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SYNOPSIS 

A procedure is proposed for the prediction of concentration profOesforaooinitercurreiition-excfaange 
absorption coinum, use being made cfcquilibi^ 
comparison is presented between die predictions and the measured performance of a column (2,5m in 
diameter) absorbing uranium from solution. The method is shown to be adequate for design purposes 
provided mat the data used are from tests in which the solution and resin conditions approximate those for 
which the plant is being designed 

SAMEVATTNIQ 

Daar word 'n metode aan die hand gedoen vir die voortpethng van koascntraiicprofiele vir 'n 
teenstroonwx>nruilabsorpsiekolom met gebruik van ewewigs- en kinetiese data wat deur kleinskaalse 
lottoetse verkry is. Daar word 'n vergeh/king getref tussen die voorspellings en die gemete werkverrigting 
van *n kolom (met 'n diameter van 2,5 m) wat urasn ait 'n optossing absorbeer. Daar word getoon dat die 
metode vir ontwerpdoeleindes geskik is, mits die data wat gebruik word, verkry is van toctse waarin die 
toestand van die oplossing en bars min of meer ooreenstem met die waarvoor die aanleg ontwerp word. 
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1. INTRODUCTION 
During the decade 1950 to 1960, fixed beds containing anion-exchange resin were used in South 

African uranium plants to extract anionic complexes of uranium from pregnant aqueous solutions1 - 4. 
Because of the slump in the demand for uranium during the decade 1960 to 1970, most of the fixed-bed 
ion-exchange plants *cre converted to the cheaper Purlex solvent-extraction process5. 

There has been a r ípid increase in the demand for uranium during the current decade accompanied, 
however, by a rapid increase in capital and working costs in gold mines and uranium plants and by lower 
uranium grades. This s tat ion led to the development of cheaper methois of extraction pioneered at the 
Blyvooruitzicht Gold Mine. The new flowsheet in use there includes countercurrent decantation and 
continuous ion exchange • CIX) coupled with Bufflex solvent extraction, instead of the flowsheet used in the 
past, which involved rotary vacuum filtration, clarification, and Purlex solvent extraction. 

The development of the new flowsheet was undertaken by the Extraction Metallurgy Division of the 
Atomic Energy Board (A.E.B.) under the sponsorship of the Nuclear Fuels Corporation. The continuous 
ion-exchange contactor used was developed by the National Institute for Metallurgy (NIM) and was based 
on the technique of Cloett and Street*. The advantage of this contactor (called the NIMCIX contactor) is 
that it incorporates expandr-1 fluidized beds permitting the passage of a stream of aqueous feed containing 
undissolved solids7-* (e.g., a solids content of 500 to lOOOp.p.m. for a pregnant solution derived from a 
countercurrent decantation plant), thus eliminating the necessity for the feed to be clarified. 

A demonstration NIMCTX plant'-10 with an absorption column of 2,5 m diameter was installed at 
Blyvooruitzicht Gold Mine. Data from this plant were used in the design of the two parallel NIMCIX trains 
now operating in the new extension to the uranium plant at Blyvooruitzicht. Each of these trains contains a 
NIMCIX absorption column cf 4,25 m diameter. 

Some of the experimental data*-11 obtained in the NIMCIX demonstration plant of 2,5 m diameter are 
used in this report for comparison with predicted concentration profiles derived from bench-scale 
laboratory tests. 

A list of the nomenclature used in this report is given in Section 11. 

2. THE OPERATION OF THE NIMCIX PROCESS 
Operational details of the NIMCIX process can be found in the literature*'10'12. However, for 

convenience, a brief summary oi the process is given here. 
Aqueous solution flows upward for a definite time T(known as the forward-flow period) through an 

absorption column containing fluid'zed beds of ion-exchange resin (or other absorbent material) separated 
by perforated plates. The upward flow of solution is then sti pptd, and the resin beds settle on the plates. 
The flow of solution is then reversed and each resin bed moves downward to the plate beneath, the bottom 
bed being withdrawn to a transfer vessel from which the resin is subsequently transferred under hydraulic 
pressure to an elution column. The operation of the elution column is similar to that of the absorption 
column. Eluted resin from the bottom of the elution column is transferred to the top of the absorption 
column, which, under automatic control, restores the balance of the resin inventory between the two 
columns. 

