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SYNOPSIS 

There are no detailed specifications for the strong-base ion-exchange resins used in continuous ion-
exchange plants, and it was considered that a very useful purpose would be served by the publication of 
a series of standard laboratory tests on which such specifications could be based. 

This report describes test methods that are relevant to the ion-exchange recovery of uranium. They 
include tests of the physical properties of strong-base resins (relative density, particle-size distribution, and 
moisture content) and of their chemical properties (theoretical capacity, equilibrium capacity, kinetics of 
loading and elution). Included are several supporting procedures that are used in conjunction with thee 
methods. 

SAMEVATTING 

Daar is geen uitvoerige spesifikasie vir die sterkbasis-ioonruilharse wat in aanlegte vir deurlopende 
ioonruiling gebruik word nie, en daar is gereken dat die publikasie van 'n reeks standaardlaboratoriumtoetse 
waarop sodanige spesifikasies gebaseer kan word, van groot nut sal wees. 

Hierdie verslag beskryf toetsmetodes wat van toepassing is op die herwinning van uraan deur ioonruiling. 
Hulle sluit in toetse vir die fisiese eienskappe van sterkbasisharse (relatiewe digtheid, partikelgrootteverdeling 
en voginhoud) en hul chemiese eienskappe (teoreíiese kapasíteit, ewewigskapasiteit, die kinetika van laai 
en eluering). Daar is ook verskeie ondersteunende prosedures wat saam met hierdie metodes gebruik word, 
ingesluit. 
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1. INTRODUCTION 
Although the inventory of ion-exchange resin in a continuous ion-exchange (CIX) plant represents an 

appreciable capital investment, the resin for a particular plant is selected largely on the basis of laboratory 
tests rather than of cost. Later on, quality-control tests are conducted on new batches of resin, and the 
performance of the resin as it ages is monitored. This strongly suggests that an industrial specification for 
resins could be drawn up i.iat would be of value to both the users and the suppliers of resin. 

An examination of the literature reveals that many test methods have been documented. In fact, most 
resin manufacturers and many resin users have their own test procedures. Unfortunately, these methods 
vary widely in their nature, they produce inconsistent results, and they are occasionally fairly complex and 
sometimes irrelevant to the application envisaged. 

Uranium hydrometallurgy in South Africa requires the specification of strong-base ion-exchange resins 
for use in continuous countercurrent contactors. Such specifications mould be based on laboratory tests 
that are reproducible, reliable, rapid, and simple enough to produce good results at remote on-site 
laboratories. Since past experience has shown that this is a difficult task, especially in regard to the 
measurement of resin properties, success can be achieved only by the rigid specification of each step of 
a test procedure. 

This report describes test methods that are considered relevant to the recovery of uranium by CIX. 
These include tests of the physical properties of resin (relative density, particle-size distribution, and moisture 
content) and of its chemical properties (theoretical capacity, equilibrium capacity, and the kinetics of loading 
and elution). These tests require several supporting procedures, which relate both to the resin (quantitative 
measurement, preconditioning, preparation for analysis, and analysis for uranium) and to the solution phase 
(make-up of standard solutions, and analysis for uranium). These procedures are considered separately 
in this report. It should be noted that all new resins must be preconditioned before they are tested by any 
of the methods described here. 

Resins have other relevant characteristics, but they are not discussed in this report. For example, the 
determination of the rate of adsorption of a 'poison' like silica or of the rate of resin degradation are not 
included because these attributes lie outside the scope of this project. 

In the development of standard test methods, it is highly desirable that proposed methods should be 
fried in different laboratories as a check on both the reproducibility of the method and the clarity of the 
instructions. Although this was not done for the tests described here, results obtained by two different 
operators at the Council for Mineral Technology (Mintek) were compared. 

The methods described in this report are aimed primarily at comparisons of different resins, and of 
the same resin at different stages of its life. However, the methods can also be used in the sizing of equipment 
and in the identification of problem areas in an operating plant. For the latter application, pregnant solution 
and aged resin from the plant should be used, and the tests should be conducted at the same temperature 
as that used on the plant. 

2. METHODS FOR RESIN SPECIFICATION 

The recommended methods for resin specification are grouped into two types: physical and chemical, 
labelled RSPn and RSCn respectively. Each method described below is detailed in Appendix I. Where 
'support' procedures are required, the number SPXn appears in brackets after the procedure. Details of 
the support procedures are given in Appendix II. If the resin is new, it should always oe preconditioned 
(SPR4) before being subjected to a test procedure. 

In the following sections, the background relating to the selection of the method is given, followed 
by a discussion of the reproducibility of replicate tests conducted by two different operators. The replicate 
results allow the variance to be calcub'cJ and so give an indication of the reliability of the tests. In addition, 
the Student's /test is used to show whether the results obtained by the two operators are statistically different. 
The /-test is also applied to paired comparisons of the curves for size distribution and loading and elution 
rates. 

I 



TESTING OF STRONG-BASE ION-EXCHANGE RESINS 

2.1. Physical Properties 

2.1.1. Relative Density (RSP1) 

There are two reasons for the measurement of relative density: the density of a resin determines the 
extent of its fluidization in a C1X process; and resins are packed and shipped by mass but sold by volume, 
and the density is needed for the necessary conversion. Although attempts were made to measure resin 
density by the use of heavy liquids, this method was found to be laborious, irreproducible, and time-
consumirg. On the other hand, the pycnometer method for the measurement of resin density is both simple 
and well-established, and is therefore to be preferred. 

The test procedure (RSP1) was applied by two operators, A and B, to samples comprising five and 
seven resins respectively. From Table l, the agreement between the two operators appears to be excellent, 
although operator B's results have a slightly wider spread. The test statistic l/„l = 1,20 is well below the 
tabulated value/0,025.10 = 2,23, indicating that the two means are probably from the same distribution. This 
further implies that the 95 per cent confidence limits for all the results are within 0,005 unit of the means 
(J). In percentage terms, this is equivalent to a relative error of 0,44 per cent of the mean density. The 
standard deviation fs) is also given in Table 1. 

TABLE 1 

Relative density 

Operator A Operator B 

1,129 1,130 
1,131 1,133 
1,129 1,133 
1.127 1,126 

- 1,129 
- 1,129 

X 1,129 1,130 
s 0,00167 0,00248 

2.1.2. Particle-size Distribution (RSP2) 

The size distribution of the resin beads determines the fluidization properties of a resin in CIX 
applications and the pressure drop across packed beds. Fine particles are undesirable because they are 
elutriated from the system during plant operations anu so rcuuec tne resin inventory, v-̂ n íuc oíicr usriu, 
the loading and elution kinetics oi' fine beads are greater than those of average-sized beads owing to the 
greater available surface area per unit volume of resin. Consequently, it is very important for one to know 
the particle-size distribution when making a comparison of resins (Table 2). 

Resin beads can change their size, depending on the ionic species loaded onto the resin. For the purpose 
of this report, the resin should be preconditioned and should be in the sulphate form before the sieve analysis 
is done. In addition, the sieve analysis is more meaningful when the resin is wet. 

Screening can be done mechanically in a shaking-and-washing apparatus (Fritch Analysette), but manual 
screening has been found to be more reliable. Although hand-sieving is laborious, requiring the continual 
unblocking of sieve openings, it is accurate and is less severe on resin than automated sieving. Mce 
sophisticated equipment like image analysers would reduce the effort, but these are not commonly available. 

Table 2 shows the results obtained by two different operators for the size distribution of ten separate 
samples of the same resin (five tests each). Operator B is not as consistent as operator A, but by use of 
a paired-comparison /-test, it can be shown that no statistical difference exists between the two distributions 
(l/ol =0,042 and /o.o25;j = 3,182). On the other hand, the /-statistics for the comparison of individual size 
fractions show that the results obtained by the two operators for the fraction between 850 and 600 jtm are 
significantly different. In addition, it can be concluded from the relative percentage errors that acceptable 
values for the size distribution can be obtained only if the resin is sieved at least three times and an average 
taken from those results. 

2 



TESTING OF STRONG-BASE ION EXCHANGE RESINS 

TABLE 2 

Particle-size distribution 

Operator Distribution of l»s resin*. •'• 

>850/im <X50>AM)fim < M N » 4 2 5 M m <425^m 

6.1 3 70.43 21.56 1.88 
5.*» 68.X8 23.35 1.83 

A 5.32 69.5«» | 2J.U 1.94 
6.(1« 69.62 22.66 1.72 
5.82 60.09 23. IS 1.94 

Vv 5.8! 69.52 22.77 I.K6 
Vv 0.312 0.59V 0.723 0.092 

5.94 71.08 20.84 2.14 
6.07 71.96 20.42 1.75 

B 5.53 71.97 20.56 2.15 
4.78 69.73 23.11 2.39 
6.58 73.57 18.20 1.65 

»B 5.78 71,66 20.62 2.01 
Í B 0,673 1.40 1.743 0.307 

Comparison* I/..I 0.186 3.133 1 2,543 1.073 

V 5,81 70.59 21,70 1.94 
95 r» CI J 1.18 3.44 3,018 0.513 
*• ErrorS 20.4 4,9 j 13.9 26,5 

• t ree wet-settled 
tf«.„2v,= 2,306 
J 95"*» confidence limits x -- v 195,ro CI 
§ Relative percentage error at the 95*0 confidence limit 

9 5 r . CI. 
Error = x 100 

v 

2.1.3. Moisture Content (RSP3) 

The moisture content of a resin is a measure of its water-relent ion capacity or swelling. The composition 
of the resin matrix, the degree of cross-linking, the nature of the active groups, and the ionic form are 
all factors that could cause the moisture content of a resin to vary. The water content is important because 
an increase in this property is frequently a sign of resin degradation. 

In essence, the method requires the removal of interstitial water so that the mass of the hydrated Deads 
can be measured. These beads are then dried to a constant mass (but not so dry that the ionically-bonded 
water is .emoved), and the moisture content is calculated. Good results were obtained when the beads were 
dried in a conventional oven at I10°C for 16 hours. 

A series of nir • results were obtained by two operators using method RSP3 (Table 3). In a comparison 
of the means, the /-test shows that they are not significantly different (l/„l = 1,18, /o,o2<;7 = 2,37). The 95 
per cent confidence limit for these results is 48,57+ 1,72, which is equivalent to a relative error of 3,55 
per cent. Once again, operator B was not as consistent as operator A, and it is recommended that the test 
be done in duplicate and the results averaged. 

2.2. Chemical Properties 

2.2.1. Theoretical Exchange Capacity (RSC1) 

The theoretical exchange capacity of a resin is an important indication of the chemical stability of resins 
because it is a measure of (he total number of exchange sites available per unit volume of wet-settled resin. 
A decrease in exchange capacity corresponds to a loss of active exchange sites. 

The manufacturing process for strong-base anion-exchange resins converts the active sites lo quaternary 
ammonium groups, the remaining sites being weak-base (tertiary, secondary, and primary amine groups). 
During use, strong-base sites can become degraded to weak-base sites. 

i 



TESTING OF STRONG-BASF. ION-EXCHANGE RESINS 

TABLE 3 

Moisture content 

Operator A Operator B 
r. ". 

48.61 47.43 
4K.43 48.47 
47.98 49.30 
47.96 49.85 

- 49.06 

X 48.25 48.82 
\ 0.326 0.922 

The procedure for the determination of strong- and weak-base capacities involves conversion of all 
the active sites to the hydroxide form. Then, concentrated sodium chloride solution is added (neutral pH 
because acid pH would cause protonation of the weak-base sites and activate them for ion exchange) so 
that the OH ions on the strong-base sites are replaced by CI • ions. Finally, dilute hydrochloric acid is 
used to elute the remaining OH " ions. The two effluents are then collected separately and are titrated with 
hydrochloric acid and sodium hydroxide respectively so that their OH" content, and hence their strong-
and weak-base capacities, can be determined. The theoretical exchange capacity is the sum of the strong-
and weak-base capacities. 

This test (RSC1) was repeated three times by each of the two operators; the results are summarized 
in Table 4, the exchange capacities being given in milli-equivalent per litre (meq/l). The /-statistics are well 
within the si*, 'ificance limit /».n2<:4 = 2,776, and it can be concluded that there is no difference between 
the means of the two operations for either strong-base or total capacity. However, since the errors from 
a single determination can be rather large, it is recommended that the test be carried out in duplicate. 

