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ABSTRACT	
The elimination of Auramine O (AU-O) in an aqueous solution on an adsorbent produced from Globe Artichoke Leaves 
(GAL) was analyzed. The plant material was chemically modified with NaOH. The surface area of chemically modified 
globe artichoke leaves was 722.64 m2 g_1. The characterization by FT-IR analysis of the samples has been carried out to 
examine the structure of globe artichoke leaves before and after activation. Scanning electron microscope was used to 
analyze the surface change of the GAL before and after adsorption of dye solution.The effect of various experimental 
parameters such as pH, the dose of adsorbent, the temperature and the initial concentration of dye were studied. The 
results showed that these parameters influence the adsorption capacity. The removal of dye increases with increasing 
the initial concentration of Auramine O, The maximum removal is there for obtained at pH 6, its adsorption decreases as 
the temperature of the solution increases from 298 K to 318 K, which indicates that the process is exothermic. The 
amount of auramine O adsorbed decreases per unit mass of adsorbent increased. Langmuir isotherm model fits the best 
with the highest determination coefficient R2 value. 
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INTRODUCTION 
The	 various	 dyes	 used	 in	 textile	 industry	 cause	 serious	 problems,	 because	 of	 their	 stability	 and	 low	
biodegradability	 [1-2].	 The	 waste	 water	 contains	 a	 variety	 of	 compounds	 organic	 matter	 and	 toxic	
substances	harmful	to	fish	and	other	aquatic	organisms	[3-4].	The	elimination	of	these	dyes	has	been	the	
subject	of	much	attention	in	recent	years,	not	only	because	of	their	toxicity,	but	mainly	because	of	their	
detection	problems	[5-6-7-8]	Various	physico-chemical	and	biological	technics	have	been	investigated	to	
remove	the	dyes	in	wastewater	[9-10].	Among	the	methods,	removal	of	dyes	by	adsorption	is	regarded	as	
one	 of	 the	 competitive	 methods	 because	 of	 high	 efficiency,	 economic	 feasibility	 and	 simplicity	 of	
design/operation	[11-12-13].The	activated	carbon	 is	 the	most	widely	used	 for	 the	 removal	of	dyes	and	
effluent	treatment	textile,	because	activated	carbons	are	prepared	from	natural	materials	such	as	wood	or	
coal,	 which	 are	 expensive.[14-15-16]Recently,	 low	 cost	 and	 easily	 available	 other	 agricultural	 based	
materials	such	as	wheat	shells,	banana	pith,	maize	cob	[17,	18],	pistachio	shells	[19,20],	date	stones	[21],	
date	 pits	 [22],	 seed	 stone	 [23],	 coir	 pith	 [24],	 rice	 husk	 [25–26],	 bagasse	 [27],	 straw	 [28],	 Seeds	 waste	
[29],	apricot	stone,	[30]almand	barks,	coffee	seeds,	tea	waste,	rice	husk	etc.	[31-32]have	been	used	as	a	
source	of	the	production	of	activated	carbon	for	the	removal	of	the	textile	dye	effluents.In	this	study	we	
have	utilized	the	globe	artichoke	leaves	(AGL)as	an	adsorbent	to	remove	the	basic	dyes	Auramine	O	(Au-
O)	 in	 an	 aqueous	 solution.	 The	 equilibrium	 analyzes	 were	 conducted	 to	 understand	 the	 sorption	
processes.We	study	the	effect	of	some	reaction	parameters	(pH,	dose	of	Globe	artichoke	leaves,	contact	
time,	initial	Au-O	concentration	and	temperature).	
 
