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ABSTRACT

Morinda pubescence Linn a commonly found herbal plant was used to
prepare activated carbon by physicochemical activation method. The sorp-
tion capacity of this bio-resource material to remove Fe(I11), Cu(ll) and
Co(ll) from aqueous solutions were determined by batch tests. The influ-
ences of important parameters such as contact time, dosage, pH, pH zpc,
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co-ions and temperature on metal adsorption process were aso investi-
gated. The equilibrium data were fitted to Langmuir and Freundlich iso-
therms. The batch adsorption rate for the sorption process was explained
on the basis of intraparticle diffusion. Various thermodynamic parameters
like AG?, AH® and AS® were analyzed to observe the nature of adsorption.
The metal adsorption process on the surface of adsorbent was verified as
a surface phenomenon by performing SEM and XRD analysis.
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INTRODUCTION

Metal s can be di stinguished from other toxic pol-
lutants, sincethey are not biodegradabl e and can be
accumulatedinlivingtissues, causing various diseases
and disorders. Conventional methodsfor removing
metasfromindustria effluentsinclude chemica pre-
Cipitation, coagulation, solvent extraction, e ectrolytic
processes, membrane separation, ion exchange, reverse
osmosis, ultrafiltration, biological sysemsand adsorp-
tion™. Adsorption processesfor removal of metdshave
been found chegper and more effectivethanthe severd
technol ogies?. Numerous by products of agro-indus-
tria productionsand agricultura by-productshave been
studied for potential use as inexpensive sorbents?.
Many examplesareavailableintheliterature concern-
ing the direct or activated use of these materials as
adsorbentg*>8, Thisstudy dedl swith theinvestigation

of Fe(l11), Cu(ll) and Co(ll) removal from aqueous
solutions by adsorption on activated carbon prepared
from MorindapubescenceLinn (MP).

EXPERIMENTAL

The preparation of activated carbon from MP con-
Sisted of carbonization of the plant materia. Dried raw
barkswerecut into smal piecesand the carbonization
wasconducted inamufflefurnaceat 400°C for 2 hours.
After carbonization, the carbon was ground using do-
mestic mixie. Theactivated carbon obtained was kept
inadesicator and were characterized for the physical
parameterswhich aregivenin TABLE 1. Adsorption
equilibrium study of thesemetd ionswascarriedoutin
250ml stoppered lodineflask. The concentration of the
metd ionswasdetermined by UV/ Vis ble spectropho-
tometer (UV 240 Shimaduzu). All other water quality
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TABLE 1: Characteristics of the activated carbon

S.no Parameters Morinda pubescence Linn

1 Particle size (mm) 0.14
2 Density (g/cc) 0.58
3 Ash content (%) 211
4 Moisture content (%) 1.50
5 Loss of ignition (%) 88.3
6 Water soluble matter 0.24
7 pH of agueous solution 7.0

8 pH (zpc) 6.7

9 lodine number (mg/qg) 190

parameterswere andyzed by using stlandard methodd”.
The pH measurementswere donewith apH electrode
(Systronics) and pH,,. (pH of zero point charge) was
determined by pH drift method®. The surface mor-
phology of the raw and treated activated carbonswas
visuaized by SEM withaHITACHI-S-3000H modd.
XRD pattern wasrecorded using X* per PRO (modd!),
PAN analytical (make). Computationswere made us-
ingMicroca Origin, (version 6.0) software.

RESULTSAND DISCUSSION

Effect of contact time

The effect of contact time on the adsorption of
iron(l11), copper(I1) and cobat(l1) with 50ml of 20 ppm
of each metal ion solutions were studied using MP.
Figure 1 showstheeffect of contact timeon adsorption
of theadsorbent. Theresults show that the percentage
of metal ion adsorption increased withincreasingtime
of equilibration. Thisstudy doesnot claim any kinetic
evaluation of adsorption process, but it has shown that
theequilibriumwasattained.

Effect of dose

Theeffect of the activated carbon MPdoseonthe
remova of metd ionsisshowninfigure2. A Sgnificant
increasein percent removal withincreasein dosage of
activated carbonswas doneto bring down the metal
ionslevd toitstolerancelimit. Theadsorptionincreased
from 35t0 95 percentages with increasein adsorbent
dosefrom 50 mgto 500mg.

