
EP 0 273 339 B1 Description The present invention relates to a method for
separating and transferring an ion-exchange resin from a tank packed with a
mixed bed of two ion-exchange resins having different specific gravities. 5
Mixed beds of strongly acidic cation-exchange resins (hereinafter referred
to as SAR) having the greater specific gravity and strongly basic
anion-exchange resins (hereinafter abbreviated as SBR) having the smaller
specific gravity, are indispensable to apparatus for producing pure and
ultrapure water. The standards for the quality of water at the outlet of
the mixed bed of resins are the strictest in nuclear power plants employing
pressurized water reactors (PWR) and the outlet water is required to
contain sodium ion 10 [err] and chloride ion [err] in amounts not exceeding
0.02 ppb and 0.05 ppb, respectively. The lower the concentrations of these
ions, the better. The leakage of these ions from the mixed-bed is governed
by the proportions of salt-form resins in the mixed bed if the quality of
the inlet water of the demineralization tank and the operating conditions
for the mixed bed (e.g. service flow rate) are disregarded. Specifically,
the higher the proportions of R-CI (chloride-form anion resin) and R-Na
(sodium-form cation resin), the greater 15 the leakage of [err] and [err].
The major source of these ions is of course the raw water but they are also
formed by the following reasons: R-Na:   Separation between SAR and SBR and
subsequent transfer of SBR are incomplete and the SAR in the SBR layer
contacts regenerant NaOH to form R-Na. R-CI:   (1) This partly originates
from NaCI present as an impurity in the regenerant NaOH; and 20
(2) As in the case of the generation of R-Na, separation and transfer of
SBR is incomplete and the residual SBR in the SAR layer contacts regenerant
HCI to form R-CI. If [err] is used as a regenerant, sulphate-form resins
[err] will be generated to cause the problem of [err] leakage. Various
studies have been conducted with a view to reducing the generation of R-Na
and a representa- 25 tive approach is described in Japanese Patent No.
1027750 (Japanese Patent Publication No. 14718/1980). Of the two principal
causes of the generation of R-CI, the first one has become less significant
as a result of recent improvements in the quality of the regenerant NaOH.
However, no complete solution has been proposed for dealing with the second
cause. The current technology does not provide for complete separation and
transfer of SBR and the presence of residual SBR in the SAR layer in an
approximate 30 amount of 1- 2% of the total SBR is inevitable. This means
that for each cycle of regeneration, the R-CI type SBR forms in an amount
of 1 - 2% of the total SBR and as a result of accumulation of this residual
SBR, R-CI in the mixed resin bed amounts to twenty-odd % of the total SBR
at equilibrium. Representative prior art processes are to be found in
JP-A-55 20 636 and JP-A-55 88 860. JP-A-55 20 636 discloses a regeneration
method for the mixed ion exchange resin of a condensed water desalting 35
device which comprises a first stage in which the mixed cation exchange
resin and anion exchange resin used in the desalting treatment in the water
passage tower of a condensed water desalting device is separated by
backwashing with water in the cation regeneration tower, and layers are
formed with anion exchange resin in the upper layer, a mixture of both ion
exchange resins in the middle layer and cation exchange resin in the lower
layer, a second stage in which the upper layer anion exchange resin, middle
40  layer mixture of both ion exchange resins and a part of the lower layer
cation exchange resin formed in the first stage are transferred to the
anion regeneration tower, before the greater part of the cation exchange
resin which remains in the cation regeneration tower is regenerated with
acid. JP-A-55 88 860 discloses an ion exchange resin extraction method
which is characterized in that, when separating and extracting the anion
exchange resin from a mixed ion exchange resin consisting of cation 45
exchange resin and anion exchange resin, the said mixed ion exchange resin
is introduced into a resin tower, and then water is introduced from the
bottom of this resin tower at a first ascending flow rate of LV 7- 12m/H,
and while thereby developing expanded layers of ion exchange rest
comprising anion exchange resin in the upper part and cation exchange resin
in the lower part, most of the anion exchange resin is extracted via a
transfer nozzle provided in the vicinity of the boundary face between the
two ion exchange 50 resins in these expanded layers, and then water is
introduced from the bottom of the resin tower at a second ascending flow
rate of LV 9-15m/H, which is greater than the first ascending flow rate,
and the remaining anion exchange resin is further extracted via the
aforesaid transfer nozzle. Conventionally, SBR is separated from SAR and
transferred by the following typical procedures. Fig. 6 is a schematic
diagram of an apparatus that is employed to perform these procedures.
Backwashing water 65 3 is introduced into the resin-packed tank from below
at a linear velocity (hereinafter abbreviated as LV) of 8 - 12 m/hr. After
thorough backwashing to achieve separation between the two resin layers,
both SAR and 



SBR are allowed to settle and sluicing water 6 is introduced into the tank
from below at an LV of 2.5 - 4 m/hr so as to fluidize the SBR layer 2. At
the same time, compressed air 7 is introduced from the top of the 2    EP 0
273 339 B1 tank, thereby transferring SBR to the anion regeneration tank
(not shown). Not only the SBR layer 2 but also SAR layer 1 is slightly
fluidized by supplying the sluicing water 6. In Fig. 6, the open end 4' of
a resin transfer pipe 4 is disposed on the central axis of the tank.
Alternatively, the open end 4' may be disposed close to the wall of the
tank or it may be in the form of a 5  "trough". For the purpose of
minimizing the amount of residual SBR, the pipe 4 is disposed in such a way
that the open end 4' is positioned slightly below the interface c between
the two resin layers at the time when sluicing water 6 is introduced, and
this is a commonly employed practice in commercial operations of condensate
demineralization. However, the above procedures for transferring SBR
inevitably cause a portion of SBR to remain in the 10 tank in a thickness
ranging from a few to twenty-odd millimeters as indicated in Fig. 7 by a
hatched area 2'. This can be explained as follows: the farther away from
the open end 4 the SBR is situated, the longer it takes for the SBR to
reach this open end, with the result that in the mean time the resin
situated in the neighborhood of the open end 4' is transferred through the
pipe 4; at the same time, the sluicing water 6 being supplied from the
bottom of the tank causes the resin surface to become flat, creating a
certain 15 distance between the open end 4' and the resin surface as
indicated by l in Fig. 7; as a result, a portion of the SBR remains to be
sucked into the pipe 4 through the open end 4' and fails to be transferred
through the pipe. These phenomena do occur even if the flow rate of
sluicing water 6 or the ratio of expansion of SAR layer 1 by backwashing is
increased or even if the position or geometry of the open end 4' is
changed, and 20 complete separation and transfer of SBR cannot be achieved.
Upon closer examination, the SBR that has been left unseparated from SAR
after processing in the apparatus shown in Fig. 6 has a profile as depicted
in Fig. 8. The residual SBR consists of the following three portions: X:
SBR 2' situated on the surface layer of SAR and which is hatched in Fig. 8
(the same as SBR 2' 25         in Fig. 7); Y:   SBR 2" that is left in the
neighborhood of the lower water collecting unit 10 and which is also
hatched in Fig. 8; and Z:   SBR left in the interior of the SAR layer.
