
solids from liquids by directing a  suspension into a
first end of the hydraulic wash column and a wash
liquid into a  10 second end of the hydraulic wash
column in countercurrent flow to the suspension,
forming a bed in the hollow cylinder. A filtrate
(mother liquor) from  the suspension escapes through
the filters of the filter tubes into the interior of
the  tubes, and a concentrated suspension is
withdrawn from the second end of the  hydraulic wash
column. A liquid is introduced at the second end to
reslurry the 15 concentrated suspension. This liquid
also acts as the wash liquid. When the  ;process is
used to separate a suspension derived from a melt
crystallization  process, the wash liquid comprises
molten crystal product from the suspension. Although
the Thijssen patents teach an alternative method and
apparatus  



for solid-liquid separation, the Thijssen process
cannot effectively separate  20 liquids from solids
at temperatures far below the melting point of
crystals in slurries derived from a melt
crystallization process because the wash liquid
utilized during the process freezes within the
Thijssen hydraulic wash column  during the washing
part of the operation. At lower and lower
temperatures, the  freezing wash liquid fills a
larger portion of the void fraction between the
solids 25 thereby requiring higher and higher
pressures to drive the wash liquid into the  column.
Eventually, a low enough temperature will be reached
wherein the  3 freezing wash liquid essentially plugs
the device causing failure and imminent shutdown  of
the Thijssen apparatus and process. Additionally, the
use of a molten solids wash liquid in the Thijssen
process can  contaminate the filtrate with a liquid
that cannot easily be separated from the filtrate and
5 result in a substantial loss of solid product to
the filtrate. Consequently, there is still a need for
alternative methods and apparatuses for  solid-liquid
separation that: (1) separate liquids from solids in
slurries derived, for  example, from a
crystallization process without the unnecessary loss
of solids to the  filtrate during the separation
process; (2) direct separated filtrates and/or
product cakes 10 for further processing without
significant energy and/or cost penalties; and (3)
operate  cooperatively and in conjunction with
conventional unit operations. It has now been found
that feeding a displacement fluid, such as a gas, in
lieu of a  wash liquid produces a relatively dry and
pure product with sufficient solids content that  can
be further processed with little or no additional
refrigeration costs. 15 It has also been found that
separating liquids from solids in a filter column, as



described herein, at temperatures far below the
melting point of crystals in slurries derived  from a
crystallization process can be operated in a
continuous manner without high loss of  the crystals
to the liquid filtrate through one or more filters
during the separation process. It has also been found
that passing a substantial portion of a displacement
fluid  20 through a solid packed bed of crystals to
one or more filters can result in an acceptably  pure
solid product. Summary of the Invention Therefore,
the disclosure herein is directed to a process for
separating  4 solids from liquids in a filtration
zone defining a higher concentration zone and a lower
concentration zone separated by a filter, the process
comprising the steps of directing a  slurry feed
comprising a liquid and a solid into the higher
concentration zone, directing a  displacement fluid
to the higher concentration zone, and passing at
least a portion of the  5 liquid through a filter to
the lower concentration zone, producing a filtrate.
In a first aspect, there is provided a process for
separating solids from liquids in a  filtration zone
defining a higher concentration zone and a lower
concentration zone  separated by a filter, the
process comprising the steps of: (a) directing a
slurry feed comprising a liquid and a solid into the
higher  10 concentration zone; (b) directing a
displacement fluid to the higher concentration zone;
and (c) removing at least a portion of the liquid
through the filter to the lower  concentration zone,
producing a filtrate; wherein the displacement fluid
displaces at least a portion of the liquid  15 from
the slurry feed; wherein the displacement fluid flows
in countercurrent  



relation to the flow of the slurry feed in the higher
concentration zone. In one embodiment, there is
provided a process for maintaining a solid phase
throughout the separation of liquids from solids in a
filtration zone defined by a higher  pressure zone
and a lower pressure zone separated by a filter, the
process comprising the 20 steps of imparting a
pressure on a slurry feed comprising a liquid and a
solid in the higher  pressure zone, imparting an
opposing pressure on the slurry feed in the higher
pressure  zone, depositing at least a portion of the
solids at the filter, forming a solid packed bed in
the higher pressure zone, and maintaining the higher
pressure zone at a temperature lower  than the
melting point of at least one solid in the  5 slurry
feed. In a second aspect, there is provided a process
for maintaining a solid phase  throughout the
separation of liquids from solids in a filtration
zone defming a higher  pressure zone and a lower
pressure zone separated by a filter, the process
comprising the  5 steps of: (a) directing a slurry
feed comprising a liquid and a solid to the higher
pressure zone at a pressure; (b) imparting an
opposing pressure on the slurry feed in the higher
pressure zone; 10 (c) forming a dense phase in the
higher pressure zone; and (d) maintaining the higher
pressure zone at a temperature lower than the
melting point of at least one solid in the slurry
feed. In another embodiment, there is provided a
process for separating solids from  liquids in a
filtration zone defined by a higher pressure zone and
a lower pressure zone  



