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resin bed. Laminar flows are developed at times in the
moving bed system, while the moving bed used is of a
“folded” type having a maximum height approximately
one-third that of conventional, unfolded countercurrent
units. The ion exchange treatment occurs within a load-
ing vessel resin bed, the beads in the feed portion of
which become exhausted and sequentially move out of
the loading vessel for subsequent regeneration and rins-
ing, followed by eventual return to the loading vessel.
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HIGH CAPACITY FOLDED MOVING BED ION
EXCHANGE APPARATUS AND METHOD FOR
TREATING PHOSPHORIC ACID

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

This is a continuation-in-part of application Ser. No.
895,817, filed Apr. 12, 1978, now U.S. Pat. No. 4,228,001.

The present invention generally relates to a moving
bed ion exchange apparatus and method, especially one
incorporating folded resin flows to signficantly reduce
the height of the apparatus and thus decrease the
amount of head space required. More particularly, this
invention achieves folded features in a high capacity
countercurrent system having the ability to treat large
flows of phosphoric acid liquids and efficiently regener-
ate and rinse the large movement of recirculating resin
beads needed in order to accomodate the large flows
from the filters of commercial wet process phosphoric
acid production plants. Countercurrent flow of the
regeneration and rinsing solutions is practiced while
maintaining a packed bed condition even though the
system retains the advantages of a moving bed.

Moving bed ion exchange systems are known to have
several advantages, especially improved efficiency,
over fixed bed systems. Units such as in Higgins U.S.
Pat. Nos. 2,815,322, 3,492,092, 3,580,842 and 3,579,322,
and Keller U.S. Pat. No. 3,325,011 have a closed loop
which incorporates a treating zone through which the
liquid to be treated is passed in order to effect an ion
exchange, as well as a regeneration zone wherein a
regenerating solution is passed through the resin. Be-
tween successive service cycles of these systems, the
resin is advanced through the closed loop for providing
regenerated resin within the treating zone. Keller, for
example, shows a treating zone directly above a regen-
eration zone, and the resin supply is pumped by com-
pressed air to advance from the regeneration zone to the
treating zone to force used resin out of the treating zone
and to the pumping locdtion. Units such as Levendusky
U.S. Pat. No. 3,130,151; Yomiyama U.S. Pat. No.
3,152,072; Mihara U.S. Pat. No. 3,238,125; and Yama-
shiki U.S. Pat. No. 3,378,339, have multiple resin vessels
and show resin movement therebetween, but they do
not provide the packed bed condition and efficient resin
regeneration, rinsing and movement needed in an ion
exchange system having a capacity high enough to
accomodate flows from commercial wet process phos-
phoric acid plants.

While such systems have advantages over fixed-bed
systems because regenerated resin is continuously sup-
plied, even those having multiple resin beds typically
have the disadvantages of a loose bed, including devel-
opment of an out of phase condition, non-laminar move-
ment, and undesirable bed expansion.

The present invention retains the general advantages
of moving-bed systems while avoiding the disadvan-
tages of previously known moving-bed systems due to
the ability of the present system to incorporate desirable
packed-bed attributes into a moving-bed system. In the
present invention, when moving the ion exchange resin
through and between the various vessels or columns, a
need to insure the retention of the liquid-to-resin rela-
tionship in phase is significantly reduced; that is, it is not
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especially critical to be certain the liquid never goes
faster than the resin so that the interfaces stay intact and
at a constant relationship to each other. A particularly
advantageous property is an especially efficient use of
resin within the system, to the extent that high volumes
of raw phosphoric acid that is highly loaded with ions
can be successfully treated. By the present invention,
the resin bed is in a packed condition at all treatment
times.

In another aspect of this invention, the present system
unlike prior art systems does not move the entire resin
inventory during the resin transfer, which total move-
ment results in extensive mixing of resin and fluid caus-
ing substantial fluid slippage in the direction of resin
movement within a system in which it is critical to
maintain good liquid interfaces, whereby the liquid
moves faster than the bed so that the liquid and the ion
exchange resin material are not in contact with each
other for a period of time sufficient to achieve the de-
sired result, whether that result be an ion exchange or
the removal of entrained liquids. When such a unit
exhibiting fluid slippage goes back on stream after hav-
ing been shut down for a significant period of time, the
chemical efficiency of the unit is lost until the bed re-
packs itself and re-establishes equilibrium conditions,
which could take as long as twenty percent of the time
required to complete an entire closed loop cycle for
short cycles of several minutes.

Another aspect of this invention brings with it an
advantageous “stage height” feature which approxi-
mates the functional operation of a fractionating tower
whereby, for example, in the regeneration vessel or
column, the purest resin is on contact with the purest
regeneration fluid; and, as the resin becomes more con-
taminated in the lower portions of that column, the
regenerating liquid likewise becomes correspondingly
more contaminated, with the most contaminated regen-
erating fluid within the regeneration reservoir being in
contact with the spent ion exchange resin just received
from the treating or loading vessel. Such a stage height
feature provides the maximum equilibrium or mass flow
kinetic effect possible in such a system.

A still further aspect of this invention is the fact that
the various passageways or distributors of the moving
resin bed have a very simple construction and may
enhance fluid distribution across the resin bed to elimi-
nate channelling. In prior art systems, large hydraulic
forces are developed, requiring massive reinforced dis-
tributors which caused obstructions to resin flow or
requiring a multiplicity of various small distributors at
the bottom of the loading vessel, often to the point that
the cross-section was almost entirely screened, which
developed points of resin stagnation and resistance to
resin flow, thereby inhibiting smooth flow distribution
in the vicinity of the fluid discharge in the resin bed.
These disadvantages are avoided with the present in-
vention.

Another problem with previously known moving-
bed systems is the need to accomplish additional start up
operations after the system has been idle for relatively
long periods of time, such as for several weeks. When
such previously known systems were left standing idle
for long periods of time, the resin would first have to be
transferred manually in order to loosen up the resin
packed around and obstructing the operation of the
valves, this manual operation usually having to be fol-
lowed by running the system through several cycles in
order to place the system into proper startup condition
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before actually proceeding with the ion exchange oper-
ation on the liquid to be treated. Some systems incorpo-
rate a pulsing circuit to move resin while off stream. In
accordance with the present invention, the system, even
after having been idle for several weeks and without a
pulsing circuit, can be immediately started up anywhere
within the total program cycle without having to manu-
ally transfer any resin or run through start-up cycles.

By yet a further aspect of this invention, two or more
complete units thereof are coupled together in an ap-
propriate manner whereby there can be accomplished
the removal from phosphoric acid liquids of undesirable
substances or diluents as well as the recovery of desir-
able substances such as uranium or other valuable min-
erals.

It is, therefore, a general object of the present inven-
tion to provide an improved apparatus and method for
conducting ion exchange operations through a moving
resin bed.

Another object of the present invention is an im-
proved method and apparatus which accomplishes a
high capacity flow or resin throughout the system while
maintaining countercurrent flow to the extent that there
is a significant reduction in the criticality that the resin
interfaces throughout the system be maintained intact.

Another object of the present invention is to provide
an improved moving-bed ion exchange resin system
which proceeds through sequential steps during which
the liquid being treated moves in a downflow manner,
with the upper or initial portion of the loading vessel
resin bed having removed therefrom for subsequent
regeneration, rinsing, and reuse.

Another object of this invention is to provide a sys-
tem suitable for either or both removing contaminants
and recovering valuable material such as precious met-
als from a phosphoric acid liquid or the like, when high
quantities or trace amounts of those contaminants or
valuable materials are present in the liquid.

