
Substitute sheet - 14 September 1996 -1- ION EXCHANGE RESIN COLUMNS,
SYSTEMS COMPRISING SUCH COLUMNS, AND PROCESSES USING SUCH COLUMNS The
present invention is concerned with ion exchange resin columns for use in
ion exchange resin systems. More particularly, the present invention is
concerned with ion exchange resin columns which prevent, or minimize, the
fouling of ion exchange resin beds used therein with unwanted particulate
material. Ion exchange resin systems typically comprise at least one column
containing an ion exchange resin bed. The ion exchange resin is typically
located, within the column, between two plates, each plate having a
plurality of orifices or nozzles therein. In use, the fluid to be treated
(i.e. the fluid to be treated in the loading cycle of operation of the
column) is introduced into the column at one end thereof, passes through
the orifices or nozzles in one of the plates, passes through the ion
exchange resin bed, passes through the orifices or nozzles in the other of
the plates, and exits the column at the other end thereof. The fluid to be
treated in an ion exchange resin column may, for example, contain suspended
matter and, on passage of the fluid to be treated through the ion exchange
resin column, this suspended matter may be retained within the ion exchange
resin bed, thereby eventually fouling the resin bed. Further, the suspended
particulate matter may result in blocking of the orifices or nozzles in the
plates typically located at either end of the ion exchange resin bed. In
ion exchange resin systems comprising a plurality of ion exchange resin
columns it is possible, in the operation of the system in the loading
cycle, for resin fines, for example broken resin beads or very small
particle-size resin beads, from the ion exchange resin located in one of
the columns, to pass through the orifices or nozzles of the plate located
at the exit end of that column and to pass into the next column located
downstream. In such a case, the resin fines may result in contamination of
the ion exchange resin in the column located downstream, and may even
result in blocking of the orifices or nozzles in any plates located
downstream of the ion exchange resin bed from which the resin fines
originate. Clearly, it would be desirable if suspended matter, located in
the fluid to be   



