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Abstract: Adsorption of arsenic on clay surfaces is important for the natural and simulated removal of 

arsenic species from aqueous environments. In this investigation, two samples of clay minerals (glauconite 

and halloysite) in both untreated and acid activated treated forms were used for the sorption of arsenate from 

aqueous solution. Glauconite is mainly composed of illite/ smectite mixed layer, kaolinite and quartz. 

Halloysite is composed of halloysite, kaolinite, quartz, marcasite and trace amount of pyrite. Iron is existed 

as separated minerals (marcasite and pyrite) in the case of halloysite or present in the structure of glauconite, 

which play an important role in the adsorption of arsenic. Acid activation followed by calcination enhanced 

the adsorption capacity compared to the untreated clay minerals due to the increased surface area and pore 

volume. However, the increasing of acid activation leads to dissolution of iron from sorbent clay materials 

which in turn lead to decrease the adsorption capacity of As (V). The effects of initial As (V) concentration, 

contact time and pH on the adsorption of arsenic (V) by the untreated and treated glauconite and halloysite 

were investigated. Maximum adsorption capacity (about 93%) was recorded for treated halloysite at 

equilibrium conditions pH5, 240 minute contact time, arsenate concentration 0.90 mg/L, and at temperature 

25
o
C. The adsorption kinetics of glauconite follow the Langmuir pseudo first-order model, while the 

adsorption kinetic of halloysite was neither fit with pseudo first-order kinetics model nor with pseudo 

second-order kinetics model, suggesting adsorption kinetics of halloysite should be further analysis. 
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1. INTRODUCTION 
 

Arsenic is a minor terrestrial element in the 

earth’s crust and is highest in marine shale materials, 

magmatic sulfides, and iron ores, where arsenic occurs 

as arsenopyrite (FeAsS), realgar (AsS), and orpiment 

(As2S3) (Tanaka, 1988; Huang, 1988). Arsenic has 

been known as a toxic element for centuries due to the 

risk to plants, animals and human health. It is known 

that arsenic is responsible for the development of liver, 

bladder, skin, and kidney cancer, and long-term intake 

of small doses of inorganic arsenic compounds causes 

in many other diseases (Chatterjee et al., 1995). The 

mean values of arsenic content in soils, the earth’s 

crust, and sediments are 6, 1.5, and 7.7 mg kg
–1

 

respectively (Sparks, 1995). Natural waters contain 

low levels of total arsenic (about 1 to 10 μg/L) as 

Arsenate and/or As(III) (Williams, 2001). The natural 

oxidation of air-exposed sulfide minerals is one of the 

origins of crust chemical elements mobilization 

associated with the generation of acid mine drainage. 

Mobilization of arsenic in the environment arises also 

from anthropogenic activities related to mining and ore 

processing, metallurgy, agriculture, wood preservation, 

and industry. 

The World Health Organization (WHO), the 

European Union, the United States, and many other 

countries’ governments have established 0.050 mg/L 

arsenic as the maximum contaminant level for total 

arsenic in potable water. However, there is evidence of 

adverse health effects at lower exposure levels. WHO 

thus promoted 0.010 mg/L arsenic as the new guideline 

value for arsenic in potable water (Williams, 2001).  

Arsenic-contaminated waters are used by 

populations of some parts of the world, with large-

scale disasters occurring in particular regions of 

Asia, Africa, and Central and South America 

(Williams, 2001; Chen et al., 1994) involving some 

millions of inhabitants. In some Bengal districts of 

India, arsenic ground water concentrations range 

between 0.05 and 1.25 mg/L, reaching 3.7 mg/L in 

some places (Chatterjee et al., 1995). 

The two most important factors controlling the 

speciation of arsenic (and, to some extent, solubility) 
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are pH and redox potential. Under oxidizing 

conditions at pH less than 6.9, (H2AsO4) is the 

dominant species, whereas (HAsO4)
-2
 predominates at 

higher pH. Under reducing conditions at a pH value 

less than 9.2, the uncharged arsenite species (H3AsO3) 

is dominant. In contrast to the pH dependency of 

Arsenate, As (III) was found virtually independent of 

pH in the absence of other specifically adsorbed 

anions (Smedley & Kinniburg 2002). Most often, 

As(III) is usually the predominant species under 

reducing conditions, whereas arsenate usually 

predominates under oxidizing conditions (Elizalde-

Gonzalez et al., 2001). Most adsorption and chemical 

precipitation treatments require an oxidation 

pretreatment to convert As (III) into arsenate because 

arsenate usually adsorbs and reacts more strongly 

than As(III) (Ahmed, 2001). 