Portion Y of the residual SBR is unavoidably trapped in the neighborhood of
the lower water collecting 30 unit 10 when the mixed resin bed is
transferred from a demineralizing tank (not shown) to the cation
regenerating tank (which also serves as a separation tank), and residual
SBR of this type occurs in a substantial amount irrespective of whether the
lower water collecting unit is in the form of a perforated plate or a
perforated pipe. This resin cannot be displaced or purged by the simple
technique of backwashing and its volume sometimes amounts to as many as 1 -
3% of the total SBR. 35     The method currently employed to purge the
residual SBR 2" is to supply backwashing water together with air that is
simultaneously introduced into the lower water collecting unit in the same
manner as air scrubbing is performed by conventional means. Portion Z of
residual SBR can be removed by performing thorough backwashing after the
problem with Y has been solved. Under ordinary conditions, the residual SBR
in SAR is present in an amount of 0.05% or 40  less. The  SBR content can
be further lowered by selecting an SAR/SBR combination that affords a great
difference in both the specific gravity and the particle size distribution.
For successful separation and transfer of SBR, it is important that the
actions taken to deal with the problems associated with Y and Z be thorough
enough to collect the greatest part of residual SBR as SBR 2' which is
indicated by the hatched area on the surface layer of SAR 1 so that it can
be easily transferred 45 from the tank. To this end, the following
requirements for system design and operation must be satisfied: (a)
Separation between SR and SBR and subsequent transfer of SBR are as
complete as possible; (b) After SBR transfer, the level of SAR layer 1 is
held constant; (c) These two requirements are met in spite of slight
variations in designed flow rates and in the 



50   temperature of backwashing water, (d) The apparatus employed is simple
in construction; (e) High process reliability is ensured in a consistent
manner even if the apparatus is operated unattendedly in a fully automatic
way; and (f) The resins employed are wear-resistant. 55    The requirement
(a) is an obvious condition to be satisfied but (b) is also a particularly
important condition. In the process depicted in Fig. 6, sluicing water 6 is
introduced into the tank from below, so requirement (b) is difficult to
meet if the flow rate or temperature of the water fluctuates. Condensate
demineralizing plants are typically composed of 2 - 10 demineralizing tanks
and 2 - 3 regeneration tanks, 3    EP 0 273 339 B1 and if condition (b) is
not met, the balance in the quantities of resins is upset progressively and
condition (a) also fails to be satisfied, causing deterioration of the
performance of the demineralizing tanks. The process shown in Fig. 6 does
not fully satisfy requirements (a), (b), (c) and (d). Other processes have
been proposed for transferring SBR as a separate layer from SAR. The system
5  disclosed in Unexamined Published Japanese Patent Application (kokai)
No. 5669/1973 is shown schemati- cally in Fig. 9. In this system, distance
A from the interface d between separated stationary beds to an intermediate
sluicing pipe 11 is set at a value between 50 and 300 mm, and distance B
from d to a resin transfer pipe 4 is set at a value between 0.5 x A and 0.6
x A. After separation into two layers, SAR 1 and SBR 2, sluicing water 6 is
introduced through the intermediate sluicing pipe 11 in the upper layer of
SAR 1 10  so as to attain a bed expansion ratio of 80 - 120% for SBR 2 by
backwashing, with SBR 2 being selectively transferred through the resin
pipe 4 in the lower layer of SBR 2. This process intends to transfer SBR,
but not SAR, so the temperature and flow rate of the sluicing water 6 must
be controlled as in the system shown in Fig. 6. Furthermore, this process
also fails to fully satisfy requirement (a). 15    Japanese Utility Model
Publication No. 17229/1985 discloses a system which, instead of a simple
resin transfer pipe of the type shown in Fig. 6, employs a pipe with an
opening that extends across the tank and which is positioned adjacent and
in a face-to-face relationship with the header of a perforated intermediate
sluicing pipe. The open side of this resin transfer pipe is positioned
slightly below the interface between two 20 separated stationary resin
beds, with sluicing water being introduced through the intermediate
sluicing pipe at an LV of 2.5 -4 m/hr while compressed air is introduced
into the tank from its top, thereby accomplishing selective transfer of
SBR. In this process, not only SBR but also the SAR lying above the
intermediate sluicing pipe is transferred. This method fully satisfies
condition (b) but not condition (a), and the equipment it employs is
complex 25 in composition. Japanese Patent Publication Nos. 6339/1981 and
20312/1983, as well as British Patent No. 1,498,139 propose a process in
which a plurality of spray nozzles that are disposed at the interface
between two separated resin beds, or which are arranged in two rows, one
above the interface and the other below said interface, produce horizontal
water jets that separate one resin bed from the other and transfers it to a
30 regeneration tank. However, this method also requires the use of
complicated equipment and has yet to be commercialized. The processes
proposed in Unexamined Published Japanese Patent Application (kokai) Nos.
