
Introduction

Industrial waste, raw sewage and agricultural runoff 
continue to pollute surface and groundwater sources 
across Pakistan [1]. It has been widely recognized that 
agricultural, urban and industrial waste containing 

contaminants such as dyes, fertilizers, pesticides and 
heavy metals deteriorate the quality of water. This 
can result in severe damage to human health, aquatic 
habitats and species. Due to their toxicity, heavy metals 
have been acknowledged as major pollutants. They have 
a tendency to easily accumulate in the soft tissues and 
are not metabolized or broken down by the body [2]. 
Heavy metals are non-biodegradable unlike organic 
pollutants, are inorganic and can easily travel along  
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Abstract

The adsorption of cadmium and lead ions on purified and acid-activated Azad Kashmir clays were 
investigated in a batch system. Solutions of lead and cadmium having concentrations typically found in 
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applying Langmuir and Freundlich adsorption isotherms to the actual experimental results obtained in 
this study. The thermodynamic data indicated that the adsorption reaction for cadmium is spontaneous 
and exothermal while it is endothermic for lead. The Freundlich model provided best fit for sorption 
isotherms for both cadmium and lead. 
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the food chain through bioaccumulation [3]. An 
estimated annual national income loss of Rs. 25-58 
billion and over 250,000 deaths in children in Pakistan 
are reported every year due to diarrheal diseases alone. 
Almost 20-40% of the hospital beds in the country 
are occupied by patients suffering from water-borne 
diseases that result in one-third of all mortalities [4].

There is an increased likelihood of huge quantities 
of wastewater contaminated with heavy metals being 
discharged by industries involving the application 
of heavy metals such as chromium (Cr), arsenic (As), 
cadmium (Cd), lead (Pb), nickel (Ni), zinc (Zn) and 
copper (Cu). Such effluents are considered to be 
more harmful in comparison with chemical-intensive 
industries [5]. Toxic pollutants such as lead and 
cadmium are released in the environment from various 
sources, including agricultural runoff, paint industries 
and mining operations [6]. Various industries, including 
electro-plating, textile, storage batteries, metal plating, 
steel and leather manufacturing units discharge 
wastewater contaminated with high concentrations 
of toxic heavy metals such as lead , cadmium, nickel, 
chromium, and copper [7].

Lead present in the environment in excess amounts 
can possibly pose long-term threats to ecosystems 
and human health. Lead, an industrial pollutant, can 
easily enter the ecosystem through water, air and soil, 
and being a systemic toxicant can result in kidney 
malfunction, tissue damage of brain, anaemia, and even 
death in high dosage amounts. It is extremely toxic [5].

Due to severe toxicity and harmful effects on the 
health of both flora and fauna, cadmium is considered 
to be a major pollutant. The allowable limit of cadmium 
in water is 0.003 mg/L according to the guidelines 
provided by the World Health Organization. Kidneys 
are considered to be the main target organ for cadmium 
[8]. 

The imbalanced economic and social development 
in recent decades has aggravated the environmental 
challenges of Pakistan [4]. Due to high wastewater 
treatment costs, only a small fraction of wastewater is 
being treated (less than 1%) by industries and direct 
disposal of untreated wastewater into fresh water 
resources is a common practice. Industrial expansion 
exerts significant pressure on water resources and has 
increased water pollution problems. In order to supply 
sufficient outputs to meet the demands of the increasing 
global population, remediation of environmental 
contaminants is a great challenge for these industries 
[1].

Various techniques including reverse osmosis, 
chemical precipitation, ion exchange and electrolysis 
have already been developed for the removal 
of heavy metals from wastewater [9]. These 
include bio-adsorption, ion exchange, adsorption, 
biological treatment, coagulation, reverse osmosis, 
electrocoagulation, chemical precipitation, membrane 
filtration and solvent extraction [10]. The limitations 
for most of the complex processes include high 

implementation and maintenance costs. Furthermore, 
some methods can be inappropriate or ineffective for 
effluents containing low concentrations of metals [11]. 
The process of adsorption to remove heavy metal ions 
from wastewaters is widely used owing to its efficiency 
and low cost [12]. 

