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СОРБЦИЯ ИОНОВ ЦЕРИЯ (III) НА ПОЛИМЕРНОМ ХЕЛАТООБРАЗУЮЩЕМ СОРБЕНТЕ 
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В настоящей работе были исследованы методы концентрирования Ce (III) из вод-
ных растворов на синтетическом полимерном адсорбенте. Изучено сорбционно-фотомет-
рическое определение микроколичеств ионов церия с помощью нового полимерного хелато-
образующего сорбента, модифицированного дитизоном. Сорбционный процесс проводился в 
статических условиях. Установлены оптимальные характеристики сорбционного про-
цесса: влияние рН, время контакта, влияние начальной концентрации металла, влияние 
ионной силы. Для извлечения ионов церия рН = 5, время контакта составляет 210 мин. Оп-
тимальная ионная сила достигается при значении μ = 0,6. Сорбционную емкость сорбента 
и процентное извлечение определяли по разности начальных и конечных концентраций це-
рия (III) в растворе. Сорбируемость ионов церия (III) составляла 91,38%, сорбционная ем-
кость сорбента по отношению к ионам церия составляла 682,85 мг г-1. На конечном этапе 
был проведен процесс десорбции с использованием различных (органических и минеральных) 
кислот с одинаковыми концентрациями (0,5, 1,0, 1,5 и 2,0 M). Наибольшей элюирующей спо-
собностью по отношению к ионам церия (III) обладает 1M HCl. Сорбент, модифицирован-
ный дитизоном на основе сополимера малеинового ангидрида со стиролом (СMA), предлага-
ется в качестве синтетического сорбента с лучшими аналитическими свойствами (высокая 
сорбционная емкость, время контакта 3 ч по отношению к ионам церия. Возможно много-
кратное использование регенерированного сорбента для концентрирования. Разработанные 
методики могут быть использованы для определения Се (III) в стандартных образцах, почве 
и водопроводной воде. 
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In a present paper methods of concentration of Ce(III) from aqueous solutions onto syn-

thetic polymer adsorbent. The sorption-photometric determination of the microquantities of cerium 

ions by new polymeric chelating sorbent, modified with dithizone has been studied. Sorption pro-

cess was carried out under static conditions. Optimal characteristics of the sorption process: influ-

ence of pH, time of contact, effect of the initial concentration of metal, influence of ionic strength 

were studied. pH for extracting Ce is 5; the residence time is 210 min. Optimal ionic strength was 

achieved at a value of μ =0.6. The sorption capacity of the sorbent and the percentage recovery 

were determined from the difference in the initial and final concentrations of cerium(III) in the 

solution.  The sorbability of cerium(III) ions was 91.38%, sorption capacity of sorbent with respect 

to cerium ions is 682.85 mg∙g-1. At the final stage, a desorption process was carried out using dif-

ferent (organic and mineral) acids with the same concentrations (0.5, 1.0, 1.5, and 2.0 M). 1M HCl 

has the highest eluting ability with respect to cerium (III) ions. Sorbent modified with dithizone 

based on a styrene-maleic anhydride (SMA) copolymer is proposed as synthetic sorbent with the 

best analytical properties (high sorption capacity, residence time 3 h with respect to cerium ions). 

Multiple use of the regenerated sorbent for concentration is possible. The developed techniques 

can be used to determine Ce(III) in standard samples, soil and tap water. 
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INTRODUCTION 

Heavy metal ions are in the number of the en-
vironmental pollutants. Low doses of rare-earth ele-
ments have some positive effects on physiological and 
biochemical reactions for plants and animals. Rare-
earth elements are widely used as plant growth regula-
tors for crops and as feed additives for livestock, poul-
try and aquaculture [1, 2]. As a result, rare-earth ele-
ments from agriculture will be present in agricultural 
products and enter the human body through the food 
chain. So it is necessary to obtain the impact of heavy 
metal ions to the environment from the analytical point 
of view [3].  