15 separated by a filter, the process comprising the
steps of directing a slurry feed comprising a liquid
and a solid into the higher pressure zone, directing
a fluid into the  higher pressure zone in
countercurrent relation to the slurry feed, embedding
at least a  portion of the solids in proximity to the
filter, forming a solid packed bed in the higher
pressure zone, and passing at least a portion of the
fluid through a filter to the lower  20 pressure
zone. In a third aspect, there is provided a process
for separating solids from liquids in a  filtration
zone defined by a higher pressure zone and a lower
pressure zone separated by a  filter, the process
comprising the steps of. (a) directing a slurry feed
comprising a liquid and a solid into the higher  5a
pressure zone; (b) directing a displacement fluid
into the higher pressure zone in  countercurrent
relation to the slurry feed; (c) forming a dense
phase in the higher pressure zone; and 5 (d) passing
at least a portion of the fluid through the filter to
the lower  pressure zone. In a fourth aspect, there
is provided a process for purifying para-xylene in a
filtration zone defined by a higher pressure zone and
a lower pressure zone separated by a  filter, the
process comprising the steps of. 10 (a) directing a
slurry feed comprising a liquid and crystallized
para-xylene  at a temperature into the higher
pressure zone; (b) directing a displacement fluid at
a temperature lower than melting  point of
para-xylene into the higher pressure zone in
countercurrent relation to the  



slurry feed; 15 (c) passing at least a portion of the
liquid through the filter to the lower  concentration
zone, producing a filtrate; (d) forming a dense phase
comprising at least a portion of the crystallized
para-xylene in the higher pressure zone; and (e)
recovering at least a portion of the crystallized
para-xylene from the  20 higher pressure zone. In a
fifth aspect, there is provided a solid-liquid
separation process, comprising:  (a) providing a
filter column comprising a hollow cylinder and at
least  one filter tube extending in an axial
direction within the hollow cylinder, wherein at
least  one tube comprises an integrally attached
filter, the filter forming a direct connection  5b
between an interior of the tube and an interior of
the hollow cylinder;  (b) directing a slurry feed
into the hollow cylinder; and  (c) directing a
displacement fluid into the hollow cylinder. In a
sixth aspect, there is provided a process for
separating solids from liquids in a  5 filtration
zone defining a higher pressure zone and a lower
pressure zone separated by a  filter, the process
comprising the steps of: (a) directing a slurry feed
into the higher pressure zone at a pressure  greater
than atmospheric pressure; (b) directing a
displacement fluid into the higher pressure zone at a
10 pressure sufficient to pass at least a portion of
the displacement fluid through the  filter to the
lower pressure zone; and (c) forming a dense phase in
the higher pressure zone; 



wherein the pressure of the displacement fluid is
lower than the pressure  of the slurry feed after the
formation of the solid packed bed. 15 The disclosures
herein provide for efficient separation of
crystallized products  from a slurry feed stream at
relatively low temperatures without the risk and
attendant  penalties associated with the freezing of
a wash liquid within the  5c filter column and
causing complete failure of the solid-liquid
separation process. The disclosures herein also
provide for the possibility of varying the purity of
a  solid product separated from a slurry feed by
simply varying the flow rate of the  displacement
fluid or the temperature of the displacement fluid
that is directed in  5 countercurrent relation to the
slurry feed. The disclosures herein also provide for
a substantial reduction in capital  expenditure and
routine maintenance by reducing the number of moving
parts required by  solid-liquid separation process
units, such as screen bowl and pusher centrifuges.
The disclosures herein also provide for substantial
savings in refrigeration costs  10 by allowing for
solid-liquid separation of crystallization products
under substantially  isothermal conditions. The
disclosures herein also provide for a substantial
cost savings by reducing the  high amount of solids
lost in filtrate streams frequently found in
conventional solid-liquid  separation processes and
apparatuses. 15 Brief Description of the Drawing
Figure 1 depicts an embodiment of a filter column and
filtration process in  accordance with the subject
invention. Figures 2a-d depict an embodiment of a
start-up procedure for a filter column and  



filtration process in accordance with the subject
invention. 20 Description of the Preferred
Embodiments In greater detail, slurry feeds suitable
for the subject invention can be any mixture  of
suspended solids and liquids. Such slurry feeds may
be light slurries, medium slurries  and heavy
slurries. The light slurries are typically slurries
that are not intended to carry  solids and are
typically non-settling. Light slurries may have a
solid size of less than 25 about 200 microns, a
specific gravity of less than  6 WO 2005/035094
PCTIUS2004/025117  about 1.05, and comprise less than
about 5 weight percent solids. Medium  slurries can
be settling or non-settling slurries. Medium slurries
may have a solid  size of from about 200 microns to
about 6.4 mm, a specific gravity of from about  1.05
to about 1.15, and comprise from about 5 to about 20
weight percent solids. 5 Heavy slurries are typically
slurries that are designed to transport material from
one location to another and can be settling or
non-settling. Heavy slurries may  have a solid size
greater than about 6.4 mm, a specific gravity greater
than about  1.15, and comprise at least about 20
weight percent solids. In a preferred embodiment, the
slurry feed comprises at least about 0.5  10 weight
percent solids. It Is also preferred that the slurry
feed comprises at least  about 10 weight percent
solids, and more preferably at least about 15 weight
percent solids. It Is also preferred that the slurry
feed comprise less than about  65 weight percent
solids, more preferably less than about 60 weight
percent  solids, and even more preferably less than
about 55 weight percent solids. It is 15 also
preferred that the slurry feed comprises from about
0.5 to about 65 weight  



