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ABSTRACT

A carbonaceous adsorbent prepared from an indigenous waste by acid
treatment wastested for itsefficiency in removing rhodamine B(RDB). 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 68.29, 68.21, 70.05 and 70.48mg/g respectively at aninitial pH of
7.0 at 30, 40, 50 and 60°C. Thetemperature variation study showed that the
Rhodamine B adsorption is endothermic and spontaneous with increased
randomness at the solid solution interface. Significant effect on adsorp-
tion was observed on varying the pH of the Rhodamine B solutions. Al-
most 62% removal of Rhodamine B was observed at 60°C. The Langmuir
and Freundlich isotherms obtained, positive AH® value, pH dependent
results and desorption of dye in mineral acid suggest that the adsorption
of Rhodamine B on MCC involves physisorption mechanism.
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Thedischargeof highly coloured effluentsinto natu-
ral water bodiesis not only aesthetically displeasing,
but it asoimpedeslight penetration, thusupsetting bio-
logical processeswithin astream. Inaddition, many
dyes aretoxic to some organisms causing direct de-
struction of aguatic communities. Somedyescan cause
alergicdermatitis, skinirritation, cancer and mutation
inmant.

Wastewatersfrom dyeingindustriesreleased into

nearby land or riverswithout any treatment because
the conventional treatment methods are not cost effec-
tiveinthelndian context. Adsorptionisoneof themost
effectivemethodsand activated carbonisthepreferred
adsorbent widely employed to treat wastewater con-
taining different classes of dyes, recognizing the eco-
nomic drawback of commercial activated carbon(*Z.
Many investigators have studied the feasibility of
using inexpensvedternativemateriaslike pearl millet
husk, date pits, saw dust buffing dust of leether indus-
try, coir pith, crudeoil residuetropica grass, olivestone
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and dmond shdlls, pinebark, wool waste, coconut shell
etc., as carbonaceous precursors for the removal of
dyesfrom water and wastewater*-23,

The present study undertaken to evaluate the effi-
ciency of acarbon adsorbent prepared from acid acti-
vated morinda coreiabuch-ham bark carbon (MCC)
carbonfor remova of dyein aqueoussolution. Inor-
der to design adsorption trestment systems, knowledge
of kinetic and masstransfer processesisessentid. In
this paper, we havereported the gpplicability of kinetic
and mass-transfer models for the adsorption of
Rhodamine (B) onto acid activated carbon.

Adsorbent material

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

Adsor ption dynamic experiments
1. Batch equilibration method

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

2. Effect of variableparameters
2.1. Dosage of adsor bent

Thevariousdosesof theadsorbentsaremixed with
thedye solutionsand the mixturewas agitatediname-
chanical shaker. Theadsorption capacitiesfor differ-
ent doseswere determined at definitetimeintervasby
keeping dl other factorsconstant.

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

2.3. Contact time

Theeffect of period of contact ontheremova of
the dye on adsorbent in asingle cyclewas determined
by keeping particlesize, initia concentration, dosage,
pH and concentration of other ionsconstant.

2.4.pH

Adsorption experiments were carried out at pH
3,4,5,6,7,8,9 and 10. Theacidic and alkaline pH of
the media was maintained by adding the required
amountsof dilute hydrochl oric acid and sodium hydrox-
idesolutions. Theparameterslike particlesizeof the
adsorbents, dye concentration, dosage of the adsor-
bent and concentration of other ions have kept con-
stant whilecarrying out theexperiments. ThepH of the
sampleswas determined using aportable pH meter,
Systronicsmake. The pH meter was calibrated with
4.0and 9.2 buffers.

2.5.Chloride

Theexperimentsweredonein the presenceof vary-
ing chloride environmentsusing various sodium chlo-
ride solutions. While doing the experiments, the ab-
sence of other anionshasensured.

2.6. 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.

2.7.Zeropoint charge

ThepH at the potential of zero charge of the car-
bon (pHzpc) 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-
bon was added to 50 ml of the solution. After stabiliza-
tion, thefina pH wasrecorded. Thegraphsof fina pH
versusinitid pH used to determinethe zero point charge
of theactivated carbon.
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2.8. 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
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 basa planes. Theresultsindicatethat theactivated
carbon used may possesses acidic oxygen functional
group on their surface and thisis supported well by
their respective zeropoint charge values. Theresults
obtained from the above characterization studiesare
givenintheTABLE 1.