Arsenic removal takes place by several 

methods such as ion exchange, membrane process, 

adsorption, or chemical precipitation. Among these 

methods adsorption of inorganic (As) compounds 

from aqueous system using both natural and synthetic 

sorbents, such as iron containing compounds 

(Ramaswami et al., 2001; Su & Puls, 2001), iron- or 

iron–manganese-modified zeolite (Jiménez-Cedillo et 

al., 2011), lanthanum compounds (Tokunaga et al., 

1997), manganese oxides (Manning et al., 2002), 

Aqua-bind
TM 

(Senapati & Alam, 2001), and granular 

ferric hydroxide (Pal, 2001).The adsorption of As 

species on clay surfaces could be important for 

economical aspects because most of natural clays and 

aluminosilicates fall into the low-cost and available 

materials (Lin & Puls, 2003; Doušová et al., 2005; 

2006).  

Clays are hydrous aluminosilicates that make up 

the colloid fraction (<2 µ) of soil, sediment, rocks and 

water (Pinnavaia, 1983). The high specific surface 

area, chemical and mechanical stability, layered 

structure, high cation exchange capacity (CEC), 

Bro¨nsted and Lewis acidity, etc., have made the clays 

excellent materials for adsorption (Tanabe, 1981). 

Researchers have reported that acid activation followed 

by thermal treatment increases the adsorption capacity 

the clay minerals to a good extent (Alvarez & Garcia, 

2003; Yavuz et al., 2003; Bhattacharyya, 2007). Such 

observations have stimulated a good number of studies 

in metal ion removal by using clay minerals and their 

modified forms as adsorbents. 

In this study, two types of layered clay minerals 

1:1 layer clay minerals “halloysite” and 2:1 layer clay 

minerals “glauconite” were used as arsenic sorbents. 

Halloysite is a clay mineral similar in structure to 

kaolinite, having a 1:1 structure in which a silica 

tetrahedral sheet is joined to an alumina octahedral 

sheet. Glauconite has a structure with one dioctahedral 

sheet sandwiched between two silicon tetrahedral sheets 

(Nesse, 1991). The tetrahedral sheets are bonded 

together with potassium and sodium in a 12-fold 

coordination with oxygen from the tetrahedral sheets 

(Nesse, l991). The dioctahedral layer in glauconite 

usually contains more Fe
3+

 along with significant 

amounts of Fe
2+

 and Mg
2+

. The overall charge 

deficiency in glauconite caused by the divalent cations 

replacing trivalent cations in the octahedral layer is 

balanced by more silicon, Si
4+

 replacing iron, Fe
3+

, in the 

tetrahedral layer. The structure also usually contains 

layers of expandable-type clay in variable proportions 

and may contain excess absorbed water (Nesse, l991).  

 

2. MATERIALS AND METHODS 
 

Two samples of clay minerals were selected 

for this study, green clay “glauconite” obtained from 

El Gidida area Egypt, and halloysite obtained from 

BlackJack, Utah U.S.A. Green clay and halloysite 

samples were treated by acid activation and 

calcination. Both untreated and treated samples were 

investigated in terms of their selectivity for As (V) 

removal from aqueous solution. 

Acid activation of glauconite and halloysite 

was carried out by treating with 2 M HCl (E. Merck, 

Mumbai, India) by standard procedure 

(Espantaleon et al., 2003). 20 g of the clays 

(glauconite and halloysite) were refluxed with 200 

ml of 2 M HCl at about 100ºC for 1, 2 and 4 hours 

respectively. The resulting clays (acid activated 

glauconite and halloysite) were centrifuged and 

washed with water several times till it was free of 

acid  and dried at 90 ºC in an air oven until constant 

weight was attained. All the clays were calcined 

before using them as adsorbents at 550
o
C for 5h.  

Characterization of treated and untreated 

samples was carried out using x-ray diffraction 

(XRD), Infra Red (IR), x-ray fluorescent (XRF), 

surface area, and scanning electron microscope 

(SEM). X-ray diffraction was carried out using 

Philips diffractometer (PW1710) for powder sample 

and the clay fraction (<2µm), with scan speed 

2
o
/min. X-ray fluorescence (XRF) analysis was done 

using a Philips type PW 1410 instrument. Infrared 

spectra were obtained using (FTIR) spectrometer 

(BIORAD) FTS 6000. The KBr pressed pellet 

technique was used, with a spectral range of 4000-

400 cm
-1

. Scanning electron micrographs were 

carried out using (Topcon) sm–300 scanning 

electron microscope. Surface area was determined 

using ASAP 2010 micrometrics. 

