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1. INTRODUCTION 
The current advances in industrial and technological 

developments at the world degree have introduced about 

the introduction of unique pollutants into water bodies. 

This awesome expand in the use of heavy metals over 

the previous few many years has inevitably resulted in an 

accelerated flux of steel elements in the aquatic 

surroundings.
[1]

 These metals are of specific challenge 

due to the fact of their persistency and fitness impacts. 

Industrial waste constitutes a essential supply of a 

number of types of steel air pollution in herbal water.
[2]

 

These poisonous metals of activity include; Cadmium, 

Zinc, Lead and Nickel. These poisonous heavy metals 

enter into the water our bodies thru waste waters from 

metallic plating industries and industries of Cadmium 

Nickel batteries, phosphate fertilizers, mining activities, 

pigments and stabilizer alloys etc. Cd²⁺ , Zn²⁺ , Ni²⁺  and 

Pb²⁺  ions exist in the soil-water device as micronutrients 

for vegetation and animals’ use. According to 

Dermibas
[3]

, Cd²⁺  ion poisoning in people are very 

serious, amongst which excessive blood pressures, 

kidney harm and destruction of testicular tissues and 

purple blood vessels are generic.
[4]

 US EPA requirements 

for cadmium in ingesting water is 0.005 mg/l. 

 

A wide variety of applied sciences have been developed 

over the years to cast off poisonous metals from water. 

The most essential applied sciences encompass chemical 

precipitations, electro flotation, ion exchange, reverse 

osmosis, and adsorption on industrial activated carbon.
[5]

 

These strategies are no longer value advantageous and 

have induced a search for less expensive substitutes. Low 

value and non-conventional adsorbents encompass the 

use of agricultural wastes like herbal compost, Irish 

peanut, peanut shell, coconut shell, bone char and 

biomass such as Aspergilus tereus and Mucus 

remanianus, polymerized onion pores and skin with 

formaldehyde and EDTA, modified cellulosic material, 

herbal substances such as hair and cat tails (Thypha 

Plant)
[6]

, waste wool
[7]

, peanut pores and skin
[8]

, modified 

barks
[9]

, barely straw
[10]

, low rank coal
[11]

, waste tyre 

rubber and tea leaves.
[12]

 The existing investigation tries 

have been made to check and evaluate the effectivity of 

low price adsorbent substances for elimination of Cd (II) 

from wastewater. The have an impact on of quite a 

number factors, such as adsorbent loadings, preliminary 

pH, temperature and preliminary metallic ion awareness 

on the adsorption ability have been studied. The 

Langmuir and Freundlich fashions have been used to 

analyze the adsorption equilibrium. 

 

 

 

 

SJIF Impact Factor 6.044 Research Article ejbps, 2023, Volume 10, Issue 3, 139-146. 

European Journal of Biomedical 
AND Pharmaceutical sciences 

 

http://www.ejbps.com 

 
 

ISSN 2349-8870 

Volume: 10 

Issue: 3 

139-146 

Year: 2023 

*Corresponding Author: Dr. Surekha Kannaujia 

Associate Prof Chemistry, D B S (PG) College Dehradun (UK). 

 

ABSTRACT 
China Clay and Fly Ash adsorbents were screened for their metal uptake capacities for Cd (II) ions, at various 

initial concentrations of 10, 20, 30 40 and 50 mg/ L at variable contact period of between 30 and 180 minutes and 

different adsorbent dosages of 0.2 – 1 g/l, pH (1 to 6) using batch adsorption technique. The adsorbents were 

characterized using standard methods. The amount of adsorbate adsorbed by the developed adsorbents for Cd (II) 

increased with increase in initial metal concentration, contact time, adsorbent dosage and pH until equilibrium 

point was reached. At equilibrium, the optimum contact time for this operation was 90 minutes for China Clay and 

120 minutes for Fly Ash, effective pH for both adsorbents is 5.5, the equilibrium initial metal concentrations are 

45 and 40 mg/l for China clay and Fly ash respectively. The data conformed to Freundlich isotherm with R² ˃ 0.95 

for both adsorbents. The surface areas of the China Clay and Fly Ash as determined were 13.52 and 5.77 m²/g. 

