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 In the following study, we have tested Straw as a biomaterial for removing methylene 
blue (MB) by adsorption. The characterization of the adsorbent was carried out by scanning 
electron microscopy coupled with EDX (SEM), infra-red spectroscopy with Fourier transform 
and the point of zero charge (PZC).  The studied variables are: the mass of adsorbent, the initial 
concentration of dye, the contact time, pH and temperature. Kinetic data were modeled by 
equations pseudo first order and pseudo-second order, and revealed that the adsorption of MB 
on the straw pseudo second order for initial dye concentration. The MB adsorption isotherms 
on straw were analyzed by models of Langmuir and Freundlich. The modeling of adsorption 
isotherms obtained good agreement with the model of Freundlich.
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	 The	presence	of	dyes	in	the	effluents	is	of	
concerning	because	of	its	negative	impact	on	many	
forms	of	life1.	It	is	estimated	that	there	are	more	
than	100,000	dyes	 available	on	 the	market	with	
an	annual	production	of	7x105	 to	1x106tonnes2. 
Dyes	 are	 among	 other	 things	 that	 are	 used	 in	
many	 industries	 such	 as	 textiles,	 leather,	 paper	
and	plastics.	Furthermore,	 contamination	by	 the	
dyes	is	a	critical	issue	in	the	world,	thus	the	issue	
needs	to	be	taken	care	of	and	solved	by	looking	
for	alternatives.	The	reduction	or	even	elimination	

of	 these	 dyes	 is	 therefore	 necessary	 given	 the	
proven	 toxicity	 of	 some	 of	 them.	Methods	 of	
operational	 treatments	 at	 the	 laboratory	 and	 at	
an	 industrial	 scale	 already	 exist,	 they	 include	
physicochemical	methods	(adsorption,	membrane	
filtration,	methods	 of	 solid-liquid	 separations:	
precipitation,	 coagulation,	 flocculation	 and	
settling),	chemical	methods	(exchange	resin	ions,	
oxidation	 by	 oxygen,	 ozone	 ...)	 and	 biological	
methods	 (anaerobic	 and	 aerobic	 treatment)3, 4. 
These	revelations	could	help	industries	to	design	
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a	better	waste	water	treatment	system	which	would	
help	them	to	mitigate	environmental	pollution5.
	 We	will	give	an	overview	of	the	advantages	
and	disadvantages	of	each	process:
Flocculation and coagulation
	 Flocculation	 and	 coagulation	 is	 the	
technique	 in	which	 a	 chemical	 is	 used	 to	 form	
colloid	of	the	pollutants	in	wastewater	and	make	
them	either	settle	down	or	float	on	top6.	This	helps	
in	easy	removal	of	the	contaminant.	Flocculation	
is	one	of	the	most	commonly	used	techniques	in	
industrial	wastewater	 treatment7.	This	 helps	 to	
easily	remove	the	contaminant.	In	addition,	large	
quantities	of	sludge	are	formed	with	this	process:	
their	regeneration	or	reuse	remains	the	only	way	
out	but	requires	additional	investments8.
Membrane filtration
	 Membrane	 filtration	 at	 controlled	
hydraulic	pressure	is	available	in	microfiltration,	
ultrafiltration,	nanofiltration	and	reverse	osmosis.	
Membrane	 technologies	 are	 environmentally	
friendly,	but	 they	are	not	 applicable	 to	 all	 types	
of	 dyes	 and	 have	 limitations	when	 used	 in	 the	
treatment	 of	 large	 volumes	 of	 water	 due	 to	
equipment	costs	and	high	energy	consumption9.
Oxidation
	 Oxidation	is	a	method	in	which	wastewater	
is	 treated	 through	 the	 use	 of	 oxidizing	 agents.	
Liakou	and	al	used	ozone	for	the	degradation	of	
ado dyes 10,	while	Malik	and	Saha	used	hydrogen	
peroxide	 for	 the	 oxidation	 of	 direct	 dyes11. 
Oxidation	methods	 are	 among	 the	most	widely	
used	 techniques	 for	 the	 decoloration	 of	water,	
as	 they	 require	 small	 amounts	 of	 reagents	 and	
reaction	times	are	relatively	short	But	they	have	
the	disadvantage12	of	generating	by-products	of	the	
oxidation	reaction	which	can	even	be	more	toxic	
than	the	dye	itself.
Advanced oxidation processes
	 They	 are	 techniques	 that	 involve	more	
than	one	oxidation	process.	Advanced	oxidation	
processes	can	be	considered	 to	be	an	alternative	
to	 the	 above-mentioned	 treatment	 procedure.	 In	
such	 processes	 hydroxyl	 radi	cals	 are	 generated	
which	has	the	ability	to	degrade	most	of	the	organic	
pollutants	present	in	the	wastewater13.	Advanced	
oxidation	 has	 a	 very	 high	 degradation	 capacity	
and	 the	process	 is	 very	 fast,	 it	 has	been	 studied	
by	other	researchers;	kumar	and	al	(2016)	in	their	
work	 coupled	 carbon	 adsorption	with	 advanced	

