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ABSTRACT

A carbonaceous adsorbent prepared from an indigenous waste, by acid
treatment was tested for its efficiency in removing ferrous ion. The pro-
cess parameters studied include agitation time, initial metal ion concentra-
tion, carbon dose, pH and temperature. The adsorption followed first
order reaction equation and the rate is mainly controlled by intraparticle
diffusion. Freundlich and Langmuir isotherm models were applied to the
equilibrium data. The adsorption capacity (Q, ) obtained fromthe Langmuir
isotherm plot werefound to 42.52, 41.32, 39.84 and 38.71mg/g at aninitial
pH of 7.0. The temperature variation study showed that the ferrousions
adsorption is endothermic and spontaneous with increased randomness
at the solid solution interface. Significant effect on adsorption was ob-
served on varying the pH of the ferrousion solutions. The Langmuir and
Freundlich adsorption isotherms obtained, positive AH® value, pH de-
pendent results and desorption of metal ionsin mineral acid suggest that
the adsorption of ferrousion on MCC involves chemisorption as well as
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INTRODUCTION

Toxic metal compounds coming to theearth’s sur-
facenot only reach theearth’s waters (seas, lakes, ponds
and reservoirs) but can aso contaminate ground water
intraceamounts by leaching fromthe soil. Therefore,
the earth’s waters may contain various toxic metals.

Metal ion such ferrous produces undesirable ef -
fectson human and animal lifeeveninlow concentra-
tions. In recent yearsmany researchershave studied
theremovd of different heavy metd ionsincluding chro-
mium, nickel and copper fromthewater. Wastewaters
fromindustriesreleased into nearby land or riverswith-
out any treatment because the conventional treatment
methodsare not cost effectiveintheIndian context. On
the other hand, low cost technologies never dlow a

wishful metal ionremova andit hascertain disadvan-
tages. Adsorptionisoneof themost effective methods
and activated carbon isthe preferred adsorbent widely
employed to treat wastewater containing different
classes of metal ionsrecognizing the economic draw-
back of commercid activated carbon. Many investiga:
torshavestudied thefeas bility of usnginexpensvead-
ternativemateriaslike pearl millet husk, date pits, saw
dust buffing dust of leather industry, coir pith, crudeoil
residuetropical grass, olivestoneand amond shells,
pine bark, wool waste, coconut shell etc., as carbon-
aceous precursorsfor theremoval of metal ionfrom
water and wastewater*23, The present study under-
taken to evd uate the efficiency of acarbon adsorbent
prepared form acid activated morindacoreiabuch-ham
bark for theremova of ferrousion agueoussolution. In
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order to design adsorption treatment systems, knowl-
edge of kinetic and masstransfer processisessential.
Inthispaper, we have reported the applicability of ki-
netic and mass-transfer model sfor the adsorption of
ferrousion onto activated carbon

MATERIALSAND METHODS

Carbon wasprepared by treating air-dried morinda
corelabuch-ham bark (M CC) with consulphuricacidin
aweight ratio of 1:1. Theresulting black product was
kept in afurnace maintained at 500°C for 12 hours fol-
lowed by washingwith water until freefrom excessacid
and dried at 150+5°C. The carbon product obtained
was ground and the portion retained between 10 and
50umsieveswasusedinal theexperiments. All chemi-
cassuppliedby S.d. finechemica swith high purity.

Batch equilibration method

All experimentswere carried out at 30,40,50 and
60°C temperaturein batch mode. Batch mode was se-
lected because of itssmplicity and reliability. The ex-
perimentsweredonein different Erlenmeyer glassflasks
of 100ml capacity. Prior to each experiment, aprede-
termined amount of absorbent wasadded to each flask.
The stirring waskept constant (120rpm) for each run
throughout theexperiment to ensureequa mixing. Each
flask wasfilled with aknown volume of samplebefore
commencing stirring such asmetd solutionswithanini-
tiad concentration of 10mg/L to 50mg/L. Theflask con-
tai ning the sample waswithdrawn from the shaker at
the predeterminedtimeinterva, filtered andtheresidua
concentration of theferrousion was measured.

