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Abstract— Heavy metals, when in abundance, can be very 

toxic to the medium in which it is dissolved. Adsorption has 

been used as a suitable water treatment process to remove 

heavy metals. For this research, sweet lime and Lemon skin 

were used as the adsorbent to remove, Chromium 

wastewater. Batch test &the fixed bed column experiments 

were then followed, as they simulate the filtration process 

which is the most commonly used in treatment plants for 

adsorption. The studies on adsorption were conducted by 

varying various parameters such as contact time, pH, 

amount of adsorbent, partical size, concentration of 

adsorbate and temperature. The adsorption capacity was 

found to be pH dependant. Results have used Freundlich and 

Langmuir equations to fit the experimental data so that 

kinetics of the process can be obtained. 
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I. INTRODUCTION 

Removal of heavy metals from industrial wastewater is of 

primary importance because they are not only causing 

contamination of water bodies and are also toxic to many 

life forms. Industrial processes generate wastewater 

containing heavy metal contaminants. Since most of heavy 

metals are non degradable into nontoxic end products, their 

concentrations must be reduced to acceptable levels before 

discharging them into environment. A number of 

conventional treatment technologies have been considered 

for treatment of wastewater contaminated with organic 

substances. Among them, adsorption is found to be the most 

effective method. Commercial activated carbon is regarded 

as the most effective material for controlling the organic 

load. In this project work, it is decided to carry out 

experimentation for removal of heavy metals e.g. Cr-VI, 

using low cost natural adsorbents (e.g.  lemon peels, sweet 

lime peels, etc.). The adsorbent materials are easily 

available.  

II. EXPERIMENTAL 

A. Preparation of Adsorbent form Sweet Lime and Lemon: 

The lemon, sweet lime skin to prepare adsorbent in the form 

of powder. These adsorbent for removal of hexavalent 

chromium from the solution. These are collected from 

various fruit juice centers where it was treated as waste. 

Collected skin of these fruits and kept it for drying for more 

than 3 weeks by checking the moisture content of the all 

skins alternate days. Skin covered with a plastic paper to 

prevent its contamination. When all the skins get dry, next 

processes such as grinding, screening took place. This 

prepared powder is used as adsorbent for the removal of 

chromium (VI) from the solution. Easy availability, 

economical to use and proven potential for other metals, 

have been the reasons for selection of these adsorbent 

Powder of sweet lime powder and lemon powder was used 

to adsorb chromium (VI).sweet lime and lemon fruits are 

very famous in India.  

 
Sweet lime powder                         Lemon powder 

Characteristics 
Values 

Sweet lime Lemon 

Bulk Density(g/ml) 0.38 0.73 

Solid Density (g/ml) 3.6 1.5 

Moisture content (%) 0.52 6.12 

Ash Content (%) 6.5 45.97 

Partical size(mesh) 200-60 200-16 

Surface area (m
2
/g) 516.3 272.5 

Surface acidity meq/gm 0.02 0.1 

Table-1: Physiochemical Properties 

III. EXPERIMENTAL SET UP (BATCH) 

 
Fig. 1: Experimental Set up 

IV. EXPERIMENTAL PROCEDURE 

All experiments are carried out at room temperature (25-

30
0
C) in batch method. Batch method was selected because 

of its simplicity and reliability. The experiments were 

carried out by taking 50ml metal ion sample in a flask and 

after pH adjustment a 150 mg of dried adsorbent was added. 

The flask was agitated at near about 60 to 70 rpm for 50 

minutes using a mechanical stirrer. After shaking, the 

suspension was allowed to settle. The residual biomass 

adsorbed with metal ion was filtered using whatman-1 filter 

paper.metal ion estimation using UV- visible 

spectrophotometer. The percent removal of metals from the 

solution was calculated by the following equation. 

%removal =Ci – Cf / Ci * 100 

Where, Ci = is the initial metal ion concentration (mg/L),  

Cf  = is the final metal ion concentration in the solution 

(mg/L). 
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       Ci-Cf 

Amount adsorbed (qe)    =                                    x    V 

    m 

Where 

Ci   =   Initial concentration of metal ion in the solution 

(mg/lit),Cf   =   Final concentration of metal ion in the 

solution (mg/lit) ,m    =   mass of adsorbent,v     =   volume 

of solution(lit),qe   =    amount of metal ion adsorbed per 

gram of adsorbent. 

V. BATCH PROCESS 

A. Effect of pH: 

 
Fig. 2: Relation between pH and % removal of chromium 

B. Effect of Adsorbent Dose:  

 
Fig. 3: Relation between Adsorbent dose (mg/50ml) and % 

Removal of Chromium (VI). 

C. Effect of Equilibrium Time and Initial Chromium (VI)  

 
Fig. 4: Relationship between agitation time and %removal 

of chromium (VI) 

 
Fig. 5: Relationship between agitation time and %removal 

of chromium (VI) 

D. Effect of Particle Size: 

 
Fig. 6: Relationship between particle size and %removal at 

different time (sweet lime powder) 

 
Fig. 7: Relationship between particle size and %removal at 

different time (Lemon powder) 

VI. EFFECT TEMPERATURE ON HEAVY METAL REMOVAL 

 
Fig. 8: Relationship between temperature and %removal of 

chromium (VI). 

 EFFECT OF CONTACT TIME (SWEET LIME POWDER) BATCH ADSORPTION
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VII. ISOTHERM STUDIES 

A. Langmuir Isotherm:
 

Chromium (VI) was estimated using UV – visible 

spectrophotometer. The absorbance was measured in the UV 

– visible spectrophotometer at 540 nm. A calibration curve 

was prepared for Cr (VI) standard solutions and absorbance. 

