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In the present study we explored the adsorptive characteristics of 4-nitroaniline from synthetic aqueous 

solution onto bagasse fly ash (BFA). Batch experiments were carried out to determine the influence of 

parameters like initial pH (pH0), adsorbent dose (m), contact time (t) and initial concentration (C0) on the 

removal of 4-nitroaniline. The maximum removal of 4-nitroaniline was determined to be 98% at lower 

concentrations (50 mg/L) and 41% at higher concentrations (300 mg/L), using a BFA dosage of 10 g/L at 

303K. Kinetic study of 4-nitroaniline removal by BFA was well represented by pseudo second-order kinetic 

model. The 4-nitroaniline desorption from 4-nitroaniline loaded BFA shows that only 27% and 36% of 

4-nitroaniline could be recovered using ethyl alcohol and acetone respectively. 
[[ 
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I. INTRODUCTION 

An organic chemical compound 4-nitroaniline is 

bright yellow in colour, having 138.12 molecular 

weight, 1.424(20/4°C) density, pKa of 1.00 and 

formula C6H6N2O2[1]. This organic chemical is 

commonly used as an intermediate in the synthesis 

of varieties of dyes, pesticides, gasoline, poultry 

medicine pharmaceuticals and antioxidants. 

Because of 4-nitroaniline toxicity, mutagenicity 

and carcinogenicity towards different experimental 

model organisms and stability, it is classified as a 

hazardous substance. Its presence in very small 

amount in water can cause a long-term damage to 

the health of human and aquatic environment [2, 

3, and 4]. Ministry of Environmental Protection of 

China in 1989, officially Black Listed 4-nitroaniline 

because of its huge threat to environment and 

restricted its disposal limit less than 1.0mg/L[1,5]. 

Many developing and developed nations have 

enlisted4-nitroaniline as priority pollutant and 

imposed restriction on its production, usage and 

disposal [6]. Because of these reasons the proper 

treatment and disposal of 4-nitroaniline containing 

waste water is an important environmental 

concern. Currently, many methods are available to 

treat 4-nitroaniline containing wastewater by 

photo-catalysis [7, 8], biodegradation [2, 9], 

advanced oxidation [6, 10] and adsorption [10, 11, 

12, 13, 14, and15]. Among the available 

technologies, adsorption has been proven to be 

effective method in treating 4-niroaniline from 

various water bodies. Many adsorbents like carbon 

fibre [11], carbon nanotube [14], activated 

polymeric adsorbents [12, 13], etc., have been 
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investigated and utilized to remove 

4-nitroaniline.Therefore, new cost effective 

technologies such as adsorption is used for the 

removal of 4-nitroaniline becomes crucial because 

of its simple design, cost effectiveness, ease of 

operation and simple adsorbent regeneration [13].  

In the present study we have used a low cost 

adsorbent Bagasse fly ash (BFA), excepting its 

proper collection and transportation to the usage 

point. Basically BFA is collected downstream to the 

boilers/furnaces, where particulate collection 

equipment is attached, using bagasse as the fuel. 

Because of its excellent adsorption characteristics, 

BFA has been used by several investigators [16, 17, 

18, and 19] as an adsorbent for the removal of 

organics, dyes, phenols, etc. 

The adsorption characteristics of 4-nitroaniline 

from synthetic aqueous solutions onto BFA are 

reported in the present paper by varying different 

parameters in a batch study. The effect of initial pH 

of the solution, adsorbent dose, initial 

4-nitroaniline concentration and contact time on 

the adsorption of 4-nitroaniline onto BFA have 

been investigated. Adsorbent characterization, 

kinetic study of 4-nitroaniline adsorption onto 

bagasse fly ash, the experimental analysis of data 

using various kinetic models and desorption study 

for the possible regeneration of the bagasse fly ash 

have been reported. 

2. MATERIALS AND METHODS  

2.1 Adsorbent and its Characterization 

Adsorbent Bagasse fly ash (BFA) is obtained from 

M/S Davangere Sugar Company Limited, 

Kukkawada, Karnataka, India. The adsorbent was 

initially washed with 70° C hot water, dried and 

required particle size (−1000 and +180) were 

obtained by sieving using IS sieves (IS 437-1979) 

and use for the adsorption studies. Using the 

standard methods the physico-chemical 

characteristics, proximate analysis, Bulk density 

were determined. FESEM micrographs were 

obtained using scanning electron microscope 

(MIRA3 TESCAN, USA). BET surface area was 

obtained from Bellsorp II, Japan instrument.  

