Trade Science Ine.

Physical CH

ISSN : 0974 - 7524 Volume 5 | ssue 2

CMISTRY
A Judian Joaraal

— [yl Paper

PCAIJ, 5(2), 2010 [69-76]

Kinetics, thermodynamics and equilibrium studies on the
adsor ption of Nickel (I11), Copper (1) and Iron (I11)
by acid activated Nirgudi Leaf powder

Ratna Shelke!, Jagdish Bharad? Balaji Madje?, Milind Ubale**
Pemraj Sarda College, Ahmednagar (M.S)), (INDIA)
2Pog Graduate Department of Chemistry, Vasantrao Naik M ahavidyalaya, Aur angabad.
431003 (M.S), (INDIA)
E-mail : mbubale@yahoo.com
Received: 29" June, 2010 ; Accepted: 9" July, 2010

ABSTRACT

The study was performed to investigate the use of Acid Activated |eaf
powder of Nirgudi plant (L. Vitex negudo) asan adsorbent for the removal
of transition metal ionslike Ni (I1), Cu (1) and Fe (I11) from aqueous solu-
tion. FT-IR characterization of Acid Activated Nirgudi leaf powder
(AANLP) was done by standard procedures. The adsorption process was
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carried by batch experiments by varying adsorbent dose, pH of the adsor-
bate (metal ion) solution, temperature and time. The percentage removal
of Ni (1), Cu(Il) and Fe (111) by AANLP under different condition during
thefindingswas significant and isenlisted in the tabular formin TABLE 1.
Theorder of adsorption during thefindingson AANL P of metal ionswere
Ni > Cu >Fe. The equilibrium adsorption datawerefitted with Freundlich,
Langmuir Isotherms. A time variation study indicates that adsorption fol-
lows pseudo-first order kinetics.  © 2010 Trade Sciencelnc. - INDIA

INTRODUCTION

Heavy metals such as Nickel (11), Copper, Cad-
mium, Lead and Zinc have harmful effectson human
physiology and other biological syssemswhenthey ex-
ceed thetolerancelevel*2. They pose serious healthy
hazardsthrough entry into thefood chain; therefore,
they must beremoved fromindustria waste effluents.
Inrecent past devel opment of efficient and eco-friendly
methodsfor removal of heavy metasarereceiving at-
tention by agro waste as adsorbent by variousresearch-

erg®9, Literaturesurvey reved sthat nowork hasbeen
reported on thermodynamic and kinetic study by using
Nirgudi Leaf powder (NLP) as an adsorbent for re-
moval of Nickel, Copper and Iron from agueous sol u-
tion.

Inthe present investigation an attempt hasbeen made
to study the feasibility of Nirgudi Leaf powder asa
cheap, locally and easily availablemedicina plant for
the adsorption of Nickel, Copper and Iron. The ad-
sorption of heavy meta ionsfrom agqueous solutionwas
carried to study the effect of pH, adsorbent dose, tem-
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peratureandvariationintheinitia concentration of ad-
sorbate onthe adsorption of Kineticsstudies. Thebatch
adsorptions Kinetics were carried for thefirst order
reversiblereaction.

EXPERIMENTAL

Adsorbent

Theadsorbent usedin the present investigation were
leaves of Nirgudi Plants collected from Ahmednagar
District of Maharashtra State (India). The leaves of
Nirgudi weredried in shadow avoiding direct sunlight
onthem. Thedried plant leaveswere grinded into pow-
der and wereboiled in distilled water to removethe
suspended and dust for onehour andfiltered. Theresi-
dueleft wastreated with forma dehydeand finally with
very dilute solution of sulphuricacid, irredfor 30min-
utesvigorously using mechanical stirrer at room tem-
perature, it wasfiltered and washed with distilled water
repeatedly to removefreeacid. After chemical treat-
ment resduewasdriedfirstinar andfinalyinovenat
90-100°Cfor 8-10 hoursand powdered using e ectric
grinder. The homogeneous powder wasthen passing
through mesh for desired particlesize (9.8 - 41.8 mi-
cron). Theadsorbent once prepared wereused through-
out the experimenta work. The particlesize selected
for these experimentswere onthebasisof their settle-
ment at the bottom of the system, so that the portion of
the solution could betaken out conveniently fromthe
supernatant liquid.

