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ABSTRACT

Samanea saman barks which have been chemicallyfietbth acidic condition were used as
adsorbent for the removal of ferrous ions from amuse solution. The adsorbent was
characterized by SEM images, FT-IR and XRD analySifecting parameters like initial pH,
initial concentrations of metal ions and contachél were investigated. The adsorption data were
well fitted by Langmuir and Freundlich isotherm rebdKinetic data were best described by
Reversible First - order model. Thermodynamic ssdihowed spontaneous and endothermic
nature in the adsorption of Fe (Il) ions by the nfied acid activated Samanea saman barks.

Key words: Activated Samanea samarmarbon (SSC), ferrous ion, adsorption isotherm,
equilibrium, kinetic and thermodynamic parametersaparticle diffusion, regeneration pattern.

INTRODUCTION

The need to protect the environment from furthertamination by transition and heavy metal
ions is well established and universally reinforbgdegislation which sets limits on the levels in
effluents which may be discharged into sewers awgdllwaters. All chemical plants, factories
and other facilities employing solutions of suchtaie should therefore be treating their
wastewater before discharge. Electrochemical nasthcompete with a number of other
technologies including evaporation, precipitation exchange and solvent extraction to offer
solutions to the needs of the many industries weal Electrochemical methods, however, are
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uniquely capable of recovering pure metal for rézyalthough electrochemical technology for
metal ion removal has been available for some {itr8], it continues to develop to meet the
challenges of lower consent levels and more comgiiéxent compositionsHowever, there is a
requirement to remove the final traces of metatigseafter these treatment procedures. At very
low concentrations, such pollutants can be remdwyeadsorption on activated carbon. Activated
carbons have well-developed porous structures sg#tific surface chemical properties and are
widely used in industry for the removal of many amg compounds from both liquid and gas
phases. Activated carbons contain hydrophobic graphene r&ayend various hydrophilic
functional groups. Organic compounds are adsorlethe former, whereas polar species are
adsorbed on the latter. Surface chemistry playsmportant role in the adsorption of aqueous
heavy metals on activated carbons [4-6], Chemigalation, which incorporates both oxygen
and nitrogen functional groups on the surface d¢ivated carbon, enhances the adsorption of
aqueous metal cation species and modifies the tsefgcof the activated carbon for these
species [7,8], Oxygen functional groups are invdlirethe formation of surface complexes with
agueous metal species and ion exchange with th@adesment of protons [9], Nitrogen
functional groups coordinate with aqueous metatigse but the metal ions are displaced at pH
4.1[8]. Aqueous metal ions have different affinities forrigas functional groups such as
carboxylic groups and phenolic groups on the cadwface. Metal anionic species are adsorbed
by a different mechanism; for example, the auranm@ion is mainly adsorbed on the graphene
layers [10]. Redox reactions involving the aqueouwstal species have also been proposed
[11-13]. Several factors affect the adsorptiom@iieous metal species on activated carbon, and
these include the surface charge of activated caalnd the speciation of metal ions in solution.
This leads to a dependence of the amount adsorbetheo point of zero charge (pht),
isoelectric point, and experimental conditions,hsas ionic strength, pH, and concentrations of
species in solutionThe adsorption of aqueous metal ions is also slyomgluenced by
competition of different agueous metal ions to ggcthe limited number of surface sites, which
decreases the removal efficiency of activated aafbothe metals of interest [14]. Quantitative
modeling of the adsorption of agueous metal spd@sdeen investigated to interpret adsorption
in relation to electrostatic effects, ion exchargeg coordination with functional groups on the
amphoteric carbon surface [15]. These models sigbat the adsorption of aqueous species
onto a hydrated solid surface must overcome amaextergy barrier to complete the exchange.

