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ABSTRACT

	 In the present investigation, crystal violet dye adsorption on biochar was prepared from the 
banana stem (Musa acuminata) to know its capacity for adsorption of colour dyes from synthetic 
aqueous solution. The banana stem biochar (BSB) was prepared using pyrolysis method at 3500C 
and 4500C. The characterization was carried out to know its morphology and chemical composition 
using scanning electron microscopy for BSB-350 and BSB-450. Present work was carried out to 
examined surface characteristics and the batch experiment parameters such as pH, contact time, 
concentration and amount of dose which depends on adsorption kinetic model Langmuir, Freundlich, 
Temkin and Dubinin Radakovich. In our findings, it shows maximum adsorption of crystal violet dye 
on BSB 350-208.33 mg/g and BSB 450-153.50 mg/g which reveals that adsorption of dyes by using 
biochar is a cost-effective, environment-friendly practice and will be helpful to reduce pollutant from 
industrial effluent treatment plant (ETP).
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Introduction

	 Banana is originated from southeast asia 
and grows mainly in the humid tropical climate of 
asia. Indian subcontinental producing high amount 
of banana crop. In the historical context, banana 
cultivation was found during the 7th century AD, 
and its spread very fastly to Africa and Egypt. The 
present scenario of banana cultivation is all over the 
globe and mainly in the equatorial region of 300N 
and 300S of the warm tropical climate regions. 
Colour in wastewater or effluent is one of the most 
perceptible markers of water contamination and 
the extremely coloured artificial dye discharge is 

aesthetically very unpleasing and can harms the 
receiving waterbody by hampering the dispersion of 
light. Industrial effluents like textile, leather, plastic 
food, paper, cosmetics, pharmaceuticals and dyes 
manufacturing are full of dyes which, are usually 
complex and synthetic origin which chemically 
makes them stable and hard to biodegradate10,14. 
which is having a hazardous impact on human and 
aquatic life. Dyes are highly toxic and carcinogenic 
compounds; they are also recalcitrant and thus 
stable in the receiving environment causing a serious 
threat to human and environmental health3,5,8,18. 
The removal of dyes from wastewater for Several 
physicals, chemical, and biological treatment 
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techniques have been applied mainly photochemical 
degradation, biological degradation, coagulation, 
chemical oxidation, reverse osmosis, flotation, and 
adsorption1,3,14 but the most feasible economical 
and environmentally among the methods such as 
adsorption on pyrolyzed biomass. There are so many 
techniques and treatments methods to remove colure 
dye effluent, but these seems to be conventional 
treatment techniques and are expensive compare 
to adsorption process which creates to be more 
effective we observed in our study. Biochar is a 
carbon-rich adsorbent that produced pyrolysis of 
plant waste material in the minimum presence 
of oxygen4,17. Biochar is prepared as a carbon-
rich, porous and low-cost product obtained from 
the pyrolyzing of biomass in an oxygen-limited 
atmosphere at moderately low temperatures less 
than 700°C and it has been used as fertilizer, carbon 
extraction and pollutant removal6,9,16. Biochar's 
porous property is expressed in the size of the pores, 
which is between nanometers and micrometers, 
based on the Standard of IUPAC. Macropores are 
larger than 50 nanometers, Mesosphere is smaller 
than 50 nanometers, and Micropores are smaller 
than 2 nanometers. To understand Biochar’s internal 
composition, use a distribution of pores. However, 
this is based on assumptions. To suggest a true 
complex and solid structure, use a regular equivalent 
pore model with interaction and shape19.

	 In the present work, we have used a Musa 
Acuminata stem (Banana) for the preparation of 
biochar at 3500C and 4500C Though, ample banana 
cultivation is done Khandesh region of Maharashtra 
and it is easily available as a waste product in the 
farms of Khandesh region all seasons throughout 
the year. The adsorption by using biochar is a cost-
effective and eco-friendly technique which easily 
available and applicable for dyes removal with no 
harmful effect to the environment. The work we 
have conducted was for synthetic dye and was 
focused for different parameters. We observed that 
percentage removal efficiency by powder biochar 
is more efficient.