'<i. THE PREDICTION OF CONCENTRATION PROFILES 
Instead of an approach based on fundamental aspects such as the diffusitivities of ions, the approach in 

this report is towards the design of a CIX absorption column by the prediction of its performance from the 
results obtained in bench-scale laboratory tests on samples of the particular resin and pregnant solution. 
The method is based on a modification of the McCabe-Thiele concept l 1 H . According to the usual 
McCabe-Thiele method, typically used in calculations of binary distillation and solvent extraction, it is 
assumed that equilibrium is attained in each stage of a contactor. The only experimental data requited for 
the usual McCabe-Thiele diagram constitute an equilibrium curve of some sort. However, in a CIX column, 
equilibrium is not generally attained, so that additional data concerning rates of mass transfer are also 
required. The method presented here, which appears to be suited to pregnant solutions from the 
Witwatersrand, makes use of a simple kinetic expression containing an experimentally evaluated 
parameter. The computations involved can be done with the aid of a hand calculator, whereas more 
accurate predictions require the use of a large computer. 

4. OUTLINE OF THE PROPOSED METHOD 
The examination of printouts from computer programmes following different mathematical 

techniques'9'1" for the analysis of cyclically operated CIX absorption columns revealed that the 

l 
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concentration of the liquid phase in any particular stage does not vary significantly with time. Therefore, it 
should be possible for an approximate analysis of a CIX absorption column to be obtained if it is assumed 
that the concentration of the solution is constant, at an average value, in each stage. This assumption implies 
that the equilibrium concentration in the resin is also approximately constant for any given stage. 

From an equation expressing the kinetics of mass transfer between the solution and the resin, an 
equation expressing the equilibrium of the solute between these phases, and the equation of the operating 
line (expressing conservation of mass in terms of the boundary conditions of the column), a modified 
McCabe-Thiele construction can be solved analytically for the column. Account must also be taken of the 
mixing of resin at the start of each cycle15'17. 

So that iterative calculations are kept to a minimum, this method starts at the diluíe end of the column 
with a known concentration of barren solution (xB) and a known concentration of eluted resin (yE)- The 
calculation procedure moves down the column towards the point at which pregnant solution is fed until the 
concentration of the pregnant solution has been attained or exceeded. 

5. EXPRESSION FOR ION-EXCHANGE EQUILIBRIA DERIVED FROM SMALL-SCALE BATCH TESTS 
5.1. The Form of the Equilibrium Expression 

It has been found that experimental id -exchange equilibria can be approximately described by a 
Langmuir-type of isotherm15. There are also theoretical reasons why this type of isotherm should hold 
provided that the concentrations of the ions (other than the particular ion whose equilibria are being 
examined) do not vary significantly in the aqueous phase as the concentration of the ion of interest is varied. 
This situation approximates that in a CIX absorption column. Care must therefore be exercised when 
equilibria are obtained from batch tests, where the ratios of the volumes of solution to those of the resin 
contacted should be of the same order of magnitude as (and preferably greater than) the ratios of the 
volumetric flow-rates of the CIX column that is to be simulated. 

The Langmuir isotherm is given by 

Ax 
Bx+ 1 (1) 

and can be linearized to the form 

= A - By*. (2) 

5.2. Equilibrium Data from Small-scale Batch Tests 
Table 1 shows the equilibrium data18 for a particular resin used in contact with pregnant solution from 

Blyvooruitzicht prior to tests on the demonstration plant. The equilibrium tests were conducted according 
to an experimental procedure that has since been modified by the Extraction Metallurgy Division of the 
A.E.B. In the original procedure there was a variation in the volumetric ratios of the resin and the solution 
that were contacted to yield each equilibrium point. 