percent- solids, more. preferably from about 10 to
about 60 weight percent solids,  and more preferably
from about 15 to about 55 weight percent solids for
best  results. In a preferred embodiment, the slurry
feed is a product from a  20 crystallization process.
Such products may include, but are not limited to,
products from the crystallization of para-xylene,
protein, water, acrylic acid, and  methacrylic acid.
In a preferred embodiment, the slurry feed comprises
at least about 5  weight percent crystallized
para-xylene, more preferably at least about 10 weight
25 percent crystallized para-xylene, and more
preferably at least about 15 weight percent
crystallized para-xylene. It is also preferred that
the slurry feed comprise  7 WO 2005/035094
PCT/US2004/025117  less than about 65 weight percent
crystallized Para-Xylene, more preferably less  than
about 60 weight percent crystallized para-xylene, and
even more preferably  less than about 55 weight
percent crystallized pare-xylene. it is also
preferred  that the slurry feed comprises from about
5 to about 65 weight percent S crystallized
para-xylene, more preferably from about 10 to about
60 weight  percent crystallized para-xylene, and more
preferably from about 15 to about 63  weight percent
crystallized para-xylene for best results. A
displacement fluid suitable for the subject invention
can be a gas or  liquid capable of displacing the
liquid from the slurry feed as described herein. In
10 a preferred embodiment, the gas is an inert gas,
such as nitrogen or carbon dioxide. In another
preferred embodiment, the gas Is air. In yet another



preferred embodiment, the.gas can be hydrogen. A
suitable displacement fluid  can also be a liquid
insoluble in one or more solids of the slurry feed.
In a  preferred embodiment, the displacement fluid is
also insoluble in one or more 15 liquids of the
slurry feed, allowing for relatively easy subsequent
separation of the  displacement fluid from the
filtrate. The displacement fluid can be at any
temperature suitable for separating  liquid from
solids in a particular slurry feed. However, in a
preferred embodiment,  the displacement fluid Is at a
temperature lower than the temperature of the slurry
20 feed. The lower temperature of the displacement
fluid can be utilized to further  crystallize at
least a portion of the liquid or maintain crystal
form in the slurry feed,  providing for higher solids
recovery. in another embodiment, the displacement
fluid is at a higher temperature than the temperature
of the slurry feed. The  higher temperature of the
displacement fluid can be utilized to facilitate the
25 removal of residua( liquid from the solid packed
bed, producing a purer  concentrated product. In yet
another embodiment, the temperature of the  8 WO
2005/035094 PCT/US2004/025117  displacement fluid is
about the same as the temperature of the slurry feed
In  order to practice the solid-liquid separation
process isothermally. In another  embodiment, wherein
the displacement fluid is a gas and the amount of gas
is  small compared to the amount of solids in the
slurry, the temperature of the 5 displacement fluid
is relatively immaterial as the amount of energy
introduced to  the device by the gas is insignificant
and the unit operates at essentially  isothermal
conditions over a wide range of gas temperatures. 



A filter column suitable for the subject invention
comprises a filtration zone  defined by a higher
concentration zone and a lower concentration zone  10
separated by a filter. The higher concentration lone
has a greater weight percent of solids than the lower
concentration zone. This concentration differential
can  be measured by any means sultable to demonstrate
a concentration gradient  across a filter in the
filtration zone. For example, the concentration of
solids in  the higher concentration zone can be
determined by measuring the weight 15 percent of
solids in the slurry feed directed into the higher
concentration zone,  and the concentration of solids
in the lower concentration zone can be  determined by
measuring the weight percent of solids in a filtrate
withdrawn from  the filter column. Alternatively, the
filtration zone can be defined by a higher pressure
zone  20 and a lower pressure zone separated by a
fitter. The higher pressure zone Is at a  higher
pressure than the lower pressure zone. This pressure
differential can be  measured by any means suitable
to demonstrate a pressure gradient across a  filter
in the filtration zone. For example, the pressure of
the higher-pressure zone  can be determined by
measuring the pressure of the slurry feed directed
into the 25 higher pressure zone, and the pressure of
the lower pressure zone can be  determined by
measuring the pressure of a filtrate withdrawn from
the fitter  9 WO 2005/035094 PCT/US2004/025117
column. Additionally, fluids flow from areas of high
pressure to areas of low  pressure. Consequently, the
flow of fluid through the filter indicates a pressure
differential between the higher pressure zone and the
lower pressure zone  