Cerium is one of the toxic rare earth elements. 
The global demand for rare-earth elements and their 
compounds has over the past decades due to their 
chemical, catalytic, electrical, magnetic, and etc. prop-
erties [4]. 

For this purpose, recently sorption methods 
have been widely used, especially with the use of pol-
ymeric chelating-forming sorbents (PCC). 

The methods of separation and concentrating 
of rare-earth elements associated with their toxicity are 
of great interest. The most widespread methods for the 
determination of heavy metal ions are flotation, coag-
ulation and adsorption [5-8]. 

Among the widespread known techniques for 
extracting microquantities of rare-earth elements from 
solutions, the sorption method is effective. This method 

allows to reduce the detection limit for microquantities 
of elements. For extract heavy metal ions both natural 
[9, 12, 14, 16] and synthetic [10, 11, 13, 15-19] 
sorbents are used. Spectrophotometric methods of de-
termination due to simplicity, reproducibility and 
cheapness of equipment are more universal.  

The aim of this work is the study of optimal 
characteristics of the sorption process – influence of pH, 
residence time, effect of the initial concentration of 
metal, influence of ionic strength of sorbent modified 
with dithizone based on a styrene-maleic anhydride 
(SMA) copolymer. The criterion for optimality of the 
process of sorption of cerium cations from aqueous so-
lutions by a polymeric sorbent is its maximum absorp-
tion and the achievement of a high sorption capacity. At 
the final stage the desorption process was carried out. 

EXPERIMENTAL PART 

Equipment 
The pH of the solutions was measured with an 

ionomer PHS-25 with a glass electrode. The optical 
density of the solutions was measured on a KFK-2 pho-
tocolorimeter (l = 1 cm). To mix the solutions, an OR-
BITAL SHAKER TS-1 thermomixer was used. Sorbent 
was dried in a Zymark TurboVap LV drying cabinet. 

Solutions and reagents 
All reagents used are chemically pure. For the 

photometric determination of cerium, 3-[2-(4,4-dime-
thyl-2,6-dioxocyclohexylidene)hydrazinyl]-2-hy-
droxy-5-nitrobenzene-1-sulfonic acid was used as the 
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reagent. The solution of reagent (2·10-3 M) was pre-
pared by dissolving it in an appropriate amount of dis-
tilled water. The cerium solution was prepared by dis-
solving in an appropriate amount of distilled water the 
salt of cerium Ce(NO3)3·6H2O. Working solutions 
were prepared by diluting with distilled water aliquots 
of the stock solution. The pH of the solutions was 
maintained constant using an ammoniated acetate 
buffer (pH 3-11). 

Synthesis of a sorbent  
Synthesis of sorbent was carried out according 

to a known method. The sorbent were synthesized by 
adding a certain amount of dithizone and formaldehyde 
to the copolymer of styrene with maleic anhydride. The 
reaction proceeds in a sand bath at 60-70 °C with con-
tinuous stirring for 45-50 min. Due to the fact that the 
reaction takes place in an aqueous medium, the anhy-
dride groups included in the copolymer are hydro-
lyzed. In the reaction of formaldehyde and dithizone, 
an unstable carbonylamine is formed. The resulting 
carbonylamine reacts with carboxyl groups and the 
amine fragment enters to the macromolecule. A sche-
matic representation of the polycondensation process 
is shown in Fig. 1: 
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Fig. 1. A schematic representation of the polycondensation process 

Рис. 1. Схематическое изображение процесса поликонденсации 

 
The resulting sorbent were washed 4-5 times 

with distilled water. The resulting mass was then dried 
in an oven.  

Sorption studies 
Sorption process was carried out under static 

conditions. To carry out sorption studies, 30 mg of 
sorbent, 2 ml of a solution of Ce (III) ion and corre-
sponding amount of pH = 5 were added to sorption 
flasks. The absorption capacity of the cerium ion 
sorbed by sorbent was calculated from the following 
equation. 