EXPERIMENTAL SECTION

Treatment of Samanea saman

All the chemicals used were of analytical grade arate used without further purification.
Samanea samawas treated with conc. Sulphuric acid in a weigdtto 1:1, to increase the
adsorption properly of the adsorbent. The resglbtmxture was kept in a furnace maintained at
60C°C for 12 hours. After this, the contents were egieely washed with doubly distilled water
to remove excess acid and filtered through a Whatiittar paper. Then it was dried for 5 hours
at 125+ 5°C. By a sieving process, the carbon product asmgtcand the portion retained
between 0.040 — 0.045 mm sieves were separatest@amd in a pyrex glass bottle.

Chemical and reagents

Chemicals used for all the experiments are of aicalyand lab reagents grades and distilled
water was used in throughout the experiments.
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Batch Adsorption Studies

Batch adsorption experiments were conducted usiuyvk weight of adsorbent material was
added to 50 ml of the dye solutions with an initahcentration of 10 mg/l to 60 mg/l at various
temperatures were 35, 40, 45, and@&0 The flasks were shaken vigorously using a m&cha
shaker rotating with a speed of 125 rpm. The gmtuwvas then filtered through Whatmann filter
paper (No, 42) at preset time intervals and th&lues dye concentration was measured. The
percent adsorption (%) and distribution rati@)(iWere calculated using the equation.

% Adsorption=¢- G/ G x 100 -—-[1]

Where G and G are the concentrations of the metal ion in iniga&d final solutions and
respectively, and

Kq = amount of metal in adsorbent /amount of metalolution x V/m ml/g ----- [2]

Where V is the volume of the solution (ml) and nthis weight of the adsorbent (g). The percent
adsorption and K(ml/g) can be correlated by the following equation

% Adsorption = 100 § Kg+ V/M =--=------mn-mmmmme- [3]

Ferrous ion stock solution
Stock solution of ferrous ioranging from 10 mg to 60 mg was dissolved in otre bf distilled
water.

Buffer preparation

Different pH buffers had been used a range of 8 tolstudy the effect of pH on the removal
efficiency of the adsorbent. For maximum rang@ldfsolution of dilute nitric acid and sodium
hydroxide are used for maintaining the pH of thieitsan.

Effect of Variable Parameters

Dosage of Adsorbent

10 to 100 mg/50 ml of the adsorbent was taken hadiked concentration of ferrous ion was
added and the mixture was agitated in a mechasiater. Keeping all other factors constant,
we determined the percentage adsorption.

Initial concentration of ferrous ion
Initial concentration of ferrous ion ranging frod 1o 60 mg/l as taken and other factors was
kept constant. From this, the rate of adsorptias determined.

Contact time
The removal of ferrous ion in a single cycle wasedrined by keeping particle size, initial
concentration, dosage, pH and temperature constant.

Initial pH

For entire experiments the pH range was maintainedetween 3 — 10. |If the pH range
increased or decreased should be maintained bypgdeljuired amounts of dilute nitric acid and
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sodium hydroxide solutions. During this experimepéarticle size of the adsorbents and
temperature were kept constant.

Other ions

While the determination of ferrous ions in the pree of chloride, nitrate and calcium ions were
experimentally verified by using the adsorb&atmanea samanFrom this, the percentage of
metal ion adsorbed was determined from 30 mg/Indfal concentration of the ferrous ion

solution with varying concentration of the added keeping all other factors constant.

Temperature

For this experiments, thermostatic shaker machiem(, India) was used to maintain the four
different temperaturegiz, 35, 40, 45 and 3C. During the adsorption studies, the constancy of
the temperature was maintained with an accuraep &°C.

Zero point charge

The pH drift method was very useful to measurepbiential of zero charge of the carbon (pH
Zpc) while using 0.01 M NaOH or nitric acid, the pifithe solution was adjusted. To remove
the dissolved oxygen, Nitrogen was bubbled throtigh solution at 28C. In 50 ml of the
solution, 50 mg of the activated carbon was addé&the final pH was recorded while it
undergoes stabilization. The graph was plottesvéet pH and initial pH which was used to
determine the zero point charge of the activatebdara[16].