The stock solution of arsenate As (V) 1000 

mg/L was prepared from Na2HAsO4.7H2O salt, which 
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was subsequently used to prepare experimental 

solutions of specified concentrations. The 

concentration of arsenic in the aqueous solutions was 

determined by using a Perkin-Elmeer (Model 2280) 

atomic absorption spectrophotometer (AAS) at 193.7 

nm resonance line, using air –C2H2 flam. 

The adsorption experiments were carried out in 

100 ml Erlenmeyer flask by mixing clay sample and 

50mL aqueous solution of As (V) ions and agitating 

the mixture in constant temperature water bath 

thermostat for a desired time interval. Solid suspension 

density was 40 g L
-1
 for the samples. The mixture was 

centrifuged and supernatant was analyzed with atomic 

absorption spectrophotometer for unabsorbed arsenic 

remained in the solution. The pH of the adsorbate 

solution was adjusted, if necessary by adding 0.01N 

NaOH or 0.01 N HCl in drops. 

Adsorption studies show that oxidation of 

arsenite to arsenate is necessary to achieve effective 

arsenic removal, (Gupta & Chen (1978). The 

oxidation of any As (III) to As (V) was carried out 

by adding drops of hydrogen peroxide. 

 

2.1. Adsorption kinetic model 
 

Attempt was carried out to describe 

adsorption kinetics of arsenic (V) by glauconite and 

halloysite. Langmuir model was used which can be 

written in a nonlinear form as: 

Ce/qe = 1/(qm K1) + (1/qm) Ce 

Where qm = The monolayer adsorption capacity of 

the adsorbent (mg g
-1

) (maximum amount adsorbed). 

 K1 = The Langmuir adsorption constant (L mg
-1

), 

that relates to the energy of adsorption.  

Ce  = The equilibrium metal ion concentration in the 

solution (mg L
-1

 ).  

qe = The equilibrium metal ion concentration on the 

adsorbent (mg g
-1

). 

To describe the kinetics of the adsorption of 

arsenic by the glauconite and halloysite, two models 

were used pseudo-first-order-kinetic and pseudo-

second-order-kinetic models. The pseudo first-order 

model is given by following equation: 

log ( qe – qt ) = log qe – K1/2303 t 

Where: 

qe (mg g
-1
) = The amounts of arsenate (V) adsorbed on 

the glauconite or halloysite at equilibrium in mg g
-1
. 

qt (mg g
-1

) = The amounts of arsenate (V) adsorbed 

on the glauconite or halloysite at time in mg g
-1
. 

K1 = Constant of pseudo first-order adsorption. 

The pseudo second-order model is given as: 

t/qt = 1/K2qe + 1/qe 

The value of qe and K2 can be determined from a slope 

and intercept respectively. Pseudo second order model 

has been successfully applied to several adsorption as 

reported by McKay & Ho (1999); Otero et al., (2003).  

 

3. RESULTS 

 

3.1. Samples characterizations 
 

The X-ray diffraction pattern of green clay 

(glauconite) and halloysite bulk samples are shown 

in (Figs. 1 and 2). The green clay is mainly 

composed of glauconite, kaolinite and quartz, while 

the halloysite is composed of halloysite, kaolinite, 

quartz, marcasite and trace amount of pyrite. 

 

 
Figure 1. X-ray diffraction patterns of non-oriented 

glauconite sample 
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Figure 2. X-ray diffraction patterns of non-oriented 

halloysite sample. 

 

A diagnostic feature of the X-ray pattern of 

halloysite is that the 11.02 reflection line at ~4.42 Å is 

more intense which revealed its tubular morphology 

(Wilson, 1999). The X-ray diffraction pattern of 

<2µm fraction of green clay (glauconite) and 

halloysite samples are shown in (Figs. 3&4). It is 

clear to note that, the green clay sample composed of 

illite/smectite mixed layer, after ethylene glycol 

solvation, basal reflections are broadened, especially 

at (001) plane from 9.7 to 15.95 Å. The swelling 

layered clay minerals were about 20% (Thompson & 

Hower, 1975). Upon heating to 550
o
C, basal 
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reflections are collapsed, and the reflection (001) 

sharpened at 9.8 Å peak. Meanwhile, the diffraction 

pattern of the (<2µm) fraction of halloysite shows a 

sharp (001) reflection, at about 7.14Å.  