Clays and their modified forms are efficient 
adsorbents for various heavy metals [13]. Naturally 
occurring clays such as monmorillonite have a high 
surface area, cationic exchange capacity and micro- and 
mesoporosity [14]. 

Clays are naturally abundant, inexpensive and 
environmentally friendly with high mechanical and 
chemical stability in addition to possesing large specific 
surface area and high cation exchange capacity. These 
properties of clays can be further enhanced by treatment 
with concentrated inorganic acids. This process is 
usually referred to as acid activation [13]. Acid-treated 
clay shows a higher adsorption capacity as compared to 
its non-modied and raw form [15].

Bentonite clay deposits are abundantly found at 
various places across Pakistan. Reasonably big deposits 
occur near Mirpur (Azad Kashmir) [16].

This study aims to evaluate the adsorption 
characteristics of locally available Azad Kashmir 
montmorillonite clays by subsequent acid-activation for 
the elimination of cadmium and lead from waste and 
natural waters. 

Materials and Methods

Materials and Reagents 

Analytical grade chemicals were used in this study. 
Double-distilled water was used for preparation of 
all standards and dilutions. The standard solutions of 
employed elements were prepared by diluting the 1000 
parts-per million (ppm) stock solution supplied by 
Sigma and Aldrich. 

Instruments

A Hitachi Z-8000 atomic absorption spectrometer 
was used. All measurements were taken in air/acetylene 
flame. The operating parameters were set according to 
the manufacturer guidelines. A Sartorius pp-15 model 
glass-electrode pH meter was used to measure the pH 
values of the solutions.

Characterization of Clay

Montmorillonite clay of Azad Kashmir, Pakistan 
origin was acquired from the Azad Kashmir Mineral 
Development Corporation (AKMDC). It was washed, 
purified and then a standard procedure of sedimentation 
was applied to obtain a <2 μm fraction of clay. The 
characterization of clay was carried out by chemical 
analysis, cation exchange capacity and x-ray diffraction 
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(X-RD) analysis [17]. The chemical analysis was 
performed according to the international standards of 
testing procedures prescribed in ASTM C 323-56, 2016, 
for Loss on Ignition (950°C), SiO2, Al2O3, Fe2O3, CaO, 
MgO, Na2O and K2O.

Acid Activation of Clay

The less than 2 µm clay was acid-activated by 
slowly adding concentrated sulphuric acid to clay water 
slurry in a beaker with constant stirring for a period 
of 3 hours. After that, the clay acid mixture was kept 
for 24 hours at room temperature. This was followed 
by filtration and washing several times with distilled 
water until the pH of the filtrate became neutral [18]. 
After these processes, the clay was dried, ground and 
subsequently sieved through a sieve of 200 mesh size. 

Batch Adsorption Experiments
      
Individual batch adsorption experiments for each 

element were carried out on a shaker at room temperature 
(30ºC). In 100 ml conical flasks covered with cork, the 
standard solution of particular elements cadmium (II) 
and lead (II) were taken (i.e., 2.0 grams of adsorbent 
and 50 ml of standard solution). After agitation, the 
suspensions were filtered and the filtrate was analysed 
using atomic absorption spectrophotometry. Different 
experiments were carried out by varying the weight 
of adsorbent, initial concentration and temperature to 
assess the performance of the adsorbent. 

Results and Discussion

Characterization of Clay

The chemical analysis for raw, purified and acid-
activated clay is given in Table 1. There is a marked 