Substitute sheet - 14 September 1996 -2 - treated in an ion exchange resin
system, could be removed or at least minimized. It would also be desirable
if the fouling of the orifices or nozzles of any plates located within an
ion exchange resin column, and the fouling of the ion exchange resin in
such column, by ion exchange resin fines from an upstream ion exchange
column and/or suspended matter present in the fluid to be treated, could be
avoided, or at least minimized. It is known to filter suspended material
from a fluid to be treated in an ion exchange resin system by passing the
fluid to be treated through a bed of filter material such as sand, gravel
or charcoal, the bed of filter material being located in a separate
container upstream of the ion exchange resin column(s). However, the use of
such a filter material bed has a number of disadvantages. For example, the
location of the filter material bed within a separate container has the
disadvantages that it increases the equipment requirements of the ion
exchange resin system and, therefore, increases the cost of the system.
Also, when the filter material bed becomes fouled with entrapped suspended
material removed from the fluid flowing therethrough, it is cleared by
backwashing, for example, with water. This backwashing has the disadvantage
that it adds a further step to the operation of the ion exchange resin
system and necessitates the shutting down of the ion exchange process
whilst it is carried out. It is also known to have strainers or filters,
for example paper or fabric filters, located between adjacent ion exchange
resin columns of an ion exchange resin system comprising two or more such
columns, the purpose of the filter being to prevent the passage of ion
exchange resin fines from the column(s) located upstream of the filter to
the column(s) located downstream of the filter. However, the use of such
strainers or filters has a number of disadvantages. For example, as in the
case of the above-described known filter material beds for removing
suspended material, the strainers and filters are housed within a separate
container and this adds both to the complexity and cost of the overall ion
exchange resin system. Also, the use of the strainers and filters has the
disadvantage that, when they become fouled, for example with ion exchange
resin fines, it is necessary to shut down the ion exchange resin process to
allow the cleaning or replacement of the fouled strainers and filters. We
have now surprisingly found a column, for use in ion exchange resin  
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overcomes the disadvantages of the above-described known filtration
devices, and which enables (a) suspended matter, present in a fluid to be
treated in an ion exchange resin system to be removed, or the level thereof
to be at least minimized, and (b) the passage of resin fines from one ion
exchange resin bed of an ion exchange resin system, comprising two or more
such beds, to the next, downstream ion exchange resin bed to be avoided, or
to be at least minimized. According to the present invention there is
provided a column for use in an ion exchange process, which comprises an
inlet for fluid to be treated in the loading cycle of the ion exchange
process, an outlet for fluid treated in the loading cycle of the ion
exchange process, a section for ion exchange resin, and a section for
inert, particulate filter material, said section for inert, particulate
filter material being located between said section for ion exchange resin
and said inlet such that said section for inert, particulate filter
material is closer to said inlet than any section for ion exchange resin.
The present invention also provides a column according to the invention
when charged with a bed of ion exchange resin and a bed of inert,
particulate filter material. The present invention further provides an ion
exchange resin system, which comprises one column, or a plurality of
columns, according to the invention. The present invention still further
provides an ion exchange resin process, which comprises passing fluid to be
treated through an ion exchange resin system comprising one column, or a
plurality of columns, according to the invention, said column(s) being
charged with a bed of ion exchange resin and a bed of inert, particulate
filter material. As used herein, in connection with the present invention:
(i) the terms "upstream" and "downstream" refer to the normal loading cycle
of operation of an ion exchange resin column/system; (ii) references to the
treatment of a fluid are references to the treatment of the fluid in the
normal loading cycle of operation of the column/system; and (iii) the term
"inert", when used in connection with the particulate  
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mean that the material is inert to the materials with which it comes into
contact during operation of the ion exchange resin column/system, i.e.
during the loading and regeneration cycles of the column/system. The
materials with which the inert, particulate filter material may come into
contact during operation of the ion exchange resin column/system include,
but are not limited to, the fluid to be treated in the column/system, the
regenerant materials and ion exchange resins. In the column according to
the present invention, retaining means which allows the passage of fluid
therethrough may, for example, be located at one or more of the following
positions: (i)   the end of the section for inert, particulate filter
material closest to the inlet for fluid to be treated; (ii)  the end of the
section for inert, particulate filter material remote from the inlet for
fluid to be treated; (iii)  the end of the section for ion exchange resin
closest to the outlet for treated fluid; or (iv)  the end of the section
for ion exchange resin remote from the outlet for treated fluid. In the
above retaining means (ii) and (iii) may be integral, i.e. are one and the
same retaining means. For example, in the column according to the present
invention the section for inert, particulate filter material may be defined
as the volume between a first retaining means located at the upstream end
of said section, and a second retaining means located at the downstream end
of said section, and wherein the first and second retaining means allow the
passage of fluid therethrough, i.e. allow the passage therethrough of fluid
to be treated in an ion exchange process and regenerant fluid. Similarly,
in the column according to the present invention the section for ion
exchange resin may, for example, be defined as the volume between a third
retaining means located at the upstream end of said section and a fourth
retaining means located at the downstream end of said section, and wherein
the third and fourth retaining means allow 



the passage of fluid therethrough, i.e. allow the passage therethrough of
fluid to be treated in an    Substitute sheet - 14 September 1996 -5- ion
exchange process and regenerant fluid. Preferably, in the column according
to the present invention the second and third retaining means are integral,
i.e. are one and the same retaining means. In this preferred embodiment,
therefore, the sections for inert, particulate filter material and ion
exchange resin are defined by three retaining means, one retaining means
being located at the upstream end of the section for inert, particulate
filter material, one retaining means being located at the downstream end of
the section for ion exchange resin, and the third retaining means being
located between the section for inert, particulate filter material and the
section for ion exchange resin. In an alternative embodiment of the column
according to the present invention no retaining means is present between
the section for the inert, particulate filter material and the section for
the ion exchange resin. In this embodiment, the hydraulic densities of the
inert, particulate filter material and the ion exchange resin should be
such that, upon fluidization of the inert filter material and ion exchange
resin and allowing said filter material and resin to settle with no flow of
fluid through the column, the inert filter material and ion exchange resin
form separate beds with the inert filter material bed being located closer
to the inlet (i.e. the inlet for fluid to be treated) end of the column
than the ion exchange resin bed. Further, in this embodiment retaining
means may, optionally, be located at the end of the section for inert,
particulate filter material closest to the inlet for fluid to be treated,
at the end of the section for ion exchange resin closest to the outlet for
treated fluid, or both. The retaining means are preferably in the form of
plates having a plurality of orifices or nozzles therein. Preferably, when
the column according to the present invention is charged with inert,
particulate filter material, the volume of such filter material is less
than the volume of the section within which it is located. This is
advantageous as it enables a fluidized bed of the filter material to be
formed during the ion exchange resin regeneration cycle and this increases
the efficiency in removal of entrapped particulate material from the filter
material and, hence, 



