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Abstract: This study dealt with the removal of As(V) by a clay sample (KO2) from Burkina Faso, and two sodic 

and protonic Y type zeolite samples. The clay sample contained both kaolinite and illite phases. The kinetic 

study exhibited that adsorption was significantly faster for zeolites than for clay sample because of ease of 

access to porosity. The role of extra-framework Na+ cation in the restriction of As(V) to zeolite porosity was 

also highlighted. Despite differences in adsorption kinetics adsorption capacities were fairly close for the 

studied samples. The concentration of active site on the clay surface was higher than the concentration of active 

sites in zeolites micropores. Framework aluminol groups were mainly involved in As(V) complexation by 

zeolites. 
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I. Introduction 
 Arsenic is a toxic element for human and environment. In water it is responsible for dermatitis, skin 

cancer [1], neurological and cardiology diseases, enlargement of liver, heart diseases and internal cancers [2-6]. 

The occurrence of arsenic in groundwater is widespread [7-12] with concentrations above the limit of 10 µg/L 

recommended by WHO and US-EPA [13-14]. Several techniques have been implemented for arsenic removal 

from water such adsorption on oxides and activated carbon [15-21], anion exchange [22], reverse osmosis [23] 

or coagulation methods [24-25]. The adsorption over both natural [26-27] and synthetic zeolites [28-30] was 

widely investigated. Natural clay samples were also studied for arsenic removal in water [31-33]. Zeolites and 

clays showed interesting adsorption capacities due to the presence of aluminol and silanol hydroxyl groups in 

their structures.  

 In the present study the removal of arsenic (V) in water was studied for a clay sample from Burkina 

Faso and two synthetic Y type zeolites, HY(33.93) and NaY(2.5). Both kinetic and thermodynamic aspects were 

considered for the adsorption of As(V) on zeolite and clay samples.  

   

II.  Experimental 
 HY sample was provided by par Zeolyst International and NaY sample by IFP (Institut Français du 

Pétrole). The framework Si/Al ratios were respectively 33.93 and 2.5 for HY and NaY. The clay sample was 

collected in the locality of Koro in the western region of Burkina Faso (West Africa). The localization of the 

collection site was 11˚09' North latitude and 4˚11' West longitude.  The clay sample was referenced as KO2. 

The analytical grade arsenic (V) was provided by Sigma Aldrich as Na2HAsO4,7H2O. The As(V) solutions were 

prepared with Milli-Q ultrapure water. The adsorption experiments were realized at 30°C. The pH of the 

solutions was 7.5. As(V) concentrations were determined by a Perkin Elmer AA300 atomic absorption 

spectrometer with graphite furnace technique.   

 The physico-chemical characteristics of samples were obtained by several techniques. The surfaces and 

volumes were determined by nitrogen adsorption-desorption experiments performed at 77K with a 

Micromeritics ASAP 2010 analyzer. The different clay phases were identified by X-ray diffraction using a 

Bruker D5005 diffractometer, and by thermal analysis using a TA Instruments SDT-Q600 DTA-TGA analyzer. 

Thermal analysis were performed under air flow at 60 mL∙min
-1

, the temperature varying from room 

temperature to 900˚C.  

 Kinetic experiments were realized over HY, NaY and KO2 samples for an As(V) initial concentration 

fixed at 10 mg.L
-1

. 50 mg of adsorbent was in contact with 20 mL of sorbate in stirring batch reactor. A few 
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amount (≈ 1 µL) of supernatant solution was withdrawn regularly for analysis until its concentration remained 

constant.  

 

III. Results and discussion 
3.1 Sample characterization 

The diffractogram of KO2 clay sample is presented on figure 1. 

 
Figure 1: Diffractogram of KO2 sample 

 

 It appears that KO2 sample is composed by quartz α, feldspar, kaolinite and illite phases. This is 

confirmed by TGA-DTA results. Indeed, a pick at 455°C associated to kaolinite dehydroxylation [34-35], 

another one at 449°C associated to illite dehydroxylation [36] and a last one at 573°C indicating a 

transformation of quartz α into quartz β [37], exhibit the presence of kaolinite, illite and quartz in the KO2 

sample. 

