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 Adsorption of dyes and a colorant using biochar is an emerging technology with 
environment-friendly and cost-effective applications. In this study, we investigated the 
adsorption isotherms of Brilliant Blue (BB) and Congo Red (RR) using Biochars prepared from 
regional plant waste of the Musa acuminata stem at 4500C (BSB 450). A batch experiment 
study for BB and CR with its initial concentration (1-240 mg/l) contact time (30—240 min) pH 
(3-10) and dose range (25-450 mg/l) at temperature 303K was carried out.  The experimental 
data follows the Freundlich isotherm for BB and Langmuir isotherm for CR. As per our results 
adsorption isotherm equilibrium data shows the highest adsorption of BB onto BSB 450 is 175.57 
mg/g and CR is 135.15 mg/g in Dubinin–Radushkevich model. The study also shows that BSB 
450 is a cost-effective and environment-friendly adsorbent that was used for the treatment of 
dyes containing effluents like a tannery, textile, and dye waste producing industries.
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	 Effluents	 containing	Dyes	 from	 textile,	
tannery,	 printing,	 and	 paper	 industry	 it	 is	
environmentally	 toxic,	 and	 considering	major	
water	 body	 pollution	worldwide;	 they	 exhibit	
adverse	 effects	 on	 humans,	 organisms,	 and	
nature.	For	colorant	contained	wastewater	before	
its	discharge	on	water	bodies,	 it	requires	to	give	
proper	 treatment.	For	wastewater	 treatment	now	
various	physical,	biological,	chemical	treatments	
are	 available	 but	 adsorption	 is	most	 preferable	
and	usable1	 .	The	key	pollutants	in	effluent	from	
industry	can	significantly	fluctuate	and	are	usually	
categorized	 by	 excessive	 amounts	 of	 constant	
substances,	for	example,	organics,	dyes,	toxicants,	

surfactants,	 inhibitory	 compounds,	 chlorinated	
compounds,	 salts,	 and	heavy	metals,	 in	addition	
to	 coloured	 dyes	 are	 the	 extremely	 challenging	
components	of	the	wastewater5,8,20.	In	the	traditional	
industrial	 treatment	 of	 effluent,	 common	ways	
applied	 are	 physical,	 coagulation,	 chemical	
precipitation,	biological	treatment,	electrochemical	
destruction,	flotation,	etc5,20.		In	the	leather	tanning	
process,	a	huge	amount	of	highly	toxic	azo	dyes,	
chemicals	 such	 as	 chrome	 salts,	 vegetable,	 and	
synthetic	 tannins,	 phenolic	 compounds,	 surface-
active	compounds,	pesticides,	and	sulfonated	oils,	
are	being	used	to	convert	 the	rawhide/skins	 into	
commercial	leather	or	leather	products7,15.	Effluents	



142 Jadhav & ThoraT, Biosci., Biotech. Res. Asia,  vol. 19(1), 141-151 (2022)

from	 the	 printing,	 textile,	 cosmetics,	 dyeing,	
food	 colouring,	 and	 papermaking	 industries	 are	
containing	huge	amounts	of	dyes.	This	coloured	
wastewater	when	mixed	with	 groundwater	 and	
surface	water	 system,	will	 be	 creating	 serious	
effects	on	human	health	and	the	environment12,13,19.	
Dyes	 containing	wastewater	mainly	 resulting	
allergic	diseases,	irritation,	cancer,	and	mutation13.	
Last	few	years,	several	tools	have	been	developed	
and	used	for	the	elimination	of	the	dye	pollutants	
from	industrial	wastewater:	including	adsorption,	
coagulation/flocculation,	 enhanced	 oxidation	
practices,	ozonation,	membrane	purification,	and	
biological	treatment5,18,18.
	 Wastewater	 treatment	 in	 a	 developing	
country	is	an	economic	and	sustainable	challenge6  
because	of	 the	 feasibility	 and	 cost	 of	 treatment,	
due	 to	 these,	 it	 requires	 low-cost	 and	 less	
complicated	 techniques.	 In	 the	 last	 decade,	
millions	 of	 researchers	 have	 been	working	 on	
an	 environmentally	 friendly	 and	 cost-effective	
technology	suitable	for	the	industry.	In	this	study,	
we	are	 concerned	with	 the	adsorption	 technique	
with	biochar	produced	from	the	agricultural	wastes	
of	Musa	acuminata	stem.	Musa	acuminata	is	native	
to	the	hot,	tropical	regions	of	Southeast	Asia	and	
is	also	common	in	Brazil,	China,	India,	Ecuador,	
Colombia,	 and	Venezuela10,16,17.	 	Adsorption	 of	
pollutants	 from	 the	 effluent	 is	 one	 of	 the	 best-
fitted	 and	 cost-effective	 as	well	 as	 eco-friendly	
techniques	 for	wastewater	 and	dyes	 removal.	 In	
tannery	effluent	mainly	the	concentration	of	dyes	
is	much	high,	so	we	are	applying	the	adsorption	
technique	 for	 dyes	 adsorption	 by	 using	 natural	
adsorbent	Biochar	 prepared	 from	 regional	 plant	
waste	material.