increases the efficiency of cleaning of the filter material for further
use. This formation of a fluidized bed of the inert, particulate filter
material will be discussed in more detail hereinafter.    Substitute sheet
- 14 September 1996 -6- The ion exchange resin column and ion exchange
resin system of the present invention may be arranged for upflow loading
and downflow regeneration, or for downflow loading and upflow regeneration.
Ion exchange resin systems arranged for upflow loading and downflow
regeneration are, for example, disclosed in our EP-B-0142359. If the column
according to the present invention is arranged for upflow loading and
downflow regeneration (i.e. the section for inert, particulate filter
material is located below the section for ion exchange resin), and the
volume occupied by such filter material is less than that of the section
within which it is located, then it is preferable for the filter material
to have a specific gravity less than that of the fluid to be treated by ion
exchange, and also less than that of the regenerant fluid, as this gives
rise to several advantages. Firstly, during the normal fluid treatment
cycle of operation of the column, the use of a filter material having a
specific gravity less than that of the fluid passing therethrough results
in the filter material being located, as a compacted bed, at the downstream
end of the section within which it is located. This formation of a
compacted bed enables efficient removal of particulate material from the
fluid passing therethrough to be achieved. Secondly, during the
regeneration cycle, the downward flow of the regenerant fluid will result
in fluidization of the filter material bed and this, in turn, enables
efficient removal of entrapped particulate material therefrom to be
achieved. Alternatively, if the column according to the present invention
is arranged for downflow loading and upflow regeneration (i.e. the section
for inert, particulate filter material is located above the section for ion
exchange resin), and the volume occupied by such filter material is less
than that of the section within which it is located, then it is preferable
for the filter material to have a specific gravity greater than that of the
fluid to be treated by ion exchange and also greater than that of the
regenerant fluid, as this gives rise to advantages. Firstly, during the
normal fluid treatment cycle of operation of the column, the use of a
filter material having a specific gravity greater than that of the fluid
passing therethrough results in 



the formation of a compacted bed of the filter material at the downstream
end of the section within which it is located. As already discussed, the
formation of a compacted bed of the filter material in the normal treatment
cycle of operation of the column enables efficient removal of    Substitute
sheet - 14 September 1996 -7- particulate material from the fluid passing
therethrough to be achieved. Secondly, during the regeneration cycle, the
upward flow of the regenerant fluid will result in the bed of filter
material being fluidized and, as already discussed above, such fluidization
enables efficient removal of entrapped particulate material and, hence,
efficient cleaning of the filter material for reuse. A further advantage of
the column according to the present invention is that, as there is no
section for ion exchange resin located between the inert, particulate
filter material section and the inlet for fluid to be treated in the
loading cycle of operation of the column, any entrapped particulate
material removed from the inert filter material during the regeneration
cycle of operation can be readily removed from the column, or any system of
which the column forms a part, without contaminating the ion exchange resin
of the column(s)/system. In one embodiment of the ion exchange resin system
according to the present invention the system comprises a single ion
exchange resin column. In such a situation, the column will be a column
according to the invention and the inert, particulate filter material will
enable suspended matter, present in the fluid to be treated in the system,
to be removed, or the level thereof to be at least to be minimized, prior
to passage of the fluid through the ion exchange resin located within the
column. In an alternative embodiment of the ion exchange resin system
according to the present invention, the system comprises two or more ion
exchange resin columns located in series. In such a situation, one or more
of the ion exchange resin columns may be a column according to the present
invention. For example, the first ion exchange resin column may be a column
according to the invention, in which case the inert, particulate filter
material will remove, or at least minimize, the level of suspended matter
present in the fluid to be treated in the system. Alternatively, one or
more of the columns located downstream of the first ion exchange resin 