Materials and Method

	 The material used in the present study is 
crystal violet, the molecular formula is C25H30C1N3, 
and the molecular weight is 407.99. A stock solution of 
crystal violet was prepared in 1000 mg/L was prepared 

by dissolving a 1.0 g of crystal violet dye in 1000 mL 
double distilled water. Subsequently, all required 
working solutions are prepared from the parent solution 
were prepared from the parent solution. 

Preparation of Biochar
	 The sample of the banana stem was 
collected from a nearby village farm known as 
Takhrkheda connected with the campus of Kavayitri 
Bahinabai Chaudhari North Maharashtra University 
Jalgaon. After collection of the sample, the banana 
stem biomass was pyrolysis at 3500C and 4500C 
respectively and converted as a final product in the 
form of Biochar. 

Method used for the preparation of biochar
	 The air-dried fresh banana stems were 
cut into pieces and airtight in the aluminum foil and 
wrapped with aluminum foil and placed in the muffle 
furnace. The material was slowly pyrolyzed for up 
to 2 h at 3500C and 4500C. After the pyrolysis, the 
biomass was grind in the mixer and sieved more than 
at <250µ particle size to get powdered material. The 
prepared biochar final product of banana stem was 
named BSB 350 and BSB 450 and was utilized for 
the batch adsorption study. More information about 
the preparation of BSB 350 and BSB 450 biochar 
detail available8.

Why Banana (Musa Accuminata)
	 Banana is widely available in the study 
area as well as its second most important fruit crop 
in the Indian agricultural crop pattern. Statistical 
data shows that Banana cultivation is above 
20% of the area under the whole crop; among 
the fruit production, it is above 37% in the Indian 
subcontinental. As per the state of Maharashtra is 
concern it shows the second rank. The study area 
also shows that Jalgaon in Maharashtra is a key 
Banana producing district. which covered 50,000 
hectares of area in the Khandesh region.

Batch experiment for adsorption of crystal violet dyes
	 The adsorption experiments of the crystal 
violet have been assessed in the triplicate batch 
method in the 100 mL flask. The control findings 
were conducted with 20 mg/L of 25 mL volume 
with CV dyes with the addition of 25 to 220 mg/L 
adsorbent at pH 3.0. Moreover, these CV+BSB-350 
and CV+BSB-450 mixture was shacked thoroughly 
by using an orbital shaker (Steelmet Novatech 
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Model Table-Top) at 150 rpm for 1 hours. The 
mixture of CV+BSB-350 and CV+BSB-450 
was filtered through a Whatman’s filter paper 
number 42 and the filtered solutions were used 
to estimate the removal capacity of BSB-350 and 
BSB-450. Analyzing the concentration of CV was 
accomplished by taking an absorption using UV-
spectroscopy (SL-159, Elico, India). The different 
batch studies i.e. the concentration of CV (60-220 
mg/L) was respectively, pH of CV (3-10), and Dose 
of BSB-350 and BSB 450 (25-450 mg/L). 

Result and Discussion

Physical Characteristics of BSB-350 and BSB-450 
	 To analyze the characteristics of BSB-350 
and BSB-450 surface structure the FESEM images 
were done by SEM analyzer (FESEM, S-4800, 
Hitachi, USA). The first images (a) clearly show 
in Fig. 1 and 2 the porous smooth and adsorptive 
structure. The second image (b) shows both 
adsorbents and shrink surfaces with blocked pores.

Fig. 1. FESEM images for BSB-350 adsorbent 
(a) before and (b) after CV adsorption

Fig. 2. FESEM images for BSB-350 adsorbent 
(a) before and (b) after CV adsorption

Table 1: Physico-chemical Characteristics 
of Banana Stem Biochar

Samples	 BSB-350	 BSB-450

Yield (%)	 45.30%	 39.49%
Ash (%)	 51.87%	 47.17%
Volatile Matter (%)	 50.13%	 53.64%
Fixed Carbon (%)	 99.93%	 93.53%
pH in ultrapure water (1:5 w/w)	 8.75	 8.61
Electrical Conductivity	 56.81mS/cm	 48.26mS/cm
Cation Exchange Capacity	 132.9 cmol-kg-1	132.7 cmol-kg-1

Organic carbon (%)	 28.74%	 19.98%
Organic Matter (%)	 49.54%	 34.44%
Metals in Extracted	 (µg/g)
Sodium (Na)	 205.3	 205
Potassium (K)	 2815	 2551
Calcium (Ca)	 240.48	 160.32
Magnesium (Mg)	 559.36	 729.6