Another object of the present invention is to provide
a method and apparatus for treating high capacity flows
from the filters of a wet process phosphoric acid pro-
duction plant which includes stripping individual resin
beads of fluid adhering to their surfaces in order to
enhance their sorption efficiency and in order to facili-
tate their subsequent movement between vessels.

Another object of the present invention is to provide
an improved ion exchange resin system which is of the
moving-bed type affording sequentially continuous op-
eration but which is and has the advantages of a packed
bed system.

Another object of this invention is an improved appa-
ratus and method having a “stage height” or gradient
feature similar in end results to that of a fractionating
tower whereby the purest resin is in contact with the
purest regenerating fluid and progressively more con-
taminated resin is correspondingly in contact with pro-
gressively more contaminated regenerating fluid.

These and other objects of the present invention will
be apparent from the following detailed description of
this invention, including the various aspects thereof,
taken in conjunction with the accompanying drawings
wherein:

The FIGURE is a schematic elevational view of the
preferred downflow, folded moving-bed ion exchange
system in accordance with this invention.

In the basic operation of the moving-bed system illus-
trated in the FIGURE, the raw phosphoric acid feed
liquid to be treated passes down through ion exchange
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resin within a loading vessel 11. Regenerated and rinsed
resin enters loading vessel 11 at an inlet 12 as resin
transfer proceeds by movement of the resin interfaces
between a loading reservoir 13, a regeneration vessel
14, and a regeneration reservoir 15. Regenerant solution
enters the system through a pumping means 16, and
proceeds through regeneration vessel 14, and out a
waste conduit 17. Usually prior to regeneration, air
passes through loading reservoir 13 to purge liquid
therefrom in order to dry and initially remove regenera-
tion solution from the resin therein to prepare a semi-
dry resin, after which rinse liquor enters the system
through a pumping means 18, moves through and then
with the semi-dry resin within the loading reservoir 13
and the bottom neck thereof, thereby building up pres-
sure therewithin, which pressure is intermittently re-
leased and built up in order to cause residual air en-
trapped in the semi-dried resin to be removed from this
resin and vented out of the loading reservoir 13 to en-
hance subsequent movement and ion exchange effi-
ciency of this resin. During regeneration, an ion ex-
change takes place whereby those ions which were
sorbed on the resin within the loading vessel 11 are
removed from the resin within the regeneration vessel
14. The rinse liquor completes washing away of the
regeneration solution from the interstices between the
resin beads in the loading reservoir 13, which washing
has been facilitated by reducing surface tension on the
surfaces of the beads by forming the semi-dry resin and
then removing the residual entrapped air.

With more particular reference to the FIGURE, the
feed liquid to be treated is fed into the system through a
feed conduit 21 and enters loading vessel 11 through a
distributor 22 through a generally closed vessel 11, after
which it passes, preferably in a downflow manner,
through packed ion exchange resin bed 23 at a loading
height B.y. After passing through the packed resin bed
23, the thus purified and treated liquid exits the resin
bed 23 through a collecting means 24. Means 24 illus-
trated in the FIGURE takes the form of a cylinder of a
diffusing material such as screening: or a slotted panel
which permits the treated liquid to flow therethrough
but blocks passage of individual resin beads from bed
23, a particularly suitable diffusing material being a 60
mesh polyester screening. Feed liquid entering the col-
lecting means 24 is phosphoric acid treated in accor-
dance with this invention; it passes out of the loading
vessel 11 through a product efflux conduit 25.

Treatment of the feed liquid within the packed ion
exchange resin bed 23 reduces the ion exchange capabil-
ity thereof and, in general, substantially exhausts the top
interface and upper portion of the resin bed 23, which
interface and upper portion are removed from loading
vessel 11 and are later regenerated. In order to maintain
the loading height By during ion exchange treatment
of the feed liquor, a regenerated and rinsed supply of
ion exchange resin enters the loading vessel 11 through
the inlet 12 often without disturbing the resin interfaces.
Prior to such passage through the inlet 12, the resin has
been subjected to regeneration of the ion exchange resin
and rinsing the regenerating solution from the inter-
stices of the moving packed resin bed.

More particularly, a regenerating solution, of a pre-
determined strength, enters the system through the
pumping means 16, which may be a centrifugal pump, a
gear pump, a piston and cylinder arrangement, an air or
hydraulic cylinder devices, or the like, preferably being
capable of metering the flow of regenerating solution
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into the system. The regenerating solution then enters
the regeneration vessel 14 through a distribution head
26, which may take the form of a cone, a tube, or a
pancake cylinder having a relatively fine mesh passage-
way therethrough for the passage of liquid such as the
regenerating solution, while preventing individual resin
beads from entering the head 26.

During this stage, resin bed 27 of the regeneration
vessel 14 will be packed to a height A gy, and regenerat-
ing solution flows downwardly through the regenera-
tion vessel 14 because valve 34 of waste conduit 17 is
opened, while all other possible exit paths from regener-
ation vessel 14 are closed by suitable valves. The
amount of regenerating solution utilized for each regen-
eration cycle can be governed by any suitable means,
such as the activation of a sensor or by metering a pre-
determined volume of regenerating solution passing
through a preselected location, such as a valve 33. In
any event, an adequate amount of regenerating solution
is passed through regeneration vessel 14, after which
the regenerating solution, now a waste liquor, is dis-
charged out of the bottom of vessel 14 by means of a
foraminous member or strainer 36 while the valve 28 in
the conduit between vessel 14 and regeneration reser-
voir 15 is closed.

Purging means and rinsing means are provided to
treat resin bed 37 within the loading reservoir 13, gener-
ally at a height Az g. Purging means includes a supply of
low pressure air or other fluid such as nitrogen or a
special liquor passing through opened valve 64, into and
through resin column 37, and out conduit 71 by way of
open valve 72, to thereby pass an initial volume of re-
generating solution from out of the resin interstices
(about 40% of the bed’s volume) and to regenerating
solution reservoir 73, which gives the resin bed 37 a
semi-dry character.

Pumping or injection means 18, or alternatively a
special rinse liquor injection means 75, then is activated
to introduce a fixed amount of rinse liquor, which may
be treated liquor, deionized water, and/or as in the
illustrated embodiment, the phosphoric acid product
refined within the apparatus. Rinse liquor from product
storage tank 74 moves into transfer pipe 39 while valve
49 is closed, the rinse liquor passing through pipe 39, the
neck opening 40 of loading reservoir 13 and into the
loading reservoir 13 itself. The semi-dry resin within the
neck and the reservoir at first resists movement by the
rinse liguor until the rinse liquor passes through the
interstices of the semi-dry resin, while all other passage-
ways out of reservoir 13 remain closed until a pressure
build-up occurs, after which vent valve 65 is opened to
release the pressure build-up and remove air from the
interstitial volume and force out residual regenerating
solution adhering by surface tension to the beads. Pref-
erably, vent valve 65 is then closed, usually before the
rinse liquor has passed completely through resin bed 37,
to again build up pressure within reservoir 13, eventu-
ally followed by opening vent valve 65 again to remove
further residual air and regenerating solution. Repeti-
tion provides a series of hydraulic forces which pass
successive blocks of resin out of transfer pipe 39,
through neck 40, and into reservoir 13 while simulta-
neously exhausting residual air and stripping residual
regenerating solution from the resin beads in bed 37 to
fluff the resin for maximizing its regeneration and subse-
quent ion transfer efficiency by restoring individual
resin beads to approximately their properties prior to
use. This rinsing means pushes the resin bed 37 up-
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wardly until it reaches level Ay g, all while fluffing out
residual air, water and regeneration solution to enhance
the fully packed condition of the resin bed 37 and conse-
quently of treating resin bed 23.