across the filter. S Referring to Figure 1, a
preferred filter column 10 comprises a hollow
cylinder 11 having a dosed end 13 and an open and 15,
and at feast one filter  tube 17 extending in an
axial direction within the cylinder 11, at least one
filter  tube 17 having a top portion 19 and a bottom
portion 21 wherein the bottom  portion 21 of at (east
one filter tube 17 extends through the dosed end 13
of the 10 hollow cylinder 11, the bottom portion 21
having an opening at a terminal end. At  least one
filter tube 17 comprises at (east one filter 23
integrally attached to at  least one filter tube' 17
fanning a direct connection for fluid flow between
the  Interior of the filter tube 17 and the Interior
of the hollow cylinder 11. In this  preferred
embodiment, the interior of the hollow cylinder
surrounding the filter 15 tubes 17 defines the higher
concentration zone or higher pressure zone and the
interior of the filter tubes 17 defines the lower
concentration zone or lower  pressure zone. Filter
column 10 further comprises at least one chamber 25
through which  the open end 15 of the hollow cylinder
11 is exposed. At the dosed and 13 of the  20
cylinder 10, it is preferred that there is at least
one slurry feed inlet 27 to direct a slurry feed into
the hollow cylinder 11. Filter column 10 further may
comprise at  least one displacement fluid Inlet line
29 to direct a displacement fluid preferably  into
the chamber 25 and/or the hollow cylinder 11. Filter
column 10 may also  comprise at least one product
chute 33 having an opening to the chamber 25 to 25
withdraw concentrated solids from the chamber 25.
Filter column 10 may further  comprise at least one
flush line 31 to direct a flush feed Into the product
chute 33  10 



WO 2005/035094 PCT/US2004/025117  to dear the product
chute 33 of obstructions; such as packed concentrated
solids  lodged in the product chute 33. Filter column
10 may further comprise a set of  rotatable blades
(not shown) to cut off the concentrated product
exiting the hollow  cylinder 11 and direct It to the
product chute 33. 5 Flush feeds suitable for the
subject invention can be any gas or liquid  capable
of clearing the product chute of obstructions. In a
preferred embodiment,  the flush feed may comprise an
inert gas, including, but not limited to, nitrogen or
carbon dioxide. In another preferred embodiment, the
flush feed comprises air or  hydrogen. In yet another
preferred embodiment, the flush feed may comprise at
10 least a portion of the filtrate produced during
the solid quid separation process  either according
to the subject invention or from a conventional
solid-separation  device, such as, for example, a
centrifuge. In the case of separating para-xylene
crystals from a slurry of mixed xylenes, the flush
feed may comprise para-xylene. During practice of the
solid-liquid separation process, as described herein,
15 the slurry feed Is injected Into the filter column
at a pressure sufficient to separate  solids from
liquid and transport solids out of the filter column.
The displacement  fluid is injected into the filter
column at an opposing pressure sufficient to
facilitate  the separation of solids from liquids and
for at least a portion of the displacement  fluid to
pass through a filter to the interior of a filter
tube. Within the filter column, 20 the highest
imparted pressure is generally at the slurry feed
inlet, the lowest  imparted pressure is generally at
one or more filters of the filter column at the
Interior of one- or more filter tubes, and the
pressure at the product chute is at an  intermediate
level. Since fluids flow In the direction of high
pressure to low  



pressure, this ensures that the fluid(s) in the
filter column move towards the 25 filters. When solid
particles are suspended in liquid, they. move in the
same  direction as the nearby liquid. As the fluid
passes through the filter, the solid  11 WO
2005/035094 PCT/US2004/025117  particles moving with
the liquid begin to deposit, or otherwise form a
dense phase or solid packed bed at, around or
substantially near the filter within the hollow
cylinder of the filter column. For the purposes of
the present invention, a dense  phase defines an area
of solid particle concentration within the hollow
cylinder (or 5 higher pressure zone or higher
concentration zone) having a greater  concentration
of solid particles than the slurry feed. The dense
phase may define  a solid packed bed wherein the
solid particles are of such concentration that the
solid particles move essentially as a solid body
within the filter column. When solid particles are
deposited as a solid packed bed, the solid  10
particles generally move in the same direction as the
solid packed bed as  opposed to the direction of
fluid flow towards the filters. Notwithstanding, some
particles may be carried out from the solid packed
bed by the exiting liquid as it  passes through the
openings in the filters. Nevertheless, the solid
packed bed  moves essentially as a solid body,
although its position in the filter column may  15
remain substantially constant at steady state. The
direction that the bed moves, or whether the bed
moves at all, is  generally determined by the
summation of all forces that act on the bed. One
force that is imparted on the bed is from the liquid
in the slurry feed that flows  through the bed on the
way to the filters. An opposing force is imparted on
the 