 

 
Figure 3. - X- ray diffraction patterns of < 2μm glauconite 

sample. O = oriented, G = Glycolated, C = heated 
 

Figure 4 illustrates the changes that occur in 

the halloysite XRD pattern on immediate treatment 

(within 60 min) with ethylene glycol and dimethyl 

formamide. The (001) reflection of halloysite expands 

to 10.8 Å and 10.2 Å corresponding to ethylene 

glycol and dimethyl formamide treatment, 

respectively. After these treatments, kaolinite 

appeared with its characteristic basal spacing (7.14Å). 

Upon heating up to 550
o
C the basal reflection of 

halloysite and kaolinite was disappeared. 

 
Figure 4. - X- ray diffraction patterns of < 2μm halloysite 

sample. O = oriented, G = Glycolated, F = after dimethyl 

formamide treatment, C = heated 
 

Figure 5 shows IR spectra of untreated and 

treated glauconite samples. Before acid activation two 

moderate intensity and broader OH-stretching bands at 

3690 and 3627 cm
-1
, two small inflexions occur 

between them as well as the deformation band at 803 

cm
-1
. The Si–O stretching region comprises two 

absorption bands at 1100 and 1034 cm
-1
, and low 

intense band at 693 cm
_1

, Si–O–Fe deformation bands 

at 530 cm
-1
 for Si–O and at 491 cm

-1
 for Si–O–Mg. 

The low intensity of the deformation band at 1630 cm
-1

 

reveals the interlayer water content of the glauconite. 

By acid activation, the most prominent change 

was broadening of all bands, diminishing OH 

stretching bands and shifting in the Si–O stretching 

region. The Si–O–Si band at 930 cm
-1
 was diminished 

and the intensity of the Si–O vibration band of 

amorphous Si-O near 1100 cm
-1

 increased during the 

course of acid dissolution. The band at 930 cm
-1

 was 
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absent from the spectrum after 4 h. Further, the 

increased intensity of the band at 792 cm
-1

 and 470 

cm
-1

 attributed to the Si–O vibration of amorphous 

silica, indicating an increased amount of amorphous 

silica as acid dissolution progresses (Moenke, 1974). 

 
Figure 5. IR spectra of untreated and treated glauconite 

sample. 

 

Figure 6 shows IR spectra of untreated and 

treated halloysite samples. Before acid activation 

spectrum of halloysite is characterized by two 

moderate intensity and broader OH-stretching bands 

at 3676 and 3649 cm
-1

; two small inflexions occur 

between them. The absorption band at 3551 cm
-1

 

was assigned to OH stretching. The Si–O stretching 

region comprises two absorption bands at 1207 and 

1030 cm
-1

. The Al–OH bond at 939 cm
-1

 was 

assigned to the inner OH- surface. The stretching 

band Si–O at 794 cm
_1

 was broad and low intensity. 

The broad band at 499 cm
-1

 was assigned to the Si–

O–Si bending. The low intensity of the H–O–H 

deformation band at 1635cm
-1

 reveals the interlayer 

water content of the halloysite.  

 
Figure 6. IR spectra of untreated and treated halloysite 

sample.  O = Untreated sample, treated sample by 2MHCl 

for one hour = 1h, two hour = 2h, four hour = 4h 
 

After acid treated with 2MHCl, the intensity of 

the absorption bands as well as the area of the 

vibrations decreased during prolonged acid attack. The 

intensity of the OH bands at 939 cm
- 1

 decreased during 

prolonged acid attack displays the content of not 

reacted Al. The intensity of the bridging Si–O–Al 

vibrations at 794 cm
- 1

, as well as the intensity of the 

tetrahedral Si–O–Al vibration at 499 cm
- 1

 decreased 

during prolonged acid attack. Only a small and broad 

band at 499 cm
- 1

 still existed after 4 h. This reveals 

that, the treatment of halloysite with acid causes 

preferential release of octahedral Al ions from the 

halloysite structure with formation of additional Al-OH 

and Si-OH bonds without disturbing the mineral 

structure (Vicente et al., 1996). 
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Table 1- The chemical compositions of treated and untreated glauconite and halloysite 
 

 
 

 
Figure 7a. SEM micrograph shows the glauconitic 

material as highly fractured pellets. 
 