Effect of pH

The pH dependence of iron(l11), copper(ll) and
cobalt(Il) takeonto MPisshowninfigure 3. ThepH of
the agueous sol ution was clearly an important param-
eter that controlled the adsorption process. It iswell
known that these metal ionsundergo hydrolysisreac-
tionsinwater and form insoluble complexeswithin-
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Figurel: Effect of contact timefor MP
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Figure3: Effect of pH for MP

creasing pH. Thisphenomenon isconceded asimpor-
tant for understanding the adsorption behaviour of all
metal ionsonto these activated carbons. Upto pH 5.0
due to the presence of H* ions of the acid used for
adjusting pH. However, this effect causesin the pH
range of 5.0-7.019.
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Effect of Co-ions

Theinfluence of other co-ionssuch asCl+, SO ?,
HCO,, SO, C&* and Mg* which are commonly
present anionsand cationsin water wasinvestigated
viz., 200,400,600,800 and 1000 mg/L concentrations
ontheadsorption of iron(I11), copper(l1) and cobat(l1)
by the adsorbent. Figure 4 givestheeffect of co-ions
on the adsorption of copper(l1) asrepresentative plot.
In all the cases, the presence of these co-ionsdid not
sgnificantly alter the metal ionsadsorption processby
theactivated carbon.

Adsorption isotherms

Equilibrium dataare basi c requirementsfor the de-
sign of adsorption systemsand adsorption modelsare
used for the mathematical description of theadsorption
equilibrium of themetal ionsonto the adsorbent. The
resultsobtained ontheadsorption of iron(l11), copper(ll)
and cobalt(l1) were andyzed by thewell-known mod-
elsgiven by Langmuir and Freundlich9,

Langmiur isotherm

Thelinear form of Langmuir isotherm equationis
givenas

Cc 1 1

de Qb Q" @
where C, is the equilibrium concentration of the adsorbate
(mg/L), g, isthe amount of adsorbate adsorbed per unit mass
of adsorbent (mg/g), Q, and b are Langmuir constants related
to adsorption capacity and rate of adsorption. The Langmuir
curves pertaining to the Cu(ll) adsorption by MP is provided
in figure 5 as representative plot. The Langmuir constants b
and Q_ were calculated from equation (2) and the values are
givenin TABLE 2. Theessential characteristicsof the Langmuir
isotherm can be expressed interms of adimensionlessequilib-
rium parameter (R ) whichisdefined by,

1
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Figure5: Langmuir plot for Cu(l1)

where b isthe Langmuir constant and C isthe initial concen-
tration (mg/L). The value of R indicates the type of the iso-
thermto be either favourable (0<R <1), unfavourable (R >1),
linear (R =1) orirreversible(R_=0). Thevalueof R wasfound
to belessthan one and this again confirmed that the Langmuir
isotherm model was favourable for adsorption of metal ions
onto the activated carbon under the conditions used in this

Ru=17 bCy (2)  study.
Freundlichisotherm
TABLE 2: Langmuir and Frendlich constants
Langmuir constants Freundlich constants
M etal ions Temperature Qo b R® R. 1n K; R®
303 1.546 0.304 0.998 0.910 0.743 3.526 0.997
313 1.557 0.3621 0.999 0.976 0.750 3.718 0.998
Fe(ll) 323 1.569 0.4031 0.999 0.905 0.757 3.996 0.998
303 1.181 0.157 0.999 0.968 0.742 3.554 0.998
313 1.188 0.164 0.999 0.968 0.746 3.705 0.998
Cu(ll) 323 1.194 0.180 0.999 0.965 0.754 3.967 0.999
303 1574 0.132 0.997 0.815 0.887 3.071 0.999
313 1.636 0.159 0.998 0.834 0.836 3.264 0.999
Co(Il) 323 1.762 0.168 0.999 0.853 0.811 3.697 0.999
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Figure6: Freundlich plot for Co(ll)

TABLE 3: Thermodynamic par ameter sfor sor ption of metal
ionsat 20 ppm

AG%(KJmol™)

0 -1 -1
Metals 303K 313K 303K A (KJmol ) AS(K Jmol ™)
Fe(lll) -250 -2.68 -2.94  +5.25 0.059
Cu(ll) -244 -226 -270  +4.89 0.073
Co(ll) -1.66 -1.26 -1.70  +9.57 0.084