This rinse liqguor mixes with and dilutes the regenerat-
ing solution removed from the intersticies of the bed 37,
and this diluted regenerating solution typically remains
in loading reservoir 13 as a liquid layer 41, above which
is usually a volume 42 of air or other gas. Solution gen-
erally remains in liquid layer 41 to prevent channelling
through and drying of bed 37. Typically, such diluted
regenerating solution is added to loading reservoir 13 at
a volume that can be retained therein until it passes out
of reservoir 13 during a subsequent operation. For sim-
ple systems, the rinse liquor may be added in a fixed
amount. In more complex systems, it may be desirable
to add amounts that vary depending upon the amount of
rinsing needed as determined by a sensor 66 which may
be a conductivity probe.

Purging means and rinsing means are preferably pro-
vided to treat resin bed 29 within regeneration reservoir
15 in much the same manner that purging means and
rinsing means are provided to treat resin bed 37. This
purging means includes an open vent valve 55 and open
drain valve 68 to permit liquid 32, which is primarily
raw feed liquor, to drain from regeneration reservoir 15.
Also included is a source of pressurized fluid, preferably
air, or a useful liquid such as water, which passes
through valve 35, into and through resin column 29, and
out through valve 68, to thereby pass an initial volume
of raw feed liquor from out of the resin intersticies and
to the raw feed tank 76, which gives the resin bed 29 a
semidry character.

Pumping means 69 provides a rinse liquor, usually
water, to wash the residual raw feed from the resin and
the walls of reservoir 15. Rinse liquor from storage tank
70 passes through pumping means 69 and into regenera-
tion reservoir 15 while all other valves to reservoir 15
are closed, the rinse liquor flowing under pressure into
resin bed 29, generally lifting the bed 29 while vent
valve 55 is opened to rapidly release pressure that had
built up within reservoir 15 and thus expunge much of
the air that had been entrapped in the resin intersticies.
This sequential operation of the pumping means and the
vent valve 55 can be repeated as necessary to fluff the
resin and remove substantially all of the entrapped air
and residual liquid clinging to the resin beads by surface
tension. Usually, the amount of rinse liquor is limited to
the extent that reservoir 15 is not filled. Should exces-
sive rinse liquor be pumped, this can exit through the
screened conduit via the vent valve 55.

After these regeneration and rinsing procedures, a
block of fresh resin from the loading reservoir 13 is
ready for passage into the neck opening 40, through the
transfer pipe 39, and out the inlet 12, the resin levels at
the beginning of this particular stage being the levels
Arv, ALr, Ary and Apgg, which are illustrated by
cross-hatching in the FIGURE. During this resin trans-
fer state, the liquid to be treated preferably does not
pass into the system through the distributor 22. Instead,
a bypass valve 46 is opened, an exit valve 47 is closed,
and the feed liquid simply returns to its feed well 76
through bypass conduit 48.

Resin transfer can proceed when a resin valve 49,
which is of a type that permits passage of packed resin
but resists damage thereby, such as a ball valve or a
specially designed butterfly valve, is opened and pneu-
matic means initiate passage or resin therethrough. A
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source of pressurized fluid, liquid or air under low posi-
tive pressure, can be introduced by means of a valve 51
into the upper portion of the regeneration vessel 14,
which exerts pressure upon the diluted regeneration
solution liquid 52 remaining on top of the packed resin
bed 27. A resin valve 53 can be opened to provide pas-
sageway between the regeneration vessel 14 and the
loading reservoir 13, with the result that the pressurized
fluid or air which is exerting a pneumatic force on the
liquid 52, which transmits that force to the resin within
the upper portion of the regeneration vessel 14, causes
this resin to pass through the open resin valve 53 and
into the loading reservoir 13, which in turn exerts pres-
sure upon the packed bed 37, and the entire packed bed
37 will move downwardly to about level Bpg, the
movement being one of laminar flow and one that is in
phase with the interstitial liquid contained in the resin
bed 37, to the extent that a block of purged and rinsed
resin moves through the transfer pipe 39 by way of the
open resin valve 49 and into the bottom of the loading
reservoir 13 through the inlet 12, thereby upwardly
pushing the packed ion exchange resin bed laminarly
upwardly and in phase with the interstitial liquid within
bed 23 until level Bz y is reached. The amount of resin
that can be thus transferred into the loading vessel 11 is
a fixed amount that is controlled by means of a vent 63
and/or the screened distributor 22 which functions as a
resin dam or by suitable sensors at strategic locations
within the loading vessel 11 and/or the loading reser-
voir 13. For safety reasons, it may be desirable to add a
screened trap 67.

Preferably, especially since a large volume of resin is
transferred by this apparatus, and should it be decided
that an additional liquor is needed to especially condi-
tion the resin with a particular media such as an acidic
or a basic one to provide optimum conditions for resin
exchange in resin bed 23, valve 53 is closed, and valve
64 is opened to permit low pressure air or special liquor
to enter above liquid layer 41 and build up in pressure,
after which valves 46 and 49 are opened so the built-up
pressure will force the block movement of the purged
and rinsed resin into bed 23. When the resin reaches
level Bry pressure build-up will reoccur to signal clos-
ing of valve 64 and thus fluid flow into reservoir 13,
after which another valve 65 is opened to vent or to
remove special liquor, the resin level being at about
Bsr.

At this stage, if resin had been transferred from the
top of bed 27 and into bed 37 for filling bed 23, the top
surface of the packed resin bed 27 will be at a level Bry,
which generally takes a somewhat conical shape such as
that illustrated in the FIGURE, with the liquid 52
standing above the level Bry, and pressurized air at
about 2-20 psi, preferably 3-10 psi, remaining above
liquid 52 until it is released by opening a vent valve 51
after resin transfer into the loading vessel 11, at which
time resin valve 49 and resin valve 53 are then closed,-
thereby locking the respective resin beds at approxi-
mately level Bry, ALg and Bgry.

If the preferred means for transferring resin into bed
23 is utilized, it is necessary to subsequently activate the
transfer means needed to move resin into loading reser-
voir 13 to return its resin height from about By r to
about Ay z. Transfer valve 53 and vent valve 65 open, as
does valve 54 by which low pressure air or other pres-
surized fluid such as regenerating solution from tank 73
exerts pressure upon liquid 52, such pressure being
transferred to resin at level Agyto push that resin until
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level Bry is reached, usually after all resin between
levels Azy and Bgry have moved, along with liquid 52,
into loading reservoir 13.