 
Figure 7b. SEM micrograph shows the glauconitic 

materials consist of spherical aggregates of parallel 

platelets appears as highly crumpled and curled flakes. 
 

The chemical compositions of treated and 

untreated glauconite and halloysite are listed in table 

(1). It is clear to note that the iron oxide percentage is 

decrease in both glauconite and halloysite by 

progressing of acid activation. In the glauconite iron is 

constituent of its structure, while in halloysite sample 

iron presents as separated minerals marcasite and 

pyrite. On the other hand, as the acid activation period 

increased, the ratio of Si/Al increased due to 

dealumination and Si/Al ratio increased. The BET 

surface area of untreated glauconite was 43.7 m
2
/g. 

After treated with 2MHCl for 1h, 2h and 4h, the 

surface area increases to 47.1, 52.4 and 64.4 m
2
/g 

respectively. On the other hand, the surface area of 

untreated halloysite is 18.2 m
2
/g. After acid activation 

for 1h, 2h and 4h it increases to 23.6, 26.1 and 29.3 

m
2
/g respectively. Activation of glauconite and 

halloysite by acid treatment and subsequent calcination 

has been shown effective in limiting possible 

decomposition of the crystalline structure and 

increasing the specific surface area (Sabah et al., 

2002). The acid treatment opens up the edges of the 

platelets and as a consequence, the surface area and the 

pore diameter increase (Volzone et al., 1999). 

SEM micrographs show the glauconitic 

material as highly fractured pellets with altered rims 

(Fig. 7a). The pellets consist of spherical aggregates 

of parallel platelets appears as highly crumpled and 

curled flakes (Fig. 7b). Halloysite identified by a 

typical tubular shape (Romero et al., 1992) appears 

as well developed tubes reaching 4 µm in length and 

0.03 µm in diameter (Fig. 7c).  
 

 
Figure 7c. SEM micrograph shows tubular shape of 

halloysite. 

 

3.2. Evaluation of the adsorption capacity 
 

3.2.1. Effect of contact time 
 

Variation of removal of arsenate with contact time 

for studied samples (untreated and treated glauconite 

and halloysite with 2M HCl, respectively) was measured 

by mixing 2g of sample with arsenate 0.90 mg/L, at 

25
o
C, pH 5 for interaction time 20, 40, 60, 80, 160, 180, 

240, 300, 360 minute respectively (Fig. 8). 

Elements 

oxides 

Untreated 

glauconite 
Treated glauconite with 2HCl 

Untreated 

halloysite 
Treated halloysite with 2HCl 

  1h 2h 4h  1h 2h 4h 

SiO2 57.56 60.54 62.14 64.75 39.97 40.62 41.63 43.89 

Al2O3 7.34 8.24 12.86 15.93 36.75 37.92 39.51 40.75 

Fe2O3 19.73 13.21 7.59 3.17 11.56 7.64 3.83 1.97 

MgO 2.25 1.05 0.67 0.35 0.12 0.09 0.07 0.07 
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Notably the adsorption was rapid in the initial stages 

and the rate decreases and leveled off with time till 

the equilibrium is attained in 180 minutes (Fig. 8). 

There was no increase in arsenate uptake after 240 

minute and this is taken as the equilibrium time. 
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Figure 8. Effect and contact time on adsorption of arsenic (V)    

by untreated and treated   a) glauconite   b) halloysite 

 

3.2.2. Effect of initial concentration 
 

The influence of initial As (V) concentration by 

untreated and treated glauconite and halloysite samples 

was studied at room temperature 25
o
C, for fixed pH 

value of 5, at interaction time 240 minute and sorbent 

amount 2g with varying As(V) concentration from 1.5 

to 0.50 mg/L (Fig. 9). It was observed that the uptake 

capacity of pretreated halloysite and glauconite with 

2M HCl for one hour was higher than raw one. 

The amount of As(V) adsorbed increased with 

an increase in the initial adsorbate concentration from 

0.50 to 0.90 mg/L. However, the efficiency of As(V) 

removal is affected by the initial concentration, with 

decreasing removal percentages as the concentration 

increases from 0.90 to 1.5 mg/L. This results show that 

the efficiency in removal of arsenic is higher with low 

initial concentration (about 90% and 93% for treated 
glauconite and halloysite by 2MHCl for one hour) and 

gradual decrease at higher initial concentration of 

arsenic. This could be explained by at a low initial 

metal ion concentration, the ratio of the number of As 

(V) ions to the number of available adsorption sites is 

small and consequently the adsorption is independent 

of the initial concentration, but as As (V)/sorbent ratio 

increases, the exchangeable sites are saturated, 

resulting in a decrease in the adsorption efficiency 

(Mishra & Patel, 2009). 
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Figure 9. Effect of initial concentration on adsorption of arsenic 

(V) by untreated and treated a) glauconite b) halloysite. 

