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AMP and Ambersep 920 IRA anion exchange resins for recovery 
of uranium from productive solution

Abstract: In the process of uranium production, one of the most important stages affecting the completeness 
of uranium extraction from productive solutions is the sorption stage. In order to study the effectiveness of 
ion exchange resins under dynamic conditions, sorption and desorption characteristics of anion exchangers, 
which used for recovery of uranium from sulfuric acid production solutions were studied.
In laboratory conditions, sorption and desorption of uranium from productive solution on anion exchange 
resins of the brands Ambersep 920 IRA and AMP were carried out. During the research work, sorption 
and desorption characteristics were studied, as well as sorption capacity of the resins. Despite the fact 
that dynamic exchange capacities of the resins are equal, the sorption characteristics are different. The 
concentration of uranium in the desorption eluate for Ambersep 920 IRA and AMP was 856.00 and 268.00 
mg/l, respectively, which is 5 and 1.5 times higher than the initial concentration of uranium in the productive 
solution. The most efficient anion exchanger, Ambersep 920 IRA, has been identified, which has good 
sorption and desorption characteristics compare to AMP. 
Key words: uranium industry, ion exchange resins, underground leaching, sorption – desorption of uranium. 

Introduction 

In contemporary world, the need of electricity is 
growing every year. These days many countries are 
view nuclear power as acceptable. According to the 
IAEA, annual report [1] 447 nuclear power reactors 
are in operation nowadays. In nearest future 60 more 
reactors will be built in 15 countries. The global ca-
pacity of nuclear power plants will grow by 42% in 
2030, by 83% in 2040 and by 123% in 2050, as com-
pared to the level of 2016. The increases of nuclear 
power plants in the world lead to produce significant 
amount of nuclear fuel.

For present time, uranium is still recognized as a 
leading fission material. It is most often considered 
as the irreplaceable raw material for nuclear industry 
[2] and demand for uranium is expected to continue 
to rise in the near future [3].

Better separation of uranium from ores is one 
of the leading tasks nowadays. One of the most es-
sential stages in the processing of uranium ore is its 
sorption on ion-exchange resins. The ion-exchange 
resin plays an important role for the production of 
uranium. Today the market of ion-exchange resins is 
represented by a wide range of resins. The selection 
of ion-exchange resin which have the high sorption 

and desorption, as well as kinetic characteristics is an 
urgent task for ensuring the maximum performance 
of this technological process. The sorption of ura-
nium from sulphuric acid solutions by strongly basic 
anion exchange resin is widely described in literature 
[4-6]. Strongly basic anionic exchangers were often 
utilized in uranium industry and are even recognized 
as the most suitable ion exchangers for uranium re-
covery [7].

In this study we examined the sorption and de-
sorption characteristic of two brands of anion ex-
changers from productive solutions: AMP (Smoly 
State Company, Ukraine) and Ambersep 920 IRA 
(® ™Trademark of The Dow Chemical Company 
(“Dow”) or an affiliated company of Dow). In the 
study [5] during the investigation of resins of two 
brands was revealed that AMP exchanger was the 
one with preferred characteristics, whereas in the 
course of this work AMP showed worse results com-
paring with Ambersep 920 IRA exchanger.

Materials and Methods

Preparation of productive solution 
The laboratory agitation leaching was carried out 

for obtaining real uranium productive solution from 
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ore sample [8]. The sulfuric acid 2.5 % was used as 
a leaching reagent. The uranium productive solution 
with concentration of uranium equal to 173.12 mg/l 
was obtained as a result of leaching. 

Strongly based ion – exchange resins
The sorption recovery of uranium from sulfuric 

acid leaching solutions by strongly basic anion ex-
changers can be described by reactions of complex-
ation and ion exchange [9]:
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In our case, strongly basic ion exchange resins 
AMP and Ambersep 920 IRA were set in columns 
(0.5x3) (Figure 1) for investigation of sorption and 
desorption process of uranium under dynamic con-
ditions. The productive solution was passed through 
the resin (Figure 1) with a rate of 1 ml/min until the 
completely uranium saturation by the sorbent. 