column (i.e. the column farthest upstream) is a column according to the
present invention, in which case the inert, particulate filter material
will enable any resin fines, passing out of the column(s) upstream of such
filter material, to be removed, or the level thereof at least to be
minimized, and thereby prevent such resin fines from entering ion exchange
Substitute sheet - 14 September 1996 -8- resin beds located downstream of
such inert particulate filter material and fouling such ion exchange resin
beds and/or the retaining means (e.g. the orifices or nozzles in the
plates) which may be present downstream of such inert filter material. Of
course, it is also possible, in an ion exchange resin system comprising two
or more ion exchange resin columns, for both the first ion exchange resin
column (i.e. the column farthest upstream), and one or more of the ion
exchange resin columns located downstream of said first column, to be
columns according to the present invention. In ion exchange resin systems,
it is common for an ion exchange resin column, containing a bed of anion
exchange resin, to be located downstream of an ion exchange resin column,
containing a bed of cation exchange resin. In such a case, the location of
a bed of inert, particulate filter material between the cation ion exchange
resin bed and the anion exchange resin bed (i.e. in the column containing
the anion exchange resin) will enable cation exchange resin fines to be
removed from, or the level thereof to be at least minimized in, the fluid
entering the anion exchange resin column. This will thereby prevent, or
minimize, the fouling of the anion exchange resin bed with the cation
exchange resin fines which would otherwise result in deterioration in the
quality of the treated fluid, for example water, and give rise to rinse
difficulties after each regeneration, and will also avoid, or at least
minimize, the blocking of the retaining means (e.g. blocking of the
orifices or nozzles of the plate) which may be present at the inlet side of
the anion exchange resin bed. Similarly, ion exchange resin systems are
known in which an ion exchange resin column, containing a bed of cation
exchange resin, is located downstream of an ion exchange resin column,
containing a bed of anion exchange resin. In such a situation, the presence
of a bed of an inert, particulate filter material between the anion and
cation exchange resin beds (i.e. in the column containing the cation
exchange resin) 



will enable anion exchange resin fines to be removed from, or the level
thereof at least to be minimized in, the fluid passing from the anion
exchange resin bed to the cation exchange resin bed. This will enable
fouling of the cation exchange resin, and also blockage of the retaining
means (e.g. blockage of the orifices or nozzles in the plate) which may be
present at the inlet end of    Substitute sheet - 14 September 1996 the
cation exchange resin column, to be avoided or at least minimized.
Preferably, the inert filter material is a synthetic material, for example
high density polyethylene, polypropylene, polyamide or polystyrene.
Preferably, the inert, particulate filter material is high density
polyethylene, polypropylene or polyamide. The particle size of the inert
filter material may, for example, be from about 0.1 mm to about 5 mm. In
one embodiment of the invention, the inert, particulate filter material
preferably has a particle size of from about 0.2 mm to about 4 mm, more
preferably from about 0.3 mm to about 2 mm. In another embodiment of the
invention, the inert filter material preferably has a particle size of from
about 0.5 mm to about 5 mm, and more preferably from about 0.5 mm to about
1.7 mm. When referring to a particle size, we mean the diameter of the
particles in the case of spherical particles, and the minimum and maximum
diameters in the case of non-spherical particles. It has been found that
the use of inert filter material having a particle size in the range of
about 0.5 mm to about 1.7 mm is efficient in removing, from a fluid passing
therethrough, particulate material having a particle size of about 0.05 to
about 0.4 mm. Preferably, the particle size of the inert filter material is
smaller than that of the ion exchange resin. The depth of the inert filter
material in the column according to the present invention is preferably
about 10 to about 50 cm. In operation of an ion exchange resin system, flow
rates, through the ion exchange resin beds, of the fluid to be treated of
about 10 to about 80 metres per hour are commonly used. It has been found
that the use of an inert filter material, in accordance with the present
invention, is efficient, at such flow rates through the inert filter
material, in removing particulate material from the fluid to be treated in
the system. During the regeneration cycle of the ion exchange resin system,
the regenerant fluid 