Titration Studies

The compounds which are neutralized by using sodiarbonate are strong acidic carboxylic
acid groups on the basis of Boehm][17Where neutralization takes place in the presearic
sodium carbonate, the product obtained are coresides lactones, lactol and carboxylic group.
The weakly acidic phenolic groups only react wittoisg alkali, sodium hydroxide. The surface
acidic functional group in carbon can be charapgeriboth quantitatively and qualitatively, by
selective neutralization using bases of differargrgth. The amount of surface basic groups
like pyrones and chromones and characterized byraleation with hydrochloric acid. The
basic properties have described to surface bagjmepties have described to surface basic groups
and the pi electron system of carbon basal plafée. activated carbon possesses acidic oxygen
functional group on their surface and it is supgdnvell by their respective zero point charge
values. These results are obtained from the abloaeacterization studies that indicated in
Tablel.

Regeneration Studies
0.2 M mineral acids and sodium chloride solutiorestaken for the regeneration of the adsorbed
carbon.

Analytical Measurements

The adsorbents before and after adsorption wergded at the CECRI, Karaikudi, South India
for FT-IR, SEM and XRD patterns.
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RESULTS AND DISCUSSION

Properties of the Adsorbent
The chemical nature and pure structure usuallyrai@tes the sorption activity. The physical
and chemical property of tf@amanea samanas listed in Table 1.

Table 1 Physico -Chemical Properties of th&amanea samaadsorbent

Properties Samanea same (SSC

Particle size (mm) 0.040
Density (g/cc) 0.4548
Moisture content (%) 2.56
Loss on ignition (%) 89
Acid insoluble matter (%) 2.75
Water soluble matter (%) 0.68
pH of aqueous solution 6.6
PH 25 5.9
Surface groups (m equiv/g)

(i) Carboxylic acid 0.326

(i) Lactone, lactol 0.052

(iii) Phenolic 0.043

(iv) Basic (pyrones and chromenes) 0.029

Effect of adsorbent dosage

The adsorption of adsorbate on adsorbent was stumrechanging the adsorbent (10 — 100
mg/50 ml) for adsorbate concentration of 30 mgil.the dosage of adsorbent increase the
percentage of adsorption of adsorbate also incseasel then the surface area of the adsorbent
increases and availability of more adsorption sitese produced [17-19] (Figure 1). For entire
adsorption studies 50mg/50 ml of dosage of adsorvas enough.

Effect of contact time and initial ferrous ion corantration

The effect of contact time and different initialncentration was also studied. It was observed
that percentage removal of dye decreases with aseren ferrous ion initial concentration.
Equilibrium had established at 40 minutes for alh@entrations. From this, it means that the
adsorption was highly dependent on initial concdman of ferrous ion. Table 2 and figure 2
reveals that the curves are single, smooth andrmuomits, leading to saturation, suggesting the
possible monolayer coverage of the ions on theorashirface [17, 18].

Adsorption Isotherms

The adsorption isotherms were studied using ind@acentration of ions between 15 mg to 75
mg/l at an adsorbent dose 25mg/l. The data oltasmétted into the Langmuir isotherm which
is the most popular and is a two parameters equdiscribed as [20]

ColQe = 1/Qub + GJQp ~wromreremmseeemsseeeeeeer[4]

Where constants b and,Qelate to the energy of adsorption and adsorptagpacity and their
values are obtained from the slope and intercefiteplot of G/Q. versus ¢ as shown in figure
3, and Table 3. The observed values shows thadberbent prefers to bind acidic ions and that
speciation predominates on sorbent characterisiten ion exchange is the predominant
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mechanism takes place in the adsorptioSaanea samait confirms the endothermic nature
of the process involved in the system [21,25,28]he value of b, which is a measure of heat of
adsorption, is utilized to calculate dimensionlesgaration parametei R3]. The values found
to be in between 0 to 1 and confirm that the ong@dsorption process is favorable [284pwn

in Table 4. The adsorption data obtained are fdlsal to the Freundlich isotherm which is the
earliest known relationship known as describedngyftllowing equation [25].

