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Abstract: This study investigates the low-temperature resistance and cryodestruction behavior of ion-exchange 

resins used in uranium sorption. Eight commercial resins, including AMP, BO-020, Purolite A-606, BD-706, 

Tulsion 3663, Amberlite IRA-120, Resinacs, and Dowex-1, were evaluated using granulometric, mechanical, and 

structural characteristics. Particular attention was given to AMP, BO-020, and A-606 before and after freezing. 

The results showed that freezing reduced mechanical strength and mean particle diameter, indicating damage to 

the polymer matrix. The degree of destruction was strongly associated with particle size: particles smaller than 0.3 

mm were comparatively stable, whereas fractions of 0.3–0.8 mm and above 0.8 mm were increasingly susceptible 

to cracking and fragmentation. Moisture content and pore structure also influenced freeze-induced degradation. 

Repeated freeze–thaw cycles caused a shift toward smaller particle fractions and changes in resin structure. The 

findings provide a basis for selecting and operating ion-exchange materials under low-temperature conditions in 

uranium recovery and related technological processes. 
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INTRODUCTION 

Uranium is an important strategic resource widely used in the nuclear energy sector, and the 

efficiency of its extraction largely depends on the development of effective, economically viable, and 

environmentally acceptable hydrometallurgical technologies. In modern uranium production, in-situ 

leaching is one of the important methods for extracting uranium from suitable deposits. This 

technology involves the circulation of leaching solutions through ore-bearing formations followed by 

the recovery of uranium from the resulting productive solutions [7]. Among the available methods 

for treating uranium-bearing solutions, ion-exchange sorption is of particular importance because of 

its technical and economic advantages and its relatively low environmental impact. According to the 

reviewed research, uranium in sulfuric acid solutions predominantly occurs in the form of complex 

uranyl sulfate anions, which makes strong-base anion-exchange resins suitable for its recovery from 

productive solutions [3].  

The efficiency of uranium sorption is strongly dependent on the physicochemical and 

technological properties of the ion-exchange resin. These properties include particle-size distribution, 

mechanical strength, sorption capacity, selectivity, regeneration characteristics, porosity, swelling 

behavior, and resistance to chemical and environmental influences. Since there is no universal ion-

exchange resin suitable for all technological conditions, the selection and evaluation of sorbents 
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according to the specific characteristics of the uranium-processing system remain important scientific 

and technological tasks [14]. In particular, the mechanical stability, selectivity, regeneration ability, 

granulometric composition, and behavior of ion-exchange resins under low-temperature conditions 

require detailed investigation [9].  

Low-temperature exposure represents a particularly important problem in the practical use, 

transportation, and storage of synthetic ion-exchange resins. Water contained within the porous 

structure of resin granules undergoes significant changes during freezing. The formation of ice 

crystals can simultaneously cause local compaction of the granules and an increase in the volume of 

their internal contents. These opposing processes generate mechanical stresses within the polymer 

matrix and may result in cracking, deformation, and irreversible structural damage, commonly 

referred to as cryodestruction [2]. Consequently, repeated or prolonged exposure to negative 

temperatures can alter the structural integrity and technological performance of ion-exchange resins.  

The problem becomes particularly relevant for uranium-processing operations conducted under 

seasonal climatic conditions where technological materials may be exposed to negative temperatures. 

Previous studies cited in the dissertation have investigated different approaches to improving uranium 

sorption, including the use of modified ion-exchange materials, ultrasound-assisted sorption, and the 

effect of low temperatures on ion-exchange processes. However, the dissertation emphasizes the need 

to evaluate ion-exchange resins under temperature conditions characteristic of the regional climate. 

In particular, the study considers the behavior of resins at winter temperatures reaching approximately 

−18 °C and examines the changes occurring in different resin fractions under these conditions [10].  

An important aspect of this problem is the relationship between resin particle size and resistance 

to low-temperature exposure. The experimental observations reported in the dissertation indicate that 

resin fractions smaller than 0.3 mm demonstrate comparatively greater stability and tend to preserve 

their shape during periods of low winter temperatures. Resin particles in the range of 0.3–0.8 mm 

may undergo cracking and fragmentation, whereas particles larger than 0.8 mm can experience more 

pronounced breakage and structural damage [5]. These observations demonstrate that particle-size 

distribution should be considered together with mechanical strength and other physicochemical 

characteristics when selecting ion-exchange resins for uranium sorption processes under seasonal 

low-temperature conditions [8].  