will remove, from the inert filter material, any entrapped particulate
material which has been removed from the fluid passing through the system
during the loading cycle. As already discussed, during the regeneration
cycle, the inert filter material is preferably fluidized, such fluidization
improving the efficiency of removal of any entrapped particulate material.
Loading times, for the ion exchange resin system, of up to 8 hours, or
Substitute sheet - 14 September 1996 -10- more, are not uncommon. For
example, ion exchange resin systems may be run in their loading cycle for
many days before requiring regeneration. It has been found that the inert
material is efficient in removing particulate material, from the fluid
passing through the ion exchange resin system during the loading cycle,
even during such long loading periods. The following Examples are present
to illustrate preferred embodiments of the present invention. In the
Examples reference will be made to the accompanying drawings, in which:
Figure 1 is a graph illustrating the migration, versus time, of broken
cation exchange resin beads through the inert, particulate material beds
used in Example 1; Figure 2 is a bar graph illustrating migration, at
various fluid flow rates, of broken cation exchange resin beads through the
inert, particulate material beds used in Example 2; Figure 3 is a graph
illustrating the migration, at various fluid flow rates, of broken cation
exchange resin beads through the inert, particulate material beds used in
Example 3; and Figure 4 is a graph illustrating the migration, versus time,
of the broken cation exchange resin beads through the inert, particulate
material bed of Example 4. EXAMPLE EXAMPLE 1: This Example is presented to
show the ability of a bed of inert particulate filter material to remove
resin fines from water. The apparatus used in this Example comprised a
column containing a bed of inert, particulate filter material, the bed of
inert filter material having a height of 10 cm and the inert filter
material being as stated in Table 1 below. The volume of the column was 



greater than the volume of the bed of inert filter material. The base of
the column had an inlet for fluid, and the top of the column had an outlet
for fluid. Water, containing broken cation exchange resin beads having a
particle size of from 0.1 to 0.2 mm, was introduced into the column through
the inlet at    Substitute sheet - 14 September 1996 -11- the base thereof.
The fluid passed through the bed of inert material and exited the column
through the outlet at the top thereof. The flow rate of fluid through the
bed of inert material was from 20 to 40 metres per hour. This procedure was
carried out using the various inert materials listed in Table 1 below, and
the height at which the broken cation exchange resin beads were found
within the bed of inert filter material was measured at varying times and
the results are illustrated in Figure 1 of the accompanying drawings. In
Figure 1, axis X represents the time (minutes) and axis Y represents the
height (cm) at which the broken cation exchange resin beads were found
within the bed of inert filter material (i.e. the level of migration of the
broken beads). From Figure 1 it can be seen that, after a certain time, an
equilibrium is reached where the resin fragments do not migrate any
further. This indicates that the resin fragments form a "cake" which
inhibits further migration of the fragments through the bed of inert filter
material. After passage of the water, containing broken cation exchange
resin beads, through the bed of inert filter material, fresh water was
passed downwardly through the column at a flow rate of from 1 to 10 metres
per hour. This simulates downflow regeneration in an ion exchange resin
column. During passage of the water downwardly through the column,
fluidization of the bed of inert filter material was noted and this aided
removal of the cation exchange resin fragments from the bed of inert
material. Table 1 Polyethylene    Polypropylene   Polyamide      Amberlite
(PE)           (PP)            (PA)            RF-14* 



density         0.94-0.96      0.96-0.91       1.09-1.16       0.95-0.98
(g/ml) average size (cm): diam.          0.3             0.5
0.3             0.1 length          0.3            0.5             0.3
0.17 width                          0.2 * Amberlite RF-14 is a
polypropylene material marketed by Rohm and Haas Company    Substitute
sheet - 14 September 1996 - 12 - EXAMPLE 2: The procedure of Example 1 was
repeated except that the migration of the broken cation exchange resin
beads, as a function of the inert filter material utilized at various flow
rates, was measured. The results of this Example are given in Figure 2 of
the accompanying drawings. In Figure 2, the inert filter materials are
shown along the horizontal axis and the height (cm), after 15 minutes, at
which the broken cation exchange resin beads were found. within the bed of
inert filter material is shown by the vertical axis (i.e. the level of
migration of the broken beads). EXAMPLE 3: The procedure of Example 1 was
repeated except that the migration of the broken cation exchange resin
beads, as a function of the particle size of the inert filter material bed
at various flow rates (i.e. 20 m/hr, 28 m/hr and 36 m/hr), was measured.
The cation exchange resin bead fragments had a particle size of from 0.3 to
0.4 mm. The results of this Example are illustrated in Figure 3 of the
accompanying drawings. In Figure 3, the X axis represents the particle size
(mm) of the inert filter material, and axis Y represents the height (cm) at
which the broken cation exchange resin beads were found within the bed of
inert filter material after 15 minutes (i.e. the level of migration of the
broken beads). The values shown for inert material having an average 