oxidation5.	The	Biotechnological	methods	 are	
green	 technologies	 that	 ensure	 better	 aesthetics	
and	 a	 healthier	 environment	while	 assisting	 the	
industries	to	minimize	toxic	compounds	efficiency	
of	 these	processes	depends	on	many	parameters	
such	 as	 the	 oxidant	 concentration,	 the	 intensity	
of	UV	 light,	 pH,	 temperature	 .Thus	 cost	 and	
complication	 incurred	 during	 pH	 change	would	
also	be	a	big	hindrance	to	commercial	acceptance	
of	such	process5.
Biological treatment
 These processes are based on the presence 
of	microorganisms	in	an	oxygenated	environment	
(aerobic),	 in	 the	 absence	 of	 oxygen	 (anaerobic)	
or	 on	 a	 combination	of	 both12.	Biotechnological	
methods	 are	 green	 technologies	 that	 ensure	
better	 aesthetics	 and	 a	 healthier	 environment	
while	 assisting	 the	 industries	 to	minimize	 toxic	
compounds14.	The	solution	to	this	is	the	biological	
treatment	that	breaks	down	the	organic	loads	of	the	
wastewater	into	fundamental	constituents	forms	a	
sludge	which	does	not	contain	any	chemicals	like	
those	used	for	chemical	oxidation15.
	 This	makes	it	possible	for	the	generated	
sludge	to	be	used	as	fertilizer16	Biological	treatment	
methods	 seem	 to	 be	 an	 effective	 alter	native	
treatment	methods,	but	the	prolong	treatment	time	
and	high	 sensitivity	 of	 the	 biological	 degrading	
agents	–	bacteria	and	fungi	poses	a	major	threat	to	
its	commercial	large	scale	implementation5.
Adsorption
	 Adsorption	 is	 a	 surface	 phenomenon	
that	 involves	 the	 accumulation	 or	 concentration	
of	 substances	 on	 a	 surface	 or	 an	 interface17. 
Adsorption	 is	 one	 of	 the	most	 useful	 treatment	
processes	of	being	cheaper,	fast,	efficient	and	eco-
friendly18.	Moreover	adsorption	process	edges	over	
other	processes	as	it	is	a	sludge	free	process	which	
provide	 efficient	 removal	 of	 toxic	 contaminants	
from	 their	 aqueous	 solutions19. In addition, it is 
important	 to	mention	 that,	 unlike	 the	 oxidation	
and	electrochemical	processes	when	treating	water	
contaminated	with	dyes	by	adsorption,	toxic	by-
products	 are	 not	 formed	 and	 in	 some	 cases	 the	
eliminated	species	can	be	recovered20.	In	this	study	
we	chose	the	adsorption	process	as	it	is	considered	
one	of	the	most	widely	used	techniques	in	treating	
water	 from	metal	 ions	 and	 organic	 compounds.	
Adsorption	 process	 carried	 over	 the	 surface	 of	
activated	carbon	is	considered	as	the	most	useful	
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strategy	 among	 all	 the	 techniques	 owing	 to	 its	
several	attributes	such	as	being	economical,	faster,	
efficient	and	eco-benign18.	Several	drawbacks	limit	
its	frequent	use,	of	course	the	costs	of	treatment	
with	this	support	are	interesting	and	leading	to	the	
operational	incumbencies	during	activated	carbon	
regeneration,	 pore	 blocking	 and	 hygroscopic	
nature21.	 Several	 studies	 have	 been	 conducted	
regarding	removing	of	dyes	with	natural	materials,	
they	include	the	seaweeds22	industrial	waste:	red	
mud23,	 agricultural	 by-products24	 seafood	waste:	
chitin25.	rice	husk	ash26, Eichhorniacrassipes19.
	 The	objective	of	this	study	is	to	value	the	
straw	in	the	elimination	of	Methylene	Blue	(MB).