TABLE 4 

Theoretical exchange capacity 

Strong-bate capacity Total capacity 

Operator A Operator B Operator A Operator B 

Exchange 
capacity, 
meq'l 

1.349 
1.341 
1.366 

1.356 
1.352 
1,382 

1.374 
1,396 
1,3% 

1,452 
1.381 
1,408 

X 

5 

1.352 
0.0128 

1.363 
0.0163 

1.389 
0.0127 

1,414 
0.0358 

lf„l* 
95"» CJ.+ 
"» Errori 

0.95 
1,358 10.037 

2.74 

1.14 
1,401 ±0.071 

5.08 

• /n.ojvi - 2.776 
f 95*^ confidence limits 
Í Relative percentage error at the 95l,'o confidence limit 

2.2.2. Equilibrium Uranium Capacity (RSC2) 

During the operation of a CIX plant, the uranium is typically loaded to between 50 and 75 per cent 
of the equilibrium capacity of the resin, which is at most 40 per cent of the total capacity. The remainder 
of the active sites are occupied by sulphate, bisulphate, and ferric sulphate, and to a lesser extent by other 
anions. The proporlion of sites occupied by each anion will depend on the relative selectivity of the resin 
for the competing anions and their concentration in solution. Therefore, in the comparison of resins for 
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uranium recovery, the equilibrium isotherm indicates the selectivity of the resin for uranium only wher 
all the other species in solution at equilibrium are each at the same concentration in every test. This is best 
achieved with a synthetic test solution. 

The values to be plotted for the equilibrium isotherm can be determined either in a column, where 
the pregnant solution flows continuously past the resin, or in a batch contactor. The column method has 
the advantage that the concentration of species on the resin will be in equilibrium with the concentrations 
in the feed solution, but has the disadvantages that large volumes of feed solution are required and that 
the resin has to be analysed for the uranium content at the end of the test. Batch contacting, on the other 
hand, requires only a limited amount of test solution, which can be analysed both at the beginning and 
at the end of the test for the calculation of the resin loading. However, batch contacting has the inherent 
problems that anions other than those of uranium will also be loaded but to differing extents, and that 
small errors in the measurements of the resin volume will be magnified. 

Batch countercurrent contacting overcomes the problems mentioned above, but, if five points are 
required for the equilibrium isotherm, at least 25 equilibrium tests have to be carried out. It takes a minimum 
of 5 days for these tests, aid analyses of both resin and solution are required. This effort is not justified 
since the stages of an operating plant do not actually reach equilibrium and the simpler alternative discussed 
below is adequate. 

There are two methods by which the equilibrium isotherm can be obtained by batch contacting. The 
first involves the contacting of a fixed quantity of solution with various quantities of resin, and the second 
requires a constant resin-to-solution ratio while the initial concentration of uranium in the solution is varied. 
The former method has the serious disadvantage that, as the proportion of resin increases, the residual 
competing anions in equilibrium with the resin decrease, so distorting the isotherm. The latter method almost 
overcomes this problem, and for this reason, as well as its simplicity, it has been chosen as the standard 
procedure (RSC2) for the determination of the values for equilibrium isotherms. 

Basically, the procedure involves the preparation of a solution containing 2,5 g/l of FeJ * and 25g/l 
of SOj" at pH 1,8. This solution is spiked with appropriate amounts of uranium, after which 500ml is 
equilibrated with 5 ml of free wet-settled resin for 24 hours. The initial and final uranium concentrations 
in solution are analysed, and the resin loading is calculated. The test is done in a closed rolling bottle, which 
prevents evaporation losses and provides gentle mixing. 

To show the sensitivity of equilibrium loading capacity to variations in Fe3 4 and SOÍ" concentrations, 
two series of four equilibrium tests were carried out. The first series tested the sensitivity at low loadings 
of resin, and the second series at high loadings. Table 5 summarizes the finding1. When it is remembered 
that the analytical accuracy of the X-ray method is probably no better than 5 per cent, the resin loadings 
within each series do not seem signiricantly different from one another. This implies that variations in the 
sulphate concentration of up to 7 g 7I and variations in the ferric ion concentration of up to 1 g/l do not 
seriously affect the equilibrium loading. In practice, where all the values are based on the same base solution, 
variations of less than one-third of those in Table 5 should easily be obtainable. It should also be noticed 
that the changes in the concentrations of ferric ions and sulphates between the beginning and the end of 
each of these tests are less than 0,2g/l and 0,7 g/l respectively, and are much the same in both series, thus 
indicating the robustness of this test method. 

The standard method (RSC2) was repeated five times, and the results (Table 6) obtained by the two 
ope-ators were virtually identical for each of the five solutions, as evidenced by the /-statistic and the overall 
paired comparison /-test (l/„l = 1,232, fo.o25;4 = 2,776). The relative percentage errors are reasonably low, 
except for solution 1; it is recommended that this solution should be tested in duplicate. 

2.2.3. Uranium Loading Rate (RSC3) 

Many of the considerations that apply to the procedure for the determination of equilibrium uranium 
capacity also apply to the kinetic test procedures. For example, a synthetic solution should be used in the 
tests when a comparison is required of (he concentration of a resin at different stages in its life, so that 
the effect of variations in the concentration of competing ionic species can be minimized; however, if the 
purpose is design or simulation, a pregnant solution should be used. 

The curve for loading rate will vary, depending on the concentration of species in solution and on 
the resin, the degree and type of agitation, the test temperature, and the size distribution of the resin bead* 
Ideally, 'ihe (est should be relevant to countercurrcnt fluidi/ed-bcd operations, but, while it would be desirable 



TLSTING OF STRONG BASF ION EXCHANGE RFSINS 

to simulate this form of contact in the laboratoiy, this would require a large quantity of solution and very-
many anaiyses. It would also be laborious and time-consuming, and, because of the complexity of the 
procedure, errors could easily occur. Experience has shown that batch experiments are adequate for this 
parameter, but the variables listed above must be well-defined and controlled within close limits. 

TABLE 5 

Sensitivity of equilibrium capacity to Fei * and SO I' concentrations 

Scries 

Solution concentration, g/1 
UiO» on 

ro in 
g ' l Scries 

initial Final Change 
UiO» on 

ro in 
g ' l Scries t j ,o» Fe'" soi u,o» Fe'* ! SOj Fc'" soi 

UiO» on 
ro in 
g ' l 

1 

0.102 
0.101 
0.104 
0.106 

3.15 
1.97 
2.58 
2,58 

23.0 
20,8 
25,1 
17,8 

0.013 
0,008 
0,011 
0,010 

2.99 
1,83 
2,45 
2,44 

22 9 
20,1 
25,1 
18,2 

0,16 
0,13 
0,13 
0,14 

0,1 
0.7 
0,0 
0,4 

8,9 
9,3 
9,3 
9.6 

2 

0.571 
0,566 
0,555 
0,559 

3.24 
1.96 
2.59 
2.58 

23.1 
20.1 
25.3 
18.1 

0,164 
0,123 
0,143 
0,141 

3,07 
1,83 
2,50 

23,3 
20.4 
25.3 

0,17 
0,13 
0,09 

-0 .2 
- 0.3 

0.0 

40.7 
44.3 
41,2 
41,8 

TABLE 6 

Equilibrium uranium capacity 

Operator 
UIOH on re>in, g/l 

Operator <• 2 3 4 5 

A 

8.9 
8,5 
8,9 
9,0 
8,8 

20,9 
20,9 
20,8 
21.1 
20,9 

33,2 
33.4 
33,1 
33,2 
33.4 

43.6 
43.7 
43,5 
43.5 
44,0 

55.8 
55.3 
56.0 
56,0 
56.3 

A 

5\ 

8.82 
0.197 

20,92 
0.110 

33,26 
0,134 

43.6f. 
0.207 

55.88 
0.370 

B 

8,6 
8.9 
8,7 
8.9 
9.1 

21.0 
20,7 
20,8 
20,8 
21.0 

33,2 
33.1 
33,3 
33.6 
33,4 

43,3 
43,8 
43.9 
43,8 
43.7 

56.0 
55.7 
J6,3 

56.0 
56.4 

B 

Í B 8.84 
0,195 

20,86 
0,134 

33,32 
0,192 

43,70 
0.235 

56,08 
0.277 

Comparison* l/„l 0,163 0.775 0.572 0.286 0.967 

Overall 
X 
95»'o CI + 
% F.rrorJ 

8,83 
0.41 
4.7 

20,89 
0.27 
1.3 

33,29 
0,36 
I.I 

41.68 
0,47 
I.I 

55,98 
0,33 
1.3 

• /„.,«.., - 2,302 
t 95 ro confidence limit y x > 95'po CI 
Í Relative percentage error at the 95"'o confidence limit 

95 *» 
t r ror —— * 100 

x 

The recommended procedure involves the contacting of 7,5 ml of resin in 1900ml of pregnant solution 
(SPS9) in a bottle thai is rotated by rollers in a water-bath at 22"('. A' predefined intervals, samples of 
20ml each of solution arc extracted for uranium analysis. 

6 



TESTING OF STRONG-BASE I O N - E X C H A N G E RESINS 

In comparative tests, it is important that the resins should always be preconditioned (SPR4) to ensure 
that they are in a similar form at the start of the test. Th.- resin-to-solution ratio was chosen so that the 
resin is loaded through the full range of concentrations likely to be experienced on a plant. In addition, 
this ratio, which is over 2,5 times smaller than that for the equilibrium test, reduces the changes in the 
concentrations of ferric ions and sulphuric acid between the beginning and the end of the test (Table 5) 
to insignificant amounts. 

For the contacting of the resin and soluiion, a bottle-rolling technique is preferred to the method using 
a stirred beaker for three reasons. Firstly, the relative movement of the resin through tne liquid phase in 
the rolling bottle is more like that in a fluidized bed; secondly, the bot'Ie can be more easily sealed to prevent 
evaporation, and, thirdly, the results are less variable. Table 7 shows comparative loading rates (average 
of duplicates) for a beaker stirred at 360r/min and 500r/min, and for a rolling bottle. The results at 500r/min 
and for the rolling bottle are virturVy identical, whereas the loadin" rates at 360r/min were slower. At 
360r/min, the resin beads were only just suspended, and there were some near-stagnant zones where th^ 
solution did not have good access to the resin. This demonstrates that, provided the resin and solution 
are well-mixed, the loading rate is not too sensitive to the type of agitation. This indicates that mass transfer 
is controlled by a mechanism of partii b diffusion for most of the loading cycle. As the resin particles become 
smaller, the surface area per unit volume increases. Thus smaller beads can be expected to exhibit faster 
loading kinetics than coarse ones. This is illustrated in Table 7, where the test procedure was applied to 
two different size fractions of resin. (Here the results are presented in terms of grams of UjOg per kilogram 
of resin, rather than the conventional gram of VJjO» per litre of resin, because the finer size fraction becomes 
more compactly packed, resulting in a different mass of resin for the same total volumes.) The resin loadings 
on bot.i size fractions approached the same equilibrium values, but the coarser beads were loaded much 
more slowly, particularly in the early stages when the system is far from equilibrium. It should therefore 
be noted that when resins are compared, they should have similar size distributions; alternatively, a single 
closely-sized fraction of each resin could be tested. On the other hand, in the real situation, it is the overall 
performance that is important. 

TABLE 7 

Loading rates for different agitation systems md size fractions 

Tine 

Resin loading 

Tine 

Stirred beaker Rolled bottle 

Tine 360r/min 500r/min Standard 590 to 8<Hi/im 590 to 420 ^m 
min g/l g/l g/l g/kg g/kg 

0 0,0 0,0 0,0 0,0 0,0 
10 5,4 6,8 7,1 8,5 12,2 
20 8,5 10,5 10,2 13,5 17,5 
40 12,9 14,2 14,9 20,6 25,5 
60 15,6 17,8 18,3 24,3 29,4 
90 19,1 21,2 20,4 28,9 34,1 

150 23,2 24,1 24,2 35.2 39,1 
240 26,0 26,8 26,5 40,0 < : . ' 
360 26,9 29,1 28,1 42,8 44,8 
480 28,7 30,8 29,3 44.3 46,0 

The reproducibility of this method was tested in six replicate standard loading-rate tests (RSC3) 
conducted by each of two operators; the results are summarized in Table 8. The /-statistic shows that none 
of the means obtained by the two operptors is significantly different, but the paired comparison r-test indicates 
thai curves plotted from these values are different (|/„| = 3,417, to.on-y = 2,262), operator A's curve generally 
being slightly below that of operator B's. On tr" other hand, an examination of the raw results shows that, 
when one or both of the means obtained b> me operators were disturbed by one outlying value, this value 
could always be explained by an analytical value that was highly unlikely. In addition, the maximum 
percentage errors are reasonable, apart from the lower loading points, and the actual loading at any time 
is within 1 g/l of the mean for that time. 
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TABLE 8 

Uranium loading rates 

Operator 

UjO, on resin, g/1 

Operator 
10 

min 
20 

mip 
40 

min 
60 

min 
90 

min 
150 
min 

270 
min 

390 
min 

480 
mir 

1440 
mil. 