Effect of pH
	 pH is the most important and effective 
factor for the adsorption process, surface chemistry 
of sorbent and sorbet as well the media pH 
also effective and shows the efficiency and 
productiveness in the adsorption process. Crystal 
violet adsorption on BSB-350 and BSB-450 
triplicate for pH batch study was carried out (pH 3 
to pH 10) and the results result observed in Fig. 3 
seems to be maximum adsorption of CV to BSB-350 
is 95.71% at 3 pH and BSB-450 is having maximum 
adsorption i.e., 99.21% at 10 pH.  Similar findings 
were observed by6,7,10.

Fig. 3. Percent Removal of CV on BSB-350 and BSB-450

Dose
	 The process of adsorption is consequently 
depending on the amount or dose of sorbent and 
sorbet present in the solution. The present study 
carried out in batch which has a dose of BSB-350 
and BSB-450 is 25 mg/L to 200 mg/L at an interval 
of 25 mg/L means 25, 50, 75 up to 200 were used 
in the triplicate study for obtaining higher adsorption 
dose. In BSB-350 dose, study obtaining data shows 
the higher adsorption at a 25 mg/L dose having 
higher adsorption is 92.87% after that its slow 
decline up to 200 mg dose and its 64.15% means 
the higher adsorption at 25 mg dose and whenever 
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increasing doses, the saturation of adsorbent will 
occur, and the efficiency of adsorption will be 
decreased. As per literature, similar results were 
obtained from16,18,20. CV adsorption on BSB450 
shows the maximum adsorption at a 25 mg dose 
is 95.11% and also shows the same pattern of 
adsorption as BSB-350 for increasing dose. As 
shown in Figure 4.  

Fig. 4. Showing Dose effect of BSB-350 
and BSB-450 on percent adsorption of CV

Time study
	 The adsorption process is one of the 
most important factors to find and obtain accurate 
contact time for the sorption batch process. The 
present study is a triplicate batch time variation 
experiment that was carried out at contact time 
from 5 min to 60 minute. Which was applied to 
find maximum sorption at a particular time, as 
shown in Fig. 5. In BSB-350 maximum adsorption 
at 1 h contact time is 95.60% but contact time 
25 min it shows 95.21% adsorption and 25 to 50 
it’s a slightly increased 0.5% so 25 min its also 
applicable for maximum adsorption; in BSB-450 
experiment obtained data shows the maximum 
adsorption with contact time is obtained at 1 h it 
is 94.5% has observed by the various researcher 
study in the filled that is2,11,14.

Fig. 5. Contact time ratio of BSB-350 and 
BSB-450 for CV adsorption

Concentration study
	 The adsorption capacity of BSB-350 
and BSB-450 was determined by using various 
initial concentrations. By using constant dosage  
(25 mg/L), the concentration effect of initial CV dye 
was examined by using the range of 60-200 mg/L 
which shows adsorption study on biochar quoted in 
Fig. 6. The obtained data shows CV adsorption onto 
BSB-350 using an initial concentration of CV is 60 
mg/L to 200 mg/L triplicate data shows maximum 
adsorption is 158.38 mg/g of banana stem biochar 
prepared at 3500C and a similar experimental set 
up was used to obtained data of BSB-450. Which 
shows maximum adsorption of CV 124.05 mg/g. 
thus it observed that pyrolysis temperature varying 
is proportional to the adsorption capacity.
  
Isotherm study
	 The adsorption isotherm study which was 
carried out shows the applicability of adsorbents in 
the sorption process. In the present investigation, 
the study was carried out for Freundlich, Langmuir, 
Temkin, and Dubinin–Radushkevich Isotherm 
model. using the nonlinear equations and R2 value 
which was obtained from the data were following 
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equation was used. Fig. 7 shows the Adsorption 
isotherm model plot of CV dyes on BSB-350 and 
BSB-450 with the isotherm plots which were plotted 
using Ce (mg/L) Vs Qe (mg/g) have compared with 
exponential data. In the present work maximum 
adsorption of CV on BSB-350 is 208.33 mg/L and 
the most applicable model is Langmuir because 
its R2 is 0.7761 which shows the nearest to 1 and 
high among both four models’ R2 value similar 

results have been obtained by various workers 
which shown in Table 2. To conduct an empirical 
study of adsorption isotherms, we used four basic 
models, namely Langmuir, Freundlich, Temkin, 
and Dublin-Radushkevich, which were evaluated 
and quantified based on sorption data obtained 
on BSB 350 and BSB-450. We evaluated each 
of these variables using the following equations 
shown in the following table21. 

