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ABSTRACT

A carbonaceous adsorbent prepared from an indigenous waste by acid
treatment was tested for its efficiency in removing chromium ion. The
parameters studied include agitation time, initial chromiumion concentra-
tion, carbon dose, pH and temperature. The adsorption followed first or-
der reaction equation and the rate is mainly controlled by intra-particle
diffusion. Freundlich and Langmuir isotherm models were applied to the
equilibriumdata. Theadsorption capacity (Q, ) obtained from the Langmuir
isotherm plotswere 44.87, 44.24, 42.70 and 43.30 mg/g respectively at an
initial pH of 7.0 at 30, 40, 50 and 60°C. The temperature variation study
showed that the chromium ion adsorption is endothermic and spontane-
ouswith increased randomness at the solid solution interface. Significant
effect on adsorption was observed on varying the pH of the chromiumion
solutions. Almost 72% removal of chromium ion was observed at 60°C.
The Langmuir and Freundlichisotherms obtained, positive AH® value, pH
dependent results and desorption of dye in mineral acid suggest that the
adsorption of chromiumion on MCC involves physisorption mechanism.
© 2007 Trade ScienceInc. - INDIA
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Wastewater generaly containstoxicinorganicand
organic pollutants. Inorganic pollutantsconsist of min-
erd acids, inorganic salts, finely divided metal com-
pounds, trace e ements, cyanides, nutrientsand organ
metallic compounds. Some of thetrace e ementsplay
essentid rolesinbiologica processes, but at higher con-
centrations, they may betoxictothebiota; they disturb
the biochemical processes and cause hazards. A num-
ber of treatment processesfor the removal of heavy

meta ionsfrom agueous sol utions have been reported,
mainly ion-exchange, dectrochemica reduction, evapo-
ration, solvent extraction, reverse 0smosis, chemical
precipitation, membranefiltration, adsorption, etc. De-
pending on the nature of the agueous effluents, flow
ratesand metal ion concentrations, theindustrial appli-
cation of these processesisrestricted by the operating
costsor by theinefficiency of thetechnique 23,

The present study undertaken to evaluate the effi-
ciency of acarbon adsorbent prepared from acid acti-
vated morinda corelabuch-ham bark carbon (MCC)
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for theremova of chromiumioninagueoussolution. In
order to design adsorption treatment systems, knowl-
edge of kinetic and masstransfer processesisessen-
tial. Inthispaper, we have reported the gpplicability of
kinetic and mass-transfer model sfor the adsorption of
chromiumion onto acid activated carbon.

EXPERIMENTAL

1. Adsorbent material

The dried morindacoreiabuch-ham bark was car-
bonized 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.
Thenthe carbonwasdriedfor four hoursat 120°Cina
hot air oven. Thedried material wasground well toa
fine powder and sieved.

2.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 wasaddedto
50ml of themetd ion solutionswithaninitial concentra-
tion of 10mg/L to 50mg/L. The contentswere shaken
thoroughly using amechanical shaker rotatingwith a
gpeed of 120rpm. The solutionwasthen filtered at pre-
set timeinterva sand theresidua metal ion concentra
tion was measured.

3. Effect of variableparameters
Dosage of adsorbents

Thevariousdoses consisting of theadsorbentsre-
gpectively mixed with themetal ionssolutionsand the
mixturewas agitated in amechanical shaker. The ad-
sorption capacitiesfor different dosesweredetermined
at definitetimeintervalsby keeping all other factors
constant.

I nitial concentration of metal ion

In order to determine the rate of adsorption, ex-
perimentswere conducted with different initial concen-
trationsof metal ionsranging from 10to 50mg/L. All
other factorshave kept constant.

==  Pyl] Peper
Contact time

Theeffect of period of contact ontheremova of
themetal ion on adsorbent in asingle cyclewas deter-
mined by keeping particlesize, initial concentration,
dosage, pH and concentration of other ions constant.

pH

Adsorption experiments were carried out at pH
3,4,5,6,7,8,9and 10. Theacidicand alkaline pH of the
mediawas mai ntai ned by adding therequired amounts
of dilutehydrochloric acid and sodium hydroxide solu-
tions Theparameterslike particleszeof theadsorbents,
metal ion concentration, dosage of theadsorbentsand
concentration of other ions have kept constant while
carrying out the experiments. The pH of the samples
was determined using aportable pH meter, Systronics
make. The pH meter was calibrated with 4.0 and 9.2
buffers.