20 bed from fluid(s) and displacement fluid flowing
to the filters from the opposite  end of the column.
For purposes of the present invention, the
displacement fluid  provides hydraulic force if the
displacement fluid is a liquid or pneumatic force if
the displacement fluid Is a gas. Therefore, the solid
packed bed can be pushed  by forces from both ends.
The bed will move in the desired direction if the
force 25 imparted by the liquid in the slurry feed is
larger than the sum of all the opposing  forces. In
addition, the opposing forces may also include the
frictional forces  12 WO 2005/035094
PCTIUS2004/025117  Impeded on the solid packed bed
that act to impede movement of the solid  packed bed
and the force of gravity. Referring again to Figure
1, in a preferred embodiment, the slurry feed is
injected into the closed end 13 of the hollow
cylinder 11 of the filter column 10 via  5 slurry
feed inlet 27. The slurry feed flows through the
hollow cylinder 11 towards the open end 15 of the
hollow cylinder 11. A displacement fluid is directed
into  the chamber 25 via displacement fluid inlet 29.
The displacement fluid flows  countercurrently to the
flow of the slurry feed in the hollow cylinder 11. As
the  slurry feed flows along one or more filters 23,
the mother liquid in the slurry feed to passes
through at least one fitter 23 into the interior of
one or more filter tubes 17,  producing a filtrate
that exits the filter column 10 via the bottom
portion 21 of at  least one filter tube 17.
Concurrently with the mother liquor , the
displacement  fluid passes through at least one
filter 23 Into the interior of one or more filter
tubes 17 and exits the filter column 10 via the
bottom portion 21 of at least one  15 filter tube 17.



The filtrate exiting the filter column' primarily
comprises mother liquor, but  may contain- small
amounts of solids from the slurry feed. The amount of
solids  present in the filtrate may be affected by
such factors including, but not limited to,  the type
of fitter employed in the filter column, the size of
the openings in the 20 filter, and the type of slurry
feed injected into the filter column. However, it is
preferred that the filtrate comprise no more than
about 20 weight percent solids,  more preferably no
more than about 10 weight percent solids, even more
preferably no more than about 5 weight percent
solids, and most preferably no  more than about 1
weight percent solids for best results. The balance
of the 25 filtrate is mother liquor. In the case of
separating crystallized para-xylene from a  slurry
feed, the filtrate may comprise ortho-xylene,
meta-xylene, ethylbenzene  13 WO 2005/035094
PCTIUS2004/025117  and/or para-xylene. As the mother
liquid passes through the filter 23, a dense phase
within the  hollow cylinder 11 generally forms.
Preferably, the dense phase comprises a  solid packed
bed within the hollow cylinder 11 of the filter
column 10 exterior to 5 one or more filter tubes 17.
Once the solid packed bed is formed, the solid
packed bed moves towards the open end 15 of the
hollow cylinder 11 where it is  preferably removed
from the filter column via one or more product chutes
33 as a  concentrated product. In a preferred
embodiment, the solid packed bed may be  out and
pushed towards one or more product chutes 33 by one
or more movable 10 blades (not shown) as the solid
packed bed exits the open end 15 of the hollow
cylinder 11. 



The concentrated product exiting one or more product
chutes 33 primarily  comprises solids from the slurry
feed, but may comprise small amounts of mother
liquor and displacement fluid. The amount of mother
liquor (residual liquid) 15 present in the
concentrated product may be affected by such factors
including,  but not limited to, the type and size of
the solids in the slurry feed, the size of the  pores
in the filter, the flow rate of the slurry feed
injected into the filter column,  and the type and
flow rate of the displacement fluid: However, it is
preferred that  the concentrated solid product
comprise less than about 40 weight percent 20 mother
liquor, preferably less than about 35 weight percent
mother liquor, more  preferably less than about 30
weight percent mother liquor, even more preferably
less than about 25'weight percent mother liquor, even
more preferably less than  about 20 weight percent
mother liquor, even more preferably less than about
15  weight percent mother liquor, even more
preferably less than about 10 weight 25 percent
mother liquor, and most preferably less than about 5
weight percent  mother liquor for best results. 14 WO
2005/035094 PCT/US2004/025117  In a preferred
embodiment, the present invention Is directed to
maintaining a solid phase throughout the solid-liquid
separation process 'by maintaining the  higher
pressure zone at a temperature lower than the melting
point of at least one  solid in the slurry. For the
purposes of the present invention, the temperature of
5 the higher pressure zone can be determined by
determining the temperature of  the concentrated
product removed from the filter column or by placing
temperature indicators in strategic locations within
the higher pressure zone. 



Referring now to Figures 2a-d, in a preferred
embodiment, start-up of the  solid-liquid separation
process is preferably conducted in a manner to-form
an  10 Initial solid packed bed within the hollow
cylinder 11 of the filter column 10. In this
embodiment, as shown in Figure 29, the slurry feed
Initially enters the dosed  end 13 of the hollow
cylinder 11 through one or more slurry feed inlets
and a  displacement fluid initially enters the open
end 15 of the cylinder. The  displacement fluid
initially enters the hollow cylinder 11 at a pressure
sufficient for 15 at least a portion of the
displacement fluid to pass through a filter to the
lower  pressure zone. The slurry feed moves towards
the open end of the hollow  cylinder 11 crossing at
least one filter 23 wherein at least a portion of the
mother  liquor of the slurry passes through at least
one filter 23, forming a filtrate that exits  the
filter column through a bottom portion 21 of the
filter tube 17 that extends 20 through the dosed end
of the filter column. The opposing pressure of the
displacement fluid preferably prevents the slurry
feed from completely crossing  the filter 23 on its
way towards the open end 15 of the hollow cylinder
11.  Referring now to Figure 2b, as the mother liquor
of the slurry feed passes through  the filter 23, the
solids begin to form a dense phase 35 within the
hollow cylinder 25 11. As the solids concentration of
dense phase increases, as shown in Figure  2c, a
solid packed bed 37 preferably begins to form within
the hollow cylinder 11.  15 WO 2005/035094
PCT/US2004/025117  Once the solid packed bed 37 is
formed, the pressure imparted by the slurry feed is
generally greater than the pressure exerted by the
displacement fluid. As a  result, as shown in Figure
2d, the solid packed bed 37 moves towards the open  