The results obtained from this study indicated a high adsorption ability of the adsorbents for Cd (II) with China 

clay having better performance. 
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2. MATERIALS AND METHODS 

2.1 Preparation of Adsorbents 
The physico-chemical nature of the adsorbents 

significantly affects the rate and extent of adsorption of 

pollutants from water and wastewaters by adsorption 

technique. The chemical constituents of various 

adsorbents vary from sample to sample depending upon 

the source of collection. Therefore, the characterization 

of adsorbents is quite essential in order to have a better 

insight into the mechanism of the adsorption process. 

 

China Clay and their Characterization 

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
[12-16]

 as an adsorbent for 

water and wastewater treatment by adsorption process. It 

was collected from Patharghatt village of Bhagalpur 

district, Bihar (India). It was used as such without any 

pretreatment just after sieving through 53μm pore size 

sieve. The chemical analysis and characterization of 

China clay is given in table: 1. 

 

Table 1: Chemical analysis of China Clay as 

Adsorbent. 

Constituents Percentage by weight 

SiO₂  46.22 

Al₂ O₃  38.40 

CaO 0.86 

Fe₂ O₃  0.68 

MgO 0.37 

Loss of ignition  13.47 

Particle size 53μm 

Mean Particle size diameter 51x10⁻ ⁴  cm 

Surface Area 13.52 m²g⁻ ¹ 

Porosity 0.330 

Density 2.692 gcm⁻ ³ 

 

Fly Ash and their Characterization 
Fly ash was obtained from Obera Thermal Power Plant, 

Mirzapur, UP (INDIA). They were used as such without 

any pretreatment just after sieving through 53μm pore 

size sieve (Table:2). 

 

Table 2: Chemical analysis of Fly ash as Adsorbent. 

Constituents Percentage by weight 

SiO₂  56.04 

Al₂ O₃  25.90 

CaO 2.22 

Fe₂ O₃  1.26 

MgO 0.94 

Loss of ignition 13.64 

Particle size 53μm 

Mean Particle size diameter 48x10⁻ ⁴  cm 

Surface Area 5.77 m²g⁻ ¹ 

Porosity 0.360 

Density 3.420 gcm⁻ ³ 

2.2 Preparation of Adsorbate Stock Solution 

Standard Cadmium stock solution (1000 mg/L) was 

prepared by dissolving 2.10 g of Cd(NO₃ )₂  in 

deionized water then diluted to 1000 ml. pH adjustment 

of solution was made with dilute NaOH and HCl 

solutions. The reagent was of analytical grade and stored 

in polypropylene containers. Plastics were cleaned in 

dilute HNO₃  (10% v/v) and dried at 60°C after rinsing 

with deionized water. 

 

2.3 Batch Adsorption Studies 

The experiments were carried out in a batch adsorption 

technique for the measurements of adsorption capacities, 

and to generate adsorption kinetics.
[13]

 The effect of pH 

(3, 4, 5, 6, 7 and 8), contact time (30-180 minutes), 

adsorbent dose (0.2 – 1.0 g/l) and initial metal ion 

concentration (10 – 50 mg/l) were determined at room 

temperature using stopper bottles. The initial pH of 

solution was adjusted by using 0.05 M HCl or 0.05 M 

NaOH without changing the volume of the sample. After 

agitating the sample for the required contact time, the 

contents were centrifuged and filtered through Whatman 

No.41 filter paper and unreacted cadmium in the filtrate 

was analyzed by atomic absorption spectrophotometer. 

 

The adsorption capacity, qe, was calculated as.
[14]

 

qe =   V                 (1) 

Where Co and Ce are the initial and equilibrium 

adsorbate concentrations in solution (mg/L), 

respectively, V is a known volume of synthetic 

wastewater (L), and m is a known mass of dry adsorbent 

(g). 

 

2.4 Adsorption Isotherms 

2.4.1 Freundlich adsorption isotherm 
Freundlich Isotherm is represented by the following 

equation.
[15]

 

qe = K                                (2) 

where, qe = the amount of adsorbate adsorbed per unit 

mass of adsorbent (mg adsorbate/g adsorbent). KF = 

adsorption capacity n = adsorption intensity are the 

empirical constants. Ce = equilibrium concentration of 

adsorbate (mg/l). 

