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Abstract: In this work, putrescible vegetable, a solid waste that is available in large amounts 

worldwide, was used for the adsorption of organic contaminants present in waste water. In 

this study, activated carbon (both acid and base activated) produced from putrescible 

vegetable were successfully used in reducing COD, turbidity, pH and colour of the effluent. 

Experiments were performed in batches to study the effect of carbon dosage and contact time 

on % reduction of COD in effluent by varying the activated carbon dosage from1-3g and 

contact time from 0.5-7hr. Batch experimental runs were performed and all the parameters 

were optimized and kinetic studies were performed for the determination of rate constants for 

predicting the best kinetic model among pseudo first order, pseudo second order, fractional 

power model and the Elovich equation. From the experimental results, it was found that 

maximum COD reduction of acid activated carbon was 88% while that of base activated was 

85% and the kinetics of adsorption in reduction of COD was apparently fitting pseudo second 

order kinetics. Thus it is evident that the acid activated carbon has more potential in reducing 

organic pollutants from waste water. These results effectively substantiate the use of 

activated carbon produced from Putrescible vegetable waste as an adsorbent for treating 

waste water. 

 

Keywords:  Putrescible vegetable waste, chemical oxygen demand (COD), pseudo first order 
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1.  Introduction 

Our water today, far from being pure, 

contains more than two hundred deadly 

commercial chemicals in it. The main 

cause for this is the release of untreated 

sewers into water bodies such as lakes, 

rivers, seas and ocean (1). In developing 

countries, 70 percent of industrial wastes 

are dumped untreated into waters, 

polluting the usable water supply and 

effluent with an organic content more than 

250mg/l which is harmful for both flora 

and fauna when released into water bodies.    

Many methods such as reverse osmosis, 

ultrafiltration, ion exchange, adsorption 

and activated sludge process are in use for 

the purification of water besides traditional 

methods such as coagulation, flotation, 

chlorination and sedimentation (14). The 

former methods are way too expensive and 

require strict influent conditions before 

treatment and the later methods are time 

consuming and produce harmful gases and 

solid wastes. It is important to use 

techniques that are economical and 

produce minimum waste and adsorption 

proves to be the most promising method.   

Adsorption process has the most 

advantages in which  adsorption on 

activated carbon has been quite successful 

for removal of impurities from exhaust gas 

and waste water streams (4, 6, 8, 15) and 

many other natural adsorbents were tested 

for their absorbency (3, 5). The highly 

porous nature of the carbon provides a 

large surface area for contaminants to get 

adsorbed (9, 10). The adsorption takes 

place because of the attractive forces 

between the molecules but this method 

seems expensive when it comes to usage 

of adsorbents such as activated charcoal 

and silica gel (16). There are wide varieties 

of activated carbons which exhibit 

different characteristics depending upon 

the raw materials and the activation 

techniques used in their synthesis (12, 13). 

Vegetable waste material can effectively 

be converted in to a low cost activated 

carbon which uses putrefying vegetable 

waste (11) that can economize the 

adsorption process. 

In this research paper, adsorption kinetics 

of organic contaminants present in waste 

water on to the activated carbon produced 

from putrescible vegetable waste has been 

studied. The waste water was collected 

from sewers (industrial and domestic) of 

Uppal region, Hyderabad, India. The 

concentration of organic contaminants 

present in a particular sample has been 

determined by measuring chemical oxygen 

demand (COD) of that sample. Potassium 

dichromate digestion method followed by 

spectrophotometric analysis (7, 18) has 

been done to determine the COD of a 

particular sample. 

This paper is mainly emphasized on 

determining the best kinetic model that 

depicts the adsorption process of organic 

contaminants on to the activated carbon 

produced from putrescible vegetable waste 

with the help of four adsorption kinetic 

models namely pseudo first order, pseudo 

second order, fractional power model and 

the Elovich equation (17) and the best fit 

among these models was determined as the 

kinetic model for the process. 