decrease in the content of SiO2 in purified clay due to the 
removal of free silica from the clay. The alumina content 
is increased, indicating an increase in montmorillonite 
content. The oxides of aluminium, calcium, and 
magnesium show properties of montmorillonite and 
play an important role in the adsorption of cations. 
The sedimentation process increases the aluminium 
content from 14.62% (raw clay) to 24.50% (purified 
form). However, after acid-activation of this purified 
clay, these aluminium ions are reduced to 21.80%. 
This might have resulted due to partial dissolution 
of the octahedral layer (Al, Fe, Mg–O layers) and 
the exposure of the tetrahedral layers (Si–O layers) 
in acid solution [19]. The calcium content increases 
by sedimentation but decreases in acid activation. 
Calcium is replaced by hydrogen ions. This is due to the 
reaction of impurities such as calcite that are removed 
by acid treatment. The sodium content decreases by 
sedimentation and acid activation. Figs 1 and 2 show 
the X-RD analysis of Azad Kashmir raw clay and 
the acid-activated clay. Fig. 1 shows that the raw clay 
sample contains montmorillonite (reflection at 2.08Å) 
quartz (reflection at 3.35Å) and additionally a few traces 
of illite clay (reflection at 1.54Å). After purification and 
acid activation, the quartz peak is removed, and the 
longest peak is that of montmorillonite (reflection at 
2.077Å). After acid activation, X-RD results shows that 
the interlayer structure of clay remains intact. Removal 
of the octahedral layer will result in collapse of the clay 
structure. However, a research study suggests that acid 
activation can partially dissolve the octahedral layer of 
clay due to partial dissolution of the octahedral sheets 
[19]. During acid activation, exchangeable ions in a 
clay matrix are replaced by protons, making clay more 
porous and enhancing surface area, and thus cationic 
exchange capacity. 

Optimization Studies

Effect of Adsorbent Quantity

The amount of adsorbent determines its ability 
for a given initial concentration of the absorbate. 
Fig. 3 displays the influence of adsorbent amount on 
the adsorption of Cd (II) and Pb (II). The removal 
percentage of Pb (II) and Cd (II) increases with an 
incresae in the amount of clay. Higher amounts of clay 
for a fixed metal ion concentration provide large surface 
area or a larger number of adsorption sites, resulting in 
a higher capacity for adsorption [16]. The results show 
the removal efficiency of the two ions as they increase 
up to a certain point, beyond which an increase is 
insignificant. 

Effect of pH

Fig. 4 shows the effect of pH on the adsorption of 
cadmium and lead on the acid-activated Azad Kashmir 
clay. As evidenced by the graphs, adsorption increases 

Sr 
No. Element Raw Clay

% age
Purified Clay

% age

Acid- Activated 
Clay

% age

1 Loss on 
Ignition 12.00 9.38 7.40

2 SiO2 63.58 52.00 61.56

3 Al2O3 14.62 24.50 21.80

4 Fe2O3 2.05 3.00 1.50

5 CaO 5.58 7.81 4.20

6 MgO 1.52 2.80 3.03

7 Na2O 0.75 0.38 0.42

8 K2O 0.25 0.11 0.08

Table 1. Chemical analysis of raw, purified and acid-activated 
Azad Kashmir clay.
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with the rise in pH of the solution for both elements. 
In the case of lead solution, no adsorption takes place 
at its original pH under normal conditions; however 
continuous rapid adsorption is seen with increases 
in pH. Similarly, Cadmium ions are also effectively 
adsorbed by the acid-activated clay by increases 
in pH of the solution. This can be explained with 

montmorillonite clay containing a large number of 
active sites and becoming positively charged at low 
pH, which results in the competition between the H+ 

and metal ions for available adsorption sites. Although 
there is an increase in pH, this competition decreases 
as the surface becomes more negatively charged, which 
increases adsorption of all the elements.The pH of the 

Fig. 1. X-RD of raw Azad Kashmir clay.

Fig. 2. X-RD of acid activated Azad Kashmir clay.

Fig. 3. Effect of weight of adsorbent on Cadmium & Lead 
adsorption.

Fig. 4. Effect of pH on adsorption of Cadmium and Lead.



Using Acid-Activated Azad Kashmir Clays... 3045

aqueous solution significantly affects the adsorption of 
metal ion on the surface of adsorbent. The adsorption 
capacity metal ions onto adsorbent increases with the 
increasing pH value of aqueous solution [20].