log Q@ =log K; + 1/nlog G --m-m-m--—--[5]

Where K is adsorption capacity and n is adsorption intgnsiThe slope (1/n) and intercept(K
Of a log — log plot of Qvs G are determined. The results of both regressetiesns are
tabulated in Table 5 and figure 4. The intensityadsorption is an indicative of the bond
energies between dye and adsorbent and the pdagsifilslight chemisorptions rather than
physisorption [16, 22]. However, the multilayer aidsorption ofSamanea samathrough the
percolation process may be possible. The values afe greater than one indicating the
adsorption is much more favorable [24].

Effect of Temperature

Effect of temperature on adsorption of ferrous weas studied by conducting different sets of
experiments at initial concentration of 45 mg/dédferent temperaturee., 35, 45, 55 and 6&.

It is observed that adsorption of ferrous ion iases with increase in the temperature.

Thermodynamic parameters

The thermodynamic equilibrium constang iK obtained by calculating the difference between
solid phaseoncentration and liquid phase concentration.

Ko =Csolid / Giiquid mmmmeemeemeeee e e e [6]

And extrapolating to zefdCsq is the solid phase concentration at equilibriung/{jn Ciiquid IS

the liquid phase concentration at equilibrium (mdrflis the temperature in Kelvin and R is the
gas constant. The thermodynamic constants likdo&bfree energyAG®), enthalpy change
(AH®), and entropy changa¥%°), are calculated to evaluate the thermodynamisiliday of the
process and to confirm the nature of the adsorgirocess. The Gibb’s free energy change of
the process is related to equilibrium constar) B¢ equation

FN R = 11— [7]

The Gibb’s free energy change is related to theagpy changeAH®) and entropy changa$°)
as

log Ko = AS°/(2.303 RT) -AH®%/(2.303 RT) -----------=------ [8]
The AH° and AS° values obtained from the slope and interceptVah't Hoff plots
(representative Fig.5) have presented in Tablehé. vialuesAH® is within the range of 1 to 93

KJ/mol indicates the physisorption. From the reswe could make out that physisorption is
much more favorable for the adsorption of ferroos. iThe positive value oAH® show the
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endothermic nature of adsorption and it governspitesibility of physical adsorption [22.,27]
Because in the case of physical adsorption, whiteeiasing the temperature of the system, the
extent of dye adsorption increases, this ruledfmipossibility of chemisorptions [27]. The low
AH° value depicts dye is physisorbed onto adsorBamanea samanThe negative values of
AG® (Table 6) shows the adsorption is highly favteadnd spontaneous. The positive values of
AS° (Table 6) show the increased disorder and randemat the solid solution interface of
ferrous ion withSamanea samaadsorbent, while the adsorption there are somectstal
changes in the dye and the adsorbent occur. Tlelstswater molecules, which have displaced
by the adsorbate species, gain more translatioried@y than is lost by the adsorbate molecules,
thus allowing the prevalence of randomness in fses. The enhancement of adsorption
capacity of the activated carbon at higher tempeeatwas attributed to the enlargement of pore
size and activation of the adsorbent surface [2022].

Kinetics of adsorption
The kinetics of sorption describes the solute uptalke, which in turn governs residence time or
sorption reaction. It is one of the important cloéeastics in defining the efficiency or sorption.
In the present study, the kinetics of the dye remhewvas carried out to understand the behavior
of these low cost carbon adsorbents. The adsorpfialye from an aqueous follows reversible
first order kinetics, when a single species aresimred on a heterogeneous surface. The
heterogeneous equilibrium between the dye soluaoiisthe activated carbon are expressed as

Ky
< - B

ko

Where kK is the forward rate constant angi& the backward rate constant. A represents dyes
remaining in the aqueous solution and B represgatadisorbed the surface of activated carbon.
The equilibrium constant @ is the ratio of the concentration adsorbate isoddent and in
aqueous solution @& ki/ k).