MATERIALS AND METHODS	
Adsorbate 
The	 basic	 dye	 used	 is	 auramine	 O(Au-O)	 solution.	 1000mg	 /	 l	 was	 prepared	 and	 from	 which	 dilutions	
were	performed.	
Adsorbent preparation 
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Globe	artichoke	used	for	this	study	was	obtained	from	Relizane,	Algiers.	The	globe	artichoke	leaves	was	
washed	with	distilled	water,	dried	at	85	°	C	for	24	hours	and	milled.	20	g	of	powder	was	mixed	with	1l	of	
0.1	M	NaOH.	The	mixture	is	washed	several	times	with	distilled	water	until	the	pH	became	neutral.	The	
sample	was	thereafter	dried	in	an	electric	oven	for	24	h	at	95°C	and	then	kept	in	desiccators	for	use	after	
crushing;	the	mean	diameter	of	our	samples	is	620	µ.m.	
Characterization of the adsorbent 
The	surface	area	of	the	adsorbent	was	determined	by	the	test	at	task	(EN	933-9).	The	moisture	content	
was	determined	according	to	standard	(AFNOR,	1982).	Bulk	density	was	determined	using	the	method	of	
[33].	 The	 pH	 is	 determined	 according	 to	 (NF	 V	 05-108,	 1970)	 by	 immersing	 a	 1g	 sample	 in	 100	 ml	 of	
distilled	water	and	stirring	and	heating	for	1	hour.	The	dosage	of	the	surface	features	was	performed	by	
titration	method	Boehm	[34]	to	determine	the	quantities	of	the	lactone	function,	phenolic,	carboxylic	and	
basic	on	fibers	of	activated	artichoke.	
In	order	to	identify	the	main	chemical	functions	present	at	the	surface	of	the	powdered	globe	artichoke	
leaves,		infrared	analysis	was	performed	with	a	Fourier	transform	spectrometer	JASCO	Model	40100	for	
plotting	spectra	between	4000	and	400	cm-1.	The	powder	biomass	microstructure	was	characterized	by	
observation	with	a	scanning	electron	microscope	PHILIPS	ESEMXL	30	tungsten	filament	coupled	with	a	
complete	system	of	microanalysis	EDSX.		
Batch adsorption test	
The	adsorption	experiments	were	carried	out	in	a	static	reactor	by	introducing	0.1	g	of	adsorbentin	100	
ml	 of	 a	 solution	 containing	 various	 amounts	 of	 auramine	 O	 with	 intermittent	 stirring.	 The	 effect	 of	
adsorbent	dosage	was	studied	by	varying	the	amount	of	each	adsorbent	(0.1,	0.2,	0.3	and	0.4	g)	per	100	
ml	 of	 a	 concentration	 of	 20	 mg	 /	 l	 stock	 solution	 of	 Auramine	 O.	 The	 effect	 of	 contact	 time	 was		
investigated	for	20,	40,	60	and	180	min	at	an	initial	pH	of	9.36.	The	temperature	of	the	solutions	(298	K,	
308	K,	318	K)	was	controlled	with	a	thermostatic	bath.		
The	 pH	 is	 an	 important	 parameter	 that	 influences	 adsorption	 of	 pollutants	 from	 aqueous	 solutions,	
because	it	affects	both	the	surface	of	adsorbent	and	adsorbate	[35].	In	this	work,	the	pH	was	adjusted	to	
(1,	3,	6,	9,	11)	using	0.1	M	NaOH	or	HCl.At	the	end	of	adsorption,	The	solutions	were	centrifuged	and	then	
subjected	 to	 quantitative	 analyses.	 The	 equilibrium	 concentrations	 of	 each	 solution	 were	 measured	 by	
spectrophotometer	 (Shimadzu	 UV-2101PC)	 at	 the	 lmax	 value,	 which	 is	 434	 nm	 for	 Auramine	 O.	 The	
amount	of	Auramine	Oand	the	adsorption	percentage	were	calculated	using	the	following	equations	[36]:	

	
qe	=	V	(C0	–	C	 e)	/	m																				(1)	
	
%R	=	(C0	–	Ce)	/	C0	×		100									(2)	
 

Where,	 qe	 is	 the	 amount	 adsorbed	 per	 gram	 of	 adsorbent;	 Ce	 is	 the	 equilibrium	 concentration	 of	
Auramine	O	(mg/l),	is	the	initial	concentration	of	adsorbate	(mg.l-1);	V	is	volume	of	solution	(l)	and	m	is	
mass	of	adsorbent	used	(g).	
 
RESULTS AND DISCUSSION 
The	results	of	physico-chemical	analysis	were	represented	on	table	1:	
 

Table 1.Caractéristicsof	Modified	globe	artichoke	leaves	adsorbent. 