2.9. Desorption studies

Desorption studieshel p to elucidate the nature of
adsorption and recycling of the spent adsorbent and
thedye. Theeffect of variousreagentsused 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. Thewideusefulnessof carbonisaresult of their
specific surfacearea, high chemica and mechanicd sa
bility. The chemical nature and pore structure usually
determinesthe sorption activity. The physico chemical
propertiesarelistedinTABLE 1

Adsorption of rhodamine B by acid activated carbon-kinetic

TABLE 1: Characteristics of the adsor bent
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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
PH_pc 6.35
Surface groups (m equiv/g)

(i) Carboxylic acid 0.325

(i) Lactone, lactal 0.049

(iii) Phenolic 0.061

(iv) Basic(pyrones and chromenes) 0.036

Effect of contact time and initial dye concentra-
tion

Theexperimenta resultsof adsorptionsof at vari-
ous concentrations (20, 40, 60, 80 and 100mg/L) with
contact timeareshowninrepresentativefigure 1. The
equilibrium datawere collectedin TABLE 2 reveals
that, percent adsorption decreased withincreaseinini-
tial dye concentration, but the actual amount of dye
adsorbed per unit mass of carbon increased with in-
creasein dye concentration. It meansthat the adsorp-
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Figurel: Effect of contact timeon theadsor ption of rhoda
mine B[RDB]=40mg/L ; pH=7; Adsorbent dose=50mg/
50 ml

TABLE 2: Equilibrium parametersfor the adsor ption of Dye onto activated carbon

[RDBJ, Ce(mg/L) Q. (mg/g) Dye removed (%)
Temperature (C)

30° 40° 50° 60° 30° 40° 50° 60° 30° 40° 50° 60°
20 1.2756 1.0424 0.8547 0.6858 18.7244  18.9576 19.1453 193142 93.6 94.7 95.7 96.5
40 6.5842 6.1175 5.7686 5.3515 334158 33.8825 342314 346485 835 84.7 855 86.6
60 16.8765 16.2546 15.6441 15.0725 431235 437454 443559 449275 71.8 729 739 748
80 25,5045 249005 24.2156 235545 544955 550995 55.7844 56.4452 68.1 68.8 69.7 70.5
100 38.6754 37.8547 35.0052 34.2699 61.3246 62.1453 64.9948 65.7301 613 62.1 64.9 657
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%5 removal

Adsorbent dose in mg
Figure?2: Effect of adsorbent dose on the adsor ption of
rhodamine B|[RDB]=40mg/L ; pH=7; Contact time=60min

Qe

Ce
Figure 3 : Langmuir isotherm for the adsorption of
rhodamineB

TABLE 3: Langmuir isotherm results

Dye Temp Statistical parameter constants
°c re Qnm b
30 0.9862 68.29 0.1615
RDB 40 0.9861 68.21 0.1814
50 0.9864 70.05 0.2020
60 0.9802 70.48 0.2061
TABLE 4: Dimensionless separation factor (R,)
[RDB], Temperature (°C)
(mg/L) 30 40 50 60
20 0.236 0.216 0.198 0.195
40 0.134 0.121 0.110 0.108
60 0.093 0.084 0.076 0.074
80 0.072 0.064 0.058 0.057
100 0.058 0.052 0.058 0.057

tionishighly dependent oninitial concentration of dye.
It isbecauseof that at |ower concentration, theratio of
theinitid number of dyemoleculestotheavailablesur-
faceareais|ow subsequently thefractional adsorption
becomesindependent of initia concentration. However,
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at high concentration the available sites of adsorption
becomesfewer and hencethe percentage removal of
dyeisdependent uponinitial concentration®9. Equilib-
rium have established at 40 minutesfor al concentra
tions. Figure 1 reved sthat thecurvesare sngle, smooth,
and continuous, leading to saturation, suggesting the
possible monolayer coverage of the dyeson the car-
bon surface.

Effect of carbon concentration:

Theadsorption of the dyes on carbon was studied
by varying thecarbon concentration(10-250mg/50 ml)
for 40mg/L of dye concentration. The percent adsorp-
tionincreased with increasein the carbon concentra-
tion (Figure2). Thiswasattributed to increased car-
bon surface areaand availability of more adsorption
sites>8, Hencetheremaining partsof the experiments
are carried out with the adsorbent dose of 50mg/50ml.