Effect of variableparameters
Dosage of adsorbents

Different dosesconsisting of 10to 250mg/50ml of
theadsorbent ismixed with theferrousionand themix-
turewas agitated in amechanical shaker. The percent-
age of adsorptionfor different doseswas determined
by keeping all other factors constant.

I nitial concentration

In order to determine the rate of adsorption, ex-
perimentswere conducted with different initial concen-
trationsof ferrousionsranging from 10to 50mg/L. All
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other factorswerekept constant.
Contact time

Theeffect of period of contact between the adsor-
bent and adsorbate on theremoval of theferrousions
inasingle cyclewasdetermined by keeping particle
Size, initid concentration, dosage, pH, and temperature
constant.

Initial pH

Adsorption experimentswerecarried out at arange
of pH of thesolutioni.e. 3-10. Theacidicand dkaline
pH of the medium was maintained by adding there-
quired amountsof hydrochloric acid and sodium hy-
droxidesolutions. The parameterslike particlesize of
theadsorbent and temperaturewere kept constant while
carrying out theexperiments.

Other ions

Adsorption studies of aspecific metal ioninthe
presence of chlorideionswereexperimentally verified
using the adsorbents. Thisinvolved the determination
of the percentage of ferrousion adsorbed from 30mg/L
of initia concentration of theferrousion solution with
varying concentration of theaddedionkeeping dl other
factorsconstant.

Temperature

Theadsorption experimentswere performed at four
different temperaturesviz., 30, 40, 50 and 60°C ina
thermostated shaker machine (Remi, India). The con-
stancy of thetemperature was maintained with an ac-
curacy of +0.5°C.

Zeropoint charge

ThepH at the potential of zero charge of the car-
bon (pHzpc) was measured using the pH drift method.
The pH of the solution was adjusted by using 0.01 M
sodium hydroxide or hydrochloric acid. Nitrogen was
bubbled through the solution at 25°C to remove the
dissolved carbon dioxide. 50 mg of the activated 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 carbonl®.

Titration studies
According to Boehm!* only strong acidic carboxy-
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Ferrousion

Ce(mg/L) Qe (MY/g)

Metal ionsremoved (%)

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
20
30
40
50

1.8572
4.2856
8.5425
13.6550
19.2575

1.6485 14528 1.2621 8.1428 8.3515 8.5472 8.7379 81.43
39059 3.6124 3.3059 15.7144 16.30941 16.3876 16.6941 78.57
81339 7.7291 7.4199 21.4575 21.8661 22.2709 22.5801 71.52
13.1452 13.6387 13.5288 26.3450 26.8548 26.3613 26.4712 65.86
18.6798 18.0622 17.6017 30.7425 31.3202 31.9378 32.3983 61.48

83.51 85.47 87.37
80.47 81.93 83.47
72.88 74.23 75.26
67.13 65.90 66.17
62.64 63.87 64.79

% removal of ferrousion
S

45 T T T T T T T T T T T
10 20 30 40 &0
Contact time in min
Figurel: Effect contact timeon theadsor ption of ferrous

ion [Fe]=30mg/L ; Adsor bent dose= 50mg/50ml; pH=7

% removal of ferrous ion
%

Adsorbent dose in mg
Figure2: Effect of adsor bent doseon theadsor ption of fer-
rousion [Fe]=30mg/L ; Adsor bent dose=50mg/50ml; pH=7

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 sdlective neu-
tralization using bases of different strength, the surface
acidicfunctiond groupin carbon can be characterized
both quantitatively and qualitatively. Neutrdizationwith
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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 e ectron system of car-
bon basal planes. Theresultsindicatethat the activated
carbon used may possesses acidic oxygen functional
group on their surface and thisis supported well by
thelr respective zero point charge vaues. Theresults
obtained from the above characterization studiesare
givenintheresultsand discussionspart.

