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INTRODUCTION 

Water polluted by heavy metals is one of the major 

environmental problems, heavy metals enter the water 

ecosystem from many sources such as industries, 

manufacturing, printing processes, electroplating, 

textiles, metal products, and ceramics.
[1]

 Toxic heavy 

metals of particular concern in treatment of industrial 

wastewaters include zinc, copper, nickel, mercury, 

cadmium, lead and chromium. Wastewater containing 

heavy metals originated mainly from metal plating 

facilities, mining operations, fertilizer industries, 

tanneries, batteries, paper industries and pesticides 

galvanizing plants, stabilizers, thermoplastics, pigment 

manufacture etc. Permissible limit for copper in drinking 

water is 0.05 mg/L as per WHO norms and also 0.05 

mg/L as per ISI prescribed limits, 1993.The maximum 

permissible value for Cadmium, according to German 

Law is 15μg/L. The maximum permissible limit of Lead 

was 0.01 mg/l, reported in BIS and ISI standards. These 

metals are known to progressively accumulate in our 

ecosystem once they are introduced, from very low levels 

to levels that exceed the threshold in the environment. 

Heavy metal contamination of aquatic ecosystems poses 

a major health risk to humans and harms the ecosystem. 

As a result of their unstable nature and high toxicity, 

causing of cancer in organisms.
[2]

 Cadmium one of the 

most dangerous carcinogens for humans, can damage the 

kidneys and has negative health consequences on the 

lungs, cardiovascular system, and musculoskeletal 

system.
[3]

 For the removal of heavy metals from water, 

many technologies have been used recently such as Ion 

exchange, adsorption techniques,
[4]

 filtration, 

precipitation,
[5]

 electrolysis, membrane separation, and 

active carbon adsorption.
[6]

 These methods have some 

drawbacks, such as expensive equipment, poor selectivity 

and incomplete technical. In recent years, many 

researchers around the globe have been studying 

adsorption method using industrial waste that can bind 

high concentrations of metals at a low cost and stable 

technology,
[7]

 adsorption is a widely accepted approach 

for removing heavy metals from aquatic environments 

which is both easy and effective.
[8]

 Adsorption is a viable 

choice because of its specific high surface area with low-

cost, numerous surface functional groups. The use of 

industrial byproducts for removing metal fromwater has 

increased significantly in recent years.
[9-10]

 The main 

purpose of this research to eliminate heavy metals from 

water at single metal and mix metals condition. Find out 

changes in the adsorbent functions groups and surface 

pores/area after treatment, also investigate the best 

environment for heavy metals adsorption. 

 

METHODOLOGY AND MATERIALS 

Preparation and Chemical analysis of adsorbent 

China clay is a mineral of kaolinite group. It does not 

swell with addition of water. The alumina content present 

in it does not form isomorphous series with any other 

metallic compounds. It is generally used in the 

manufacture of different types of ceramic goods. It has 

been used by several workers
[11-16]

 as an adsorbent for 

water and wastewater treatment by adsorption process. It 

was collected from Patharghatt village of Bhagalpur 
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 ABSTRACT 

In this paper, we take adsorbent, with low cost and high-efficiency adsorption of Cu(II), Cd(II) and Pb (II) from 

aqueous solution. For well- known adsorption of heavy metals by China clay, data were placed in the Langmuir and 

Freundlich isotherms models. Adsorption of heavy metals by China clay under the effect of pH, adsorbent dosage 

and concentration were studied. Langmuir isotherm shows better fit for heavy metals adsorption than the 

Freundlich isotherm. Under specified conditions, maximum single metal adsorption capacities of the China clay 

(qmax) for Cu(II), Cd(II) and Pb (II)) were 77.76, 76.16 and 191.93 mg/g, under Langmuir model equations. 

Adsorption kinetic data fitted well with pseudo-second-order kinetic model (R² ≤ 0.9996, 0.9995 and 0.9878) for 

Cu(II), Cd(II) and Pb (II) loaded on China clay. 
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district, Bihar (India). 

 

Table 1: Chemical analysis of China clay as Adsorbent Constituents Percentage by weight. 

SiO₂ 46.22 

Al₂O₃ 38.40 

CaO 0.86 

Fe₂O₃ 0.68 

MgO 0.37 

Loss of ignition 13.47 

Particle size 53 μm 

Mean Particle size diameter 51x10⁻⁴ cm 

Surface area 13.52 m² g⁻¹ 
Porosity 0.330 

Density 2.692 gcm⁻³ 
 

The Infra-red spectrum of adsorbent was recorded in 

KBr and nujol null using Perkin Elmer 

Spectrophotometer, Model 783 and 621 in the range of 

4000-200 cm⁻¹. 