TABLE 1 

Equilibrium data for a particular resini in contact with 
pregnant solution from Blyvooruitzicht™ 

X y* yVx 
0,003 8,2 2733 
0,0111 14,7 1324 
0,0330 25,0 757,6 
0,0560 30,6 346,4 
0,1010 38,0 376,2 

t The same resin as thai used during tests on the demonstration CIX 
plant, which are summarized in Table 4. 
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It is believed that the plot of >•*/-* versus y* in Figure 1 is curved for the following reasons. 
(a) In the equilibrium tests that gave rise to the points sh< wn in Figure 1, a fixed volume of pregnant 

solution of constant concentration was contacted with different volumes of wet-settled resin to 
yield different equilibrium concentrations of solution and resin. The larger the volume of resin, the 
lower were the equilibrium concentrations of uranium. 

(b) For the points of lowest equilibrium concentration, the volume of resin used was so large that it 
significantly depleted the solution, not only of anionic uranium complexes, but also of other anions 
that compete with uranium for sites on the resin. The most notable of these other anions is the 
anionic ferric complex with sulphate. 

(c) The depletion of anions that compete with uranium in the solution creates conditions more 
favourable for the absorption of uranium by the resin than if no depletion had taken place. 

For closer approximation to the conditions in a C1X column, a straight line is drawn through the points 
in Figure 1 that are of higher resin-phase concentrations. 

(In the modified test procedure for the measurement of equilibria, the constant ratio of solution to 
resin is fixed, and a highly concentrated uranium solution is added to the barren solution to produce 
different concentrations. If more conservative results are to be obtained, it is preferable for this ratio to be 
slightly higher than the volumetric ratios of the flow-rates encountered in the CIX column.) 

5.3. Equilibrium Equation Derived from Batch-test Results 
The straight line in Figure 1 is expressed by the equation 

y*/x = 1867 - 41,21 y», 

which can be written in a form similar to that of equation (1), as follows: 

I---**-? 0) 
41.2I + — x 

6. EXPRESSION FOR ION-EXCHANGE KINETIC DATA DERIVED FROM SMALL-SCALE BATCH 
TESTS 

6.1. The Form of the Kinetic Expression 
The kinetic model evolved by Vermeulen", who interpreted ion-exchange kinetics in terms of a 

quadratic gradient for concentrations of solute in the solid phase, was selected by Hendriksz" to describe an 
ion-exchange absorption column where the concentration of uranium in solution decreased by a factor of 5 
over the column. Hendriksz used a fundamental approach involving a sophisticated computer programme. 

Difficulty was experienced in attempts to reconcile predictions from the Vermeulen model with 
concentration profiles in the loading column of the NIMCIX demonstration plant, where the concentration 
of uranium in the solution fell by a factor of approximately 80 (see Table 4). The discrepancy between the 
calculated and observed profiles suggested the adoption of a kinetic model of the form 

log, 
\ ( V | ) a v - J T I / HR 

where (.>t|)av, and hence (>t*)av are average concentrations for stage /, taken over the time of forward flow, T. 
It should be noted that the mass-transfer coefficient, k, is not dimensionless. The constant kJHH must be 
fcund from small-scale batch absorption-rate tests using the particular type and size of resin and the 
particular pregnant solution. 

6.2. Absorption-rate Data from Small-Scale Batch Tests 
The absorption-rate data shown in Table 2 were derived from a small-scale batch test'8. Pregnant 

solution from Blyvooruitzicht was used, and the resin was the same type as that used during tests on the 
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demonstration NIMCIX column. (These tests are summarized in Table 4.) The absorption-rate test was 
conducted according to a procedure used by NIM. The data from Table 2 are plotted in Figure 2. 