A

In order to study the kinetics of the adsorptioagesss under consideration the following kinetic
equation proposed by Natarajan and Khalaf as aitéterature has been employed [25].

log Go/Ci=(Kad/2.303)t p— %)

Where t = 0, t = t, €and Gare the concentration of the dye in (in mg/l) respely. The rate
constants (kg for the adsorption processes have been calcufeded the slope of the linear
plots of log G/C; versus t for different concentrations and tempeest (representative Fig.6).
The determination of rate constants as describéitemature given by gC; versus t for different
concentrations and temperatures (representativé)Fighe determination of rate constants as
described in literature given by

Kadkitko=ki+ (ki/Ko)=ky [1+1/Kg] ---------------- [10]
The overall rate constantyKfor the adsorption of dye at different temperaguaee calculated
from the slopes of the linear Natarajan-Khalaf @ldthe rate constant values are collected in

Table 7 shows that the rate constanfy(khcreases with increases in temperature suggettat
the adsorption process in endothermic in naturethBy Ky, values decrease with increase in
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initial concentration of the dye. In cases of stsgrface adsorption a variation of rate should be
proportional to the first power of concentrationowéver, when pore diffusion limits the
adsorption process, the relationship between iniyg concentration and rate of reaction will
not be linear. Thus, in the present study poreusiéin limits the overall rate of dye adsorption.
The overall rate of adsorption is separated ingorétte of forward and reverse reactions using the
above equation. The rate constants for the forveaudl reverse processes are also collected in
Table 7 indicate that, at all initial concentrasoand temperatures, the forward rate constant is
much higher than the reverse rate constant suggettiat the rate of adsorption is clearly
dominant [22,27,29].

Intraparticle diffusion

The most commonly used technique for identifying thechanism involved in the sorption
process is by fitting the experimental data in @tnaparticle diffusion plot. Previous studies by
various researchers showed that the plot of Qtusefs® represents multi linearity, which
characterizes the two or more steps involved instbiption process. According to Weber and
Morris, an intraparticle diffusion coefficient,Ks defined by the equation 10.

K=Q/?°+ C e [10]

Thus the K (mg/g mirf-®) value can be obtained from the slope of the pfdDt (mg/g) versus
t°® for ferrous ion. From figure 7, it was noted tHag sorption process tends to be followed by
two phases. The two phases in the intraparticlieigidn plot suggest that the sorption process
proceeds by surface sorption and intraparticleuditin [30,31]. The initial curved portion of the
plot indicates a boundary layer effect while theos®l linear portion is due to intraparticle or
pore diffusion. The slope of the second linear ipartof the plot has been defined as the
intraparticle diffusion parameter,@ng/g mirf%. On the other hand, the intercept of the plot
reflects the boundary layer effect. The largerititercept the greater would be the contribution
of the surface sorption in the rate limiting st€pe calculated intraparticle diffusion coefficient
K, value was given by 0.096, 0.144, 0.192, 0.247 @92 mg/g mif® for initial dye
concentration of 15, 30, 45, 60 and 75 mg/l &35

Effect of pH

The solution pH plays major role in determining t@mount of ferrous ions adsorbed [32].
Adsorption was studied over the range pH — 3-10 thedresults are shown in Figure 6. The
initial metal ion concentrations were kept constardsorption of Ferrous ions increased
appreciably (1-2 times) with increase of pH fronp3L0 and consistent with results obtained by
others. The increase is partly attributed to tren&tion of different hydroxo species with rise in
solution pH. Based on the hydrolysis constantmetal ions as defined in