Therefore, the systematic evaluation of ion-exchange resins according to their physicochemical, 

mechanical, and technological characteristics is necessary for improving the reliability of uranium 

recovery from productive solutions. The present study focuses on the investigation and selection of 

ion-exchange resins used in uranium in-situ leaching and processing technologies, with particular 

attention to their granulometric composition, mechanical strength, uranium sorption capacity, 
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regeneration degree, residual exchange capacity, and resistance to negative temperatures [11]. The 

study also aims to identify suitable ion-exchange materials and technological conditions that can 

reduce resin degradation and maintain effective uranium recovery during seasonal periods of low 

temperature. 

RESEARCH METHODOLOGY 

The study evaluated the low-temperature resistance of ion-exchange resins used in uranium 

sorption processes. The investigated materials included AMP, BO-020, Purolite A-606, BD-706, 

Tulsion 3663, Amberlite IRA-120, Resinacs, and Dowex-1. Representative resin samples were 

prepared by sample reduction and analyzed for granulometric composition using wet and dry sieve 

methods. Mechanical strength was determined before and after mechanical treatment, while the effect 

of negative temperature was assessed by comparing the condition of resin granules before and after 

freezing.  

For the low-temperature experiment, particular attention was given to A-606, AMP, and BO-

020 resins. Changes in mechanical strength and mean particle diameter after freezing were used as 

the principal indicators of cryogenic degradation. In addition, the resins were divided into three 

particle-size ranges (<0.3 mm, 0.3–0.8 mm, and >0.8 mm) to evaluate the relationship between 

particle size and resistance to freezing. 

Table 1. Experimental parameters used for evaluation of ion-exchange resins 

Parameter Experimental approach 

Ion-exchange resins AMP, BO-020, A-606, BD-706, Tulsion 3663, Amberlite IRA-120, 

Resinacs, Dowex-1 

Granulometric composition Wet and dry sieve analysis 

Particle-size fractions <0.3 mm; 0.3–0.8 mm; >0.8 mm 

Mechanical strength Comparison before and after mechanical treatment 

Low-temperature resistance Comparison of resin condition before and after freezing 

Main indicators Mechanical strength and mean particle diameter 

Additional quality 

parameters 

Specific surface area, density, selectivity, and regeneration 

characteristics 

The methodology enabled the effect of freezing on the structural and mechanical stability of 

ion-exchange resins to be evaluated and provided a basis for comparing their suitability for uranium 

sorption under seasonal low-temperature conditions. 
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RESULTS 

The experimental results demonstrated that low-temperature exposure caused measurable 

changes in the mechanical strength and granulometric characteristics of the investigated ion-exchange 

resins. The most pronounced changes were observed for A-606, AMP, and BO-020. After freezing, 

the mechanical strength of the resin granules decreased, while their mean particle diameter was also 

reduced. These changes indicate that freezing and subsequent thawing can lead to structural damage 

of the polymer matrix. 

 

Figure 1. Microscopic appearance of BO-020 ion-exchange resin before and after low-

temperature exposure. 

A - Unfrozen BO-020 ion-exchange resin; B - Frozen BO-020 ion-exchange resin; C - Uranium-

loaded BO-020 before freezing; D - Uranium-loaded BO-020 after freezing at −18.2 °C. 

 

The visual observations confirmed the occurrence of structural changes after cooling. The 

dissertation data show that BO-020 resin was examined before and after freezing using a binocular 

digital microscope. Repeated freezing caused a shift of the granulometric composition toward smaller 

fractions, indicating a decrease in the average particle diameter. For A-606 and AMP, visible defects 

were also observed, while AMP particles exhibited a particularly pronounced degree of destruction.  

The quantitative results of the freezing experiments are presented in Table 2. The mechanical 

strength of A-606, AMP, and BO-020 decreased after freezing. For example, BO-020 samples 

initially showed mechanical strength values of up to 100%, whereas after freezing the corresponding 

values decreased to approximately 83.5–85.0%. Similar reductions were observed for A-606 and 

AMP. The mean particle diameter also decreased after freezing in the investigated samples. 

