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Abstract. Research results were presented for equilibrium and kinetics of 
uranium sorption by AM-p-2 strong-base anionite from model sulphuric 
solution. Kinetic experimental data agreed with the pseudo second-order 
model while equilibrium ones – with the modified Langmuir-Freundlich 
equation. Testing of the anionite including sorption-desorption process 
operations used at uranium-mining industrial facilities showed that the resin 
had high sorption-desorption characteristics. 

1 Introduction 

Sorption materials are widely used for uranium selective recovery due to their complete 
insolubility in aqueous phase, low rate of physical destruction, sorption and kinetic properties 
and osmotic stability [1]. For this purpose, organic and inorganic cation- and anion exchangers 
are applied [2, 3] as well as materials that combine properties of selective liquid extractant and a 
sorbent – impregnated resins and solid extractants (known by TVEX trademark) [4]. 

Previously, we demonstrated [5] the conceptual possibility of uranium recovery from 
tails accumulated at Zakhidne (Western) tailing dump using sorption leaching from pulp by 
AMP anionite. We have tested anionites Cybber USX 500T, Ambersep 920U, Purolite 
A 500 [6-8] for uranium recovery from sulphate and carbonate media. Uranium selective 
extraction by TVEX containing diisooctylmethyl phosphonate [9] and calixarene-
impregnated resin was studied in [10]. We also tested phosphate cation exchanger based on 
modified plant material (apricot stone) for uranium recovery from radioactively-
contaminated water accumulated in the basement of the industrial building at the former 
Production Union Pridneprovsk Chemical Plant [11]  

Ambersep 920U anionite manufactured by Dow Chemical is among the most common 
anion exchangers used currently for uranium recovery during its in-situ leaching [3, 12]. 
AM-p-2 anion exchanger synthesized at Smoly State Enterprise is its analogue [13, 14]. 

This paper presents the result of the uranium sorption study by AM-p-2 anionite from 
model sulphate solutions and its testing during uranium recovery from sulphate heap 
leaching solution of VostGOK State Enterprise. 
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2 Methods 

2.1 Materials and reagents 

AM-p-2 anionite is a strong-base anion exchange resin based on macroporous styrene-divinyl 
benzene copolymer and  containing  2-hydroxyethyl-dimethylammonium  functional groups 
(-N+(CH3)2CH2CH2OH). It features the following parameters: ionic form – SO4 (at least 
50 %); total exchange capacity – at least 1.0 mmole/cm3; moisture retention – 55 % to 56 %, 
particle size range – 0.8 mm to 1.25 mm, effective size fraction ratio – 99 %, uniformity 
factor – max 1.4, mechanical strength – 99 %, bulk density– 660 g/dm3 to 680 g/dm3.  

All reagents used were at least of reagent grade. 

2.2 Experimental technique 

Uranium equilibrium distribution between AM-p-2 and model uranyl sulphate solution 
containing 0.52 g/dm3 of uranium, 25 g/dm3 of sodium sulphate and pH=1.45 was studied in 
static mode by the different portion technique at a temperature of 20±2 °С and contact time 
24 hours. Sorption kinetics was studied using the solution limited volume method at phase 
ratio solid:liquid = 1:200 within 24 hours. The study was carried out at a temperature of 
20±2 °С from the same model solution using a temperature-controlled stirrer. 

AM-p-2 anionite was tested in dynamic mode including sorption-desorption process 
operations used today at uranium-mining industrial facilities. 

Uranium sorption was carried out from the heap leaching process solution of VostGOK State 
Enterprise ([U]=0.158 g/dm3, [Fe3+]=0.54 g/dm3, [Fe2+]=0.27 g/dm3, [NO3

–]=0.18 g/dm3, 
pH=1.64) in a column of 24 mm in diameter with the solution feed rate 7 bed volumes per hour. 
The volume of the charged initial anionite in sulphate-carbonate form was 100 cm3. Uranium 
concentration in the solution at the column output was measured every 2 hours. The process was 
stopped after uranium concentration equalization in the initial solution and at the column output. 

Anionite was additionally saturated with artificial solution: [U] = 28.8 g/dm3, 
[NO3

–] = 9.9 g/dm3, [SO4
2-] = 51.2 g/dm3, acidity 20.44 g/dm3 with feed rate 1 bed volume 

per hour. This solution had been prepared from ammonium uranyl tricarbonate, nitric and 
sulphuric acids. Uranium content was measured in the solution at the column output every 
hour. Additional resin saturation was stopped after equalization of uranium concentrations 
in the initial solutions and at the column output. 

Uranium was stripped from the saturated anionite with the solution containing 
[NO3

-] =102.32 g/dm3; [НNO3] = 25 g/dm3, [H2SO4] = 1 g/dm3, Сexcess.=20 g/dm3, which 
had been prepared from ammonium nitrate, sulphuric and nitric acids. The feed rate was 1 
bed volume per hour. Uranium content was measured in the stripping solution at the 
column output every hour. Uranium desorption was stopped after achieving its 
concentration in the solution at the column output less than 0.1 g/dm3. 