0( )eC C V
Q

m


 ,

 
where Q is the sorption capacity of sorbent, V – vol-
ume of solution, C0 – is the initial concentration of ce-
rium ions (mg·l-1), C is the concentration of cerium 
ions after the sorption process (mg·l-1) and m-mass of 
the sorbent (mg). The maximum sorption capacity of 
sorbent with respect to cerium ions is 682.85 mg∙g-1. 

The percentage recovery of cerium ions was 
calculated by the ratio of the difference in the concen-
trations of cerium ions in the solution before and after 
sorption to the concentration of cerium ions in the so-
lution before sorption using the following equation: 

,100%
0

0 



C

CC
R e  

where R is the percentage recovery, Co and Ce are the 
initial and equilibrium concentrations of the cerium 
ion. The maximum percentage recovery of cerium ions 
from the solution when using a sorbent modified with 
dithizone was 91.38%. 

Influence of acidity of environment 
The effect of pH is one of the main character-

istics of sorption process. The sorption process was 
carried out under static conditions. The time for study-
ing the effect of pH was 24 h. The influence of pH on 
the sorption of Ce(III) by polymer sorbent in the pH 
range 3-8 was studied. For this aim 30 mg of sorbent 
were placed in the sorption flasks, 2 ml of a 10-2 M so-
lution of cerium is added to the sorption flasks and left 
in a buffer medium at pH = 3-8. After concentrating, 
the photometric determination of cerium ions in solu-
tions was studied. For this aim, the 1.5 ml of reagent 3-
[2-(4,4-dimethyl-2,6-dioxocyclohexylidene)hydrazi-
nyl]-2-hydroxy-5-nitrobenzene-1-sulfonic acid was 
added to the aliquot part of the sorbent solution with a 
volume of 1 ml and diluted to a mark with pH = 5. The 
results of the studies showed that at pH = 5 the maxi-
mum sorption of cerium ions is observed. Finally, a 
graphical dependence of the sorption capacity on the 
medium acidity was drawn. Figure 1 shows the depend-
ence of the sorption capacity on the medium acidity. 

 

 
Fig. 2. Influence of medium acidity on the sorption process. 

CCe =10-2 mol l-1, msorb=30 mg, λ = 440 nm 
Рис. 2. Влияние кислотности среды на процесс сорбции. 

CCe =10-2 моль л-1, mсорб=30 мг, λ = 440 нм 
 

Residence time  
The time necessary to achieve complete sorp-

tion equilibrium was studied. For this purpose 30 mg 
of sorbent were placed in the sorption flasks, 2 ml of a 
10-2 M cerium solution and 18 ml of pH = 5 were 
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added. To study the influence of time, measurements 
were made within 210 min. Every 30 min an aliquot of 
1 ml was taken from the solution. It was found, that 
time required for establishing complete sorption equi-
librium is 210 min. Fig. 2 shows the dependence of the 
sorption capacity on the residence time. 

 

 
Fig. 3. Influence of residence time on the sorption process. 

CCe =10-2 mol l-1, pH =5, msorb=30 mg, λ = 440 nm 
Рис. 3. Влияние времени контакта на процесс сорбции. 

CCe =10-2 моль л-1, pH =5, mсорб=30 мг, λ = 440 нм 

 
Effect of the initial concentration of the metal 
To study the influence of the initial concentra-

tion of cerium ion on the sorption process, 30 mg of 
sorbent is placed in the sorption flasks, a certain 
amount of a 10-2 M solution of cerium is added and left 
in a buffer medium at pH = 5. The results of the analy-
sis showed that at a concentration of 80·10-4 M, the 
maximum sorption capacity of sorbents to cerium ions 
is observed.  

Influence of ionic strength 
The effect of ionic strength on the sorption of 

the Ce(III) by polymer sorbent is studied. To study the 
effect of ionic strength on the extraction of metal ions, 
a solution of 2M KCl was used. It was found that the 
optimal ionic strength on sorbent modified with dithi-
zone is achieved at a value of μ = 0.6. Fig. 3 shows the 
dependence of the sorption capacity on the ionic 
strength. 