Next, the regeneration vessel 14 will be refilled with
packed resin from tne regeneration reservoir 15 so that
the level of the packed resin bed at 27 will return ap-
proximately to level Agy. Vent valve 51 remains open,
and compressed air, at about 2 to 20 psi, preferably 3-10
psi, enters by valve 35 to pressurize liquid 32 which in
turn exerts a pneumatic force downwardly on the
packed resin bed 29 to move it down to level Cgpg as the
lower portion of packed resin bed 29 moves laminarly
downwardly and through the pipe and valve 28, to
move the packed resin bed 27 laminarly upwardly until
it approximates level Agry. Valve 35 closes and the
compressed air supply ceases at a predetermined time
such as when the liquid 52 is contacted by a sensor 56
within the regeneration vessel 14, after which the vent
valve 51 also closes, and vent valve 55 opens to release
the compressed air from the regeneration reservoir 18,
thereby equalizing the pressure on the resin bed surfaces
within the regeneration vessel 14 and within the regen-
eration reservoir 15,

In order to refill the regeneration reservoir 15 with
resin and remove spent or exhausted resin from the
upper portion of the loading vessel 11, a resin slurry
transfer conduit 57 is provided. It is preferred in large
capacity units that the resin slurry transfer conduit 57
pass resin while the feed liquid being treated is circulat-
ing into the packed ion exchange resin bed 23 within the
loading vessel 11 while valve 47 is closed. During such
flow passage, there is a pressure drop of several pounds
down through the resin bed 23, which pressure drop
will enhance slurry formation and will pass the resin
from out of section 58 of vessel 11 and through the resin
slurry transfer conduit 57 when a further resin valve 59
is opened. Spent resin leaves through an orifice 61
within the section 58, the resin being pushed or pulsed
therethrough by feed or other liquid from the distribu-
tor 22. Actually, the material passing through resin
transfer conduit 57 is a slurry of spent resin and liquid.
This resinous slurry enters the regeneration reservoir 15
at aperture 62, which slurry displaces much of the air
remaining in the regeneration reservoir 15 on top of the
liquid above resin level Cgg, the air being displaced
through the opened vent valve 55, while the resinous
slurry entering through aperture 62 continuously raises
the level Cgpg, generally until it reaches a height ap-
proximating the level Agg, with the liquid from this
slurry passing into the regeneration reservoir 18 until a
preset occurrence, such as when a sensor 33 is activated
to generate a signal to close the resin valve 59 and the
vent vavle 55. Alternatively, excess liguid also could
exit through vent valve 55 and be saved for further
processing. Typically, the transferred resin will be al-
lowed to settle within regeneration reservoir 15.

At this stage, all of the resin levels will have been
returned to their respective levels ALy, ALr, Agyand
ARR so that the system will be ready for the next resin
transfer sequence.

When it is desired to produce a final liquid product
that has both cation and anion removal means, one or
more additional treatment systems 80 may be provided,
whereby the structure shown in the FIGURE is sub-
stantially repeated, and the transfer conduit means 25 or
the storage tank 74 is connected by a suitable conduit
such as 81 for communication with a conduit on the
order of feed conduit 21. In such a plural system, the



Re. 31,456

9

resin movement in each system is substantially the same
as that in the single system, with the units being syn-
chronized so that each of the cation and the anion load-
ing vessels are off stream at that point where the freshly
regenerated resins are transferred into each vessel. For
example, a vessel containing an anion resin for recover-
ing uranium when it exists in anionic form can be down-
stream of cation vessel conduit 25 which removes dilu-
ents, especially calcium and magnesium, from wet pro-
cess phosphoric acid. Other entire systems could like-
wise be lined up in series for tasks such as using cation
resin to recover cationic forms of uranium.

In proceeding with the method in accordance with
this invention, substances are removed from a feed lig-

uid of wet process phosphoric acid from the filters of 15

extracting equipment, the substances being generally in
the ionic form, but they may also be complexed ions in
a weakly ionic form, to thereby either clarify the feed
liquid and/or recover valuable materials therefrom,
whereby large volumes or trace amounts can be re-
moved in either case. The method proceeds in a folded
manner to avoid the requirement of having extensive
head space to accomplish the method. Packed resin
beads are recycled in the manner of a moving bed, and
various liquids pass therethrough. The method substan-
tially eliminates concern for maintaining constant rela-
tionships between the numerous interfaces of liquids
and the resin, while still enhancing and maximizing the
ion exchange process so that it approaches stoichiomet-
ric ratios. Additionally, as a consequence of some lami-
nar and packed bed movements, no resin bed expansion
is experienced which would bring with it a consequent
loss of the packed bed effect and its attendant superior
ion exchange properties. Furthermore, the method in-
cludes rapidly washing large volumes of resin beads
with enhanced efficiency in order to remove residual
fluids from around the beads which would reduce the
ion exchange capabilities of the beads.

In general, since the feed liquid being treated has a
relatively high concentration of ions or complexed ions
to be removed therefrom, a moving resin bed of a large
volume relative to that of the feed liquid will be circu-
lated relatively frequently. Due to the high concentra-
tion of ions in wet process phosphoric acid, having

20

25

30

35

40

about § weight percent of total diluents, each volume of 45

resin must treat a relatively low volume of phosphoric
acid when compared with conventional ion exchange
methods. This invention is capable of satisfactorily clar-
ifying as low as 178 volume of phosphoric acid for each
volume of resin, although ratios this low begin to re-
quire equipment sizing that becomes cumbersome and
uneconomic. Typically, a ratio range of between 1 and
30 volumes of raw acid per volume of resin will be most
satisfactorily practiced, with a most advantageous
range being between 2 to 5 volumes of raw acid for each
resin volume.

The ion exchange operation within the loading vessel
11 sorbs the ions to be removed and/or collected into
the packed ion exchange resin bed, such ions releasing
and replacing other ions which had been in the sites
located in the resin beads in order to effect a beneficial
exchange of ions. This exchange phenomenon requires
that the resin beads have a greater affinity for the ions to
be removed from the feed liquid than for the ions in the
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fresh resin, which calls for an appropriate selection of 65

resin beads, which appropriate selection can often be in
accordance with principles known in the art and pub-
lished specifications on particular resin beads. Prefera-

10
bly, the raw feed is treated while hot from phosphoric
acid production filters, usually at a temperature of about
100” to 160° F. Temperature maintenance can be facili-
tated by jacket 77.

While a raw acid or other pulsing liquid flow takes
place, an upper portion of the resin beads having under-
gone this ion exchange are passed in slurry form with
pulsing liquid from out of the top of the packed resin
bed or column and into a regeneration reservoir column
for a purging and washing step prior to a regeneration
step, those contaminating or valuable ions which where
were sorbed into the resin beads within the loading
column being exchanged by means of a regenerating
liquor with fresh ions for subsequent exchange with
other contaminating or valuable ions in the moving
resin bed or column. Utilizing both a regeneration reser-
voir column and a regeneration column contributes to
the ability to carry on this method as a folded one,
within a relatively low location. It also facilitates purg-
ing and washing the spent resin just prior to regenera-
tion.

Spent resin beads entering the regeneration reservoir
column are most advantageously purged and rinsed of
raw phosphoric acid and its contaminants prior to at-
tempting to regenerate the beads within the regenera-
tion column. Purging fluid is first passed through the
column to remove the bulk of the phosphoric acid
within the intersticies of the beads. When air or other
gas is used, the beads and raw acid are subjected to a
low gas pressure of about 10 to 15 pounds per square
inch gauge which also compacts the beads and causes
them to stick together due to surface temsion forces
created by residual liquid. To alleviate this situation,
purging is followed shortly by pressure-release rinsing
or fluffing, preferably upwardly, to remove air and
residual liquid in order to enhance the movability of the
resin as well as to clean off the surface of the beads from
substances, such as the raw phosphoric acid, that would
interfere with the subsequent regeneration and sorption.
Multiple purging, for example an air purge followed by
a water purge, can be especially advantageous, particu-
larly for high volume flows.

Pressure release rinsing subjects a closed off resin
column to pressurized fluid and then that resin column
is opened up to rapidly release the pressure, thereby
exerting short duration, high momentum forces on the
resin to “fluff” it free from entrapped air and overcome
surface tension forces to remove residual phosphoric
acid from the beads, which can be observed as bubbles
or a froth within the rinse liquor. This pressure release
rinsing simulates or approximates the ideal rinsing con-
ditions of a free flow or fall of the resin beads through
a long column of liquid to the extent that above 80% of
the beads’ surface area is free for sorption, but does so
much more rapidly and in a much more compact form
than required of a free flow.