2. Experimental section 

2.1 Carbonisation 

Carbonisation (2) was carried out in an 

electric muffle furnace. The vegetable 

waste collected from local vegetable 

market which includes potatoes, carrots, 

beetroots, cucumber, cabbage and ridge 

gourd was carbonised at about 400-500⁰C. 
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Carbonisation lasted for two hours after 

which the charred products were allowed 

to cool to room temperature. The charred 

material was crushed using mortar and 

pestle.  

40g of carbonised vegetable waste 

weighed and put in a beaker containing 

60cm³ of 0.1N HCl. The contents in the 

beaker were thoroughly mixed until it 

forms a paste. The paste was then 

transferred to a crucible and the crucible 

was placed in a muffle furnace and was 

heated to 700⁰C for two hours for 

chemical (acid) activation (2) of carbon 

sample. The activated sample was then 

cooled to room temperature. It was then 

washed with distilled water to pH of 6-7, 

and dried in an oven at 105⁰C for 3hrs. 

The final product was kept in an air tight 

polyethylene bag, ready for use.  

Similarly base activated carbon was 

produced using 0.1N NaOH instead of 

0.1N HCl (2). 

2.2 Experimental procedure 

The adsorption of the organic pollutants 

from the raw effluent sample was 

conducted by batch mode of experiments 

for reducing COD (2, 15). The processes 

were performed by occasional stirring of 

Uppal sewer. Experiments were conducted 

to study the effect of various parameters in 

different ranges such as adsorbent dosage 

(1-3g) (17) and time (0.5hr-7hr). The 

influence of different parameters on 

removal of COD from the Uppal sewer 

were determined and optimized. 

The amount of COD present in the sample 

was estimated using potassium dichromate 

digestion method under closed reflux 

condition (7, 18). The COD estimation 

was done to a sample size of 2ml taken in 

a vial to which 1ml of 0.25 N potassium 

dichromate and 3 ml of silver sulphate 

reagent and 0.04g of mercuric sulphate 

were added. The vial was then placed in a 

block heater for two hours maintained at 

120
˚
C. The vial was brought to room 

temperature and COD determination was 

done using a smart spectrophotometer. 

Turbidity, P
H
, and color were directly 

determined using spectrophotometer. 

The optimum time after which there was 

no significant change in COD was 6
th

 hr. 

Hence the equilibrium was considered to 

be attained at 6
th

 hr. The studies were done 

for both acid activated carbon and base 

activated carbon.  

The amount of adsorption at time t, qt 

(mg/g) (17) was calculated by 

   
         

 
 

Where, 

   = initial COD of waste water sample at 

time‘t0’ (mg/l) 

   = final COD of waste water sample at 

time‘t’ (mg/l) 

V = volume of the sample (l) 

 m = mass of the dry adsorbent used (g)  

 

The percentage removal of COD from the 

effluent can be calculated by the formula  

%COD reduction = 
           

  
 

3. Results and discussion 

3.1 Effect of adsorbent dosage on 

removal of organic matter 

In order to study the effect of adsorbent 

dosage on percentage reduction of COD 

(11) of Uppal sewer, the adsorbent dosage 

of activated carbon was varied from 1g -

3g. It was observed that the percentage 

reduction of COD increases with increase 

in both acid activated carbon (fig-1) and 
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base activated carbon (fig-2) adsorbent 

dosage for a given contact time (6hr). This 

is due to the fact that the increase in 

adsorbent dosage enhances the surface 

area and availability of more adsorption 

sites. When compared between acid and 

base activated carbon, the % reduction in 

COD is more for acid activated carbon. 

The optimum adsorbent dosage for both 

acid activated carbon and base activated 

carbon was found to be 2g (based on 

kinetics). 

3.2 Effect of contact time on the removal 

of organic compounds 

The adsorption process was conducted by 

varying the time from 30min to 6 hours for 

both acid and base activated carbon. It was 

observed that beyond 6 hours, there was no 

distinguishable change in percentage 

reduction of COD. Hence the optimum 

time (11) of contact was taken to be 6hr. In 

this investigation, it was concluded that the 

more time reacted, the more organic 

compounds were removed for both acid 

activated carbon (fig-3) and base activated 

carbon (fig-4). 