Chloride

Theexperimentsweredonein the presenceof vary-
ing chlorideenvironmentsusing variouschloride solu-
tions. Whiledoing theexperiments, theabsenceof other
anionshasensured.

Temperature

Theadsorption experimentswere performed at four
different temperaturesviz., 30, 40, 50 and 60°C ina
thermostat attached with a shaker, Remi make. The
constancy of thetemperaturewasmaintained with an
accuracy of +0.5°C.

Zeropoint charge

ThepH at the potential of zero charge of the car-
bon was measured using the pH 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 removethe dissolved
carbon dioxide. Activated carbon 50mg was added to
50ml of thesol ution. After stabilization, thefind pH was
recorded. Thegraphsof fina pH versusinitial pH used
to determinethe zero point charge of the activated car-
bon.

Titration studies

According to Boehm only strong acidic carboxylic
acid groups are neutralized by sodium bicarbonate,
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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 sdlective neu-
tralization using bases of different strength, the surface
acidicfunctiond groupin carbon can be characterized
both quantitatively and qualitatively. Neutrdizationwith
hydrochloric acid characterizesthe amount of surface
basic groups that are, for example, pyrones and
chromenes. The basic properties have described to
surface basic groups and the pi e ectron system of car-
bon basd planes. Theresultsindicatethat theactivated
carbons used may possesses acidic oxygen functional
group on their surface and thisis supported well by
their respective zero point chargevalues. Theresults
obtained from the above characterization studiesare
givenintheTABLE 1.

Desor ption studies

Desorption studieshel p to elucidate the nature of
adsorption and recycling of the spent adsorbent and
themetal ions. The effect of variousreagents used for
desorption arestudied.

RESULTSAND DISCUSSIONS

1. Characterization of theadsor bent

Activated carbonsareawiddy used adsorbent due
toitshigh adsorption capacity, high surfacearea, micro
porous structure and high degree of surface respec-
tively. Thewideusefulnessof 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

2. Effect of contact timeand initial metal ion con-
centration

Theexperimental resultsof adsorptionsof at vari-

TABLE 1: Characteristicsof theadsor bent

Properties MCC
Particle 5ze (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
(i) Lactone, lactol 0.049
(iii) Phenalic 0.061
(iv) Basic (pyrones and chromenes) 0.036
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Figurel: Effect of contact timeon theadsor ption of chro-

miumion. [Cr]=30mg/L ; Adsor bent dose=50mg/50ml; pH=7

ous concentrations (10,20,30,40 and 50 mg/L) with
contact timeareshowninfigure 1. Theequilibrium data
were collected in TABLE 2, revealsthat, percent ad-
sorption decreased withincreaseininitia chromiumion
concentration, but theactual amount of chromiumion
adsorbed per unit mass of carbon increased within-
creasein chromiumion concentration. It meansthat the
adsorptionishighly dependent oninitia concentration
of chromiumion. It isbecause of that at |ower concen-
tration, theratio of theinitia number of chromiumionto

TABLE 2: Equilibrium par ameter sfor theadsor ption of chromiumion ontoacid activated carbon

[Crion] Ce (mg/L) Qe (mg/g) M etal ion removed (%)

(mg/L)  30°C 40°C ~ 50°C 60°C 30°C~ 40°C  50°C 60°C  30°C 40°C 50°C 60°C
10 22051 2.0102 18226 16327 7.7949 7.9880 8.1774 83673 779 79.8 817 836
20 5.3126 5.0028 4.7134 4.4364 14.6874 14.9972 15.2863 155636 733 749 764 77.8
30 9.6134 9.2297 8.8319 84552 20.3866 20.7703 21.1681 21.5448 67.9 693 705 718
40 14.7257 14.2195 13.7382 13.2469 25.2743 25.7805 26.2618 26.7531 63.1 644 656 66.8
50 20.3143 19.7355 19.1982 18.5071 29.6857 30.2645 30.1800 31.4929 59.3 605 616 629
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Figure2: Effect contact timeon theadsor ption of chro-
miumion. [Cr]=30mg/L ; pH=7; Contact time=60min
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Figure3: Langmuir adsor ption isothermfor theremoval
of chromiumion