The regeneration step includes pumping a regenerat-
ing solution, such as nitric acid or sulfuric acid, through
at least a large portion of the regeneration column
which includes closely packed resin beads being recy-
cled. The regenerating liquor continues until it passes
through a screen or membrane which prevents resin
passage, at which time the used regenerating solution,
having been turned into a waste liquid, is allowed to
pass out of the system.

A purging and a rinsing or washing step is also ac-
complished on the regenerated resin in a manner gener-
ally similar to purging and rinsing of the regeneration
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reservoir column. Time savings can be realized by con-
ducting the purging and rinsing of both columns gener-
ally simultaneously. Loading reservoir column purging
with air or other fluid is accomplished in much the same
manner as purging of the regeneration reservoir column
to semi-dry the beads. During rinsing, the regenerated,
semi-dry resin bed at below A g within a loading reser-
voir column is washed with a rinse liquor by one or
more passage of the rinse liquor, eventually together
with a plug of semi-dry resin, into the loading reservoir
column near its bottom end, thereby raising the level of
resin within the loading reservoir column while at the
same time passing the rinse liquor eventually through
the entire column for movement through and with the
interstitial liquid remaining within this semi-dried col-
umn in order to strip remaining liquid from beads and
dilute with rinse liquor, this highly diluted liquid re-
maining between and often above the resin beads. The
rinse liquor used in this step may be a portion of the feed
liquid that has been treated by passage through the
loading resin bed or column, or it may be deionized
water or the like.

After the liquid to be treated flows through the
packed ion exchange resin loading bed or column, the
loading column moves generally upwardly in a laminar
manner and the top portion thereof is removed there-
from in order to replace the most extensively spent resin
beads with freshly regenerated resin beads within the
packed loading column.

The resin transfer operation basically includes four
resin movement steps. Prior to these resin movement
steps, when beginning after feed liquid treatment, the
respective resin columns will be at levels Bry, Arg,
Apryand Cgg depicted in the FIGURE.

Beginning the present discussion with resin move-
ment after feed liquid has been processed through the
loading column, the first step will be movement of the
spent resin of the packed ion exchange resin loading bed
or column to near the top of the regeneration reservoir
column for subsequent regeneration and rinsing thereof.
This step may be accomplished simultaneously in asso-
ciation with the passage of the feed liquid into the load-
ing column which brings about a pressure drop of sev-
eral pounds from its inlet location to its outlet location,
the amount of the pressure drop being dependent upon
the average size of the inlet compared with the average
size of the outlet, the height of the resin bed, and the
temperature and viscosity of the incoming liquid, the
raw acid being very viscous.

A usual minimum pressure drop for small capacity
unit is 2 psi. Preferably, the flow should be as gentle as
possible to minimize resin attrition brought about by
resin bead breakage as fast flow rates while being fast
enough to keep the down time at a minute or less. Gen-
erally, for example, at flux of about 25 to 30 gallons/-
minute/square foot and at room temperature, the effec-
tive pressure drop will be about 5 psi for each foot of
depth of the effective height of the loading column resin
bed, up to or above 10 feet, for example. Such pressure
drop will cause a transfer of a fixed volume of resin
slurried with feed liquid from the loading column to
about level Appafter passageway therefrom is provided
to the regeneration reservoir column, generally until it
reaches its original level Agg, at which level liquid in
the slurry is separated from the resin beads and the
regeneration resin column is later compacted by the
fluid purging step.
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In the next such step, regenerated and rinsed resin is
transferred into the bottom of the packed ion exchange
resin loading bed or column by pneumatic action of a
suitable pressurized fluid, such as air compressed to a
pressure of about 2 to 20 pounds per square inch upon
the diluted regenerating liquid mixture above the load-
ing reservoir column, which pneumatic action passes
resin to level By g to move that column downwardly in
laminar fashion and into the packed ion exchange resin
loading column to urge this loading column upwardly
in a laminar fashion until it reaches level B.y. This step
generally transfers the resin in a fixed amount, and the
extent of the movement is regulated by a time and air
pressure relationship, for example, for passing the cor-
rect amount of pressurized fluid into the top of the
loading reservoir column. Thereafter, the compressed
air is released to complete this step of the resin transfer
operation. Since fresh resin has now filled the loading
vessel, processing of the raw phosphoric acid liquor
therethrough can resume.

Meanwhile, the depleted loading reservoir column
can be returned to about level A g by passage of resin
thereinto from the regeneration column at a level of
about A gy until it reaches approximately level Bry, the
movement being accomplished by pressurized fluid
such as air or regeneration fluid upon the regeneration
column. If air is used, a liquid layer should be present
between the air supply and the resin to be moved in
order to provide necessary conditions for an incipient
resin slurry to be maintained, thereby facilitating resin
transfer. Once transferred, the resin will settle within
the liquor now present in the loading reservoir column.
This column will then be subjected to the purging and
rinsing operations in order to make it ready for eventual
transfer into the loading column.

At the completion of the previous step, the resin in
regeneration column is depleted, and the next step re-
plenishes the column to about its original level Agy by
passing resin from the bottom of the regeneration reser-
voir column into the bottom of the regeneration col-
umn. This passage is accomplished by injecting com-
pressed air into the top portion of the regeneration
reservoir column, which creates a pneumatic force on
residual liquid above the resin in this column to thereby
move the resin therein down to about level Cgg while
that in the regeneration column is raised to about level
ARy

It has been found that resin requirements are opti-
mized by including about half of the total system resin
volume within the loading column and its reservoir and
the other half in the regeneration essel and reservoir,
acceptable volume ratios being about 10:1:10:1 for the
columns as viewed from left to right in the FIGURE.

Throughout some resin transfer step, the resin trans-
fer proceeds without disturbing the interfaces or stage
heights of the loading or regeneration beds or columns,
with the exception that the volume of resin actually
transferred from column to column will be mixed to
some degree as it passes through the appropriate pas-
sageways. The preferred downflow passage through
the loading column or vessel has an important advan-
tage over an upflow passage therethrough by automati-
cally maintaining a packed bed condition therewithin
even as attrition of the resin beads takes place. Any
attrition' will merely lower the levels Ary and Bry,
rather than cause gaps to develop in the loading vessel
and consequent undesirable channeling as will occur in
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an upflow unit unless it is attended for the purpose of
adding resin into the system to make up for attritions.

By the preferred moving bed system, the regenerated
resin entering the loading column has been regenerated
to 80% or more as an average of its initial, unused con-
dition to bring about ion transfer on the order of a fresh,
fixed bed. This is especially important when deep
downflow loading columns are involved since acidic
conditions increase down the depth of the column,
which acidic conditions tend to ring about undesirable
reverse ion exchange, this tendency being decreased
significantly under equilibrium conditions having only
about 20% at most of inactive resin rather than about
50% inactive resin for prior systems.

The following specific examples will more precisely
illustrate the invention and teach the procedures pres-
ently preferred for practicing the same, as well as the
improvements and advantages realized thereby.