Adsorption Isotherms 

Langmuir and Freundlich adsorption isotherms are 
the most commonly used isotherms for the modeling 
of the batch adsorption process. The Langmuir 
adsorption isotherm has been used to illustrate many 
real adsorption processes. It proposes how adsorbate 
molecules are adsorbed by the adsorbent materials 
on a homogenous surface by monolayer without  
any interference of surrounding adsorbed molecules 
[21].

The Langmuir adsorption isotherm equation in its 
linear form is given by:

Ce / qe = 1 / Qob + Ce / Qo

…where b and Qo are Langmuir constants based on 
the energy of adsorption and adsorption capacity, Ce 
is equilibrium concentration (mg/l) of adsorbent and 
qe is the quantity of the adsorbed adsorbent at the time 
of equilibrium. Values of b and Qo are determined 
from the slope and intercept of the plot of Ce/qe versus 
Ce. The Langmuir adsorption isotherm envisages 
the maximum monolayer adsorption capacity of the 
adsorbent and also establishes if the adsorption is 

favourable or not. The maximum adsorption capacities 
for cadmium and lead at different temperatures are 
given in Table 2. The adsorption capacity of various 
temperatures varies from 7.81-7.03 and 3.93-3.02 mg/g 
for cadmium and lead respectively. Various researchers 
have found the similar values for cadmium and lead 
adsorption capacities of different types of clays such as 
7.56 and 4.50 mg/g on bentonite and kaolin respectively 
for lead [22]. Other researchers have reported similar 
values (1.34 mg/g for Pb, 16.70 mg/g for Pb and 9.9 
mg/g for Cd (II) respectively) for adsorption capacities 
of cadmium and lead ions on various types of raw 
and modified clays [23]. The adsorption capacity of 
cadmium is greater compared to lead, which might be 
due the charge properties like ionic radius. Lead due to 
the high ionic radius and bulkier molecule is difficult 
to adsorb as compared to cadmium, which has lower 
molecular weight and low ionic radius as compared to 
lead. The experimental data for the research conducted 
for this paper is comparable with results found by other 
researchers.  

The value of b is also used to calculate the 
dimensionless constant known as separation factor RL. 
RL values of less than 1 correspond to a favourable 
adsorption process. The separation parameter values 
of RL were computed. The values for cadmium and 
lead were found to be within the range of 0.15-0.18 and  
0.36-0.46, respectively. These values indicated 
(0<RL<1) that the adsorption processes for both metals 
are favourable in nature.  

Metal Temperature
(K)

Slope
1 / Qo

Intercept
1 / Qob Qo b R2

Separation Factor
RL = 1 / (1 + bCi)

Ci = 10

Cadmium

303 (30) 0.13 0.24 7.81 0.53 0.88 0.16

313 (40) 0.13 0.27 7.73 0.47 0.86 0.17

323 (50) 0.14 0.32 7.03 0.44 0.77 0.19

Lead

303 (30) 0.25 2.2418 3.94 0.11 0.84 0.47

313 (40) 0.30 1.9413 3.37 0.15 0.91 0.39

323 (50) 0.33 1.8795 3.02 0.18 0.85 0.36

Table 2. Langmuir adsorption constants for Cadmium and Lead.

Metal Temperature  (K)
Slope Intercept log 

KF
R2 n KF1 /n

Cadmium

303 3.90 -4.39 0.97 0.26 0.012

313 3.39 -3.48 0.96 0.30 0.031

323 3.26 -3.02 0.93 0.31 0.048

Lead

303 0.34 -0.34 0.93 2.95 0.714

313 0.41 -0.45 0.98 2.43 0.641

323 0.29 -0.20 0.95 3.41 0.817

Table 3. Freundlich adsorption constants for Cadmium and Lead.
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Both Langmuir and Freundlich adsorption models 
were applied to the adsorption data. Both the models 
fit the data very well. The best numerical fit of the 
data was obtained by the Freundlich adsorption 
model showing regression coefficient values R2 > 0.9. 
The Freundlich model is applied to the adsorption at 
heterogeneous sites on the surface of the solids. The 
Freundlich adsorption isotherm is applicable for a 
reaction where heterogeneous adsorption reactions 
result in a multilayer formation [21]. Table 3 presents 
the results for the constants of Freundlich adsorption 
isotherm at different temperatures. The Freundlich 
adsorption constants KF and n describes the adsorption 
process such as adsorption capacity and adsorption 
intensity. If the adsorption intensity given by Freundlich 
coefficient n is less than 1, it indicates that adsorption 
onto the adsorbent is favourable under studied 
conditions [23]. The results shown in Table 3 further 
support the evidence for enhanced adsorption for 
cadmium compared to lead. 

