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ABSTRACT

A carbonaceous adsorbent prepared from an indigenous waste by acid
treatment was tested for its efficiency in removing Malachite green. The
parameters studied include agitation time, initial dye concentration, car-
bon dose, pH and temperature. The adsorption followed first order reac-
tion equation and the rate is mainly controlled by intra-particle diffusion.
Freundlich and Langmuir isotherm model swere applied to the equilibrium
data. The adsorption capacity (Q,_) obtained from the Langmuir isotherm
plotswere 63.41, 63.86, 64.43 and 67.06 mg/g respectively at aninitial pH of
7.0 at 30, 40, 50 and 60°C. Thetemperature variation study showed that the
Malachite green adsorption is endothermic and spontaneous with in-
creased randomness at the solid solution interface. Significant effect on
adsorption was observed on varying the pH of the Malachite green solu-
tions. AlImost 90% removal of Malachite green was observed at 60°C. The
Langmuir and Freundlich isotherms obtained, positive AH® value, pH de-
pendent results and desorption of dye in mineral acid suggest that the
adsorption of Malachite green on MCC involves physisorption mecha-
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INTRODUCTION

The concentration and effective utilization of acti-
vated carbon generated from natura plant materia have
attracted worldwideattentioninaview of thelargedis-
posal problemwithout detriment to environment. Many
investigatorshavestudied thefeasbility of usinginex-
pensvedternaivemateridslikepearl millet husk, date
pits, saw dust buffing dust of leather industry, coir pith,
crudeoil resduetropica grass, olivestoneand amond
shells, pine bark, wool waste, coconut shell etc., as
carbonaceous precursorsfor theremoval of dyesfrom

water and wastewater231,

The present study undertaken to evaluate the effi-
ciency of acarbon adsorbent prepared from acid acti-
vated morindacoreiabuch-ham bark carbon(MCC)
for removal of Malachite green dyein agqueous solu-
tion. In order to design adsorption treatment systems,
knowledge of kinetic and masstransfer processesis
essential. Inthis paper, we havereported the applica
bility of kinetic and mass-transfer model sfor the ad-
sorption of Maachite green onto acid activated car-
bon.

Material
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Adsorbent material

The dried morindacore abuch-ham bark was car-
boni zed with concentrated sul phuric acid intheweight
ratioof 1:1(w/v). Heating for twelve hoursinafurnace
at 400°C has completed the carboni zation and activa-
tion. Theresulting carbon waswashed with distilled
water until aconstant pH of the slurry was reached.
Then the carbonwasdried for four hoursat 120Cina
hot air oven. Thedried material wasgroundwell toa
fine powder and Sieved.

Adsor ption dynamic experiments
Batch equilibration method

The adsorption experimentswerecarried outina
batch process at 30, 40, 50 and 60°C temperatures.
Theknownweight of adsorbent material wasadded to
50ml of thedyesolutionswith aninitid concentration of
20mg/L to 100mg/L. The contentswere shaken thor-
oughly usingamechanical shaker rotatingwith aspeed
of 120rpm. Thesolution wasthenfiltered at presettime
intervalsand theresidual dye concentration was mea
sured.

Effect of variableparameters
1. Dosage of adsor bent

Thevariousdosesof theadsorbentsaremixed with
thedye solutionsand the mixturewas agitatediname-
chanica shaker. Theadsorption capacitiesfor different
dosesweredetermined & definitetimeintervasby keep-
ing all other factorsconstant.

2. Initial concentration of dye

In order to determine the rate of adsorption, ex-
perimentswere conducted with different initial concen-
trationsof dyesranging from 20to 100mg/L. All other
factorsarekept constant.

3. Contact time

Theeffect of period of contact ontheremoval of
the dye on adsorbent in asingle cyclewasdetermined
by keeping particlesize, initia concentration, dosage,
pH and concentration of other ions constant.

4. pH

Adsorption experiments were carried out at pH
3,4,5,6,7,8,9and 10. Theacidic and dkaline pH of the
mediawas maintai ned by adding therequired amounts
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of dilutehydrochloric acid and sodium hydroxide solu-
tions. Theparameterslike particdles zeof theadsorbents,
dye concentration, dosage of the adsorbent and con-
centration of other ionshavekept constant whilecarry-
ing out the experiments. The pH of the sampleswas
determined using aportable pH meter, Systronicsmake.
The pH meter was calibrated with 4.0 and 9.2 buffers.