EXAMPLE I

How raw phorphoric acid from the filters of a com-
mercial phosphoric acid plant was treated within appa-
ratus on the order of that shown in the Figure and hav-
ing a 6-foot high loading vessel with a diameter of 4
inches, a regeneration vessel having an effective height
of about 10 feet and a diameter of 3 inches, a loading
reservoir having a 4-inch diameter and an effective
depth of about 3 feet, and a regeneration reservoir hav-
ing a 3-inch diameter and an effective depth of about 3
feet, the volume of resin within the loading vessel and
its loading reservoir being about the same as the total
resin volume of the regeneration vessel and its reser-
voir. The approximately 30% crude or raw phosphoric
acid was fed at a rate of about 5 flux (gallons/minute/-
square foot) at its off-filter temperature of about 140° F.
and containing total diluents of about 5 weight percent
was analyzed from a standing tank to include: 26.15
weight percent P20s, and the following cationic dilu-
ents: 0.81 weight percent Fe O3, 0.87 weight percent
AblO3, 0.74 weight percent Ca0, and 0.49 weight per-
cent MgO. HCRW (Dow Chemical Company) strong
cationic resin, which is of the gel, or microreticular,
type was used throughout the system, it was regener-
ated with 20% nitric acid, and was washed with the
product phosphoric acid. Several runs through the ap-
paratus were analyzed, the make-up of product phos-
phoric acid leaving conduit 25 being reported in the
Table:

TABLE
P05 Fe;03 AlyO3 Ca0 MgO
Run No. (wt. %) (wt. %) (wt. %) (wt %) {(wt. %)

1 24.90 0.95 0.44 <0.05 0.06
2 27.80 113 0.57 <0.05 0.05
3 24.85 0.94 0.40 <0.05 0.04
4 28.35 1.10 0.56 <0.05 0.03
5 25.85 0.98 047 <0.05 0.03
6 26.65 1.00 048 <0.05 0.04
7 24.85 0.67 0.61 0.03 0.05
8 25.80 0.55 0.63 0.03 0.04
9 24.85 0.47 0.62 0.09 0.04

Calcium and magnesium removal was excellent, as
can be seen from the Table and from analyses of the
stripped regeneration solution waste stream passing out
of the regeneration vessel through conduit 17, found to
include an average of 1.06 weight percent CaO and an
average of 0.79 weight percent MgO. It was found that
the particular exchange resin utilized was not especially
effective for iron and aluminum sorption and removal,
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although the stripped regeneration solution waste
stream was found to contain an average of about 0.33
weight percent Fe)O3 and of about 0.42 weight percent
AlOs.

EXAMPLE II

Raw phosphoric acid having a P;0s content of about
30 weight percent was passed hot from the filters of a
commercial wet-process phosphoric acid production
plant into a holding tank and maintained at a tempera-
ture of about 140° F., after which several runs were
made through an anionic exchange resin in a moving
bed of a type generally on the order of that shown in the
FIGURE, with a view toward recovering uranium
from the raw, untreated acid. The resin used was IRA-
900 (Rohm & Haas), a macroreticular strong anionic
type, the regeneration solution was 20% nitric acid, and
the rinsing liquor was 3 N sulfuric acid. Analyses for
uranium in the raw acid and in the product phosphoric
acid after treatment were as follows:

Raw Acid Treated Acid
150 ppm 8 ppm
120 ppm 7 ppm
150 ppm 8 ppm
125 ppm 8 ppm

Also, colored organic materials were removed from
the raw dark brown acid to the extent that the product
phosphoric acid had but a strong brownish tint and the
anionic resin had very little brown organic matter left
thereon after regeneration and rinsing.

EXAMPLE III

Example II was generally repeated except the regen-
eration solution used was a blend of 20% nitric acid and
1 N ammonium nitrate. Analyses for uranium were as
follows:

Raw Acid Treated Acid
150 ppm 7 ppm
135 ppm 8 ppm
125 ppm B ppm

It will be apparent to those skilled in this art that the
present invention can be embodied in various forms;
accordingly, this invention is to be construed and lim-
ited only by the scope of the appended claims.

I claim:

1. A high capacity moving-bed ion exchange appara-
tus, comprising:

a loading vessel having a feed conduit and a collect-
ing means for passing a raw phosphoric acid feed
liquid through a ion exchange resin bed there-
within to remove diluents therefrom, said diluents
including magnesium and calcium cations, said
loading vessel having a resin inlet and a resin out-
let;

a loading reservoir in resin-passing communication
with said resin inlet of the loading vessel, said load-
ing reservoir containing a movable resin bed;

a transfer pipe and a resin valve between said loading
reservoir and said resin inlet of the loading vessel;

a regeneration vessel in resin-passing communication
with said loading reservoir, said regeneration ves-
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sel having a movable resin bed and a liquid distribu-
tion means;

a regeneration reservoir in resin-passing communica-
tion with said regeneration vessel, said regenera-
tion reservoir having a movable resin bed there-
within;

pumping means for passing regenerating solution into
said regeneration vessel through said liquid distri-
bution means;

purging means for removing liquid from the intersti-
cies of said resin within the loading reservoir to
semi-dry said resin;

rinsing means for moving rinse liquor through said
semi-dry resin in the loading reservoir, said rinsing
means including an injection means having an out-
let into said transfer pipe, said injection means out-
let being between said resin valve and said loading
reservoir;

pressure application means in association with said
loading reservoir for moving a portion of the resin
bed within said regeneration vessel into said load-
ing vessel; and

a resin slurry transfer conduit communicating said
resin outlet of the loading vessel with said regener-
ation reservoir.

2. The apparatus of claim 1, wherein said feed conduit
includes a distributor and passes through said loading
vessel near a generally closed top thereof, and wherein
said collecting means is within said loading vessel near
the bottom thereof, whereby the feed liquid downflows
through said packed ion exchange resin bed of the load-
ing vessel.

3. The apparatus of claim 1, wherein said collecting
means includes diffusing material that permits feed lig-

20
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uid to flow therethrough and that blocks passage of 35

individual resin beads therethrough.

4. The apparatus of claim 1, wherein said purging
means includes valve means for injecting a pressurized
fluid through and out of said loading reservoir resin
bed.

5. The apparatus of claim 1, wherein said purging
means injects a fluid generally downwardly through the
loading reservoir, and wherein said rinsing means in-
jects a rinse liquor generally upwardly into the leading
reservoir.

6. The apparatus of claim 1, further comprising a
conduit pipe communicating said regeneration vessel
with said regeneration reservoir near the respective
bottoms of each, an upper portion of said regeneration
reservoir, and valve means in communication with said
upper portion.

7. The apparatus of claim 1, wherein said transfer
pipe has a neck opening into said loading reservoir near
the bottom thereof, said loading reservoir has an upper
portion, and a conduit communicates said loading reser-
voir upper portion with said regeneration vessel near
the top thereof, whereby said rinse liquor injection
means passes rinse liquor through said transfer pipe and
neck opening, and upwardly in said loading reservoir.

8. The apparatus of claim 1, further comprising a
pressurized fluid source having a valve opening into an
upper portion of said regeneration vessel, a resin valve
along said resin passing communication between the
regeneration vessel and the loading reservoir, whereby
opening said pressurized fluid valve exerts pneumatic
pressure on said movable packed resin bed of the regen-
eration vessel to move resin through said resin valve
from the regeneration vessel into the loading reservoir.
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9. The apparatus of claim 1, wherein said pressure
application means for passing resin from said loading
reservoir to said loading vessel includes a valve opening
into an upper portion of said loading reservoir for per-
mitting fluid to enter said upper portion to exert a force
upon said movable resin bed of the loading reservoir.