end 16 of the hollow cylinder 11. 5 The present
invention provides for efficient separation of
crystallized  products from a slurry feed stream at
relatively low temperatures without risk and
attendant penalties associated with freezing a wash
liquid within the filter column  and causing complete
failure of the solid-liquid separation process. The
present invention also provides for a substantial
reduction In capital  10 expenditure and routine
maintenance- by reducing the number of moving parts
required by solid-liquid separation process units,
such as screen bowl and pusher  centrifuges. The
filter column, according to the present Invention,
can comprise  We or no moving parts, substantially
reducing the routine maintenance costs  associated
with conventional solid-liquid separation units. 15
The present invention also provides for substantial
savings in refrigeration  costs by allowing for
solid-liquid separation of crystallization products
under  substantially isothermal conditions. Current
solid-liquid processes, such as  screen bowl
centrifuges, add considerable amounts of energy to
the process  stream thereby raising the temperature
of the effluent streams. In a para-xylene 20
crystallization process, for example, this energy
added to the process requires  increased
refrigeration costs. The present invention also
provides for a substantial cost savings by  reducing
the amount of solids lost in filtrate streams
frequently found in  conventional solid-liquid
separation processes and apparatuses. 25 The present
invention also provides for the capability of varying
the purity  of a solid product separated from a
slurry feed by simply varying the flow rate of  16 



the displacement fluid that is directed in
countercurrent relation to the slurry feed.  Although
the present invention has been described with
particularity and detail, the following example
provide further illustration of the invention and are
understood not  to limit the scope of the invention.
EXAMPLE  Example 1 illustrates a process for the
purification of para-xylene substantially in
accordance with the present invention and Figure 1.
The example encompassed an 8- hour run in which the
following parameters were measured or calculated from
the  measured variables: (1) the weight percent of
para-xylene in the slurry feed; (2) the solid- liquid
content of the slurry feed; (3) the temperature of
the slurry feed; (4) the weight  percent of
para-xylene in the filtrate; (5) the solid-liquid
content of the filtrate; (6) the  temperature of the
filtrate; (7) the weight percent of para-xylene in
the cake (concentrated  product); (8) the
solid-liquid content of the cake; and (9) the
temperature of the cake. The slurry feed comprised
mixed xylenes from a commercial, low temperature
crystallizer. The pressure of the slurry feed
entering the filter column was 210 psia at the  end
of the run. The feed rate of the slurry feed was held
constant throughout the run at  317.5 kg/hr (700
lb/hr). The temperature of the feed was about -62.8C
(-81 F). The displacement fluid was gaseous nitrogen.
The feed rate of the nitrogen was  0.82 kg/hr (1.8
lb/hr). The temperature of the nitrogen varied
throughout the run, but  averaged about -17.8C (0F).
The pressure of the nitrogen entering the filter
column  was 448 kPa (65 psia) at end of run. The
filter column had a length of 0.635 m (25 inches) and
the hollow cylinder  (higher pressure zone) had an
inner diameter of 0.078 m (3.07 inches). The filter
column  



contained 17 a filter tube with an outsider diameter
of 0.0254 m (1.00 inches). The filter tube  comprised
a filter screen fabricated with a 316 stainless steel
perforated sheet measuring  0.152 m (6 inches) in
length. The filter was located 0.178 m (7 inches), as
measured  from the top of the filter to the top of
the filter tube. The filter comprised 9 mil. diameter
openings in a staggered orientation with a
center-to-center spacing of 0.381 mm (0.015  inches).
The overall open area of the filter was 31 percent.
The pressure of the interior  of the filter tubes
throughout the run averaged 101.4 kPa (14.7 psia).
During the 8-hour run, five samples were removed,
yielding the following results in  the Table: 18
TABLE  Sample 1 2 3 4 5 Hours from Start- 1.0 3.5 5.0
6.5 8.0  up Feed: 23.6 23.9 23.1 23.1 22.9  wt. % pX
content Feed: 16.0 wt. % 16.5 wt. % 15.6 wt. % 15.6
wt. % 15.4 wt. %  Solid-liquid content solids; 84.0
solids; 83.5 wt. solids; 84.4 solids; 84.4 solids;
84.6  wt. % liquids % liquids wt. % liquids wt. %
liquids wt. % liquids Feed: -62.4C -62.8C -63.1 C
-63C -62.9C  Temperature (-80.4F.) (-81.1F).
(-81.5F.) (-81.4F. (-81.3F.  Filtrate: 