TABLE 3: Langmuir isothermresults
Statistical

(Crion) Temp para meters Constants
(9] r Qm b
30° 0.9973 44.87 0.0913
40° 0.9962 44.24 0.1027
50° 0.9937 42.70 0.1126
60° 0.9937 43.30 0.1303

theavailablesurfaceareaislow subsequently thefrac-
tional adsorption becomesindependent of initia con-
centration. However, at high concentrationthe avail-
ablesites of adsorption becomesfewer and hencethe
percentageremova of chromiumion isdependent upon

= Pyl Paper

initial concentration™9. Equilibrium have established at
40 minutesfor al concentrations. Figure 1 reved sthat
thecurvesare single, smooth, and continuous, leading
to saturation, suggesting the poss ble monol ayer cover-
age of the chromium ion on the carbon surface.

3.3 Effect of carbon concentration:

Theadsorption of thechromiumion on carbonwas
studied by varying the carbon concentration (10-250mg/
50ml) for 30mg/L of chromiumion concentration. The
percent adsorption increased with increasein the car-
bon concentration (Figure 2). Thiswas attributed to
increased carbon surface areaand avail ability of more
adsorption sites®®. Hence remaining part of experi-
mentsis carried out with the adsorbent dose of 50 mg/
50ml.

4.Adsorptionisotherm

Theexperimenta dataanalyzed accordingtothe
linear form of theLangmuir and Freundlichisothermg?3.

The Langmuir isotherm represented by thefollow-
ingequation
CJ/Q.=1Q b+CIQ_

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
theLangmuir isotherms (Figure 3). Vauesof Q_andb
were determined from dopeand interceptsof the plots
and arepresentedin TABLE 2. From theresults, itis
clear that the vaueof adsorption efficiency Q_ and ad-
sorption energy b of the carbonincreasesonincreasing
thetemperature. Theobserved Q  valuesconcludethat
the maximum adsorption correspondsto asaturated
monolayer of adsorbate mol ecul es on adsorbent sur-
face with constant energy and no transmission of ad-
sorbatein the plane of the adsorbent surface. The ob-
served b values shows that the adsorbent prefersto
bind acidicionsand that speciation predominateson
sorbent characteristics, whenion exchangeisthe pre-
dominant mechanism takes placein the adsorption of
chromiumion. Further, it confirmstheendothermic na-
ture of the processinvolved in the system®1%, To
confirm thefavourability of the adsorption process, the
separationfactor (R ) hascal culated and presented in
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Figure4: Freundlich isothermfor theadsor ption of chro-
miumion
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Figure 5 : Intraparticle diffusion effect. [Cr]=10mg/
L ; Adsorbent dose=50mg/50 ml; pH=7

TABLE 4: Dimensionlesssepar ation factor (R, )

(Crion) Temperature (°C)

(mg/L) 30°C 40°C 50°C 60°C
10 0.522 0.493 0.469 0.432
20 0.349 0.326 0.306 0.277
30 0.268 0.244 0.227 0.204
40 0.215 0.196 0.181 0.161
50 0.180 0.162 0.153 0.133

TABLE 4. Thevaueswerefound to be between 0 and
1 and confirm that the ongoing adsorption processis
favorable™?.

The Freundlich equationwasa so employedfor the
adsorption of chromium ion on the adsorbent. The
Freundlichisotherm have represented as

TABLE5: Freundlich isothermresults
Statistical

(Crion) Temp para meters Constants
(°C) r’ Ki n
30° 0.9921 1.8771 1.5879
40° 0.9965 1.7855 1.7249
50° 0.9959 1.7292 1.8259
60° 0.9955 1.7543 1.7789