MATERIAL AND METHODS

	 The	material	 used	 in	 the	 present	 study	
is	azo	dyes	Congo	red	(CR)	(molecular	weight	is	
696.665g/mol	and	formula-C32H22N6Na2O6	S2)	and	
Brilliant	Blue	(BB)	(molecular	weight	792.85g/mol	
and	formula-	C37H34N2Na2O9S3).	The	used	BB	and	
CR	 solutions	 for	 this	 study	were	 prepared	 from	
the	stock	solutions	of	1000	mg/L.	The	additional	
chemicals	were	 used	 in	 the	 research	were	 also	
analytical	grade	and	purchased	from	Merck.	The	
Musa	 acuminata	 stem	was	 collected	 from	 the	

farm	 near	 the	Kavayitri	 Bahinabai	 Chaudhari	
North	Maharashtra	 university	 campus	 Jalgaon,	
Maharashtra.
Preparation of Biochar
	 The	air-dried	fresh	Musa	acuminata	stems	
are	 collected	 from	 the	 farm	 near	 the	Kavayitri	
Bahinabai	Chaudhari	North	Maharashtra	University	
campus	 in	 the	 Jalgaon	 district	Maharashtra.	
Collected	Musca	 acuminata	 plant	 stem	biomass	
was	washed	with	distilled	water	for	the	elimination	
of	dirt	and	unwanted	particles;	then	air-dried	for	
24	hours	after	that	it	dried	in	a	vacuum	oven	for	1	
hour	at	4500C	temperature.	oven-dried	biomass	cut	
into	small	pieces,	 then	wrapped	with	aluminium	
foil	perfectly.	In	wrapped	foil	a	fine	small	pin-sized	
hole	was	drilled	for	oxygen	presence.	Finally,	this	
biomass	was	placed	in	a	muffle	furnace	(Lab	Star	
make	in	India	CAT	No-LSI	031)	Ramp	set	at	50	C	
for	4500	C	temperature	for	6	hrs.	at	atmospheric	
pressure.	The	biomass	was	grind	in	the	mixer	and	
sieved	to	its	powdered	material	at	<250µ	particle	
size.	The	 prepared	 biochar	 of	Musa	 acuminata	
stem	was	named	BSB-450	and	used	for	the	batch	
adsorption	study.
Batch experiment for adsorption of azo dyes
	 The	 adsorption	 trials	 of	 the	 azo	 dyes	
namely	Congo	 red	 (CR)	and	brilliant	blue	 (BB)	
have	been	assessed	in	the	batch	method	in	the	100	
mL	flask.	The	control	studies	were	conducted	with	
20	mg/L	of	 25	mL	volume	of	 both	BB	and	CR	
dyes	with	the	addition	of	25	to	450mg/L	adsorbent	
at	 pH	 3.0.	Moreover,	 these	BB+BSB-450	 and	
CR+BSB-450	mixture	was	shacked	thoroughly	by	
using	an	orbital	shaker	(Steelmet	Novatech	Model	
Table-Top)	at	150	rpm	for	1hr.	The	mixture	of	both	
BB+BSB-450	and	CR+BSB-450	was	then	filtered	
through	a	Whatman’s	filter	paper	which	size	is	42µ	
and	 the	filtered	 solutions	were	 used	 to	 evaluate	
the	removal	capacity	of	BSB-450.	Analyzing	the	
concentration	of	BB	and	CR	was	done	by	taking	an	
absorption	using	UV-spectroscopy	(SL-159,	Elico,	
India).	Batch	study	we	used	the	concentration	range	
of	BB	and	CR	is	(1-260	mg/L),	pH	of	BB	and	CR	
(3-10),	and	Dose	of	BSB-450	(25-450	mg/L).	to	
estimate	the	highest	removal	efficiency	of	BSB	450	
laboratory	conditions.
Characterisation of BSB 450
	 Physical	 and	 chemical	 characteristic	 of	
Musa	acuminata	stem	biochar	(BSB	450)	analysed		