Regeneration studies

Theregeneration of the adsorbed carbonisdoneby
using 0.2M minerd acidsand sodium chloridesol utions.

RESULT AND DISCUSSION

Char acterization of theadsor bent

Activated carbonsareawiddy used adsorbent due
toitshigh adsorption capacity, high surface area, micro
porous structure and high degree of surface respec-
tively. Thewideusefulness of carbonisaresult of their
specific surfacearea, high chemica and mechanica sa-
bility. Thechemical nature and pore structure usually
determinesthe sorption activity. The physico chemica
propertiesof the chosen adsorbent arelisted below

Char acteristics of 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 (%) 2.5
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
(ii) Lactone, lactol 0.049
(iii) Phenalic 0.061
(iv) Basic (pyrones and chromenes) 0.036
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TABLE 2: Langmuir isothermresults
Statistical para

(metalion) meters Constants
(9] re Qm b
Ferrousion 30° 0.9972 4252 0.13
adsorption 40° 09934 41.32 0.15
50° 0.9905 39.85 0.18
60° 0.9879 38.79 0.21
TABLE 3: Dimensionlesssepar ation factor (R )
: Temperature (°C)
Ferrousion (mg/L) 3°C 40°C 50°C  60°C
10 0.440 0400 0.359 0.321
20 0.282 0.250 0.218 0.191
30 0.207 0.181 0.157 0.136
40 0.164 0.142 0.122 0.105
50 0.135 0.117 0.101 0.086

CelQe

Ce
Figure3: Langmuir isotherm for theadsor ption of fer-
rousion

Effect of contact timeand initial ferrousion con-
centration

The experimenta resultsof adsorptions of ferrous
ion onthe activated carbon at various concentrations
(10,20,30,40 and 50mg/L) with contact timeareshown
in figure 1. The equilibrium data were collected in
TABLE 1 revealsthat, percent adsorption decreased
withincreaseininitia ferrousion concentration, but the
actua amount of ferrousion adsorbed per unit mass of
carbonincreased with increasein meta ion concentra
tion. It meansthat the adsorption is highly dependent
oninitia concentration of ferrousion. It isbecause of
that at lower concentration, theratio of theinitial num-
ber of ferrousion to theavailable surfaceareaislow
subsequently thefractional adsorption becomesinde-
pendent of initial concentration. However, at high con-
centration the availabl e sites of adsorption becomes
fewer and hencethe percentageremova of ferrousion
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isdependent uponinitia concentration. Equilibrium have
established at 40 minutesfor al concentrations. Figure
2 revea sthat the curves are single, smooth, and con-
tinuous, leading to saturation, suggesting the possible
monolayer coverage of theferrousion onthe carbon
surface®8,

Adsor ption isotherm

Theexperimenta dataanayzed accordingtothe
linear form of the Langmuirt™ and Freundlich® iso-
therms.

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,,andbisLangmuir constantsrelated to adsorption
efficiency and energy of adsorption, respectively. The
linear plotsof C /Q_versusC_suggest the gpplicability
of the Langmuir isotherms(Figure 3). Vauesof Q_and
b were determined from slope and intercepts of the
plotsand arepresented in TABLE 2. From theresults,
itisclear that thevaueof adsorption efficiency Q_and
adsorption energy b of thecarbonincreasesonincreas-
ing thetemperature. From the valueswe can conclude
that the maximum adsorption correspondsto a satu-
rated monolayer of adsorbate mol ecul es on adsorbent
surface with constant energy and no transmission of
adsorbatein the plane of theadsorbent surface®9. The
trend showsthat the adsorbent prefersto bind acidic
ionsand that speci ation predominates on sorbent char-
acteristics, when ion exchange is the predominant
mechanism. Further, it confirmstheendothermic nature
of the processesinvolved inthesystem. To confirmthe
adorability of the adsorption process, the separation
factor (R ) hascalculated and presented in TABLE 3.
Thevaueswerefound to bebetween 0 and 1 and con-
firm that the ongoing adsorption processisfavourabl €