—_—m

M* + nHO M (OH)rf* + nH'

And taking only primary metal species expected ¢ofdrmed in the working pH range into
consideration, the species distribution diagramd=ésrous ion is constructed are given in Figure
8, it is evident that P& and its mono hydro species are the predominatiegisp up to pH ~5.9,
while di hydro species are also formed to a sigaiit extent above pH ~ 9 for Ferrous ion.
Since maximum adsorption ferrous ion was achievgiHa~ 5.9, it may safely be stated that the
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removal of ferrous ion was mostly due to adsorpteomd not precipitation. However,
precipitation of small fractions of Feeven at pH ~ 9 on the surface by nucleation cabeot
neglected. At still higher pH (>9), however, paftFe¢* may be precipitated as di hydroxo
species, which also depend ugbe initial metal ion concentration. The other ortant factor,
which might contribute to the higher adsorptiomugtal ions with increased pH, is the pébf
Samanea saman.At any pH below pH,. the surface of metabxides / oxyhydroxides is
positively charged and at pH above jpHthe surface is negative. When the solution pH
exceeded phl,, the metal species are more easily attracted dydgyatively charged surface of
adsorbent, favoring accumulation of metal specrethe surface and thus promoting adsorption
[33,34].

Effect of other ions

Till now all the adsorption results discussed abaege obtained by taking a single cation as
adsorbate (e.g. F®, however, in reality the contaminated water cimstaheavy metals,
Therefore, it was thought worthwhile to study thiteee of some commonly occurring ions on
adsorption behavior of Ferrous ion under presemtyst A typical water sample containing
Chloride ions and Calcium ions were doped with knayantities of adsorbate metal ions and
they were used as the stimulated water matrix dsogption. A fixed amourfamanea saman
was dispersed in this water matrix containing dolster. The other adsorption parameters were
kept constant, as stated earlier. The resultscallected in Figure 9. It is evident that the
presence of the above ferrous ion in the adsodmdtgion practically did not affect the extent of
adsorption. It may be noted that almost the wifel®us ion content in the adsorbate solution is
removed after adsorption. The concentration oéiotbns, however, marginally decreased (with
ion 10% of initial concentration) after adsorptio® higher concentration level of interfering
ions may, however, adversely affect the adsorptepacity ofSamanea samanAdsorption of
different heavy metal from a stimulated water nxatontaining a high back ground level of
different ions is being carried out to assess utsre applicability to removal of toxic metals
from industrial effluents [33-35]

Desorption studies

The nature of adsorption, recycling of the spergodoent and the ferrous ion was studied by
using desorption studies. If neutral pH water wasen, the adsorbed ferrous ion can be
desorbed, and then the binding of the ferrous fatheadsorbent is by weak bonds. During ion
exchange, the adsorption between adsorbent antdusidpacid or alkaline water desorp the
ferrous ion. If chemisorptions taken places, nigacids like acetic acid can desorp the ferrous
ion, then the metal ion has held by the adsorbefydrochloric acid is a better reagent for
desorption studies compared to various reagents fasedesorption studies, because we could
get more than 81 % removal of adsorbed Ferrous ibhe rate of sorption was highly pH
dependent. The desorption of ferrous ion by minacads and the alkaline medium indicates
that the ferrous ion was adsorbed onto activ&athanea samathrough the physisorption
mechanisnf22, 24, 27, 36].

Evidences for adsorption

FT — IR spectral studies

FT — IR spectra for the activat&manea samapefore and after adsorption of ferrous ion have
been recorded a representation spectrum is shovigures 10a and 10b. From the figure, it
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could be seen that, the peak position is not clarige the slight reduction of stretching
vibration of adsorption bonds takes place. Trgsre indicates that the adsorption of ferrous ion
on the activate@amanea samdwy physical forces not by chemical combination.