 

 
Figure 1: Infra red spectrum of china clay. 

 

Adsorbent test 

The adsorption investigation of Cu(II), Cd(II) and Pb (II) 

on adsorbent was conducted in 50ml metal ion solution in 

100ml of the conical flask at 30⁰C by adding optimum 

adsorbent dosage shaken at 200 rpm for an hour. The effect 

of pH was investigated in the range of pH (3.0–9.0) by 

using a 1.5 g/L adsorbent and an initial concentration of 

10 mg/L. The effect of time was investigated by 

increasing the adsorption period from (5 min- 1hour) by 

using a 1.5 g/L adsorbent and an initial concentration of 

100 mg/L. The effect of adsorbent amount on Cu(II), 

Cd(II), and Pb (II) adsorption was examined by adsorbent 

increasing from 0.3 g/L to 3.0 g/L, the initial metal 

concentration of 100 mg/L at optimum pH of 6.6 and 7.0 

for Cu(II), Cd(II), and Pb(II) ions, for 1 hour. The effect 

of initial metal concentration on adsorbent was examined 

by increasing metal concentration from 10 to 500 mg/L 

at optimum pH of 6.6 and 7.0 for Cu(II), Cd(II), and 

Pb(II) for 1 hour aim of the kinetic study was to find how 

long it takes to reach equilibrium using the 1.5 g/L 

amount of adsorbent. Isotherm was investigated using 

metal concentration from 10 to 500 mg/L by adding a 1.5 

g/L amount of adsorbent. After adsorption process the 

solution was centrifuged at 4000 rpm for 15mins. The 

adsorbent were isolated from the medium using filtration 

after equilibration and the filtrates were examined. The 

concentrations of Cu(II), Cd(II), and Pb (II) the filtrate 

was determined using atomic absorption spectroscopy. 

 

The amount of metalions adsorbed (𝑞t) was calculated as 

the change in the aqueous phase concentration from 

initial value according to the equation, 

 
 

Where, 𝐶o and 𝐶t (mg L⁻¹) are the initial metal ion 

concentration and at contact time 𝑡, 𝑉 (L) is the volume 

of solution, and 𝑚 (mg) is the amount of adsorbent added. 

The metal removal efficiency (percent metal removal) was 

calculated using the following equation
[17]

: 

 
 

RESULTS AND DISCUSSION 

Effects of various factors 

1. pH effect 

pH is the most important factor of adsorption process, 
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which affects the adsorption of heavy metals by 

adsorbent.
[18]

 Due to competition between metal and H+ 

ions, the solution of pH impacts adsorption of metal ions 

at active sites of adsorbent. Adsorption of the metal ions 

on functional groups sites present on the outer surface of 

adsorbent depends on the pH of the solution. As a result, 

initials 3.0 –9.0 pH values were used to test the influence 

of pH shown in Fig. 3. At pH 3, it was discovered that 

relatively little adsorption occurs. The adsorption 

capacity increased steadily in the pH range 3.0 –6.0, with 

maximum removal recorded at pH 6.0 for Cu (II), Cd 

(II), and 7.0 for Pb (II). The poor metals adsorption at pH 

3.0 can be explained by the protonation of active sites by 

H+ ions. The H+ ions on the adsorbent surface are 

attracted by electrostatic repulsion at low pH values, so 

they occupy a large portion of the adsorption sites, and 

less Cu (II), Cd (II), and Pb (II) can be adsorb. The rising in 

pH makes the surface charge of adsorbent more 

negatively charged, resulting in greater adsorption of 

Cu(II), Cd(II), and Pb (II)) which reached equilibrium at 

pH 6.0, 6.0, and 7.0. Ion adsorption diminishes at higher 

pH (>7.0), which could be attributed to the development 

of soluble hydroxyl complexity of Cu(II), Cd(II), and Pb 

(II)). 

 

 
Figure 2: Effect of pH on the adsorption of Cu (II), Cd (II), and Pb (II) ions onto China Clay. 