 

3.2.3. Effect of pH 
 

The pH of the aqueous solution is an important 

controlling parameter in the adsorption process (El-

Hendawy, 2009; Abdel-Halim et al., 2003). In clay 

aqueous systems the potential of surface reactivity is 

determined by the activity of ions (H
+
 or OH

-
) which 

react with the mineral surface. As such pH plays an 

important role in controlling the adsorption of arsenic 

at the clay-solution interface. Such interface on acid-

base dissociation develops positive or negative charges 

on the surface depending on the pH of the system 

(Worrl, 1968; Meenakshi & Viswanathan, 2007). In 

order to investigate the effects of pH on metal ion 

adsorption, 2g of clays (untreated and treated 

glauconite and halloysite) was mixed with arsenate 

0.90 mg/L, at temperature 25
o
C, at interaction time 

240 minute at various pH values ranging from 2 to 9. 

The plot of removal of arsenate at various pH ranges 

as shown in figure 10. It clearly indicates that the 
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removal of arsenic for treated and untreated clays 

(glauconite and halloysite) samples was influenced by 

the pH of the system. There was no removal of As (V) 

at pH lower than 3 and a gradual increase in adsorption 

with increase in pH from 3 to 5 with maximum 

adsorption at pH 5. The adsorption of As(V) decreased 

with increasing solution pH from pH 6 to 9. The slight 

increase adsorption of arsenate above pH 9 may be 

related to dissolution of the clay minerals at elevated 

pH values. 
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Figure 10. Effect of pH values on adsorption of arsenic (V) 

by untreated and treated a) glauconite b) halloysite. 
 

3.2.4. Determination of the adsorption capacity 
 

The maximum adsorption capacity (qe) of 

arsenate (V) by the untreated glauconite and 

halloysite was 0.0192 mg g
-1

 and 0.02 mg g
-1

, 

respectively. Treated glauconite and halloysite for 

one hour reported maximum adsorption capacity 

about 0.0204 mg g
-1

 and 0.0212 mg g
-1

, respectively. 
 

3.2.5. Adsorption kinetic 
 

Adsorption rate of glauconite and halloysite 

depends on the physical or chemical characteristic 

of the adsorbent and also on the operating 

conditions (Dang et al., 2009). Figure (11), show 

pseudo-first-order kinetic adsorption arsenic (V) by 

untreated and treated glauconite and halloysite. The 

values of K1 and qe were calculated from the slopes 

and intercepts of the plots, respectively. The data 

obtained are presented in table 2. 
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Figure 11. Pseudo-first-order kinetic adsorption of As (V) 

by untreated and treated   a) glauconite   b) halloysite 
 

As it can be seen from table (2), the 

experimental data were well correlated to the 

Langmuir model. This suggested that Langmuir 

model could very well explain the adsorption process 

of As (V) ion on untreated and treated glauconite. 

Treated glauconite for one hour exhibited greater 

maximum adsorption capacity (qe) and stability 

constant (K1) for the adsorption process of As (V) 

ion. The linearity with high R
2
 values indicates that 

the system follows pseudo first-order kinetics. 

On the other hand, it can be seen from linear 

regression correlation coefficient of untreated and 

treated halloysite, R
2
 values for the first order kinetic 

was not large enough to fit with the experimental 

data. Therefore, adsorption kinetics of the process 

should be further analysis. However, the R
2
 value of 

treated halloysite samples for four hours showed 

relatively high R
2
, suggesting system belong to first 

pseudo order kinetics. Figure 12 show pseudo-

second-order kinetic adsorption arsenic (V) by 

untreated and treated glauconite and halloysite. 
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Table 2- Langmuir pseudo-first-order parameters 

Absorbents type 
qe  mg/g 

experimental 

qe  mg/g 

theoretical 

K1 L/g R
2
 

Untreated glauconite 

Treated glauconite for 1h 

Treated glauconite for 2h 

Treated glauconite for 4h 
 

Untreated halloysite 

Treated halloysite for 1h 

Treated halloysite for 2h 

Treated halloysite for 4h 

0.0192 

0.0204 

0.0189 

0.0183 
 

0.020 

0.0212 

0.0192 

0.0170 

0.194 

0.0254 

0.023 

0.0254 
 

0.042 

0.017 

0.31 

0.011 

 - 8.9 x10
-3

 

 - 9.3 x10
-3

 

- 9.3 x10
-3

 

- 1.04 x10
-2 

 

- 9.3 x10
-3

 

- 7.0 x10
-3

 

- 1.4 x10
-2

 

- 6.4 x10
-3

 

0.996 

0.946 

0.995 

0.986 
 

0.750 

0.863 

0.206 

0.901 

 

The values of K2 and qe were calculated from 

the slopes and intercepts of the plots, respectively. 