5.Chloride

Theexperimentsweredonein thepresenceof vary-
ing chloride environmentsusing various sodium chlo-
ride solutions. Whiledoing theexperiments, theabsence
of other anionshasensured.

6. Temperature

Theadsorption experimentswere performed at four
different temperaturesviz., 30,40, 50 and 60°Cina
thermogtat attached with ashaker, Remi make. Thecon-
stancy of thetemperature was maintained with an ac-
curacy of +0.5°C.

7.Zeropoint charge

ThepH at the potential of zero charge of the car-
bon (pHZzpc) was measured using thepH drift method.
The pH of the solution was adjusted by using 0.01M
sodium hydroxide or hydrochloric acid. Nitrogen was
bubbled through the solution at 25°C to remove the
dissolved carbon dioxide. 50mg of theactivated car-
bonwasadded to 50 ml of the sol ution. After stabiliza-
tion, thefina pH wasrecorded. Thegraphsof final pH
versusinitid pH used to determinethe zero point charge
of theactivated carbon.

8. Titration studies

According to Boehm™ only strong acidic carboxy-
lic acid groupsare neutralized by sodium bicarbonate,
where asthose neutralized by sodium carbonate are
thought to belactones, lactol and carboxyl group. The
weakly acidic phenolic groups only react with strong
akali, sodium hydroxide. Therefore, by selective neu-
tralization using bases of different strength, the surface
acidicfunctional groupin carbon can be characterized
both quantitatively and quditatively. Neutrdizationwith
hydrochloric acid characterizesthe amount of surface
basic groups that are, for example, pyrones and
chromenes. The basic properties have described to
surface basic groupsand the pi € ectron system of car-
bon basal planes. Theresultsindicatethat the activated
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carbon used may possesses acidic oxygen functional
group on their surface and thisis supported well by
thelir respective zeropoint charge values. Theresults
obtained from the above characterization studiesare
givenintheTABLE 1.

9. Desor ption studies

Desorption studieshel p to elucidate the nature of
adsorption and recycling of the spent adsorbent and
the dye. The effect of various reagents used for des-
orption arestudied.

RESULTSAND DISCUSSIONS

Char acterization of the adsor bent

Activated carbonsareawiddy used adsorbent due
toitshigh adsorption capacity, high surfacearea, micro
porous structure and high degree of surface respec-
tively. Thewideusefulness of carbonisaresult of their
specific surfacearea, high chemica and mechanicd sa
bility. The chemical natureand pore structure usually
determinesthe sorption activity. The physico chemical
propertiesarelistedin TABLE 1

Effect of contact timeand initial dye concentration

Theexperimental resultsof adsorptionsof at vari-
ous concentrations (10, 20,30,40,50 and 60mg/L) with
contact timeareshown inrepresentativefigure 1. The
equilibrium datawere collected in TABLE 2 reveds
that, percent adsorption decreased withincreaseinini-
tial dye concentration, but the actual amount of dye
adsorbed per unit mass of carbon increased within-
creasein dye concentration. It meansthat the adsorp-
tionishighly dependent oninitial concentration of dye.
It isbecause of that at lower concentration, theratio of
theinitid number of dyemoleculestotheavailablesur-
faceareaislow subsequently thefractional adsorption
becomesindependent of initia concentration. However,
at high concentration the available sites of adsorption
becomesfewer and hencethe percentageremoval of
dyeisdependent uponinitial concentration®. Equilib-
rium have established at 40 minutesfor all concentra-
tions. Figure 1 reved sthat thecurvesaresingle, smooth,
and continuous, leading to saturation, suggesting the
possible monolayer coverage of the dyeson the car-
bon surface.

Effect of carbon concentration
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TABLE 1: Characteristicsof theadsor bent

Properties MCC
Particle size (mm) 0.055
Density (g/cc) 0.3575
Moisture content (%) 2.25
Loss on ignition (%) 82
Acid insoluble matter (%) 25
Water soluble matter (%) 0.32
pH of aqueous solution 6.85
PHzpc 6.35
Surface groups (m equiv/g)

(i) Carboxylic acid 0.325
(ii) Lactone, lactol 0.049
(iii) Phenolic 0.061
(iv) Basic (pyrones and chromenes) 0.036
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%5 removal of MG

Contact time in min
Figurel: Effect contact timeon theadsor ption of malachite
green; [MG]=60mg/L ;adsorbent dose=50mg/50ml; pH=7

%5 removal of MG
T

Adsorbent dose in mg
Figure?2: Effect of adsorbent dose on the adsor ption of
malachite green; [MG]=60mg/L;Contact time=60min; pH=7