MAteriAl And MethOds

Adsorbat 
	 The	choice	of	MB	dye	meets	the	following	
criteria:	their	high	solubility	in	water,	simple	and	
rapid	analysis	by	UV	spectrophotometry.	Table1	
represents	 the	main	physico-chemical	properties	
of	MB27.
Adsorbent
	 The	straw	used	in	this	study	was	washed	
until	all	impurities	were	removed,	then	dried	in	the	
open	air	for	72	hours,	then	crushed	and	sifted	to	
have	particles	of	the	same	size	(<125nm).
Material characterization
	 The	morphology	of	the	straw	powder	was	
observed	 using	 a	 scanning	 electron	microscope	
coupled	with	EDX	(SEM	/	EDX).Further,	Fourier	
transform	 infrared	 spectrograph	 (FTIR)	 analysis	
of	surface	of	raw	straw	and	straw	after	adsorption	
of	MB	 for	 the	 study	 of	 surface	 chemistry	 and	
identification	of	functional	groups	that	exist.	The	
spectra	were	collected	from	400	cm”1to	4000	cm”1.
Adsorption procedure
	 After	 each	 adsorption	 experiment,	
and	 agitation	 speed	 of	 150	 rpm,	 the	 adsorbent	
was	 eliminated	 by	 centrifugation.	 Then	 the	
obtained	 liquid	 was	 analyzed	 by	 UV-visible	
spectrophotometry	 watching	 the	 changes	 in	
absorbance at lmax	(MB)	=	663	nm.	The	quantity	
adsorbed	is	calculated	using	the	following	formula:

ads 0 t
VQ =(C -C )	×
m 	 ...(1)

:	Quantity	adsorbed	at	the	moment	t	in	mg/g.
V:	volume	of	the	solution	in	ml.	

 and :	 are	 the	 initial	 concentration	 and	

the	 concentration	 at	 the	moment	 t	 of	 the	 dye	
respectively	in	mg/l.
m:	mass	of	the	adsorbent	in	g.

results And discussiOn

characterization of the adsorbent
scanning electron microscopy (seM)
	 Figure	1	show	the	SEM	of	the	biomaterial	
before	contact	between	the	dye	and	the	biomaterial	
and	 after	 contact.	 The	morphology	 illustrates	
the	cellulose	microfibrils	present	 in	a	 lignin	and	
hemicelluloses	matrix.
	 In	figure2	(a),	we	have	the	composition	
of	 the	biomaterial,	which	shows	 the	presence	of	
carbon	 elements,	 oxygen,	 aluminum,	 sodium….	
Figure	 2	 (b)	 shows	 the	SEM	of	 the	 biomaterial	
after	the	contact	time.	As	is	clearly	shown,	there	
is	not	much	difference	in	composition;	except	for	
the	 presence	of	 the	 element	 nitrogen	 and	 sulfur	
present	 in	 the	 dye.	This	 is	mainly	 because	 the	
components	of	the	biomaterial	and	the	dye	are	of	
the	same	nature,	but	there	is	a	slight	decrease	in	the	
percentages	of	carbon	and	oxygen,	this	difference	
being	due	 to	 the	possibility	 that	 they	participate	
in	 the	 production	 of	 carbon	 dioxide	 during	 the	
absorption process.
Fourier transforms infrared spectroscopy
	 Figures3(a)	 and	 3(b)	 are	 showing	
respectively	the	infrared	spectra	(400-4000	cm-1)	
of	the	front	straw	powder	and	after	adsorption	by	
MB.	In	the	figure	3(a),	the	spectrum	has	the	peak	
(very	broad)	at	3443.16	cm-1	due	 to	 the	valence	
vibration	 of	 the	 hydroxyl	 group	 (OH)	 (alcohol	
bound).	The	 absorption	 peak	 at	 2922.66	 cm-1 
could	be	attributed	to	 the	C-H	valence	vibration	
(aromatic).	The	adsorption	peak	at	1632.03	cm-1 
confirms	the	presence	of	the	carboxyle	group	C-O	
(aldehyde	or	ketone)	and	two	peaks	at	1399.51	cm-