A 

6.40 
7,20 
6,93 
7,20 
7,20 
6,67 

10,89 
10,90 
11,16 
11,42 
10,63 
10,62 

15,85 
15,60 
14,55 
15,61 
15,34 
15,59 

P.15* 
I8,4i 
17,66 
19,23 
18,70 
18.44 

21,24 
21,26 
21,24 
21,79 
21,26 
22.02 

24,79 
23,54* 
24,28 
25,08 
25,06 
24,55 

27.55 
27,80 
27,54 
28,09 
28,57 
28,30 

29.03 
29,54 
28,78 
29,5h 
29,0t> 
28,55 

29,53 
29,54 
28,78* 
30,07 
29,80 
29,29 

30,25 
31,00 
31,45 
31,52 
31,50 
30.99 

B 

x* 
Sa 

6,93 
0,337 

10,94 
0,310 

15,42 
0,457 

18.27 
0,748 

21,47 
0 /46 

24,55 
0,582 

?7,98 
0,418 

29,09 
0,409 

29,50 
0,443 

31.12 
0,490 

B 

7,47 
6,40 
7,20 
6,40 
6,93 
6,67 

10.64 
10,10 
11,16 
10,89 
11,95 
10,89 

16,12 
15,33 
16,39 
15,59 
15,35 
15,07 

18,44 
18,43 
18,98 
19,21 
18,71 
19.21 

2:,27 
21,25 
22,31 
21,00 
22,04 
21,77 

25,31 
24,54 
26,11* 
25,05 
25,59 
24,05 

28,57 
27,05 
28 12 
28.56 
27,85 
27,81 

29,07 
28,79 
29,61 
30,05 
28,84 
29,05 

30,05 
30 02 
30,59 
30,30 
29,33 
29,79 

31,75 
31,48 
32,05* 
31,27 
31,27 
31,00 

B 

XB 

SB 

6,85 
0,436 

10,94 
0,611 

15,64 
0.510 

18,83 
0.357 

21,77 
0,544 

25,11 
0,738 

: \ 9 9 
0,568 

29,24 
0,494 

30,01 
0,432 

31,47 
0,378 

Comparison* |io! 0,393 0,006 0,781 1,651 1,159 1.456 0.064 0,554 2,026 1,391 

Overall 
X 

9>% CL+ 
•ft FrrorJ 

6,89 
0,834 

12,1 

10,94 
1,030 
9,4 

15,53 
1,060 
6.8 

18,55 
1.404 
7.6 

21,62 
1,031 
4,8 

24,66 
1,325 
5,4 

•»7,98 
1,059 
3,8 

29,16 
0,978 
3,4 

29,76 
1,103 
3,7 

31,29 
1,016 
3,2 

* /o.o«.io =2,228 + 95^0 confidence limit x = x + 95'"n CL. + Relative percentage error at the 95"/o confidence limit 
Error = 95% CI /x x 100 

It can therefore be concluded that, because the method is so reproducible, any difference between 
operators is detected, and that such a difference can perhaps be explained by a small bias in the measurement 
of resin quantity. (An error of 0,1 ml in the volume of resin would account for such a difference.) It is 
recommended that the te.it be done in duplicate so that the reliability of the values at the lower times can 
be improved and the analytical error reduced. 

2.2.4. Uranium Elution Rate (RSC4) 

The concentration of uranium in an eluant of 1 M sulphuric acid affects the rate at which uranium 
is eluted from a loaded resin only slightly. Provided that the bulk transport of the uranium from the surface 
of the resin bead is sufficient, the rate of elution is expected to be controlled by particle diffusion and thus 
not to be affected by the agitation system. Batch clution should therefore be suitable for both comparative 
and design purposes, and a bottle-rolling technique was chosen for the sarr.c reasons as given in Section 
2.2.3. In principle, the elution test involves the contacting of preloaded resin with sulphuric acid (SPSI) 
and the extraction of solution samples at predetermined times so that the resin loading can be determined 
as a function of time. 

In comparative studies, the resin must always be preconditioned (SPR4> and preloaded, the stanr'ard 
pregnant solution (SPS9) being used before the elution-ratc test. In addition, the samples of resin s.iould 
have similar size distributions or should be of ihe same size fraction. 

Table 9 summarizes the results of replicate tests obtained by two operators. The /-statistic shows that 
there was no significant difference between the means at each point in time, except at .160 minutes, where 
an anomalous result distorted the mean loading obtained by opera'or B. In addition, the paired comparison 
/-test confirms that there is no difference between the curves as a whole (|/„| -0,186, /n,o2V9= 2,262). 
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TABLE 9 

Uranium elution rates 

Operator 

U)0» on resin loading, g/1 

Operator 
0 

min 
15 

min 
30 

min 
60 

min 
120 
min 

180 
min 

240 
min 

360 
min 

510 
min 

1440 
min 

A 

24,04 
25.41 
25.28 
24,28 
25.22 

13.64 
15,01 
14,68 
14,28 
14,82 

10,28 
11,25 
10,92 
10,72 
11,06 

5,77 
6.74 
7,39 
6.21 
6,35 

2.28 
2.28 
3.13 
1,13 
2.67 

1.32 
1.51 
1,59 
0,79 
1.32 

O.OC 
1,13 
0,64 
0,60 
0.94 

0.36 
0,57 
0,64 
0,.!2 
0.-/5 

0,00 
0,57 
0,27 
0.04 
1,13 

0,54 
0.75 
0.82 
0.59 
0,39 

A 

24,85 
0,635 

14.49 
0,542 

10,84 
0,371 

6,49 
0.612 

2.50 
0,404 

1.31 
0,312 

0,66 
0,430 

0.51 
0,214 

0,40 
0.465 

0,62 
0,171 

B 

24,92 
25,57 
25,13 
25.83 

14,12 
15.57 
14,23 
14,63 

10.75 
11,61 
10,17 
10,73 

5.85 
7,69 
5,86 
5,% 

2.07 
3.62 
2.37 
2.28 

1.20 
2.08 
1,0,. 
1.61 

0,63 
1,22 
0,64 
0,56 

0,63 

0,83 
0,94 

0 0 0 
0,94 
0.-Í6 
0,56 

0,44 
0,76 
0,46 
0,38 B 

X A 

SB 

25.36 
0,412 

14.64 
0,659 

10,81 
0,593 

6,?4 
0,900 

2,58 
0,700 

1.48 
0,469 

0,77 
O.308 

0,88 
0,207 

0,49 
0,388 

0,51 
0,170 

Comparison* I'd 1,391 0,372 0,092 0.303 0,232 0,663 0,402 2,641 0.318 0,943 

Overall 
X 

98<?o Clt 
It Error? 

25,08 
1,342 
5,35 

14,55 
1,2% 
8,91 

10.83 
1,034 
9,55 

6,43 
1,626 

25,31 

2,53 
1,192 

47,04 

1,38 
0,860 

62,22 

0,71 
0,835 

> 100,0 

0,68 
0.643 

95,23 

0,44 
0,942 

>100,0 

0,57 
0,391 

68.57 

* io.o25,7 = 2,365 t 95 Vo confidence limit x = x±95% CL t Relative percentage error at the 95^0 confidence limit 
-. . „ . Error = 95% CL/x x 100 
a = -0,119 
Sd =0,2025 
|'| -0,186 
'0.025;9 = 2,262 

In general, the 95 per cent confidence limit for individual values is the same as for the loading rates 
(Table 8), i.e. better than I g/1, but, because of the low levels of resin loading, the percentage errors at 
the end of the loading are high. If the resin loadings of operator A's first test are examined, the resin appears 
to have been eiuted completely at 240 and 510 minutes. However, this is merely a reflection of the sensitivity 
of the calculated resin loading to the solution analysis. In this example, the UjOs analyses were all between 
0,119 and 0,123 g/! for 240, 360, 510, and 1440 minutes, which are within the expected analytical error. 

There are three ways in which elution rates can be calculated, depending on whether the uranium 
concentration on the loaded resin or on the eiuted resin is used as the basis. (The uranium concentration 
can be determined either by direct analysis of the resin or by the change in the concentration of the solution 
from which the resin was loaded.) The latter method was chosen for two reasons: firstly, with a liquid-to-
resin ratio of 200 to 1, any small error in the concentration of the solution is magnified (an error of 0,001 g/1 
in the solution analysis being equivalent to 0,2 g/1 on the resin); and, secondly, the analysis of uranium 
on a resin is not very accurate, and it is better to have a reasonable value at the end of the elution period 
than to propagate what could be a large error from the beginning. (For this set of tests, shown in Table 
9, the initial concentrations of uranium on the loaded resin as calculated by the three methods described 
above were 26,%g, 25,37 g, and 25,08 g of UjOg per litre. This agreement is good, but, if the direct analysis 
of loaded resin had been used in the calculation of the resin loadings given in Table 9, they would all have 
been nearly 2 g/1 higher, giving the false impression that the elution had been poor. 

In view of the sensitivity of this test procedure to analytical accuracy, it is recommended thai the test 
should be done in triplicate. 

3. SUPPORT PROCEDURES 
In common with the methods for the testing of resins, the support procedures have been divided into 

those relating to resin (SPRn) and to solutions (SPSn). 
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3.1. Resin-related Procedures 
3 1.1. Quantitative Measurement of Resin (SPR1, SPR2, SPR3) 

The ionic forii. of a resin affects both its mass and its volume. Because resin in the sulphate form 
is used for the loading of uranium in South African CIX operations, the mass or volume of a resin should 
be measured in that form. Although the measurement of .nass is more objective than that of volume, the 
mass as measured depends on the moisture content of the beads. However, if the beads are dried, the severe 
physical stress and possible chemical effec»s render the dried sample useless for further testing. 

Any specification for resin requires an accurate measurement of its quantity. The measurement of 
volume, rather than of mass, was chosen, except in the determination of the moisture content and relative 
density, where volume does not apply. The volume of ;esin is measured by the use of measuring cylinders, 
the reading being taken either after the resin beads have settled or after ihey have settled and been tapped 
to minimize the settled height. These two approaches are referred to respectively as the free wet-settled 
(fws) method and the minimum tapped (mt) method of volume measurement. 

As the diameter of a volume-measuring vessel is increased (for a resin sample of constant particle-size 
distribution), two factors may influence the volume measured. Firstly, the bed height of the sample will 
decrease, thus reducing the packing of the bed and increasing the volume measured. Secondly, the wall 
effect will decrease, thus reducing the void fraction in the bed and consequently reducing the volume 
measured. For the fws method, the two trends could compensate to some extent, with little change in the 
measured volume as thi diameter of the measuring vessel is changed. In the mt method, the bed is packed 
to the same extent in all the vessels and the wall effect dominates, causing an apparent decrease in volume 
as the diameter of the vessel increases. Since fws volume is more applicable to CIX operations, it was chosen 
as the standard method for the measurement of resin volume (SPR1). For the sake of CO; istency, it is 
important that usin of the same size distribution should be used, that the measuring cylinder should have 
a diameter greater than 9 mm (i.e. 10 times the diameter of the largest particle), and that a set of measuring 
cylinders should be kept exclusively for the measurement of resin volume and that only these cylinders should 
be used. 

For the determination of the relative density and moisture content of resin beads, the mass of the 
hydrated beads is required. A satisfactory method (SPR2) is one in which the interstitial water is removed 
by vacuum-draining and the beads are blotted on absorbent paper to remove the surface water. (Method 
RSP3 is used where the 95 per cent confidence limit in the determination of the moisture content is 3,6 
per cent.) 

The 'dry' mass of r^sin beads (SPR3) is determined after the resin has been dried in a conventional 
oven at 110°C for 16 hours. 

3.1.2. Preconditioning of Resin (SPR4) 

Fresh resin as received from the manufacturer is not representative of resin that has 'aged* through 
use on a plant. Firstl>, the resin as received is in the chloride, rather than in the sulphate, form; secondly, 
the regeneration procedure used to remove 'poisons' like silica causes osmotic shock and results in the culling 
of weak beads; and, thirdly, the exchange capacity and density of the resin are invariably affected by the 
first few service cycles. I he resin has therefore to be subjected to several exchange cycles, both to stabilize 
the resin characteristics (si/e distribution, capacity, and density) and to convert the resin to an ionic form, 
which serves as a reference for all the test work. 

The method for the preconditioning of resin was designed as a compromise between the aging of a 
resin under plant conditions and the requirements of a fully reproducible procedure that can be implemented 
simply and rapidly. A batch-contacting procedure was chosen because it requires less supervision than column 
contacting. 

3.1.3. Preparation of Resin for Analysis (SPR5) 

The analytical method for the determination of uranium on resin is based on the mass of dry resir; 
however, for fluidized systems and chemical test methods (RSCn), the relevant base is the volume of fws 
resin. A conversion factor is therefore required for the conversion of the first of these two measures to 
the other. 
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A known volume of fws resin is dried and weighed, and this ratio is calculated for use once the uranium 
concentration has been determined 

3.2. Solution-related Procedures 
3.2.1. Preparation of Standard Solutions (SPSn) 

Twelve standard solutions are required for the tests described here. Each of these is numbered (SPSn), 
and details of their preparation are given in Appendix II: 

SPS1 1 M sulphuric acid 
SPS2 1,0M hydrochloric acid and 0,1 M hydrochloric acid 
SPS3 2,0 M sodium hydroxide and 1,0 M sodium hydroxiH*» 
SPS4 1,0M sodium hydroxide 
SPS5 4% sodium chloride 
SPS6 1% silver nitrate 
SPS7 50g/l U,Og 
SPS8 Equilibrium base solution 
SPS9 Pregnant solution 
SPS10 Phenolphthalein indicator 
SPSI1 Methyl red indicator. 