The concentration in the sample was established by reading 

from the calibration curve. The results for a heavy metal 

concentration were expressed in mg/lit while those of the 

concentration equilibrium, equilibrium time, and adsorption 

capacity etc., were compared with the Langmuir and 

Freundlich isotherms.  

The Langmuir model assumes that the uptake of 

metal ions occurs on a homogenous surface by monolayer  

adsorption without any interaction between adsorbed 

ions.Where Ce was the equilibrium Concentration (mg/l) qe 

was the amount adsorbed at equilibrium time (mg/g) and Qo 

and b is Langmuir constants related to adsorption capacity 

(mg/g) and energy of adsorption (L/mg), respectively.  

The Langmuir isotherm was expressed in the following 

formula 

 
The equilibrium parameter RL that was given by:                                                 

Where Ci is the initial concentration (mg/l) and b is 

the Langmuir constant. The interpretations are made using 

the standard Table 1. The values of RL indicates the type of 

isotherm to be 

RL values Type of isotherm 

RL>1 Unfavorable 

RL=1 Linear 

0<RL<1 Favorable 

RL=0 Irreversible 

Table-2: Effect of equilibrium parameter on isotherm 

The values of RL are presented in table. If it is less than 1.0. 

They indicate the shape and feasibility of the system. 

B. Freundlich Isotherm: 

The Freundlich model assumes that the uptake of metal ions 

occurs on a heterogeneous surface by monolayer adsorption 

.The Freundlich isotherm is generally used for mathematical 

description of adsorption in aqueous system and describes 

heterogeneous surface energies. The equation is expressed 

in logarithmic form as:   

 
Where (x/m was the amount adsorbed in mg/lit), Ce was the 

equilibrium concentration (mg/1) and Kf and n were 

Freundlich constants.Kf [mg/g, L/mg] was the capacity of 

the adsorbent and n indicated the favorability of adsorption.  

 

Adsorbent 

Langmuir isotherm 
Freundlich 

isotherm 

Qo(mg/g) 
b 

(lit./mg) 
RL n Kf 

Sweet 

Lime 
6.53 0.631 0.136 1.13 0.246 

Lemon 

Skin 
13.69 1.69 0.784 1.89 0.981 

Table-3: Langmuir and Freundlich isotherm constant of 

Hexavalent Chromium 

 
Fig. 9: Langmuir plots for removal of Chromium-VI. For 

sweet lime skin 

 
Fig: 10: Langmuir plots for removal of Chromium-VI.for 

lemon skin 

 
Fig: 11: Freundlich Plots for removal of Chromium VI, for 

sweet lime skin 

 
Fig. 12: Freundlich plots for removal of Chromium Vi , for 

lemon skin 
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VIII. ADSORPTION KINETICS 

A. Effects of Chromium (VI) concentration on Lagergren 

Rate Constant: 

Cr(VI) 

(mg/lit) 

(conc) 

Rate constant Kad(min
-

1
) for sweet lime skin 

Rate constant 

Kad(min
-1

) 

For Lemon skin 

10 5.75x10
-2

 4.37x10
-2

 

20 6.05x10
-2

 4.89x10
-2

 

30 5.91x10
-2

 4.23x10
-2

 

Table-4: Calculated values for the rate constant for different 

concentration of Cr-VI 

 
Fig. 13: Relationship between adsorption and time as per 

Lagergren equation.(for sweet lime skin) 

 
Fig: 14: Relationship between adsorption and time as per 

Lagergren equation (for Lemon skin) 

B. Effect of Particle Size on Lagergren Rate Constant: 

Particle 

size(mm) 

Rate constant Kad(min
-1

) 

for sweet lime skin 

Rate constant 

Kad(min
-1

) 

For Lemon skin 

0.6 6.01x10
-2

 5.21x10
-2

 

0.8 5.89x10
-2

 4.01x10
-2

 

1.7 4.91x10
-2

 3.73x10
-2

 

Table-5: Lagergren rate constant calculated for different 

particles sizes (mm) 

 
Fig. 15: Lagergren rate constant for different particles sizes 

(for sweet lime skin) 

 
Fig. 16: Lagergren rate constant for different particles sizes 

.(for Lemon skin) 

IX. CONCLUSION 

1) whereas adsorption decreased with increase of 

initial metal ion concentration.The effect of 

concentration of synthetic solution on percentage 

removal was studied with both adsorbents. It is 

observed that the powder of sweet lime skin shows 

good agreement than that of lemon skin powder 

towards adsorption of Cr (VI) from synthetic 

solution of K2Cr2O7. This higher adsorption 

capacity of sweet lime skin may be due to the 

surface morphology and can be confirmed by some 

other analysis.   

2) the maximum adsorption takes place in the pH 

range 4 – 6.the increase in pH shows negative 

impact on adsorption of Cr(VI)  

3) decrease in percentage of adsorption with increase 

in temperature indicates that the process is 

exothermic in nature.  

4) A decrease in size of the particles increased the 

adsorption,as a decrease in size of the particles 

increased the availability of the number of active 

sites.  

5) An increase in adsorbent dose gave increased 

adsorption for Cr(VI)  

6) Both the Langmuir and Freundlich isotherms were 

followed by adsorption of Cr(VI). which was 

evident with the adsorption data obeying the 

Langmuir  isotherms.  Freundlich isotherm, n is 

equal to 1.13.factor that cause a decrease in 

adsorbent-adsorbate interaction with increasing 

surface density and the values of n within the range 

of 2 to 10 represent good adsorption.   

7) Initial concentration did not have much significant 

effect on rate constant. 

8) The adsorption of chromium (VI), increase in 

partical size from 0.6mm to1.7mm decreased the 

rate of adsorption.  
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