1-1349	cm-1	are	due	to	the	deformation	vibrations	
of	 the	 aliphatic	C-H	grouping	while	 the	 one	 at	
1112.72	cm-1	corresponds	to	the	valence	vibration	
of	the	C-O,	the	band	near	1034.18	cm-1	is	due	to	
stretching	vibrations	of	the	aliphatic	C-H,	finally	
the	bands	672.32	 cm-1	 662.90	 cm-1;	 617.76	 cm-1 
correspond	to	the	vibrations	of	mineral	materials29 
.In	figure	3(b)	we	observe	the	same	spectra	with	the	
offset	wave	number	corresponding	to	the	variation	
of	the	functional	energy	groups.	This	indicates	the	
existence	of	a	binding	process	MB	made	on	 the	
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surface	of	the	straw	powder,	with	the	appearance	
of	certain	peak	which	are:	two	peak	between	2397	
cm-1	and	2249	cm-1	which	indicates	the	presence	of	
conjugated	carbon	or	unsaturated	di-	or	possibly	
the	production	of	CO2	per	decarboxylation	of	the	
biomass29	 between	 the	 bands	 1554	 cm-1-	 1538	
cm-1	 which	 indicates	 the	 presence	 of	 amines	
primaries	N-H,	and	finally	the	presence	of	peak	at	
approximately	1035	cm-1	is	due	to	CN	vibration.
Point of zero charge (PZc)
	 Point	of	zero	charge	PZC,	is	defined	as	
the	pH	value	which	is	the	total	net	charge	(external	
and	 internal)	 the	 particles	 on	 the	 surface	 of	 the	
adsorbent	material	is	neutral,	that	is,	the	number	
of	positive	and	negative	sites	is	equal29.	50	ml	of	
distilled	water	was	taken	in	100	ml	of	Erlenmeyers,	
adjusting	the	pH	of	each	solution	between	2.0	and	
11,	by	adding	the	appropriate	quantities	of	HCl	1N	
and	of	NaOH	1N.0.05g	of	the	straw	powder	was	
added	to	these	solutions	and	after	48	hours	under	

agitation	 and	 at	 room	 temperature,	 the	final	 pH	
value	was	measured.	The	PZC	is	the	point	where	
the	final	pH	curve	as	a	function	of	the	initial	pH	cuts	
the	diagonal.	The	straw	PZC	is	6.33,	meaning	that	
the	adsorbent	surface	is	positively	charged	at	pH	
less	than	6.33,	and	negatively	at	a	pH	greater	than	
6.33.	Therefore,	the	determination	of	this	parameter	
is	very	useful	to	establish	favorable	conditions	in	
terms	of	pH	value	effectively	removing	a	particular	
dye.	In	the	case	of	straw,	anionic	dyes	are	expected	
to	be	retained	at	a	pH	of	less	than	6.33	and	that	
the	removal	of	cationic	dyes	is	promoted	at	a	pH	
greater	than	this	PZC	value30.
effect of different parameters on adsorption
effect of adsorbent mass
	 The	 influence	 of	 the	 adsorbent	mass	
was	studied	by	shaking	50	ml	of	MB	solution	at	
50mg/l,	with	 different	 adsorbent	masses	 (straw)	
ranging	from	0.03	to	0.4g	under	constant	agitation	
for	16	hours	at	 room	temperature	and	 initial	pH	

table 1. Main	physico-chemical	characteristic	of	the	MB

Name	 Methylene	Blue	(MB)