4. ANALYTICAL PROCEDURES 
For all the tests on chemical aspects of resin, the concentration of uranium on the resin or in solution, 

or both, must be known. The recommended analytical technique is X-ray-fluorescence spectrometry, and 
the methods for the analysis of solutions and resins are described by Jacobs and Tolmay', and by Jacobs 
and Balaes2. 

The equipment for X-ray fluorescence spectrometry is sophisticated and expensive, and at remote sites 
it may occasionally be necessary for these analyses to be carried out by simpler means. The wet-chemical 
method for uranium analysis as describe'' l<y Cook and Shelton3 (Appendix III) is suggested for this purpose. 
Although th'r, method was developed for the determination of uranium in silicate ores and leach liquors, 
it can also be applied to resins. In this case, the resin is dried and ignited in a platinum crucible, after which 
the determination is carried out as for solids, with the appropriate corrections for th" mass of the sample 
(Appendix IV). 

Since the bromo-PADAP method cannot be applied accurately to the determination of uranium on 
resins loaded above with more than 1 g of UiOs per » t re, a "olumetric procedure is suggested. This procedure 
was adapted by Mintek from a method that was published by the United States Atomic Energy Commission 
and is given in Appendix IV. 

5. SUMMARY AND CONCLUSIONS 
In the establishment of a resin specification for industrial use, it is important that the properties of 

the relevant materials should be determined by tests that are reproducible when used by different operators 
and that the precision of the tests should be known. Table 10 shows that reproducibility is not a problem 
in the test procedures, except in that for particle-size distribution, and, even in that test, the difference 
is not significant at the 99 per cent confidence level (fo.nos = 3,36). In addition, the paired comparison Mest 
confirms that there is no statistical difference between the distributions. 

The degree of precision required from a good test procedure depends on subjective judgment. Table 
10 gives an indication of the range of results that can be obtained for each method if a single test is used. 
This range can be narrowed by the performance of replicate tests and averaging of the results. For the 
tests that require uranium analyses (those for equilibrium capacity, loading rate, and elution rate), it is 
recommended that the analytical results should first be averaged, and the calculations should be based on 
the averaged values, rather than by averaging of the calculated resin loadings. The last column in Table 
10 lists the minimum number of replicates that are suggested for each test. If a test result is not significantly 
different at the 95 per cent confidence level, the range within which it falls is reduced by a factor equal 
to the inverse of the square root of the number of replicates, e.g. 3 replicates would reduce the range by 
I/V3 =0,56. Furthermore, replicate tests allow more meaningful statistical comparisons to be made. 
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TABLE 10 

Summary of results for all the test procedures 

Test 
procedure 
and unit 

Example values 95^« confidence limits Reproducibility Number of 
replicates 
suggested 

Test 
procedure 
and unit Range ± °?o Error f|>.l>2< !fl calc 

Number of 
replicates 
suggested 

Relative density 
(RSPI) 

- 1,129 0,005 0.44 2.23 1,20 1 

Size distribu
tion, t» 
(RSP2) 

>850/ im 
>600j im 
>425/ im 
< 425 fim 

5,8 
70,6 
21,7 

1,9 

1,2 
3,4 
3,0 
0,5 

20,4 
4,9 

13,9 
36,5 

2,31 0,19 
3,13 
2,54 
1,07 

3 

Moisture, It 
(RSP3) 

- 48.5 1.7 3.6 2.37 1,18 2 

Exchange capacity, 
mcq/l 
(RSCI) 

Strong-base 
Total 

1,36 
1,40 

0,04 
0,07 

2.1 
5,1 

2,78 0,95 
1,14 2 

Equilibrium 
capacity, 
g(U,0,»/l 
(RSC2) 

8,8 
20,9 
33,3 
43,7 
56,0 

0,4 
0,3 
0,4 
0.5 
0,3 

4,7 
1,3 
I.I 
I.I 
1.3 

2,31 0,16 
0.78 
0,57 
0,29 
0,97 

2 
I 
1 
1 
I 

Loading rate, min 
and g(U,0»)/l 
(RSC3) 

10 
20 
40 
60 
90 

150 
270 
390 
480 

1440 

6,9 
10,9 
15,5 
18.6 
21,6 
24,7 
28,0 
29,2 
29.8 
31,3 

0,8 
1.0 
1.1 
1.4 
1.0 
1.3 
I.I 
1,0 
1,1 
1.0 

12.1 
9,4 
6,8 
7,6 
4.8 
5.4 
3,8 
3,4 
3.7 
3,2 

2.23 0,39 
0,01 
0.78 
1,65 
1.16 
1,46 
0,06 
0,55 
2,03 
1.39 

2 

Elution rate, min 
and g(U,0 , ) / l 
(RSC4) 

0 
15 
30 
60 

120 
180 
240 
360 
510 

1440 

25,1 
14,6 
10,8 
6,4 
2,5 
1.4 
0,7 
0.7 
0,4 
0,6 

1,3 
1,3 
1.0 
1,6 
1,2 
0.9 
0,8 
0,6 
0.9 
0,4 

5,4 
8,9 
9,6 

25,3 
47,0 
62,2 

> I 0 0 
95,2 

> I 0 0 
68,6 

2.37 1.39 
0,37 
0,09 
0,30 
0,23 
0,66 
0.40 
2,64 
0,32 
0.94 

3 

The confidence limits are excellent for the determination of relative density, while, for the determination 
of moisture content and theoretical exchange capacity, they are good. For the latter procedures, duplicate 
tests are recommended, since these will improve the results. In those tests that require uranium analysis, 
the percentage errors vary considerably, from 1 per cent to over 100 per cent. However, the UjO* range 
on the resin always varies by about I g/l, and this variation can be attributed to analytical error and to 
the multiplication factor due to the high solution-to-resin ratios (100:1 to 250:1). Since it is unlikely that 
the analytical error can be improved, it is suggested that two and three replicate tests be carried out for 
the loading-rate and elution-rate tests respectively. The high relative error for the tests of elution rate is 
simply a mathematical artifact and a result of the generally low resin loadings. In the equilibrium test, 
the solution-to-resin ratio is about half that in the loading- and elution-rate tests, and consequently the 
error range is also i.alved. This is satisfactory, except at the lowest resin loading, for which duplicate testing 
is suggest) 

The overall ran^e for errors in the test on particle-size distribution is not satisfactory. However, the 
results obtained bv operator A (Table 2) are consistent and show that, with care and practice, a usable 
result can be obtained. It is recommended tha< this test should be carried out in triplicate so that sampling 
and other errors can be reduced. 
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The seven test procedures described in this report, together with their supporting procedures, form 
a sound basis for use in the specification of resin properties, in quality control, in the monitoring of the 
effects of aging, and in studies on C1X design. 
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APPENDIX I 

TEST PROCEDURES FOR RESINS 

A glossary of the symbols used is given in Appendix V 

A. METHOD RSP1: RELATIVE DENSITY 

1. Outline 
Hydrated, preconditioned resin beads lie placed in a tared pycnometer, and their mass is determined. 

The pycnometer is then filled with deionized water, and the total mass of resin and water is measured. 
The pycnometer is emptied, refilled with water only, and weighed. The relative density of the resin is then 
calculated. 

2. Apparatus 
Analytical balance (accurate to within 0,1 mg) 
Pycnoir.eter (50 ml) 
Buchner flask (500 ml) and funnel (7 cm) 
Absorbent paper 
Filter paper (Whatmans No. 41, 7 cm). 

3. Procedure 
(i) Weigh a clean, dry pycnometer. 

(ii) Place approximately 25 ml of preconditioned resin onto a Buchner funnel containing filter paper. 
Apply a vacuum, rinse the resin with deionized water, and filter the resin for approximately 3 
minutes, 

(iii) Blot the resin dry on absorbent paper until the resin becomes free-rolling but not fully dried, 
(iv) Immediately transfer the resin to the tared pymometer and reweigh. 
(v) Carefully fill the pycnometer with deionized wattr, shaking it occasionally to ensure that all the 

resin beads are wet. Take care to avoid napping air or losing resin beads when the stopper is 
inserted, 

(vi) Reweigh. 
(vii) Empty the contents of the pycnometer and refill with deionized water. Reweigh. 
(viii) Calculate the relative density. 

The determination of the blotted mass of resin is also described in SPR2. 

4. Calculation 

r d =

 MPb ~ M » 
(Afph + Wp») - (A/p + A/pb») 

where 
r.d. = Relative density of resin 
Mp = Mass of pycnometer (g) 
A/pb = Mass of pycnometer plus blotted resin (g) 
A/ptm = Mass of pycnometer plus blotted resin plus water (g) 
A/p„ - Mass of pycnometer plus water (g). 

B. METHOD RSP2: PARTICLE-SIZE DISTRIBUTION 
1. Outline 

A sample of preconditioned resin is sieved successively at three different aperture sizes (from large 
to small). Gentle washing in water is carried out to prevent damage to the resin or the sieve. 
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2. Apparatus 
Sieves of the following apertures: 0,850fim 

0,600/im 
0,425 Jim 

Water-bath (about 300mm in diameter by 150 mm deep) 
Measuring cylinders (5ml, 10ml, 25ml, 50ml) 
Deionized water supply. 

3. Procedure 

(i) Measure out approximately 50 ml of preconditioned resin, record the exact volume (SPR1), and 
transfer it to the sieve of largest aperture, which has been positioned over a water-bath. Use 
water as necessary to transfer the entire sample, 

(ii) Gently wash the resin through the sieve with water until the water-bath is approximately half-full, 
(iii) Gently raise and lower the sieve through the water interface so that the resin particles are lifted 

and lowered alternately. Take care to prevent the resin beads from floating over the rim of the 
sieve, 

(iv) When the sieve becomes blinded, carefully remove the retained material and gently dislodge 
the beads from the sieve using a jet of water. Add this fraction to the retained material, and 
continue the sieving. Repeat this operation until no more beads pass through the sieve, 

(v) Empty the entire contents of the water-bath into a suitable container, taking care that no particles 
are lost, 

(vi) Place the sieve of next-smaller mesh over the water-bath and continue sieving as above, 
(vii) Repeat the entire operation for progressively smaller mesh sizes until all the sieves have been 

applied, 
(viii) Record the free wet-settled (fws) volume of each fraction (SPR1). 

(ix) Report the results as the percentage of material retained on the sieve of each size and the 
percentage that passes through the first sieve. 

4. Calculation 

/^•^r'xlOO, i = l , 2 , 3, 4 

where 

V\m>- Volume of fws resin retained on sieve i (ml) 

( / ,

f w, = Total volume of fws resin (ml) 

F, = Volumetric percentage size fraction that i forms of the total. 

C. METHOD RSP3: MOISTURE CONTENT 
1. Outline 

The interstitial water is removed from a sample of preconditioned resin by the application of suction 
to a Buchner funnel. The resin beads are blotted on absorbent paper, weighed before being dried in an 
oven, and reweighed; the moisture content is then calculated. 

2. Apparatus 

Weighing-bottle or beaker (50ml) 
Buchner flask (500 ml) and funnel (7 cm) 
Analytical balance (accurate to within 0,1 mg) 
Thermostatically-controlled oven 
Filter paper (Whatmans No. 41, 7 cm) 
Absorbent paper (Kleenex wiper roll). 
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3. Procedure 
(i) Determine the blotted mass of resin in accordance with SPR2. 
(ii) Determine the dry mass of this res'", in accordance with SPR3. 
(iii) Calculate the moisture content. 

4. Calculation 

% moisture = —^——- x 100, 

where 

Mb,= Mass of blotted resin (g) 
MA, = Mass of dried resin (g). 

D. METHOD RSC1: THEORETICAL EXCHANGE CAPACITY 
1. Outline 

The determination of the theoretical capacity of preconditioned resin first requires the conversion of 
all the active sites to the hydroxide form. Secondly, concentrated sodium chloride (neutral pH) is used to 
replace the OH " ions on the strong base sites with CI" ions and, finally, dilute hydrochloric acid is used 
to elute the remaining OH - ions. The two effluents are collected separately and are then titrated separately 
with hydrochloric acid and sodium hydroxide so that their OH " content, and hence their strong- and weak-
base capacities, can be determined. The theoretical exchange capacity is the sum of the strong- and weak-
base sites. 

2. Apparatus 
Glass column fitted with an outle? tap (approximately II mm diameter by 340mm) 
Volumetric flasks (1000ml) 
Beakers (two of 500 ml) 
Burettes (two of 25 ml) 
Measuring cylinders (10ml, 20ml, lOOml, 250ml, 2000ml). 