2.2 Adsorbate 

The 4-nitroaniline was procured from S.D. Fine 

chemical Limited, Mumbai, India, was used as 

adsorbate. 1000 mg/L of stock solution was 

prepared initially, then the required concentration 

of 4-nitroaniline was prepared using stock solution 

with proper dilution using distilled water as and 

when required. 

2.3 Analytical Measurement  

4-nitroaniline concentration was determined using 

UV/VIS spectrophotometer (Perkin Elmer lambda 

35, Schimadzu, Japan), by finding out the 

characteristic maximum absorbance wavelength. 

The absorbance of standard solution at known 

concentration was used to plot a calibration curve 

of absorbance versus wavelength and the 

maximum absorbance (max) for 4-nitroaniline was 

found to be 381 nm. Unknown concentration of 

4-nitroaniline solution was determined using 

linear portion of this curve. 
 

2.4 Batch Study 

Batch mode experiments were conducted to study 

the effect of various parameters like adsorbent dose 

(m), initial pH (pH0), initial  concentration (Co) 

contact time (t) and temperature (T) on the 

adsorptive removal of 4-nitroaniline by bagasse fly 

ash. For performing an experimental run, 250 ml 

stoppered conical flask containing 100 ml of 

4-nitroaniline solution with known concentration 

(C0), pH0 and adsorbent dose (m) were agitated at 

303±1K in a temperature controlled orbital shaker 

(Remi- CIS24 Plus, Mumbai) at a constant speed of 

150 rpm. The effect of contact time (t = 0-3 h) and 

the effect of different initial concentration over a 

range of Co= 50-300 mg/L for 4-nitroaniline was 

studied. Samples were withdrawn from the shaker 

after appropriate time. These samples were filtered 

and analysed for the residual 4-nitroaniline 

concentrations. Effect of pH0 on 4-nitroaniline 

removal was studied over a pH0 range of 2–12. pH0 

was adjusted by addition of 0.1N H2SO4 or NaOH. 

The optimum dosage (m) was found by contacting 

different amounts of bagasse fly ash with 50 mg/L 

4-nitroailnie solution till equilibrium was attained. 

The percentage removal of adsorbate and the 

equilibrium adsorption uptake in solid phase, qe 

(mg/g), were calculated as follows: 

Percent Removal = 100
(Co−Ce )

Co
        (1) 

 qe =  
(Co +Ce )V

W
             (2) 

Where, qe is equilibrium amount of adsorbate 

adsorbed (mg/g), C0 is initial concentration of 

adsorbate in aqueous solution (mg/L), Ce 

equilibrium concentration (mg/L), V is volume of 

aqueous solution (L) and W is the weight of 

adsorbent (g). 

2.5 Desorption Studies  

Solvent method was performed for desorption 

studies. 4-nitroaniline concentration (C0= 50 
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mg/L) loaded adsorbent (1 g) was agitated in a 

series of 250 ml conical flasks containing 100 ml of 

aqueous solution,each 0.1N of Acetic Acid, 

Sulphuric Acid, Nitric Acid, Hydrochloric Acid, 

Sodium Hydroxide were used. Ethyl Alcohol, 

Acetone and Distilled Water were also used for 

desorption at 303K, 150 rpm for 24 h in the orbital 

shaker [20]. 

 

3. RESULTS AND DISCUSSION 

3.1 Adsorbent Characterization 

The physico-chemical properties of BFA like, bulk 

density, BET surface area, moisture content, 

volatile matter, ash content, and fixed carbon were 

found to be 145.23 kg/m3, 215.82 m2/ g, 1.29%, 

14.16%, 26.23%, and 58.32%, respectively [16]. 

The SEM micrographs as given in Figure. 1(a) 

shows that the BFA has fibrous structure having 

large pore size with strands in each fibre. SEM at 

100X magnification does not show any difference 

in the texture of the blank and 4-nitroaniline 

loaded BFA. It only shows that the BFA is 

crystalline in nature and with varying particle size. 

Blank BFA shows pore structure with pores of 

varying sizes. Numbers of pores observed in the 

loaded BFA are less as compared to that in blank 

BFA. 

 

(a) 

(b) 

Figure 1: SEM of (a) Blank and (b) 4-Nitroaniline 

Loaded Bagasse Fly Ash. 

3.2 Effect of Initial pH (pH0)  

The effect of pH0 was studied with 4-nitroaniline 

concentration C0= 50 mg/L; T = 303 K; t =3 h; and 

m = 10 g/L. The effect of pH0 range of 2-12 on the 

4-nitroaniline removal by BFA is shown in Figure 2. 