Family	 Basic	dyes
Brute	formula	 C16H18N3SCl
Chemical	name	 3.7-bis	(dimethylamino)	phenazathionium
Molar	mass	(g/mol)	 320g/mol
Dimensions	(Å)	 15	(diameter)
λmax	 663nm

Structure	  

Fig. 1.	SEM	biomaterial	before	(a)and	after	(b)	the	contact	time
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of	the	solution	(pH	free	MB=4).	The	study	of	the	
influence	of	the	mass	of	the	MB	on	the	adsorbed	
quantities	of	 this	pollutant	 is	 represented	by	 the	
curve	in	Figure5.
	 We	 note	 that	 from	 the	mass	 0.1g,	 the	
adsorbed	quantities	of	MB	no	longer	evolve.	This	
behavior	can	be	due	to	the	number	of	adsorption	
sites	which	increases	with	the	amount	of	adsorbent	
up	to	a	mass	of	0.1g,	from	which	the	number	of	
sites	becomes	stable31, 32.	On	the	other	hand,	some	
authors	have	shown	that:	the	amount	of	adsorbent	
added	to	the	dye	solution	is	low,	dye	cations	can	
easily	access	the	adsorption	sites;	Adding	adsorbent	
increases	the	numbers	of	adsorption	sites	but	dye	
cations	have	more	difficulty	approaching	these	sites	
because	of	the	clutter33.	In	addition,	a	large	amount	
of	adsorbent	creates	the	particles	agglomerations,	
thus	reducing	the	total	adsorption	area,	therefore,	a	
decrease	in	the	amount	of	adsorbate	per	unit	mass	
of adsorbent33.
effect of initial dye concentration
	 To	 see	 the	 effect	 of	MB	 concentration	

on	 adsorption	 capacity,	 the	 process	was	 carried	
out	with	an	initial	dye	concentration	between	40	
and	300	mg/l,	 the	other	parameters	 are	constant	
(m=0.05g,	 t=16h,	 room	 temperature,	 pH=4).	 In	
figure	6,	the	elimination	yield	showed	a	downward	
trend	when	the	initial	MB	concentration	has	been	
increased34.	At	 lower	concentrations,	all	 the	MB	
present	 in	 the	 adsorption	medium	 can	 interact	
with	 the	bonding	sites	on	 the	adsorbent	surface;	
therefore	higher	adsorption	yields	were	obtained.	
At	higher	concentrations,	lower	adsorption	yields	
were	 observed	 due	 to	 saturation	 of	 adsorption	
sites34.
effect of contact time
	 Adsorption	 of	 the	MB	on	 the	 straw	 is	
carried	out	at	different	contact	times	(0	to	180min)	
with	an	initial	concentration	of	70mg/l.	The	results	
are	shown	in	Figure7.They	that	the	dye	reduction	
by	 adsorption	 on	 the	 straw	 increases	with	 the	
increase	in	contact	time.	This	adsorption	is	fast	and	
takes	place	in	the	first	15	to	20	minutes,	beyond	
this	 time;	 the	 dye	 adsorption	 is	 constant	 at	 its	

Fig. 2. EDX	biomaterial	before	(a)	and	after	(b)	the	contact	time
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Fig. 3. Infrared	biomaterial	before	the	contact	time	(a).	Infrared	biomaterial	after	the	contact	time	(b)