 

2. Dosage effect 

The effect of adsorbent Dosage on adsorption process 

was done by increasing the adsorbent dosage from 0.3 to 

3.0 g, the effect of adsorbent dosage on the elimination of 

heavy metal ions Cu (II), Cd (II) and Pb(II) as shown in 

Figure 3. Experiments demonstrated that as the adsorbent 

dosage is increased, the percentage of metal ions 

removed increases as well. The increased number of 

functional groups and convenient adsorption sites for 

metal ions was the cause of this rise [18]. The adsorption 

process approaches equilibrium due to excessive 

congestion of adsorbent particles due to adsorption site 

overlap after a constant increase in the percentage of 

metal ions extracted from the aqueous solution. By 

increasing adsorbent dosage from 0.3 to 3.0 g the Cu (II) 

removing percentage was also increased from 94.0% to 

99.1%, Cd (II) from 92% to 99.2% and Pb (II) removing 

percentage increased from 85.0% to 98.5%. We select the 

optimum adsorption dosage for rest of experiment 1.5 

mg/L. 

 

 
Figure 3: Effect of adsorbent dosage on the adsorption of Cu (II), Cd (II), and Pb (II) on adsorbent. 

 

Adsorption isotherms 
The equilibrium adsorption process in equilibrium can be 

explained using Langmuir and Freundlich adsorption 

isotherms, The Langmuir isotherm is represented by the 
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following Equation: 

 
 

The linear form of the Langmuir equation is expressed 

as:  

 
 

Where, Ce is the adsorption concentration at equilibrium 

(mg/L), qe is the amount of metal adsorb by adsorbent 

(mg/g),and qmax as the maximum monolayer coating 

capacity (mg/g). KL is the Langmuir isotherm constant 

(L/mg). The Freundlich isotherm experimental equation 

is expressed by the following eq. (5): 

 
 

Where, kf represents the Freundlich isotherm constant 

(mg/g), n represents adsorption intensity, Ce represents 

the adsorbate concentration at equilibrium (mg/L), and qe 

represents how much metal is adsorb by adsorbent 

(mg/g). The performance of adsorption test adsorbent is 

affected by the initial concentrations of Cu(II), Cd(II) 

and Pb (II) Figure 4 represents finding binding affinity, 

adsorption capacity, and surface features of the adsorbent 

by using adsorption isotherm, all of which aid in 

understanding the adsorbate-adsorbent binding 

mechanism. The adsorption behavior of adsorbent for 

Cu(II), Cd(II) and Pb (II) an analysis of uptake was 

conducted using the Langmuir’s and Freundlich’s 

isotherms. Adsorbent surfaces have a finite number of 

adsorption sites in Langmuir’s isotherm, where 

Freundlich’s isotherm indicates adsorption occurs on a 

heterogeneous surface sorbent. Table: 2 shows, that the 

results of the Langmuir isotherm are the best fit because 

the value of the linear regression coefficient (R²>0.99 for 

copper, cadmium ions and R²>0.98 for lead ions) of 

Langmuir’s isotherm was discovered to be higher than 

that of Freundlich’s isotherm (R²>0.93 for all cases). 

Table 2 it confirmed monolayer adsorption of Cu(II), 

Cd(II) and Pb (II) on China clay. For Cu, Cd and Pb the 

maximum adsorption capacity of China clay was found 

to be 77.76, 76.16 and 191.93 mg/g respectively. 

 

Table 2: Isotherm parameters for the removal of Cu (II), Cd (II) and Pb (II) by China clay. 

Isotherms Parameters Cu(II) Cd(II) Pb(II) 

Freundlich kf 4.55 1.03 1.01 

Freundlich 1/n 0.5311 0.3287 0.9548 

Freundlich R² 0.9311 0.9986 0.9882 

Langmuir qmax (mg/g) 77.76 76.16 191.93 

Langmuir KL(L/mg) 0.0306 0.0399 0.0054 

Langmuir RL 0.3949 0.3336 0.7856 

Langmuir R² 0.9994 0.9986 0.9882 

 

 
Figure 4: Effect of initial concentration on the adsorption of Cu (II), Cd (II) and Pb (II) on China clay. 

 

CONCLUSION 

In the present study heavy metals such as Cu (II), Cd (II) 

and Pb (II) were selected for removal from aqueous 

solutions using adsorption technique. A particle size of 53 

μm was observed to be highly efficient for the removal of 

such metal ions. The present adsorbent China clay can be 

used as an industrial scale to remove Cu (II), Cd (II) and 

Pb (II)respectively.Hence, it is necessary to remove these 

metals from industrial effluents before discharging waste 

water into the environment.The data thus obtained may 

be helpful for designing and fabricating a treatment plant 

for the removal of nickel present in wastewaters. 
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