The Freundlich equation have al so employed for
the adsorption of ferrousion on the adsorbent. The
Freundlich isotherm haverepresented as

logQ_ =logK  +1/nlogC, 2

Where Q_ isthe amount of ferrousion adsorbed
(mg/g), C_ istheequilibrium concentration of meta ion
insolution(mg/L) and K, and nare constantsincorpo-
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Log Qe

LogCe
Figure4: Freundlich isothermfor theadsor ption of fer-
rousion
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Figure5: Intraparticlediffusion effect for theadsor ption
of ferrousion

rating all factors affecting the adsorption capacity and
intensity of adsorption, respectively. Linear plot of log
Q,versuslog C_showsthat the adsorption of ferrous

creasestheadsorption of ferrousion. Thevauesclearly
show that dominancein adsorption capacity. Thein-
tensity of adsorptionisanindicative of thebond ener-
giesbetween ferrousion and adsorbent and the possi-
bility of slight chemisorptions rather than
phys sorption*®1, Thepossibility of multilayer adsorp-
tion of metal ion through the percolation process can-
not be ruled out. However, the values of nisgreater
than one indicating the adsorption is much more
favourabl €213,

Kineticsof adsorption

Kineticsof sorption describesthe soluteuptakerate,
whichinturn governsthe residencetime of sorption
reaction. It isone of theimportant characteristicsin
defining the efficiency of sorption. Inthe present study,
thekineticsof theferrousion remova hascarried out
to understand the behaviour of thislow cost carbon
adsorbent. Theadsorption of ferrousionfrom an aque-
oussolutionfollowsreversiblefirst order kinetics, when
asingle species considered on a heterogeneous sur-
face. The heterogeneous equilibrium between thefer-
rous ion solution and the activated carbon have ex-
pressed as

AR
ko
Wherek, istheforward rate constant and k, isthe
backward rate constant. A representsferrousion re-
maining in the aqueous solution and B representsfer-
rousion adsorbed on the surface of activated carbon.
TABLE 4: Freundlich isothermresults
Statistical para

ionfollowsthe Freundlichisotherm (Figure4). Values _ Temp Constants
. : (metalion) meters
of K, and n were found and given in the TABLE 4, 0 2 0 b
showstheincrease of negative chargeonthesurface  ~Fgrousion 30° 09892 174 180
that enhancestheéd ectrostatic forcelikeVanderwaal’s  adsorption 40° 0.9890  1.69 1.88
between the carbon surface and metal ion, whichin- S0° 09870 164 2.01
60° 0.9863 1.59 2.14
TABLE5: Equilibrium constant and ther modynamic parameter sfor theadsor ption of metal ionsontoacid activated carbon
temperature(°C)
Ferrousion Ko -AG°C
(mglL) 30°C 40°C 50°C 60°C 30°C 40°C 50°C 60°C AH°C ASC
10 4.38 5.74 5.88 6.92 3.72 4.55 4.75 5.35 11.65 51.06
20 3.66 4.12 453 5.04 3.27 3.68 4.06 4.48 8.77 39.74
30 2.51 2.68 2.88 3.04 2.31 2.57 2.84 3.08 5.36 25.34
40 1.92 2.04 1.93 1.95 1.65 1.85 1.76 1.85 3.24 16.24
50 1.59 1.67 1.76 1.84 1.17 1.34 1.53 1.68 3.99 17.05

AH®° (kJ/mol), AS® (J/K/mol), AG®° (kJ/mol)
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TABLE 6: Rateconstantsfor theadsor ption of ferrousions(10°k_,, min™) and the constantsfor forward (10°K , min™) and

reverse (10°K,, min™) process

Temperature (°C)
Ferrousion kad k]_ k2 kl k2 k]_ k2 kl k2
(mg/L) 30°c 40°c 50°C 60°C 30°C 40°C 50°C 60°C
10 263.02 325,51 405.88 517.78 208.75 54.21 264.47 61.04 337.48 6840 441.83 75.95
20 203.03 240.36 275.04 32357 154.29 4874 186.10 54.26 216.93 58.11 259.74 63.83
30 120.70 13223 14529 156.58 84.56 36.14 9443 37.80 10575 3954 11596 40.62
40 8620 9253 86.38 87.69 5566 3054 6092 31.61 5791 2847 6029 27.40
50 68.69 7275 7751 8136 4151 2718 4485 27.90 4860 2897 5202 29.36