maximum	value.	It	can	be	deduced	that	the	contact	
time	or	the	appropriate	equilibrium	time	is	beyond	
20min.	For	all	other	adsorption	tests	with	an	initial	
concentration	of	 70mg/l	 and	 to	 ensure	 the	 right	
choice	of	contact	 time,	we	opted	for	60	minutes	
of agitation.
ph effect
	 The	 pH	 influence	 on	 MB	 removal	
rate	 on	 straw	 (Figure	 8),	was	 studied	 using	 a.	
VENGO	6230	brand	pH	meter.	The	experiments	
were	 carried	out	by	mixing	0.05g	of	 straw	with	
70mg/l	 concentration	MB	solution,	 and	at	 room	
temperature.	The	 pH	 of	 the	 solution	 has	 been	
adjusted	to	specific	values	of:	2;	4;	6;	8;	10	and	
12	 by	 adding	 a	 few	 drops	 of	HCl	 (0.1M)	 and	
NaOH	 (0.1	M).	The	mixtures	 are	 subjected	 to	
constant	agitation	for	1h.	After	centrifugation,	the	

liquid	 is	 recovered	and	analysed	by	UV-Visible.	
The	initial	pH	for	the	adsorption	is	an	important	
process	 parameter35.	This	 parameter	 influences	
the	distribution	of	adsorbent	species	as	well	as	the	
ionization	of	functional	groups	on	the	surface	of	
the adsorbent36.	Figure	8	shows	the	percentage	of	
elimination	of	BM	by	the	straw	as	a	function	of	
the	pH	of	the	medium	(2,	4,	6,	8,	10	and	12).	It	
can	be	seen	that	at	pH	=	2	the	lowest	percentage	of	
elimination	was	obtained.	This	can	be	attributed	to	
increased	competition	between	hydronium	ions	and	
BM	cations	for	adsorption	sites	on	the	surface	of	
the	biosorbent.	In	the	pH	range	of	6	to	12,	a	large	
increase	in	the	percentage	of	elimination.	
	 The	change	in	pH	of	the	sample	affected	
the	 surface	 charge	 of	 the	 adsorbents	 and	 the	
adsorptive	 process.	 This	might	 be	 due	 to	 the	
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Fig. 4. Point	of	zero	charge	of	the	straw

Fig. 5. Adsorbed	amount	of	MB	as	a	function	of	straw	mass	(condition:	concentration=	50	mg/l,	room	
temperature,	pH=	4,	contact	time	=	16	h)

dissociation	of	 functional	 groups	 present	 on	 the	
active	sites	of	the	adsorbent37.	The	straw	exhibited	
a	pHpzc	(6.33),	 therefore	 the	greater	 increase	 in	
percent	removal	corresponds	to	a	greater	increase	
in	the	number	of	negatively	charged	sites.	At	pH	
values	of	the	solution	above	the	pHpzc,	the	number	
of	negative	charges	predominates	over	the	positive	
ones	 and,	 therefore,	 the	 feasibility	 of	 the	BM	
adsorption	process	by	ion	exchange	increases.
effect of temperature
	 It	can	also	affect	the	adsorption	process,	
temperature	factor.	The	adsorption	of	the	MB	of	

an	aqueous	solution	at	different	temperatures	was	
studied	in	a	temperature	range	from	20	to	60°C.
	 As	 is	 clear	 in	 Figure	 9,	 an	 increase	 in	
temperature	from	20°C	to	60°C	is	accompanied	by	
an	increase	in	the	removal	percentage	of	the	MB	
dye	from	53%	to	93%.	This	phenomenon,	suggests	
that	the	reaction	is	endothermic	whose	temperature	
increase	 favors	 the	 adsorption	mechanism.	This	
endothermic	phenomenon	of	adsorption	was	also	
observed	with	 other	materials	 for	 the	 same	dye	
studied38, 39.
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Fig. 6. Effect	of	Initial	MB	Concentration	Variation	on	Adsorption	(condition:	m=0.05g,	t=16h,	room	
temperature,	pH=4)

Fig. 7. Effect	of	Contact	Time	Variation	on	MB	Adsorption	(condition:	m=0.05g,	C0=70mg/l,	room	temperature,	
pH=4)

Kinetic adsorption models
	 The	determination	of	the	batch	adsorption	
kinetic	 parameters	 is	 essential	 for	 the	 design	 of	
adsorption	columns	in	pilot	plants	for	further	scale	
up40.	In	this	study,	pseudo	first	order	model,	pseudo	
second	order	model	were	the	key	kinetic	models	
that	were	 investigated	 in	 the	 adsorption	process	
by	straw,	their	parameters	and	the	MB	correlation	
coefficients	were	calculated	from	figure	(11)	and	
listed	in	Table	2.

