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DESIGN REQUIREMENTS FOR URANIUM ION EXCHANGE FROM ACIDIC
SOLUTIONS IN A FLUIDIZED SYSTEM

by

D. E, Traut, ! I+ Ls Nichols,2 and Ds C. Seidel3

ABSTRACT

A fluidized, countercurrent ion-exchange system was developed, operated,
and evaluated by the Bureau of Mines in support of its objective to help
assure an adequate uranium supply for future national needs. The system con-
sisted of integrated multiple-compartment absorption and elution columns in
which the solution flows are continuous, except for short periods when resin
increments are withdrawn. The exchange of uranyl sulfate between a simulated
acid-leach-uranium solution and a strong-base, ion-exchange resin was studied,
together with subsequent elution using am acidified sodium chloride solution.
The effects of the number of compartments, compartment height, amount of resin
withdrawal, solution flow rate, and column diameter were investigated. Also
examined were the kinetic and equilibrium relatiomnships for the absorption and
elution steps. The experimental data indicate a strong interdependence
between variables. Solution retention time appears to be a major limiting
variable in the absorption process, while resin residence time is the deter-
mining factor in the elution process. The columns system was efficient over a
range of conditions, but close control was needed for optimum operation.

INTRODUCTION

Present Bureau of Mines uranium research is predicated on projections
that requirements for uranium will increase fourfold to sixfold during the
next two decades, and development of lower grade resources will be necessary
to augment presently known reserves. Present production is generally from
ores containing 0.1 to 0.3 percent UgOy, but future production is expected to
be from ores containing 0.03 to 0.1 percent U,Oy. Also, because uranium oper-
ations encounter increasing amounts of refractory carboniferous and siliceous

lChemical engineer, Salt Lake City Metallurgy Research Center, Bureau of
Mines, Salt Lake City, Utah (now with Boulder City Metallurgy Engineering
Laboratory, Bureau of Mines, Boulder City, Nev.).

2Metallurgist, Salt Lake City Metallurgy Research Center, Bureau of Mines,
Salt Lake City, Utah.

SResearch supervisor, Salt Lake City Metallurgy Research Center, Bureau of
Mines, Salt Lake City, Utah.



materials, new or modified process techmology is required to improve the ura-
nium recovery from such ores.

An objective of the present work is to help assure an adequate supply of
uranium fuel to meet the projected demand for nuclear emergy by making tech-
nological improvements in the processes for extracting uranium from ores and
low-grade uraniferous materials. Research is directed toward new and improved
metallurgical processes including hydrometallurgical methods. Part of the
research is concerned with development of ion-exchange extraction procedures
for recovering uranium at less cost and in the form of a high-grade product
from solutions and slurries.

Ion exchange has been used to recover uranium from acidic leach solutions
since the early 1950's. The uranium-bearing leach liquor is contacted with an
anionic resin, and the uranium exchanges as an anionic uranium sulfate com-
plex. This complex is then eluted from the resin by displacing the uranium
complex with another anion, such as C17, 80, , ot NO, . The uranium is recov-
ered from the eluate by various precipitation techniques; the final uranium
mill product is designated as "yellow cake.'" This material is normally
shipped to other operations for further refining.

A variety of ilon-exchange systems have been used. Most of these systems
have been described by Merritt (3).¢? Each of the systems has both advantages
and limitations; for example, some systems can handle only clarified feed
solutions, while other systems require relatively large resin inventories and
higher capital investments. During research by the Bureau of Mines on recov-
ery of uranium from dilute mine waters, a new, low-cost system of ion exchange
was developed that is applicable to clear solutions and many slime slurries
(1, 5-7). The primary component of this system has been designated as the
multiple-compartment, ion-exchange (MCIX) column (fig. 1), in which the
upflowing feed solution fluidizes the ion-exchange resin in a series of com-
partments. The compartments are separated by orifice plates; the orifice
openings constitute about 5 percent of the columncross-sectional area. The
feed solutions flow upward at rates of about 10 to 20 gpm/ft®. This fluidizes
the resin in each compartment, but the upward flow through the orifices pre-
vents the resin from dropping into a lower compartment. Periodically, the
feed stream is momentarily interrupted, at which time a discharge valve is
opened and an increment of resin is discharged. This operational cycle per-
mits the increments of resin to move down through the column countercurrent to
the solution flow. A similar column arrangement can also be used for elution
of the loaded resin.