143Jadhav & ThoraT, Biosci., Biotech. Res. Asia,  vol. 19(1), 141-151 (2022)

in	 the	 labortory	 showing	 the	 following	 results	
presented	 in	 table	 no-1.	Yield	 of	 the	 Biochar	
calculated	by:

	 The	 pH	 is	measured	 using	 a	 pH	meter	
(elico	model	LI	120).	The	pH	meter	is	calibrated	
with	buffer	solutions	pH	4,	pH	7	and	pH	9.	The	
prepared	BSD	450	is	dissolved	in	double	distilled	
water	(distilled	water	of	MILLI-Q	model	Direct	8	
from	Millipore)	and	shaken	with	a	shaker	at	150	
rpm	for	1	hour.	The	pH	of	BSB450	major	by	the	
standard	procedure	it	Shows	pH	8.61.
	 Electrical	conductivity	is	measured	using	
a	digital	conductivity	meter	(Elico	model	no-	CM	
180).	The	 conductometer	 is	 calibrated	with	 a	
0.1NKCL	solution.	Prepared	BSB450	is	added	to	
double	distilled	water	and	shaken	in	shaker	at	150	
rpm	 for	1	hour.	Then	 the	electrical	 conductivity	
is	measured	according	to	the	standard	procedure,	
which	 is	 42.26	 mS/cm.	 Table	 No.	 1.	 In	 the	
adsorption	study,	the	surface	area	of	the	adsorbent	
plays	an	important	role	in	the	analysis	of	BSB	450	
by	field	 emission	 scanning	 electron	microscopy	
(FESEM,	S-4800,	Hitachi,	USA).	The	surface	of	
BSB	450	is	soft	and	has	a	porous	structure,	which	is	
helpful	for	the	adsorption	of	pollutants	or	dyes.	The	
after	image	of	BSB	450	shows	a	coarse	surface	with	
adsorbed	dye	folds	and	some	pores.	Consequently,	
the	 FESEM	 image	 shows	 the	 above-mentioned	
changes,	 resulting	 in	a	strong	affinity	of	biochar	
for	the	adsorption	of	azo	dyes.

RESULT AND DISCUSSION

pH study
	 Brilliant	 blue	 dyes	 and	 Congo	 red	
adsorption	study	carried	at	the	range	of	pH	3-10	
in	these	mainly	the	adsorption	pattern	shows	the	
higher	adsorption	at	pH	3	means	at	the	high	acidic	
condition	the	prepared	biochar	work	much	more	
effectively.	BB	adsorption	at	pH	3	is	98.52	percent	
after	pH	3	it	is	continuously	decreasing	from	pH	4	
to	10	it	shown	in	figure	2.
	 Adsorption	of	Congo	red	dyes	at	the	pH	
range	 3	 to	 10	 shows	 the	 continuous	 decreasing	
order	from	pH	3	to	10.	Maximum	dyes	removal	
on	BSB	450	is	at	pH	3	it	is	91.16	percent	after	pH	
3	up	to	pH	10	it	continuously	decreases	at	pH	10	
the	removal	percent	is	only	61.48.	the	maximum	