P s e u d o - f i r s t  o r d e r  k i n e t i c  m o d e l 
(lagergrenmodel)41 and Pseudo second order 
kinetics model: (ho and Mckay)42

( ) 1
e t e

Klog Q -Q =logQ - ×t
2.303

 
 
  	 ...(2)

	 With:	 K1	 (L.min
-1):	 rate	 constant	 of	

adsorption	of	the	kinetics	of	the	pseudo	first	order.
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Fig. 8. Effect	of	pH	of	medium	on	MB	removal	(condition:	m=0.05g,	C0=70mg/l,
room	temperature,	t=16h)

table 2. Methylene	blue	adsorption	kinetic	parameters

 dye K Qe R2

Pseudo	first	order	 MB	 0.011515	 22.08	 0.787
Pseudo	second	order	 MB	 0.001402	 55.56	 0.994

2
e

t e 2

t 1 1= ×t+ ×Q
Q Q K

 
 
  	 ...(3)

	 With:	K2	(g.mg
-1.min):	rate	of	adsorption	

constant	of	the	pseudo	second	order	kinetics.
	 Figure	10	(a)	shows	that	for	the	first	order	
kinetic	model	the	coefficient	of	determination	R2 is 
equal	to	0.787	and	the	adsorption	capacity	is	much	
lower	 than	 that	 obtained	 experimentally.	On	 the	
other	hand,	the	coefficient	of	determination	for	the	
second-order	kinetic	model	shown	in	Figure10	(b)		
is	0.994	were	closer	to	one,	and	the	values	obtained	
are	 comparable	with	 the	 experimental	 values	
(Qexp=51.67mg/g).	These	observations	lead	us	to	
say	that	the	adsorption	with	methylene	blue	does	
not	express	a	controlled	diffusion	process	because	it	
does	not	follow	the	pseudo-first	equation;	given	by	
Lagergren	the	adsorption	process	therefore	follows	
a	 second-order	 kinetic	model,	which	 considers	
the	 external	mass	 transfer,	 the	 intra-particulate	
diffusion.
Adsorption isotherm
	 The	 study	 of	 adsorption	 isotherms,	

allows	us	to	better	understand	how	adsorbed	MB	
molecules	interact	with	the	adsorbent	(straw),	when	
the adsorption process approaches to a state of 
equilibrium.	Adsorption	isotherms	provide	many	
fundamental	physico-chemical	data	to	estimate	the	
applicability	of	the	adsorption	process,	to	express	
surface	properties	and	the	adsorbent	affinity	which	
can	also	be	used	to	find	the	maximum	adsorption	
capacity	of	a	mass43.	Many	isothermal	models	are	
available	in	the	literature,	Freundlich	and	Langmuir	
models	are	the	most	frequently	used	to	describe	the	
experimental	adsorption	isotherm	data,	due	to	their	
simplicity.
langmuir model
	 Langmuir	 isotherm	model	 predicts	 the	
formation	of	a	single	layer	of	adsorbed	molecules	
(molecular	monolayer)	on	specific	sites	and	without	
interaction	between	them	with	an	adsorption	heat	
independent	of	the	surface.	The	Langmuir	model	
is	defined	by	the	following	equation44:

 

e L e

m L e

Q K C=
Q 1+K C  ...(4)
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Fig. 10. Pseudofirst	order	(a)	and	pseudo	second	order	(b)	of	the	MB	adsorbed	by	straw

Fig. 9. Effect	of	temperature	change		on	MB	adsorption	(condition:	m=0.05g,	C0=70mg/l,	room	temperature,	
t=16h)

	 With	Ce	 (mg.l
-1) is the concentration at 

equilibrium,	Qe and Qm	 (mg.g
-1)are	 the	 amount	

adsorbed	to	equilibrium	and	the	maximum	quantity	
adsorbed	 to	 the	 saturation	of	 the	monolayer,	KL 
(l.mg-1)	 is	 the	 adsorption	 equilibrium	 constant	
depending	on	the	temperature.
	 The	linear	transform	of	this	model	has	as	
equation:

 e m m L e

1 1 1= +
Q Q Q K C 	 ...(5)