A l4-inch-ID, MCIX absorption column and a 4-inch-ID, fixed-bed, upflow
elution column were field tested on uranium-bearing mine water at Bingham
Canyon, Utah, and Grants, N. Mex. The same system was tested on alkaline
leach slurry at Moab, Utah. A 6-foot-ID column was hydraulically tested in
Salt Lake City, Utah (1, 5, 7). A 20-inch-ID absorption column was tested on
acid leach slurry at Edgement, S. Dak. Laboratory testing with a 2-inch-ID

4Underlined numbers in parentheses refer to items in the list of references at
the end of this report.
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column showed that is was feasible
to use a compartmented column for
countercurrent elution (6).

Previous cost estimates indi-
cated considerable savings over con-
ventional resin-in-pulp (RIP),
basket~type operations because the
resin requirement for the compart-
mented columns was determined to be
about 35 percent of the amount
needed by basket-type, RIP circuits
of the same throughput capacity (6).
Based on 1972 costs and a throughput
level of 2,000 tons of ore per day,
it was determined that the capital
required for a hypothetical ion-
exchange plant using MCIX columns
would be 73 percent of that mneeded
for a solvent-extraction plant; the
operating costs for the ion-exchange
plant would be 81 percent of that
for the solvent extraction plant (6).

MCIX columns are commercially
used to recover gold from cyanide
solutions using coarse, activated-
carbon particles (4), and prototype
columns are in use for uranium
absorption and elution.

During the past 3 years, the
Bureau has conducted additional
studies to better quantify the
design criteria for multiple-
compartment, ion-exchange columns.
The investigations discussed in this
report involve the use of 1-, 2-,
and 4-inch-ID columns. These col-
umns are improved modifications of
earlier designs; more precise flow
control and sequential-timing
instrumentation were added to obtain
better reproducibility and opera-
tional continuity. Both individual
and integrated absorption-elution
circuit arrangements were used
during this work.




FIGURE 2. - Overall view of the two-mul-
tiple-compartment-columns
system,

EQUIPMENT

The main component of the absorption
equipment used in the current experimental
program was a 2-inch-ID by 16-foot-high
glass column composed of 1l-foot sections as
shown in figure 2. Three different sizes
of glass elution columns were tested:

(1) 1 inch ID by 22 feet high; (2) 2 inches
ID by 16 feet high; and (3) 4 inches ID by
17 feet high. The l-inch-ID column was
composed of 6-inch sections, while the
2-inch~ID and 4-inch-ID columms were com-
posed of 1-foot sections. A detailed
flowsheet of the columns system is shown in
figure 3. Individual compartments were
separated by orifice plates that had open-
ings equivalent to approximately 6 percent
of the column cross-sectional area. The
columns were constructed so that compart-
ment height could be modified by substitut-
ing full-diameter couplings for the
orifice-plate couplings. Rosenbaum and
Ross state the following about the use of
these orifice plates (6):

Observation has shown that when a
regulated flow of solution passes
upward through a column of closely
sized resin at a rate sufficient
to fluidize the resin, vertical
mixing occurs over the length of
the column. In effect, the
entire column serves as a gently
agitated reactér and, under these
conditions, equilibrium string-
ently limits the absorption
kinetics and efficiency. By
assembling the resin column out
of short segments; each separated
by a perforated plate, vertical
mixing still occurs within each
segment of expanded-bed resin,
but the net overall effect is of
multiple-~stage absorption or elu-
tion yielding more rapid and com-
plete ion transfer than
obtainable in a noncompartmented
column of equivalent height.