132653/1985, 34745/1985 (corresponding to USSN 493,828) and German Patent
No. 2,702,987 fail to fully satisfy conditions (a) to (d). 35     An
object, therefore, of the present invention is to provide a method for
transferring SBR as a separate entity from SAR, with the amount of residual
SBR, in particular SBR 2' remaining on the surface layer of SAR (i.e.,
residual SBR of type X), being minimized during transfer of SBR after it is
separated in the resin separation tank. This method satisfies conditions
(a) to (d) while enabling unattended operation in a fully automatic and
highly reliable manner. 40    In order to attain this object by solving the
problems associated with the prior art processes for transferring SBR as it
is sharply separated from SAR, the present inventors conducted intensive
studies employing a separation tank of commercial scale with a large
diameter. The present invention has been 



accomplished on the basis of these studies. The present invention provides
a method for separating and transferring an ion-exchange resin from a 45
tank packed with a mixed bed of two ion-exchange resins having different
specific gravities, said method comprising: (A) a first step in which the
mixed ion-exchange resin bed is separated into two layers by backwashing
and allowed to settle, and sluicing water is introduced into the tank
through a perforated separating/transferring intermediate sluicing pipe
positioned below the interface between the separated 50   resin layers, and
pressurized water is introduced into the tank from above, while the greater
part of the ion-exchange resin in the upper layer having the smaller
specific gravity is transferred through the opening of a resin transfer
pipe positioned above said intermediate sluicing pipe; (B) a second step
wherein backwashing water is introduced both through a lower water
collecting unit and through the intermediate sluicing pipe or solely
through said lower water collecting unit, so as to 55    perform
backwashing in such a way that the residual ion-exchange resin having the
smaller specific gravity that forms in the first step is separated to be
situated above the layer of the ion-exchange resin having the greater
specific gravity; and (C) a third step in which after resin settling,
sluicing water is introduced at a high flow rate through the 4    EP 0 273
339 B1 intermediate sluicing pipe so that the ion-exchange resin having the
smaller specific gravity is lifted as particles in water in the freeboard
above the resin layer, while pressurized water is introduced from above the
tank so as to direct the ion-exchange resin having the smaller specific
gravity to the opening of the resin transfer pipe to be transferred
therethrough. 5     Fig. 1 is a schematic diagram showing the general
layout of an apparatus that may be used to implement the process of the
present invention; Fig. 2 is a side view of an exemplary lateral pipe that
may be employed in the present invention; Fig. 3 is an end view of the
lateral pipe shown in Fig. 2; Fig. 4 is a sketch showing how water is
jetted from lateral pipes on a resin transferring intermediate 10
sluicing pipe in the third step of the process of the present invention, as
well as how the upper resin layer 2' moves around in the tank; Fig. 5 shows
an example of the opening of the resin transfer pipe; Fig. 6 is a schematic
diagram of an apparatus employed in a prior art process; Figs. 7 and 8
illustrate how residual SBR forms in the prior art method; and 15    Fig. 9
is a schematic diagram of an apparatus that is employed to implement
another prior art process. A typical example of the composition of devices
to be installed in the separation tank and of the state of resin packed in
it is hereinafter described with reference to Fig. 1, which shows the state
of the separation tank after a mixed bed of resins received from a
demineralizing tank (not shown) has been separated into two layers by
backwashing and settled to form a stationary bed. 20     A perforated
separating/transferring intermediate sluicing pipe 11 is disposed below the
interface d between two separated resin layers SAR and SBR, and a resin
transfer pipe 4 is disposed in such a way that its open end 4' is situated
above the intermediate sluicing pipe 11. For the practice of the present
invention, the distance [err] between each of the lateral pipes 12 on the
intermediate sluicing pipe 11 and the position f of the open end 4' of the
transfer pipe 4 is preferably set at 25  50 mm and above, more preferably
at 80 mm and above. The distance [err] between the interface d and the
position f varies depending upon the amount of resin being transferred from
the demineralizing tank. The process of the present invention can of course
be performed successfully if the level of d is above that of f. Even if the
level of d is below f, the process of the present invention can be
performed satisfactorily if [err] is not more than about half the value of
[err]. so    In Fig. 1, the open end 4' of the transfer pipe 4 is
positioned on the central axis of the tank but it may be disposed in the
neighborhood of the wall of the tank. In Fig. 1, the intermediate sluicing
pipe 11 has four lateral pipes 12 but the number of lateral pipes to be
employed may vary depending upon the diameter of the tank. The process of
the present invention is performed in the separation tank equipped with the
devices 35  arranged in the manner described above. This process will
proceed as follows. 



The mixed resin bed transferred from the demineralizing tank is backwashed
and separated into two layers, with SAR 1 having the greater specific
gravity being positioned below SBR 2 having the smaller specific gravity.
Thereafter, sluicing water [err] is introduced into the tank through the
intermediate sluicing pipe 11 while pressurized water 8 is introduced from
the top of the tank so as to transfer the greater part of 40     SBR to an
anion regeneration tank (not shown). These procedures complete the first
step of the process of the present invention. In this step, the linear
velocity of [err] may be within the commonly employed range of 2.5 - 4
m/hr. As a result of the first step, the greater part of SBR is transferred
to the anion regeneration tank and, at the same time, SAR situated above
position f of the open end 4' of the resin transfer pipe 4 is also 45
transferred together with SBR. A typical profile of the SBR that is left
untransferred from the separation tank in the first step is shown in Fig. 8
and the residual SBR is composed of the following three portions: SBR 2'
lying over the SAR layer, SBR 2" present in the neighborhood of the lower
water collecting unit, and a small amount of SBR remaining in the interior
of SAR layer 1 (the last-mentioned portion is not shown in Fig. 8). The
portions of 50  residual SBR that are present in large amounts are
indicated as SBR 2' and SBR 2". SBR 2" and SBR which stays in a small
amount in the interior of SAR layer 1 are purged by introducing air
together with backwashing water as in the case of air scrubbing, thereby
allowing these two portions of residual SBR to be collected on the SAR
layer 1 together with SBR 2'. These procedures may be taken before the
first step. 55    In the next step, backwashing is performed by introducing
backwashing water 3 into the tank through the lower water collecting unit
10 at an LV of 6 - 12 m/hr which is commonly employed in the art. Either at
the same time or several minutes after the backwashing, sluicing water
[err] is introduced through the intermediate sluicing pipe 11 at a faster
flow rate than [err], typically at an LV of 5 - 20 m/hr, preferably 10 - 5
EP0273339B1 16 m/hr. This second step is performed in order to ensure that
SBR 2" and the small amount of SBR, which have been dispersed in the SAR
layer 1 as a result of the first step and the subsequent purging with the
two-phase stream, are permitted to move to the surface layer of SAR 1 so
that they can be collected as SBR 2'. This purpose can be effectively
attained by introducing backwashing water 3 together with sluicing 5  water
[err] that is supplied through the intermediate sluicing pipe 11. A
settling operation then follows. For successful performance of the
subsequent third step, the settling operation is preferably carried out by
continuing the supply of sluicing water [err] while stopping the supply of
backwashing water 3. It suffices that the SAR layer lying below the
intermediate sluicing pipe 11 is allowed to settle in this step. 10    In
the subsequent third step, sluicing water is introduced into the tank at a
flow rate as high as the rate at which sluicing water [err] is supplied in
the second step. At the same time, pressurized water 8 is introduced from
above the tank so as to direct SBR 2' to the open end 4' of the resin
transfer pipe 4 and transfer it through that pipe. This third step is most
important for attaining the objects of the present invention. The movement
of resins SAR and SBR in the third step is illustrated in Fig. 4. 15
Sluicing water [err] is jetted through lateral pipes 12 on the intermediate
sluicing pipe 11 so as to lift the particles of residual SBR 2' in water in
the freeboard above the resin layer and to transfer SBR 2' through the pipe
4. The particles of lifted SBR 2' are sucked into the open end 4' of the
pipe 4 under the pressure of water 8 being supplied at an LV of 4 - 5 m/hr,
as indicated by arrows in Fig. 4, and are smoothly transferred through the
pipe 4. 20     The SAR above the lateral pipes 12 is fluidized depending
upon the flow rate of sluicing water [err] and part of the particles in the
resin bed expanded by backwashing are lifted and transferred together with
SBR 2'. However, as the resin transfer proceeds, the distance l' between
the open end 4 of the pipe 4 and the surface layer of SAR that lies above