particle size of 1 mm were obtained using the Amberlite RF-14, the values
shown for inert material having an average particle size of 3 mm were
obtained using the polyethylene, and the values shown for inert material
having an average particle size of 5 mm were obtained using the
polypropylene. From Figure 3, it can be seen that there is a correlation
between the migration of the cation exchange resin bead fragments and the
particle size of the inert filter material. For example, it was found that,
for the fragment size utilized (i.e. 0.3 to 0.4 mm), the most efficient
inert filter material particle size is approximately 1 mm. EXAMPLE 4:
Example 3 was repeated using Amberlite RF-14 particulate material as the
inert filter material and utilizing cation exchange resin bead fragments
having a    Substitute sheet - 14 September 1996 -13 - particle size of 0.1
to 0.2 mm. The Amberlite RF-14 material had a particle size of
approximately 1 mm. The results obtained for this Example were compared
with the results obtained in Example 3 for the same inert filter material,
and the results are given in Figure 4 of the accompanying drawings. In
Figure 4, axis X represents the time (minutes) and axis Y represents the
height (cm) at which the broken cation exchange resin beads were found
within the bed of inert filter material (i.e. the level of migration of the
broken beads). From Figure 4 it can be seen that the inert filter material
(Amberlite RF-14) having a particle size of approximately 1 mm) is less
efficient in removing the cation exchange resin bead fragments having a
particle size of from 0.1 to 0.2 mm than in removing the cation exchange
resin bead fragments having a particle size of from 0.3 to 0.4 mm. EXAMPLE
5: The apparatus used in this Example comprised a column having a
cross-section of 3.14 cm[err] and containing a bed of inert, particulate
filter material (polystyrene) having an average particle size of 300
micrometres, a density of 1.06 g/ml and a uniformity 



coefficient of 1.2. The bed of inert, particulate filter material had a
depth of 10 cm. 1 ml of strong acid cation exchange resin fragments, having
a particle size of between 46 and 150 micrometres, were then placed on top
of the inert, particulate filter material bed. The resin fragments were
produced by grinding a strong acid cation exchange resin and screening the
resulting particles between 46 and 150 micrometres. Water was then passed
downwardly through the column at a flow rate of 20 m/hr and the distance
travelled by the resin fragments through the inert, particulate filter
material bed was measured at certain time intervals. The above experimental
procedure was repeated except that the flow rate of the water through the
column was 40 m/hr. The results obtained from the above experimental
procedures were as follows:-    Substitute sheet - 14 September 1996 -14-
Flow Rate: 20 m/hr: Time (mins) Distance (cm)** 0             0 10
0.5 30            0.5 120           0.5 Flow rate: 40 m/hr: Time (mins)
Distance (cm)** 0             0 10           0.5 30            0.6 120
0.6 **Distance travelled by the resin fragments downwardly through the bed
of inert particulate filter material. Following each of the above
experimental procedures, the flow direction of water through the column was
reversed (i.e. water was passed upwardly through the column and, 