Theadsorption of the Ma achite green dye on car-
bon was studied by varying the carbon concentration
(10-250mg/50ml) for 60mg/L of dyeconcentration. The
percent adsorption increased with increasein the car-
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TABLE 2: Equilibrium parametersfor the adsor ption of dye onto activated carbon

Ce (Mmg/L) Qe (Mg/g) Dye removed(%)

[MG], Temperature (°C)
30°C 40°C 50°C 60°C 30°C 40°C 50°C 60°C  30°C 40°C 50°C 60°C
20 18546 16428 14357 1.2287 18.4154 18.3572 18.5643 18.7718 90.7 91.7 92.8 93.8
40 84547 8.0015 7.6129 9.2059 31.5453 31.9985 32.3871 32.7941 78.8 79.9 80.9 819
60 20.5492 19.9817 19.3149 18.7254 39.4508 40.0180 40.6851 41.2746 65.7 66.6 67.8 68.7
80 31.8592 31.0924 30.3057 25.5941 48.1408 48.9070 49.6941 54.4059 60.1 61.1 621 68.0
100 48.4757 415045 40.4968 39.5112 57.5243 58.4950 59.5035 60.4885 57.5 58.4 59.5 60.4

TABLE 3: Langmuir isotherm results

Dye Temp Statistical parameter sconstants

°C r’ Om b
0.9782 63.41 0.1247

30 0.9777 63.86 0.1344

MG 40 0.9777 64.43 0.1443
50 0.9768 67.06 0.1547

TABLE 4: Freundlich isotherm results

Dye Temp Statistical parameter gconstants
°c r? K; n
30 0.9941 1.4216 2.8425

MG 40 0.9942 1.4079 29231
50 0.9942 1.3930 3.0165
60 0.9902 1.3975 2.9877

Ce
Figure3: Langmuir isotherm for theadsor ption of mala-
chitegreen

bon concentration(Figure2). Thiswasattributed toin-
creased carbon surface areaand availability of more
adsorption sited®®. Hencetheentire studies are car-
ried out with the adsorbent dose of 50mg of adsorbent
/50ml of the adsorbate solution.

Adsor ption isotherm

Theexperimenta dataanalyzed accordingtothe
linear form of theLangmuir and Freundlichisothermg”#.,
TheLangmuir isotherm represented by thefollowing
equation

CJQ.=1Qb+CJQ,

Where C_istheequilibrium concentration(mg/L),
Q, istheamount adsorbed at equilibrium(mg/g) and Q
and bisLangmuir constantsrel ated to adsorption effi-
ciency and energy of adsorption, respectively. Thelin-
ear plotsof C_Q,_versusC_suggest the applicability of
the Langmuir isotherms (Figure 3). Thevaluesof Q
and b were determined from slope and intercepts of
the plotsand are presented in TABLE 3. From there-
sults, itisclear that the value of adsorption efficiency
Q. and adsorption energy b of thecarbonincreaseson
increasing the temperature. From the valueswe can
concludethat the maximum adsorption correspondsto
asaturated monolayer of adsorbate moleculeson ad-
sorbent surfacewith constant energy and no transmis-
sion of adsorbatein the plane of the adsorbent surface.
The observed b values showsthat the adsorbent pre-
fersto bind acidicionsand that speciation predomi-
nates on sorbent characteristics, whenionexchangeis
the predominant mechani sm takes placeinthe adsorp-
tion of Maachitegreen, it confirmsthe endothermic
nature of the processinvolved in the system®01, To
confirm thefavourability of the adsorption process, the
separationfactor (R ) wascal culated and presented in
TABLE 4. Theva ueswerefound to be between O and
1 and confirm that the ongoing adsorption processis
favorable®?.

TheFreundlich equation wasemployed for the ad-
sorption of Maachite green dyeontheadsorbent. The
Freundlichisothermwasrepresented by

logQ =logK,+1/nlogC,

Where Q, is the amount of Malachite green dye
adsorbed(mg/g), C, istheequilibrium concentration of
dyeinsolution(mg/L) and K and nare constantsincor-
porating the factors affecting the adsorption capacity
and intensity of adsorption, respectively. Linear plots
of log Q,versuslog C_ showsthat the adsorption of
M alachite green dye obeysthe Freundlich adsorption
isotherm (Figure4). Thevauesof K. andngiveninthe
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TABLE 5 showsthat theincreasein negative charges
on theadsorbent surface that makesel ectrostatic force
likeVanderwaal ’s between the carbon surface and dye
ion. Themolecular weight, sizeand radii either limit or
increasethepossibility of theadsorption of thedye onto
adsorbent. However, theva ues clearly show the domi-
nancein adsorption capacity. Theintensity of adsorp-
tionisanindicative of the bond energies between dye
and adsorbent and the possibility of dight chemisorptions
rather than physisorption*®>*, However, themultilayer
adsorption of Malachitegreen through the percolation
processmay bepossible. Thevauesof nisgrester than
oneindicating theadsorptionismuch morefavorable*?.