wt. % pX 10.2 9.6 10.2 9.6 9.4  Content Filtrate: 1.2
wt. % 0.7 wt. % 0.6 wt. % 0.5 wt. % 0.5 wt. %
Solid-liquid Content solids; 98.8 solids; 99.3 wt.
solids; 99.4 solids; 99.5 solids; 99.5  wt. % liquid
% liquid wt. % liquid wt. % liquid wt. % liquid
Filtrate: -61.6C -61.8C -62.2C -62C -61.8C
Temperature (-78.8F) (-79.2F) (-79.9F) (-79.6F)
(-79.3F)  Cake: 82.2 83.1 84.1 83.3 83.9  wt. % pX
Content Cake: 80.4 wt. % 81.4 wt. % 82.6 wt. % 81.7
wt. % 83.9 wt. %  Solid-liquid Content solids; 19.6
solids; 18.6 wt. solids; 17.4 solids; 18.3 solids;
17.7  wt. % liquid % liquid wt. % liquid wt. % liquid
wt. % liquid Cake: -61.3C -61.2C -61.3C -61.3C -61.3C
Temperature (-78.3F.) (-78.2F) (-78.4F.) (-78.3F.
(-78.3F.)  SUMMARY OF THE EXAMPLE The Table shows
that very little solids were present in the filtrate
during the  separation process. The amount of
para-xylene present in the filtrate was primarily
derived from liquid para-xylene present in the slurry
feed with a small portion deriving  from solids
escaping through the filter. Additionally, the
para-xylene cake had sufficient  solid content at a
temperature substantially near the temperature of the
slurry feed to be  further processed, providing for
substantial savings in refrigeration costs. It is
believed that a para-xylene wash liquid would not be
a suitable displacement  fluid for the purification
of para-xylene under the process conditions utilized
in the  Example. More particularly, it is believed
that the use of a para-xylene wash liquid would  



freeze within the filter column clogging the openings
of  19 WO 2005/035094 PCT/US20041025117  the filter.
This Is primarily due to the low operating
temperature of the purification  process of the
Example, which is far below the melting point of
para-xylene.' It is  believed that the clogged filter
would result in a rapid increase within the hollow
cylinder of the filter, prompting shut down of the
process prior to the point of filter 5 column damage
from excessive pressure. Although embodiments of this
invention have been shown and described,  it is to be
understood that various modifications and
substitutions, as well as  rearrangement of parts and
equipment, can be made by those skilled in the art
without departing from the novel spirit and the scope
of this Invention. 20 That which is claimed is: 1. A
process for separating solids from liquids in a
filtration zone defining a  higher concentration zone
and a lower concentration zone separated by a filter,
the  process comprising the steps of, (a) directing a
slurry feed comprising a liquid and a solid into the
higher  concentration zone; (b) directing a
displacement fluid to the higher concentration zone;
and  (c) removing at least a portion of the liquid
through the filter to the lower  concentration zone,
producing a filtrate; wherein the displacement fluid
displaces at least a portion of the liquid  from the
slurry feed; wherein the displacement fluid flows in
countercurrent  



relation to the flow of the slurry feed in the higher
concentration zone. 2. The process of Claim 1,
wherein the displacement fluid is a gas. 3. The
process of Claim 2, wherein the gas flows in
countercurrent relation  to the flow of the slurry
feed in the higher concentration zone. 4. The process
of Claim 1, further comprising the step of passing at
least a  portion of the displacement fluid through a
filter to the lower concentration zone. 21 5. The
process of Claim 2, further comprising the step of
passing at least a  portion of the gas through a
filter to the lower concentration zone. 6. The
process of Claim 1, wherein the slurry feed comprises
a product from  a crystallization process. 7. The
process of Claim 2, wherein the slurry feed comprises
a product from  a crystallization process. 8. The
process of Claim 6, wherein the slurry feed comprises
para-xylene.  9. The process of Claim 7, wherein the
slurry feed comprises para-xylene.  10. The process
of Claim 1, wherein the filtrate comprises at least
one of  ortho-xylene, meta-xylene and para-xylene.
11. The process of Claim 2, wherein the filtrate
comprises at least one of  ortho-xylene, meta-xylene
and para-xylene. 12. The process of Claim 1, further
comprising the step of forming a dense  phase in the
higher concentration zone. 13. The process of Claim
2, further comprising the step of forming a  22 dense
phase in the higher concentration zone. 



14. The process of Claim 12, wherein the dense phase
comprises a solid packed  bed. 15. The process of
Claim 13, wherein the dense phase comprises a solid
packed  bed. 16. A process for maintaining a solid
phase throughout the separation of liquids from
solids in a filtration zone defining a higher
pressure zone and a lower pressure zone separated  by
a filter, the process comprising the steps of: (a)
directing a slurry feed comprising a liquid and a
solid to the higher pressure  zone at a pressure; (b)
imparting an opposing pressure on the slurry feed in
the higher pressure  zone; (c) forming a dense phase
in the higher pressure zone; and (d) maintaining the
higher pressure zone at a temperature lower than the
melting  point of at least one solid in the slurry
feed. 17. The process of Claim 16, wherein the
opposing force comprises hydraulic  pressure. 18. The
process of Claim 16, wherein the opposing force
comprises pneumatic  pressure. 19. The process of
Claim 16, wherein the temperature in step (d)  23
corresponds to the melting point of para-xylene. 20.
The process of Claim 16, wherein the slurry feed
comprises a product of a  crystallization process.
21. The process of Claim 20, wherein the slurry feed
comprises para-xylene. 