TABLE 2 

Absorption-rate data'* for a particular resin* in contact with 
pregnant solution from Blyvooruitzicht 

t .V V 

0 0,180 0 
60 0,175 1,33 
240 0,171 2,39 
360 0,167 3,43 
480 0,161 4,97 
600 0,158 5,73 
900 0,149 7,98 

1 200 0,144 9,21 
1 500 0,135 11,40 
1 800 0,129 12,84 
2 400 0,122 14,50 
3 000 0,117 15,66 
3 600 0,107 17,96 
4 800 0,101 19,32 
6 600 0,090 21,78 
8 400 0,078 24,42 
10 200 0,075 25,07 
12 600 0,072 25,71 
14 400 0,069 26,34 
16 200 0,067 26,75 
18 000 0,063 27,57 

* The same type as that used during tests done on the demonstration CIX 
plant, which are summarized in Table 4. 

6.3. Calculation of Mass-transfer Constants from Batch-test Data 
The values for the mass-transfer constant kJHH are calculated by the rewriting of equation (4) in the 

form 

^-BrWfe") (5) 

Time intervals At must be chosen so that 

A/ = t - /„, (6) 

where x and y correspond to t, x„ and j , correspond to t„, and the average values of x and y over interval Ar are 
calculated as 

* a v = 0,5(j„ + x) (?) 

4 
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and 

vav = 0,5(jo + v) (8) 

Equation (3) is then used for the calculation of y a v from xtv. 
Calculations of values of kJHR from the data given in Table 2 are shown in Table 3. 
That kJHR is not a true constant is thought to be due to varying resistance to mass transfer within the 

resin bead, mainly because complex uranium anions are already present in the bead. For this reason, k^lHR is 
plotted against vav in Figure 3. The assumption that kJHR is a function of only yav is a simplification because 
the concentrations of all ions in the solid and solution phases can be expected to affect the value of kJHR. 
However, this simplification appears to be justifiable if the ionic concentrations and the voiumetric ratios of 
solution to resin in the small-scale batch tests do not differ significantly from those for which the CIX 
column is designed. 

This is another reason for the exercise of care in the simulation of the pregnant solution that is expected 
in practice. Furthermore, fresh resin should not be used, but the resin should be loaded, eluted, and 
subjected to caustic regeneration several times before the start of any batch tests. 

TABLE 3 

Values ofkJHH calculated from batch tests 

t 'o A/ X Xo •*av y »v y y« y»v kJHR 

600 
900 

0 
0 

600 
900 

0,138 
0,149 

0,180 
0,180 

0,169 
0,1645 

39,62 
39,48 

5,73 
7,98 

0 
0 

2,865 
3,99 

0,001 54 
0,001 53 

3 600 
4 800 

600 
600 

3 000 
4 200 

0,107 
0,101 

0,158 
0,158 

0,1325 
0,1295 

38,29 
38,15 

17,96 
19,32 

5,73 
5,73 

11,85 
12,53 

0,001 18 
0,001 00 

10 200 
12 600 

3 600 
3 600 

6 600 
9000 

0,075 
0,072 

0,107 
0,107 

0,091 
0,0895 

35,77 
35,64 

25,07 
25,71 

17,96 
17,96 

21,52 
21,84 

0,000 848 
0,000 716 

16 200 
18 000 

10 200 
10 200 

6000 
7 800 

0,067 
0,063 

0,075 
0,075 

0,071 
0,069 

33,76 
33,52 

26,75 
27,57 

25,07 
25,07 

25,91 
26,32 

0,000 504 
0,000 652 

18 000 3 600 14 400 0,063 0,107 0,085 35,24 27,57 17,96 22,77 0,000 664 

Note: The values of k,IHn are calculated from the loading-rate data given in Table 2 and equations (3), (5), (6), (7), and (8). 

7. EXPERIMENTAL CONCENTRATION PROFILES FOR THE DEMONSTRATION PLANT 
Observations of concentration profiles in the NIMCIX demonstration plant of 2,5 m diameter were 

made by Craig and Olên'0,12. These data are summarized in Table 4. 