Effect of temperature

The adsorption capacity of the carbon increased
with increasein the temperature of the system from

logQe

logCe
Figure4: Freundlichisothermfor theadsor ption of mala-
chitegreen

TABLE 5: Dimensionless separ ation factor (R)

Temperature (°C)
[MGlo(mglL) 30 40 50 60
20 0.286 0.271 0.257 0.244
40 0.167 0.156 0.147 0.156
60 0.117 0.110 0.103 0.110
80 0.091 0.085 0.080 0.085
100 0.074 0.069 0.065 0.069
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30°C-60°C. Thermodynamic parameters such as
changeinfreeenergy(AG°)(kJ/mol), enthalpy(AH®)(kJ/
mol) and entropy(AS°)(J/K/mol) were determined us-
ingthefollowing equations

KO= Csolid/Cquuid

AG°=-RTInK

logK , = AS°/ (2.303RT)-AH®/(2.303RT)

Where Ko is the equilibrium constant, C_, , is the solid phase
concentration at equilibrium (mg/L), Cquui Jistheliquid phase
concentration at equilibrium (mg/L), T is the temperature in
Kelvin and R is the gas constant. The AH° and AS® values
obtained from the slope and intercept of Van’t Hoff plots have
presented in TABLE 6. Thevalues AH® are with in the range of
1to 93K Jmol indicatesthe physisorption. Fromthe resultswe
could make out that physisorption is much more favorablefor
the adsorption of Malachite green. The positive values of AH®
show the endothermic nature of adsorption and it governsthe
possibility of physical adsorption**¥l, Because in the case of
physical adsorption, while increasing the temperature of the
system, the extent of dye adsorption increases, this rules out
the possibility of chemisorption™. The low AH® value de-

picts dye is physisorbed onto adsorbent MCC.

Thenegativevaluesof AG°(TABLE 6) shows the
adsorption ishighly favorable and spontaneous. The
positivevauesof AS° (TABLE 6) shows the increased
disorder and randomnessat the solid solution interface
of Maachite green with MCC adsorbent, while the
adsorptionthereare somestructural changesinthedye
and the adsorbent occur. The adsorbed water mol-
ecules, which have displaced by the adsorbate species,
gain moretrandational entropy thanislost by thead-
sorbate molecul es, thusdlowing the preval ence of ran-
domnessin the system. The enhancement of adsorp-
tion capacity of the activated carbon at higher tempera-
tureswasattributed to theenlargement of poresizeand
activation of the adsorbent surfacg21314,

Kineticsof adsor ption

Thekinetics of sorption describesthe solute up-
takerate, whichinturn governsresidencetimeor sorp-
tionreaction. Itisoneof theimportant characteristicsin
defining theefficiency or sorption. Inthe present studly,

TABLE 6: Equilibrium constant and ther modynamic parameter sfor the adsor ption of dyes onto carbon

Ko AG° AH* AS*
[MG]o Temperature (°C)
30°C 40°C 50°C 60°C 30°C 40°C 50°C 60°C
20 9.78 11.17 12.93 15.28 -5.74 -6.28 -6.87 -71.54 12.23 50.16
40 3.73 3.99 4.22 4.55 -3.31 -3.61 -3.97 -4.21 5.40 28.75
60 1.92 2.00 211 2.20 -1.64 -1.80 -2.00 -2.18 3.85 18.11
80 151 157 164 2.13 -1.03 -1.17 -1.32 -2.08 3.64 16.08
100 1.35 141 147 153 -0.76 -0.89 -1.03 -1.17 3.39 16.08
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TABLE 7 : Rate constants for the adsor ption of Malachite green dye(10® k., min %) and the constants for forward