adsorption	capacity	of	BSB	450	is	at	pH	3	so	in	all	
further	studies,	we	use	a	pH	range	is	3.	
Dose Study
	 In	this	batch	study	the	adsorption	of	BB	
dyes	on	BSB	450	in	the	range	of	25	mg	to	225	mg	
at	an	interval	of	25	mg	dose.	The	batch	experiment	
shows	 the	highest	 result	of	adsorption	or	a	dyes	
removal	 at	 25mg	 after	 that	 the	 increases	 dose	
level	from	25	mg	to	225	mg	its	removal	capacity	
continuously	decreases	the	highest	removal	percent	
is	89.20	percent	at	25	mg	it	shown	in	figure	no	3.						
	 Adsorption	of	CR	dyes	onto	the	BSB	450	
batch	experiment	we	used	the	dose	in	the	range	of	
50mg	to	450mg	interval	up	to	the	50mg	to	obtain	
data	 from	 the	 experiment	 showing	 the	 higher	
adsorption	at	50mg	is	76.67	percent	dose	after	the	
increasing	dose	from	50mg	to	450	its	decreases	so	
further	study	we	use	50mg	dose	of	BSB	450.
Time Study
	 In	 the	Adsorption	 study	 contact	 time	
required	 is	most	 important	 for	 the	 removal	 or	
adsorption.	 In	 these	 batch	 experiments,	we	 use	
the	 time	 interval	 of	 30	minutes	 for	 each	 in	 the	
set-up	time	from	30	minutes	to	240	minutes	time	
interval	study	the	results	obtained	is	the	maximum	
adsorption	at	a	time	60	minutes	means	a	one	hour.	
The	obtained	data	in	figure	no	4	shows	at	1	hour	
98.95	percent	adsorption	of	BB	on	BSB450.
	 Time	study	of	CR	on	BSB	450	is	showing	
the	removal	of	the	maximum	dye	at	the	range	of	60	
minutes.	We	study	the	time	interval	of	30	minutes	
from	30	minutes	to	270	minutes	variation	to	obtain	

Table 1. Physical	and	chemical	characteristics	of	the	
Banana	stem	biochar	(BSB)

Samples	 BSB-450

Yield	(%)	 39.49%
Ash	(%)	 47.17%
Volatile	Matter	(%)	 4.64%
Fixed	Carbon	(%)	 48.19%
pH	in	ultrapure	water	(1:5	w/w)  8.61
Electrical	Conductivity	(EC)	 48.26mS/cm
Cation	Exchange	Capacity	(CEC)	 132.7cmol-kg-1
Organic	carbon	(%)	 19.98%
Organic	Matter	(%)	 34.44%

Metals	in	extract
Sodium	(Na)	 205ppm
Potassium	(K)	 2551ppm
Calcium	(Ca)	 160.32ppm
Magnesium	(Mg)	 729.6ppm
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Fig. 1. FESEM	images	for	BSB-450	adsorbent	(a)	before	and	(b)	after	adsorption

Fig. 2. pH	study	of	BB	and	CR	on	BSB	450

maximum	adsorption	efficiency	with	time	relation.	
In	these	batch	experiments,	the	higher	adsorption	at	
a	time	interval	of	60	minutes	is	99.79	percent	after	
the	increasing	time	the	efficiency	of	the	adsorbent	
slightly	decreases	from	90	minutes	to	150	minutes	
after	that	remain	steady	adsorption	pattern	shows	
BSB	450	in	figure	No	4.	
Concentration study
	 Concentration	 study	 and	 adsorption	
capacity	 of	BSB	450	 observe	 for	Brilliant	 blue	
dyes	 using	 the	 range	 from	1mg/L	 to	 240mg/L.		
As	 per	 dose	 adsorption	 observation,	 we	 use	
the	 dose	 of	 1g/L,	BB	 dye	 adsorption	 onto	 the	
BSB-450	 is	 shown	 in	Figure	 5.	 In	 this	 research	
study,	it	is	observed	that	the	sorption	capacity	of	
BSB	450	 continuously	 increases	 from	1mg/g	 to	