Under ideal operating conditions, each compartment is nearly

full of fluidized resin in equilibrium with the upflowing solu-
tion. If the quantity of resin in any compartment is initially

in excess of the equilibrium volume, the excess resin moves up
through the perforated plate into the next compartment. If the
quantity of resin is less than the equilibrium volume, the com-
partment will not be completely filled. Downward movement of resin
between compartments can occur only when the velocity of the solu-
tion flow through the holes in the perforated plates is less than
the terminal settling velocity of the resin particles. An increase
in solution flow rate or density will cause the resin bed to expand.
When using coarse bed resins, minus 16~ plus 20-mesh, perforated
plates that have an open area of approximately 5 percent are
satisfactory.
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COLUMN OPERATION

The column is operated with a continuous upflow of solution except for
scheduled resin withdrawals. During these resin withdrawals, the automatic
solution-inlet valve closes and the automatic resin-outlet valve opens to
discharge a programed amount of resin from the column. The discharge periods
are approximately 6 to 12 seconds for the absorption column, 3 to 6 seconds
for the l-inch-ID elution column, and 6 to 12 seconds for the 2-inch-ID and
4-inch-ID elution columns. The time interval between withdrawals from the
absorption column is determined by the amount of resin to be discharged per
withdrawal cycle, which is a function of feed-solution flow rate,

2 seconds

9 seconds 20 seconds 60 seconds
RESIN WITHDRAWAL CYCLE
O second-resin bed at steady state level.

9 seconds-end of withdrawal.
60 seconds—resin bed approaching steady state level.

FIGURE 4. - Sequence of resin withdrawal cycle from
MCIX absorption column,




feed-solution concentration, and desired resin loading. Similarly, for the
elution column, the amount of resin discharged per cycle is a function of
feed-resin concentration, eluant flow rate, desired resin elution, and desired
eluate grade. The actual time during which the resin-discharge valve must be
open to discharge a programed amount of resin is a function of the valve-
opening configuration and the bed expansion. During column operation, the
solution flows were controlled by automatic instruments, and the open time
interval on the resin-discharge valve was set by trial-and-error adjustments.
Figure 4 shows a pictorial sequence for one cycle of the resin-discharge
operation. The 4-foot compartment shown in this figure is composed of l-foot
glass sections and full-diameter couplings.

Controllers of the solution flow rate are a critical component of the
system. Previous work did not have the precise flow rate control necessary
to assure steady-state operation. Without this control, the resin migrates
from one compartment to another at random, and the column conditions remain
transient. To control solution flow to the 2- and 4-~-inch-ID colums, an
automatic system was used, which consisted of a magnetic flowmeter, a con-
troller, and an air-diaphragm valve. This system was precise to within *1
percent of the maximum flow rate through the magnetic flowmeter. To control
the relatively low flow rates to the 1l-inch-ID column, a constant head tank
and rotameter were used. Absorption and the subsequent elution were con-
ducted at room temperature.

SOLUTION DESCRIPTION

The absorption-column feed solution used for these tests simulated the
composition of a uranium~leach liquor typical of that in a Wyoming mill that
processes Shirley Basin ore. Chemical analysis of this clear, simulated, mill
solution follows, in grams per liter:

UsOgeevnnnnn 0.92fiCcl....ec0... 0.20
Mg..... cieea .26 JAL....... . .21
Fe.......... .23 )1Ca..... . ce o .51
M. oeooooonns .60 || S0,..... eee. 8,07
Na..oeeooooo 28 ipH. o v i0en.. 2.0

EQUILIBRIUM AND KINETIC TESTS

Laboratory tests were conducted to collect uranium-equilibrium data dur-
ing absorption and elution of a strong-base anion resin. Kinetic data were
determined for the elution step. This information was useful in column-
operation predictions and evaluations.