Adsorption isotherm

Theexperimenta dataanayzed accordingtothe
linear form of theLangmuir and Freundlichisothermd 8.,
The Langmuir isotherm represented by thefollowing
equation
CJ/Q.=1Q b+CIQ_
where C, istheequilibrium concentration (mg/L), Q,is
theamount adsorbed at equilibrium (mg/g) and Q_ and
bisLangmuir constantsrel ated to adsorption efficiency
and energy of adsorption, respectively. Thelinear plots
of C,Q,versus C,_ suggest the applicability of the
Langmuir isotherms(Figure 3). Thevaluesof Q_andb
were determined from dopeand interceptsof the plots
and arepresented inTABLE 3. Fromtheresults, itis
clear that thevaueof adsorption efficiency Q_ and ad-
sorption energy b of the carbonincreasesonincreasing
thetemperature. From the valueswe can concludethat
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
RDB, it confirmsthe endothermic nature of the process
involvedinthesystem®*1, To confirmthefavourability
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logQe

ogCe
Figure 4 : Freundlich isotherm for the adsorption of
rhodamineB

Qt

. o.E
time

Figure 5 : Intraparticle diffusion effect [RDB]=10mg/
L ;pH=7; Adsor bent dose=50mg/50ml; Contact time=60min

TABLE 5: Freundlich isotherm results
Dye Temp Statistical parameter sconstants
°C r’ On b
30 0.9973 1.4135 2.8892
RDB 40 0.9972 1.3891 3.0425
50 0.9952 1.3789 3.1121
60 0.9946 1.3568 3.2768

of the adsorption process, the separation factor (R )
was cal culated and presented in TABLE 4. Thevalues
werefound to be between 0 and 1 and confirm that the
ongoing adsorption processisfavorabl €2,
TheFreundlich equation was employed for thead-
sorption of Rhodamine B dye on the adsorbent. The
Freundlichisotherm wasrepresented by

logQ,=logK;+ 1/nlog C,
where Q_ istheamount of Rhodamine B dye adsorbed

(mg/g), C_ istheequilibrium concentration of dyein
solution(mg/L) and K and nare constantsincorporat-
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ing thefactorsaffecting theadsorption capacity and in-
tensity of adsorption, respectively. Linear plotsof log
Q, versus log C, shows that the adsorption of
Rhodamine B dye obeys the Freundlich adsorption
isotherm(Figure4). Thevauesof K. andngiveninthe
TABLE 5 showsthat theincreasein negative charges
on theadsorbent surfacethat makesel ectrostatic force
likeVanderwaa ’s between the carbon surface and dye
ion. Themolecular weight, Sizeand radii either limit or
increasethe possibility of theadsorption of thedye onto
adsorbent. However, theva ues dearly show thedomi-
nancein adsorption capacity. Theintensity of adsorp-
tionisanindicative of the bond energies between dye
and adsorbent and thepossibility of dight chemisorptions
rather than physisorption™*, However, themultilayer
adsorption of RDB through the percol ation process may
bepossible. Thevauesof nisgreater than oneindicat-
ing the adsorptionismuch morefavorabl €2,

Effect of temperature

The adsorption capacity of the carbon increased
with increase in the temperature of the system from
30°C-60°C. Thermodynamic parameters such as
changeinfree energy were determined using thefol -
lowing equations (AG®) (kJ/mol), enthalpy (AH®)(kJ/
mol) and entropy(AS°)(J/K/mol) were determined us-
ingthefollowing equations

K 0 = Csolid/cliquid

AG°=-RTInK

ogK ,=AS®/ (2.303RT) - AH®/(2.303RT)
whereKoistheequilibrium constant, C_, ,isthesolid
phase concentration at equilibrium (mg/ L), Cquui jisthe
liquid phaseconcentration at equilibrium (mg/L), T is
thetemperaturein Kelvin and R isthe gas constant.
The AH® and AS® values obtained from the slope and
intercept of Van’t Hoft plots have presented in TABLE
6. Thevalues AH® are with in the range of 1 to 93KJ/
mol indicatesthe physisorption. From theresultswe
could makeout that physisorption ismuch morefavor-
ablefor theadsorption of RDB. Thepositiveva uesof
AH° show the endothermic nature of adsorption and it
governs the possibility of physical adsorption(*13,
Becausein the case of physical adsorption, whilein-
creasing thetemperature of the system, the extent of
dye adsorptionincreases, thisrulesout the possibility
of chemisorption*3, Thelow AH® value depicts dye is
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TABLE 6: Equilibrium constant and ther modynamic parametersfor the adsor ption of rhodamine B dye onto carbon