240mg/g	obtained	data	shows	it	is	110.14mg/g	to	
217.26mg/g	respectively.	The	adsorption	capability	
of	BSB	450	continuously	rises	from	1	to	240	mg/L	
for	the	synthetic	solution,	In	the	batch	experiment	
observed	 the	maximum	 adsorption	 capacity	 of	
BSB-450	was	217.27	mg/g	during	the	removal	of	
BB	dye.
	 CR	dyes	concentration	study	on	BSB-450	
investigated	in	the	range	from	1	mg/L	to	240	mg/L	
laboratories	prepared	synthetic	solution.	In	batch	
experiments,	a	dose	of	BSB-450	was	used	is	1	g/L	
in	which	 is	 the	maximum	adsorption	 of	CR	on	
BSB-450	was	observed.	 In	 the	 following	Figure	
8,	 the	obtained	data	 shows	concentration	versus	
adsorption	of	CR,	in	which	the	sorption	at	1mg/L	
was	95.33	mg/g,	and	120	mg/L	to	200	mg/L	was	
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Fig. 3. Dose	Study	of	BB	and	CR	on	BSB450

Fig. 4. Time	Study	of	BB	and	CR	on	BSB	450

Fig. 5. Concentration	Study	of	BB	&	CR	on	BSB	450

found	to	be	113.75,	118.56,	129.88,	135.29,	138.99,	
135.69,	and	124.33	mg/g.	In	these,	the	maximum	
sorption	at	200	mg/L	was	found	to	be	138.99	mg/g.
Adsorption Isotherm
	 The	 theoretical	models	 of	 adsorption	
isotherms	of	Freundlich,	Langmuir,	Temkin,	and	
Dubinin-Radushevich	were	 used	 and	 applied	
for	 the	 present	 adsorption	 study.	These	 linear	
and	 non-linear	 equation	models	 of	 adsorption	
isotherms	are	listed	in	Table5	No.	2.	The	estimation	

of	the	isotherm	constant	models	plotted	using	the	
linear	regression	equation	and	the	values	used	to	
determine	the	coefficient	(R2)	for	BB	and	CR	are	
presented	in	Table	No.	3.	For	the	study	of	BB	and	
CR	adsorption	onto	the	BSB	450,	the	pH	is	3,	the	
dose	of	adsorbent	BSB	450	is	25	mg,	the	contact	
time	is	1	hour,	and	303	K	normal	room	temperature.
	 Equilibrium	factor	(RL)	its	elaborate	and	
show	 the	 characteristics	 of	 Langmuir	 isotherm	
model	it	is	represents	
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Table 3. Adsorption	isotherm	constant	Non-linear	and	linear	equation	parameter	with	
coefficient	regression	adsorption	of	BB	and	CR	onto	BSB	450.

Isotherm		 	 Parameters	 Error	Function
model

Langmuir	 	 qm	(mg/g)	 KL	(L/mg)	 	 R2	 χ2	 ∆q

	 BB	 172.41	 0.35	 	 0.9185	 41.11	 16.8
	 CR	 129.87	 77	 	 0.9938	 4.28	 15.43
Freundlich	 	 KF	(mg/g)/(mg/L)

n	 1/n	 	 	 	
	 BB	 6.57	 5.45	 	 0.9677	 13549.73	 98.41
	 CR	 1.09	 5.24	 	 0.6906	 56946.18	 105.09
Temkin	 	 KT	(L/g)	 b	(kJ/mol)	 	 	 	
	 BB	 18.78	 8.92	 	 0.9633	 61.82	 16.82
	 CR	 4.1	 2.42	 	 0.9013	 3.67	 6.87
Dubinin–	 	 qDR (mg/g)	 KDR	(mol

2/	KJ2)	 E	(KJ/mol)	 	 	
Radushkevich	 BB	 175.57	 7.29	 0.26	 0.1735	 32.61	 14.70
	 CR	 135.18	 8.5	 0.24	 0.4738	 129.44	 24.43

Table 2. Non-linear	and	linear	equation	of	the	adsorption	isotherms5

                                                       
	 The	 above	 (RL)	 values	 characterised	
the	 shape	of	 isotherm	 its	 denote	when	0<RL<1	
is	 favourable=1	 its	 Linier	 to	 corresponds>1	 its	
unfavourable	 and	whenever	value	of	RL	=	0	 its	
irreversible.	BSB	450	examination	with	BB	and	
CR	 calculated	RL	 values	 in	 between	 0	 and	 1	
that	 represent	 the	 favourable	 adsorption	of	 dyes	
on	 to	BSB450.	 the	 initial	 concentration	of	 dyes	
used	1	 to	240	mg/L.	In	 the	presented	table	no	3	
of	 adsorption	 isotherm	models	 values	 obtained	
from	linear	equation	for	BB	shows	in	Langmuir	
graph	value	of	KL	 (L/mg)	 is	0.35	and	qm	(mg/g)	
is	172.41	but	the	maximum	adsorption	shows	in	