The equilibrium isotherm for the absorption feed solution and resin
(Amberlite IRA 430°) is shown in figure 5. This isotherm was obtained by a

EReference to specific trade names or manufacturers does not imply endorsement
by the Bureau of Mines.
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FIGURE 5, - Absorption equilibrium isotherm between uranium solution and IRA 430 resin.

pyramidal schedule of contacts as shown in figure 6. This method is a series
of crosscurrent batch contacts between the solution and resin (8). The
aqueous~to-resin ratio was 60:1 and a contact time of 4 hours was considered
to be equivalent to an infinite time.




Steps

22

23

24

25

26

- — -~ Solution
Resin

20 21

27

FIGURE 6. - Contact pyramid for resin and solution to obtain an equilibrium isotherm for the system.

28




10

The equilibrium isotherm for the eluant and IRA 430 is shown in figure 7.

This isotherm was obtained by the same procedure as described above for the
absorption feed solution except that an aqueous-to-resin ratio of 4:1 was
used. The eluant was a 1.5-M NaCl solution acidified to pH 1.0 with HgyS0, -
The kinetic relationship for the elution system (fig. 8) shows the initial
elution exchange as a function of time. These data were obtained by con-
tacting the eluant and resin batchwise in a stirred reactor and withdrawing
solution samples at predetermined times.
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FIGURE 7, - Equilibrium isotherm for elution with 1,5-M NaCl from IRA 430 resin,
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ABSORPTION COLUMN TESTS

Operating characteristics of the countercurrent 2-inch-ID absorption
column were determined using a coarse-bead (approximately 16- by 20-mesh),
strong-base, anion resin (Amberlite IRA 430) with the synthetic mill solution
previously described. The orifice plates were perforated with one centered
29/64-inch hole per plate, and the column was divided by these plates imto
sections of equal height; section heights were varied for the different tests.
The column was fitted with motorized valves actuated by electric timers to
control the on-off flows of the solution and resin. Precision control of the
solution flow rate was obtained with an automatic air-diaphragm valve coupled
to a magnetic flowmeter control system.

The following characteristics of the absorption column were studied:
1. Solution flow rate.

2. Compartment height.

3. Amount of resin withdrawal.

4. Space above the resin bed.
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Effect of Solution Flow Rate

The optimum economic solution flow rate per unit area of column diameter
is a major consideration when designing a column system. The limiting maximum
flow rate is the rate that will carry resin from the top of the column. The
minimum solution flow rate to the column is determined by the resin fluidiza-
tion required for mechanical transfer of the resin during the withdrawal
cycle. However, as the flow rate increases above this minimum, the solution
residence time per foot of column height decreases, and a taller column may be
required. Optimum economic design would require compromises among the four
parameters of column diameter, column height, solution flow rate, and uranium
recovery.

The effect of solution flow rate is illustrated in figure 9, which shows
the solution-extraction-column profile for four solution flow rates through
1-foot compartments. As the solution flow rate increases, more of the column
is utilized to obtain the same amount of uranium extraction from the solutiom.
This can be attributed to residence time; that is, the solution must be in

01— 1T T 1

90— 7.5 gpm/fte

10.0 gpm/ft2
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FIGURE 9. - Effect of solution flow rate on uranium absorption from solution,
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contact with resin for a certain minimum time, and with higher solution flow
rates, this time requirement forces the extraction to take place in a higher
compartment. Therefore, for a column height similar to the one tested (16
feet composed of 1-foot compartments), a solution flow rate of about 10
gpm/ft? appears optimum for a feed solution containing about 1 g/1 U,0,.

Effect of Compartment Height

The multiple-compartment column can be considered as an assemblage of
agitated stages in which extraction is achieved by a series of mass transfers
from the solution to the resin. To be effective, the column must provide the
required number of transfer stages, each having sufficient solution residence
time for a reasonable approach to equilibrium mass transfer. As discussed in
the previous sections, the solution retention time is critical because the
transfer of uranium from the solution to the resin sites is not instantaneous.
The stage height is of particular consequence because it can affect both the
column construction cost and the inventory of resin required to f£ill the
column.