the lateral pipes 12 and which is being expanded in volume by backwashing
increases, thereby decreasing the amount of SAR whose particles are lifted
and transferred 25 but increasing the proportion of SBR 2' whose particles
are lifted and transferred. By continuing this resin transfer for several
to ten-odd minutes, substantially all part of SBR 2' is transferred from
the separation tank through the pipe 4. The present inventors discovered
this phenomenon in an experiment on a large-scale separation tank 



and found that it was advantageous for the purpose of selectively
transferring the residual SBR Z. 30    In order to lift the particles of
SBR 2' in water in the freeboard above the resin layer, the following
requirements should be satisfied: (1) lateral pipes 12 on the intermediate
sluicing pipe 11 are properly designed; (2) the distance [err] between the
open end 4' of the resin transport pipe 4 and the lateral pipes 12 is
properly selected; 35    (3) water is present above the open end 4' of the
transfer pipe 4, with the freeboard being preferably filled with water; and
(4) prior to the third step, the greater part of SBR is transferred in the
first step so as to minimize the amount of residual SBR 2'. An example of
the intermediate sluicing pipe 11 that may be employed in the present
invention is 40 shown in Figs. 2 and 3. As shown in Fig. 2, each of the
lateral pipes 12 on the intermediate sluicing pipe 11 is provided with
orifices 13 at given pitches and is entirely covered with a net 14. Fig. 3
is an end view of the lateral pipe, which shows that an orifice 13 is also
provided at both ends of the lateral pipe Net 14 may be of any design that
permits the passage of water but not ion-exchange resins, and a suitable
example is a synthetic fiber filter cloth (e.g. Saran[err] net), a wire net
or a wedge wire net. 45     The following are the two most important
considerations for designing lateral pipes on the intermediate sluicing
pipe 11: (1) a gap g of about 3 - 10 mm is provided between the inside
surface of the net 14 and the surface of the lateral pipe 12; and (2) when
residual SBR 2' is transferred in the third step, water is jetted through
orifices in the lateral pipe so    at a high speed, preferably [err] = 4
m/sec or higher. The present inventors found that when, under the
conditions (1) and (2), sluicing water [err] was introduced at an LV of at
least 5 m/hr, preferably at least 10 m/hr, the water jetted from the
lateral pipes 12 through horizontal orifices 13 impinged against the net 14
and spread sufficiently, in particular, in horizontal and upward
directions, to cause the particles of less heavy SBR to be lifted as shown
in Fig. 4. 55    If [err], or the speed at which water is jetted through
orifices 13, and the flow rate of sluicing water [err] are increased, the
scope of water spread in the horizontal and upward directions is
correspondingly increased and SBR 2' on the surface layer becomes so
turbulent that its particles are lifted in various area of the layer as if
they were "bumping".    EP 0 273 339 B1 The greater the value of [err],
the more effective the process of the present invention is but, at the same
time, the pressure drop is also increased. Therefore, to avoid undue
constraints on process design, [err] is preferably set at 8 m/sec and
below. Specifically, it is preferred that sluicing water [err] is supplied
at an LV of 10 m/hr and above while orifices 13 are designed to ensure
[err] of at least 4 m/sec. 5     If the position e at which the so designed
intermediate sluicing pipe 11 is disposed is determined, the position f of
the open end 4' of the resin transfer pipe 4 is then selected so that it
matches e. Stated specifically, [err] or the distance between e and f is
typically set at 50 mm or greater, preferably 80 mm or greater, in the
embodiment shown in Fig. 1. If [err] is small, the distance (l") between
the level e of the top of lateral pipe 12 and the position h of the surface
layer of SAR being expanded in volume by backwashing 10 with sluicing water
[err] is also decreased and it becomes impossible to ensure effective
lifting of the particles of SBR 2'. If the supply of sluicing water 02 is
increased to an LV of 10 m/hr and more, the value of 1' increases as the
resin transfer proceeds and will eventually level off at 25 - 35 mm in
ordinary operations. Therefore, if [err] is decreased, l decreases
correspondingly. It is important for the purposes of the present invention
that the particles of SBR 2' are effectively lifted and to this end, l"
and, hence, [err] 15 must be maintained at a certain value and above.
According to the experiment conducted by the present inventors, the
effective value of [err] was preferably at least 80 mm, more preferably
between 100 and 180 mm. If [err] is excessive, l" also becomes excessive,
which is unfavorable for the purpose of effectively lifting the particles
of SBR 2'. The open end 4' of the resin transfer pipe 4 may have a simple
shape as shown in Fig. 5. The arrows in 20 Fig. 5 indicate the direction of
a resin stream. As shown, the open end 4' of the transfer pipe 4 may be of
such a shape that SBR 2' is sucked in horizontally, not from beneath the
open end 4'. In order to ensure that the resin will not wear during its
transfer, the total area of the cutout 5 through which the resin is 



sucked into the open end 4' may be such that it permits the passage of
sluicing water [err] and pressurized water 8 at a total LV of not faster
than 7,000 m/hr. As shown in Fig. 5, the position f of open end 4' is flush
25 with the bottom end of the cutout 5. Almost all of the residual SBR 2'
can be transferred from the separation tank by performing the third step
with the interior parts of the tank being designed as described in
preceding paragraphs. After the transfer of SBR 2', the level of SAR 1 is
shifted to the position indicated by i in Fig. 4 when the resin bed becomes
stationary. In the process of the present invention, the level i of SAR
after the transfer of SBR 2' 30 remains virtually constant irrespective of
substantial variations in the flow rate and temperature of sluicing water
[err]. In the process of the present invention, SAR situated below the
lateral pipes 12 on the intermediate sluicing pipe 11 is fixed and is not
fluidized at all, and only SAR that is situated above the lateral pipes 12
is fluidized. In the experiment conducted by the present inventors, the
variation in the position i was only 35 about 10 - 15 mm when sluicing
water [err] was supplied at a flow rate (LV) of 12 - 16 m/hr with its
temperature held between 10 and [err]. This result may be explained as
follows: if the distance between i and e is small, the surface layer of SAR
becomes significantly turbulent and the position i is governed not by the
conventional concept of the ratio of bed expansion by backwashing which
largely depends on flow rate and water temperature. but by the degree of
turbulence in the surface layer of SAR. 40    In the commercial separating
tank, the height of SAR 1 is typically on the order of 1,500 mm and the
variation in the level of SAR 1 after the transfer of SBR 2' is as small as
1%. The process of the present invention fully satisfies the requirement
that the level of SAR 1 should remain fairly constant after the transfer of
SBR Z. The present inventors conducted an experiment in which a mixed resin
bed received from a de- 45 mineralizing tank was separated into two layers
by backwashing and subjected to a settling treatment for producing a
stationary bed. In this experiment, SBR 2' could be transported smoothly
even when the position d (see Fig. 1) of the interface between separated
layers fluctuated considerably. Under ordinary conditions, the position of
d is preferably adjusted close to the position of the open end 4' but, at
[err] = 150 mm, no problem occurred in the transfer of SBR 2' even when the
position of d dropped 50 mm below the 50  open end 4'. This is because in
the process of the present invention, the success of the transfer of SBR 2'
depends on the height (l") of the SAR layer situated above the lateral
pipes 12 that is being expanded in bed volume by backwashing with sluicing
water [err] as shown in Fig. 4. According to the present invention,
selective separation and transfer of SBR 2' can be satisfactorily
accomplished while keeping the level of SAR 1 constant after the transfer
of SBR 2'. In operations with a separation tank having a diameter of 1,800
55 mm, SBR 2' could be smoothly separated and transferred without being
substantially influenced by variations in the temperature of sluicing water
[err] between 10 and [err] and in its flow rate between 30 and 40 [err]/hr
(12 and 16 m/hr in LV). Because of this operational stability, the process
of the present invention enables resin separation to be performed in a
fully automatic and unattended way. 7    EP 0 273 339 B1 The process of the
present invention has the additional advantage of simplicity in equipment
design as is clear from Figs. 1 and 4. Furthermore, the resin separation
and transfer can be performed with the conventionally employed
concentration of resin slurry that does not involve any potential of resin
wear. In the process of the present invention, part of SAR is also
transferred to an anion regeneration tank 5  together with SBR 2. The so
transferred SAR will become a resin of R-Na form upon contact with NaOH
used as a regenerant for SBR. The formation of the R-Na form resin may be
prevented by a conventional method such as the one disclosed in Japanese
Patent No. 1027750. In the process of the present invention, SBR is
separated and transferred almost completely in a separating/cation
regenerating tank in such a way that no residual SBR will occur in that
tank. This provides 10  for effective prevention of the generation of R-CI
or [err] form resins due to contact with the SAR regenerant HCI or [err].