Dubinin-Radushkevich	 is175.57mg/g.	 	 in	D-R	
model	KL  value	estimated	using	intercept	of	linear	
plot	 is	 7.29.	 as	well	 the	 similarly	 the	maximum	
Qmax	adsorption	 of	CR	 is	 found	 to	 in	Dubinin-	
Radushkevich	model	 it	 is	 135.18mg/g	 and	KL 
intercept	calculated	value	is	8.5.
	 Dubinin-Radushkevich	 isotherm	model	
helps	 to	 analyse	 physical	 and	 chemical	 nature	
of	 adsorption	 by	 estimating	 the	 (E)	 energy	 the	
equation	is:

	 From	 the	 table	 no	 2	 constants	 KDR	
(mol2/kJ2)	and	qDR	(mg/g)	determined	using	the	
linear	plot	equation.	E	values	shows	the	nature	of	



147Jadhav & ThoraT, Biosci., Biotech. Res. Asia,  vol. 19(1), 141-151 (2022)

Fig. 6. Adsorption	isotherm	model	graph	of	BB	on	BSB	450	a)	Langmuir	b)	Freundlich	c)
Temkin	d)	Dubinin-Radushkevich

adsorption	when	E	value	is	below	8	kJ/mol	physical	
adsorption	process	is	overriding,	E	is	in	8-16	kJ/mol	
then	occurrence	of	ion	exchange	and	the	range	20-
40kJ/mol,	shows	the	chemical	nature	of	adsorption	
(Gupta	et	al.,	2013).	In	the	present	study	the	value	
of	E(kJ/mol)	for	both	CR	and	BB	its	less	than	8	kJ/
mol	which	is	0.24	and	0.26	kJ/mol	Respectively	
so	its	conclude	that	the	physical	adsorption	takes	
place	in	BB	and	CR	onto	the	BSB	450.
	 Present	study	used	Freundlich,	Langmuir,	
Temkin	and	Dubinin-Radushevich	isotherm	model	
from	which	 is	 best	 applicable	 were	 assessed	
by	 using	 coefficient	 of	 determination	 (R2)	 data	

obtained	 of	 linear	 regression	 through	 isotherm	
equation.	From	these	 isotherm	model	 (R2)	value	
is	much	nearest	 to	 unity	 in	Freundlich	 isotherm	
model	for	BB	dye	and	in	Langmuir	isotherm	model	
for	CR	dye	onto	the	BSB450;	the	(R2	)		value	are	
0.9677	and	0.9938	respectively.
	 Present	investigation	Highest	adsorption	
of	BB	and	CR	onto	the	BSB	450	is	175.57	mg/g	
and	 135.18	mg/g	 respectively	 in	 the	Dubinin-
Radushkevich	model.	 adsorption	 in	 comparison	
to	the	previous	study	is	50	to	100	times	greater	as	
demonstrated	in	table	no	4	and	5.
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Fig. 7. Adsorption	isotherm	model	graph	of	CR	on	BSB	450	a)	Langmuir	b)	Freundlich	c)	Temkin	d)	Dubinin-
Radushkevich

	 Brilliant	 blue	Remazol	 adsorption	 on	
to	 the	 PFPAC9	 is	 81.35%	 ,	Brilliant	 blue	 dyes	
adsorption	 on	 snail	 shell	 powder3	 at	 a	 varying	
temperature	 form	298k	 to	 338k	 its	 found	 to	 be	
highest	416.66	mg/g	at	328k	and	low	at	308k	is	
45.45	mg/g,	in	the	present	study	it	was	highest	(in	
a	percent	format)	96.5%	.
	 BB	 and	CR	 adsorption	 isotherm	 study	
obtained	 data	 which	 is	model	 of	 isotherm	 is	
applicable	estimated	from	the	(R2)	determination	