Resin denitration was carried out with feed rate1 bed volume per hour with the solution 
containing 50.86 g/dm3 of sulphuric acid. Denitration was stopped when nitrate-ion 
concentration at the column output was less than 1 g/dm3. The nitrate-ion concentration was 
measured at the column output every hour. 

2.3 Analytical techniques 

Uranium concentration in model and process solutions was measured by titrimetric 
method [12]. Resin capacity was calculated by the difference of uranium concentration in 
liquid phase before and after sorption in equivalent to the absolutely dry weight of the resin. 
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Anionite capacity during its testing with process solutions was determined by complete 
uranium stripping from the resin. For this purpose, 5 cm3 of averaged resin sample 
preliminarily washed with distilled water was contacted several times for a short period 
with 190 g/dm3 sulphuric acid at volumetric phase ratio liquid:solid=20:1 per one contact at 
a temperature of 60 С. Duration of a single contact was 3 minutes; the number of contacts 
was 15. Measurement of residual resin capacity by uranium was carried out similarly; the 
number of contacts was decreased to 10.  

After each operation, specific volume was measured. For this purpose, the fixed 
anionite sample undergone uranium complete desorption, washing from sulphuric acid and 
drying at 80 С until constant weight.  

The nitrate-ion concentration was measured by back titration of the ammonium ferrous 
sulphate excess with the potassium bichromate solution. 

3 Results and discussion 

3.1 Uranium sorption from model sulphuric solution 

Figure 1 illustrates the plot of AM-p-2 anionite equilibrium capacity q versus uranium 
equilibrium concentration [U]eq during its sorption from the model solution containing 
25 g/dm3 of sodium sulphate and pH=1.45. 

 
Fig. 1. Uranium sorption isotherm by AM-p-2 anionite: (•) experimental data, (–) Langmuir-Freundlich fit. 

It is seen from the data presented that the anionite has high capacitive characteristics. 
Experimental results were processed by the most widely used Langmuir and Freundlich fitting 

models in a linearized form. They were also processed by the modified Langmuir-Freundlich 
model using nonlinear regression analysis. Data processing results are given in Table 1. 

Within the studied range of uranium concentrations 20 mg/dm3 to 400 mg/dm3, 
experimental data were fit with high correlation factor (R2=0.9980) by the modified 
Langmuir-Freundlich equation with the following parameters: maximum capacity 
qm = 373.8 mg/g, constant KLF = 8.57010-3 dm3/mg. 
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Table 1. Parameters of the sorption isotherm equations. 

Equation Parameters Value 

Constant KF, (mg/g)/(mg/dm3)1/n 4.499 
Empiric coefficient nF 1.611 

Freundlich 
Fn

еqF UKq 1/][  
Correlation factor R2 0.9191 

Maximum capacity qm, mg/g 242.7 
Constant KL, dm3/mg 5.23910-3 

Langmuir 

еqL

еqLm

UK

UKq
q

][1

][




  

Correlation factor R2 0.9218 
Maximum capacity qm, mg/g 373.8 

Constant KLF, dm3/mg 8.57010-3 
Heterogenicity nLF 0.7612 

Langmuir -  
Freundlich 

LF

LF

n
еqLF

n
еqLFm

UK

UKq
q

[[1
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




Correlation factor R2 0.9980 

Figure 2 shows the integral kinetic curve of uranium sorption by AM-p-2 anionite from 
model uranyl sulphate solution containing 0.52 g/dm3 of uranium, 25 g/dm3 of sodium 
sulphate and pH=1.45. 

 

Fig. 2. Integral kinetic curve of uranium sorption by AM-p-2 anionite: (•) experimental data, (– pseudo-
second order fit. 

As it is seen from the data obtained, the anionite features high kinetic characteristics; 
thus, 80 % of uranium recovery took place during 4 hours.  

Assessment of the kinetic curve plotted in coordinate systems X-τ1/2, and ln(1-X)-τ 
(where: τ is time, X=qτ/qexp, qτ, is anionite capacity at time point τ; qexp is experimental 
equilibrium capacity) indicated that both liquid-film and intra-particle diffusion affected 
sorption rate. 

Sorption kinetics was quantitatively described using pseudo-first order, pseudo-second order 
kinetic models and Elovich equation in linearized form; their parameters are given in Table 2. 
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Table 2. Kinetic data processing results. 

Model equation Parameters Value 

Calculated equilibrium capacity qe, mg/g 58.15 
Rate constant k1, min-1 3.73110-3 

Pseudo-first-order 
  τkqq 1e  exp1

Correlation factor R2 0.9797 
Calculated equilibrium capacity qe, mg/g 94.61 

Rate constant k2, g/mg min 1.25710-4 
Correlation factor R2 0.9983 

Pseudo-second-order 

2

3

e2e

e2
τ qkq

qk
q




  
Initial sorption rate h [1], mg/g min 1.128 

Initial sorption rate α, mg/g min 5.525 
Desorption constant , g/mg 7.10210-2 

Elovich 

)ln(
β

1
)αβln(

β

1
τq  

Correlation factor R2 0.9743 
Experimental equilibrium capacity qexp, mg/g 89.70 

The pseudo-second-order model fit most precisely (R2 = 0.9983) experimental data 
(Fig. 2) while calculated qe and experimental qexp capacity had similar values 94.61 mg/g 
and 89.70 mg/g, correspondingly. Rate constant k2 for the pseudo-second order model was 
1.25710-4 g/(mgmin). The similar results were obtained in [1] when studying uranium 
sorption by Ambersep 920U. 