Characteristics Values 

Area	Surface	(m2/g)	
Density	(g/cm3)	
pH	
Moisture	(%)	
Taux	de	cendres	(%)	
Lactonegroups(mmoles/g)	
Phenolicgroups(mmoles/g)	
Carboxylic	groups	(mmoles/g)	
Total	acidity	(mmoles/g)	
Total	basicity	(mmoles/g)	

722,64	±	0,34	
0.32	±	0,002	
7,15	±	0,001	
0,3	±	0,001	
0,936	±	0,001	
2,3	
3,85	
3,7	
9,85	
2,82	

 
FTIR Characterization : 
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Figure.1 :Fourier transformation infrared(FTIR) spectra of Modified Globe Artichoke Leaves .
	
IR	 spectra	 of	 the	 artichoke	 leaves	 before	 and	 after	 activation	 are	 almost	 identical.	 The	 IR	 spectra	 of	
artichoke	leaves	before	activation	are	almost	identical.	Localized	at	3366.9
OH	group.	While	the	bands	at	2926.59	
of	hemicellulose	and	cellulose	[37]	is	over.
The	band	at	2109.83	cm-1	is	due	to	the	OH	bond	by	intramolecular	hydrogen	bo
1740.51	 cm-1	 band	 can	 be	 attributed	 to	 the	 carbonyl	 group	 CO	 stretching	 vibration	 of	 the	 bond	 in	 the	
lignin	carboxylic	acid	or	ester	group	C	=	O	in	the	hemicellulose.	[38]	The	band	at	1637.4	cm
to	C	=	O	amide.	The	absorption	at	1428	cm
the	cellulose.	[39]	The	two	peaks	observed	at	1388.94	cm
vibration	 of	 CO	 and	 CH	 groups	 of	 polysaccharides	 aromatic	 ring	 [40].	 The	 absorption	 peak	 centered	 at	
1257.55	 cm-1	 is	 due	 to	 the	 C-O	 bond	 stretching	 vibration	 of	 the	 acetyl	 group	 in	 lignin.	 [41]	 Both	 bands	
1062.23	cm-1	and	1040.93	cm-1	may	be	associated,	respectively,	with	the	CO	stretching	modes	of	hydroxyl	
groups	and	the	cellulose	ether	[37].
Scanning Electron Microscopy Analysis of MGAL:
Figure	 2	 shows	 the	 microstructure	 of	 artichoke	 leaves	 activated	 grain	 (1.A)	 and	
(1.B).	
	

Figure 2.	SEM	pictures	of	the	biomass.	Magnification	×	1000
1.AModified	biomass	(NaOH	0.1	N)													1.B	Modified	biomass	with	dye

	
SEM	 pictures	 display	 morphology	 of	 GAL	 samples	 before	 and	 after	 the	 adsorption	 process.	 From	
(Figure.3),	it	is	clear	that	GAL	has	numerous	pores	are	the	accessible	sorption	sites	for	dye	uptake.	That	
can	allow	a	good	diffusion	of	the	dye,	and	increase	the	number	of	ac
shows	that	the	pores	are	clogged	after	adsorption	of	Au
Effect of contact time on the adsorption of 
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transformation infrared(FTIR) spectra of Modified Globe Artichoke Leaves .

IR	 spectra	 of	 the	 artichoke	 leaves	 before	 and	 after	 activation	 are	 almost	 identical.	 The	 IR	 spectra	 of	
artichoke	leaves	before	activation	are	almost	identical.	Localized	at	3366.94	cm	-1	peak	corresponds	to	the	
OH	group.	While	the	bands	at	2926.59	-	2333.55	cm-1	reflect	C-H	bonds	and	CH2,	respectively,	component	
of	hemicellulose	and	cellulose	[37]	is	over.	

is	due	to	the	OH	bond	by	intramolecular	hydrogen	bonding.	The	absorption	at	
band	 can	 be	 attributed	 to	 the	 carbonyl	 group	 CO	 stretching	 vibration	 of	 the	 bond	 in	 the	

lignin	carboxylic	acid	or	ester	group	C	=	O	in	the	hemicellulose.	[38]	The	band	at	1637.4	cm
orption	at	1428	cm-1	is	associated	with	the	symmetrical	bending	of	CH

the	cellulose.	[39]	The	two	peaks	observed	at	1388.94	cm-1	and	1332	cm-1	are	attributed	to	the	bending	
vibration	 of	 CO	 and	 CH	 groups	 of	 polysaccharides	 aromatic	 ring	 [40].	 The	 absorption	 peak	 centered	 at	