 

2.4.2 Langmuir adsorption isotherm 

Langmuir Isotherm is represented by the following 

equation.
[16]

 

qe =                                (3) 

 

where, qmax and b are Langmuir constants related to 

adsorption capacity (maximum specific uptake 

corresponding to the site saturation) and energy 

(intensity) of adsorption (L of adsorbent/mg of 

adsorbate) respectively. 
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2.4.3 Adsorption kinetics of Cd (II) 

To describe the adsorption kinetics, the linear form of the 

pseudo-first order (Lagergern) equation reported in the 

literature was applied in the following form.
[17]

 

log (qe - qt) = log qe -                             (4) 

where, K1(min⁻ ¹) is the rate constant, and qt and qe are 

the amounts of metal ion adsorbed at time t and 

equilibrium, respectively. 

 

To describe the adsorption kinetics, a pseudo second 

order rate model reported in the literature was also 

applied in the following form
[18]

 

 =  +  . t                                 (5) 

Where, ho = the initial adsorption rate (mg/g min) qe = 

the amount of metal ion adsorbed at equilibrium (mg/g) 

qt = the mount a adsorbed at time t (mg/g). 

 

The initial adsorption rate, ho, as t→ 0 is defined as 

ho = K2 qe²                                           (6) 

Where, K2 is the pseudo second order rate constant for 

the adsorption process (g/mg min).The initial adsorption 

rate ho, the equilibrium adsorption capacity, and the rate 

constant K2 were determined from the slope and 

intercept of the plot of t/qt against t. 

 

3. RESULTS AND DISCUSSION 

3.1 Effect of Contact Time 

In adsorption system, the contact time performs a 

imperative position irrespective of the different 

experimental parameters, affecting the adsorption 

kinetics. The impact of contact time on the adsorption of 

Cd (II) ions onto Fly ash and China clay is proven in 

Figure: 1. An preliminary make bigger in quantity 

adsorbed with accelerated contact time was once 

observed, and adsorption grew to be pretty secure with 

time. Equilibrium elimination was once finished round 

ninety min for Fly ash and a hundred and twenty min for 

China clay, after which in addition will increase in 

contact time did now not end result in enormous 

adsorption. These instances had been used in all 

experiments to make certain most removal. The fast 

adsorption for the duration of the preliminary levels 

would possibly be due to the presence of plentiful 

energetic websites on the floor of each adsorbents which 

turn out to be saturated with time. Initially, sorption is 

managed frequently by means of diffusion from the bulk 

to the floor of the adsorbents, whereas, later, sorption is 

in all likelihood an attachment managed system due to 

the presence of fewer lively web sites.
[19]

 The adsorption 

commenced to sluggish down due to gradual motion of 

Cd (II) ions into the indoors bulk of the bio-sorbent. 

Considering the fantastic adsorption time of ninety 

minutes for Fly ash which is decrease than a hundred and 

twenty minutes for China clay, it can be stated that it has 

much less energetic websites which turn out to be 

saturated in the past than China clay. Fly ash has a floor 

location 5.77m²/g and China clay has the floor of 

13.52m²/g which corresponds to the charge of steel 

uptake with the aid of every of them. The style located 

for the steel ions in the two substrates beneath the equal 

experimental prerequisites printed that the sample of 

adsorption is a characteristic of the substrate.
[20] 

 

 
Figure 1: Plot of amount of Cd (II) ions adsorbed vs Contact Time by Fly ash and China clay (Temp = (25±1)°C; 

pH = 5.5, Agitation speed = 200 rpm, Initial concentration = 100 mg/l, Adsorbent dosage: 1.0 g/50 ml). 
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3.2 Effect of PH 

The results of preliminary pH on adsorption system are 

introduced in the Figure:2. Importance of pH on heavy 

metallic adsorption assessments had been undertaken 

with one-of-a-kind initial pH values of the steel 

solutions, the use of a consistent quantity of China clay 

and Fly ash adsorbents. The adsorptive capability of Fly 

ash and China clay have been based on pH of cadmium 

answer as the quantity adsorbed diverse with pH. At 

decrease pH values, massive range of H⁺  ions 

neutralizes the negatively charged adsorbent surfaces, 

thereby developing drawback to the Cd (II) ions 

adsorption. At the excessive pH values, the discount in 

adsorption can also be due to the abundance of OH⁻  

ions inflicting multiplied issue to diffusion of Cd (II) 

ions.
[21]