Table 2. Changes in selected ion-exchange resins after freezing 
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Ion-exchange 

resin Sample 
Mechanical 

strength before 

freezing, % 

Mechanical 

strength after 

freezing, % 

Mean particle 

diameter before 

freezing, mm 

Mean particle 

diameter after 

freezing, mm 
A-606 I 99.5 81.0 0.85 0.40 
A-606 II 97.5 77.0 0.75 — 
A-606 III 92.0 83.0 0.65 — 
A-606 IV 97.5 — 0.60 — 
A-606 V 84.0 — 0.70 — 
AMP I 99.5 76.5 0.85 0.30 
AMP II 98.0 73.0 0.65 — 
AMP III 90.5 78.0 0.55 — 
AMP IV 98.0 — 0.45 — 
AMP V 81.5 — 0.60 — 

BO-020 I 100.0 83.5 0.95 0.75 
BO-020 II 99.0 81.0 0.85 — 
BO-020 III 98.0 85.0 0.75 — 
BO-020 IV 99.5 — 0.70 — 
BO-020 V 86.5 — 0.80 — 
The results also demonstrated a clear relationship between particle size and resistance to low 

temperatures. Particles smaller than 0.3 mm were comparatively stable and retained their shape, 

whereas particles in the range of 0.3–0.8 mm showed cracking and partial breakage. Particles larger 

than 0.8 mm were more susceptible to cracking and destruction. Thus, larger granules were more 

strongly affected by the mechanical stresses generated during freezing. 

 

Figure 2. Quality characteristics of the investigated ion-exchange resins. 

The overall quality assessment also showed differences among the investigated resins based on 

granulometric composition, mechanical strength, specific surface area, density, selectivity, and 

regeneration characteristics. The corresponding quality values were reported as 88% for BO-020, 

85% for AMP, 80% for A-606, 77% for Amberlite IRA-120, 70% for BD-706, 66% for Tulsion, 63% 

for Resinacs, and 62% for Dowex-1.  

Finally, the results indicated that the duration of a single freezing exposure had a relatively 

limited effect on the cryodestruction process. Polymer-type ion-exchange materials maintained their 
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exchange capacity during storage at temperatures from 0 to −50 °C for several months, whereas 

polycondensation-type resins showed a decrease in exchange capacity of up to approximately 15% 

after six months. The higher resistance of polymerized sorbents was associated in the source with 

their more developed spatial polymer structure. 

CONCLUSION 

The results demonstrate that low-temperature exposure significantly affects the structural 

integrity of ion-exchange resins used in uranium sorption. Freezing caused a decrease in mechanical 

strength and a reduction in mean particle diameter, indicating cryodestruction of the resin granules. 

The extent of damage depended strongly on the initial particle size and structural condition of the 

resin. Particles smaller than 0.3 mm showed comparatively higher resistance, whereas larger particles, 

particularly those above 0.8 mm, were more susceptible to cracking and fragmentation. Among the 

investigated materials, A-606, AMP, and BO-020 showed measurable changes after freezing, with 

AMP particles exhibiting the most pronounced structural damage.  

The study also indicates that the duration of a single freezing exposure has a relatively limited 

effect on cryodestruction, while resin moisture content and pore structure play an important role in 

freeze-induced damage. Polymer-type ion-exchange materials generally retained their ion-exchange 

capacity during storage at temperatures from 0 to −50 °C for several months, whereas 

polycondensation resins could experience a decrease in exchange capacity of up to 15% after six 

months. Therefore, the selection of ion-exchange resins for uranium recovery under low-temperature 

conditions should consider mechanical strength, particle-size distribution, moisture content, porosity, 

and structural stability to ensure reliable operation and minimize degradation during freeze–thaw 

cycles.  

REFERENCES 

1. Bai, J., Li, S., Yan, H., Jin, K., Gao, F., Zhang, C., & Wang, J. (2022). Processable amidoxime 

functionalized porous hyper-crosslinked polymer with highly efficient regeneration for 

uranium extraction. Journal of Molecular Liquids, 362, 119745. 

https://doi.org/10.1016/j.molliq.2022.119745  

2. Chen, F., Lv, M., Ye, Y., Miao, S., Tang, X., Liu, Y., Liang, B., Qin, Z., Chen, Y., He, Z., & 

Wang, Y. (2022). Insights on uranium removal by ion exchange columns: The deactivation 

mechanisms, and an overlooked biological pathway. Chemical Engineering Journal, 434, 

134708. https://doi.org/10.1016/j.cej.2022.134708  

http://www.rum-journal.com/
https://doi.org/10.1016/j.molliq.2022.119745
https://doi.org/10.1016/j.cej.2022.134708


Renaissance of Universal Mind (2) 2026                           ID: 0001611 

www.rum-journal.com   50 

 

3. Chen, L., Zhang, J., Huang, Y., Peng, C., Chen, Y., Lu, L., Wang, X., & Wei, Y. (2021). An 

anion exchange pretreatment method for the determination of low-level uranium in the 

environmental water samples. Journal of Environmental Radioactivity, 237, 106699. 

https://doi.org/10.1016/j.jenvrad.2021.106699  

4. Larivière, D., et al. (2023). Co-extraction of uranium and mercury using ion exchange from 

cemented radioactive waste sulfuric leachate in iodide media. Minerals, 13(3), 405. 