3.2 Testing of AM-p-2 anionite in dynamic mode 

Figure 3 illustrates the uranium breakthrough curve from the heap leaching solution at 
VostGOK State Enterprise containing uranium initial concentration [U]0 = 0.158 g/dm3 in 
coordinates F = [U]/[U]0, where [U] was the current uranium concentration in a sample 
versus the number of fed bed volumes Vk. 

 

Fig. 3. Uranium breakthrough curve for AM-p-2 anionite: (•) experimental data, (–) model fit. 

Maximum volumetric sorption capacity in dynamic mode was 30.19 mg/cm3 during 
uranium sorption from the heap leaching solution. Weight capacity by uranium for the 
absolutely dry resin was 91.48 mg/g with a specific resin volume 3.03 cm3/g. 
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The uranium breakthrough was processed by Yoon-Nelson, Thomas and BDST models 
applied to fit the relationship between uranium concentration in eluate and the sorption time 
at a given feed rate of the test solution through the column. The data processing results are 
shown in Table 3 and Figure 3. 

Table 3. Parameters of adsorption models for bed processes as compared with experimental data. 

Model Parameters Value 

Maximum sorption capacity qexp, mg/g 91.48 
Sorption capacity of the bed Nexp, g/dm3 30.19 Experimental data

Time required for the 50 % breakthrough τexp, min 1605 
Thomas kinetic coefficient KTh, cm3/(mgmin) 0.0156 

Thomas 
Sorption capacity q0, mg/g 103.3 

Sorption rate constant KBDST, cm3/(mgmin) 0.0163 
BDST 

Sorption capacity of the bed N0, g/dm3 34.36 
Yoon-Nelson rate of constant KYN, 1/min 0.0025 

Yoon-Nelson 
Time required for the 50 % breakthrough τYN, min 1849 

Correlation factor R2 0.9590 

It is seen from the data obtained that the anionite sorption capacity by Thomas model is 
103.3 mg/g (91.48 mg/g in the experiment) while the time required for the 50 % uranium 
breakthrough by the Yoon-Nelson model is 1849 minutes (1605 minutes in the experiment). 
Kinetic coefficients by Thomas and Yoon-Nelson models were similar. Models correctly 
(R2 = 0.9590) described experimental data.  

The volumetric capacity of the resin was 51.12 mg/cm3 during additional saturation using 
the artificial solution containing [U] = 28.8 g/dm3, in equivalent to absolutely dry resin 
148.25 mg/g at resin specific volume 2.90 cm3/g. Thus, anionite had the high additional 
saturation of 69.3 % (more than 40 %) that provided obtaining of concentrated desorbate. 

Figure 4 shows the results of uranium stripping with artificial sulphate-nitrate solution 
in coordinates uranium concentration in desorbate [U] / uranium stripping degree (s) in 
percent versus the number of fed bed volumes Vk. 

 

Fig. 4. Uranium content in desorbate (1) and its stripping rate (2) versus the number of desorbate bed volumes. 

6

E3S Web of Conferences 109, 00039 (2019) https://doi.org/10.1051/e3sconf/201910900039
Essays of Mining Science and Practice 2019



It is seen from the data given that almost all uranium (by 99.34 %) was stripped after 
feeding 4 bed volumes of the solution with feed rate 1 bed volume per hour. Residual 
volumetric capacity by uranium was 0.22 mg/cm3, in equivalent to absolutely dry resin – 
0.65 mg/g at resin specific volume 2.94 cm3/g. 

Resin denitration was carried out using the artificial solution containing 50.86 g/dm3 of 
sulphuric acid. Residual volumetric capacity by nitrate-ion was 1.93 mg/cm3, in equivalent 
to absolutely dry resin – 5.98 mg/g at resin specific volume 3.1 cm3/g. 

Conclusions 

As a result of the study, it was established that the uranium sorption equilibrium by AM-p-2 
anion exchanger from the model sulphate solution was described by the modified Langmuir – 
Freundlich equation within the studied range of uranium concentrations. Sorption kinetics was 
most accurately described with the pseudo-second-order model. 

Testing of the anionite including sorption-desorption process operations used at uranium-
mining industrial facilities showed that the resin had high sorption-desorption characteristics 
and met the requirements for the ion exchangers imposed in the uranium-processing industry. 

Optimal structure of the AM-p-2 polymer matrix provided high mechanical and osmotic 
strength thus allowing its use in hydrometallurgical processes including sorption from pulps. 
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