O	 bond	 stretching	 vibration	 of	 the	 acetyl	 group	 in	 lignin.	 [41]	 Both	 bands	
may	be	associated,	respectively,	with	the	CO	stretching	modes	of	hydroxyl	

groups	and	the	cellulose	ether	[37].	
Scanning Electron Microscopy Analysis of MGAL:	
Figure	 2	 shows	 the	 microstructure	 of	 artichoke	 leaves	 activated	 grain	 (1.A)	 and	

SEM	pictures	of	the	biomass.	Magnification	×	1000	
1.AModified	biomass	(NaOH	0.1	N)													1.B	Modified	biomass	with	dye

display	 morphology	 of	 GAL	 samples	 before	 and	 after	 the	 adsorption	 process.	 From	
(Figure.3),	it	is	clear	that	GAL	has	numerous	pores	are	the	accessible	sorption	sites	for	dye	uptake.	That	
can	allow	a	good	diffusion	of	the	dye,	and	increase	the	number	of	accessible	sites	 [42,	43].	Figure	(2.B)	
shows	that	the	pores	are	clogged	after	adsorption	of	Au-O	adsorption	on	the	support.
Effect of contact time on the adsorption of Auramine O	

(A) 
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are	attributed	to	the	bending	
vibration	 of	 CO	 and	 CH	 groups	 of	 polysaccharides	 aromatic	 ring	 [40].	 The	 absorption	 peak	 centered	 at	

O	 bond	 stretching	 vibration	 of	 the	 acetyl	 group	 in	 lignin.	 [41]	 Both	 bands	
may	be	associated,	respectively,	with	the	CO	stretching	modes	of	hydroxyl	

Figure	 2	 shows	 the	 microstructure	 of	 artichoke	 leaves	 activated	 grain	 (1.A)	 and	 activated	 dye	 loaded	

	
	

1.AModified	biomass	(NaOH	0.1	N)													1.B	Modified	biomass	with	dye	

display	 morphology	 of	 GAL	 samples	 before	 and	 after	 the	 adsorption	 process.	 From	
(Figure.3),	it	is	clear	that	GAL	has	numerous	pores	are	the	accessible	sorption	sites	for	dye	uptake.	That	

cessible	sites	 [42,	43].	Figure	(2.B)	
O	adsorption	on	the	support.	

(B) 
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The	results	presented	in	Figure	3	show	
Auramine	 O	 from	 solution	 to	 the	 external	 surface	 of	 the	 porous	 adsorbent	 and	 the	 second	 step	 the	
diffusion	 into	 the	 interior	 pore	 [44].The	 time	 equilibrium	 can	 be	 estimated	 30	 minutes.	 This	 time	
corresponds	 to	 the	 maximum	 effic
stability	 of	 removal	 efficiency	 of	 dye
liquid	phase.	
	

Figure3.Effect	of	contact	time	for	the	adsorption	of	Auramine	O	on
mg.l-1;	T	(298	K);	Stirring	(250	rpm);	Stirring	time	(3h).

 
 Effect of pH	

Figure 4.Effect	of	pH	for	the	adsorption	of	Auramine	O	onto	Modified	Globe	Artichoke	leaves.
per	100	ml);	[Au-O]	20	mgl