10. The apparatus of claim 1, further comprising an
upper portion of said regeneration reservoir, a pressur-
ized fluid source having a valve opening into said regen-
eration reservoir upper chamber, and an open vent
valve within said regeneration vessel, whereby opening
said pressurized fluid valve exerts a pneumatic pressure
onto said movable resin bed of the regeneration reser-
voir to move a portion of same through said communi-
cation into the regeneration vessel to replenish said
movable resin bed of the regeneration vessel.

11. The apparatus of claim 1, further comprising a
valve in said resin slurry transfer conduit, said valve
being open while feed liquid moves from said feed con-
duit to said collecting means of the loading vessel for
passing a slurry of spent resin and feed liquid from said
loading vessel through said resin slurry transfer conduit
into said regeneration reservior to replenish said mov-
able resin bed thereof.

12. The apparatus of claim 1, wherein said collecting
means of the loading vessel communicates with an addi-
tional high-capacity moving-bed ion exchange appara-
tus of substantially the same structure as the apparatus
of claim 1, said additional apparatus recovering uranium
values from said acid.

13. A high capacity moving-bed ion exchange appa-
ratus, comprising:

a loading vessel having a feed conduit and a collect-
ing means for passing a raw phosphoric acid feed
liquid through an ion exchange resin bed there-
within to remove diluents therefrom, said diluents
including magnesinm and calcium cations, said
loading vessel having a resin inlet and a resin out-
let;

a loading reservoir in resin-passing communication
with said resin inlet of the loading vessel through a
transfer pipe, said loading reservoir containing a
movable resin bed, said loading reservoir having a
bottom neck opening in communication with said
transfer pipe;

a regeneration vessel in resin-passing communication
with said loading reservoir, said regeneration ves-
sel having a movable resin bed and a liquid distribu-
tion means;

a regeneration vessel reservoir in resin-passing com-
munication with said regeneration vessel, said re-
generation reservoir having a movable resin bed
therewithin;

pumping means for passing regeneration solution into
said regeneration vessel through said liquid distri-
bution means;

purging means for removing liquid from the intersti-
cies of said resin within the loading reservoir to
semi-dry said resin;

rinsing means for moving rinse liquor through said
semi-dry resin in the loading reservoir;

pressure application means in association with said
loading reservoir for moving a portion of the resin
bed within said regeneration vessel into said load-
ing vessel; and

a resin slurry transfer conduit communicating said
resin outlet of the loading vessel with said regener-
ation reservoir,
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wherein said rinsing means includes an injection
means for introducing rinse liquor into the transfer
pipe and the loading reservoir through said bottom
neck opening thereof, valve means for initially
closing all passageways out of the loading reservoir
while the injection means is introducing rinse li-
quor under pressure and for then releasing pressure
build-up in the loading reservoir.

14. The apparatus of claim 13, wherein said valve
means closes and releases pressure build-up a plurality
of times to incrementally treat the resin.

15. A high capacity moving-bed ion exchange appa-
ratus, comprising:

a loading vessel having a feed conduit and a collect-
ing means for passing a raw phosphoric acid feed
liquid through an ion exchange resin bed there-
within to remove diluents therefrom, said diluents
including magnesium and calcium cations, said
loading vessel having a resin inlet and a resin out-
let;

a loading reservoir in resin-passing communication
with said resin inlet of the loading vessel, said load-
ing reservoir containing a movable resin bed;

a regeneration vessel in resin-passing communication
with said loading reservoir, said regeneration ves-
sel having a movable resin bed and a liquid distribu-
tion means;

a regeneration reservoir in resin-passing communica-
tion with said regeneration vessel, said regenera-
tion reservoir having a movable resin bed there-
within;

pumping means for passing regenerating solution into
said regeneration vessel through said liquid distri-
bution means;

purging means for removing liquid from the intersti-
cies of said resin within the loading reservoir to
semi-dry said resin;

rinsing means for moving rinse liquor through said
semi-dry resin in the loading reservoir;

pressure application means in association with said
loading reservoir for moving a portion of the resin
bed within said regeneration vessel into said load-
ing vessel; and

a resin slurry transfer conduit: communicating said
resin outlet of the loading vessel with said regener-
ation reservoir,

wherein said rinsing means includes an injection
means for introducing rinse liquor into a transfer
pipe providing said resin-passing communication
etween the loading vessel and the loading reser-
voir, a valve for closing off said transfer pipe be-
tween said injection means and said loading vessel,
valve means for initially closing all passageways
out of the loading reservoir while the injection
means is introducing rinse liquor and for releasing
pressure build-up in the transfer pipe and the load-
ing reservoir, whereby gases and residual liquid are
removed from the semi-dry resin.

16. The apparatus of claim 15, wherein said valve
means closes and releases pressure build-up a plurality
of times to incrementally treat the resin.

17. The apparatus of claim 1, 13 or 15, further com-
prising purging means for removing liquid from the
intersticies of said resin in the regeneration reservoir to
semi-dry said resin; and rinsing means for moving rinse
liquor through said semi-dry resin in the loading reser-
voir.
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18. The apparatus of claim 17, wherein said regenera-
tion reservoir rinsing means includes an injection means
for introducing rinse liquor into the regeneration reser-
voir, valve means for initially closing all passageways
out of the regeneration reservoir while said injection
means is introducing rinse liquid under pressure and for
releasing pressure build-up in the regeneration reser-
voir.

19. The apparatus of claim 18, wherein said regenera-
tion reservoir valve means closes and releases pressure
build-up a plurality of times to incrementally treat the
resin.

20. The apparatus of claim 17, wherein said regenera-
tion reservoir purging means includes valve means for
injecting a pressurized fluid through and out of said
regeneration reservoir resin bed.

21. The apparatus of claim 17, wherein said regenera-
tion reservoir purging means injects a fluid generally
downwardly through the loading reservoir, and
wherein said regeneration reservoir rinsing means in-
jects a rinse liquor generally upwardly into the regener-
ation reservoir.

22. A high capacity moving-bed ion exchange
method, comprising:

providing a movable ion exchange resin bed within a

plurality of columns, said plurality including a
loading column, a loading reservoir column, a re-
generation column, and a regeneration reservoir
column;

flowing a raw phosphoric acid feed liquid through

said loading column to remove ionic materials
therefrom;
passing spent resin beads from and out of said loading
column to said regeneration reservoir column;

transferring a portion of loading reservoir column
having purged and rinsed resin into said loading
column;

transferring a portion of said regeneration column

into said loading reservoir column;

purging said loading reservoir column to remove

liquid from intersticies of resin therein and thereby
semi-dry the resin;

rinsing said semi-dry resin by moving rinse liquor

through the semi-dry resin in the loading reservoir;
transferring a portion of said regeneration reservoir
column into said regeneration column; and
regenerating at least a portion of said regeneration
column by passing a regenerating solution there-
through;

wherein said rinsing step includes injecting rinse li-

quor at a location between the loading column and
the loading reservoir column so as to build-up pres-
sure within the loading reservoir column, and re-
leasing the pressure build-up to remove gases and
residual liquid from the semi-dry resin.

23. The method of claim 22, wherein said flowing
step is generally downwardly through the loading col-
umn.

24. The method of claim 22, wherein said flowing
step creates a pressure drop through said loading col-
umn to assist in said step of passing spent resin beads
from and out of said loading column.

25. The method of claim 22, wherein said flowing
step includes having the raw phosphoric acid feed lig-
uid at a temperature between about 100° to 160° F., said
raw acid being about 30 weight percent phosphoric acid
and including about 5 weight percent total diluents.
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26. The method of claim 22, wherein said step of
passing resin from and out of the loading column trans-
fers a slurry of feed liquid and spent resin from an upper
portion of said loading column to an upper portion of
said regeneration reservoir column.