The data obtained are presented in table 3. 

As shown in the table 3, the low values of R
2
 

and rate constant for untreated and treated glauconite 

and halloysite suggested that pseudo second order 

kinetic model was not suitable to describe the 

adsorption kinetic of As (V) by glauconite and 

halloysite. 

 

4. DISCUSSIONS 

 

Most of the clay minerals e.g. glauconite and 

halloysite contains cations and anion on their 

surface, held through the process of adsorption. 

These ions can be exchanged with other ions e.g. 

arsenic without affecting the clay mineral structure. 

Acid activation followed by calcination of the clays 

has made the clays excellent adsorbent materials. 

Such treatments can often replace 

exchangeable cations with H
+
 ions and release Al

3+
 

and other cations out of both tetrahedral and 

octahedral sites, but leaving the SiO4 groups largely 

intact (Theocharis et al., 1988; Rodrigues, 2003). 

The Bronsted acidity formed by dissociation of 

water molecules of hydrated exchangeable metal 

cations on the surface, which arises from H
+ 

ions on 

the surface, (Bhattacharyya and Gupta, 2007): 

 [M (H2O)x]
n+

   == [M (OH) (H2O)x-1]
(n-1)+

 + H
+
 

The Bronsted acidity may also arise if there is 

a net negative charge on the surface due to the 

substitution of Si
4+

 by Al
3+

 in some of the 

tetrahedral positions and the resultant charge is 

balanced by H3O
+
 cations. The Lewis acidity arises 

from exposed trivalent cations, mostly Al
3+

 at the 

edges, or Al
3+

 arising from rupture of Si-O-Al 

bonds, or through dehydroxylation of some 

Bronsted acid sites. 

The edges and the faces of clay particles 

can absorb anions, cations, non-ionic and polar 

contaminants from natural water. The mechanism 

of arsenic adsorption using clay minerals could be 

attributed mainly by both adsorption and chemical 

reaction. Affinity adsorption includes molecular-

surface interaction and electrostatic interaction (i.e. 

ion exchange, coulombic attraction). The chemical 

reaction includes ligand exchange, surface 

complexation, covalent bonding and Van der Waals 

force (Gupta & Chen, 1978; Prasad, 1994; Edwards, 

1994). 

On the other hand, presence of ions like Fe
3+

 in 

octahedral positions, or adsorbed oxygen, the clay 

minerals behaves as oxidizing agent, while in presence 

of ions like Fe
2+

 in octahedral positions the clay mineral 

behaves as reducing agent (Van Olphen, 1977). 
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Figure 12. Pseudo-second-order kinetic adsorption of As 

(V) by untreated and treated a) glauconite b) halloysite 
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Table 3- Langmuir pseudo-second-order parameters 
 

Absorbents type 
qe  mg/g 

experimental 

qe  mg/g 

theoretical 

K2 L/g R
2
 

Untreated glauconite 

Treated glauconite for 1h 

Treated glauconite for 2h 

Treated glauconite for 4h 
 

Untreated halloysite 

Treated halloysite for 1h 

Treated halloysite for 2h 

Treated halloysite for 4h 

0.0192 

0.0204 

0.0189 

0.0183 
 

0.020 

0.0212 

0.0192 

0.0170 

4.9 x10
-4

 

4.7 x10
-4

 

4.7 x10
-4

 

4.0 x10
-4

 
 

6.7 x10
-4

 

7.7 x10
-4

 

6.3 x10
-4

 

3.4 x10
-4

 

44.74 

41.43 

45.04 

45.42 
 

45.16 

42.95 

46.77 

34.42  

0.991 

0.991 

0.990 

0.985 
 

0.998 

0.996 

0.998 

0.434 

 

In the present studied, iron that present in the 

structure of the clay minerals as in case of glauconite 

or separated minerals marcasite and pyrite associated 

with halloysite play an important role for remove of 

arsenic. Arsenate exists in solution as negative ions 

(Bard et al., 1985), the adsorption of As (V) may be the 

result of electrostatic attraction between anionic As (V) 

and positively charges iron on the surface of glauconite 

or marcasite. The negatively charged arsenic ions and 

positively charged adsorbent surface (glauconite and 

marcasite) favor the arsenic adsorption by electrostatic 

attraction (Ronald, et al., 2005; Prasenjit & Mohanty, 

2007).  