Fig. 6. Concentration study of CV adsorption on BSB-350 and BSB-450

Langmuir	 	 At any given time, Qmax represents the	 (1)
		  maximum number of adsorbed molecules
		  on the surface of the adsorbent. It is an
		  interpretation of both molecules at equilibrium
		  and the number of molecules on the surface of
		  the adsorbent at any given time.
Freundlich	 qe = KF Ce

1/n)	 An illustration of the interaction between the solute	 (2)
		  and the adsorbent surface.
Temkin	 	 It is implied that all molecules' adsorption heat reduces	 (3)
		  linearly as the adsorbent surface is covered more, and
		  that adsorption is characterized by a uniform distribution
		  of binding energies up to maximum binding energy.
Dubinin-Radushkevich	 	 D-R isotherm identify the chemical or physical nature	 (4)
		  of adsorption process.

	 The results obtained from our study 
are quoted in Table 2 for these results Langmuir 
model was applied. In batch adsorption CV dye 
on BSB-450 experimental data interpreted for 
maximum adsorption 153.50 mg/L and as per our 

study we suggest that best-fitted model is Temkin 
because of the estimated value of R2 is 0.9645 but, 
simultaneously there is the applicability of Freundlich 
and Langmuir model due to the R2 value 0.9425 and 
0.9472 respectively. 

Table 2: Previous study on adsorption of CV on to various Adsorbent

Sr.No	 Adsorbent	 Temperature	 Removal	 Reference

   1	 Azolla	 250C	 194.2 mg g-1	 [11]
	 pinnata	 650C	 323.4 mg g-1 at	
   2	 Peanut straw char	 3500C	 256.4 (mmol/kg)	 [12]
   3	 Soybean straw char	 3500C	 178.6 (mmol/kg)	
   4	 Rice hull char	 3500C	 123.5 (mmol/kg)	
   5	 Granular activated carbon	 NA	 0.095 g/g	 [13]
   6	 P. australis	 4500C	 500(mg/g)	 [14]
   7	 Bagasse fly ash	 25-10000C	 41.90(1/mg)	 [7]
   8	 Banana Stem Biochar	 3500C	 208.33 mg/L	 Present Study
		  4500C	 153.50mg/L	 Present Study
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Fig. 7. Isotherm Model Plots for CV Adsorption

	 Relative study of various waste materials 
used for the preparation of biochar and its application 
for adsorption of crystal violet dye as well as isotherm 
model study are shown in Table 2. Subsequently, 
research findings on the capacity of adsorbent and 
its preparation for pyrolysis temperature show the 
variability for biochar and the raw biomass used for the 
activated charcoal preparation. Multiple linear reasons 
representing the external mass transfer followed by 
intraparticle or pore diffusion are similarly observed 
by11,12,13,14. Give a concrete base to our study. 

Conclusion

	 From the research work, it may conclude 
that biochar prepared from the banana stem (Musa 
Acuminata) is a wholly available variety of bananas 
in the Khandesh region that can be utilized for the 
reduction of pollution from industrial wastewater as 
an adsorbent in the form of biochar. The highest 
removal of crystal violet dyes on the pH 3 is 95.71% 
and the minimum dose of 25 mg/contact time is 
also very low from 25 min to 60 minute. From our 

study, it is also observed that the Langmuir isotherm 
model as compared to Freundlich, and Dubinin-
Radakovich’s isotherm is best fitted to obtain the 
result. To disperse crystal violet blue adsorption to 
govern by adsorption isotherm kinetics and it was 
proved that the banana stem biochar can be applied 
for the adsorption of crystal violet. it can also be 
interpreted that the SEM images of BSB-350 and 
BSB-450 are smooth and porous structures, which 
seems to be helpful in the adsorption process. It was 
also recommended for future studies to investigate 
industrial applications and utilization of agricultural 
waste for pollutant removal in the environment.
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