The purposes of the present invention can be satisfactorily attained by
performing the first through third steps described above. If stricter
control of water quality is required as in PWR power plants, the sequence
of second and third steps is preferably repeated after the third step as
indicated by the following scheme: 15 



first step process  I    second  step +             first cycle 20
process II                            third step  - + second step +
second cycle third step 25 In process 11, an additional cycle of the second
and third steps is performed following process I. In this case, the flow
rate of sluicing water supplied in the first cycle of second and third
steps is decreased as compared with the case of process I, thereby enabling
a higher flow rate of sluicing water to be supplied in so  the second cycle
of second and third steps. A schedule of the supply of sluicing water in
each of the processes I and 11 is shown in Table 1. Table 1 35
Flow rate of sluicing water  supplied Process  I
Process  XI first step               [err]: LV = 2 - 4 m/hr    [err] : LV =
2 - 4 m/hr 40 second  step         [err] : LV  - 10    16 m/hr [err]: LV  =
6 - 10 m/hr third step           [err]: LV  = 10 - 16 m/hr   [err]: LV  = 6
- 10 m/hr 45    (first  cycle) second step
[err]: LV  = 10  - 16 m/hr (second cycle) 50    third step
[err]: LV  = 10-16  m/hr (second cycle) The present inventors confirmed by
experimentation that when the first cycle of the second and third 55 steps
was performed with sluicing water Q2 being supplied at a LV of 6 - 10 m/hr,
a smaller amount of residual SBR 2' (hatched in Fig. 4) formed in the tank
than what remained after the first step was performed in process I, thereby
achieving a significant decrease in the finally remaining SBR 2' as
compared with process I when the procedures of SBR transfer had been
completed. This result could be explained as 8    EP 0 273 339 B1 follows:
by progressively increasing the supply of sluicing water from LV = 6 - 10
m/hr employed in the first cycle of the second and third steps to LV = 10 -
16 m/hr in the second cycle of the second and third steps, the length of l"
indicated in Fig. 4 becomes progressively small in such a way as to achieve
effective lifting of the particles of SBR 2'. 5     The efficiency of the
transfer of SBR 2' is further increased by performing the third cycle of
second and third steps under the same conditions as in the second cycle but
according to the experiment conducted by the present inventors, results
satisfactory for practical purposes were attained by performing the process
up to the third step of the second cycle. A typical scheme of the process
of the present invention is hereunder described with particular io
reference to Fig. 1. First, the procedures of process I are described.
First step: Valves 16 and 17 are opened and backwashing water is supplied
at a rate of 8 - 12 m/hr to separate the is mixed resin bed into two
layers. Valves 16 and 17 are then closed and resin SAR is allowed to
settle. Valves 23 and 18 are opened and pressurized water 8 and sluicing
water [err] are supplied at low rates (LV) of 4 - 5 m/hr and 2 - 4 m/hr,
respectively, so as to transfer the greater part of SBR to an anion
regeneration tank (not shown) with valve 9 being opened. In this step,
sluicing water is supplied through the intermediate sluicing pipe 11, not
through the lower 20 water collecting unit 10 as in the prior art. As a
result of introduction of water through the lateral pipes on the
intermediate sluicing pipe 11, SAR 1 lying below SBR 2 forms a stationary
bed. Step of purging SBR 2" from the neighborhood of the lower water
collecting unit 10: 



25     Valve 22 is opened and compressed air is supplied; at the same time,
valve 25 is opened and the water in the freeboard is drained through a
freeboard drain pipe 24 that is disposed 200 - 300 mm above the open end 4'
of the resin transfer pipe 4, until the water level becomes equal to the
position of the drain pipe 24. Then, valves 22 and 25 are closed and valves
16 and 17 are opened so that backwashing water 3 is supplied at a commonly
employed flow rate (LV = 8 - 12 m/hr). One to two minutes later, valve 21
is also 30 opened and air 15 is supplied at LV of 40 - 120 m/hr so that
flushing with a two-phase stream of backwashing water and air is performed
until the water level in the tank approaches an upper water collecting unit
26. As a result of these procedures, residual SBR 2 in the neighborhood of
the lower water collecting unit 10 is purged and the amount of SBR 2"
remaining in the tank is reduced to a level not higher than 0.05% of 35 the
total SBR. Second step: Valve 21 is closed and backwashing is performed by
supplying backwashing water 3 with valves 16 and 40 17 being left open. Two
to three minutes later, valve 19 is opened and sluicing water [err] is
supplied at LV of 10 - 16 m/hr. Sluicing water [err] may be introduced
simultaneously with backwashing water 3. As a result, a linear velocity of
8 - 12 m/hr is provided by backwashing water 3 below the intermediate
sluicing pipe 11 while LV of at least 20 m/hr is created above the pipe 11
by the combination of backwashing water 3 and sluicing water [err]. In the
second step, SBR 2" purged in the previous step is carried to the surface
layer of 45 SAR 1 and collected as SBR 2'. The purpose of the second step
is satisfactorily attained by performing it for 5 - 6 minutes. Third step:
so     Following the second step, a settling treatment is performed. This
may be done with all valves closed; alternatively, sluicing water [err] may
be continuously supplied with valves 19 and 17 left open. All that is
required to accomplish in this step is to form a stationary SAR bed below
the lateral pipes 12 on the intermediate sluicing pipe 11. In the next
place, valves 19 and 23 are opened and sluicing water 02 and pressurized
water 8 are 55 introduced at flow rates (LV) of 10 - 16 m/hr and 4 - 5
m/hr, so that the particles of residual SBR 2' are lifted in the water in
the freeboard and transferred from the tank with valve 9 being opened. This
step is typically performed for a period of 5 - 10 minutes. Process II may
be performed in the following manner. 9    EP 0 273 339 1 First step: Same
as in process 1. 5  Step of purging SBR 2" from the neighborhood of the
lower water collecting unit 10: Same as in process 1. Second step (in first
cycle): 10 Same as in process I except that sluicing water [err] is
supplied at LV of 6 - 10 m/hr. It suffices that this step is performed for
about 5 minutes. Third step (in first cycle): 15 Same as in process I
except that sluicing water [err] is supplied at LV of 6 - 10 m/hr. It
suffices that this step is performed for about 5 minutes. Second step (in
second cycle): 20 Same as in the second step of the first cycle except that
sluicing water [err] is supplied at LV of 10 - 16 m/hr with valve 20 being
opened instead of valve 19. It suffices that this step is performed for
about 5 minutes. 25 Third step (in second cycle): Same as in the third step
of the first cycle except that sluicing water [err] is supplied at LV of 10
- 16 m/hr with valve 20 being opened instead of valve 19. It suffices that
this step is performed for about 5 - 10 minutes. 