hence, through the bed of inert, particulate filter material). The flow
rate of the water wash 10 m/hr and it was observed that more than 95% by
volume of the resin fragments were washed out of the inert filter material
bed and removed from the column. From this Example, it can be seen that
inert material having an average particle size of 300 micrometres is able
to efficiently retain resin fragments of 46 to 150 micrometres size but is
able to release the resin fragments when the flow of water is reversed.
Substitute sheet - 14 September 1996 - 15 - THE CLAIMS OF THE INVENTION ARE
AS FOLLOWS: 1.    A column for use in an ion exchange process, which
comprises an inlet for fluid to be treated in the loading cycle of the ion
exchange process, an outlet for fluid treated in loading cycle of the ion
exchange process, a section for ion exchange resin, and a section for
inert, particulate filter material, said section for inert, particulate
filter material being located between said section for ion exchange resin
and said inlet such that said section for inert, particulate filter
material is closer to said inlet than any section for ion exchange resin.
2.    A column as claimed in claim 1, wherein retaining means, which allows
the passage of fluid therethrough, is located at one or more of the
following positions: (i)   the end of the section for inert, particulate
filter material closest to the inlet for fluid to be treated; (ii)  the end
of the section for inert, particulate filter material remote from the inlet
for fluid to be treated; (iii)  the end of the section for ion exchange
resin closest to the outlet for treated fluid; or (iv)  the end of the
section for ion exchange resin remote from the outlet for treated fluid. 3.
A column as claimed in claim 2, wherein retaining means (ii) and (iii) are
integral. 4.    A column as claimed in claim 2 or claim 3, wherein the or
each retaining means is in the form of a plate having a plurality of
orifices or nozzles therein. 5.    A column as claimed in any of claims 1
to 4, in which the section for ion exchange 



resin is charged with a bed of ion exchange resin, and the section for
inert, particulate filter material is charged with a bed of inert,
particulate filter material. 6.    A column as claimed in claim 5, wherein
the volume of the inert,    Substitute sheet - 14 September 1996 -16-
particulate filter material is less than the volume of the section within
which it is located. 7.    A column as claimed in claim 5 or claim 6,
wherein the inert, particulate filter material is high density
polyethylene, polypropylene, polystyrene or polyamide. 8.    A column as
claimed in any of claims 5 to 7, wherein the inert, particulate filter
material has a particle size of from about 0.1 mm to about 5 mm. 9.    A
column as claimed in claim 8, wherein the inert, particulate filter
material has a particle size of from about 0.2 mm to about 4 mm. 10.   A
column as claimed in claim 8, wherein the inert, particulate filter
material has a particle size of from about 0.5 mm to about 1.7 mm. 11.   A
column as claimed in any of claims 5 to 10, wherein the bed of inert,
particulate filter material has a depth of from about 10 cm to about 50 cm.
12.   An ion exchange resin column as claimed in any of claims 5 to 11,
wherein no retaining means is present between the section for the ion
exchange resin and the section for the inert, particulate filter material,
and the hydraulic densities of the ion exchange resin and the inert,
particulate filter material are such that, upon fluidisation of these
materials in the column and allowing them to settle with no flow of fluid
through the column, they form separate beds with the latter being located
closer than the former to the inlet for fluid to be treated. 13.   An ion
exchange resin system, which comprises one column, or a plurality of
columns, as claimed in any of claims 1 to 12. 14.   An ion exchange resin
system as claimed in claim 13, which comprises two or more ion exchange
resin columns with one or more of such columns being a column as claimed in
any of claims 1 to 11. 15.   An ion exchange resin process, which comprises
passing fluid to be treated 



through an ion exchange resin system comprising one column, or a plurality
of columns, as claimed in any of claims 5 to 12.    Substitute sheet - 14
September 1996 -17- 16.   An ion exchange resin process as claimed in claim
15, wherein: (a)   the column(s), as claimed in any of claims 5 to 11, are
arranged for upflow loading and downflow regeneration; (b)   the volume of
the inert, particulate filter material is less than the volume of the
section within which it is located; and (c)   the density of the inert,
particulate filter material is less than that of the fluid to be treated.
17.    An ion exchange resin process as claimed in claim 15, wherein: (a)
the column(s), as claimed in any of claims 5 to 11, are arranged for
downflow loading and upflow regeneration; (b)   the volume of the inert
particulate filter material is less than the volume of the section within
which it is located; and (c)   the density of the inert particulate filter
material is greater than that of the fluid to be treated. 18.   An ion
exchange process as claimed in any of claims 15 to 17, wherein the flow
rate of the fluid to be treated is from about 10 to about 80 metres per
hour.    