logQ,=logK ,+1/nlogC,

WhereQ, istheamount of chromiumion adsorbed(mg/
g), C. istheequilibrium concentration of chromiumion
insolution(mg/L) and K. and nare constantsincorpo-
rating all factors affecting the adsorption capacity and
intensity of adsorption, respectively. Linear plotsof log
Q,versuslog C_ shows that the adsorption of chro-
miumionfollowsthe Freundlich isotherm (Figure 4).
Thefoundvaluesof K. andnhavegiveninthe TABLE
5 showsthat theincrease in negative charges on the
adsorbent surface, that makeselectrostatic forcelike
Vanderwaal’s between the carbon surface and chro-
mium ion. Thisincreasesthe adsorption of chromium
ion. Thehigher aomicweight, largesizeandradii of the
chromiumion havelimitsthe possibility of the adsorp-
tion of chromium ion onto adsorbent in higher concen-
tration. However, the values clearly show the domi-
nancein adsorption capacity. Theintensity of adsorp-
tionisanindicativeof thebond energiesbetween chro-
mium ion and adsorbent and the possibility of slight
chemisorptionsrather than phys sorption of chromium
ion. However, themultilayer adsorption of chromium
ion through the percol ation process may be possible.
Thevaluesof nisgreater than oneindicating the ad-
sorptionismuch morefavorabl €12,

5. Effect of temperature

The adsorption capacity of the carbon increased
withincreaseinthetemperature of thesystem from 30°-
60°C. Thermodynamic parameters such as change in
freeenergy(AG®) (kJ/mol), enthalpy (AH®) (kJ/mol)
and entropy (AS®)(J/K/mol) were determined using the
following equations

K,=C/Ciig s AG=-RT InK _; l0gK ;=AS?/(2.303RT)-AH®/

solid” "~ liquid ?
(2.303RT)
WhereKoistheequilibrium constant, C_ ,isthe
solid phase concentration at equilibrium(mg/ L), C, ;4
istheliquid phase concentration at equilibrium(mg/L),

Physical CHEMISTRY — commmm
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TABLE 6: Equilibrium constant and ther modynamic parameter sfor theadsor ption of chromium ion onto acid activated

carbon temper ature (°C)

[Crion] Ko AG°

(mg/L) 30°C 40°C 50°C 60°C 30°C 40°C 50°C 60°C AH° AS
10 3.53 3.97 4.48 5.12 -3.17 -3.59 -4.08 -4.52 10.26 44.28
20 2.76 2.99 3.24 3.50 -2.56 -2.85 -3.15 -3.47 6.57 30.52
30 2.12 2.25 2.39 2.54 -1.89 -2.11 -2.34 -2.58 5.09 27.60
40 171 1.81 1.91 2.01 -1.36 -1.54 -1.73 -1.94 4.48 19.25
50 1.46 1.53 1.60 1.70 -0.95 -1.11 -1.26 -1.47 4.15 16.73

T isthetemperaturein Kevinand R isthegascongtant.
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 1 to 93KJ/
mol indicatesthe physi sorption. From theresultswe
could makeout that physisorptionismuch morefavor-
ablefor the adsorption of chromiumion. Thepositive
vauesof AH° show the endothermic nature of adsorp-
tionand it governsthe possibility of physical adsorp-
tion. Becausein the case of physica adsorption, while
increasing thetemperature of the system, the extent of
chromium ion adsorption increases, thisrulesout the
possibility of chemisorption 223314, Thelow AH° value
depictschromium ion are physisorbed onto adsorbent.

Thenegativevauesof AG® (TABLE 6) shows the
adsorptionishighly favorable and spontaneous. The
positivevauesof AS° (TABLE 6) shows the increased
disorder and randomnessat the solid solution interface
of chromiumionwith MCC, whiletheadsorptionthere
are some structural changesin thechromiumion and
the adsorbent occur. The adsorbed water molecules,
which have displaced by the adsorbate species, gain
moretrand ationa entropy thanislost by the adsorbate
mol ecul es, thusalowing the preva ence of randomness
inthesystem. The enhancement of adsorption capacity
of theactivated carbon at higher temperatureswas at-
tributed to the enlargement of poresizeand activation
of theadsorbent surfacel’23,

6. Kineticsof adsor ption

Thekinetics of sorption describesthe solute up-
takerate, whichinturn governsresidencetimeor sorp-
tionreaction. Itisoneof theimportant characteristicsin
defining the efficiency or sorption. Inthe present study,
thekineticsof thechromiumionremova wascarried
out to understand the behaviour of theselow cost car-
bon adsorbents. Theadsorption of chromiumionfrom
an agueousfollowsreversiblefirst order kinetics, when

asinglespeciesare cons dered on aheterogeneous sur-
face. The heterogeneousequilibrium betweenthechro-
mium ion solutions and the activated carbon are ex-
pressed as

Ky
K>

Wherek, isthe forward rate constant and k, is the backward
rate constant. A represents chromiumion remainingin the aque-
ous solution and B represent chromium ion adsorbed on the

surface of activated carbon.