The surface and porous volume data from nitrogen adsorption-desorption experiments are reported in Table 1. 

 

Table 1: Surface and volume determined N2 adsorption-desorption at 77K for HY, NaY and KO2 samples. 
Samples Surfaces Porosity 

 Specific area 

(m².g-1) 

Microporous area  

(m².g-1) 

Microporous 

volume (cm 3.g-1) 

Mesoporous volume 

(cm 3.g-1) 

Total  

volume  

(cm3.g-1) 

KO2 42 7.4 0.0027 - 0.0034 

HY 825 791 0.325 0.118 0.449 

NaY 852.5 810.2 0.283 0.033 0.3190 

 

 The specific area (42 m².g
-1

) for the KO2 clay sample is significantly lower than the one of zeolite 

samples (825 and 852.5 m².g
-1 

respectively for HY and NaY). In the case of zeolites the microporous surface is 

more important than external surface while in the case of clay sample the external surface (34.6 m².g
-
1) is higher 

than microporous area (7.4 m².g
-1

). The specific surface is higher for NaY than for HY. The microporous 

volume of HY (0,325 cm
3
.g

-1
) is higher than the one of NaY (0,283 cm

3
.g

-1
). The same trend is observed for 

mesopores. As Na
+
 cations are bigger than H

+
 protons a reduction of internal porosity access occurs for NaY 

zeolite, inducing a decrease of accessible pores volumes.  

 

3.2 Kinetic study 

 The adsorption kinetic of As(V) over KO2, HY and NaY samples was studied. The percentage of 

adsorbed As(V) versus time is represented on figure 2.  

 After 3 minutes, 99.98% of As(V) are adsorbed by HY sample. For NaY sample, only 80% are 

adsorbed after 3 minutes and 100% after 40 minutes. In the case of KO2, 60% are adsorbed after 3 minutes and 

100% after 60 minutes.  



Arsenic removal by clay and Y zeolite samples: a kinetic and thermodynamic study 

DOI: 10.9790/2402-1201011015                                   www.iosrjournals.org                                           12 | Page 

 
Figure 2: Adsorption kinetic of As(V) for HY, NaY and KO2 samples 

 

            Adsorption is faster for zeolites than for clay sample. Indeed the interplanar spacing of kaolinite is about 

7 Å and the one of illite is about 10 Å. In contrast, the inner cavity of Y zeolites is about 13 Å [38]. So As(V) 

ions reach the active sites easier and faster for zeolites than for KO2 clay sample. Adsorption rates increase 

significantly for zeolites by comparison with KO2. 

            In the case of zeolites, active sites are mainly aluminol sites [30]; most of Al atoms are in the framework, 

and some are extra-framework [39]. Na
+
 cations reduce the access to zeolites micropores where are most of the 

active sites; this results in a reduction of adsorption kinetic for NaY sample.   

  The diffusion coefficients were determined by Fick's equation [40]. They are reported in Table 2.   

 

Table 2: Diffusion coefficients determined from Fick's equation. 
Sample Diffusion coefficients (s-1) 

HY 0.0057 

NaY 0.0007 

KO2 0.00045 

 

 The values of diffusion coefficients show that the diffusion is 10 times faster on HY than on NaY; this 

can be explained by the steric hindrance due to the size of Na
+
 cations. The diffusion is 100 times faster for HY 

by comparison with KO2 clay sample. As KO2 contains kaolinite and illite phases where interfoliaceous space 

is maximum 10 Å (illite) and the pores opening of α cages is about 13 Å for HY zeolite, diffusion appears easier 

on HY sample.  