XRD spectral studies

A representative XRD pattern of the activatédmanea samaand ferrous ion adsorbed
Samanea samas shown in figures 11a and 11b. The intense rpaak shows the presence of
highly organized crystalline structure of raw aated carbon, after the adsorption of ferrous ion,
the intensity of the highly organized peak is dlighdisappeared. This has attributed to the
adsorption of ferrous ion on the upper layer of ¢hestalline structure of the carbon surface by
means of physisorption rather than chemisorptions.

SEM images

The SEM images of raw activated carbon and a reptasve image is given in figures 12a and
12b. The bright spots shows the presence of tihgshon the crystalline of raw activated carbon,
after treatment with ferrous ion the bright spoescdme black shows the adsorption of the
ferrous ion on the surface of the activaBainanea samdB6,37] .

Table 2 — Equilibrium parameters for the adsorptionof ferrous ion by activated carbon (SSC)

Ferrous ion C. (mg/l) | Q. (mg/q) | Metal ions removed (%)
concentration Temperature °C
(mgll) 35 40 45 50 35 40 45 50 35 4Q 4% 50
1C 1.3271 1.125¢ 0.938° 0.723¢ 8.672¢ 8.874¢ 9.061: 9.276. | 86.72 | 88.7¢ | 90.61 | 92.7¢
20 2.8474 2.6326 1.9834 1.6084 17.1526 17.3674 18.01B68.3916| 85.7 86.88 90.08 91.95
30 4.7247 4.3245 3.74872 3.2506 25.2767 25.6Y55 26.25A87494| 84.25 85.58 87.50 89.16
64 7.978: 7.294: 6.925¢ 6.023f | 32.021° | 32.705 | 33.074t | 33.976! | 80.0¢ | 81.7¢ | 82.6¢ | 84.9¢
50 11.2963| 10.9214 10.3215 9.8216 38.7037 39.0786 789.6 40.1789 77.4 78.15 79.35 8035
6C 16.411: | 15.814: | 14.928. | 14.027: | 43.588¢ | 44.185 | 45.071¢ | 45.972¢ | 72.6¢ | 73.6¢ | 75.11 | 76.62

Table 3 - Langmuir isotherm results for the adsorpion of ferrous ion by SSC

Temperature tefistical parameters/constants
°C re Qm b
35 0.9970 66.18 0.1215
40 0.9989 62.89 0.1510
45 0.9978 59.35 0.2016
50 0.9981 56.95 0.2702

Table 4 - Dimensionless Separation factor (R for the adsorption of ferrous ion by SSC

Ferrous ion Temperature °C
concentration (mg/l) 35 45 55 65
10 0.450 0.398 0.331 0.270
20 0.290 0.248 0.196 0.156
30 0.214 0.181 0.141 0.109
64 0.170 0.142 0.110 0.085
50 0.141 0.116 0.090 0.068
60 0.120 0.099 0.075 0.058

637



B.R. Venkatramanet al

J. Chem. Pharm. Res., 2011, 3(1):628-648

Table 5 — Freundlich isotherm results for the adsgstion of ferrous ion by SSC

Temperature Statistical parameters/constants
°C r K¢ N
35 0.9852 1.8934 1.5664
40 0.9865 1.8369 1.6444
45 0.9812 1.7399 1.8066
50 0.9882 1.6796 1.9282

Table 6 Equilibrium constant and thermodynamic parameters for the adsorption of ferrous ion by activa¢d
carbon (SSC)

Ferrous ion Ko | AG®

concentration Temperature °C

(ma/l) 35 40 45 50 35 40 45 50| AH° AS®
10 1.53 7.88 9.65 12.81| -480 -537 -599 -6.85 3242 1®0/6
20 6.02 6.59 9.08 11.43 -4.59 -498 -5.83 -6.%4 33.29 1P3)9
30 5.35 5.93 7.00 8.22 -429 -463 514 -5.65 22.38 86.48
40 4.01 4.48 4.77 5.64 355 -390 -413 -4.65 1844 2.57
50 3.42 3.57 3.84 4.09 3.1 -3.31 -3.56 -3./8 9.5 .241
60 2.65 2.79 3.02 3.27 250 -2.67 -2.92 -3.18 8.41 .385