Studies have been made to determine the effect of compartment height on
column efficiency. Figure 10 illustrates the uranium-extraction profile of
the 2-inch-ID absorption column when operating with 1-foot compartments and
with 2-foot compartments. The solution flow rate was 10 gpm/ftz, and the
solution-to-resin throughput ratio was approximately 6:1. These curves indi-
cate that the mass transfer of uranium per foot of column height was essen-
tially the same for both the 1l-foot and 2-foot compartment heights. It was
concluded that there was a compromise between the effects of solution resi-
dence time per stage and the number of stages in the total column.

Tests were also made using 4-foot compartment heights, but observations
and indirect evaluations indicated that the degree of mixing in the 4-foot
height was significantly less than that in the 1-foot and 2-foot compartments.
This change was probably the result of the increased wall effects produced by
the 4-foot compartments. The resin classified in these relatively long,
narrow compartments, and a favorable chromatographic loading effect was
obtained. This effect produced loadings that were significantly greater than
the theoretical loading that can be obtained in a mixed stage. Subsequent
observations of the mixing in a resin bed 6 inches in diameter by 4 feet deep
indicated that the up-and-down movement of resin in this column was consider-
ably greater than in the 2-inch-ID column. This inconsistent mixing in the
2-inch-ID column precludes comparison of data from the 4-foot compartments
with those from the 1-foot and 2-foot compartments.

It is possible that favorable resin classification may take place in
larger diameter columns, but additiomal tests will be required to determine
the degree of classification, 1f any.

In general, the current data indicate that compartment heights of about
1 foot to 2 feet will produce approximately the same absorption efficiency for
a given column height. It is also possible that this uniform efficiency may
extend to 4-foot compartment heights.
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Effect of Amount of Resin Withdrawal

For the 2-inch-ID column used in these tests, the withdrawal of a full
compartment of resin could be completed within a short interval of 3 to 15
seconds. It was possible, therefore, to withdraw any desired fraction of the
resin from one compartment with a minimum of handling problems and interrup-
tion of column feed. However, in a large column where the resin in one
compartment constitutes a substantial volume, the withdrawal and, more par-
ticularly, the screening, washing, and transferring of resin from an entire
compartment would present mechanical handling difficulties. An operational
cycle with partial withdrawal would minimize this difficulty. Tests were run
to evaluate the effect of such partial-section withdrawal. Since the resin
becomes more demnse as it is loaded with uranium, the upward flow of solution
tends to classify the more heavily loaded resin beads at the bottom of each
section. Therefore, in half-section withdrawals, the heaviest resin is always
withdrawn. Also, as the heavy resin moved downward, the smaller resin chips
and beads tend to accumulate in the top of the column. The comparison of
column profiles for a full-section resin withdrawal and a half-section with-
drawal is shown in figure 11.
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FIGURE 11, - Effect of partial-compartment resin withdrawal on absorption,

The data show a significant difference in the efficiency of the two meth-
ods of resin withdrawal; this difference is most evident in the top sections
of the columns. Using the half-section withdrawal, mechanical transfer con-
straints develop, which limits the amount of resin in the columm. As a
result, a longer column is required to obtain comparable absorption of the
uranium from the feed solution. Thus it is concluded that full-section with-
drawals would permit the most efficient utilization of column height.

Space Above the Resin Bed

During the normal operation of the absorption column, eluted resin is fed
into the top compartment of the absorption column and the resin level is main-
tained by an automatic controller. The eluted resin is the lightest resin in
the column and, therefore, the resin bed in this top compartment is the most
expanded bed in the column. As a resin increment is withdrawn from the bottom
of the column, the resin in the rest of the column compartments moves down.
When steady-state operation has been achieved, only a fixed amount of resin is
transferred from compartment to compartment during each discharge cycle. As
the resin in each individual compartment absorbs the uranium from the solution
passing through that compartment, the density of the resin beads increases,
causing less bed expansion in that compartment. This decrease in bed expan-
sion coupled with the transfer of equal numbers of resin beads gives rise to
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empty space above the resin in the compartments below the top compartment.
Solution density changes are considered negligible (0.15-percent maximum).