3. Procedure 
(i) Transfer I0±0,l ml of free wet-settled (fws) resin (SPRl) to the glass column. 
(ii) Pass lOOOml of 2N NaOH (SPS3) at 60± 5 °C downwards through the bed at a flowrate of 

17ml/min. 
(iii) Rinse off the residual alkali with lOOOml of deionized water at a flowrate of I7ml/min. 
(iv) Pass 150ml of 4% NaCl (SPS6) at a flowrate of l,7ml/min. 
(v) Rinse off the residual NaCl with deionized water at a flowrate of I7ml/min until the effluent 

becomes free of chloride. Test with \°/o AgNOj (SPS6)—no white precipitate of AgCI should 
appear, 

(vi) Pass through 1500 ml of 2 N NaOH (SPS3) at 60±5 °C at a flowrate of 17mi/min. 
(vii) Rinse the resin with deionized water at a flowrate of 8 ml/min until a neutral effluent is obtained 

with a pH value "f less than 8 (approximately 90 minutes), 
(viii) At a flowrate of l,7mi/min, pass through 150ml of 4% NaCl (SPS5). Collect the effluent in 

a 500ml beaker, and avoid splashing. The effluent stream should be of neutral pH. 
(ix) Titrate the effluent with standard 1 N HCI (SPS2) to the methyl red (SPSI I) endpoint. 
(x) Once the strong-base capacity of the resin has been determined, rinse the residual NaCl from 

the resin with deionized water. Check for chlorides, using the AgNOi test described in step (v). 
(xi) At a flowrate of 1,7ml/min, pass through 100ml of 0,1 N HCI (SPS2) and thereaftei 50ml 

of A.R. grade methanol. Collect the entire effluent in the same beaker. Release the residual 
methanol from the resin by blowing compressed air down the column, 

(xii) Measure the exact volume of the fws resin (SPRI). 
(xiii) Titrate the effluent with 1 N NaOH (SPS3), using phenol phthalein (SPSI0) as the indicator, 
(xiv) Calculate the weak-base capacity of the resin. 
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4. Calculations 
(i) Strong-base capacity 

t-sb = TT— 

wheie 

C,b = Strong-base capacity (meq/ml) 
V„cl =Titre HCI (ml) 
FHCI = Normality of HCI 
Kf«, = Volume of fws resin. 

(ii) Weak-base capacity 

where 
C w b = Weak-base capacity (meq/ml) 
^HCI = Normality of HCI 

N̂aoH = Titre NaOH (ml) 
N̂aOH = Normality of NaOH. 

(Hi) Total theoretical capacity 

where C,t = Total theoretical capacity (meq/ml) 
C,b = Strong-base capacity (meq/ml) 
Cwb = Weak-base capacity (meq/ml). 

E. METHOD RSC2: EQUILIBRIUM URANIUM CAPACITY 

1. Outline 
Various volumes of a concentrated uranium solution are spiked into a base solution containing about 

2,5 g of Fe J t and 25 g of SOj~ per litre. Then, 500 ml aliquots of the pregnant solution are contacted in 
a rolling bottle, together with 5 ml of preconditioned free wet-settled (fws) resin for 24 hours. The initial 
and final uranium concentrations in solution are then determined, and the concentration of loaded resin 
in equilibrium with each final solution is calculated. Five values on the equilibrium isotherm are determined. 

2. Apparatus 

Set of mechanically driven rollers 
Plastic bottles (five of 1000ml) 
Pipette (graduated 0,1 ml, 10ml) 
Beakers (five of 1000 ml) 
Volumetric flasks (five of 500 ml) 
Measuring cylinders (5ml, 1000ml) 
Graph paper (Tudor metric ruling 20 mm by 2 mm). 

3. Procedure 

(i) Measure 5 volumes of 5 ±0,1 ml of fws resin and record the exact volume (SPRI). 
(ii) Make up 3000ml of base solution (SPSS) and divide it into five 550ml portions. 
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(iii) Using the graduated pipette, add the indicated volumes of SOg/l UjOt solution (SPS7) listed 
in Table 1-1 to each of the portions of base solution, 

(iv) Drain the excess water from the resin samples. To prevent the loss of any resin, use a pipette 
of narrow orifice, 

(v) Measure exactly 500 ml of each solution into the plastic bottles and add the 5 ml resin samples, 
(vi) Analyse the remaining 50 ml head solution for U 30», Fe 3*, and SOi". 

(vii) Roll the resin in contact with the 500 ml solution for 24 hours, 
(viii) Analyse the barren solution for uranium, 

(ix) Calculate the resin loading on each of the five resins, 
(x) Plot the equilibrium isotherm using the scale 2Omm = O,05Og/l of U30« in solution on the 

horizontal axis and the scale 20 mm = 5 g UjOg/l of fws resin on the vertical axis. 

TABLE 1-1 

Make-up of initial equilibrium loading solutions 

Volume of 50g/1 UjO» 
Point UjO» in largei solution solution added 

g/1 ml 

0,100 1,1 
0,250 2,7 
0,400 4,4 
0,550 6,0 
0,850 9,4 

4. Calculation 

Y* = (X,-Xf)x 

where 
Y* = Equilibrium resin loading, (g UjOs)/l 
X\ = Initial concentration in solution, (g U308)/l 
Xr = Final concentration in solution (g U30»)/l 
V% = Volume of bulk solution, ml 
K(.,= Volume of resin, ml fws. 

Example: 

Xi =0,251 g/1 UjOs 
XT =0,042 g/1 UjOs 
V, =500 ml 
Kfw,= 5,05ml. 

Then, 
500 Y* = (0,251- 0,042) XJ-Q-5 

= 20,69 ( g U A ) / l . 

F. METHOD RSC3: RATE OF JRANIUM LOADING 

1. Outline 
The rate at which uranium is absorbed from solution is determined by the contacting of 7,5 ml of 

preconditioned resin with 2000ml of pregnant solution. The contacting is performed in a bottle rolled in 
a water-bath at 22 °C. At predefined intervals, 20ml solution samples are extracted for uranium analysis, 
and the uranium loading on the resin is calculated by mass balance. 
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2. Apparatus 
Set of mechanically driven rollers in a thermostatically controlled water-bath 
Plastic bottle (2000 ml) 
Pipettes (A grade, 20ml, 100 ml) 
Measuring-cylinder (10 ml) 
Beaker (SO ml) 
Sample containers (ten of 40 ml) 
Volumetric flasks (100ml, 2000ml) 
Stop-watch 
Graph paper (Tudor metric ruling 20 mm by 2 mm). 

3. Procedure 
(i) Measure out 7,5 ±0,1 ml of free wet-settled (fws) preconditioned resin, and record the exact 

volume (SPRI). Transfer the resin to a 50 ml beaker using deionized water, and drain off the 
excess water, avoiding the loss of resin beads. 

(ii) Measure out exactly 2000ml of pregnant solution (SPS9) with a pipette. Sample 100ml for 
analysis, and then transfer the remainder to the plastic bottle and place it on the rollers in the 
walcr-bath al 22 "C. 

(iii) Analyse the 100ml sample for UjO», F e , + , and SOi". 
(iv) Allow the solution temperature to equilibrate to 22 °C (about 15 minutes). 
(v) Use a small volume of the measured pregnant solution to transfer the drained resin to the 2500 ml 

bottle. 
(vi) Immediately start a stopwatch. 
(vii) Stopper the bottle and roll in the water-bath at 22 °C. 

(viii) At predetermined intervals, allow the resin to settle (usually 20 seconds) and, usinf a pipette, 
accurately remove 20ml of solution for uranium analysis. A minimum of eight samples are 
required, usually taken at intervals of 10, 20, 40, 60, 90, 150, 270, 390, and 480 minutes, and 
24 hours. After extracting each sample, stopper the bottle and start rolling immediately. 

(ix) Calculate the resin loading as a function of time. 
(x) Plot a graph of resin loading against time, using the scales 20 mm = 50 minutes on the horizontal 

axis and 20 mm = 5 (g U3Og)/l on the vertical axis. 

TABLE 1-2 

Calculation of loading rate 

n 

T V, X E F C Y 

n 
X„ ~ Xn 1 K x f F/V,„ 

n 
Z G, 

i-fl n 

Time 
min 

Volume of 
solution 

ml 

UiO, in 
solution 

g/l 

Change in 
UjO, concn 

g/l 

UiO> adsorbed onto resin 

mg g/l 

UiO. on 
resin 
g/l 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

0 
10 
20 
40 
60 
90 

150 
270 
390 
480 

1440 

1900 
1900 
1880 
I860 
1840 
1820 
1800 
1780 
1760 
1740 
1720 

0,204 
0,181 
0,167 
0,147 
0.135 
0.124 
0.1 I I 
0.101 
0,094 
0,089 
0,081 

0,023 
0,014 
0,020 
0,012 
0,011 
0,013 
0.010 
0.007 
0,005 
0,006 

43,7 
26,3 
37.2 
22,1 
20.0 
23.4 
17,8 
12,3 
8.7 

10,3 

5,83 
3.51 
4.% 
2,94 
2.67 
3.12 
2.37 
1.64 
1,16 
1.38 

0,00 
5.81 
9,34 

14,30 
17,24 
19,91 
23.03 
25.40 
27.04 
28,20 
29,58 

Volume of solution sample Y\„ 20 ml 
Volume of fws resin V,ms 7,5 ml 
Initial UiO« on resin K, 0,0g/l 
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G. METHOD RSC4: URANIUM ELUTION RATE 
1. Outline 

Preconditioned resin (20 ml) is preloaded by equilibration with a standard pregnant solution. This resin 
is then contacted with 2000ml of 2 M sulphuric acid, from which 20 ml samples are extracted at predefined 
intervals. The uranium loading on the resin is then calculated as a function of time by mass balance, the 
uranium concentration on the final eluted resin being used as a basis. 

2. Apparatus 
Set of mechanically driven rollers in a thermostatically controlled water-bath 
Plastic bottle (2500ml) 
Pipettes (A grade. 20ml, 100ml) 
Measuring cylinders (10 ml. 25 mi) 
Beaker (50 ml) 
Sample containers (nine of 40 ml) 
Stop-watch 
Volumetric flask (2000 ml) 
Graph paper (Tudor metric ruling 20 mm by 2 mm). 

3. Procedure 

(a) Preloading Resin 

(i) Measure out 20 ±0,1 ml of free wet-settled (fws) resin and record the exact volume (SPRI). 
(ii) Transfer the resin to a 50 ml beaker and drain off excess water, avoiding the loss of resin beads, 
(iii) Measure out exactly 2000 ml of pregnant solution (SPS9) and, with a pipette, remove a 100 ml 

sample for analysis before transferring the balance to the plastic bottle, 
(iv) Use a small volume of this pregnant solution to transfer the drained resin into the bottle, 
(v) Analyse the sample of pregnant solution for U30«, FeJ *, and SOÍ". 
(vi) Equilibrate the solution and resin for 24 hours. 

(vii) Analyse the barren solution, and obtain the resin loading from the solution calculation, 
(viii) As a cross-check, the remaining loaded resin can be analysed for UjO». The procedure for the 

preparation of resin for analysis is described under SPR5. 

(b) Elution Rale 

(i) With the loaded resin still in contact with the barren solution, measure 10,0 ±0,1 ml of fws loaded 
resin and record ihe exact volume (SPRI). Drain off excess barren solution from the resin. 
Quickly rinse the loaded resin with two 40 ml volumes of deionized water and drain off the 
excess water, 

(ii) Measure out exactly 2000 ml of I M H2SO« (SPSI) and transfer it to the 2000 ml bottle. Equilibrate 
this solution by rolling the bottle in a water-bath at 22 °C for approximately 15 minutes, 

(iii) Use a small volume of the measured solution to transfer the drained resin into the bottle 
containing the 200ml of 1 M H 2 S0 4 solution, 

(iv) Immediately start the stop-watch and roll the bottle in a water-bath at a constant temperature 
of 22 °C. 

(v) At predetermined intervals, allow the resin to settle (about 20 seconds) and accurately remove 
20ml samples with a pipette. Analyse the samples for UjO*. A minimum of six samples are 
required. The suggested sampling intervals are 15, 30, 6C, 120, 180, 240, 360, and 480 minutes, 
and 24 hours, 

(vi) After having washed the eluted resin with deionized water, prepare it for analysis as described 
in SPR5, and analyse it for uranium, 

(vii) Calculate the resin loading as a function of time, 
(viii) Plot a graph of resin loading against lime, using the scale 20mm = 50 minutes on the horizontal 

axis and 20mm = 5 (g UiO«)/l fws resin on the vertical axis. 

Concentration of resin by resin analysis 

Determine the concentrations of uranium on the samples of loaded and eluied resin submitted for analysis 
(in grams of UjOg per litre of fws resin), using the method described in SPR5. 
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Concentration of loaded resin by solution balance 

As a further check on the concentration of uranium on the preloaded ;esin, use a solution balance. 
Calculate the balance in exactly the same way as described in RSC2. 