 
According	to	(Fig.	4),	at	low	pH	value,	the	sur
positive	charges	on	both	adsorbate	and	adsorbent.
value.	A	higher	adsorption	capacity	was	obtained	at	higher	pH	values	due	to	the	abundance	of	OH
therefore	 increasing	 electrostatic	 attractions	 between	 positively	 charged	 dye	 anions	 and	 negatively	
charged	adsorption	sites.	As	it	can	be	seen	from	Fig
at	 pH	 6	 –	 9	 [45].Beyond	 pH	 9,	 the	 binding	 decreases	 significantly	 which	 could	 be	 explained	 by	 the	
discoloration	of	the	dye.	
The	results	show	that	the	GAL	helps	to	achieve	better	results	disposal	Au
The	best	results	are	obtained	by	adjusting	the	pH	to	6.
Effect of the dose of adsorbent on the adsorption process
The	 results	 showed	 that	 the	 adsorption	 capacity	 decreases	 with	 as	 the	 amount	 of	 adsorbent	 increases	
(Figure	1),	it	also	passes	of	18.32	mg	/	g	to	0.1	g	of	adsorbent	8.55	mg	/	g	to	0.2	g	and	0.56	mg	/	g	to	0.3	g	
and	finally	0.44	mg	/	g	to	0.4	g	of	adsorbent.	The	decrease	of	the	amount	adsorbed	with	increasing	the	
dose	of	adsorbent	is	essentially	due	to	unsaturated	remaining
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The	results	presented	in	Figure	3	show	that	the	first	step	might	be	due	to	the	intraparticle	transport	of	
Auramine	 O	 from	 solution	 to	 the	 external	 surface	 of	 the	 porous	 adsorbent	 and	 the	 second	 step	 the	
diffusion	 into	 the	 interior	 pore	 [44].The	 time	 equilibrium	 can	 be	 estimated	 30	 minutes.	 This	 time	
corresponds	 to	 the	 maximum	 efficiency	 of	 the	 adsorption	 of	 Au-O.	 Beyond	 this	 time,	 we	 can	 observe	 a	
stability	 of	 removal	 efficiency	 of	 dye	 solution,	 characteristic	 of	 equilibrium	 between	 the	 pollutant	 and	

Effect	of	contact	time	for	the	adsorption	of	Auramine	O	onto	MGAL	(0.1	g	per	100	ml);	[Au
;	T	(298	K);	Stirring	(250	rpm);	Stirring	time	(3h).	

Effect	of	pH	for	the	adsorption	of	Auramine	O	onto	Modified	Globe	Artichoke	leaves.
O]	20	mgl-1;	T	(298	K);	Stirring	(250	rpm);	Stirring	time	(3h).

According	to	(Fig.	4),	at	low	pH	value,	the	surface	of	GAL	molecules	gets	protonated	and	with	formation	of	
sorbate	and	adsorbent.	the	amount	adsorbed	increases	with	an	increase	in	p

value.	A	higher	adsorption	capacity	was	obtained	at	higher	pH	values	due	to	the	abundance	of	OH
therefore	 increasing	 electrostatic	 attractions	 between	 positively	 charged	 dye	 anions	 and	 negatively	
charged	adsorption	sites.	As	it	can	be	seen	from	Fig.	4,	the	maximum	Auramine	O	removal	was	observed	

9	 [45].Beyond	 pH	 9,	 the	 binding	 decreases	 significantly	 which	 could	 be	 explained	 by	 the	

The	results	show	that	the	GAL	helps	to	achieve	better	results	disposal	Au-O	in	a	yield	of	99.36%	at	pH	6.	
The	best	results	are	obtained	by	adjusting	the	pH	to	6.	
Effect of the dose of adsorbent on the adsorption process 
The	 results	 showed	 that	 the	 adsorption	 capacity	 decreases	 with	 as	 the	 amount	 of	 adsorbent	 increases	

passes	of	18.32	mg	/	g	to	0.1	g	of	adsorbent	8.55	mg	/	g	to	0.2	g	and	0.56	mg	/	g	to	0.3	g	
and	finally	0.44	mg	/	g	to	0.4	g	of	adsorbent.	The	decrease	of	the	amount	adsorbed	with	increasing	the	
dose	of	adsorbent	is	essentially	due	to	unsaturated	remaining	adsorption	sites	for	adsorption	[46
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traparticle	transport	of	
Auramine	 O	 from	 solution	 to	 the	 external	 surface	 of	 the	 porous	 adsorbent	 and	 the	 second	 step	 the	
diffusion	 into	 the	 interior	 pore	 [44].The	 time	 equilibrium	 can	 be	 estimated	 30	 minutes.	 This	 time	

O.	 Beyond	 this	 time,	 we	 can	 observe	 a	
solution,	 characteristic	 of	 equilibrium	 between	 the	 pollutant	 and	

 
MGAL	(0.1	g	per	100	ml);	[Au-O]	20	

	
Effect	of	pH	for	the	adsorption	of	Auramine	O	onto	Modified	Globe	Artichoke	leaves.	MGAL	(0.1g	