The spacing as a function of stage number is shown in figure 12 for vari-
ous solution flow rates. Increasing the solution flow rate extends the
absorption zone of the column. In other words, for a flow rate of 7.5 gpni/ ft°,
as shown in figure 9, the loading is complete in the first 8 or 9 feet of the
column, and the density change occurs in those compartments. Above those com-
partments, no uranium is available to be loaded; therefore. no density changes
take place. 1In contrast, at a flow rate of 12.5 gpm/ft®?, loading occurs prin-
cipally in the upper part of the column and, therefore, most of the demsity
change also occurs in the upper compartments.
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FIGURE 12, - Effect of solution flow rate on the space above the resin bed.
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ELUTION COLUMN TESTS

Operating characteristics of the countercurrent elution column were
determined using Amberlite IRA 430 resin with 1.5-M NaCl solution acidified to
pH 1.0 with H,50, as the eluant. In the integrated tests, loaded resin was
obtained from the absorption column; for the individual tests, the resin was
loaded to approximately 60 grams U;05 per liter of wet settled resin (WSR) at
a Wyoming uranium mill. The orifice plates were perforated with one center
hole per plate as follows for the three columns:

1-inch-ID columm~-5/16-inch-diameter hole
2-inch-~ID column=--29/64-inch-diameter hole
4-inch=-ID column~-15/16-inch-diameter hole

The columns were divided by these orifice plates into various equal sec-
tion heights for the different tests. As with the absorption column, the col-
umns were fitted with motorized valves actuated by electric timers to control
the on-off flows of the solution and resin. Precision control of the solution
flow rate was obtained with an automatic air-diaphragm valve coupled to a mag-
netic flowmeter control system for the 2- and 4-inch-ID columns. A head tank
and rotameter controlled the solution flow to the 1-inch-ID columm.

To obtain low effluent grades from the absorption circuit, a well-eluted
resin of less than 8 grams UsOp per liter WSR is required.

The following characteristics of the MCIX elution column were studied:
(1) reproducibility of results, (2) solution flow rate, (3) aqueous-to-resin
flow ratio, (4) column diameter, and (5) section height. Both solution flow
rate and aquecus-to-resin flow ratlo are factors used in determining resin
residence time and, therefore, a separate section discusses that parameter.

A replicate of tests was made to evaluate the reproducibility of column
test runs. The replicate was run with a solution flow rate of 2.7 gpm/ft?
with a 10:1 aqueous-to-resin (A:R) ratio in the 2-inch-ID MCIX column with
l-foot sections. Elution percent data points are plotted against compartment
number in figure 13. The two data-point curves roughly approximate each
other, indicating reproducibility of results.
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FIGURE 13. - Replication of elution column results,

Resin Residence Time

There seems to be an inverse relationship between the amount of time the
resin is in contact with the eluant in the column (that is, resin residence
time) and the degree of uranium elutiom attained. This relationship for the
tests run is shown in figure 14. Resin residence time is a function of the
following parameters: (1) Solution flow rate, (2) aqueous-to-resin flow
ratio, and (3) column height. Table 1 shows the effect of resin residence
time on the percent elution. For this series of tests, column height was held
constant. A minimum of 180 to 210 minutes total resin residence time seems to
be required to obtain good elution (<8 grams U,0; per liter of WSR).
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TABLE 1. - Effect of resin residence time on elution
Total resin Resin residence Entering resin
Test |residence time in time per Number of |[concentration, |Elution
column, minutes compartment, [compartments g/l U304 percent
minutes
1...... 91.0 6.5 14 60.4 70.4
2., 137.2 9.8 14 54.7 72.4
3.0 147 .0 10.5 14 58.8 77.5
booo. .. 219.8 15.7 14 54.7 84.1
5t 228.2 16.3 14 55.2 89.3
6.0, 234.5 33.5 7 65.0 94.2
Toeeenn 365.4 26.1 14 54.7 92.9
8...... 365.4 26.1 14 58.5 93.2
9...... 365.4 26.1 14 51.5 92.6
10...... 366.1 52.3 7 68.5 92.8
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Effect of Solution Flow Rate