 

 
Fig. 4. Influence of ionic strength on the sorption process. 

CCe =10-2 mol l-1, pH =5, msorb=30 mg, λ = 440 nm 

Рис.4. Влияние ионной силы на процесс сорбции. CCe =10-2 моль л-1, 
pH =5, mсорб=30 мг, λ = 440 нм 

The desorption process 

For the extraction of cerium ions absorbed by 

polymeric sorbent, a desorption process was carried 

out at the final stage. Mineral and organic acids HCl, 

HNO3, H2SO4, CH3COOH of different concentrations 

(0.5 M, 1 M, 1.5 M, 2 M) were used to extract metal 

ions absorbed by sorbents modified with dithizone. 

The results of the conducted studies showed that the 

best desorbing ability with respect to the cerium ions is 

in 1M HCl. After washing the sorbent with 1M hydro-

chloric acid, a 90% desorption of cerium ions is 

achieved. 

CONCLUSION 

Thus, adsorption of Ce(III) from aqueous solu-

tions onto synthetic polymer adsorbent is characterized 

by high degrees of recovery and adsorption capacity. 

The pH for extracting cerium ions is pH = 5; the resi-

dence time is 210 min; optimal ionic strength was 

achieved at a value of μ = 0.6. The developed tech-

niques can be used to determine Ce(III) in standard 

samples, soil and tap water. 

R E F E R E N C E S  
Л И Т Е Р А Т У Р А   

1. Jiang D.G., Yang J., Zhang D.J. Survey of 16 rare earth elements 

in the major foods in China. Biomed. Environ. Sci. 2012. V. 267. 

N 3. P. 267-271. DOI: 10.3967/0895-3988.2012.03.003. 

2. Chen Z.Y., Zhu X.D. Differences of acceptable daily intake 

and discussions of agricultural security of rare earths. J. 

Ecolog. Rural Environ. 2006. V. 22. N 3. P. 93-96.  

3. Xiaofei L., Zhibiao Ch., Zhiqiang Ch., Yonghe Zh. A hu-

man health risk assessment of rare earth elements in soil and 

vegetables from a mining area in Fujian province, Southeast 

China. Chemosphere. 2013. V. 93 N 6. P. 1240-1246. DOI: 

10.1016/j.chemosphere.2013.06.085. 

4. Tyler G. Rare earth elements in soil and plant systems. Plant 

Soil. 2004. V. 267. N 1. P. 191-206. DOI: 10.1007/s11104-

005-4888-2. 

5. Mohan D.S., Chander S. Single component and multicom-

ponent adsorption of metal ions by activated carbons. Colloid 

Surf. A. 2001. V. 177. N 2. P. 183-196. DOI: 10.1016/S0927-

7757(00)00670-1. 

6. Kadirvelu K., Thamaraiselvi K., Namasivayam C. Re-

moval of heavy metals from industrial wastewaters by adsorp-

tion onto activated carbon prepared from an agricultural solid 

waste. Bioresour. Technol. 2001. V. 76. N 1. P. 63. DOI: 

10.1016/S0960-8524(00)00072-9. 

7. Gharabaghi M., Badri R., Noaparast M. Cerium extraction 

from solution by adsorbing colloid flotation (ACF). Iran. J. 

Chem. Chem. Eng. 2018. V. 37. N 1. 

8. Farahmand E. Adsorption of Cerium (IV) from Aqueous Solu-

tions Using Activated Carbon Developed from Rice Straw. Open J. 

Geol. 2016. V. 6. N 3. Р. 189-200. DOI: 10.4236/ojg.2016.63017. 

9. Alieva A.F., Huseynov F.E., Eyyubova E.J., Shamilov 

N.T., Chiragov F.M. Adsorption study of some sorbents 



 

А.Ф. Алиева, Ф.Э. Гусейнов, Н.Т. Эфендиева, Н.Т. Шамилов, Ф.М. Чырагов 

 

Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 2019. V. 62. N 8 75 

  

 

based on maleic anhydride styrene copolymer and sul-

fodimezine and triazine as linkable amines. New Mater., 

Comp. Applicat. 2017. V. 1. N 1. Р. 27-35. 