Thermodynamic Properties of the Adsorption 
Process  

In order to assess the thermodynamic feasibility of 
the process and to verify the nature of the adsorption 
process thermodynamic constants, Gibb’s free energy 
(ΔGº), enthalpy change (ΔHº) and entropy change (ΔSº) 
were computed for temperature T. Gibbs free energy 
of the process is related to the Langmuir equilibrium 
constant by the equation:

ΔG0 = - RT lnb

The Gibb’s free energy change is interrelated with 
the enthalpy change (ΔHº) and entropy change (ΔSº) as:

lnb = ΔS0/ R - ΔH0/ RT

Table 4 provides the values of ΔGº, ΔH0,
 and ΔS0. 

The negative ΔGº value established the achievability of 
the sorption process and the spontaneous character of 
adsorption. The positive value of ΔHº obtained showed 
the endothermic nature of the process. The positive 
ΔSº value showed the attraction of the adsorbent with 

Cadmium and Lead.  Similar observations have been 
reported by other researchers for clay adsorbents. Gibbs 
free energy values for Cadmium adsorption on acid-
activated Azad Kashmir clays were calculated to be 
-1.62, -1.95 and 2.20 KJ/mole at temperatures of 303, 
313 and 323K, respectively. A decrease in the values 
of Gibbs free energy accompanied by an increase in 
temperature describes the decline in adsorption at 
high temperature. Slightly lower values of Gibbs free 
energy -5.48, -4.89 and -4.66 KJ / mole for 303, 313 and  
323 K, respectively were obtained for lead (Pb) 
adsorption. Similar results are reported by other 
researchers who calculated adsorption of Pb (II) on 
MX-80 bentonite between the temperature range of  
291-328K with ∆G increasing from −16.69 to −16.57 kJ/
mol [24]. 

A study conducted on adsorption of cadmium and 
lead ions on magnoxide minerals reports that the values 
of ∆G decrease from -21.33 to -22.87 KJ/mole for 
cadmium and -27.69 to -29.84 KJ/mole for lead between 
temperatures of 298-318oK [25]. Another study shows 
that values of ∆G decrease from 7.95 to 7.31 KJ/mole 
for lead on activated clays between temperatures of 
293-313K [26]. 

                       
Conclusions

This study proposes a cost-effective solution for 
pollution remediation using locally available Azad 
Kashmir bentonite clay. This clay was purified, activated 
with acid treatment and then utilized for adsorption 
study of Cd (II) and Pb (II) ions in solution. The 
results were further analyzed by applying Freundlich 
and Langmuir adsorption isotherms. The Freundlich 
isotherm offers a better fit than the Langmuir adsorption 
isotherm for both Cd (II) and Pb (II) ions. This shows 
that ion exchange is a favorable and major process 
for eliminating Cd (II) and Pb (II) ions in solution by 
activated clay. The negative values of ∆G indicate that 
adsorption processes are spontaneous and endothermic. 
These observations help to establish effective removal 
of Cd (II) and Pb (II) ions in solution in considerable 
quantities by the activated Azad Kashmir Clay from 
wastewaters.

Metal Temperature
(K) 1 / T lnb ΔG ∆H ΔS

Cadmium

303 0.0033 0.6423 -1.62

313 0.0032 0.7476 -1.95 7.23 29.27

323 0.0031 0.8196 -2.20

Lead

303 0.1133 0.0033 -5.48

313 0.1529 0.0032 -4.89 17.97 41.32

323 0.1760 0.0031 -4.67

Table 4. Values of Gibb’s free energy (ΔG), enthalpy change (ΔH)  and entropy change (ΔS) for Cadmium and Lead.
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