The optimum economic solution flow rate per unit area of column diameter
is a major consideration when designing a column system. The limiting maximum
flow rate is the flow that will carry resin from the top of the column. The
minimum solution flow rate to the columm is determined by the resin fluidiza-
tion required for efficient mechanical transfer of the resin during the with-
drawal cycle. However, as the flow rate increases above this minimum, the
solution residence time per foot of column height decreases, and a taller
column may be required. Optimum economic design would require the optimiza-
tion of the system's four parameters of column diameter, column height, solu-
tion flow rate, and resin elution.

Approximately 2.0 gpm/ft® represents the minimum flow rate needed for
resin transfer. Approaching this value would approximate the optimum flow
that would give the maximum resin residence time for a given length of column
while still being able to mechanically operate the resin withdrawal system of
the column. The two eluant flow rates studied were 2.7 and 4.0 gpm/ft®; the
results are shown in figures 15 through 18. The increase in flow rate from
2.7 to 4.0 gpm/ft® reduced the resin residence time. For the tests 11lus-
trated in figures 15, 16, and 18 with an A:R ratio of 10:1, the residence time
was still sufficient to allow adequate resin elution even at the higher 4.0
gpm/ft® flow rate. 1In those tests, though, more column length was used for
the higher flow rates. However, at the lower A:R ratio of 6:1 illustrated
in figure 17, this same increase in solution flow rate from 2.7 to 4.0 gpm/ft®
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FIGURE 15. - Effect of solution flow rate on elution efficiency (1-inch-ID column, 1-foot com-
partments, aqueous-to-resin ratio of 10:1).
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FIGURE 16. - Effect of solution flow rate on elution efficiency (2-inch-ID column, 1-foot com-
pariments, aqueous-to-resin ratio of 10:1),

caused a marked decrease in resin elution. For those conditions of A:R and
solution flow rate, the resin residence time was not sufficient. The minimum
eluant flow rate of 2 to 2.7 gpm/fta, which allows the maximum resin residence
times, is considered optimum in order to obtain good elution of the resin and
reasonable eluate grades.

Effect of Aqueous-to-Resin Flow Ratio

The A:R flow ratio influences both the degree of elution and the eluate
grade. There appears to be a minimum A:R ratio of approximately 4:1 for good
elution. This is shown by the equilibrium line (fig. 7) where a McCabe-
Thiele operating line could not be plotted at an A:R ratio of less than 4:1
(2). This 4:1 ratio requirement is also the result of mechanical constraints
on column operation. The A:R ratio would have to be optimized for each appli-
cation of the column. A well-eluted resin (<8 g/l UyOg) is required to obtain
a low effluent value in the absorption circuit, but a high-grade eluate (10 to
25 g/1 U,0,) is desirable for subsequent uranium precipitationm.
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FIGURE 17, - Effect of solution flow rate on elution efficiency (2¢inch-ID column, 1-foot com-
partments, aqueous-to-tesin ratio of 6:1).

For the present series of tests, the effect of A:R was directly related
to resin residence time. To obtain a high-grade eluate (10 g/1 U,05), the A:R
ratio would have to be 6:1 or less for an entering resin concentration of
approximately 50 to 60 g/1 U,0,. With the mechanical constraints on the
minimum solution flow rate already mentioned, the desired A:R ratio limits the
final uranium concentration on the resin at the column height tested. With a
taller columm, sufficient resin residence time wowld be obtained with the
minimum solution flow rate and an A:R ratio in the range of 4:1 to 6:1.
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FIGURE 18; - Effect of solution flow rate on elution efficiency (2-inch-ID column, 2-foot com-
partments, aqueous-to-resin ratio of 10:1),