FT - IR Spectrum of Nirgudi L eaf Powder (NLP)

The surface chemistry of NLP was determined by
thetypequantity and bonding of oxygen containing func-
tiona groupssuch ashydroxyl, carbonyl, carboxyl, ni-
tro groupso1y,

The FT - IR spectrum of NLP adsorbent can be
summarized from thebandsobserved as:

1. Medium based overlapping bandsat 3399.89 cm'®
may beattributed to -OH group stretching present
intertiary alcohol of NLP,

2. Thebandsat 2913.31 cm* indicates C-H stretch-
ing assigned to secondary asymmetric carbon.

3. Thebandsat 2226.42 cm* ascribesto C-N stretch-
inginthe Cyanidegroup.

4. Thebandsat 1684.52 cm* indicates C=0 stretch-
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5. Thebandsat 1518.67 cm™* ascribesto NO, stretch-
ing inaromatic nitro compoundsof NLP.

6. Thebandsat 1621.84 cm* attributesto NH,- de-
formation.

7. Thebandsat 1132.97 cnm! ascribesto C-O stretch-
ingintertiary acohol and aso attributesto -OH de-
formationintertiary a coholsof NLP.

8. The bands range of 600.70 cm™ to 666.28 cm-1
ascribesto NH deformation in primary, secondary
aminesof NLP.

Prepar ation of adsor batesolution

Nickel, Copper and Iron were the metal ions se-
lected for the present investigation. Thechemicalsused
wereof all of Analar grade and used without further
purifications. The solutionswere prepared in doubly
distilled water. A distilled water prepared by usingfirst
meta digtillation unit and thendl quick fit glassassem-
bly in permangantic condition, wherever necessary the
prepared sol utionswerestandardized asper literature 2.,
All themetd swereestimated following asuitable colo-
rimetric method. Nickel was estimated by the
dimethylglyoxime method*®!, Copper and Iron by the
thiocyanate methodg 419,

Batch adsor ption experiments

Each batch adsorption study was carried out by
contacting theNirgudi leaf powder (NLP) withthemeta
ions[Nicke (I1), Copper (11) and Iron (111)] under dif-
ferent conditionsfor 60 minutesin aglasstube. The
uptake of metal ions study on NLP was carried sys-
tematically and at temperature 30°C to eval uate effect
of initial solution pH, adsorbent doseinitial metal ion
concentration on adsorption of metal ions. The effect
of temperature on the adsorption was carried out in
order to study thethermodynamicsof theprocess. Each
study was conducted in athermo stated water bath and
theresidual meta ionswereanayzed. Theamount of
metal ionsadsorbed from sol ution was determined by
differencd®.  Theeffect of pH on the adsorption of
Nickel (I1), Copper (1) and Iron (111) carried out within
therangethat would not influenced by themetal pre-
cipitationi*. The pH range for adsorption study was
kept in range of 3.5 to 7.2 and the temperature was
maintained at 30°C toexaminetheeffect of initial solu-
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tion pH onthe adsorption of metalsby contacting 0.9 g
of theNLPwith 200 ml. of Ni (I1), Cu (I1) and Fe (111)
solutionsin different glasstube. The pH of each solu-
tionwasadjusted tothedesred vduewith 0.1 M NaOH
and/or 0.1 HCI (HNO,).

Batch Kinetics experimentswerefirst conducted
using freshly prepared NLPto determinethetimeneeded
by Ni (11), Cu (11) and Fe (111) binding processto reach
theequilibrium state. Based on Kinetic experimenta
results, all experimentswere conducted for aperiod of
60 minutes. For equilibrium study the glasstubes con-
taining themixturewerekept inthermostated water bath
for 24 hours. The adsorbent (NLP) wereremoved from
solution by decantation 10ml discarded by using
Whatmann Filter paper no.41. Theresidua Nicke (11),
Copper (11) and Iron (111) concentration in the solution
weredetermined. All thestudieswereconducted intrip-
licates and the mean val ue were determined for each.
Subsequent adsorptionsstudieswerecarried at pH 3.5
to 7.2, variation in adsorbent dose, temperature and
Initial concentration variation of adsorbate (meta ion).

Theequilibrium adsorption datawerethenfitted to
Freundlich, Langmuir adsorption isothermsequations.