3.3 Kinetics of Adsorption 

3.3.1 Pseudo First Order Equation 

The adsorption kinetics may be described 

by a pseudo first order equation (17). The 

linear first order equation is  

log (     ) = log     
   

     
 

         - are the adsorption capacity 

(mg/g) at equilibrium and at time t (hr) 

respectively 

   – pseudo first order rate constant (hr 
-1

) 

 

The slopes and intercept of the plot of log 

(qe-qt) Vs time (figure-5 & 6) were used to 

determine the pseudo first order rate 

constant k1 and the equilibrium capacity 

for both acid and base activated carbon 

respectively. The results are presented in 

the Table-1. The regression coefficient R
2 

for this model is lesser than pseudo second 

order kinetics and hence pseudo second 

order kinetics is used to explain kinetics of 

adsorption. 

 

3.3.2 Pseudo Second Order Equation 

The adsorption kinetics may be also 

described by pseudo second order equation 

(1, 3). The linear pseudo second order 

equation is  

 
 

  

  
 

    
 
 

 

  

 

 

qe and qt – are the adsorption capacity 

(mg/g) at equilibrium and at time t (hr) 

respectively 

k2 – equilibrium rate constant of pseudo 

second order equation (g/mg hr) 

The slopes and intercept of the plot of t/qt 

Vs time (fig-8 & 9) were used to determine 

the pseudo second order rate constant k2 

and the equilibrium capacity for both acid 

and base activated carbon. The correlation 

coefficients for the second order kinetic 

model were obtained. As the regression 

coefficient for 2g acid and base activated 

are more than pseudo first order acid and 

base activated dosage (Table-1), the 

kinetics of adsorption is taken to be pseudo 

second order equation. The optimum 

dosage is hence taken to be 2g. 

3.3.3 Fractional model 

The adsorption kinetics can also be 

described by the power fraction equation 

(17). The linear fractional power equation 

is 

ln    = ln k +   ln t 

  –power function constant 

k3 –rate constant  
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t –time taken (hr) 

   –adsorption capacity (mg/g) at time‘t’ 

 

The plot ln qt Vs ln t should give a linear 

relationship from which   and k can be 

calculated from the slope and intercept of 

the plot respectively. The 2g acid and base 

activated carbon show a near to linear 

relationship between ln qt and ln t (fig-9 

and 10). Though the values of the rate 

constant are higher (Table-1), but the 

regression coefficient R
2
 values were low 

compared to pseudo second order 

equation, it was taken that the fractional 

power model does not correlate the 

experimental kinetic data. 

 

3.3.4 The Elovich Equation 

The linear form of Elovich equation (17) is 

used to describe the adsorption kinetics 

    
 

 
       

 

 
    

  - Adsorption capacity (mg/g) at time‘t’ 

(hr) 

  – Initial adsorption rate (mg/g) 

  is related to the extent of surface 

coverage and the activation energy for 

chemical adsorption (g/mg) 

The linear relationship obtained between 

   vs ln t over the whole adsorption study 

is given in the fig-11 and 12 for acid and 

base activated carbon respectively. Yet this 

model is not model is appropriate because 

of low R
2
 values when compared to 

pseudo second order equation (Table-1). 

The calculated constants and parameters of 

various models were compared (Table-1). 

It was observed that the pseudo second 

order equation showed the best 

correlations for all the batch adsorption 

experiments, for the reduction of COD in 

the uppal sewer, while the pseudo first 

order, fractional power model and Elovich 

equation did not give the best fit to 

correlate the kinetic data. 

Table-2 shows the properties of waste 

water before and after the adsorption 

process. It can be observed that the acid 

activated carbon is more efficient in 

removing organic content from waste 

water when compared to base activated 

carbon.  

4. Conclusion 

This research work explains about the 

effectiveness of powdered activated carbon 

produced from the vegetable waste, for the 

removal of organic and inorganic 

pollutants from the waste water. 

Experiments were done in batch mode of 

operation. In batch studies, the influence of 

various important parameters such as 

adsorbent dosage and contact time of the 

sample were studied. The experimental 

results show that the percentage reduction 

of COD increases with contact time and 

adsorbent dosage. It was found that the 

optimum values for contact time and 

adsorbent dosage were 6hours and 2g 

respectively. 