30     The present invention is hereinafter described with reference to
working examples and comparative examples. It should, however, be noted
that various modifications may be made to these examples without departing
from the scope of the present invention. Comparative Example 1 35 A
separation tank having an inside diameter of 1,800 mm and a height of 5,000
mm was packed with a mixture of 4,500 l of Dowex[err] TG 650C (serving as
SAR) and 2,000 l of Dowex[err] TG 550A (SBR). A resin transfer pipe was
installed in the tank in such a way that its open end would be positioned
on the central axis of the tank and 150 mm below the interface between
separate layers of SAR and SBR. 40   After SAR and SBR were intimately
mixed, the following steps were taken. 1. Resin separation by backwashing:
Backwashing water 3 supplied for 30 minutes at LV of 10 m/hr. 2.
Transferring SBR: SBR was transferred from the lower water collecting unit
at LV of 2.5 m/hr, and from the upper water collecting unit at LV of 4
m/hr. The results are summarized in Table 2. 45     The amount of residual
SBR was measured by the following procedures: after SBR transfer was
completed, the tank was drained of water; uniform sampling was conducted
for each resin layer in the direction of its depth; and the amount of
residual SBR was determined by gravitational separation with NaOH. 50
Comparative Example 2 Following the procedures taken in Comparative Example
1, residual SBR 2" forming around the lower water collecting unit was
purged employing the same equipment and resins. After the water level was
lowered to 300 mm below the resin surface layer, backwashing water and air
were supplied to said layer 55 water collecting unit for 4 minutes at
respective flow rate (LV) of 10 m/hr and 100 m/hr. Following backwashing
that was conducted for 20 minutes at LV of 10 m/hr, SBR transfer was
performed according to the following schedule: Transfer from the lower
water collecting unit: LV = 4 m/hr. 10    EP 0 273 339 B1 Transfer from the
upper water collecting unit: LV = 4 rn/hr. Duration: 10 minutes. The
results are shown in Table 2. 5  Example 1 A separation tank of the same
type as used in Comparative Examples 1 and 2 was employed except that the
separating transfer pipe 11 was modified as noted below. This tank was
packed with the same resins as those employed in Comparative Examples 1 and
2. Resin transfer was performed in accordance 10 with process 1. Structural
design of sluicing pipe 11 (see Figs. 1 - 3): 15             Number of
lateral pipes:                   4 Inside and outside diameters of lateral
pipes 12:  35.7 mm x 42.7 mm Diameter and pitch of orifices 13:        4
mm[err] and 70 mm Net surrounding the lateral pipes:        Saran[err] net
of 60 - 70 mesh Distance between e and f [err]:             150 mm Distance
between f and d [err]:             50 mm Operating procedures: 25 First of
all, backwashing water was supplied at LV of 10 m/hr to perform backwashing
for 10 minutes so as to separate the mixed resin bed into two layers. First
step: 30 Sluicing water [err] supplied at LV of 2.5 m/hr. Pressurized water
supplied from the top of the tank at LV of 4 m/hr. This step was performed
for 20 minutes. Step of purging SBR 2" from the neighborhood of the lower
water collecting unit: 35 



The water level was lowered to 300 mm below the surface resin layer.
Thereafter, backwashing water and air were supplied to the lower water
collecting unit for 4 minutes at respective flow rates (LV) of 10 m/hr and
100 m/hr. 40  Second step: Subsequently, backwashing water was supplied to
the lower water collecting unit at LV of 10 m/hr so as to perform
backwashing for 2 minutes. Sluicing water was then supplied through the
intermediate sluicing pipe for 5 minutes at LV of 14 m/hr. 45 Third step:
The supply of backwashing water was stopped and sluicing water was
introduced through the intermediate sluicing pipe at LV of 14 rn/hr while
the resin layer below the sluicing pipe was allowed to so  settle.
Thereafter, with the supply of sluicing water being continued, pressurized
water was supplied from the top of the tank at LV of 4 rn/hr, so as to
transfer the residual SBR 2' for 10 minutes. The results are shown in Table
2. Example 2 55 The procedures of Example 1 were repeated except that the
distance [err] between e and f was changed to 180, 80, 50 and 30 mm. The
results are shown in Table 2.    EP 0 273 339 B1 Example 3 The procedures
of Example 1 were repeated except that the position of d, or the interface
between separated resin layers, was made equal to the position of the open
end 4 of the resin transfer pipe (L2 = 0 5  mm) or 50 mm below the position
of said open end [err] = -50 mm). The results are shown in Table 2. Example
4 Using the same apparatus as employed in Example 1, resin separation and
transfer was performed in 10 accordance with the following schedule of
process II. Operating procedures: First, backwashing water was supplied at
LV of 10 m/hr so as to perform backwashing for 10 minutes 15 until the
mixed resin bed separated into two layers. First step: Sluicing water [err]
was supplied at LV of 2.5 m/hr. Pressurized water was supplied from the top
of the 20 tank at LV of 4 m/hr. This step was performed for 20 minutes.
Step of purging SBR 2" from the neighborhood of the lower water collecting
unit: The water level was lowered to 300 mm below the surface resin layer.