Figure 1 – Scheme of sorption under dynamic condition

Since significant amount of sulfate anion com-
plexes of uranium formed at a pH of 2, as a result the 
pH of productive solution was brought to this value. 
The obtained fractions after sorption and desorption 
of uranium were collected every 5 ml of volume for 
establishing the breakthrough point. 1.8 M solution 
of ammonium nitrate was used as a desorbing solu-
tion [10]. 

Determination of uranium concentration 
The titanium-phosphate-vanadate titration meth-

od was used for determination of the uranium con-
centration in the sorption cells and desorption eluates. 

This measurement technique establishes a volu-
metric titrimetric titanium-phosphate-vanadate meth-
od of determination of the uranium concentration in 
uranium productive solutions in the range of mass 
concentrations from 0.001 g l to 1.00 g l.

An aliquot of the sample (2-10 ml), depending on 
the expected uranium concentration, was placed in a 
100 ml conical flask then distilled water was added to 
a total volume of 10 ml. 1-2 drops of urea were add-
ed, mixed, and then 10 ml of concentrated phosphor-
ic acid was added. After that, chloride of tetravalent 
titanium was added for appearing a violet color. The 
solution was cooled and a solution of sodium nitrate 
was added, the excess of which was destroyed by 
the addition of urea. Sodium salt of diphenylamine-
4-sulfonic acid was added as an indicator. The fol-
lowing reaction occurs as a result of titration:

U4+ + 2VO3- + 4H+ = UO22 + + 2VO2 + + 2H2O

The mass concentration of uranium (X) g/l calcu-
lated by the following formula: 

where: V1 is volume of ammonium metavanadic acid 
solution, consumed for titration of a blank sample 
with addition of Mohr salt, ml; V2 is volume of a so-
lution of ammonium metavanadic acid, spent on ti-
tration of uranium, ml; A is aliquot of the analyzed 
sample, ml; T is the titer of a solution of ammonium 
metavanadic acid in uranium g/ml.

Determination of the dynamic exchange 
capacity  

Determination of the exchange capacity of res-
ins under dynamic conditions fully represents the 
sorption process in practice. It makes possible to 
determine the working exchange capacity, which is 
equivalent of dynamic exchange capacity, before the 
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breakthrough point. Dynamic exchange capacity is 
calculated by the following formula [11]:

where: Vps is volume of the passed solution, l; Vresins 
is volume of the resins, cm3; С is concentration of the 
uranium in the productive solution, mg/l.

Results and discussions

Based on the obtained data (Table 1), after the 
titration of the sorption cells of uranium on the an-

ion exchange resin AMP, the dependence shown in 
Fig.  1 was constructed. 

According to the curve shown in Figure 2, the 
breakthrough point of uranium is observed in the 
first 5 ml of the volume of the productive solu-
tion. The concentration of the uranium slightly 
increases to equalize the concentrations in the 
influent and effluent solutions. The plateau was 
established on the volume of the passed solution 
equal to 200 ml. Desorption of the uranium from 
the ion exchanger was carried out after complete-
ly saturation of the resin. The uranium concentra-
tion in the desorption eluates was determined ti-
trimetrically (Table 2). The desorption curve was 
constructed (Figure 3).

Table 1 – Data obtained after titration of the sorption cells of uranium on the anion exchange resin AMP (measurement error is 0.25 ml).

Sample VPr,s., ml CU, mg/l
1 5 62.9
10 50 131.27
20 100 134.00
25 125 142.21
30 150 142.21
40 200 142.24
45 225 139.47
50 250 139.47

Figure 2 – The output curve of the uranium sorption  
on the anion exchange resin AMP (measurement error it 0.25 ml)
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Table 2 – Data obtained after titration of uranium desorption eluates on the anion exchange resin AMP (measurement error is 0.25 ml).