Freundlich,

9. =K C

Langmuir,

q,=K_C,/(1+bC)=q, bce/(1+bC)

Whereq, istheadsorption capacity inmg/g, C_isthe
equilibrium concentration of adsorbate (mg/L); K _and

nareFreundlich Constant K and b areLangmuir con-
stants, ¢ isthe Langmuir monolayer adsorption ca-

pacity.
RESULT AND DISCUSSION

Effect of pH

Thesolution pH playsavitd roleintheremova of
heavy metalsasthe acidity of solution pH isoneof the
most important factorsfor controlling the uptake of
heavy metd sfrom wastewater and aqueous sol utionf?!,
The maximum adsorption of Nickel, Copper and Iron
onto the surface of NLP adsorbent wasfound to beat
pH 3.5whichwasrather acidic. Our findingshavebeen
supported by the earlier reported work. The adsorp-
tioninacidic mediamay be attributed to the exposure
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of negativesitesof the adsorbentsthrough dissolution
of more protons and thus enhancesthe adsorption ca
pacities asthe surface oxidefunctionsasligandsfor
metal ions. Hence the adsorption phenomenonisat-
tributed solely to the chemicd interaction namely inner-
sphere complexation between themetal ionsontothe
surfaceof NLP, itisin good agreement with thefind-
ingsof Devaprasath et al and otherg?>?2.

Inour finding the adsorption of metd ionsonto the
surface of NLP adsorbent decreases by thedrift in so-
lution pH from acidicto dkalinemediumi. e. increase
inpH from 3.5t0 7.2 as shown in figure 1. Similar
findings were reported by Oboh and others®2, The
order of adsorption of metal ionson to the surface of
NLP was Nickel > Copper > Iron.

Effect of adsor bent dose

Thepresent study reved sthat asthe adsorbent dose
increased from 0.5 gmsto 0.8 gmstherewasincrease
intheadsorption of meta ionsonto thesurfaceof NLP,
asshowninfigure2. Theincreasein adsorption with
increasein NLP dose may beattributed to theincrease
intheavailability of activestes, increaseintheeffective
surface ared??, The adsorption of meta ionontothe
surface of NLPwas at random order.

Effect of initial concentration of metal ions

Thefeasibility and efficiency of aadsorption pro-
cess not only depends on the properties of the
adsorbents but & so on the concentration of the metal
ion solutiontheinitial metal concentration providesan
important driving forceto overcomeall themasstrans-
fer res stances of the metal between aqueousand solid
phase®3U, There are many factorswhich contribute
to the adsorbate concentration effect. Thefirst and
important oneisthat adsorption sitesremain unsatur-
ated during the adsorption reaction; the second cause
isaggregation/ agglomeration of adsorbent particles
at higher concentration. Such aggregation leadsto a
decrease in the total surface area of the adsorbent
particlesavailablefor adsorption and anincreasein
thediffusional path for adsorption and anincreasein
thediffusiona path lengthi®2. In the present investiga:
tiontheremova of meta ionsfrom the aqueouswith
vaidionintheinitial concentration showed noregular
trend and removalsof metal ionsfound to berandom
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Figure3: Effect of initial concentration on removal of metal ions

asshowninfigure3.

Thedeclinein the adsorption capacity of NLPwith
increasein the concentration of metal ion (adsorbate)
may be attributed to the availability of smaller number
of surface sites on the adsorbents (NLP) for arela
tively larger number of adsorbing speciesat higher con-
centration™. Theincreasein meta concentration, also
increasesd ectrogtatic interaction betweenthemeta ion
and NLP adsorbent active sitesand can be explained
by the fact that more adsorption siteswere covered as
themetd ionincreases®!. Inthe present investigation
the copper hasmore affinity to the surfaceof NLPthan
Nickel and Iron.

Adsor ption kinetics

Kineticsof adsorption describing soluteuptakerate,
whichisturn governsthe contact time of adsorption
process, isoneof theimportant characteristicsdefining
the efficiency of adsorption. Theimportant physico-
chemical study which helpsintheevauation of theba
sicqualitiesof agood adsorbent isadsorption kinetics
and equilibrium™, In order to estimatetheadsorption
capacity of theadsorbent accurately, itisimportant to
dlow sufficient timefor the experiment sysemtoreach
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Figure4: Effect of temperatureon removal of metal ions

equilibrium. The pseudo first order equation of
Lagergren ascited by Ho.et.al.'* and was employed
for studying the adsorption kinetics. The pseudo - first
order equation of Lagergrenisgenerally expressed as
follows

Log(g,-q,)=logq,-K, t/2-303(1)

Inthe present study aplot of log (g, - ) versus’t’
givesadtraight lineconfirming theapplicability of first
order rate expression of Lagergreni®537.3l,

The present study revealsthat after carrying ad-
sorptionin different conditions, from the observations
made, it can be concluded that rate constant isinde-
pendent of initid concentration of meta ionswith some
exception.