Thewel-known logarithmicform of Freundlichiso-
thermisgiven by thefollowing equation,

1
logge = logK ¢ +HlogCe 3)

where C, is the equilibrium concentration of the adsorbate
(mg/L) and q, is the amount of adsorbate adsorbed per unit
mass of adsorbent (mg/g). K, and n are Freundlich constants
representing the adsorption capacity and intensity of adsorp-
tion respectively. Thevaluesof K, and 1/nwere obtained from
the slope and intercept of the plot of log g, verseslog C . The
slope of I/n ranging between 0 and 1 is a measure of adsorp-
tion intensity or surface heterogeneity, becoming more het-
erogeneous asits value gets closer to zero*Y. Freundlich con-
stants K, and n values were calculated and listed in TABLE 2

and a representative plot is given in figure 6.
Thermodynamic parameters

Thermodynamic parameterswiththeadsorptionviz.,
standard free energy change (AG°), standard enthal py
change (AH®) and standard entropy change(AS®) were
ca culated using the equation below andthevauesare
giveninTABLE 3.

1
logge = logK ¢ +HlogCe 4

where the AG? is the free energy of adsorption, T is the tem-
perature and R the Universal gas constant. The adsorption
distribution coefficient K_for the adsorption reaction was de-
termined from the slope of the plot In(q /c ) against C_at differ-
ent temperature and extrapolating to zero C_ according to
method suggested by Khan and Singh (12). The adsorption
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distribution coefficient may be expressed in terms of enthal py
change (AH®) and entropy change (AS") as a function of tem-

perature,

AG°®=-RTInK, ©)
Where the values of AH® and AS® can be obtained from the
slope and intercept of the plot of In K against /T

Intraparticlediffuson

From amechanistic point of view, tointerpret the
experimental data, production of therate-limiting step
isanimportant factor to be considered in the sorption
process. Though kineticand equilibriumisotherm stud-
ieshelptoidentify the adsorption process, predicting
the mechanismsisrequired for design purpose. For a
solid - liquid sorption process, the solutetransfer isusu-
ally characterized by either external mass transfer
(boundary layer diffusion) or intraparticlediffusion or
both. Thisisdetermined by plotsof theamount of metal
adsorbed against the squareroot of time, t * for three
different temperatures. According to Weber, an
intrgparticlediffusion coefficient isdefined by theequa:
tion.
gy =K ptl/2 (6)
g, = the amount of metal ions adsorbed per unit mass of
adsorbents at any time t, t2 =square root of time, K =
Intraparticle diffusion rate constant

Theplotsof intrgparticlediffusion curvesshowsini-
tid curved portionfollowed by linear portionand apla-
teau. Thefirst sharper portionisthe externa surface
adsorption or instantaneous adsorption stage. The sec-
ond portionisthe gradual adsorptionwheretheintra
particlediffusionisrate controlled. Thethird portionis
find equilibrium stagewheretheintrgparticlediffuson
startsto slow down dueto extremely low solute con-
centrationin solutions™. Thevaduesof Kparegivenin
TABLE 4 andfigure7 showsCu(ll) intraparticlediffu-
sionby MPasrepresentativeplot.

Instrumental analysis

SEM images of the activated carbon before and
after of iron(l11) sorption are showninfigure8 asrep-
resentativeimages. Comparison of thesemicro graphs
beforeand after iron(I11) sorption showsthat the sur-
facetextureand porosity of the adsorbents has holes
and small openings, which congtitutethe contact areas
fedilitating porediffus on during adsorption of meta ions
on the surface of the activated carbon. XRD patterns
of thetreated adsorbents showed significant changes.
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Figure7: Effect of Intraparticlediffuson for MP
TABLE 4: Valuesof K,

Concentration of Valuesof K,

metal ionsin ppm Fe(lll) Cu(ll) Co(l)
2 2.58 4.88 6.48
4 3.66 6.11 7.65
6 5.78 7.06 8.00
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Figure8(a): SEM for M P beforetreatment b) SEM for MP

after treatment

The XRD data of the treated activated carbon pro-
vided evidence of decreasein the peak intensity at 26
val ueswhich showsthat adsorption of iron(l11) onthe
surface of the adsorbent and at the same it dose not
dter thecrystdline structure of thematerid®l. Figure9
indicatethe decreasein the peak intensity values after
adsorption of iron(I11) on MP asrepresentative.
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