Equilibrium was observed to have been attained 

within a time of t = 3 h. After which the absorbance 

of the solution at max 381 nm was determined. A 

maximum adsorption of 98% 4-nitroaniline was 

observed to occur at the natural pH0. However, as 

the pH0 increases (pH0> 6.5), the adsorption 

decreases with a minimum 4-nitroaniline removal 

of 95%. The maximum adsorption 98% was 

observed at natural pH 6.5. Since 6.5 is the natural 

pH of the solution, further experiments were 

carried out at natural pH. 

 

Figure 2: Effect of Initial pH on 4-nitroaniline 
Removal (m = 10 g/L, t = 3 h, C0 = 50 mg/L, T = 303 

K). 

3.3 Effect of Adsorbent Dosage (m)  

The adsorbent dose (m) effect on the removal of 

4-nitroaniline by BFA at C0 = 50 mg/L is shown in 

Figure 3. 4-nitroaniline removal gradually 

increases up to m ≤ 10 g/L, and then it remains 

almost constant for m ≥ 10 g/L. The surface of 

adsorbent becomes saturated for, m ≤ 10 g/L 

adsorbates, and the residual concentration in the 

solution is large. An increase in adsorption with an 

increase in m for, m ≤ 10 g/L can be attributed to 

greater surface area and availability of more 

adsorption sites. However, for, m ≥ 10 g/L, the 

surface 4-nitroaniline concentrations come to 

saturation limit with each other and the 

incremental removal becomes very low. Thus, 

optimum m was found to be 10 g/L. 
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Figure 3:  Effect of Adsorbent Dosage on 

4-nitroaniline Removal (Co= 50 mg/L, pHo = 6.5,   t 

= 3 h, T = 303 K) 

3.4 Effect of Initial Concentration 

The effect of initial concentration (Co) on adsorption 

of 4-nitroaniline on BFA is shown in Figure 4. The 

removal of 4-nitroaniline was found to decrease as 

the concentration increased from 50 to 300 mg/L. 

When C0 was increased, driving force for 

adsorption increased which further increased 

adsorption rates and decrease in resistance was 

also observed. [21, 22]. 

 
Figure 4: Effect of Initial Concentration on              

4-nitroaniline Removal (m = 10 g/L, pHo = 6.5, T= 

303 K) 
 

3.5 Effect of Contact Time 

The time of contact (t) of adsorbate with adsorbents 

is an important factor for the sorption process. In 

the beginning the movement of the adsorbate onto 

surface of BFA is very vigorous and attains an 

equilibrium condition quickly. At the time of 

physical adsorption, adsorbate get attached to 

solid within a small time. At the time of chemical 

adsorption, equilibrium attainmentbetween 

adsorbate and adsorbent needs morecontact time 

[23]. The effect of this factor for removal of 

4-nitroaniline (C0 = 50 - 300 mg/L, m = 10 g/L) by 

BFA, at T = 303 K, and pH0 = 6.5 for 4-nitroaniline 

is shown in Figure 5. The figures show rapid 

adsorption of 4-nitroaniline during first 15 

minutes, and later, the rate gradually decreased.  

For BFA-4-nitroaniline system about 70% of 

adsorption in aqueous solution with C0 = 50 mg/L 

was observed during the first minute.  After one 

minute the adsorption was low.  The residual 

concentration of 4-nitroaniline was 4% at 1 hour, ~ 

2% at 3 hour and 1.9% at 6 hour. The variation in 

4-nitroaniline removal at 3 hour and 6 hour was 

less than 0.1%. 

 
Figure 5: Effect of Contact Time on the                                   
4-nitroaniline Removal by BFA(m = 10 g/L, pHo = 

6.5, T= 303 K) 

3.6 Effect of Temperature  

The effect of temperature in the range 293-323 K 

for C0 = 50 - 300 mg/L on the adsorption of 

4-nitroaniline by BFA was shown in Figure 6.  It 

was observed the increase in adsorption as the 

temperature was increased. Sorption process 

liberates heat making an exothermic condition and 

higher temperature decreases adsorption levels. 

The higher adsorptive levels of BFA is due to the 

diffusion process which becomes the rate limiting 

step and absorbs heat from the solution at elevated 

temperature. The capacity of adsorption raises 

with mobility of the 4-nitroaniline due to 
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increasedtemperature. For chemical adsorption 

equilibrium condition shows the maximum 

adsorption at higher temperatures. The various 

components of the solution interact in many ways. 

Allinteractions on the surface are basedon different 

mechanisms. Physical, chemical properties, pore 

distribution, shape and size of pores of adsorbent 

and molecular size play a prominent role in the 

adsorption. 
 