 The adsorbents confirmed gradual make bigger 

in adsorption as the pH will increase from 1 up to about 

5.5. Both adsorbents carried out optimally at pH of 5.5 

and decreases with similarly make bigger in pH. The 

dependence of metallic uptake on pH is associated to 

each the floor useful organizations existing on the 

biomass and the metallic chemistry in answer.
[22]

 At low 

pH, the floor ligants are intently related with the 

hydronium ions (H₃ O⁺ ) and constrained the method of 

metallic cations as a end result of the repulsive 

pressure.
[23-24]

 Furthermore, the outcomes of pH on the 

metallic ions uptake by way of biomasses can 

additionally be justified by way of the association-

dissociation of sure purposeful groups, such as the 

carboxyl and hydroxyl corporations current on the 

biomasses.
[25]

 In fact, it is recognised that at low pH, 

most of the carboxylic agencies is now not dissociated 

and can't bind the metallic ions in solution, though they 

take phase in complexation reactions.
[26]

 The outcomes 

received are in shut settlement with earlier suggested 

research.
[27-28] 

 

 
Figure 2: Plot of amount of Cd (II) adsorbed by Fly ash and China clay vs pH (Temp = (25±1)°C; Agitation 

speed = 200 rpm, Initial metal concentration = 100 mg/l). 

 

3.3 Effect of Adsorbent Dose 

Adsorbent dosage is a beneficial parameter for finding 

out the potential of an adsorbent for a given preliminary 

adsorbate concentration. The impact of Fly ash and 

China clay dose on adsorption of Cd (II) ions from 

answer is proven in Figure: three Adsorbent dose used to 

be various between 0.2 - 1.2 g/l for adsorbents used. It is 

simply considered that the quantity of Cd (II) ions 

adsorbed will increase as the adsorbent mass will 

increase in the main due to an enlarge in the range of 

accessible energetic web sites.
[29-30]

 The adsorption of Cd 

(II) will increase at a quicker charge originally with will 

increase in adsorbent dose. The end result confirmed that 

in addition extend in the adsorbents dose ought to lead to 

extend in adsorption till the fantastic adsorption of 6.1 

and 4.64 mg/g is attained for Fly ash and China clay 

respectively. Increasing the dose of China clay from 1.0 

to 1.2 g diminished the equilibrium adsorption ability 

from 6.10 to 5.81 mg/g for Cd (II) and growing the dose 

of Fly ash from 1.0 to 1.2 g lowered the equilibrium 

adsorption capability from 4.64 to 4.42 mg/g. This might 

also be due to a minimize in the complete adsorption 

floor place available, ensuing from overlapping or 

aggregation of adsorption websites
[31]

 or a greater 

adsorbent dose might also grant extra energetic 

adsorption sites, so that adsorption web sites stay 

unsaturated at some point of adsorption.
[32] 
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Figure: 3. Plot of amount of Cd (II) ions adsorbed vs Adsorbent dosage by Fly ash and China clay (Temp = 

(25±1)°C; pH = 5.5, Agitation speed = 200 rpm, Initial metal concentration = 100 mg/l). 

 

3.4 Effect of Initial Metal Ion Concentration 

The quantity of steel ions adsorbed is a characteristic of 

the preliminary attention of metallic ion, making it a vital 

aspect in superb adsorption. The impact of preliminary 

steel ion attention (10 to 50 mg/l) on the adsorption of 

Cd (II) ions onto Fly ash and China clay is proven in 

Figure: 4. It indicates that as the awareness of Cd (II) in 

answer increases, the quantity of Cd (II) adsorbed with 

the aid of the adsorbents increases. The quantity of steel 

ions adsorbed via each adsorbent improved with the steel 

concentration, as the growing attention gradient 

overcomes the resistance to mass switch of metallic ions 

between the aqueous section and the adsorbent.
[33]

 A 

greater attention in an answer implies a greater attention 

of metallic ion to be constant on the floor of the 

adsorbent.
[34]