Sample Vdesorp.el., ml CU, mg/l
1 5 268.01
2 10 103.92
5 25 5.469
10 50 0

Figure 3 – The output curve of uranium desorption  
on the anion exchange resin AMP (error of measurement it 0.25 ml)

Figure 3 shows that uranium is elutriated first by 
5 ml of a desorbing solution. The maximum amount 
of uranium in the eluate was 268.00 mg/l, which is 
almost 1.5 times higher than the concentration of 
uranium in the initial productive solution. Accord-
ing to the data on the curve, the resin reaches a zero 
value of the uranium concentration when 50 ml of 
desorbing solution passes, this indicates a good 

desorption characteristic of the AMP resin. Based 
on the experimental data, the DEC (dynamic ex-
change capacity) was calculated, which was equal 
to 1.47  mg/cm3. 

Based on the obtained data (Table 3), after the 
titration of the sorption cells of uranium on the anion 
exchange resin Ambersep 920 IRA, the dependence 
shown in fig. 3 was constructed.

Table 3 – Data obtained after titration of the sorption cells of uranium on the anion exchange resin Ambersep 920 IRA (measurement 
error is 0.25 ml).

Sample VSorp.cells, ml CU, mg/l
1 5 13.67
10 50 87.51
15 75 84.77
20 100 101.19



139N.A. Nursapina et al.

International Journal of Biology and Chemistry 11, № 2, 135 (2018)

Sample VSorp.cells, ml CU, mg/l
25 125 131.27
30 150 139.47
35 175 123.07
40 200 134.00
45 225 131.27
50 250 155.88
55 275 150.41
60 300 164.09
65 325 134.00
70 350 150.41
75 375 150.41
80 400 161.31

Figure 4 – The output curve of the uranium sorption  
on the anion exchange resin Ambersep 920 IRA (measurement error it 0.25 ml)

Continuation of table 3

This curve shows a breakthrough point in the 
first 5 ml of the volume of the productive solution. 
The concentration of the uranium slightly increases 
to equalize the concentrations in the influent and ef-
fluent solutions. The plateau was established on the 
volume of the passed solution equal to 350 ml. The 
uranium was eluted from the column, and the data 
given in Table 4 were obtained. The uranium concen-
tration in desorption eluates was determined titrimet-

rically. The output desorption curve was constructed 
(Figure  5).

Figure 5 shows that uranium is elutriated first by 
5 ml of a desorbing solution. The maximum amount 
of uranium in the eluate was 856.00 mg/l, which is al-
most 5 times higher than the concentration of uranium 
in the initial productive solution. Based on the experi-
mental data, the DEC (dynamic exchange capacity) 
was calculated, which was equal to 1.47 mg/cm3. 
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Table 4 – Data obtained after titration of uranium desorption eluates on the anion exchange resin Ambersep 920 IRA (measurement 
error is 0.25 ml)

Sample VDesorp.el., ml CU, mg/l
1 5 856.00
5 25 147.68
7 35 103.92
10 50 24.6
15 75 8.2
20 100 2.7
25 125 0

Figure 5 – The output curve of uranium desorption  
on the anion exchange resin Ambersep 920 IRA (error of measurement is 0.25 ml)

Table 5 – Comparative characteristics of the obtained results

Ion – exchange resin DEC, mg/cm3 CU at the time of 
breakthrough point, mg/l

CU in the desorption 
eluates, mg/l

CU in the productive 
solution, mg/l

Ambersep 920 IRA 1.47 13.67 856.00
173.12AMP 1.47 62.90 268.00

Based on Table 5, it can be seen that the dynamic 
exchange capacity for both resins has the same value, 
but the value of the uranium content at the time of 
breakthrough for the resins is different. So, for the Am-
bersept 920 IRA, the concentration of uranium in the 
sorption cell at the time of the breakthrough is 13.67 

mg/l, while the same value for the anion exchanger 
AMP is 62.9 mg/l. In addition, it should be noted the 
preferential desorption characteristics of the ion-ex-
change resin Ambersept 920 IRA, where the uranium 
content in the desorption eluate is 3 times higher than 
the uranium content in the AMP desorption eluates.
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Conclusion 