              The kinetics of adsorption of the 

effluent with both acid activated and base 

activated carbon was studied using 

pseudo-first and second order kinetics, 

fractional power model and Elovich 

equations. From the experimental results, 

it was observed that the kinetics of 

adsorption was appropriate to pseudo 

second order kinetics. Though the 

regression coefficient R
2 

for base activated 

carbon (0.995) is more than acid activated 

carbon R
2 

(0.989), the percentage 
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reduction of COD is more for acid 

activated carbon (88.8%) than base 

activated carbon (85.4%). It was observed 

that turbidity, pH and colour had 

significant change i.e. turbidity was 

decreased from 50 NTU to 32 NTU (acid 

activated) and to 38 NTU (base activated). 

The pH was changed from 6.76 to 7.7 

(acid activated) and to 7.9 (base activated); 

while the colour was reduced from 478 cu 

o 227 cu (acid activated) and to 241 cu 

(base activated). Hence we can conclude 

that maximum adsorption of organic 

contaminants was done by acid activated 

carbon. 

 

Symbols Used 

b – Langmuir adsorption isotherm constant 

kf and n – Freundlich constants 

co- Initial COD of the waste water sample 

(mg/l) 

ct – Final COD of the waste water sample 

(mg/l) 

Ce – COD of the waste water sample at 

equilibrium (mg/l) 

m - Mass of dry adsorbent (g) 

V – Volume of the waste water sample (l) 

RL- Separation factor or equilibrium 

parameter 

qe- Adsorption capacity at equilibrium 

(mg/g) 

qt – Adsorption capacity at time t (mg/g) 

α – Initial adsorption rate (mg/g) 

β – Extent of surface coverage and the 

activation energy for chemical adsorption 

(g/mg) 

  – Power function constant 

AAC- Acid activated carbon 

BAC- Base activated carbon 
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Annexure-A 

Table 1: Details of calculated constants and parameters for various models of AAC & BAC 

Models Parameters 
Acid activated carbon 

values 

Base activated carbon 

values 

Pseudo first order 

reaction 

R
2
 

k1 

qe 

0.939 

0.046 

39 

0.861 

0.034 

54.5 

Pseudo second order 

equation 

R
2
 

k2 

qe 

0.989 

0.062 

21 

0.995 

0.062 

21 

Fractional power model 

R
2
 

k3 

           

0.982 

11.15 

0.292 

0.956 

10.04 

0.364 

Elovich model 

R
2
 

         α 

         β 

0.978 

71.98 

0.255 

0.984 

48.01 

0.225 

 

 

Table 2: Analysis of effluent parameters before and after treatment 

Parameters 
Acid activated carbon Base activated carbon 

Before treatment After treatment Before treatment After treatment 

COD 440 mg/l 49 mg/l 440 mg/l 64 mg/l 

Turbidity 50 NTU 32 NTU 50 NTU 38 NTU 

pH 6.76 7.7 6.76 7.9 

Colour 478 cu 227 cu 478 cu 241 cu 
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Fig 1:  Effect of adsorbent dosage on            Fig 2: Effect of adsorbent dosage on %  

          % reduction of COD for AAC               reduction of COD for BAC 

  
Fig 3: Effect of contact time on %    Fig 4: Effect of contact time on % 

           reduction of COD (2g AAC)                                            reduction of COD (2g BAC) 

 

   
 

Fig 5: Determination of constants in pseudo   Fig 6: Determination of constants in pseudo 

first order equation for 2g AAC   first order equation for 2g BAC 
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Fig 7: Determination of constants in pseudo   Fig 8: Determination of constants in second 

order equation for 2g AAC    pseudo second order equation for 2g BAC 

  
Fig 9: Determination of constants in    Fig 10: Determination of constants in 

fractional power model for 2g AAC   fractional power model for 2g BAC 

  
Fig 11: Determination of constants in   Fig 12: Determination of constants in 

             Elovich equation for 2g AAC   Elovich equation for 2g BAC 
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