 

3.3 Isothermal study  

 The adsorption isotherms were determined for HY, NaY and KO2 samples. Experimental points were 

well fitted by Langmuir model [41].  The adsorption isotherms are represented on figure 3 where theoretical 

points from Langmuir modeling are in solid lines.  
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Figure 3. As(V) adsorption isotherms on KO2, HY and NaY samples 

 

 Isotherms are type I according to IUPAC classification [42], exhibiting a monolayer adsorption in 

micropores, without lateral interactions between adsorbed species. According to Langmuir assumptions 

adsorption occurs also on localized iso-energetic sites. On kaolinite and illite these sites are identified as 

hydroxyl groups (aluminols and silanols present on the surface [43]. In the case of zeolites aluminols groups are 

responsible of arsenic uptake [30]; indeed, it was shown [44-45] that adsorption capacity of silanol surface 

groups in silicon oxide is substantially lower. The determination of BrØnsted acidity according to protocol 

described by Yonli et al [46] for both HY and NaY samples indicated a concentration of 133 µmol.g
-1 

for HY 

and no BrØnsted acidity for NaY; on an other hand, Lewis acidity for HY (44 µmol.g
-1

) was lower than the one 

for NaY (1039 µmol.g
-1

). It is well known [46] that BrØnsted acidity is associated to framework Al atoms and 

Lewis acidity is linked to extra-framework Al atoms. This suggests that As(V) anions are preferentially 

adsorbed on framework Al atoms rather than extra-framework Al atoms. Adsorption occurs by complexation of 

terminal aluminols and arsenate oxyanions [30]. 

 Adsorption capacities and sorbent-adsorbent interactions coefficients were determined from Langmuir 

modeling. Data are reported on Table 3. 

 

Table 3: Langmuir parameters determined for KO2, HY and NaY samples 
Sample Maximum adsorption capacity Sorbate-adsorbant  

interaction coefficient  

Qm (mg/g) K (L.g-1) 

KO2 0.392 0.0595 

HY 0.399 0.0438 

NaY 0.386 0.0318 

  

 Unlike diffusion coefficients maximum adsorption capacities are very close for the studied samples. 

This exhibits that even the adsorption rates are different at equilibrium the uptake level is close. The specific 

surfaces are very different (42 m
2
.g

-1
, 825 m

2
.g

-1
 and  852.5 m

2
.g

-1
 respectively for KO2, HY and NaY) when 

adsorption capacities are close: this suppose that the concentration of hydroxyl active sites on the surface is 

higher for KO2 clay sample than for zeolites. The specific surface is higher for NaY than for HY and the 

adsorption capacity is greater for HY sample. This confirms that for Y type zeolites the adsorption capacity 

depends more on framework Al atoms quantity than specific surface value. Framework Al atoms are in 

micropores so the greater microporous volume of HY sample favors the As(V) adsorption on this sample.  

 The adsorption capacity is about 0.392 mg/g for KO2 sample. This value is superior to the adsorption 

capacity determined for a kaolinite sample by Mohan et al (0.23 mg/g) [47] or Sanou et al (0.67 µg/g) on a 

lateritic sample of Burkina Faso [48],  Maji et al (0.18 mg/g) [49] for a lateritic soil from Bangladesh.  

 The adsorption capacities for Y zeolites are respectively 0.399 mg/g and 0.386 mg/g for HY and NaY. 

Mohan et al [47] found 10.49 mg/g for an aluminum loaded shirazu-zeolite, exhibiting the role of Al atoms on 

the As(V) uptake by zeolites. 

 The sorbate-adsorbent interaction coefficient K is greater for KO2 (0.0595 L.g
-1

) as the concentration 

of aluminol sites is higher on the surface of this sample, and the interfoliaceous space is low, inducing a greater 
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confinement of arsenate ions between the clay layers. Due to the attraction between framework Al atoms and 

arsenate ions the K value is higher for HY (0.0438 L.g
-1

) than for NaY (0.0318 L.g
-1

): sorbate-adsorbent 

interaction is greater for HY than for NaY zeolites. 