The effect of the A:R ratio for different conditions is shown in fig-
ures 19 through 22. Large decreases in elution performance were noted with
decreasing A:R ratio for tests where the resin residence time was near the
critical area (180 to 210 minutes), as in figures 20 and 21. However, only
slight decreases were seen with a decreased A:R flow ratio when sufficient
resin residence time was allowed, as was the case for those tests shown in
figures 19 and 22.
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FIGURE 19, - Effect of aqueous-to-resin flow ratio on elution efficiency (1-inch-ID column,
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FIGURE 20. - Effect of aqueous-to-resin flow ratio on elution efficiency (2-inch-ID column,

1-foot compartments, solution flow rate of 2,7 gpm/ft2),
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FIGURE 21. - Effect of aqueous-to-resin flow ratio on elution efficiency (2-inch-ID
column, 1-foot compartments, solution flow rate of 4.0 gpm/ft2),
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FIGURE 22. - Effect of aqueous-to-resin flow ratio on elution efficiency (2-inch-1D

column, 2-foot compartments, solution flow rate of 2.7 gpm/ft2),
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Effect of Column Diameter

Column diameter is determined by the solution flow rate, A:R ratio, and
the amount of resin to be processed. The wall effect that might hinder mixing
in the smaller diameter columns and change elution characteristics was studied
during these tests. Tests were run using l-, 2-, and 4-inch-ID columns. The
results plotted in figure 23 show no difference in elution at the bottom of
the column between the three columns. However, no explanation has been devel-
oped for the difference between the 2-inch-ID column results and the 1- and
4-inch-ID column results for the upper part of the columm (fig. 23).

Effect of Compartment Height

Separation of the column into stages is critically important in the
elution column. Contrary to the absorption cycle in which the density changes
are favorable, the reverse is true in the elution circuit. Loaded resin,
which is the highest density resin, is transferred from the bottom of the
absorption column to the top of the elution column. As the resin moves down
through this column, it is eluted and its density decreases, thereby increas-
ing its bed expansion. This bed expansion would cause the lighter resin beads
to be pushed into the next higher compartment, which contains denser resin
beads. This trend would continue, and the top-to-bottom mixing (heavy loaded
beads to the bottom and eluted beads to the top) that occurs would be
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FIGURE 23. - Effect of column diameter on elution efficiency.
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detrimental to the elution operation. The density change of the solution is
considered to be mnegligible (2.8-percent maximum). Also, exact full resin
withdrawals would be very important in elution. Fractional resin withdrawals
would continually draw out the heavy or more loaded resin in the bottom com-
partment, leaving more eluted resin in the column.

As shown in figure 24, changing the section height from 1 foot to 2 feet
seems to have negligible effect on elution at 2.7 gpm/£ft® and an aqueous-to-
resin ratio of 10:1. Sixteen-foot-high columns with either 7 or 14 sections
seem to provide enough stages to elute the resin properly at those conditions.
However, with fewer stages than seven (longer lengths), proper elution might
not be possible due to the previously mentioned mixing in larger diameter
columns.
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FIGURE 24, - Effect of compartment height on elution efficiency.
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SUMMARY

This phase of the design investigations on the multiple-compartment,
integrated, ion-exchange columns has provided a range of operating parameters
for the system. TFor the absorption circuit with a 16-foot-tall column and
1- or 2-foot-high compartments, a solution flow rate of 10 gpm/ft® was opti-
mum. The solution retention time in the column, which is a function of solu-
tion flow rate, was the controlling factor for uranium absorption. When feed
solutions of 1 g/l U,0, were used, the uranium loading on the resin was about
55 g/1 U0,

In the elution circuit, a solution flow rate of 2.7 gpm/ft® with an A:R
of 4:1 in a column with fourteen l-foot sections provided an eluate grade of
12 g/1 U305 with an exiting eluted resin of 7 g/l U;05. The resin residence
time as controlled by solution flow rate and A:R ratio was the determining
factor in uranium elution efficiency. To obtain an eluted resin of 8 g/l
U,0,, a resin residence time in excess of approximately 180 to 210 minutes is
required. Obtaining higher grades of eluate and/or lower exiting resin values
would require a taller column to provide longer resin residence time.
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