[D] o K 0 AGO AH ° Ag)
Temperature (C)
30° 40° 50° 60° 30° 40° 50° 60°
20 14.67 18.95 22.40 28.20 -6.76 -7.65 -8.34 -8.96 17.66 80.64
40 5.07 5.53 5.93 6.47 -4.09 -4.45 -4.78 -5.01 22.06 82.66
60 2.55 2.69 2.83 2.98 -2.63 -2.57 -2.81 -2.93 4.32 22.06
80 213 221 2.23 2.39 -1.91 -2.06 -2.15 -2.36 3.02 16.21
100 1.58 1.64 1.85 1.91 -1.16 -1.28 -1.64 -1.74 2.76 12.73

physisorbed onto adsorbent MCC.

Thenegativevauesof AG® (TABLE 6) shows the
adsorptionishighly favorableand spontaneous. The
positivevauesof AS° (TABLE 6) shows the increased
disorder and randomnessat the solid solution interface
of RDB with MCC adsorbent, while the adsorption
there are some structural changesin the dye and the
adsorbent occur. Theadsorbed water molecules, which
have displaced by the adsorbate species, gain more
trandational entropy thanislost by the adsorbate mol-
ecules, thusalowing the prevalence of randomnessin
the system. Theenhancement of adsorption capacity of
theactivated carbon at higher temperatureswas éttrib-
uted to the enlargement of pore sizeand activation of
the adsorbent surfacg'21314,

Kineticsof adsorption

Thekineticsof sorption describesthe solute up-
takerate, whichinturn governsresidencetimeor sorp-
tionreection. Itisoneof theimportant characteristicsin
defining the efficiency or sorption. Inthe present studly,
thekinetics of thedyeremoval wascarried out to un-
derstand the behaviour of these low cost carbon
adsorbents. The adsorption of dye from an agueous
followsreversblefirst order kinetics, whenasnglespe-
ciesare cons dered on aheterogeneous surface. The
heterogeneous equilibrium between the dye solutions
and the activated carbon are expressed as

Ky
A—— B

k2
where k; is the forward rate constant and k, is the backward
rate constant. A represents dyes remaining in the agueous
solution 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 aqueous solu-

tion (K, =k /k).
In order 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 dyein (in mg/L)
attimezero and at timet, respectively. Therate constants (K )
for the adsorption processes have been calculated from the
slope of the linear plotsof log C /C, versust for different con-
centrations and temperatures. The determination of rate con-

stants as described in literature given by
K =K K, =k1+(k /K )=k [1+VK ]

Theoveral rate constant k_, for the adsorption of
dyeat different temperatures are cal cul ated from the
slopes of the linear Natargjan-Khal af plots. Therate
constant valuesare collected in TABLE 7 showsthat
therate constant (k) increaseswithincreaseintem-
perature suggesting that the adsorption processin en-
dothermicinnature. Further, k_, valuesdecreasewith
increaseininitial concentration of thedye. In cases of
strict surface adsorption avariation of rate should be
proportional to thefirst power of concentration. How-
ever, when porediffusion limitsthe adsorption process,
therelationship between initial dye concentration and
rate of reactionwill not belinear. Thus, in the present
study porediffusionlimitstheoverall rate of dye ad-
sorption. Theover all 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 al initial concentrationsand temperatures,
the forward rate constant ismuch higher than there-
verserate constant suggesting that the rate of adsorp-
tionisclearly dominant(*1+13,

Intraparticlediffuson

Themost commonly used techniquefor identifying
the mechanism involved in the sorption processisby
fittingtheexperimenta datainanintraparticlediffuson
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TABLE 7: Rate constantsfor the adsor ption of rhodamine B dye (10°k_,, min *) and the constantsfor forward (10°k,

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

Temperature(C)

(D] Kad 30 40 50 60
0 30° 40° 50° 60° Ky K, Ky K, Ky K, Ky K,
20 1016.79 143237 1988.87 2831.95 951.94 64.85 1360.60 71.77 1903.88 84.99 2734.98 96.97
40 18447 21157 23591 271.01 15411 30.36 179.22 32.35 20189 34.02 23476 36.25
60 66.57 71.80 77.33 82.97 4785 1872 5235 1945 57.17 20.16 6213 20.84
80 5253 54.99 58.03 61.21 3579 16.74 37.88 17.11 4007 1796 4319 1802
100 36.15 37.60 43.91 45.69 2217 1398 2337 1423 2854 1537 30.04 15.65
S
™ \\
3 | _
E | .", :5
E | |.' E
= |/ ]
| / = FJ_,-I';
ll/.-‘ .'r
Initial pH Con of Chloride ion in mg/L