 

IV. Conclusion 
            The study of adsorption kinetic showed that adsorption is faster for zeolites than for clay sample due to 

an easier access to active sites in the case of zeolites. Moreover, the access was favoured for HY sample because 

of the lack of Na
+
 extra-framework cations restricting the access to the porosity. There are significant 

differences regarding the diffusion coefficients of the samples; the diffusion was 10 times faster on HY than on 

NaY, due to the steric hindrance of Na
+
 cations. The diffusion was 100 times faster for HY than for KO2 clay 

sample, due to smaller size of interplanar space when compared to the size of HY α cages. Despite significant 

differences in kinetics, adsorption capacities for KO2, NaY and HY samples were quite close. The active sites 

identified as hydroxyl groups appeared more concentrated on the surface of KO2 clay sample than in the 

micropores of zeolites. Framework Al atoms appeared as preferential As(V) adsorption sites in the case of 

zeolites. For clay samples both silanols and aluminols groups were involved in adsorption of arsenic oxyanions 

where for zeolites mainly aluminols groups were concerned. 

 

References  
[1]. A. Dutta, M. Chaudhuri, Removal of arsenic from groundwater by lime softening with powdered coal additive, Aqua 40 (1991) 25-

29. 

[2]. M. F. Hughes, Arsenic toxicity and potential mechanisms of action, Toxicology letter, 1 (133) (2002) 1-16. 
[3]. I. Holmquist, Occupational arsenical dermatitis, a study among employees at a copper ore smelting work including investigations of 

skin reactions to contact with arsenic compounds, Acta Derm. Venereol 31 (1951) 211-214. 

[4]. M. D. Guhamazumder, Chronic arsenic toxicity: clinical features, epidemiology, and treatment: experience in West Bengal, Journal 
of Environmental Science and health, Part A, 38 (2003) 141-163. 

[5]. R. C. Kaltreider, J. W. Hamilton, Arsenic alters the function of the glucocorticoid receptor as a transcription factor, Environ. Health 

Perspect. (2001) 245-251. 
[6]. M. Maharjan, C. Watanabe, S. A. Ahmad, . R. Ohtsuka, Arsenic contamination in drinking water and skin manifestations in lowland 

Nepal: the first community-based survey. Am. J. Trop. Med. Hyg., 73 (2005) 477-479. 

[7]. R. Nickson, J. McArthur, W. Burgess, K. M. Ahmed, P. Ravenscroft, M. Rahman, Arsenic poisoning of Bangladesh groundwater, 
Nature 395 (1998) 338 

[8]. A. Chatterjee, D. Das, B. K. Mandal, T. R. Chowdhury, G. Samanta, D. Chakraborti, Arsenic in ground water in six districts of 

West Bengal, India: the biggest arsenic calamity in the world. Part I. Arsenic species in drinking water and urine of the affected 
people, Analyst 120 (1995) 643-650 

[9]. S. S. Farias, V. A. Casa, C. Vasquez, L. Ferpozz, G. N. Pucci, I. M. Cohen, Natural contamination with arsenic and other trace 

elements in ground waters of Argentine Pampean Plain, Sci. Total Environ. 309 (2003) 187-199 
[10]. S. L. Chen, S. R. Dzeng, M. H. Yang, K. H. Chiu, G. M. Shieh, C. M. Wai, Arsenic species in groundwaters of the blackfoot 

disease area, taiwan, Environ. Sci. Technol. 28 (1994) 877-881 

[11]. L. M. Del Razo, M. A. Arellano, M. E. Cebrian, The Oxidation States of Arsenic in Well-Water from a Chronic Arsenicism Area of 
Northern Mexico, Environ. Pollut. 64 (1990) 143-153 

[12]. S. C. Peters, J. D. Blum, B. Klaue, M. R. Karagas, Arsenic occurrence in New Hampshire drinking water, Environ. Sci. Technol. 33 

(1999) 1328-1333 
[13]. Guidelines for Drinking Water Quality. Health Criteria and Other Supporting Information, second ed., World Health Organization, 

Geneva, Switzerland,  2 (1996) 940-949. 

[14]. USEPA. Drinking water standard for arsenic. EPA 815-F-00-015, Office of Water, Washington, DC; (2001) 
[15]. S. Goldberg, Competitive adsorption of arsenate and arsenite on oxides and clay minerals, Soil. Sci. Am. J., 66 (2002) 413-421. 