Calculation of etution rate 

Analyse the eluted resin for uranium as described above. By working in reverse order, i.e. from 24 
hours (1440 minutes) to 0, a solution balance, which takes the samples into account, provides the resin 
loading as a function of time. Table 1-3 is an example of such a calculation. 

TABLE 1-3 

Example of the calculation of elution rate 

n T K .V E h G H Y 

V'X v,sx 
n 

i = 1 
fc>G <ir-//w„. 

Sample Volume of U ,0 , in tJiO, in bottle UjO» in sample UiO» accumulated VtO, in bottle V,0, on 
number Time solution solution solution solution in samples soln plus sa.~i.ples resin 

min ml g/l mg mg mg mg g/l 
0 0 2000 0 0 0 - 0,0 24,'>5 
1 15 2000 0,052 104,0 1,04 - 104,0 13,65 
2 30 1980 0,069 H'6,6 1,38 1,04 137,6 10.29 
3 60 I960 0.092 180,3 1,84 2,42 182,7 5,78 
4 120 1940 0,110 213,4 2,20 4,26 213,7 2,68 
5 180 1920 0,115 220,8 2,30 6,46 227,3 1,32 
6 240 1900 0,123 233,7 2,46 8,76 242.5 -
7 360 18i,0 0,120 225,6 2,40 11,22 236,8 0,37 
8 510 I860 0,123 228,7 2,46 13,62 242,4 -
h 1440 1840 0,119 219,0 2,38 16,08 235.1 0,54 

Volume of solution sample V„ 
Volume of fws resin IV, 

= 20ml 
10 ml 

Calculation of the total UiO» in the system (6") 

0" - y' |44l)*l / l .s+H|44n 
0,54 x 10 • 235,1 

- 240,5 mg 
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APPENDIX II 

SUPPORT PROCEDURES 

A glossary of the symbols used is given in Appendix V 

A. METHOD SPR1: VOLUME OF FREE WET-SETTLED RESIN 
1. Outline 

The resin sample is poured into a measuring cylinder of approximately the desired capacity. The cylinder 
is turned jpside down and then gently placed on a level surface. The resin beads are allowed to settle a.id 
a reading is taken. After this procedure has been repeated three times, the average value is recorded. 

A set of measuring cylinders should be kept solely for this purpose. 

2. Apparatus 

Measuring cylinders (5ml, 10ml, 25nl, 50ml). 

3. Procedure 

(i) Select a cylinder that is closest to the desired capacity. 
(ii) Pour a slurry of resin into the cylinder and completely fill the cylinder with deionized water, 

(iii) Stopper the end of the cylinder and invert it until all the resin settles, 
(iv) Carefully return the cylinder to an upright position and place it gently on a leve' rurface. 
(v) Read the resin volume 1 minute after the resin has settled, 

(vi) Should the cylinder be disturbed in any way during the settling period, repeat steps (iii), (iv), 
and (v). 

/Vii) Repeat steps (iii) to (v) twice more, and take an average of the three volume readings, 
(viii) If the volume of resin that is measured is greater than the desired volume, the cylinder is inverted 

and a small quantity of resin is allowed to escape. If the volume of resin that is measured is 
less than the desired volume, the stock resin is agitated and a spatula is used to take a representative 
sample for addition to the measuring cylinder. This process is repeated until the correct volume 
is obtained. 

B. METHOD SPR2: MASS OF BLOTTED RESIN 

1. Outline 
A sample of resin is placed in a Buchner funnel and a vacuum is applied. The resin is then removed 

and blotted until it becomes free-rolling on absorbent paper, after which it is transferred to a tared beaker 
and weighed. 

2. Apparatus 
Buchner funnel (7 cm) 
Buchner flask (250 ml) 
Filter paper (Whatman No. 41, 7 cm) 
Absorbent paper (Kleenex wiper roll) 
Beaker (50ml) 
Analytical balance (accurate to 0,1 mg). 

3. Procedure 
(i) Transfer approximately 20ml of resin to a Buchner funnel containing filler paper, 

(ii) Rinse ;he sample well with deionized water, 
(iii) By applying vacuum, filter the resin for approximately 3 minutes, 
(iv) Blot the resin dry on absorbent paper until the resin becomes free-rolling, but not absolutely dry. 
(v) Immediately transfer the resin to a tared beaker or weighing-bottle. Weigh the beaker plus (he 

blotted resin, 
(vi) The mass of blotted resin is determined by the difference between the two masses. 
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C. METHOD SPR3: MASS OF DRIED RESIN 
1. Outline 

The resin sample is transferred to a tared beaker, and the excess water is removed. The resin is then 
dried overnight in an oven and, after cooling, it is weighed. The mass of the dried resin is obtained by 
subtraction of the mass of the beaker. 
2. Apparatus 

Beaker (50 ml) 
Analytical balance (accurate to 0,1 mg) 
Thermostatically controlled drying oven. 

3. Procedure 
(i) Transfer the resin to a tared beaker. Carefully decant any excess water, 

(ii) Dry the resin in an oven at 110±5°C for 16 hours, 
(iii) Cool the resin in a desiccator and weigh, 
(iv) Calculate the mass of the dried resin by finding the difference between the two masses. 

D. METHOD SPR4: PRECONDITIONING OF RESIN 
1. Outline 

The resin sample is soaked in deionized water, contacted with 1 M H:S0 4 (SPSl) in a rolling bottle 
to remove chlorides, contacted with a fresh batch of I M H;>S04, and then contacted with 1 M NaOH (SPS4). 
This process is repeated twice, the second repetition stopping before the hydroxide contact. 

2. Apparatus 

Set of mechanically driven rollers 
Volumetric flask (500 ml) 
Round stoppered bottle (5000 ml) 
Measuring cylinder (350ml) 
Plastic mesh sieve (s320/*m apertures) 
Analytical balance (accurate to 0,1 mg). 

3. Procedure 
(i) Measure out approximately 200 ml of fresh resin and soak it in about 2000 ml of deionized water 

for 1 hour or longer, 
(ii) Decant the water, transfer the resin to the 5000 ml bottle, and drain any excess water from the 

resin. To prevent the loss of file resin particles during decantation, aí'ow the solution to escape 
through the plastic mesh sieve and retain the resin, which can easily be returned to the bottle. 
Add approximately 4700ml of I M H 2 S0 4 solution (SPSl), stopper the bottle 'veil, and roll for 
2 hours, 

(iii) Pour the acid and resin onto a fine-mesh sieve, and wash the retained resin with deionized water 
until the effluent is free of chlorides. Do this by acidifying approximately 50 ml of effluent with 
one drop of I M H 2 S0 4 (SPSl) and then adding 3 drops of silver nitrate solution (SPS6). A 
white precipitate of AgCI is produced in the presence of chlorides. Wash the bottle thoroughly, 

(iv) Return the resin to the bottle and roll in 4700ml of I M H 2 S0 4 (SPSl) solution. Roll for 
approximately 16 hours, 

(v) Pour the acid and resin onto a fine mesh sieve, and wash the retained resin with deionized water 
until the effluent reaches a pH value of between 3 and 4 (about 20 minutes) or becomes neutral 
to phenolphlhalein. A colourless solution is produced by the addition of phenolphfhalcin to 
a sample of the effluent. Wash the bottle thoroughly, 

(vi) Return the rrsin to the bottle, drain off the excess water, and add 4700ml of 1 M NaOH (SPS4). 
Roll the bottle for a minimum of 6 hours, 

(vii) Pour the hydroxide solution and resin onto a fine-mesh sieve and wash the resin until the effluent 
reaches a pH value of 8 to 9 or becomes neutral to phenolphthalein (SPS10). Wash the boítlc 
thoroughly. 
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(viii) Transfer the resin to the bottle and repeat steps (ii) to (vii). 
(ix) Repeat steps (ii) to (v). 
(x) Store the resin under deionized water in a sealed container. 

E. METHOD SPR5: PREPARATION OF RESIN FOR ANALYSIS 

1. Outline 
A measured quantity of free wet-settled (fws) resin is dried and weighed. The ratio of mass to volume 

is calculated to provide a factor that can be used to convert the mass-based analytical result to a volume-
based result. 

2. Apparatus 
As indicated in the relevant supporting procedures. 

3. Procedure 

(i) Measure the volume of fws resin (SPRI). 
(ii) Determine the dried mass of this resin (SPR3). 

(iii) Calculate the factor to be used for the conversion of percentage UJOJ to grams of UiO» per litre 
fws resin. 

4. Calculation 
Conversion /actor 

where K = Conversion factor 
Mdr = Mass of dried resin (g) 
Vtws = Volume of fws resin (ml). 

To convert °'o UjO» to (g U,Og)/l: 

Y =KxYA, 

where K = Conversion factor 
y A = Analysed UjO» on resin (°!o) 
Y = UjO» on resin (g/l). 

F. METHOD SPS1: PREPARATION OF STANDARD SOLUTION 1 M H,S04 

1. Apparatus 

Volumetric flasks (100ml, 250ml, 2000ml, 5000ml) 
Plastic beakers (2000ml, 5000ml) 
Graduated pipette (25 ml). 

2. Procedure 
This sulphuric acid solution is used both for the preconditioning of resin (SPK4) and the elution of 

resin (RSC4) For the former procedure, 5000 ml of solution arc prepared, while the latter requires 2000 ml 
of solution. In the instructions that follow, the quantities relating to each situation arc separated by a solidus. 

(i) Carefully add 271,8/108,7ml of 98°/o sulphuric acid to approximately 4000/1500ml of dcioni/ed 
water in a plastic beaker and allow the solution to cool, 

(ii) Transfer the solution to a 5000/20OOml volumetric flask and dilute it with dcioni/cd water to exactly 
5000/2000ml (IM H 2S0 4). 
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G. METHOD SPS2: PREPARATION OF STANDARD SOLUTIONS 1 M HCI AND 0,1 M HCl 
1. Apparatus 

Analytical balance (accurate to within 0,1 mg) 
Volumetric flasks (100 ml, 1000 ml) 
Pipette (A grade. 10 ml). 

2. Procedure 
(i) Dilute I80,l9g of HCI (22,22^.) to 1000ml (I M HCI). 

(i:) Standardize the acid according to the method described by Vogel*. 
(iii) Dilute 10 ml of I M HCI to 100 ml with deionized water (0,1 M HCI). 

H. METHOD SPS3: PREPARATION OF STANDARD SOLUTIONS 2M NaOH AND 1 M NaOH 

1. Apparatus 

Volumetric flasks (100 ml, two of 2000 ml) 
Pipette (A grade, 50ml) 
Analytical balance (accurate to within 0,1 mg) 
Beaker (5000 ml). 

2. Procedure 
(i) Dissolve 160g of NaOH in approximately 1800ml of deionized water and allow to cool. 
(ii) Dilute to exactly 2000ml <2M NaOH). 

(iii) Repeat steps (i) and (ii), and then mix the two solutions in a beaker. 
(iv) Pipette 50ml of this solution into the 100ml volumetric flask and dilute to exactly 100ml (1 M 

NaOH). 
(v) Standardize this solution (I M NaOH) against the 1 M HCI solution (SPS2). 

I. METHOD SPS4: PREPARATION OF STANDARD SOLUTION 1% AgN03 

1. Apparatus 
Volumetric flask (100 ml) 
Analytical balance (accurate to within 0,1 mg). 

2. Procedure 
Dissolve I s of AgNO, in approximately 80ml of deionized water and dilute to exactly 100ml. 

J. METHOD SPS5: PREPARATION OF STANDARD SOLUTION 50g/l U 30 8 

1. Apparatus 

Volumetric flask (1000 ml) 
Analytical balance (accurate to within 0,1 mg). 

2. Procedure 
Dissolve 76,431 g of U02SO.,-3;H20 in approximately 900ml of dcioni/ed water, and dilute to exactly 

1000ml. Store the solution in a dark bottle. 

K. METHOD SPS6: PREPARATION OF STANDARD EQUILIBRIUM BASE SOLUTION 
1. Apparatus 

Volumetric flask (5000 ml) 
Analytical balance (accurate to within 0,1 mg) 
Beaker (5000ml). 

* Vugel, A.f. A texlhook of praittcalinorganic chemistry, inclutiwt elementary instrumentalanalysis, lrd edition. I ondon, Longmans, 
I ""ft. p . 2.16. 
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2. Procedure 
(i) Adjust the pH value of 4000ml of deionized water to approximately 2.5. 
(ii) Add 57.5g of Fe 2<S0 4)rxH 20 and dissolve, 

(iii) Add I45.0g oi AI>(S04), 16H>0 and dissolve, 
(iv) Dilute the solution to approximately 4950ml. and adjust thepH value of this solution to 1.80 ±0.1. 
(v) Transfer this solution to the volumetric flask and dilute to exactly 5,0 litres. 

This solution should be freshly prepared before use. If it is allowed to stand overnight, the pH value 
must be rechecked and. if necessary, readjusted. 