8. CALCULATION OF CONCENTRATION PROFILES IN THE DEMONSTRATION PLANT 
8.1. Calculation Starting at Top Stage 

From the data in Table 1, the slope of the operating line is obtained as 

L/R = 1424 1/min + (1650 litres + 180 min) * 155,3. 

A mass balance over an envelope passing through the /th stage and around the top of the column gives 
the equation of the operating line as follows: 

yn-1 = j • Ui)av + yt. - ( -jj• *s) ( 9 ) 

5 
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ÍÁBLE 4 

Summary of results for the NIMCIX demonstration plantwi~ 

Stages 

Conceniration of U 3 O H g/1 

Stages Run 1 Run 2 R» a 3 Run 4 Run 5 Run 6 Average Std deviation Stages 

Soln Resin Soln Resin Soln Resin Soln Resin Soln Resin Soln Resin Soln Resin Soln Resin 

Barren solution 
overflow 0,0038 - 0.0032 - 0.0029 - 0,0050 - 0,0045 - 0,0027 - 0,0037 - 0,0009 -
1 Top stage 0.005« 1,286 0.0032 - 0,0031 - 0,0064 - 0,0057 - 0,0040 - 0,0047 - 0,0014 -
2 0.0032 1.368 0.0032 1.368 0.0031 1.530 0,0034 1,368 0.O029 1,632 0,0030 1,714 0,0031 1,497 0,0002 0,153 
3 0.0053 2.468 0.0050 2.244 0,0045 2.286 0,0038 2,224 0,0043 2,020 0,0042 2,142 0,0045 2,231 0,0005 0,150 
4 0.0140 4.716 0.0124 4.260 0.0111 4.160 0,0098 3,980 0,0095 3,244 0,0115 3.652 0,0114 4,002 0,0017 0,510 
5 0.024 10.880 0.021 10,220 0,019 9.765 0,014 9,245 0.0190 8,055 0,018 8,755 0,0190 9,4«7 0,003 1,020 
6 0.084 21.360 0.074 21.665 0.068 20,705 0,058 18,740 0,074 17,885 0,075 18,790 0,072 19,858 0,009 1.583 
7 Bottom stage 0.133 30.940 0.122 31,185 0,115 30,630 0,104 30,530 0,123 28,715 0,123 29,321 0,120 30,220 0,010 0,978 
Pregnant solution 
feed 0.20? - 0.192 - 0,181 - 0,176 - 0,206 - 0,202 - 0,193 - 0,012 -

Note: During operation, the top stage was empty except for resin surges". 

Further data jot abovt runs 
Cycle time = forward-flow time (180min) + settling, reverse-flow, atd delay times (1, 4, and 5min) = 190min. 
Volume of wet-settled resin transferred each cycle = 1650 litres. 
Flow-rate of pregnant solution as feed 14241/min. 

0,0024 ± 0,001 
0,203 ± 0,020 
1,39 ± 0,54 

32,03 ± 3,4 

Composite samples: U 3O a in barren solution, g/1 
U 3O g in pregnant solution, g/1 
U 3O s in eluted resin, g/1 
U 3O a in loaded resin, g/1 

(with approximately 95% confidence) 
(with approximately 95% confidence) 
(with approximately 95% confidence) 
(with approximately 95% confidence). 

8 
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(Confidence intervals assume normal distribution and are based on six samples.) 
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Substitution for L/R and substitution of other data from Table 4 into equation (9) gives 

vT1_, = 155,3(x,)av + (1,39 - 155,3 x 0,0031), 

i.e., vT1_, = 155,3(Af,)av + 0,909. 