[16]. W. Chen, R. Parette, J. Zou, F. S. Cannon, B. A. Dempsey, Arsenic removal by iron-modified activated carbon, Water Research 41 

(2007) 1851-1858. 
[17]. G.N. Manju, C. Raji, T.S. Anirudhan, Evaluation of coconut husk carbon for removal of arsenic from water, Water Res., 32 (1998) 

3062-3070. 

[18]. J. Pattanayak, K. Mondal, S. Mathew, S.B. Lalvani, A parametric evaluation of the removal of As(V) and As(III) by carbon based 
adsorbents, Carbon., 38 (2000) 589-596. 

[19]. V. Lenoble, Elimination de l’Arsenic pour la production d’eau potable :oxydation chimique et adsorption sur des substrats solides 

innovants, Thèse de doctorat, Université de Limoges, (2003), 177p. 
[20]. W. Stumm, J. J. Morgan, Aquatic chemistry: chemical equilibria and rates in natural waters. New York: Wiley; (1996). 

[21]. D.A. Clifford, G. L. Ghurye, Metal-oxide adsorption, ion exchange and coagulation-microfiltration for arsenic removal from water. 

In: Frankenberger WT, editors. Environmental chemistry of Arsenic. New York: Marcel Dekker; (2002). 
[22]. G. L. Ghurye, D. L. Clifford, A. R. Tripp, Combined nitrate and arsenic removal by ion exchange, J. Am. Water Works Assoc., 91 

(1999) 85-96. 
[23]. T. J. Sorg, G. S. Logsdon, Treatment technology to meet the interim primary drinking water regulation for inorganics: Part 2, J. Am. 

Water Works Assoc. 70 (1978) 379-392. 

[24]. J. G. Hering, M. Elimelech, Arsenic removal by enhanced coagulation and membrane processes. Report 90706. Denver, CO: 
American Water Works Association and Research Foundation (1996). 

[25]. W. Driehaus, M. Jekal, U. Hildebrand, Granular ferric hydroxide: a novel adsorbent for the removal of arsenic from natural water, J. 

Water SRT, 47 (1998) 30-35. 
[26]. D. Bonnin, Arsenic Removal from Water Utilizing Natural Zeolites, Proceedings of the Annual Conference on American Water 

Works Association, (1997) 421-441. 

[27]. M. B. Baskan, A. Pala, Removal of arsenic from drinking water using modified natural zeolite, Desalination,  281 (2011) 396-403 
[28]. Y.-H. Xu, A. Ohki, S. Maeda, Adsorption of arsenic(V) by use of alumina-loaded shirasu-zeolite. Chem Lett. 27 (1998) 1015-1016. 

https://www.ncbi.nlm.nih.gov/pubmed/22191829
https://www.ncbi.nlm.nih.gov/pubmed/22191829
https://www.ncbi.nlm.nih.gov/pubmed/22191829


Arsenic removal by clay and Y zeolite samples: a kinetic and thermodynamic study 

DOI: 10.9790/2402-1201011015                                   www.iosrjournals.org                                           15 | Page 

[29]. Y.-H. Xu, A. Ohki, S. Maeda, Removal of arsenate, phosphate and flouride ions by aluminium-loaded shirasu-zeolite, Toxic. Env. 

Chem. 76 (2000) 111-124. 

[30]. S. Shevade, R. G. Ford, Use of synthetic zeolites for arsenate removal from pollutant water, Water Research 38 (2004) 3197-3204 
[31]. D. Mohapatra, D. Mishra, G. Chaudhury, R. Das., Arsenic adsorption mechanism on clay minerals and its dependence on 

temperature, Korean Journal of Chemical Engineering, 24 (2007) 26-430. 

[32]. S. Goldberg, Competitive adsorption of arsenate and arsenite on oxides and clay minerals, Soil. Sci. Am. J., 66 (2002) 413-421. 
[33]. B. A. Manning, S. Goldberg, Adsorption and Stability of Arsenic (III) at the Clay Mineral-Water Interface, Environmental Science 

and Technology, 31 (1997) 2005-2011. 