K);	Stirring	(250	rpm);	Stirring	time	(3h).	

tonated	and	with	formation	of	
the	amount	adsorbed	increases	with	an	increase	in	pH	

value.	A	higher	adsorption	capacity	was	obtained	at	higher	pH	values	due	to	the	abundance	of	OH-	 ions	
therefore	 increasing	 electrostatic	 attractions	 between	 positively	 charged	 dye	 anions	 and	 negatively	

.	4,	the	maximum	Auramine	O	removal	was	observed	
9	 [45].Beyond	 pH	 9,	 the	 binding	 decreases	 significantly	 which	 could	 be	 explained	 by	 the	

eld	of	99.36%	at	pH	6.	

The	 results	 showed	 that	 the	 adsorption	 capacity	 decreases	 with	 as	 the	 amount	 of	 adsorbent	 increases	
passes	of	18.32	mg	/	g	to	0.1	g	of	adsorbent	8.55	mg	/	g	to	0.2	g	and	0.56	mg	/	g	to	0.3	g	

and	finally	0.44	mg	/	g	to	0.4	g	of	adsorbent.	The	decrease	of	the	amount	adsorbed	with	increasing	the	
adsorption	sites	for	adsorption	[46-47-48].	
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Figure 5:Effect	of	adsorbent	mass	on	the	adsorption	of	Au
mg.l-1;	T	(298	K);	Stirring	(250	rpm);	Stirring	time	(3h).

 
Effect of the initial concentration of dye
The	 adsorbent	 of	 the	 adsorption	 capacity	 for	 auramine	 O	 was	 determined	 at	 various	 concentrations	 of	
auramine	O	(20,	40,	60,	80,	100	mg	/	l).	Fig4	shows	that	the	percent	removal	increases	with	the	increase	
of	dye	concentration.	The	adsorption	
=	40	mg	/	L	and	beyond	this	interval,	the	amount	adsorbed	decreases	with	increase	in	concentration94,56	
%	for	C0	=	60	mg	/	l	and	93,35	%	for	C0	=	80	mg	/	l	and	81	%	for	C0	=	100	mg	/	l.	The	high	sorption
initial	concentration	may	be	due	to	an	increased	number	of	vacant	sites	on	the	GAL	available	at	the	initial	
stage.	As	 the	 initial	concentration	 increases	 there	 is	a	 decrease	 in	amount	of	Au
accumulation	of	Au-O	particles	on	t
	

Figure 6: Effect	of	initial	dye	concentration	on	the	adsorption	of	Au
O]	20	mg.l-1

Effect of temperature 
The	 temperature	 has	 an	 important	 effect	 on	 the	 adsorption	 process.	 When	 the	 temperature	 increases,	
Figure	5	shows	the	effect	of	temperature	variation	on	the	removal	of	auramine	O	by	the	adsorbent.	The	
amount	of	auramine	O	adsorbed	decreases	wit
T	=	298	K	to	16.96	mg	/	g	for	T	=	308	K	to	15.58	mg	/	g	for	T	=	318	K.	The	experimental	results	shows	that	
the	adsorption	depended	on	the	temperature	and	indicates	that	the	process	is	exothermic.
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Effect	of	adsorbent	mass	on	the	adsorption	of	Au-O	onto	MGAL	(0.1g	per	100	ml);	[Au
;	T	(298	K);	Stirring	(250	rpm);	Stirring	time	(3h).	

Effect of the initial concentration of dye	
The	 adsorbent	 of	 the	 adsorption	 capacity	 for	 auramine	 O	 was	 determined	 at	 various	 concentrations	 of	
auramine	O	(20,	40,	60,	80,	100	mg	/	l).	Fig4	shows	that	the	percent	removal	increases	with	the	increase	

adsorption	increases	Thereof	from	91,63	%	for	C0	=	20	mg	/	L	to94,69	%	for	C0	
=	40	mg	/	L	and	beyond	this	interval,	the	amount	adsorbed	decreases	with	increase	in	concentration94,56	
%	for	C0	=	60	mg	/	l	and	93,35	%	for	C0	=	80	mg	/	l	and	81	%	for	C0	=	100	mg	/	l.	The	high	sorption
initial	concentration	may	be	due	to	an	increased	number	of	vacant	sites	on	the	GAL	available	at	the	initial	

tion	 increases	 there	 is	a	 decrease	 in	amount	of	Au-O	adsorbed	 due	 to	 the	
O	particles	on	the	surface	[49],	Adsorption	is	intimately	dependent	on	concentration.	