This can be written ai 

, VT,-! - 0,909 
U ) a v = — ^ 3 • (10) 

By simple mass balance, the effects of mixing (after resin transfer) of resin from the stage above with 
resin remaining behind in the stage under consideration can be expressed as follows: 

y""("l-)'" + ( ^ - ' <U) 

By elimination of v0l, from equations (4) and (11) it can be shown that 

{<"> " - • ) - o n . • ( - £ - ) • * • - . 
*• ^7. ( 1 2 ) 

„ Wav n 

The diameter of the absorption column is 2,5 m, and the height of the settled resin is approximately 
0,5m 9 "\ Hence, from Table 1, 

- g - - U 6 5 ° - 0 . 6 7 . 
R 0,5 x — x 2,52 

4 

Substitution for Q/HR and (from Table 1) T = 180 x 60 = 10 800 s into equation (12) gives 

10 8 0 0 - a - U ) . 
Of).» + 0,67 ^ t _ , 

( ' " - ' ) )*i =-* 7 - ^ (13) 
10 800-£-(*) , , 

"« - 0,33 

Rewriting of equation (8) gives 

00.» = 0»5 (*, + y,„) , (14) 

elimination of >;„ from equations (11) and (14) gives 

(>.).» = ( I - 0,5 -^- jyr i + 0,5 ( - ^ - ) y r , - i, and (15) 
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substitution for QIHR in equation (IS) gives 

(y.)„ = 0,665 * , + 0,335 *,_,. (16) 

A calculation for the absorption column based on equations (3), (10), (13), and (16) and on values of ft,///R 

from Figure 3 is shown in Table 5. 

TABLE 5 

Modified McCabe-Thiele calculation for NIMCIX demonstration plant 

No.ot 
First approximation Second approximation 

No.ot 
actual Equation Equation Previous Equation Equation Equation 
column Aaive (10) 0) stage Guess Figure 3 (13) (16) Figure 3 (13) 
stage stage í (*).. (<).. ^n-i <»).. *JHn yi> (ji).« *./«!, )=T. 

1 (no resin) 
2 1 0,0031 5,132 1,39 1,45 0,00166 1,68 1,59 0,001 65 1,68 
3 2 0,0050 7,715 1,68 1,92 0,00164 2,41 2,17 0.001 62 2,40 
4 3 0C096 «2,872 2,40 3,50 0,001 55 4,56 3,84 0,001 53 4,54 
5 4 0,0234 22,226 4,54 8,00 0,001 32 11,11 8,91 0,001 28 10,96 
6 5 0,0647 32,951 10,96 19,00 0,000 86 23,09 19,02 0,000 86 23,09 
7 6 

Feed 
0,1428 
0,206 

38,725 23,09 29,50 0,000 50 33,01 29,67 0,00049 32,90 

Starting point of calculation: First active stage from top of column. 
The concentration profiles in this table are compared with experimental profiles in Figures 4 and 5. 

8.2. Calculation Starting at Second Stage from the Top 
As uranium concentrations in the barren solution and on the eluted resin are probably subject to more 

variation because of external influences than are the concentrations in the second stage from the top of the 
column, it appears to be worth while for the calculation to be repeated, starting at the second stage. 

By use of data from Table 4, equation (9) then takes the form 

«n_, = 155,3 (*,)a v + 1,497 - 155,3 x 0,0045, 

W a v ~ 155,3 
(17) 

A calculation for the absorption column based on equations (3), (17), (13), and (16) and on values of 
V # R f r o m Figure 3 is shown in Table 6. 

9. COMPARISON OF CALCULATED PROFILES WITH EXPERIMENTAL DATA 
The comparisons of experimental data with calculated concentration profiles in Figures 4 to 7 indicate 

an agreement that is adequate for design purposes. 
The calculations starting at the second active stage from the top of the column (Table 6 and Figures 6 

and 7) appear to match the experimental data better than the calculations starting at the top active stage. 
The reason for this .««ems to be that conditions above the top stage (in the flare of the column) appear to be 
disturbed by external factors (possibly caused partly by occasional upsets in the solvent-extraction plant) 
raising the concentration of uranium in the fresh eluant used for the transfer of eluted resin to the 
absorption column12. 