TABLE 7: Intraparticlediffusion (K )

[Ferrousion] (mg/L) Kp
10 0.283
20 0.305
30 0.332
40 0.358
50 0.386

Therate constants cal cul ated asearlier!*12%3, Thedata
furnishedin TABLE 6, isevident that theforward rate
constant is much higher than the backward rate con-
stant suggesting that the rate of adsorptionisclearly
dominant. At equilibrium, therateistheratio of thecon-
centration of adsorbatein adsorbent and concentration
of adsorbatein agueoussolution givenby K .. Thecal-
culated values presented inthe TABLE 5. Theresults
indicatesthat K vauesdecreaseswithincreaseinthe
concentration of theferrousion andincreaseswithin-
creaseintemperature

A dear examination of theeffect of ferrousion con-
centrations on the rate constant K_, (TABLE 6), the
va ueshel p to describethe mechanism of metd ionre-
moval taking place.In casesof strict surface adsorp-
tion avariation of rate should be proportional to the
first power of concentration. However, when pore dif-
fusion limitsthe adsorption process, therelationship
between initial ferrousion concentration and rate of re-
actionwill not belinear. It showsthat porediffusion
limitstheoverall rate of ferrousion adsorption*2.

The contact-time experimental resultscan beused
to study the rate-limiting step in the adsorption pro-
cess, as shown by Weber and Morrig*®4. Sincethe
particlesarevigoroudy agitated during the adsorption
period, it isprobably reasonableto assumethat therate
isnot limited by masstransfer fromthebulk liquid to
the particleexterna surface, one might then postul ate
that the rate-limiting step may be either film or
intraparticlediffusion. Asthey act in series, thed ower
of thetwowill betherate-determining step™.

Therate constant for intraparticlediffusionisob-
tained usingtheequation
Q=K t*+C ©)

Here K| (mg/g/min)istheintrgpartidediffusonrate
congtant. The K, values obtained from the d opeof the
linear portionsof the curvesat metal ion concentration
(Figure5& TABLE 7). The K, valuesincreased with
increaseintheferrousion concentration, whichreveds
that therate of adsorptionisgoverned by thediffusion
of adsorbed ferrousion within the pores of the adsor-
bent.

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
changeinfreeenergy (AG®), enthalpy (AH®) and en-
tropy (AS®) were determined using the following equa-
tl on§11,12,15, 16]

KO: Csolid/Cquuid (4)

AG°=-RTInK, (5

logK ,=AS® (2.303RT) - AH/(2.303RT) (6)
isthe

WhereK, istheequilibrium constant, C_,
solid phase concentration at equilibrium (mg/ L), Ciqua
istheliquid phase concentration at equilibrium(mg/L),
T isthetemperaturein Kevinand R isthegas congtant.
The AH® and AS° values obtained from the slope and
intercept of Van’t Hoft plots have presented in TABLE
5. Thevauesarewithintherange of 1to 93KJmol
indicatesthefavourability of physisorption. Fromthe
order we could make out physisorptionis much more
favourablefor ferrousion. The positivevauesof AH®
show theendothermic nature of adsorptionandit gov-
ernsthepossibility of phys cal adsorption. Becausein
the case of physical adsorption, whileincreasing the
temperature of the system, the extent of metal ion ad-
sorption increases, this rules out the possibility of
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chemisorptions. However, thevery low AH® value de-
pictsferrousionisphysisorbed onto adsorbent!*21319],