Theequilibrium constant (K ) istheration of the
concentration adsorbate in adsorbent and in aqueous
solution (K =k /k,).

Inorder to study thekinetics of the adsorption pro-
cessunder consderationthefollowingkinetic equation
proposed by Natargjan and Khalaf ascitedinliterature
has been employed™.

logC/C=(K/2.303)t

Where C, and C, are the concentration of the chromiumionin
(inmg/L) at timezero and at timet, respectively. Therate con-
stants (K_)) for the adsorption processes have been calcu-
lated fromthe slope of thelinear plots of log C /C, versust for

different concentrations and temperatures.
Thedetermination of rate constantsasdescribedin
literaturegiven by

K =K +k, =k 1+(k /K )=k [1+1/K ]

Theoveral rate constant k_, for the adsorption of
chromiumion at different temperatures are ca culated
from the slopes of thelinear Natargjan-Khalaf plots.
Theratecongant vauesarecollected inTABLE 7 shows
that therate constant (k_) increaseswith increasein
temperature suggesting that the adsorption processin
endothermicinnature. Further, k_, valuesdecreasewith
increaseininitial concentration of thechromiumion. In
cases of strict surface adsorption avariation of rate
should be proportionad to thefirst power of concentra-

A B
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TABLE 7: Ratecongtantsfor theadsor ption of chromiumion (10°k_,, min*) and the constantsfor forward

(10°k,, min™) and rever se (10°k ,, min™) process

Temperature (°C)
(Crion) kad kl k2 kl k2 kl k2 kl k2
(mg/L)  30°C  40°C  50°C  60°C 30°C 40°C 50°C 60°C
10 193.03 22820 27200 33358 15047 4256 18231 4589 2243 4957 277.44 5414
20 137.74 151.99 170.08 190.94 101.16 36.58 11398 38.01 129.99 40.09 14858 42.36
30 97.00 10439 113.00 12309 6592 3108 7228 3211 79.74 3326 8840 34.69
40 7480 79.89 8521 91.72 4723 2753 5149 2840 5595 2926 61.34 30.38
50 62.11 6565 69.11 7404 3688 2523 39.74 2591 4276 2635 46.64 27.40
tion. However, when porediffusion limitsthe adsorp-
tion process, there aionship betweeninitid chromium
ion concentration and rate of reactionwill not belinear. o N

Thus, inthepresent study porediffusionlimitstheover-
al rateof chromiumion adsorption. Theover dl rate of
adsorption is separated into the rate of forward and
reversereactionsusing the above equation. Therate
constants for the forward and reverse processes are
also collectedin TABLE 7 indicatethat, at al initia
concentrationsand temperatures, theforward rate con-
stant ismuch higher than thereverserate constant sug-
gesting that the rate of adsorption is clearly domi-
nant[l,ll,lS] .

7. Intraparticlediffusion

Themost commonly used techniquefor identifying
the mechanisminvolved in the sorption processisby
fitting theexperimenta datain anintraparticlediffusion
plot. Previous studiesby various researchers showed
that theplot of Qt versust®s representsmulti linearity,
which characterizesthetwo or morestepsinvolvedin
the sorption process. According to Weber and Morris,
anintraparticlediffuson coefficient K, isdefined by the
equation:

K =QItos

Thusthe Kp(mg/g min®) vaue canbeobtained from
the slope of the plot of Qt(mg/g) versust®s for chro-
mium ion. Fromfigure5, it was noted that the sorption
processtendsto befollowed by two phases. Thetwo
phasesintheintraparticlediffuson plot suggest thet the
sorption process proceeds by surface sorption and
intrgparticlediffusion>19, Theinitia curved portion of
theplot indicatesaboundary layer effect whilethe sec-
ond linear portionisdueto intraparticleor porediffu-
sion. Theslopeof the second linear portion of the plot
has been defined astheintraparticlediffusion param-
eter Kp(mg/g min®%). On theother hand, theintercept

i
BE - [ ] |
i

LER i
B0 I

5B 4

Figure6: Effect of initial pH on the adsor ption of chro-
mium ion. [Cr]=30mg/L ; Adsorbent dose=50mg/50ml;
contact time=60min

of the plot reflectsthe boundary layer effect. Thelarger
theintercept, the greater the contribution of thesurface
sorption in the rate limiting step. The calculated
intragparticlediffuson coefficient vad uewasgiven by
0.264,0.312,0.368,0.415 and 0.461mg/g min®*for ini-
tial chromiumion concentration of 10,20,30,40 and
50mg/L at 30°C.