Effect	of	initial	dye	concentration	on	the	adsorption	of	Au-O	onto	MGAL	(0.1	g	per	100ml);	[Au
1;	T	(298	K);	Stirring	(250	rpm);	Stirring	time	(3h).	

The	 temperature	 has	 an	 important	 effect	 on	 the	 adsorption	 process.	 When	 the	 temperature	 increases,	
Figure	5	shows	the	effect	of	temperature	variation	on	the	removal	of	auramine	O	by	the	adsorbent.	The	
amount	of	auramine	O	adsorbed	decreases	with	increasing	temperature	as	it	passes	from	18.32	mg	/	g	for	
T	=	298	K	to	16.96	mg	/	g	for	T	=	308	K	to	15.58	mg	/	g	for	T	=	318	K.	The	experimental	results	shows	that	
the	adsorption	depended	on	the	temperature	and	indicates	that	the	process	is	exothermic.
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Figure 7: Effect	of	temperature	on	adsorption	of	Auramine	O	onto
mg.l-1;	T	(298	K);	Stirring	(250	rpm);	Stirring	time	(3h)

Adsorption isotherm 
The	adsorption	isotherm	is	the	relationship	between	the	amount	of	an
temperature	 and	 its	 concentration	 in	 the	 solution	 at	 equilibrium.	 The	 literature	 describe
models	 of	 adsorption	 isotherms.	 The	 Langmuir	 isotherm	 and	 Freundlich	 are	 the	 most	 frequently	 used	
models.	 In	 this	 study,	 the	 two	 models	 are	 used	 to	 analyze	 the	 relationship	 between	 the	 amount	 of	 dye	
adsorbed	and	its	equilibrium	concentration.
Langmuir isotherm 
The	 Langmuir	 isotherm	 adsorption	 assumed	 that	 the	 adsorption	 takes	 place	 on	 homogeneous	 specific	
sites	within	the	adsorbent,	and	it	has	been	used	successfully	for	many	adsorption	in	a	monolayer	process.	
The	linearized	Langmuir	is	represented	by	the	following	equation	[50]:

	
1/qe	=	1/qmax	+	1/bqmax	Ce																					(4)
	

Where	Ce	 is	 	 the	concentration	of	 the	adsorbent	at	 equilibrium	(mg	/	 l),	qe	 is	 the	amount	 of	adsorbate	
adsorbed	per	unit	mass	of	the	adsorbate	(in	mg	/	g),	and	Q	and	b	are	constants	Langmuir
	

Figure 8.Langmuir	isotherm	for	the	adsorption	of	auramine	O	on	A
mg.l-1;	T	(298	K);	Stirring	(250	rpm);	Stirring	time	(3h).

	
The	 route	 of	 Ce	 /	 qe	 depending	 this	 gives	 a	 straight	 line	 of	 slope	 1	 /	 Q	 (Figure	 8),	 indicating	 that	 the	
adsorption	of	Auramine	O	onto	MGAL	does	follow	the	Langmuir	isotherm.	'
were	 evaluated	 from	 this	 isotherm	 and	 their	 values	 are	 recorded	 in	 Table	 2,	 the	 Langmuir	 equation	
assumes	that	the	surface	is	homogeneous.	The	important	characteristics	of	the	Langmuir	isotherm	can	be	
expressed	by	a	dimensionless	parameter	which	is	defined	by	RL.	[51]	which	is	defined	by	equation	(5)

	
RL	=		 1/	(1+	bC0)																								(5)

Where	Co	 is	 the	 initial	concentration	of	 the	higher	solute,	 the	constant	b	Langmuir	adsorption	(l	/	mg).
The	RL	value	indicates	the	type	of	the	isotherm:	unfavorable	(RL>	1)	linear	(RL	=	1),	favorable	(0	<RL	<1)	
or	irreversible	(RL	=	0).	The	RL	value	obtained	was	0.106.	This	confirms	that	the	adsorbent	made	from	
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Langmuir	isotherm	for	the	adsorption	of	auramine	O	on	AGAL	(0.1	g	per	
;	T	(298	K);	Stirring	(250	rpm);	Stirring	time	(3h).	