[34]. S. Kam, L. Zerbo, J. Soro, k. Traoré, J. D. Bathiebo, Y. Millogo, R. Ouédraogo, M. Gomina, P. Blanchart, Céramiques d’argile du 
Burkina Faso utilisées en construction immobilière, J. soc. Ouest-Afr. Chim., 27 (2009) 67-74. 

[35]. F. Bergaya, B. K. G. Theng, G. Lagaly, Handbook of Clay Science. Amsterdam : Elsevier, (2006) 1021-1096. 

[36]. J. E. Boulingui, C. Nkoumbou, D. Njoya, F. Thomas, J. Yvon, Characterization of clays from mezafe and mengono (ne-libreville, 
gabon) for potential uses in fired products, Applied Clay Science, 115 (2015) 132 -144. 

[37]. P. B. Arab, T. P. Araújo, O. J. Pejon,  Identification of clay minerals in mixtures subjected to differential thermal and 

thermogravimetry analyses and methylene blue adsorption tests, Applied Clay Science, 115 (2015) 133-140.  
[38]. G. Nowacki, H. Bergerhoff, W. Koyama, Zur Kristallstruktur der Mineralien der Chabasit- und der Faujasit gruppe, 12 (1956) 418–

419 

[39]. I. Batonneau-gener, A. Yonli, S. Hazael-pascal, J. P. Marques, J. M. Lopes, M. Guisnet, F. R. Ribeiro, S. Mignard, Influence of 
steaming and acid-leaching treatments on the hydrophobicity of HBEA zeolite determined under static conditions, Micropor. and 

Mesopor. Mater., 110 (2008) 480-487. 

[40]. A. Fick, On liquid diffusion, Poggendorffs Annalen, 94 (1855) 59. – reprinted in "On liquid diffusion", Journal of Membrane 
Science, 100 (1995) 33-38. 

[41]. M. L. Zhou, G. Martin, S. Taha, F. Sant’Anna,  Comparaison de Modèles et Modélisation d'Isotherme en Phase Liquide 

d'Adsorption sur Charbon Actif, Journal of Water Resources, 32 (1998) 1109-1118. 
[42]. K. S. W. Sing, Reporting physisorption data for gas/solid systems with special reference to the determination of surface area and 

porosity, Pure & Appl. Chem., 54 (1982) 2201- 22l8. 

[43]. H. Xu, B. Allard, A. Grimvall, Influence of pH and organic substance on the adsorption of As(V) on geologic materials, Water, Air, 
and Soil Pollution 40 (1988) 293-305.  

[44]. S. A. Wasay, M. J. Haron, S. Tokunaga, Adsorption of flouride, phosphate and arsenate ions on lanthanum impregnated silica gel, 

Water Environ. Res., 68 (1996: 295-300. 
[45]. P. J. Swedlund, J. G. Webster, Adsorption and polymerization of silicic acid on ferrihydrite and its effect on arsenic adsorption, 

Water Res., 33 (1999) 3413-3422. 

[46]. A. H.Yonli, I. Gener, S. Mignard, Comparative study of the hydrophobicity of BEA, HZSM-5 and HY zeolites determined by 

competitive adsorption. Microporous and Mesoporous Materials, 132 (2010) 37-42 

[47]. D. Mohan, C. U. Jr. Pittman, Arsenic removal from water/wastewater using adsorbents-A critical review. Journal of Hazardous 

Materials, 142 (2007) 1-53. 
[48]. Y. Sanou, S. Paré, N. T. T. Phuong, N. V. Phuoc, Experimental and Kinetic modeling of As (V) adsorption on Granular Ferric 

Hydroxide and Laterite, J. Environ. Treat. Tech, (2016) 1-9. 
[49]. S. K. Maji, A. Pal, T. Pal, Arsenic removal from real-life groundwater by adsorption on laterite soil, J. Hazard. Mater., 151 (2008) 

811-820. 

Wendpagnagda COMBERE "Arsenic removal by clay and Y zeolite samples: a kinetic and 

thermodynamic study." IOSR Journal of Environmental Science, Toxicology and Food 

Technology (IOSR-JESTFT) 12.1 (2018): 10-15. 