 China clay had greater adsorption ability 

for steel ions than Fly ash as the preliminary ions 

awareness increases. At a attention of forty mg/L, 3.04 

mg/g of Cd (II) ions have been adsorbed through China 

Clay whilst Fly ash adsorbed 2.83 mg/g Cd (II). The 

greater adsorption via China clay may also be due to its 

large floor region 13.52 m²/g as in contrast to 5.77m²/g 

for Fly ash. The equilibrium concentrations of ions for 

the duration of adsorption are forty five and forty mg/l 

for China clay and Fly ash respectively which are very 

close. The reduce in adsorption after that would possibly 

be due to the agglomeration/ aggregation of the 

adsorbent particles at a greater concentration. Such 

aggregation can lead to limit in the whole floor place of 

the adsorbent reachable for adsorption and amplify in 

diffusional route size.
[35]

 Similar effects had been stated 

by using many authors the use of specific sorts of 

adsorbents.
[36-37] 

 

 
Figure. 4: Plot of amount of Cd (II) ions adsorbed vs Initial concentration of Cd (II) ions by Fly ash and China 

clay Temp = (25±1)°C; pH = 5.5, Agitation speed =  200 rpm). 
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3.5 Equilibrium Adsorption Isotherm 

Equilibrium adsorption isotherms are used to relate the 

adsorbate concentration in solution and the amount on 

the adsorbent at equilibrium.
[38]

 These parameters often 

provide fundamental information on the adsorption 

mechanism, surface properties and the affinity of 

adsorbents, which helps to determine the applicability of 

adsorption as a unit operation. Therefore, it is important 

to establish the most suitable correlation of equilibrium 

curves in order to optimize the conditions for designing 

adsorption systems. The most frequently used isotherms, 

the Langmuir and Freundlich models, were therefore 

used to analyse the data (Table: 3). The Langmuir 

isotherm is used to describe monolayer adsorption onto 

the surface of an adsorbent with a finite number of 

identical adsorption sites and no interaction between 

sites. The model is expressed as.
[39]

 

 =  +                                (7) 

 

Where, qmax (mg/g) is the monolayer adsorption 

capacity of the adsorbent, and b (L/mg) is the adsorption 

constant, which reflects the affinity between the 

adsorbent and adsorbate. qmax and b were determined 

from the slope and intercept of the plots of Ce/qe vs Ce 

(Figure: 6). Table:3 shows low correlation coefficients 

(R²) for Cd (II) < 0.95, indicating that the adsorption 

does not follow the Langmuir isotherm closely. The 

Freundlich isotherm is based on the assumption that 

adsorption takes place on a heterogeneous adsorbent 

surface, where the adsorption energy distribution 

decreases exponentially and can be expressed as.
[40] 

 

Table: 3. Values of Langmuir and Freundlich isotherm constants for adsorption of Cd (II) ions by Fly ash and 

China clay. 

Adsorbents Freundlich isotherm Langmuir isotherm 

 R² KF n R² qmax b 

China clay 0.964 0.058 1.943 0.253 5.04 0.001 

Fly ash 0.952 0.031 1.827 0.024 7.94 0.006 

 

 
Figure: 5. Freundlich adsorption isotherm of Cadmium (II) ions by Fly ash and China clay. 

 

 
Figure: 6. Langmuir adsorption isotherm of Cadmium (II) ions by Fly ash and China clay. 
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ln qe =  ln KF  + [1/n] ln Ce                   (8) 

 

Where, KF (mg/g) (mg/L) and n are the constants for 

adsorption capacity and intensity, respectively. A plot of 

ln qe versus ln Ce (Figure: 5) gives a straight line of 

slope 1/n and intercepts log KF. As can be seen in Table: 

3. the R² values for both adsorbents for adsorption of Cd 

(II) were high (> 0.95), indicating a good fit of the 

Freundlich model to the adsorption process. This 

suggests that the surfaces of the adsorbents are 

heterogeneous. Furthermore, the values of n obtained for 

both metal ions lie between 1 and 10, indicating 

favourable adsorption.
[41] 

 

4. CONCLUSION 

Based upon the experimental results carried out in this 

work, the following conclusion can be drawn. 

(a). Both adsorbents have a reasonably high surface area 

that can be used for adsorption. 

(b). The extent of removal depends on the process 

parameters e,g Cd ion concentration, contact time, 

adsorbent dose and pH of solution. 

(c). Both adsorbent can be applied as a cheap adsorbent 

for the removal of Cd (II) ions. 

(d). The adsorption capacity of treated China clay for Cd 

(II) ions is more than that of Fly ash. 
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