The	 route	 of	 Ce	 /	 qe	 depending	 this	 gives	 a	 straight	 line	 of	 slope	 1	 /	 Q	 (Figure	 8),	 indicating	 that	 the	
adsorption	of	Auramine	O	onto	MGAL	does	follow	the	Langmuir	isotherm.	'b'	and	q	Langmuir	constants	
were	 evaluated	 from	 this	 isotherm	 and	 their	 values	 are	 recorded	 in	 Table	 2,	 the	 Langmuir	 equation	
assumes	that	the	surface	is	homogeneous.	The	important	characteristics	of	the	Langmuir	isotherm	can	be	

s	parameter	which	is	defined	by	RL.	[51]	which	is	defined	by	equation	(5)

)																								(5)	
Where	Co	 is	 the	 initial	concentration	of	 the	higher	solute,	 the	constant	b	Langmuir	adsorption	(l	/	mg).
The	RL	value	indicates	the	type	of	the	isotherm:	unfavorable	(RL>	1)	linear	(RL	=	1),	favorable	(0	<RL	<1)	
or	irreversible	(RL	=	0).	The	RL	value	obtained	was	0.106.	This	confirms	that	the	adsorbent	made	from	
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artichoke	 leaves	 is	 very	 favorable	 for	 the	 ads
work.	
 
Table 2.Langmuir	and	Freundlich	isotherm	constants	at	298	K	using	Modified	Globe	Artichoke	leaves	as	

                                   Langmuir isothermFreundlich isotherm
	 q	(mg/g)												b	(l/mg)																					R

344.8																			

R2	 0.8518	

 
Freundlich isotherm	
The	 Freundlich	 isotherm	 is	 an	 empirical	 equation	 used	 to	 describe	 heterogeneous	 systems.	 The	
logarithmic	form	the	best	known	of	the	Freundlich	model	is	given	by	the	following	equation[52]:
	

Log	qe	=	log	KF		+	1/n	log	Ce																								(6)
	
Where	 KF	 and	 1/n	 are	 constants	 related	 to	 the	 Freundlich	 adsorption	 capacity	 and	 the	 adsorption	
intensity	 of	 the	 adsorbent	 ,	 respectively.	 qe	 is	 the	 amount	 adsorbed	 at	 equilibrium	 (mg.g
equilibrium	concentration	of	the	adsorbate.	The	values	of	K
slope,	respectively,	and	are	recorded	in	Table	2.	The	logarithm	of	the	graph	log	qe	versus	log	Ce	gives	a	
straight	line	(Figure	9)	with	a	correlation	coefficient	of	0.8158.
	

Figure 9.Freundlich	isotherm	for	the	adsorption	of	a
mg.l-1;	T	(298	K);	Stirring	(250	rpm);	Stirring	time	(3h).

 
CONCLUSION  
The	experimental	study	we	conducted	was	devoted	to	the	elimination	of	basic	dyes	Au
on	Modified	Globe	artichoke	leaves.	The	effect	on	the	reaction	parameters	retention	of	this	pollutant	was	
also	studied.	The	equilibrium	kinetics	of	adsorpti
time	 contact.The	 MGAL	 on	 Auramine	 Oadsorption	 is	 influenced	 by	 the	 pH	 change,	 and	 the	 best	 yields	
obtained	at	(pH	=	6).The	Auramine	O	retention	decreases	with	increasing	the	mass	of	MGAL	introduced.	
The	adsorption	of	Auramine	O	on	MGAL	is	described	by	Langmuir	model	
of	correlation	coefficient	R2	of	0.8518.
with	the	increase	of	the	initial	content	of	Au
this	work,	have	shown	that	 GAL	 has	an	 important	power	 for	Au
capacity	 is	 344.8	 mg/g	 and	 its	 shown	 that	 Globe	 Artichoke	 Leaves	 is	 a	 promising	 adsorbent	 for	 the	
removal	of	auramine	O	from	aqueous	solutions	over	a	wide	concentration	range.
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