8 
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TABLE 6 

Second modified McCabe-Thiele calculation for NIMCIX demonstration plant 

No. of 

First approximation Second approximation 

No. of 
actual Obtained Equation Equation Previous Equation Equation Equation 
stage from active (17) (3) stage Guess Figure 3 (13) (16) Figure 3 (13) 

in column stage i U)av (yf)„v yn-i (>i).v k,IHR ÍTI (>'l)av UHH >TI 

1 (no resin) 
2 1 (0,0029) (4,836) (1.25) (1,40) (0,001 66) (1.51) (1,43) (0,001 66) (1.51)' 

3 2 0,0045 7,087 1,497 1,80 0,001 63 2,11 1,90 0,001 63 2,11 
4 3 0,0084 11,700 2,11 •»,no 0,001 55 3.87 3,28 0,001 53 3,85 
5 4 0,0197 20,286 3,85 7,00 0,001 37 ^,37 7,52 0,001 35 9,30 
6 5 0,0548 31,391 9,30 17,00 0,000 94 20,93 17,03 0,000 93 20,93 
7 6 

Feed 
0,1296 
0,1993 

38,161 20.93 28,00 0,000 54 31,75 28,12 COCO 54 31,75 

Starting point of calculation: Active stage second from top of column. 
* Figures in brackets indicate a calculation backwards from stage 2. A value was assumed for (.*,),„ and the corresponding value for yr, , wa» calculated from 

equation (10) to give a calculated value of vr, approximating to 1,497 (the experimental value for stage i = 1). 

The concentration profiles in this table are compared with experimental profiles in Figures 6 and 7. 

10. CONCLUSIONS 
The modified McCabe-Thie le method presented for the prediction of performance in a CIX 

absorption column on the basis of small-scale batch tests is adequate for design purposes. However , it is 
important that the conditions for such tests are as close as possible to those expected t o occur in the CIX 
column. 

11. NOMENCLATURE 
a Surface area of resin particles in Hn-m2 

A Equilibrium parameter defined in equation (1 ) 
av Average 
B Equilibrium parameter defined in equation (1 ) 

/YR Vo lume of untapped wet-settled resin in a stage, m 3 

i Stag'; number 
* Mass-transfer coefficient defined by equation (4) , m ' - s ^ - k g ' 1 

kg ka, m 6 - s _ 1 ' k g _ l 

L Flow-rate of solution, m ' - s - 1 

Q Quantity of resin withdrawn from stage in each operation cycle of absorption column, m3 

R Flow-rate of untapped wet-settled resin, nV-s" 1 

t Time, s 
T Time of forward flow of solution through column, s 
x 

x» 
y 

yr. 
V| 

Vol 

>'n 
v* 

v*, 

Concentration of U 3 O H 

Concentration of U 3 0 8 

Concentration of U ; , 0 8 

Concentration of U 3 0 „ 
Concentration of U^O,, 
Concentration of U^OH 
Concentration of U : ) O H 

Concentration of U ; ; 0 „ 
Coriventration of U . , O K 

n solution, kg-m :t 

n barren solution, k g - m - 5 

n solution in stage /. kg-m ' 
in solution at / = 0 , kg«m~* 
n untapped wet-settled resin, kg-m ' 
n untapped wet-settled eluted resin, kg-m :t 

n untapped wet-settled resin in stage /, kg-m ' 
n untapped wet-settled resin at r=0 in stage /, kg-m :) 

n untapped wet-settled resin at ;=7in stage i. kg-m ' 
Concentration of U.,0„ in untapped wet-settled resin in equilibrium with x, defined by equation (1). 
kg-nr 1 

Concentration of U ,0„ in untapped wet-settled resin in equilibrium with r,, defined by equation 
(1), kg-m '. 
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FIGURE 6. Experimental data versus solution profile calculated from second stage 
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