On the other hand, As (V) adsorbed onto 

hydrated Fe oxides/hydroxides from aqueous solution 

can yield the surface complexes (Goldberg, 2002). 

Doušová et al., (2006) reported that presence of Fe
3+

 

species on the particle surface or in isolated particles 

has great affinity to adsorb As(V) to form more stable 

inner-sphere complexes or ferrihydrite. In spite of acid 

activation followed by calcination enhanced the 

adsorption capacity compared to the untreated clay 

samples due to the increased surface area and pore 

volume. The progression of acid activation lead to 

dissolution of iron from sorbent materials lead to 

decrease the adsorption capacity of As (V) reveals the 

main role of iron in removal of As (V). The relatively 

high adsorption capacity of halloysite compared with 

glauconite suggested the main role of separated iron 

minerals in the adsorption of As (V) rather than the 

clay minerals. Glauconite and halloysite samples are 

heterogeneous materials with a number of components 

to which the arsenic (V) species in solution may show 

different affinities, which the nature and strength of the 

bonds established between the arsenic (V) species and 

the different phases of the sorbent cannot be the same. 

Therefore, arsenic species may sorb preferentially onto 

some components of clay deposit to which they show 

greater affinity. This aspect would directly affect the 

adsorption of arsenic (V) and turn would affect the net 

efficiency of the removal process.  

Adsorption of arsenic (V) was affected by initial 

concentration of As (V), pH and contact time. The 

maximum arsenic adsorption capacity occurs at pH 5. 

This may be attributed to formation of ferric 

hydroxide. Ferric hydroxide has greater affinity to 

adsorb arsenic from its as well as its formation is more 

favorable at low pH (Ahmed, 2001). 

Maximum As (V) adsorption capacity about 93% 

for treated halloysite for 1h, whereas it was about 90% 

for treated glauconite for 1h at pH 5 after mixing for 240 

minute, under atmospheric conditions. The highest 

adsorption capacity of halloysite may be attributed to 

separated iron minerals, as well as formation of 

amorphous phases of aluminum hydroxide or ferric 

hydroxide has the highest adsorption capacity for 

arsenic, they have highest surface area (Saha et al., 

2005; Wilkie & Hering 1996).  

The kinetics of the As(V) adsorption on the 

glauconite was found to follow a pseudo-first-order 

rate equation. The disconformities between 

experimental data of halloysite and the model values of 

pseudo- first – order or pseudo-second order was 

expressed by the low correlation coefficient R
2
, K1 and 

K2 suggested adsorption kinetics of the process should 

be further analysis.  

 

5. CONCLUSIONS 

 

Both glauconite and halloysite and their acid 

activated forms are capable of removing As (V) ions 

from aqueous solution. In both samples iron is present. 

In the case of glauconite iron exists in its structure, 

whereas for halloysite iron exists as separated minerals 

marcasite and pyrite, which the iron plays an important 

role in As (V) adsorption. Acid activation followed by 

calcination enhanced the adsorption capacity compared 

to the untreated clay minerals due to the increased 

surface area and pore volume. However, the 

progression of acid activation lead to dissolution of 

iron from sorbent materials lead to decrease the 

adsorption capacity of As(V). The relatively high 

adsorption capacity of halloysite compared with 

glauconite suggesting the main role of separated iron 

minerals in the adsorption of As(V) rather than the clay 

minerals.  Maximum adsorption capacity (about 93%) 
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was recorded for treated halloysite by 2MHCl for one 

hour at equilibrium conditions 5 pH, 240 minute 

contact time arsenate concentration 0.90 mg/L, and at 

temperature 25
o
C. Arsenic (V) – glauconite adsorption 

data closely follows the Langmuir model (pseudo first-

order kinetics model) compared to the Arsenic (V) –

halloysite adsorption data were not fitted with pseudo 

first-order kinetics model nor pseudo second-order 

kinetics model, suggesting adsorption kinetics of the 

process should be further analyzed. 
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