	 If	 Langmuir’s	 equation	 is	 checked,	

by carrying 
e

1
Q

based on
e

1
C ,	 the	 slope	 line	 is	 

 

m L e

1
Q K C

and	 ordered	 originally
m

1
Q ,	 which	 

 
allows	us	to	determine	Qe and KL. 
	 The	 graphical	 presentation	 of	 the	
Langmuir	isotherm	is	shown	in	Figure11	(a).
	 The	 adimensional	 parameter	 of	 Hall	
RL	 can	 verify	 the	 favorability	 of	 the	Langmuir	
isotherm	in	the	following	form45:
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table 3. Langmuir	and	Freundlich	constant

	 																									Langmuir	model		 	 	 Freundlich	model
Qm	 KL RL R2 KF	 n	 R2

58.8235	 0.163461	 0.08037	 0.930	 23.9507	 5.49	 0.961

Fig. 11. Langmuir	(a)	and	Freundlich	(b)		isotherm	for	MB	adsorption	on	straw

 
L

L 0

1R =
1+K C  ...(6)

	 With	C0	the	initial	concentration	in	mg	L
-1. 

If	RL<1	 Isothermal	 favourable,	RL>1	 Isothermal	
unfavourable	and	if	RL=1	Isothermal	linear.
Freundlich model
	 The	Freundlich	isotherm	model	assumes	
heterogeneity	of	the	adsorption	surface	with	sites	
of	 different	 adsorption	 energies,	 as	well	 as	 the	
possibility	 of	multi-layer	 formation	of	 adsorbed	
molecules	with	interactions	between	them46. The 
Freundlich	model	 is	 described	 by	 the	 following	
equation:

 

1
n

e F eQ =K C  ...(7)
 Where Qe	(mg.g

-1)	is	the	amount	adsorbed	
to	equilibrium,	KF	and	n	are	Freundlich	constants	
characteristic	of	the	efficiency	of	a	given	adsorbent	
towards	of	a	given	solute,	this	(mg	.L-1)	is	the	solute	
concentration	at	equilibrium.
	 The	logarithmic	scaling	of	this	equation	
makes	it	possible	to	verify	its	linear	transformation:

 
e F e

1lnQ =lnK + lnC
n 	 ...(8)

	 By	tracing	lnQe	based	on	lnCe,	slope	line	
1/n	is	obtained	and	ordered	originally	lnKF. 

	 The	 graphical	 presentation	 of	 the	
Freundlich	isotherm	is	shown	in	Figure11	(b)
	 Based	on	 coefficients	 of	 determination,	
presented	 in	 table	 (3),	 it	 can	 be	 said	 that	 the	
Freundlich	model	(Figure11	(b)).	Better	describes	
the	adsorption	isotherm	of	the	MB	on	the	straw,	
with	a	correlation	coefficient	R2=0.961,	and	like	
n>1,	then	it	is	a	physical	adsorption.

cOnclusiOn

	 The	results	of	the	adsorption	of	methylene	
blue	on	the	straw	showed	that	retention	is	fast.	The	
temperature	has	a	favorable	effect	on	the	percentage	
dye	removal	which	suggests	that	the	adsorption	of	
MB	on	the	straw	was	an	endothermic	process.	The	
MB	maximum	adsorption	occurred	at	pH>	PZC	
meaning	that	the	electrostatic	forces	influence	on	
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the	dye	binding	power.	The	modeling	of	adsorption	
results	showed	that	the	model	of	pseudo-second-
order	 offers	 better	 correlation	 of	 kinetic	 data	
and	 the	Freundlich’s	model	 better	 describes	 the	
adsorption	phenomenon	of	methylene	blue	on	the	
straw.	The	powder	of	 the	 straw	 is	 a	 biomaterial	
having	 interesting	 adsorption	 capacities	 and	 can	
be	an	alternative	to	other	commercial	supports.
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