Backwashing water and air were 25  supplied to the lower water collecting
unit for 4 minutes at respective rates (LV) of 10 m/hr and 100 m/hr. Second
step in the first cycle: Subsequently, backwashing water was supplied to
the lower water collecting unit at LV of 10 m/hr to 30 perform backwashing
for 2 minutes. Sluicing water was then supplied through the intermediate
sluicing pipe for 5 minutes at LV of 8 m/hr. Third step in the first cycle:
35     The supply of backwashing water was stopped and sluicing water was
supplied through the intermedi- ate sluicing pipe at LV of 8 m/hr while the
resin layer below the sluicing pipe was allowed to settle. Thereafter, with
the supply of sluicing water being continued, pressurized water was
introduced from the top of the tank at LV of 4 m/hr so as to transfer
residual SBR 2' for 5 minutes. 40  Second step in the second cycle:
Subsequently, backwashing water was supplied to the lower water collecting
unit at LV of 10 m/hr to perform backwashing for 2 minutes. Sluicing water
was then supplied through the intermediate sluicing pipe for 3 minutes at
LV of 14 m/hr. 45 Third step in the second cycle: The supply of backwashing
water was stopped and sluicing water was supplied through the intermedi-
ate sluicing pipe at LV of 14 m/hr while the resin layer below the sluicing
pipe was allowed to settle. so Thereafter, with the supply of sluicing
water being continued, pressurized water was introduced from the top 



of the tank at LV of 4 m/hr so as to transfer residual SBR 2' for 10
minutes. The results are shown in Table 2. Example 5 55 The procedures of
Example 4 were repeated except that the flow rate of sluicing water
supplied through the intermediate sluicing pipe in the second and third
steps in the second cycle was changed to LV of 10, 12 and 16 m/hr. The
results are shown in Table 2. 12    EP 0273 339 B1 Table 2 Volume of
residual SBR (2) 5                                 in the   in the   around
surface                   the lower layer              water layer
of       collect-          residual SAR  1       SAR  1      ing  unit 10
Comparative                    15                             65
45 Example 1                   15                              65
4.5 Comparative                  14            0.5             0.4
14.9 (0.75) Example 2 15 Example  1                    1.4          0.5
0.4           2.3  (0.12) Example 2 20      [err]  = 180  mm
1.3         0.5             0.4            2.2  (0.11) [err] =   80  mm
1.5          0.5             0.4           2.4  (0.12) [err]=   50  mm
3.0         0.5             0.4            3.9  (0.2) [err] =   30  mm
9.0         0.5             0.4            9.9  (0.5) 25 Example 3 [err]  =
0  mm         1.4          0.5             0.4           2.3  (0.12) [err]
= -50  mm             1.4          0.5             0.4           2.3
(0.12) 30 Example  4                    0.3          0.35            0.35
1.0  (0.05) Example 5 LV  =  10  m/hr         0.5          0.4
0.4            1.3  (0.065) 35 LV  =  12  m/hr         0.3          0. 35
0.35          1.0  (0. 05) *Figures in brackets indicate proportions based
on 40     2,000 l of total SBR. As Table 2 shows, the present invention
provides a reliable process for reducing the amount of a residual anion
resin (SBR) in a cation regeneration tank to 0.1 % and below (Examples 4
and 5). Therefore, 45 the formation of R-CI or [err] in significantly
reduced as compared with the result of the prior art. In addition, the
process of the present invention enables efficient separation and transfer
of SBR in a fully automatic and unattended way in spite of variations in
the resin level (as in Example 3) or in the supply rate of sluicing water
(as in Example 5). This process solves all of the problems associated with
the prior art and is anticipated to make great contribution to industries
at large. 50 Claims 1. A method for separating and transferring an
ion-exchange resin from a tank packed with a mixed bed of two ion-exchange
resins having different specific gravities, said method comprising: 55
(A) a first step in which the mixed ion-exchange resin bed is separated
into two layers by backwashing and allowed to settle, and sluicing water is
introduced into the tank through a perforated separating/transferring
intermediate sluicing pipe positioned below the interface between 



the separated resin layers, and pressurized water is introduced into the
tank from above, while the 13    EP 0 273 339 B1 Table 2 Volume of residual
SBR (l) in the                      around 5                  surface
layer   the lower    total of layer   layer                water
residual SBR of            of    collect- SAR 1   SAR 1   ing unit 10
Example  1                     15             9             65
89   (4.5) Comparative                 14             0.5             0.4
14.9 (0.75) Example 2 15 Example 1                     1.4          0.5
0.4           2.3 (0.12) Example 2 [err] = 180 mm              1.3
0.5             0.4           2.2 (0.11) 20 [err] =   80  mm            1.5
0.5             0.4           2.4  (0.12) [err] =  50 mm              3.0
0.5             0.4           3.9 (0.2) [err] =  30 mm              9.0
0.5             0.4           9.9 (0.5) 25 Example 3 [err] =   0 mm
1.4          0.5             0.4           2.3 (0.12) L2 = -50 mm
1.4          0.5             0.4           2.3 (0.12) 30 Example 4
0.3          0.35            0.35          1.0 (0.05) Example 5 LV  =  10
m/hr          0.5          0.4             0.4           1.3  (0.065) 35 LV
= 12 m/hr    0.3                   0.35            0.35          1.0 (0.05)
LV  =  16  m/hr         0.3          0.35            0.35          1.0
(0.05) * Figures in brackets indicate proportions based on 40
2,000 l of total SBR. As Table 2 shows, the present invention provides a
reliable process for reducing the amount of a residual anion resin (SBR) in
a cation regeneration tank to 0.1% and below (Examples 4 and 5). Therefore,
45  the formation of R-CI or [err] in significantly reduced as compared
with the result of the prior art. In addition, the process of the present
invention enables efficient separation and transfer of SBR in a fully
automatic and unattended way in spite of variations in the resin level (as
in Example 3) or in the supply rate of sluicing water (as in Example 5).