8. Effect of pH

Theexperimentscarried out at differentinitial pH
show that the adsorption percentageincreaseswithin-
creaseininitia pH of themedium intherangestudied
i.e. 3to 10 asdepicted inthefigure 6. Thisbehaviour
can beexplained using pH_,,. of the adsorbent. Inthe
present study the pH,.. of MCC is 6.35. At any pH
below pH, ., the surface of adsorbent is positively
charged and at pH above pH, ., the surfaceis nega-
tive. When the solution pH exceeded pH, ., the chro-
miumionsaremoreeasily attracted by the negatively
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Figure7: Effect of other ionson theadsor ption of chro-
miumion. [Cr]=30mg/L ; pH=7; Adsor bent dose=50mg/50
ml; Contact time=60min

charged surface of adsorbent, favoring accumulation of
chromiumion on the surface and thus promoting ad-
sorption. Inadditiontheincreaseispartially attributed
to theformation of different hydroxo specieswithrise
insolution*'3, Thedecreasein adsorption of metd ions
at low pH can beattributed to the competition between
H* and metal ions. It isthusclear from figure6 that at
lower pH, theadsorption of chromiumiongudiedisdras-
tically reduced. This observation was made use of to
desorb thechromiumion from theadsorbed materidl.

9. Effect of theionic strength on theadsor ption of
chromiumionon MCC

Theeffect of sodium chloride on the adsorption of
chromiumionon MCCisshowninfigure7.Inalow
solution concentration NaCl had littleinfluenceonthe
adsorption capacity. At higher ionic strength the ad-
sorption chromium of ionon MCC will beincreased
duetothepartia neutralization of the positive charge
on the carbon surface and aconsequent compression
of thee ectrical doublelayer by the Cl-anion. Thechlo-
rideion can aso enhance adsorption of chromiumion
on MCC by pairing of their chargesand hencereduc-
ing therepulsion between the chromiumionsadsorbed
onthesurface*. Thisinitiatescarbon to adsorb more
of positivechromiumions

10. Desor ption studies
Desorption studieshel p to elucidate the nature of

= Pyl Paper

adsorption and recycling of the spent adsorbent and
thechromiumions. If the adsorbed chromiumionscan
be desorbed using neutral pH water, then the attach-
ment of thechromiumionsof theadsorbent isby wesk
bonds. If sulphuric acid or alkalinewater desorp the
chromiumionthentheadsorptionisby ion exchange. If
organic acids, like acetic acid can desorp the chromium
ions, thenthechromiumionshasheld by the adsorbent
through chemisorption28, The effect of variousre-
agentsused for desorption studiesindicatethat hydro-
chloric acidisabetter reagent for desorption, because
we could get more than 72% removal of adsorbed
chromiumions. Therevershility of adsorbed chromium
ionsinminera acid or baseisin agreement withthepH
dependent results obtained. The desorption of chro-
miumionsby mineral acidsand akainemediumindi-
catesthat the chromium ionswere adsorbed onto the
activated carbon through by phys sorption mechanisms.

CONCLUSIONS

The experimental datacorrelated reasonably well
by the Langmuir and Freundlich adsorption isotherms
and theisotherm parameterswere calculated. Thelow
as well high pH vaue pay the way to the optimum
amount of adsorption of chromiumion. Theamount of
chromium ion adsorbedincreased withincreasingionic
strength andincreased withincreaseintemperature. The
dimensionless separation factor (R ) showed that the
activated carbon could be used for theremova of chro-
mium ion from aqueous solution. Thevaluesof AH®,
AS® and AG° results shows that the carbon employed
has a considerable potential as an adsorbent for the
remova of chromiumion
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