27. The method of claim 22, wherein said purging
step includes injecting a pressurized fluid through and
out of said loading reservoir column.

28. The method of claim 22, wherein said step of
transferring resin from said loading reservoir column to
said loading column includes applying a supply of pres-
surized fluid above said regeneration column, thereby
effecting said transferring of a portion of said loading
reservoir column into said loading column, this transfer-
ring step being of a lower portion of said loading reser-
voir column to raise said loading column by resin move-
ment at a lower portion thereof.

29. The method of claim 22, wherein said step of
transferring resin from said regeneration reservoir col-
umn to said regeneration column includes applying a
supply of pressurized fluid above said regeneration
reservoir column to hydraulically move said regenera-
tion reservoir column downwardly to effect said trans-
ferring of a portion of said regeneration reservoir col-
umn into said regeneration column, this transferring
step being of a lower portion of said regeneration reser-
voir column to raise said regeneration column by resin
movement at a lower portion thereof.

30. The method of claim 22, wherein said passing step
includes creating a pressure drop between about 2 psi
up to about 5 psi or more for each foot of effective
height of said loading column during said flowing step,
said flowing step being a downflowing step, forming a
slurry of feed liquid and said spent resin from an upper
portion of said loading column, transferring spent resin
to said regeneration reservoir column by moving said
slurry to an upper portion of said regeneration reservoir
column, and restricting passage of feed liquid out of said
loading column.

31. The method of claim 22, wherein said combina-
tion of steps regenerates said movable packed ion ex-
change resin bed to about 80% or more of its exchange
capacity at the time of rinsed resin transferring step,
resulting in a step of minimizing reverse ion exchange
by acidic or basic conditions within said loading col-
umn.

32. A high capacity moving-bed ion exchange
method, comprising:

providing a movable ion exchange resin bed within a

plurality of columns, said plurality including a
loading column, a loading reservoir column, a re-
generation column, and a regeneration reservoir
column;

flowing a raw phosphoric acid feed liquid through

said loading column to remove ionic materials
therefrom;
passing spent resin beads from and out of said loading
column to said regeneration reservoir column;

transferring a portion of loading reservoir column
having purged and rinsed resin into said loading
column;

transferring a portion of said regeneration column

into said loading reservoir column;

purging said loading reservoir column to remove

liquid from intersticies of resin therein and thereby
semi-dry the resin; :

rinsing said semi-dry resin by moving rinse liquor

through the semi-dry resin in the loading reservoir;
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transferring a portion of said regeneration reservoir
column into said regeneration column; and

regeneration at least a portion of said regeneration
column by passing a regenerating solution there-
through;

wherein said rinsing step includes a resin raising step

by pumping said rinse liquor together with a plug
of resin upwardly into said loading reservoir col-
umn.

33. The method of claim 32, wherein said pumping of
a plug resin is generally accompanied by passing said
rinse liquor through the semi-dry resin.

34. A high capacity moving-bed ion exchange
method, comprising;

providing a movable ion exchange resin bed within a

plurality of columns, said plurality including a
loading column, a loading reservoir column, a re-
generation column, and a regeneration reservoir
column;

flowing a raw phosphoric acid feed liquid through

said loading column to remove ionic materials
therefrom;
passing spent resin beads from and out of said loading
column to said regeneration reservoir column;

transferring a portion of loading reservoir column
having purged and rinsed resin into said loading
column;

transferring a portion of said regeneration column

into said loading reservoir column;

purging said loading reservoir column to remove

liquid from intersticies of resin therein and thereby
semi-dry the resin;

rinsing said semi-dry resin by moving rinse liquor

through the semi-dry resin in the loading reservoir;
transferring a portion of said regeneration reservoir
column into said regeneration column; and
regenerating at least a portion of said regeneration
column by passing a regenerating solution there-
through,

wherein each of said steps is repeated whereby in one

of the flowing steps phosphoric acid liquid is sub-
jected to a cationic exchange resin to remove mag-
nesium and calcium cations therefrom, and in an-
other of the flowing steps phosphoric acid liquid is
subjected to anionic exchange resin to recover
uranium values therefrom.

35. The method of claim 34, wherein said one flowing
step precedes said another flowing step.

36. The method of claim 34, wherein said one flowing
step also recovers uranium values from the phosphoric
acid liquid. ‘

37. The method of claim 34, wherein said rinsing step
includes a resin raising step by pumping said rinse liquor
together with a plug of resin upwardly into said loading
reservoir column.

38. The method of claim 37, wherein said pumping of
a plug of resin is generally accompanied by passing said
rinse liquor through the semi-dry resin.

39. The method of claim 22, 23 or 34, wherein said
flowing step is at a rate such that the volume ratio of
raw phosphoric acid feed liquid treated is between
about 4 to 30 volumes of feed liquid for each volume of
resin in the loading column.

40. The method of claim 22, 32 or 34, further com-
prising another purging step to remove liquid from
intersticies of resin in said regeneration reservoir col-
umn and semi-dry the resin, and another rinsing step to
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move rinse liquor through the semi-dry resin in the
regeneration reservoir column.

41. The method of claim 40, wherein said loading
reservoir purging and rinsing steps are carried out gen-
erally simultaneously with said regeneration reservoir
purging and rinsing steps.

42. The method of claim 40, wherein said another
rinsing step is repeated a plurality of times to incremen-
tally treat the resin.

43. The method of claim 40, wherein said another
purging step includes injecting pressurized fluid
through and out of said regeneration reservoir column.

44. The method of claim 22, 32 or 34, wherein, by said
rinsing step, said resin is fluffed up to simulate free flow
of resin beads and remove air from resin intersticies and
residual liquid from resin bead surfaces.

45. The method of claim 22, 32 or 34, wherein said
rinsing step is repeated a plurality of times to incremen-
tally treat the resin.

46. The method of claim 22, 32 or 34, wherein said
purging step is generally downward through said load-
ing reservoir column, and said rinsing step is generally
upward into said loading reservoir column.

47. A high capacity moving bed ion exchange method,
comprising:

providing a movable ion exchange resin bed within a

plurality of columns, said plurality including a load-
ing column, a loading reservoir column, a regenera-
tion column, and a regeneration reservoir column;

Sflowing a raw agueous phosphoric acid feed liguid down-

wardly through said loading column to remove ionic
materials therefrom;
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removing purified phosphoric acid from the botton por-
tion of said loading column;

passing spent resin beads out of the top portion of said
loading column to said regeneration reservoir column;

transferring a portion of the resin in said regeneration
reservoir column into said regeneration column;

regenerating at least a portion of the resin in said regen-
eration column by passing a regenerating solution
therethrough;

transferring a portion of the regenerated resin from the
regeneration column with regenerating solution
therein to the loading reservoir column;

purging said loading reservoir column to remove liquid
Sfrom intersticies of resin therein;

rinsing said purged resin by moving rinse liguor through
the resin in the loading reservoir; and

transferring a portion of purged and rinsed resin from
the loading reservoir column into the bottom portion
of said loading column;

wherein said purging and rinsing steps for preparing
resin for transfer from said loading reservoir column
to said loading column include the following se-
quence:

(a) passing air through the resin in said loading reservoir
column to purge liquid therefrom until the resin is in
semi-dry condition,

(b) adding to said semi-dry resin purified phosphoric
acid after passage thereof through said loading col-
umn, and

(¢c) removing air entrapped within resin in said loading
reservoir column before transferring said portion of
the purged and rinsed resin to said loading column

bottom portion.
* * ® * X