This process solves all of the problems associated with the prior art and
is anticipated to make great contribution to industries at large. 50 Claims
1. A method for separating and transferring an ion-exchange resin from a
tank packed with a mixed bed of two ion-exchange resins having different
specific gravities, said method comprising: 55        (A) a first step in
which the mixed ion-exchange resin bed is separated into two layers by
backwashing and allowed to settle, and sluicing water is introduced into
the tank through a perforated separating/transferring intermediate sluicing
pipe positioned below the interface between the separated resin layers, and
pressurized water is introduced into the tank from above, while the 13    



EP 0 273 339 B1 greater part of the ion-exchange resin in the upper layer
having the smaller specific gravity is transferred through the opening of a
resin transfer pipe position above said intermediate sluicing pipe; (B) a
second step wherein backwashing water is introduced both through a lower
water collecting 5        unit located close to the bottom of the layer of
the ion-exchange resin (SAR) having a higher specific gravity in the tank
and through the intermediate sluicing pipe or solely through said lower
water collecting unit, so as to perform backwashing in such a way that the
residual ion-exchange resin having the smaller specific gravity that forms
in the first step is separated to be situated above the layer of the
ion-exchange resin having the greater specific gravity; and 10       (C) a
third step in which after resin settling, sluicing water is introduced at a
high flow rate through the intermediate sluicing pipe so that the
ion-exchange resin having the smaller specific gravity is lifted as
particles in water in the freeboard above the resin layer, while
pressurized water is introduced from above the tank so as to direct the
ion-exchange resin having the smaller specific gravity to the opening of
the resin transfer pipe to be transferred therethrough. 15 2. A method
according to Claim 1 wherein the second and third steps are cyclically
repeated after the performance of the third step, with the flow rate of
sluicing water that is supplied in the third step through the intermediate
sluicing pipe being progressively increased for each additional cycle. 20
3. A method according to Claim 1 or 2 wherein the lateral pipes on said
perforated intermediate sluicing pipe are covered with a net that permits
the passage of water, but not the resins. 4. A method according to any one
of the preceding claims wherein the distance between said perforated
intermediate sluicing pipe and the opening of said resin transfer pipe is
adjusted to 50 mm or more. 25 Revendicatlons 1. Proced4 de separation et de
transfert d'une resine dchangeuse d'ions d'un reservoir contenant un lit
d'un melange de deux rdsines 4changeuses d'ions ayant des densitds
differentes, le proc6d4 compre- 30     nant les 4tapes suivantes: (A) une
premibre dtape dans laquelle le lit du m6lange des resines echangeuses
d'ions est separe en deux couches par lavage par retour et par
sedimentation, de l'eau de vidange est introduite dans le reservoir par un
tube intermediaire perfore de vidange assurant la separation et le
transfert, place au-dessous de l'interface des couches separees de resines,
et de l'eau sous pression est introduite 35        dans le reservoir par le
haut, alors que la plus grande partie de la resine echangeuse d'ions de la
couche sup6rieure ayant la plus petite densite est transferde par
l'ouverture d'un tube de transfert de resine place au-dessus du tube
intermediaire de vidange, (B) une seconde etape dans laquelle de l'eau de
lavage par retour est introduite a la fois par un ensemble inferieur
collectaur d'eau place & proximite de la partie inf6rieure de la couche de
la -40          resine echangeuse d'ions (SAR) ayant la densite plus elevee
dans le reservoir et par le tube intermediaire de vidange ou uniquement par
l'ansemble inferieur collecteur d'eau, afin qu'un lavage par retour soit
realise d'une manibre telle que la resine echangeuse d'ions residuelle
ayant la plus faible densite et qui se forme dans la premibre dtape se
sdpare et se trouve au-detsus de la couche de la r6sine echangeuse d'ions
ayant la plus grande densite, et 45       (C) une troisibme etape dans
laquelle, aprts la sddimentation des resines, de l'eau de vidange est
introduite avec une vitesse elevee dans le tube intermediaire de vidange de
manibre que la r6sine 6changeuse d'ions ayant la plus petite densite soit
soulevee sous forme de particules se trouvant dans l'eau disposee au-dessus
de la couche de resine, alors que de l'eau sous pression est introduite
par-dessus dans le reservoir de manibre que la rdsine echangeuse d'ions
ayant la plus 50        petite densite soit dirigde vers l'ouverture du
tube de transfert de resine et soit transferee par celui- ci. 2. Procedd
selon la revendication 1, dans laquel la seconde et la troisibme 6tape sont
rep6t6es cycliquement apres l'exdcution de la troisibme etape, la vitesse
de l'eau de vidange qui est transmise 55     dans la troisieme etape par le
tube intermediaire de vidange 6tant progressivement accrue a chaque cycle
supplementaire. 3. Procede selon la revendication 1 ou 2, dans lequel les
tubes lateraux places sur le tube intermddiaire 14 1   1111111111111 1111 



EP 0 273 339 Bi perfore de vidange sont recouverts d'une grille qui permet
le passage de l'eau mais non des r6sines. 4. Proc~dd selon l'une quelconque
des revendications pr6cedentes, dans lequel la distance comprise entre le
tube intermddiaire perfore de vidange et l'ouverture du tube de transfert
de resine est ajustee & 5      une valour superieure ou egale a 50 mm.
Patentanspr~lche 1. Ein Verfahren zum Trennen und Fordem eines
lonenaustauscherharzes aus einem Tank, der gefUllt ist 10     mit einem
Mischbett aus zwei lonenaustauscherharzen mit unterschiedlichen
spezifischen Gewichten, wobel das Verfahren enthalt: (A) eonen ersten
Schritt, bei welchem das lonenaustauscherharz-Mischbett durch
zurOckfliefende Spalung in zwei Schichten getrennt wird und ein Absetzen
ormmglicht wird und SpUlwasser in den Tank durch eine perforierte
Trenn/FbrderzwischenspOlleitung, welche unterhalb der Grenzfliche 15
zwischen den getrennten Harzschichten angeordnet ist, in den Tank
eingebracht wird und Druckwas- ser in den Tank von oben eingebracht wird,
wobei der grolere Tell des lonenaustauscherharzes in der oberen Schicht mit
dom geringeren spezifischen Gewicht durch die Offnung eines Harztransport-
rohres, welches oberhalb der ZwischenspUlleitung angeordnet ist,
transportiert wird; (B) einen zweiten Schritt, bei welchem das Spfllwasser
sowohl durch eine untere Wassersammelein- 20       heit, die nahe dem
Boden der Schicht des lonenaustauscherharzes (SAR) mit dem  hoheren J
aspezifischen Gewicht im Tank angeordnet ist, als auch durch die
Zwiwschenspflleitung odor allein durch die untere Wassersammeleinheit
eingefUhrt wird, zur DurchflUhrung einer zurOckflieBenden SpOlung in der
Weise, dalB das restliche lonenaustauscherharz mit dem kleineren
spezifischen Gewicht, das sich beim ersten Schritt bildet, getrennt wird,
so daB es Uber der Schicht des 25       Ionenaustauscherharzes mit dem
gro8eren spezifischen Gewicht angeordnet wird; und (C) einen dritten
Schritt, in welchem nach Absetzen des Harzes Spilwasser mit hoher Flielge-
schwindigkeit durch die Zwischenspflhleitung eingebracht wird, so daB das
lonenaustauscherharz mit dem kleineren spezifischen Gewicht als Partikel im
Wasser in dem Freiraum Ober der Hartschicht angehoben wird, wobei
Druckwasser von oben in den Tank eingebracht wird, so daB das lonenaus- 30
tauscherharz mit dem kleineren spezifischen Gewicht zur Offnung des
Harztransportrohres far einen Transport durch dieses hindurch gerichtet
wird. 2. Ein Verfahren nach Anspruch 1, bei dom der zweite und dritte
Schriff zykilisch nach Durchflihrung des dritten Schrittes wiederholt
worden, wobei die Flieligeschwindigkeit des Spflwassers, welches im 35
dritten Schritt durch die Zwischenspflleitung geliefert wird, progressiv
fUr jeden zusatzlichen Zyklus erhoht wird. 3. Ein Verfahren nach Anspruch 1
odor 2, bei dem die seitlichen Leitungen an der perforierten Zwischen-
spflhleitung mit einem Netz umgeben sind, das den Durchtritt von Wasser,
jedoch nicht der Harze, 40     erlaubt. 4. Ein Verfahren nach einem der
vorherigen Ansprfche, bei dem der Abstand zwischen der perforierten
ZwischenspOlleitung und der Offnung der Harztransportleitung auf 50 mm oder
mehr eingestellt ist. 45 50 55    