(10% ky, min %) and reverse (10 k,, min™) process

Ko AG° AH* AS
Dl Temperature (°C)
Kad Ky Ky Ky Ky Ky K, Ky K,
30°C 40°C 50°C 60°C 30°C 40°C 50°C 60°C
20 345.88 653.86 828.71 1084.98 313.81 600.18 53.71 -7.54 769.23 59.48 1018.36 66.62
40 115.15 12942 14051 15579 90.82 10354 2588 -4.21 11363 26.88 127.73 28.06
60 4571 48.98 51.56 54.74 30.06 3264 1631 -2.18 3497 1659 3766 17.08
80 34.15 35.81 37.63 52.18 20.55 2190 1391 -2.08 2338 1425 3549 16.69
100 30.39 31.45 33.11 34.54 17.49 1840 13.05 -1.17 1971 1340 2090 1364

thekinetics of the dyeremoval wascarried out to un-
derstand the behaviour of these low cost carbon
adsorbents. Theadsorption of Maachitegreen dyefrom
an agueousfollowsreversblefirst order kinetics, when
asinglespeciesare considered on aheterogeneous sur-
face. The heterogeneousequilibrium betweenthedye
solutions and the activated carbon are expressed as
K1
A—=<—B
ko
Where k, isthe forward rate constant and k, is the backward
rate constant. A represents dye remaining in the agueous so-
lution and B represent dye adsorbed on the surface of acti-
vated carbon. The equilibrium constant (K ) istheration of the
concentration adsorbate in adsorbent and in agqueous solu-
tion (K =k /k,).

In order to study thekinetics of the adsorption pro-
cessunder cons deration thefollowing kinetic equation
proposed by Natargjan and Khaaf ascitedinliterature
has been employed®.

log C/C=(K,,/2.303)t

Where C, and C, are the concentration of the dyein (in mg/L)
attimezero and at timet, respectively. Therate constants (K )
for the adsorption processes have been calculated from the
slope of thelinear plotsof log C/C, versust for different con-

centrations and temperatures.

Thedetermination of rate constantsasdescribedin
literaturegiven by
K =k, +k,=k1+(k /K )=k [1+1/K ]

Theoveral rate constant k_, for the adsorption of
dyeat different temperatures are cal culated from the
slopesof thelinear Natargjan-Khalaf plots. Therate
constant valuesare collected in TABLE 7 showsthat
therate constant (k ) increaseswith increaseintem-
perature suggesting that the adsorption processin en-
dothermicinnature. Further, k_, vauesdecreasewith
increasein initial concentration of thedye. In casesof

strict surface adsorption avariation of rate should be
proportional to thefirst power of concentration. How-
ever, when porediffusion limitstheadsorption process,
therelationship between initial dye concentration and
rate of reactionwill not belinear. Thus, in the present
study porediffusionlimitsthe overall rate of dye ad-
sorption. Theover al rate of adsorption is separated
into therate of forward and reversereactionsusing the
aboveeguation. Therate constantsfor theforward and
reverse processesarea so collected in TABLE 7 indi-
catethat, at dl initid concentrationsand temperatures,
the forward rate constant ismuch higher than there-
verserate constant suggesting that the rate of adsorp-
tionisclearly dominant!*1113,

Intraparticlediffuson

Themost commonly used techniquefor identifying
the mechanism involved in the sorption processisby
fittingtheexperimenta datain anintraparticlediffuson
plot. Previous studiesby variousresearchers showed
that the plot of Qt versust® representsmulti linearity,
which characterizesthetwo or morestepsinvolvedin
the sorption process. According to Weber and Morris,
anintragparticlediffuson coefficient K, isdefined by the
equation:

K, =QItos

Thusthe Kp(mg/g min®3) va ue can beobtained from
the slope of the plot of Qt(mg/g) versust®>for Mala-
chitegreen. Fromfigure5, it was noted that the sorp-
tion processtendsto befollowed by two phases. The
two phasesintheintraparticlediffusion plot suggest that
the sorption process proceeds by surface sorption and
intraparticlediffusion>19, Theinitia curved portion of
theplot indicatesaboundary layer effect whilethe sec-
ond linear portionisdueto intraparticleor porediffu-
sion. The slope of the second linear portion of the plot
has been defined astheintraparti cle diffusion param-
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Qt

Time"”’
Figure5: Intraparticlediffusion effect for theadsor ption

of malachite green; [MG]=20mg/L; Contact time=60min;
Adsorbent dose=50mg/50ml

&5 removal of MG

11111

Figure6: Effect initial pH on theadsor ption of malachite

green; [MG]=60mg/L;Contact time=60min;Adsorbent dose=
50mg/50ml

eter K p(mg/g min®®). On the other hand, theintercept
of the plot reflectsthe boundary layer effect. Thelarger
theintercept, the greater the contribution of thesurface
sorption in the rate limiting step. The calculated
intrgparticlediffuson coefficient vad uewasgiven by
0.264,0.298,0.331,0.365 and 0.392 mg/g min°® for
initial dye concentration of 20,40,60,80 and 100mg/L
at 30°C.