Thenegativevauesof AG® (TABLE 5) shows the
adsorptionishighly favourablefor ferrousion. How-
ever, itindicatesthat themeta ion adsorptionwas spon-
taneous. Thepositivevauesof AS° (TABLEe 5) shows
theincreased disorder and randomness at the solid so-
[ution interface of with adsorbent MCC. Whilethe ad-
sorption thereare some structural changesin thefer-
rousion and the adsorbent occur. The adsorbed water
mol ecul es, which have displaced by the adsorbate spe-
cies, gain moretrandationa entropy thanislost by the
adsorbate mol ecul es, thusallowing the preval ence of
randomnessin the system(®28, From theresults, we
could make out that more efficient physisorption. En-
hancement of adsorption capacity of theactivated car-
bon at higher temperatures has attributed to the en-
largement of pore size and activation of the adsorbent
surface®y,

Effect of pH

Theexperimentscarried out at different pH shows
that therewas achangein the percent removal of fer-
rousion over theentirepH range of 3to 10 shownin
the Figure 6, pH isone of themost important param-
eterscontrolling the adsorption process. Theeffect of
pH of the solution on the adsorption of ferrousion on
MCC wasdetermined. Theresultisshowninfigure®6.
ThepH of the solution was controlled by theaddition

% removal of ferrous ion

Initial pH

Figure6: Effect of initial pH on theadsor ption of ferrous
ion [Fe]=30mg/L ; Adsor bent dose=50mg/50ml; contact
time=60min

of HCl or NaOH. The uptake of ferrousionsat pH 8
was the minimum and amaximum in uptake was ob-
tained at pH 3.0. However, when the pH of the solu-
tion was increased (more than pH 7), the uptake of
ferrousionswasincreased. It appearsthat achangein
pH of thesolution resultsin theformation of different
ionic species, and different carbon surface charge. At
pH vaueslower than 5, theferrousions can enter into
the pore structure. At a pH vaue higher than 8, the
zwitterionsform of ferrousioninwater may increase
theaggregation of ferrousionto formabigger molecu-
lar form(dimer) and become unableto enter into the
pore structure of the carbon surface. The greater ag-
gregation of thezwitterionicformisdueto theattrac-
tive e ectrogtati c interaction between theionic groups
of themonomer™,

AtapH vauehigher than 9, theexis sanceof MCC
surface OH- createsacompetition between ferrousion
and it will decreasethe aggregation of ferrous, which
causesanincreaseintheadsorption of ferrousionson
the carbon surface. Theeffect of the chargeon the car-
bon surfaceand the e ectrostatic forceof attractionand
repulsion between the carbon surface and theferrous
ions cannot explainthe outcome.

Effect of other ions

Theeffect of sodium chloride on the adsorption of
ferrousionon MCCisshownin. Inalow solution con-
centration NaCl had littleinfluence on the adsorption
capacity. At higher ionic strength the adsorption of fer-
rousionwill beincreased duetothe partid neutraliza-
tion of thepositive charge on the carbon surfaceand a
consequent compression of theelectrica doublelayer
by the CI- anion. The chlorideion can aso enhance
adsorption of ferrousion onto MCC by pairing of their
charges and hence reducing the repul sion between the
ferrousionsadsorbed onthesurface. Thisinitiates car-
bon to adsorb more of positiveferrousiong*”l,

Desor ption studies

Desorption studies hel p to el ucidate the nature of
adsorption and recycling of the spent adsorbent and
theferrousion. If the adsorbed ferrousion can bedes-
orbed using neutral pH water, then the attachment of
theferrousion of the adsorbent is by weak bonds. If
sulphuric acid or alkaline water desorp themetal ion,
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then the adsorptionisby ion exchange. If organic ac-
ids, likeacetic acid can desorp theferrousion, then the
metal ion hashed by theadsorbent through chemisorp-
tion. Theeffect of variousreagentsused for desorption
studiesindicatethat hydrochloric acid isabetter re-
agent for desorption, because we could get morethan
70% removal of adsorbed ferrousion. Therevershility
of adsorbed metd ioninminerd acid or baseisin agree-
ment with the pH dependent results obtained. Thede-
sorption of ferrousion by mineral acidsand alkaline
medium indicatesthat theferrousionwasadsorbed onto
the activated carbon through by physi sorption mecha-
ni Srn§11’12’13’ 18] .