22. A process for separating solids from liquids in a
filtration zone defined by a  higher pressure zone
and a lower pressure zone separated by a filter, the
process  comprising the steps of: (a) directing a
slurry feed comprising a liquid and a solid into the
higher  pressure zone; (b) directing a displacement
fluid into the higher pressure zone in
countercurrent relation to the slurry feed; (c)
forming a dense phase in the higher pressure zone;
and (d) passing at least a portion.of the fluid
through the filter to the lower  pressure zone. 23.
The process of Claim 22, wherein a substantial
portion of the displacement  fluid passes through the
filter to the lower pressure zone. 24. The process of
Claim 22, wherein at least a portion of the
displacement fluid  passes through at least a portion
of the solid packed bed to the filter. 24 25. The
process of Claim 22, further comprising the step of
passing at least a  portion of the liquid through the
filter to the lower pressure zone, forming a
filtrate. 26. The process of Claim 22, wherein the
displacement fluid is insoluble with  the solids in
the slurry feed. 27. The process of Claim 25, wherein
the displacement fluid is substantially  insoluble
with the filtrate. 28. The process of Claim 22,
wherein the displacement fluid is a gas. 29. The
process of Claim 22, wherein the higher pressure zone
is maintained  at a temperature lower than the
melting point of at least one solid in the slurry
feed. 



30. The process of Claim 28, wherein the higher
pressure zone is maintained  at a temperature lower
than the melting point of at least one solid in the
slurry feed. 31. A process for purifying para-xylene
in a filtration zone defined by a higher  pressure
zone and a lower pressure zone separated by a filter,
the process comprising  the steps of: (a) directing a
slurry feed comprising a liquid and crystallized
para- xylene at a temperature into the higher
pressure zone; (b) directing a displacement fluid at
a temperature lower than  25 melting point of
para-xylene into the higher pressure zone in
countercurrent  relation to the slurry feed; (c)
passing at least a portion of the liquid through the
filter to the lower  concentration zone, producing a
filtrate. (d) forming a dense phase comprising at
least a portion of the  crystallized para-xylene in
the higher pressure zone; and (e) recovering at least
a portion of the crystallized para-xylene from the
higher pressure zone. 32. The process of Claim 31,
wherein the displacement fluid is a gas. 33. The
process of Claim 31, wherein the dense phase
comprises a solid  packed bed. 34. The process of
Claim 31, wherein the slurry feed is directed into
the  higher pressure zone at a temperature less than
-45.6C (-50F). 35. The process of Claim 31, wherein
the slurry feed is directed into the  higher pressure
zone at a temperature less than -59.4C (-75F). 



36. The process of Claim 32, wherein the recovered
crystallized para-xylene  is at a temperature less
than -31.7C (-25F). 37. The process of Claim 32,
wherein the recovered crystallized para-xylene  is at
a temperature less than -45.6C (-50F). 26 38. The
process of Claim 32, wherein the recovered
crystallized para-xylene  is at a temperature less
than -59.4C (-75F). 39. A solid-liquid separation
process, comprising: (a) providing a filter column
comprising a hollow cylinder and at least one  filter
tube extending in an axial direction within the
hollow cylinder, wherein at least one  tube comprises
an integrally attached filter, the filter forming a
direct connection between  an interior of the tube
and an interior of the hollow cylinder; (b) directing
a slurry feed into the hollow cylinder; and - (c)
directing a displacement fluid into the hollow
cylinder. 40. The process of Claim 39, wherein the
displacement fluid is a gas. 41. The process of Claim
39, further comprising the step of passing a
substantial portion of the displacement fluid through
a filter. 42. The process of Claim 40, further
comprising the step of passing a  substantial portion
of the gas through a filter. 43. The process of Claim
39, wherein the slurry feed comprises para-xylene.
44. The process of Claim 40, wherein the slurry feed
comprises para-xylene.  27 45. The process of Claim
43, further comprising the step of forming a dense
phase in the hollow cylinder. 



46. The process of Claim 44, further comprising the
step of forming a dense  phase in the hollow
cylinder. 47. The process of Claim 45, wherein the
dense phase comprises a solid  packed bed. 48. The
process of Claim 47, wherein at least a portion of
the gas passes  through at least a portion of the
solid packed bed to the filter. 49. ' A process for
separating solids from liquids in a filtration zone
defining a  higher pressure zone and a lower pressure
zone separated by a filter, the process  comprising
the steps of: (a) directing a slurry feed into the
higher pressure zone at a pressure greater  than
atmospheric pressure; (b) directing a displacement
fluid into the higher pressure zone at a pressure
sufficient to pass at least a portion of the
displacement fluid through the filter to the  lower
pressure zone; and (c) forming a dense phase in the
higher pressure zone; wherein the pressure of the
displacement fluid is lower than the pressure of the
slurry feed after the formation of the solid packed
bed. 50. The process of Claim 49, wherein the
displacement fluid is a gas.  28 51. The process of
Claim 50, wherein the dense phase comprises a solid
packed bed. 29 