https://doi.org/10.3390/min13030405  

5. Li, L., Hu, Z., Guo, W., Xia, H., Wang, Y., Wang, S., Chen, G., Qiu, M., & Hu, B. (2024). 

Recent advances in various adsorbents for the extraction of uranium from saline lakes: A 

review. Journal of Molecular Liquids, 395, 123862. 

https://doi.org/10.1016/j.molliq.2023.123862  

6. Marin, N. M., Nita Lazar, M., Popa, M., Galaon, T., & Pascu, L. F. (2024). Current trends in 

development and use of polymeric ion-exchange resins in wastewater treatment. Materials, 

17(23), 5994. https://doi.org/10.3390/ma17235994  

7. Maji, P., Yadav, S., Varshney, P., Das, S. K., Kumar, S., & Pulikottil, A. C. (2026). Assessing 

mechanical strength of ion exchange resins to predict fines generation in hydrocarbon 

catalysis. Particulate Science and Technology, 44(2), 177–188. 

https://doi.org/10.1080/02726351.2025.2555519  

8. Naik, M.-u.-d. (2024). Adsorbents for the uranium capture from seawater for a clean energy 

source and environmental safety: A review. ACS Omega, 9(11), 12380–12402. 

https://doi.org/10.1021/acsomega.3c07961  

9. Noli, F., Kapashi, E., Pashalidis, I., Margellou, A., & Karfaridis, D. (2022). The effect of 

chemical and thermal modifications on the biosorption of uranium in aqueous solutions using 

winery wastes. Journal of Molecular Liquids, 351, 118665. 

https://doi.org/10.1016/j.molliq.2022.118665  

10. Nouri-Khangah, B., Ghoddocynejad, D., Outokesh, M., & Saberyan, K. (2023). Developing 

a mini pilot resin in solution process for adsorption of uranium in Pachuca reactors (case 

study: Saghand uranium ore of the Central Iran). Hydrometallurgy, 222, 106198. 

https://doi.org/10.1016/j.hydromet.2023.106198  

11. Skripchenko, S. Y., Nalivaiko, K. A., Titova, S. M., Rychkov, V. N., & Semenishchev, V. S. 

(2024). Recovery of uranium from conversion production sludge by leaching with nitric acid 

and subsequent ion-exchange concentration. Hydrometallurgy, 224, 106255. 

https://doi.org/10.1016/j.hydromet.2023.106255  

http://www.rum-journal.com/
https://doi.org/10.1016/j.jenvrad.2021.106699
https://doi.org/10.3390/min13030405
https://doi.org/10.1016/j.molliq.2023.123862
https://doi.org/10.3390/ma17235994
https://doi.org/10.1080/02726351.2025.2555519
https://doi.org/10.1021/acsomega.3c07961
https://doi.org/10.1016/j.molliq.2022.118665
https://doi.org/10.1016/j.hydromet.2023.106198
https://doi.org/10.1016/j.hydromet.2023.106255


Renaissance of Universal Mind (2) 2026                           ID: 0001611 

www.rum-journal.com   51 

 

12. Sharma, M., Anshika, Yadav, L., Sharma, P., Janu, V. C., & Gupta, R. (2024). Breaking new 

ground: Innovative adsorbents for uranium and thorium ions removal and environmental 

cleanup. Coordination Chemistry Reviews, 517, 216008. 

https://doi.org/10.1016/j.ccr.2024.216008  

13. Youssef, W. M., Masoud, A. M., Elmaadawy, M. M., & Khawassek, Y. M. (2024). Uranium 

(VI) sorption from aqueous solution using commercial anion exchange resins: Kinetics, 

isotherm, and thermodynamic investigations. Journal of Radioanalytical and Nuclear 

Chemistry, 333, 1975–1989. https://doi.org/10.1007/s10967-024-09438-1  

14. Zhang, X., Zhang, L., Wang, Q., Xin, Q., Xiong, Y., & Wang, H. (2023). Selective, rapid 

extraction of uranium from aqueous solution by porous chitosan–phosphorylated chitosan–

amidoxime macroporous resin composite and differential charge calculation. International 

Journal of Biological Macromolecules, 253(1), 126661. 

https://doi.org/10.1016/j.ijbiomac.2023.126661    

http://www.rum-journal.com/
https://doi.org/10.1016/j.ccr.2024.216008
https://doi.org/10.1007/s10967-024-09438-1
https://doi.org/10.1016/j.ijbiomac.2023.126661