10. El-Kafrawy A.F., El-Saeed Sh.M., Farag R.K., El-Saied 

H.A., Abdel-Raouf M.E. Adsorbents based on natural poly-

mers for removal of some heavy metals from aqueous solu-

tion. Egypt. J. Petrol. 2017. V. 1. N 1. P. 23-32. DOI: 

10.1016/j.ejpe.2016.02.007. 

11. Zare-Dorabei R., Jalalat V., Tadjarodi A. Central compo-

site design optimization of Ce (III) ion removal from aqueous 

solution using modified SBA-15 mesoporous silica. New J. 

Chem. 2016. V. 40. N 6. Р. 5128-5134.  

12. Lahiji M.N., Keshtkar A.R., Moosavin M.A. Adsorption of ce-

rium and lanthanum from aqueous solutions by chitosan/polyvinyl 

alcohol/3 mercaptopropyltrimethoxysilane beads in batch and 

fixed-bed systems. J. Particul. Sci. Technol. 2016. V. 36. N 3. 

P. 1-11. DOI: 10.1080/02726351.2016.1248262. 

13. Ohnuki T., Jiang M., Sakamoto F., Kozai N., Yamasaki 

Sh., Yu Q., Tanaka K., Utsunomiya S., Xia X., Yang K., 

He J. Sorption of trivalent cerium by a mixture of microbial 

cells and manganese oxides: Effect of microbial cells on the 

oxidation of trivalent cerium. Geochim. Cosmochim. Acta. 

2015. V. 163. P. 1-13. DOI: 10.1016/j.gca.2015.04.043. 

14. Li D., Huang Sh., Wang W., Peng A. Study on the kinetics 

of cerium(III) adsorption–desorption on different soils of 

China. Chemosphere. 2001. V. 44. N 4. P. 663-669. DOI: 

10.1016/S0045-6535(00)00357-X. 

15. Shojaei Z., Iravani E., Moosavian M. A., Torab-Mostaedi 

M. Removal of Cerium from Aqueous Solutions by Amino 

Phosphate Modified Nano TiO2: Kinetic, and Equilibrium 

Studies. Iran. J. Chem. Eng. 2016. V. 13. N 2. P. 3-21. 

16. Torab-Mostaedi M. Biosorption of lanthanum and cerium 

from aqueous solutions using tangerine (citrus reticulata) peel: 

equilibrium, kinetic and thermodynamic studies. Chem. In-

dust. Chem. Eng. Quart. 2013. V. 19. N 1. P. 79-88. DOI: 

10.2298/CICEQ1201 28043T. 

17. Sivaiah M.V., Venkatesan K.A., Sasidhar P., Krishna R.M., 

Murthy G.S. Ion Exchange Studies of Cerium (III) on Uranium 

Antimonate. J. Nucl. Radiochem. Sci. 2004. V. 5. N 1. Р. 7-10. DOI: 

10.14494/jnrs2000.5.7. 

18. Wang F., Wang W., Zhu Y., Wang A. Evaluation of Ce(III) and 

Gd(III) adsorption from aqueous solution using CTS-g-(AA-co-

SS)/ISC hybrid hydrogel adsorbent. J. Rare Earth. 2017. V. 35. 

N 7. Р. 697-708. DOI: 10.1016/S1002-0721(17)60966-9. 

19. Rabiul A.Md., Yaita T., Shiwaku H. Design a novel optical ad-

sorbent for simultaneous ultra-trace cerium(III) detection, sorption 

and recovery. Chem. Eng. J. 2013. V. 228. Р. 327-335. DOI: 

10.1016/j.cej.2013.05.010. 

 

 
Поступила в редакцию 21.08.2018 
Принята к опубликованию 27.06.2019  

 

Received 21.08.2018 

Accepted 27.06.2019 

 