The present study reved sthat withincreasein pH
during adsorption process, therewasincreasein the
rate constant. In order to know the effect of adsorbent
dose viz varying the amount of NLP adsorbent (0.5
gms., 0.6 gmsand 0.8 gmsrespectively) Thekinetics
carried by keeping other parameters constant, showed
that therate constant increaseswithincreasein thequan-
tity of adsorbent, which indicates that adsorption de-
pends on surface area of adsorbentsand therefore, in-
creaseinquantity furnishesmoresurfaceareaand hence
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adsorptionincreasesat the sametimerate of adsorp-
tion asoincreases. The effect of temperature on ad-
sorptionwasused to cal culate energy of activationand
thedatawasfitted to Arrheniusequation.

K = AgEaRT

where Eaisenergy of activation, Risgasconstant and
T isthetemperature.

Theequationwasmodified as,

logt =log* - Ea/2.303RT

Theplot of logK Vs U/T gaveastraight linewith
negative dope and was used to cal culate energy of ac-
tivation. Energy of activation (Ea) for Nickel
(732.9085), Copper (2354.935) and Iron (2650.54).
ThusEafor themetd ionswasfound to beintheorder
of Copper > Iron> Nickel.

TheEavauefor Nicke found tobeminimumwhich
may be attributed to higher binding of Nicke onto the
surface of NLP. Theenergy barrier waslessand there-
fore, itsrate of adsorption was maximum. The disper-
sion force between the metal ionsand NLP during ad-
sorption at equilibrium increaseswithincreaseininitia
concentrationwhich may beattributed to the positively
charged ions approaching the NL P surfaceinducing
negative chargeon it and henceattraction between the
two dipoleslowerspotentia energy betweenthemand
brings adsorption®.

Effect of temperature

Themagnitude of thetemperature effectsfor the
adsorption processisoneof themost important criteria
for theefficient remova of heavy metdsfromthewaste-
water®d, Temperature has two major effects on the
adsorption processoneisthat increasing thetempera-
tureincreasestherate of adsorbatediffusion acrossthe
externa boundary layer andintheinternd poresof the
adsorbate particlesbecauseliquid viscosity decreases
as temperature increases and the other oneisthat it
effectsthe equilibrium capacity of the adsorbate de-
pending on whether the processisexothermic or en-
dothermicd“+42, The effect of temperature on adsorp-
tion of metal iononNLPisgiveninfigure4.

Theincreased adsorption at higher temperaturewith
someexception during the present investigation may be
attributed to accel eration of someoriginally dow step,
creation of new activation sites on adsorbent surface
decreasein the size of adsorbing species, this could
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well occur dueto progressivedissolution of themetd
ion asthe solution temperatureincreases. Our findings
areingood agreement with thefindingsof different re-
searcherg*44,

Adsorption isotherms

The capacity of adsorption provides apanorama
of the coursetaken by the system under study inacon-
ciseform, indicating how efficiently an adsorbent will
adsorb and dlowsan estimate of theeconomic viability
of theadsorbentscommercid applicationsfor the speci-
fied solute®®. It isagraphica representation showing
therel ationship between theamount adsorbed by aunit
weight of adsorbent and the amount of adsorbate re-
maininginatest mediumat equilibriumi3, The Langmuir
and Freundlich mode sare themost widdly used mod-
els, in caseof adsorption of metal ions by adsorbents
even though themeta uptake may not exactly follows
themonolayer adsorption mechanism“, TheFreundlich
modée ¥ i s perhapsthe most popul ar adsorption model
for asingle solute system and isan empirical relation
equation based on the distribution of solute between
the solid phaseand the agueous phase at equilibrium.

Inthe present study the Freundlichmodel isfound
to belinear thecoefficient of correlation value (r?) was
maximum. It wasin good agreement with thefindings
of Shilpi et. al.*"*8, A smaller value of 1/nindicates
better adsorption mechanism and formation of relating
strong bond between adsorbate and adsorbent!“-52,
The Langmuir adsorptionisotherm hasbeen used tra-
ditionally to quantify and contrast the performance of
different adsorbents. The Langmuir adsorptionisotherm
isbased ontheassumptions. () All Stesareequivaent.
(1) A moleculeisadsorbed on asiteindependent of the
nei ghboring adsorbed molecules. (IV) Coverageisin-
dependent of binding energy™® and (V) constant tem-
peréture.