Figure6: Effect of initial pH on theadsor ption of rhodamine
B [RDB]=40mg/L ; Adsor bent dose=50 mg/50ml; Contact
time=60 min

plot. Previous studiesby various researchers showed
that the plot of Q versust®s representsmullti linearity,
which characterizesthetwo or morestepsinvolvedin
the sorption process. According to Weber and Morris,
anintrgparticlediffuson 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) versus t°° for
RhodamineB. Fromfigure5, it wasnoted that the sorp-
tion processtendsto befollowed by two phases. The
two phasesintheintrgparticlediffuson plot suggest thet
the sorption process proceeds by surface sorption and
intrgparticlediffuson®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
of the plot reflectsthe boundary layer effect. Thelarger
theintercept, the greater the contribution of thesurface
sorption in the rate limiting step. The calculated

Figure7: Effect of other ionson theadsor ption of rhodamine
B[RDB]=40mg/L ; pH=7; Adsor bent dose=50 mg/50m

intragparticlediffuson coefficient vad uewasgiven by
0.488, 0.542,0.612, 0.675 and 0.739mg/g min°*for
initial dye concentration of 20, 40, 60, 80 and 100mg/
L at 30°C.

Effect of pH

PH isoneof themost important parameterscontrol-
ling theadsorption process. Theeffect of pH of thesolu-
tion on theadsorption of RDB ionson M CC wasdeter-
mined. Theresultisshowninfigure6. The pH of the
solutionwascontrolled by theaddition of HCI or NaOH.
Theuptakeof RDB ionsa pH 7.5wastheminimumand
amaximumin uptakewas obtained at pH 3.0-6.5. How-
ever, when the pH of the solution wasincreased(more
than pH 8), the uptake of RDB ionswasincreased. It
gppearsthat achangein pH of thesolutionresultsinthe
formation of differentionic species, and different carbon
surfacecharge. At pH valueslower than 6.5, the RDB
ionscan enter into theporestructure. At apH vauehigher
than 7.5, the zwitterionsform of RDB inwater may in-
creasetheaggregation of RDB toform abigger molecu-
lar form(dimer) and become unabl eto enter intothe pore
sructureof thecarbon surface. Thegrester aggregation

Snoivonmental Science
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of thezwitterionicformisduetotheattractive e ectro-
static interaction between the carboxyl and xanthane
groupsof themonomer.

At apH valuehigher than 8.5, the exisistance of
OH- creates a competition between —N* and COO
and it will decrease the aggregation of RDB, which
causes anincreasein the adsorption of RDB ionson
the carbon surface. Theeffect of thechargeon thecar-
bon surfaceand the e ectrostatic forceof attractionand
repulsion betweenthe carbon surfaceandthe RDB ions
cannot explainthe resul 217,

Effect of theionic strength on the adsor ption of
RDB on MCC

Theeffect of sodium chloride on the adsorption of
RDB onMCCisshowninfigure7.Inalow solution
concentration NaCl had littleinfluence on the adsorp-
tion capacity. At higher ionic strength the adsorption
RDB will beincreased duetothe partid neutraization
of the positivecharge on the carbon surface and acon-
sequent compression of theelectrical doublelayer by
the Cl- anion. The chlorideion can a so enhances ad-
sorption of RDB ion onto MCC by pairing of their
chargesand hence reducing the repul sion between the
RDB moleculesadsorbed onthesurface. Thisinitiates
carbon to adsorb more of positive RDB iong*1”

Desor ption studies

Desorption studieshel p to elucidate the nature of
adsorption and recycling of the spent adsorbent and
thedye. If theadsorbed 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
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 62% removal of adsorbed dye. The
reversibility of adsorbed dyein mineral acid or baseis
in agreement with the pH dependent results obtained.
The desorption of dye by mineral acidsand akaline
medium indicatesthat the dyeswere adsorbed onto the
activated carbon through by physisorption mecha
nismg28,
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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 the dye. The amount of
Rhodamine B adsorbed increased withincreasingionic
strength andincreased withincreaseintemperature. The
dimensionless separation factor (R ) showed that the
activated carbon could be used for the removal of
RhodamineB from agqueoussolution. Thevauesof AH®,
AS® and AG° results shows that the carbon employed
has a considerable potential as an adsorbent for the
removal of RhodamineB.
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