Effect of pH

pH isone of the most important parameters con-
trolling the adsorption process. Theeffect of pH of the
solution on the adsorption of Malachitegreenionson
MCC wasdetermined. Theresultisshowninfigure®6.
ThepH of the solution was controlled by theaddition
of HCl or NaOH. Theuptake of Maachitegreenions
at pH 8.0 wasthe minimum and amaximumin uptake
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was obtained at pH 3.0. However, when thepH of the
solutionwasincreased (morethan pH 9), the uptake of
Malachite greenionswasincreased. It appearsthat a
changein pH of the solution resultsin theformation of
different ionic species, and different carbon surface
charge. At pH vaueslower than 6, theMaachitegreen
ions can enter into the pore structure. At apH value
higher than 7, the zwitterionsform of Maachitegreen
inwater may increase the aggregation of Malachite
greentoformabigger molecular form (dimer) and be-
come unableto enter into the pore structure of the car-
bon surface. Thegreater aggregation of the zwitterionic
formisdueto the attractive electrostatic interaction
between theionic groups of themonomer.

AtapH vauehigher than 9, theexis sanceof MCC
surface OH- creates acompetition betweenionic dye
anditwill decreasethe aggregation of Maachitegreen,
which causes an increasein the adsorption of Mala-
chitegreenionson the carbon surface. Theeffect of the
charge onthe carbon surfaceand the d ectrostatic force
of attraction and repul sion between the carbon surface
and the Malachite green ions cannot explain the out-
come 217,

Effect of the ionic strength on the adsor ption of
Malachitegreen

Theeffect of sodium chloride onthe adsorption of
Maachitegreenon MCCisshowninfigure7. Inalow
solution concentration NaCl had littleinfluenceonthe
adsorption capacity. At higher ionic strength the ad-
sorption Maachitegreen will beincreased duetothe
partial neutralization of the positive chargeonthecar-
bon surface and aconsequent compression of theelec-
trical doublelayer by the Cl- anion. Thechlorideion
can a so enhances adsorption of Maachitegreenion
onto MCC by pairing of their charges and hencere-
ducing therepulsion between the Md achitegreen mol-
eculesadsorbed onthe surface. Thisinitiatescarbonto
adsorb more of positive Malachite greeniong**".

Desor ption studies

Desorption studies hel p to elucidate the nature of
adsorption and recycling of the spent adsorbent and
the dye. If the adsorbed dyes can be desorbed using
neutral pH water, then the attachment of thedye of the
adsorbent isby weak bonds. If sulphuricacid or alka
linewater desorp the dyethen theadsorptionisbyion
exchange. If organic acids, like acetic acid can desorp
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&s removal of MG

7

Concentration of Chloride
ion in mg/'L
Figure7: Effect of other ionson theadsor ption of mala-

chite green ; [MG]=60mg/L ;Contact time=60 min;Adsorbent
dose=50mg/50ml

thedye, thenthedye hasheld by the adsorbent through
chemisorption. Theeffect of variousreagentsused for
desorption studiesindicatethat hydrochloricacidisa
better reagent for desorption, because we could get
more than 65% removal of adsorbed dye. The
reversibility of adsorbed dyein mineral acid or baseis
in agreement with the pH dependent results obtained.
The desorption of Malachite green dyeby mineral ac-
idsand akaline medium indicatesthat the dyeswere
adsorbed onto the activated carbon through by
physi sorption mechanismg!2%,

CONCLUSIONS

The experimental datacorrel ated reasonably well
by the Langmuir and Freundlich adsorption isotherms
and theisotherm parameterswere cdculated. Thelow
aswell high pH vaue pay the way to the optimum
amount of adsorption of thedye. Theamount of Maa
chitegreen adsorbed increased with increasingionic
strength andincreased with increaseintemperature. The
dimensionless separation factor (R ) showed that the
activated carbon could be used for the removal of
Malachite green from aqueous solution. Theval ues of
AH°, AS° and AG° results shows that the carbon em-
ployed hasacons derable potentid asan adsorbent for
theremova of Maachitegreen.
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