AH? (KJ/mol),AS°(KJ/mol),AG° (KJ/mol)

Table 7 — Rate constants for the adsorption of feous ion (1Gk,q, min ™) and the constants for forward (18
k1, min ) and reverse (18k,, min ™) process (SSC)

Ferrous ion Temperature (°C)
concentration Kad 35° 40° 45° 50°
(mg/l) 35 | 40° 45 50° Ky K, Ky K, Ky k, Ky K,
10 8.38 | 10.13| 1193 1275 7.2/ 111 899 1/14 10.81121.11.83| 0.92
20 6.67 7.36 8.27 9.18 572 095 6.40 0.p6 7.45 0.82.458 0.73
30 6.45 | 6.68 6.99 7.34 544 1.01 572 0Pp6 6.03 096396 0.95
40 4.84 5.29 5.74 6.05 387 097 433 0.p6 4.75 g.99.145 0.91
50 4.38 4.60 4.85 5.08 339 099 3.60 1.p0 3.84 1.01.094 0.99
60 3.68 | 3.77 3.90 411 26y 1.0L 298 0.9 2P3 (0.97.153 0.96
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Fig.1-Effect of adsorbent dose on the adsorptidierwbus ion by SSC
[Fe]=30 mg/L;Contact time=60 min;Temp=°1§5
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Fig.2-Effect of contact time on the adsorption efrbus ion by SSC
[Fe]=30 mg/L;Adsorbent dose=50 mg/50 mI;TempO:GS
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Fig.5-Natarajan-Khalaf plot for the adsorption efrfous ion
[Fe]=30 mg/L;Adsorbent dose=50 mg/50 mI;TemngS
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[Fe]=30 mg/L;Adsorbent dose=50 mg/50 mI;Temp?zﬁBS
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Fig.8-Effect of Initial pH on the adsorption of feus ion by SSC
[Fe]=30 mg/L;Adsorbent dose=50 mg/50 ml;

Temp=35C;Contact time=60 min
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Fig.9-Effect of other ions on the adsorption ofdes ion by SSC
[Fe]=30 mg/L;Adsorbent dose=50 mg/50 ml;

Temp=35C;Contact time=60 min

Figure 10a FT — IR Spectra for RawSamanea saman carbon
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Figure 10b FT — IR Spectra for the adsorption of Feous ion by SSC
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Figure 11a XRD spectra for rawSamanea samanarbon
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Figure 11b XRD Spectra for the adsorption of ferrow ion by SSC
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Figure 12b SEM images for the adsorption of ferrouson by SSC

CONCLUSION

ActivatedSamanea samamas been found to be an economically viable amenpial bio sorbent
for the removal of ferrous ion. Sorption of fersoion onto activatedbamanea samarthis
present work has indicated that the sorbent promiealternative or adjacent to conventional
methods employed to control the level of ferroudlytion. The calculated values of the
dimensionless separation factor Rom the Langmuir and Freundlich isotherm constants
confirm favorable sorption of Fe (II) onamanea saman.The amount of ferrous ion adsorbed
increased with increase in pH of the medium. OptimpH for highest Fe (II) adsorption was
5.9. The amount of ferrous ion adsorbed slighgrdased with increasing ionic strength and
increased with increase in temperature. The théymamic calculations showed that the Fe (11)
adsorption was spontaneous in nature and endotherature of the adsorption process. The
contact time for the maximum adsorption required waarly 40 minutes. Adsorption process
was found to follow the reversible first order r&iaetics. The values ofG°, AH® and AS®
results shows that the carbon employed has a @rasieg potential as an adsorbent for the
removal of ferrous ion.
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