L. METHOD SPS7: PREPARATION OF STANDARD PREGNANT SOLUTION 
1. Apparatus 

Volumetric flasks (100ml, 2000ml) 
Analytical balance (accurate to within 0,1 mg) 
Measuring cylinders (10 ml, 20ml). 

2. Proceduf-
(i) Adjust thepH value of approximately 1800 ml of deionized water to about 2 with sulphuric acid, 
(ii) Add 23.0g of Fe^SO*), xHzO and dissolve, 

(iii) Add 58,0g of AI 2(S0 4)r !6HjO and dissolve. 
(iv> For the loading-rate procedure (RSC3), add 8,0ml of 50g/l UiO» solution (SPS7). For the 

preloading in the elution rate procedure (RSC4), add 12,0ml of 50g/l U»0» solution (SPS7). 
(v) Adjust to pH 1,8, and dilute to exactly 2000 ml. 

M. METHOD SPS8: PREPARATION OF STANDARD PHENOLPHTHALEIN INDICATOR 

1. Apparatus 

Measuring cylinder (100 ml) 
Analytical balance (accurate to within 0,1 mg) 
Beaker (500 ml). 

2. Procedure 
(i) Measure 100ml of A.R.-grade methanol into the beaker. 
(ii) Add I g of the indicator and dissolve. 

(iii) Measure and add 100 ml of deionized water with constant stirring, 
(iv) Filter if a precipitate forms. 

N. METHOD SPS9: PREPARATION OF STANDARD METHYL RED INDICATOR 

1. Apparatus 

Volumetric flask (100ml) 
Beaker (100 ml) 
Analytical balance (accurate to within 0,1 mg) 
Measuring cylinder (100ml). 

2. Procedure 
(i) Measure 60ml of A.R.-grade methanol into the beaker, 

(ii) Add 0,1 g of the indicator and dissolve, 
(iii) Transfer to the volumetric flask and dilute to exactly 100 ml. 
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APPENDIX III 

THE SPECTROPHOTOMETRIC DETERMINATION OF TOTAL URANIUM IN SILICATE ORES AND LEACH 
LIQUORS BY USE OF BROMO-PADAP 

{NIM Report no. 1840 by E.B.T. Cook and B.J. Shelton. 26th July. 1976). 

1. OUTLINE OF THE METHOD 

The sample is digested with a mixture of hydrofluoric, nitric, and perchloric acids in a platinum dish. 
After most of the perchloric acid has been volatilized, the salts are dissolved in nitric acid and separated 
from the undecomposed sample by filtration. The paper containing the residual sample is ignited in platinum, 
the residue is fused with sodium fluoroborate, and the mcit is leached in the filtrate from the acid digestion. 
The uranium is extracted from the nitric acid solution into a solution of trioctylphosphine oxide (TOPO) 
in cyclohexane. and determined spectrophotometrically on an aliquot portion of the extract by the use of 
2-(5-bromo-2-pyridylazo)-5-diethylaminophenol (bromo-PADAP). The sensitivity of this procedure is about 
twice as high as that of the method based on PADAP, and it is reported that the tolerance to other cations 
is also greater'. Bromo-PADAP is more readily prepared and purified than PADAP. The method is adapted 
from published procedures12. 

2. APPLICATION OF THE METHOD 

The method is applicable to the determination of uranium in silicate materials in the range 4 to 
4000p.p.m. of UjO*. The coefficient of variation of the method is 5,7 per cent at 30p.p.m. of UjO». Johnson 
and Florence1 report no interference from 20 mg of the following during the determination of 100 fig of 
uranium: Al. As5 \ Au' \ Ce4 \ Cr' *, Fe' *. Mo* *. Nd, Pt4 *. Sb' *. Sn4 *, Th, Ti4 *, and V5 *. lit, 
to 500mg of SOÍ", POÍ , or CI" are reported to have no effect on the extraction of uranium, but, because 
SO« ~ and CI ~ enhance the extraction of certain impurities, it is preferable if these two anions are absent. 
It is reported that, when the amount of ascorbic acid added during extraction is increased to 10ml of a 
10 per cent solution, 500mg of Fe' * and 200mg of V' * have no effect on the determination of uranium. 
Zr4* should not be present in amounts larger than lOmg, and a modified procedure' or a fluorimetric 
method4 should be used when this amount is exceeded. 

3. APPARATUS 
(1) Separating Funnels 

Pyrex glass with plastic stoppers and Teflon taps of 100ml capacity. 
(2) Beakers and Volumetric Flasks 

Pyrex glass. Clean with a mixture of equal parts of sulphuric and nmic acids. 

4. REAGENTS 
(1) Standard U,Ot Solution 

Dry Specpure UiO» for I hour at II0°C. Transfer to a desiccator and cool. Transfer 0,5g 
(±0,0001 g) to a 400ml Phillips beaker and dissolve it in 50 per cent (v/v) nitric acid solution 
by gentle heating. Evaporate the solution until jusi moist. Dissolve the residue in water by gentle 
heating, cool, and dilute to 500ml. 
I ml» I mg of UiO». 
Dilute 10ml of this solution to I litre. 
I ml» 10j*g of UjO». 

(2) Sodium Fluoride Solution, 20 r/I 
Dissolve 2g of the salt in water and dilute lo 100ml. 

(3) Ascorbic Acid, SOg/l 
Dissolve 5g of the reagent in water and dilute to 100ml. Prepare afresh each day. 

(4) Trioctylphosphine Oxide (TOPO), 0,1 M. 
Dissolve I9,3g of TOPO in 250ml of cyclohexane. Transfer the solution 10 a 500ml volumetric 
flask and dilute to volume with cyclohexane. 
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(5) Nitric Acid 
Relative density 1,40. 

m Nitric Acid. 5M 
Add 200ml of A. R.-grade nitric acid (relative density 1,40) to 400ml of water, and cool. 

(7) Ethanoi, Aerosol Brand 
(8) 2-(5-bromo-2-pyridylazo)-5-diethylantinophenol (Bromo-PADAP), 0.05 per cent Solution 

Dissolve 0,05 g of Mercks reagent (or prepare reagent according to Laboratory Preparation no. 
85) in 100 ml of ethanoi. 

(9) Completing Solution 
Su'->end 12,5g of (1,2-cyclohexylene-dinitrilo) tetraacetic aciú (CDTA), 2,5 g of sodium fluoride, 
and 32,5 g of sulphosalicylic acid in 800 ml of water. Adjust the pH value to about 7,5 by the 
addition of 50 per cent sodium hydroxide solution. Cool to room temperature and adjust the 
pH value to 8,35. Dilute to I litre and check the pH value. If necessary, readjust to a pH value 
of 8,35. 

(10) Buffer Solution 
Transfer !49gof triethanolamine to a 1-lit re beaker. Add 800 ml of water, mix, and use perchloric 
acid to adjust the pH value of the solution to 8,35. Dilute to I litre, and readjust the pH value 
if necessary. 

(11) Sodium Fluoroborate 
BDH laboratory reagent. 

5. AMOUNT OF SAMPLE 

The amounts of sample required are gi'en in Tables III—1 and III—2 (Note I). 

TABLE III—1 

Amount of sample (solids) 

Additional 5 M nitric 
Est. Mass of Aliquot acid to be added for 
v,o, sample Dilution portion Cell extraction 

p.p.m. g ml ml cm ml 

4 m 20 2 - - 5 Nil 
20 IO 80 1 - - 2 Nil 
ROlo 360 0.5 - - 1 Nil 

360 to 1800 0.5 100 25 1 22.5 
1800 to 4000 0.5 100 10 1 27 

TABLE III-2 

Amount of sample (aqueous solutions) 

r i s , Vol. of 
U.O, sample (ell 

p.p.m. ml cm 

0.2 to 1,0 40 ? 
1.0 to 4.0 10 J 
4,0 to 20,0 10 1 

20.0 to 40,0 < 1 
40,0 to IDO.O 2 1 
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6. PROCEDURE 
6.1. Dissolution of Solids 
6.1.1. Total Uranium 

a. Transfer the required mass of sample to a clean platinum basin (Note 2). 
b. Add 5 to 15 ml of hydrofluoric acid (for 0,5 to 2,0g samples) and 5 ml of nitric acid, and evaporate 

to dryness. 
c. Repeat the evaporation with similar volumes of th< se acids together with 5 ml of perchloric acid, 

and heat until only traces of perchloric acid fumes are evident. 
d. Add 30ml of 5M nitric acid, and heat until the salts are dissolved. 
e. Filter the solution through a 12,5 cm no. 541 Whatman filter pap r̂ into a 250ml beaker (Note 3), 

and wash six times with water. 
f. If no residue is evident on the paper, proceed direr! to the extraction step described in Section 6.3. 

If a residue remains, ignite the paper in a platinum crucible (Note 3), add l,0g of sodium 
fluoroborate, and fuse over a bunsen burner. 

g. Cool, and add 5 ml of hydrofluoric acid to dissolve the salts, and then evaporate to dryness (Note 4). 
h. Transfer the crucible to the beaker containing the original filtrate, and boil until the salts in the 

crucible have dissolved, 
i. Remove the crucible and wash it. 
j . Cool the solution and transfer it, either direct to the extraction funnel or to a 100ml volui .ctric 

flask (see Table III—1.> In the latter instance dilute to volume with water, mix, and transfer the 
required aliquot portion, together with the required volume of 5 M nitric acid (also specified), to 
the extraction funnel, 

k. In all cases, dilute to 75 ml. 

6.1.2. Acid-soluble Uranium 

a. Transfer the required mass of sample to a 250ml beaker. 
b. Add 50 ml of 50 per cent (v/v) nitric acid solution, cover the beaker with a cover-glass, and boil 

gently for one hour. 
c. Add 2 ml of perchloric acid, heat to fumes of perchloric acid, and reduce the volume to less than 

I ml. 
d. Add 30 ml of 5M nitric acid, and boil for 15 minutes. 
e. Filter the hot solution through a 12,5cm no. 541 Whatman filter paper into a 100ml separating 

funnel, or, if a dilution is specified in Table III-1, into a 100ml volumetric flask. 
f. Wash the residue five times with 1 per cent (v/v) nitric acid. 
g. Dilute with water to 75 ml in the extraction funnel, or to volume in the specified volumetric flask. 

In the latter instance, transfer the required aliquot portion to an extraction funnel, add the specified 
volume of 5M nitric acid, and dilute to 75 ml with water. 

6.2. Preparation of Aqueous Solutions 
a. Transfer the appropriate volume of sample (see Table JII-2) to an extraction funnel (Note 5). 
b. If the sample is acid or alkaline, neutralize with 50 per cent sodium hycroxidc solution or nitric 

acid (relative density 1,40). 
c. Add 10ml of nitric acid (relative density 1,40), and dilute to 75ml. 

6.3. Liquid-Liquid Extraction and Spectrophotometric Procedure 
a. Prepare a solution to serve as a blank by transferring 30ml of 5 M nitric acid to an extraction 

funnel and diluting to 75 ml. 
b. Add 5 ml of 2 per cent sodium fluoride solution and 2 ml of freshly prepared 5 per cent ascorbic 

acid solution, and mix. 
c. With an A-grade pipette, add 5,00ml of 0,1 M TOPO solution, and shake for 1 minute. 
d. Allow the phases to separate for 5 minutes, and discard the aqueous phate. 
e. Stopper the funnel, shake to allow residual aqueous solution (o become entrained, and allow Jo 

separate for 30 minutes. 
f. Discard the aqueous layer together with a drop of the organic phase. 

29 



TESTING OF STRONG-BASE ION-EXCHANGE RESINS 

g. Draw a small volume of the TOPO solution into the lower stem of an A-grade 2 ml pipette, 
h. Rinse the pipette with this solution and discard the solution. 
i. Transfer 2 ml of the TOPO solution to a well-drained 25 ml volumetric flask. 
j . Add 1,0ml of completing solution, 4,00ml of 0.05 per cent bromo-PADAP solution, and 1,0ml 

of buffer solution, in that order, mixing thoroughly after each addition, 
k. Stopper the flask, and allow it to stand for 10 minutes. 
I. Add 16,0ml of ethanol, dilute to volume with water, and mix. 

m. Measure the absorbance of the solution against the extracted blank at 574 nm in 1, 2, or 5 cm ceils, 
n. Determine the uranium in the samples from a calibration graph. 

6.4 Calibration 

a. Transfer 30ml of 5 M nitric acid to each of four 100ml separate ë funnels. 
b. Depending on the cell size to be used for the absorbance measurements, add the following aliquot 

portions of dilute uranium solution (I ml of solution contains 10fig o f ' J,Oi) in sequence to the 
separating funnels: 

Cell size, cm Aliquot portion, ml 
5 1,0 2,0 3.0 4.0 
2 2.0 5.0 7,0 10.0 
I 4.0 8.0 15.0 20.0 

c. Dilute all the solutions to 75 ml, stopper th<> funnel, and mix. 
d. Proceed as described in Section 6.3. 
e. On squared paper, draw a calibration graph of absorbance versus uranium concentration. 