 

Figure 6:  Effect of Temperatures on                                 

4-nitroaniline Removal by BFA (m = 10 g/L,               

C0 = 50-600 mg/L, pHo = 6.5) 

3.7 Adsorption Kinetic Study 

In the present study Pseudo first, second order 

models, modified Freundlich and Elovich models 

were applied to determine the kinetic study of 

adsorption of 4-nitroaniline on to BFA. For all 

adsorbate–adsorbent system, the significant 

parametric effect to determine kinetics, based on 

initial concentration was made.  

The pseudo-first order kinetic equation is given as: 

log qe − qt = log qt −  
kf

2.303
 t        (3) 

Wherekf  (min−1) is the first order rate constant, qe 

is the amount of 4-nitroaniline adsorbed on the 

adsorbent at equilibrium (mg/g), and qt the 

amount adsorbed on the adsorbent at any time t 

(mg/g) [24]. These constants can be calculated 

from the slope and intercept of the plot ln(qe −qt) 

versus time t. 

The pseudo-second-order model is given as: 

qt =  
ks qe

2t

1+ ks qe t
                (4) 

WherekS is the rate constant (g/mg. min), qt the 

amount adsorbed on the adsorbent at any time t 

(mg/g), qe is the amount of 4-nitroaniline adsorbed 

on the adsorbent at equilibrium (mg/g). The 

constants can be determined by the plot of t/qt 

versus t [25]. 

The linear form of modified Freundlich model is 

given as [26] 

ln q
t
= ln kco + 

1

m
ln t            (5) 

Where, qt (mg/g) = amount adsorbed at any time t, k 

(L/g min) = adsorption rate constant, C0 (mg/L) = 

initial concentration, t (min) = contact time and m = 

constant (Kuo - Lotse). A graph of ln(qt) v/s ln(t) is 

plotted. 

The Elovich equation is given as follows [27, 28]  

q
t
=

1

β
ln αβ + 

1

β
ln t             (6) 

Where, α (mg/g min) = initial rate, β (g/mg) = 

parameter that relates surface coverage and energy 

of activation during chemical adsorption [29]. A 

graph of ln(t) v/s qt, is plotted. For all the models 

the constants, regression coefficients were 

determined and tabulated in Table1. Pseudo 

second order model shows that 
Expteq ,

and 
Cacleq ,

 

are close to one another. Linear regression 

coefficients values are unity and less for pseudo 

first order, modified Freundlich and Elovich 

models. Therefore, adsorption kinetics is better 

suited for pseudo second order model for 

adsorption of 4-nitroaniline onto BFA as compared 

to other models.  

3.8 Desorption Study 
 

Adsorbate-loaded BFA was stirred with 100 ml of 

various solvents and the results are shown in 

Figure 7. A very low desorption was observed for 

4-nitroaniline with the mineral acids (Nitric, 

Hydrochloric and sulphuric acid), alkali (sodium 

hydroxide) organic acid (acetic acid) and water 

compared with desorption percent obtained with 

acetone and ethyl alcohol. The 

4-nitroanilinedesorption from 4-nitroaniline loaded 

BFA which shows that only 36% and 27% of 

4-nitroaniline could be recovered, using acetone 

and ethyl alcohol solvents respectively. A very low 

desorption of 4-nitroaniline indicates that some 

complex formation takes place between the active 

sites of bagasse fly ash and the 4-nitroaniline [20]. 
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Table 1: Kinetic Parameters for Sorption of 4-nitroaniline by BFA 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Desorption of 4-nitroaniline by Various 

Solvents from Loaded BFA 

4. CONCLUSIONS 

The present study shows that 4-nitroaniline can 

be treated using bagasse fly ash (BFA) as an 

effective adsorbent from aqueous solutions. The 

maximum removal of 4-nitroaniline was observed 

up to 98% in the lower concentration range (50 

mg/L) and 40% in the higher concentration range 

(300 mg/L) using a BFA dose of 10 g/L at normal 

temperature. Equilibrium contact time for 

adsorbate was found to be 3 h for all the 

concentrations. Optimum removal of 4-nitroaniline 

occurred at respective natural pH 6.5 and Optimum 

adsorbent dosage was found to be 10 g/L. 

Adsorption was observed to be very fast and ~ 80% 

4-nitroaniline removal was achieved within initial 

30 minutes of contact between BFA (m =10 g/L) and 

the 4-nitroaniline solution (C0 =50-300 mg/L) at 

303K. The 4-nitroaniline adsorption was found to 

follow the pseudo-second-order 

kinetics.4-Nitroaniline loaded BFA regeneration 

was found to be very less with distilled water, alkali, 

mineral and organic acids. The maximum 

desorption efficiency shown by acetone (36%) and 

ethyl alcohol (27%) for 4-nitroaniline and BFA 

system. 
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