Based on the sorption and desorption character-
istics of the strongly basic ion-exchangers AMP and 
Ambersep 920 IRA, it was found that the Ambersep 
920 IRA anion exchanger has greater sorption and 
desorption advantages in comparison with AMP 
exchanger. Thus, the final uranium content in the 
desorption eluate for Ambersep 920 IRA and AMP 
was 856.00 and 268.00 mg/l, respectively, which is 
5 and 1.5 times higher than the initial uranium con-
tent in the production solution. The breakthrough 
of uranium for the Ambersep 920 IRA resin is ob-
served with lower concentration of uranium than the 
AMP resin, which indicates better sorption ability 
of the resin. Thus, the results of the conducted stud-
ies show the prospects of using the Ambersep 920 
IRA anion exchange resin in the sorptional extrac-
tion of uranium from productive solutions of sub-
surface leaching.

References 

1. IAEA Annual Report for 2016. GOV/
INE/2017/12 – GC (61)/ INF/ 8.1

2. Ahmed, S. H., Sharaby, C. M., & El Gam-
mal, E. M. 2013. Uranium extraction from sulfuric 
acid medium using trioctylamine impregnated acti-
vated carbon. Hydrometallurgy 134/135: 150–157.

3. Bożena Danko, Rajmund S. Dybczyński,
Zbigniew Samczyński, Dorota Gajda, Irena Herdzik-
Koniecko, Grażyna Zakrzewska-Kołtuniewicz, 
Ewelina Chajduk, Krzysztof Kulisa. 2017. Ion ex-
change investigation for recovery of uranium from 
acidic pregnant leach solutions. Nukleonika 62(3): 
213-221.

4. Zagorodnyaya, A. N., Abisheva, Z. S., Shari-
pova, A. S., Sadykanova, S. E., Bochevskaya, Y. G., 
Atanova, O. V. 2013. Sorption of rhenium and ura-
nium by strong base anion exchange resin from solu-
tions with different anion compositions. Hydrometal-
lurgy 131/132: 127–131.

5. Kolomiets, D. N., Troshkina, L. D.,
Sheremet’ev, M. F., Konopleva, L. V. 2005. Sorp-
tion of uranium from sulfuric acid leaching solutions 
by strongly basic anion exchangers. Russ. J. Appl. 
Chem. 78(5): 722–726.

6. Ikeda, A., Aida, M., Fujii, Y., Kataoka, S.,
Annen, S., & Sato, J. 2002. Ion exchange separation 
for decontamination of centrifuge enrichment plant. J 
Nucl. Sci. Technol. 39(10): 1099–1105.

7. Carr, J., Zontov, N., & Yamin, S. 2008.
Meeting the future challenges of the uranium indus-
try. In ALTA 2008 Uranium Conference, p.  20.

8. Sadyrbayeva G.A., Myrzabek K.A., Zhat-
kanbayev E.E., Daurenbekov S.D. 2011. Mining 
information analytical bulletin (scientific and tech-
nical journal) [Gornyj informacionnyj analiticheskij 
byulleten’ (nauchno-tekhnicheskij zhurnal)] 11: 216 
– 222 (In Russian).

9. Beletskii, I.V., Bogatkov, L.K., Volkov, N.I.
1997. Handbook of Uranium Geotechnology (Sprav-
ochnik po geotekhnologii urana) Moscow: Energoat-
omizdat (In Russian).

10. Shokobayev N.M., Dauletbakov T.S., Zhum-
abayeva D.S. 2014. Mountain magazine of Kazakh-
stan [Gornyi zhurnal Kazakhstana] 18 (112): 30-37 
(in Russian).

11. State standard №20255.2-89 (2002) Ion ex-
change resins. Methods of determining dynamic ion-
exchange capacity. Moscow: publishing standards. 
(In Russian).