7. CALCULATION 

7.1. Solids 

Let X=ViO* in aliquot portion taken for extraction (pg) 
D= Dilute factor 

= Volume of sample solution (ml) volume of aliquot portion 
taken for extraction (ml) 

M= Mass of sample (g). 

Then, concentration of UjO» in sample = (Xx D)/Mp.p.m. 

7.2. Solutions 

Let X=V)}0» in aliquot portion taken for extraction (jig) 
V = Volume of sample taken for extraction (ml). 

Then, concentration of UjO* in sample = AV^p.p.m. 

8. NOTES 

(1) Provided that the residual material for the sodium fluoroborate fusion (see Section 6.1.1) is less 
than 0,2g, the amount of sample can be increased and the limit of determination extended. For 
acid-soluble uranium and aqueous solutions, th: amount of sample ;an also be increased. In all 
cases, care must be exercised so that the tolerance to interferences (see Section 2) is not exceeded. 

(2) All platinum ware must be cleaned by fusion with potassium pyrosulphale in such a way that the 
melt is in contact with the sides, as well as the bottom, of the container. After discarding the major 
portion of the melt, leach the dishes in boiling 10 per cent (v/v) nitric acid, and wash with water. 
Glassware should be cleaned with hot 10 per cent (v/v) nitric acid. 

(3) Where the amount of uranium in the residue is considered negligible, it can be discarded and the 
fusion step omitted. However, dissolution of the residue is essential where total uranium is required. 

(4) I oss of fluoride from the fluoroborate occurs when the silicon reacts with the flux1. Subsequently, 
during the extraction step, the fluoride added to prevent extraction of zirconium is consumed by 
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the sodium metaborate formed during the fusion. By heating of the fused material in the crucible 
with hydrofluoric acid, the metaborate is reconverted to fluoroboratc. and the excess hydrofluoric 
acid is then removed by evaporation. 

(5) If organic solvents are present in the solution to be analysed, the aliquot portion taken for analysis 
should first be subjected to wet oxidation with a mixture of nitric and perchloric acids. 

9. REFERENCES 
1. JOHNSON. D.A.. and FLORENCE. T.M. Specirophotomctri>: determination of uraniurmvi» with 

2-(5-bromo-2-pyridylazo>-5-diethylaminophenol. Analyt. C um. Acta, vol. 53. 1971. pp. 73-79. 
2. COOK. E.B.T.. GEREGHTV. A., and STEEIE. T.W. The use of 2-(2-pyridylazo)-5-

diethylaminophenol as a spectrophotometric reagent Tor the determination of uranium. 
Johannesburg. National Institute for Metallurgy. Report no. 1145. Jan. 1971. 

3. SHEI TON. B.J. The determination of uranium in zirconium metal, zirconium-bearing slags and 
baddctevite. Johannesburg. National Institute for Metallurgy. NIM Laboratory Method no. 92 67. 
13th May. 1974. (Unpublished.) 

4. SHEI TON. B.J. The fluorimetric dctcnnination of uranium in zirconium metal, zirconium base 
alloys and zirconium oxide. Johannesburg. National Institute for Metallurgy. Laboratory Method 
nc. 92/68. 13th May. 1974. (Unpublished.) 

5. COOK. E.B.T. The preparation of bromo-PADAP-2-(5-bromo-2-pyrklylazo)-5-dieihylamino-
pheno>. Johannesburg, National Institute for Metallurgy. Laboratory-preparation no. 8. May. 1974. 
(Unpublished.) 
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APPENDIX IV 

THE VOLUMETRIC DETERMINATION OF URANIUM ON RESINS LOADED ABOVE 0.5% U,0, 

by 

B.J SHELTON 
Mintefc Laboratory Method No. 9284. (Unpublished) 

1. OUTLINE OF THE METHOD 

The resin is dried, ignited, and dissolved in mixed acids, and then taken to furces with sulphuric acid. 
Any undissolved sample is fused with sodium carbonate, the melt is acidified, and the resulting solution 
is combined with the main sample solution. Phosphoric acid is added, and the U* * is reduced to U* * by 
the addition of an excess of ferrous sulphate, which is selectively oxidised with nitric acid containing 
motybdaie as a catalyst. The reduced uranium is titrated with standard potassium dichromate solution, 
sodium diphcnylamine sulphonate being used as indicator in the presence of vanadyl ion to sharpen the 
end-point. The method was adapted from a published procedure1. 

2. APPLICATION OF THE METHOD 

The method, as presented, is applicable to resin samples that have a uranium content of between I 
and 12 per cent. 

The method has a relative standard deviation of 0.01 ai a uranium concentration of 4 per cent and 
an accuracy of 99.5 per cent. Positive interference from vanadium (more than 7.5mg at a uranium 
concentration of 150mg) and negative interference from manganese (more than 20mg at the same uranium 
concentration) are both overcome if the concentration of nitric acid is increased'. 

Interference from molybdenum (more than 25 mg at I50mg of uranium) is eliminated if the sample 
is lightly fumed with sulphuric acid to reduce the nitric acid content. This step also eliminates chloride, 
bromide, and iodide'. 

Silver (more than 3mg at I50mg of uranium) and tin (more than 20mg at the same concentration 
of uranium) interfer- but are very rarely present in uranium sample . 

3. REAGENTS 

/. Sulphmmk Acid Solution. 1.5 M 
Dissolve 29.IOg of sulphamic acid in water and dilute to 200ml. 

2. Nitric Acid 8M. Sulphamk Acid 0.15 M. Ammonium Molyhdmte 0.4*» 
Dissolve 4.0g of ammonium molybdate [(NH4)* Mo-O.v, 4H>0| in 400ml of water. Add 500ml 
of nitric acid (relative density 1,40). and mix. Add 100ml of 1.5 M sulphamic acid solution and mix. 

3. Sulphuric Acid. IM 
Dilute 11,0ml of sulphuric acid (relative density 1,84) to 200ml. 

4. Ortho-phosphoric Acid, S5"» 
5. Vanadyl Sulphate Solution. 0,05 M 

Dissolve 3.log of VOSO 5H 2 0 in water and dilute to 250ml. 
h. Dipftenvlamine Sulphonate Disodium Salt, 0.04*» 

Dissolve 0,04g of the reagent in 100ml of water. 
7. Ferrous Sulphate Solution. IM 

Add. with stirring, 50ml of sulphuric acid (rclat've density 1.84) to 375 ml of water. Add I40g of 
ferrous sulphate (FcSO«-7HjO) a*id stir until dissolved. Cool. Dilute to 500ml volumcirically and 
mix. 

9. Standard Uranium Solution, Imlm2mt of 1,0, in 1% it,SO, 
Dissolve 200mg of pure ignited UiO» in 2 to 3ml of nitric acid (relative density 1,40). Add 2ml 
of 1:1 sulphuric acid, and heat to fumes. Cool. Dissolve in water by warming. Cool. Transfer !o 
a 100ml volumetric flask, dilute to volume, and mix. 
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ft. Poussutm Dichrommte Solution, 9,025 N 
Dry Mercks' primary standard reagent for I hour at 120 °C. Cool in a desiccator. Dissolve 1,2258 g 
of the reagent in water and dilute to Í litre volumetrically. Standardize against pure UjOi carried 
through the procedure from step h of Section 5.2 onwards. 

lml = 2.975mgof U, or 
iml = 3.508mgof UsO». 

4. AMOUNT OF SAMPLE 

The amount of sample required, the dilutions necessary, and the acid to be added for analysis are 
shown in Table IV-1. 

TABLE IV-1 

Requirements for a sample of Ig 

0:1) Mdpbwk acid 
EshmKd UiO, Dilution Aliqvot ponton lo be added 

% ml ml ml 

1-3 50 Take all Nil 
3-* 50 30 J 
7-12 50 10 4 

5. PROCEDURE 
5.1. Preparation of Sample 

(a) Dry the resin sample in an oven at 110 *C for 24 hours, and store in a closed weighing bottle kept 
in a desiccator (Note I). 

(b) Transfer I g of dried sample into a platinum dish. Cover the dish with aluminium foil and place 
in a cold muffle furnace (Note 2). 

(c) Raise the temperature of the furnace to 400 "C over a period of I hour, and maintain that 
temperature for I hour. 

(d) Remove the aluminium foil, raise the temperature of the furnace to 850 "C, and maintain it at 
that temperature for I hour. 

52. Dissolution of Sample 
(a) Add 5 ml of hydrofluoric acid, 5 ml of nitric acid, and 5 ml of (1:1) sulphuric acid to the ignited 

resin in the platinum dish. 
(b) Heat gently and evaporate to light fumes of sulphur trioxide. Cool. 
(c) Rinse the sides of the crucible with a jet of water and again evaporate the solution to fumes of 

sulphur trioxide. Fume strongly for I minute. 
(d) Add 15 ml of water, and warm the solution gently to dissolve the soluble salts. 
(e) Filter off any residue through a No. 42 Watman filter paper (11 cm) and wash the paper and residue 

well with water. Retain the filtrate. 
(0 Transfer the paper and residue to a platinum crucible and ignite at 600 "C in a muffle furnace, 
(g) Fuse the residue in the crucible with 0,5 g of anhydrous sodium carbonate. Leach the melt in the 

crucible with 10 ml of water and make just arid with a few drops of (1:1) sulphuric acid. When 
the melt has dissolved, combine this solution with the solution retained in step (e) and dilute to 
50ml in a volumetric flask, 

(h) Transfer the required aliquot portion (Table IV-1) of the solution to a 500 ml Phillips beaker, add 
the required amount of (I: I) sulphuric acid solution (Table IV-1), and evaporate to fumes of sulphur 
trioxide. Cool, 

(i) Add 12ml of water and proceed as described in Section 5.3. 
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5.3. Basic Procedure for Volumetric Determination 
(a) Add the following in the order given and mix after each addition: 

(i) 5 ml of 1,5 M sulphamkr acid 
(ii) 40 ml of 85*» O-phosphoric acid 

(iii) 5 ml (by pipette) of 1 M ferrous sulphate solution. 
(b) Allow to stand for 30 seconds and then add 10 ml of nitric acid-sulphamic acid-molybdate solution 

(2 of Section 3). 
(c) Wait for the dark colour to dissipate (about 60 seconds) and allow ti e solution to stand for 3 minutes 

after it has become colourless. 
(d) Then add the following: 

(i) 100 ml of IM sulphuric acid 
(ii) 10 ml of vanadyl sulphate solution 

(iii) 2 ml of 0.04% diphenylamine sulphonate solution. 
(e) Using a microburette. titrate immediately with 0.025 M potassium dichromate solution to a violet 

colour that remains for at least 30 seconds. 

6. CALCULATION 

KxaxlOO 
%U,Ot = lOOOxAT ' 

where V is the volume of titrant 
M is the mass of sample in the aliquot portion taken 
a is the milligram equivalence for UjO, of the K :Cr;0- as determined from the pure UjOg (Section 

3.9). 

7. NOTES 

1. Since resins absorb moisture fairly rapidly, they must be weighed as soon and as quickly as possible 
after drying. 

2. Resins in the form of beads are inclined to move about when ignited. It is therefore essential that 
the beads should be covered to prevent mechanical loss of the resin in the initial ignition phase 
at 400 "C. 

8. REFERENCE 
I. EBERI.F.. A.R.. LERNER. M.W., GOLDBECK, C.G.. and RODDEN. C.J. Tiirimetric determination 

of uranium in product, fuel and scrap materials after ferrous ion reduction in phosphoric acid. 
New Jersey. United Staies Atomic Energy Commission, New Brunswick Laboratory. Jul., 1970. 
42 pp. 

u 



TESTING OF STRONG-BASE ION-EX A 

APPENDIX V 

GLOSSARY OF SYMBOLS USED IN EQUATICNS 

A/p Mass of pycnometer g 
A/pb Mass of pycnometer plus blotted resin g 
Afpbw Mass of pycnometer plus blotted resin plus water g 
A/p, Mass of pycnometer plus water g 
A/dr Mass of dried resin g 
A/br Mass of Wotted resin g 
^fws Volume of fws resin ml 
KHCI Titre of HC1 ml 
^NaOH Titre of NaOH ml 
y> Volume of bulk solution ml 
v» Volume of sample solution ml 
Y* Equilibrium concentration of U 3 0 8 on resin g UjCVI 
Y Concentration of UiO» on resin g UjOn/l 
Y,^ Analysed concentration of Uj0 8 on resin % U 3 0 8 

X Concentration of U3Og in solution g/1 UjO* 
Xi Concentration of initial solution g/1 UjOg 
x T 

Cncentration of final solution g/1 UjOs 
C,b Strong-base capacity meq/ml 
Cwb Weak-base capacity meq/ml 
c, c 

Total theoretical capacity meq/ml 
T Time minutes 
K Conversion factor, mass to volume of fws resin 
F, Size fractio i as volumet.ic percentage : of the total % 
fws Free wet-settled resin 