of	coefficient	obtained	 from	regression	 isotherm	
equation.	 Studied	 isotherm	model	 Langmuir,	
Freundlich,	Temkin	and	Dubinin-Radushevich	(R2)	
value	is	less	than	1	for	both	the	BB	and	CR	azo	
dyes	adsorption	on	to	BSB	450	which	unity	closet	
to	each	other	in	the	Freundlich	model	highest	than	
all	other	model	it	is	0.9677	for	BB	and	which	is	best	
fitted	model	of	adsorption	isotherm	of	brilliant	blue	
for	CR	value	of	(R2)	   is	the	0.9938	in	Langmuir	
isotherm	model	respectively.	As	per	data	obtained	
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Table 4. Adsorption	of	Congo	red	dyes	on	various	adsorbent

Raw	material	For	Biochar/(Adsorbent)	 Adsorption	mg/g	 Reference

p-ECNFs	 100.5	mg/g	 [19]
o-ECNFs	 74.2	mg/g	 [19]
m-ECNFs	 (47.3	mg/g	 [19]
ECNFs-NH2	 44.4	mg/g	 [19]
ECNFs-COOH	 8.9	mg/g	 [19]
ECNFs	poly(phenylenediamine)		 5.6	mg/g	 [19]
grafted	electrospun	carbon	nanofibers
Present	Study	 175.57mg/g	 Present	Study

Table 5. Adsorption	of	Congo	red	dyes	on	various	adsorbent

Raw	material	For		 Adsorption	mg/g	 Reference
Biochar/(Adsorbent)

Coir	pith		 6.7	 [4]
Bamboo	dust	 101.9	 [09]
Coconut	shell	 188.4	 [09]
Groundnut	shell	 110.8	 [09]
Rice	Husk	 237.8	 [09]
Straw	carbon	 403.7	 [09]
Commercial	activated	carbon	 493.8	 [09]
Rice	husk	ash	 7.047	 [2]
Carbon	slurry	waste	 272.0	 [1]
Bael	shell		 98.03	 [14]
Musa	Acuminata	stem	 135.18	 Present	study

the	 at	 a	higher	 concentration	 range	of	1mg/L	 to	
240	mg/L	BB	and	CR	the	isotherm	model	Dubinin-
Radushkevich	is	low	sorption.

CONCLUSION

	 Eco-friendly	 and	 cost-effective	 biochar	
derived	 from	 plant	 waste	 material	 of	Musa	
Acuminate	 stem	 (BSB	 450)	 was	 studied	 to	
investigate	 removal	 of	 azo	 dyes	Brilliant	Blue	
BB	and	Congo	Red	CR	 from	synthetic	 aqueous	
medium	by	using	adsorption	isotherm	models	with	
batch	experiment	study.	Experimental	data	suggest	
that	maximum	 sorption	 capacity	 estimated	 for	
BB	and	CR	in	Dubinin-Radushkevich	isotherm	is	
175.57mg/g	and	for	CR	is	135.18mg/g	respectively	
at	 303K	 temperature.	 Obtained	 experimental	
data	showed	the	best	fitted	isotherm	model	from	
R2	value	is	for	BB	is	Freundlich	and	for	the	CR	
is	 Langmuir.	 For	 sorption	 of	BB	 and	CR	 onto	
BSB	 450	 the	 involvements	 of	 external	 forces	

estimated	from	D-R	isotherm	model	indicates	the	
energy	 involved	 in	batch	 sorption	experiment	 is	
insignificant	 in	 sorption.	Theses	 research	work	
suggest	the	biochar	prepared	from	regional	plant	
waste	material	is	dynamic	potential	to	removal	of	
BB	and	CR	as	well	as	its	applicable	environmental	
pollutant	 removal.	 BSB	 450	 is	 cost-effective	
material	for	remediation	of	wastewater	containing	
dyes,	 as	 well	 adsorption	 by	 using	 biochar	 is	
sustainable	 and	nothing	harmful	 to	 environment	
techniques.	 For	 future	 study	we	 suggested	 that	
Musa	acuminata	is	available	worldwide,	but	it	has	
not	been	studied	for	adsorption	and	preparation	of	
biochar,	so	it	is	need	of	todays	to	explore	the	study	
for	removal	of	pollutant	by	biochar.
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