CONCLUSIONS

The experimental datacorrel ated reasonably well
by the Langmuir and Freundlich adsorption isotherms
and the isotherm parameters were calculated. The
amount of ferrousion adsorbed increased withincrease
in pH of the medium. The amount of ferrous ion
adsorbed dlightly decreased with increasing ionic
strength andincreased with increaseintemperature. The
dimensionless separation factor (R ) showed that the
activated carbon could be used for theremoval of fer-
rousion fromagueous solution. Thevauesof ?H°®, ?S°
and ?G° results shows that the carbon employed has a
cons derable potential asan adsorbent for theremova
of ferrousion.

ACKNOWLEDGEMENT

The authors acknowledge sincerethanksto Mrs.
MadaArivoli, ThePrincipal, M.R. Government Arts
College, Mannargudi and The Director of Collegiate
Education, Chennai for carrying out thisresearch work
successfully.

= Pyl Paper
REFERENCES

[11 As.Arivoli; ‘Kinetic and thermodynamic studies on
the adsorption of some metal ions and dyes onto
low cost activated carbons’, Ph D., Thesis,
Gandhigram Rura University, Gandhigram, (2007).

[2] GSekaran, K.A.Shanmugasundaram, M.Mariappan,
K.V.Raghavan; Indian J.Chem.Technol, 2, 311
(1995).

[3] K.Selvarani; ‘Studies on Low cost Adsorbents for
the removal of organic and Inorganics from Wa-
ter’, Ph D., Thesis, Regional Engineering College,
Thiruchirapalli, (2000).

[4] Y.RJia K.K.Thomas; Adsorption of metal ion on
nitrogen surface functional groupsin activated car-
bon, Langmuir, 18, 470-478 (2002).

[5] C.Namasivayam, N.Muniasamy, K.Gayathri, M.
Rani, K.Renganathan; Biores.Technol, 57, 37
(1996).

[6] C.Namasivayam, R.T.Yamuna; Environ Pollut, 89,
1 (1995).

[7]1 l.Langmuir; JAmer.Chem.Soc., 40, 1361 (1918).

[8] H.Freundlich; Phys.Chemie.,, 57, 384 (1906).

[91 D.GKrishna, GBhattacharyya; Appl.Clay.Sci., 20,

295 (2002).

S.Arivoli, M.Viji Jain, T.Rajachandrasekar;

Mat.Sci.Res., India, 3, 241-250 (2006).

S.Arivoli, M.Hema; Intern.J.Phys.Sci., 2, 10-17

(2007).

S.Arivali, B.R.Venkatraman, T.Rajachandrasekar,

M.Hema; Res.J.Chem.Environ., 17, 70-78 (2007).

S.Arivoli, K.Kapana, R.Sudha, T.Rgjachandrasekar;

E.J.Chem.,, 4, 238-254 (2007).

W.J.Weber; ‘Principle and Application of Water

Chemistry’, edited by S.D.Faust, J.V.Hunter Wiley;

New York, (1967).

Renmin Gong, Yingzhi Sun, Jian Chen, Huijun Liu,

Chao Yang; Dyes and Pigments, 67, 179 (2005).

[16] V.Vadivelan, K.Vasanthkumar; J.Colloid.Interf.Sci.,

286, 91 (2005).

Yupeng Guo, Jingzhu Zhao, Hui Zhang, Shaofeng

Yang, Zichen Wang, Hongding Xu; Dyes and Pig-

ments, 66, 123-128 (2005).

M.K.Sreedhar, T.S.Anirudhan; Indian J.Environ.

Protect., 19, 8 (1999).

[10]
(1]
[12]
[13]

[14]

[15]

[17]

[18]

" CHEMICAL TECHNOLOGY

Hn Tndéan g%wumé