Therateof attachment to the surface should bepro-
portional to adrivingforcetimesonarea. Thedriving
forceisthe concentrationisfluid and the areaisthe
amount of bare surface. The affinity between the ad-
sorbent and the different metal squantified by fitting the
obtai ned adsorption va uesto the Langmuir Isotherm.

The Langmuir equation and Freundlich model de-
scribes the isotherm of Nickel (11), Copper (I1) and
Iron (111) adsorption with high correl ation coefficient
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TABLE 1: Thepercentageremoval of Ni (I1), Cu (I1) and Fe
(111) by AANL Punder different condition during thefindings

o Percentage removal of metal ions
Condition

Minimum Maximum
p" 26.30 73.00
Adsorbent dose 39.00 70.00
Initial conc. of adsorbate 34.66 49.10
Temperature 58.20 72.30

TABLE 2: Thermodynamic par ameter sat different tempera-
ture

Adsorbate Temperature/K -AG/KJ -AH/KJ AS/J

308
313

3.206

Nickel 3.423 3.849 23.019

318 3.436

308
313
318

2.954

Copper 3.209 15.144 58.722

3.542

308 3.080

Iron 313 9.289  40.021

318

3.148
3.480

(r?=0.99)47 In our present findingsisotherm data
reveals that the adsorption process follows both
Freundlich and Langmuir isotherm and suggest favor-
ableadsorption. Thedimens onlessequilibrium param-
eter R asoknown as separation factor was defined by
Hall et.al.[*" and given by the equation,

R, = 1
1xbC,

WherebisLangmuir constant (1/mg) and C, isthe
initid concentration (mg/L). Inthe present investigation
thevaluesof R _for Nickel (0.0067), Copper (0.0105)
and Iron (0.0106) which liesin therange between 0to
1 and shows favorable adsorption. Our findings are
good agreement with thefindingsreported by Petil et d
and otherg #5359,

Thermodynamic parameters

Thermodynamic Parameters eva uatesthe nature
of adsorption of adsorbate and its magnitude during
adsorption process. The changein Gibbsfree energy
(AG), enthd py changes (AH) and entropy change (AS)
were cd culated and are summari zed inthetabular form
iINTABLE?2
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Accordingto Laurd®™ (i) AG upto-15kJmoleare
connected with the physical interaction between ad-
sorption siteand metal ions (physical adsorption), (ii)
AG when morethan-30kJYmoleinvolveschargetrans-
fer from adsorbent surfaceto themeta iontoforma
co-ordination bond. In the present investigation AG
valuesfor Nickel (11), Copper (1) and Iron (111) are
bel ow -15kJmol eindi cates adsorption mechanism as
the physical interaction between adsorption sitesand
metd ion (physica adsorption). Thenegativevalue of
AH showstheexothermic nature of adsorption of metal
ions on to the surface of NLP. Our observations are
supported by thework carried by Soon-Yong et.al .5,
The positivevalue of AS suggest increased random-
nessat thesolid - liquid interface solvent (water) mol-
eculeswhich are displaced by the adsorbed species,
gain moretranglational entropy than waslost by the
adsorbate ions. Furthermore before adsorption pro-
cess takes place the adsorbate ions are heavily sol-
vated (the systemismore ordered) and thisorder may
belost whentheionsare adsorbed onthe surface, due
totherelease of solvated water molecules.

CONCLUSIONS

Theexperimenta datagenerated by thepresentin-
vestigation showsthat acid trested NLPisan efficient
adsorbent for theremoval of Nickel (11), Copper (I1)
and Iron (111) from solution. Theimportant advantage
of using NL P asan adsorbent createsno effluent prob-
lem and easily biodegradable. Metd ionadsorptionisa
reasonably fast process onthe surface of NLPasmore
than 50% of metal ion isadsorbed within 20-30 min-
utes. The adsorption of meta ions onto the surface of
NLP adsorbent isfirst order processwith low activa-
tion energy whichisindicative of rgpid adsorption pro-
cess. TheLangmuir and Freundlichisothermsarefound
to be applicablein the present metal ion adsorption,
which may beattributed to theformation of monol ayer
on the surface of the adsorbent. Theval uesof thermo-
dynamic parameters AG, AH, AS are indicative of
spontaneous process. Theplant material suchasNLP
will open new areaof using variousabundantly avail-
ableplant materia sasadsorbent in theremova of toxic
effluents. ThusNLPissuitable adsorbent for adsorp-
tion of metal ionsfrom agueoussolution.
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