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ABSTRACT

The ability of formaldehyde modified pomegranatel fEMPGP) to adsorb Cd (ll) from wastewater haste
investigated through batch experiments. The adsorgirocess was relatively fast and equilibrium weahkieved at
agitation rate of 120 rpm and after about 120 mfrcontact. The highest Cd(ll) adsorption (98.9% svaebserved

at pH range 6-8. The kinetic of the adsorption avanalyzed using pseudo-first order, pseudo-secoddr and
intraparticle diffusion rate equation. It was showimat the adsorption of cadmium could be describgdthe
pseudo-second order equation suggesting that thusolption process is presumably chemisorptions. The
equilibrium data fitted Freundlich and Langmuir ieerm model. The maximum adsorption capacity detein
from the Langmuir isotherm was found to be 18.52gnag 30 C. Thermodynamic parameters such®’; AH°
and4S’ have been evaluated. THE® value for the adsorption processes of Cd (Il) watimed as —2.645, -4.453
and -11.36 kJ/mole at 1522 and 36 C, The negative valuetG® indicates the degree of spontaneity of the
adsorption process and the higher negative valudicgos a more energetically favorable adsorptioheTvalues of
AH% and 4S° for Cd(Il) were obtained as 19.77 kJ/mol and 693160l K* respectively. The positive valueAH°
indicates endothermic nature of adsorption, whitssifive 4S’ value confirms the increased randomness at the
solid-liquid interface during adsorption. The actfion energy for the adsorption of Cd(ll), was fduas 11.37
kJ/mol also indicating chemisorptions. Therefore FF&P investigated in this study showed good potefdiathe
removal of cadmium from wastewater

Key words: Adsorption,pomegranate peel, Cd (Il), Kinetic, Isotherm, Thedynamics.

INTRODUCTION

The increase in environmental pollution causeddxyct metals is of great concern because of theicimagenic
properties, their non-biodegradability and bio-analation. Cadmium is a toxic heavy metal of sigrafit
environmental and occupational concern. It is iticed into water from smelting, metal plating, cadm nickel
batteries, phosphate fertilizers, mining, pigmerggbilizers, alloy industries and sewage sludgeis Inon-
biodegadable and travels through the food chaihulmans, nausea and vomiting has been recordegeds lof 15
mg Cd"/L. Severe toxic but non fatal, symptoms are regzbet concentrations of 10-326 mg®@d of cadmium.
The kidneys are the critical target organ afteesigpn (renal dysfunction, hypertension and aneftial}].

Therefore, it is urgent to remove cadmium from wastter streams. Although heavy metal removal frooeaus
solutions can be achieved by conventional methadsjuding chemical precipitation, reverse-osmosis,
oxidation/reduction, electro-chemical treatmentamrative recovery, filtration, ion exchange andmheane
technologies, they may be ineffective or cost-espan especially when the metal ion concentratiarsolution are

in the range of 1-100 mg/L [3-5].
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Recently, adsorption technology has become oneéhefalternative treatments[ 6,7] especially the wjead
industrial use of low-cost adsorbents for wastewdteatment is strongly recommended due to thedallo
availability, technical feasibility, engineeringmizability and cost effectiveness.

Different types of biosorption have been invesggafor the adsorption of Cd ions, including alg8®T; bacteria
[10]; clay mineral [11]; polymer [12]; fly ash [13nd agricultural by-product like peanut shell [1dte husk
[15,16]; Sesamum Idicufd7]; Tamrix articullata wastes [18]; Sugarcang8sse [19] and wheat bran [20].

In our continued study on the use of low-cost niakdor the removal of organic and inorganic padlts from
water and wastewater, we investigated pomegrarstieqs a sorbent for the removal of Cd(ll). Pomeate peel is
rich in ellagitannins (ETs) such as punicalagin atsdisomers, as well as lesser amounts of pumic@li 6-
gallagylglucose), gallagic acid, ellagic acid (EAhd EA-glycosides [21]. Moghadaet al. [22] have used
pomegranate peel carbon for removal of Fe (II). $ame material for removal of lead and cadmium femueous
solutions was reported by Deosarkar [23]. El-Askiguet al. [24] also used raw and activated carbon prepared
from pomegranate peel for removal of lead (1) angper (Il) from aqueous solutions. Similar trevak observed

for removal of heavy metal ions from industrial wastewdy using raw pomegranate peel by Sharttadl [25].
Ahmadet al [26] also used pomegranate peel activated caidraemoval of synthetic dye.

The application of biological adsorbents directlgynsuffer from lack of specificity and poor adsaptcapacity. It
is observed that chemical modification on solidnésses has been used as a remedy to improve tysical,
chemical and biosorption capacity [27, 28].

Therefore, we thought pomegranate peel as modifieth can be used as adsorbent for Cd (Il) iondt & a
material composed of several constituents, inclyiginlyphenols, ellagic tannis and gallic and eliaggids [29],
flvonol [30], flavones, flavonoes [31] and anthonigins [32]. The objective of this work was to remoCd (II)

ions from wastewater by using formaldehyde modifigmmegranate peel (FMPGP) as new adsorbent and to
investigate the physicochemical parameters involdadng the adsorption process. This research &sum
adsorption kinetics, isotherm studies and evalnatiothermodynamic parameters for the adsorptiatgss of Cd

(1) ion onto FMPGP from wastewater

EXPERIMENTAL SECTION

2.1 Preparation of Cd (I1) stock solution

All chemical used were of analytical grade (E. Meladia). Stock solution (1000 mg/L) of Cd (Il) varepared by
dissolving 1.37g cadmium nitrate [Cd (N@4H,O]in 100 mL beaker and transferred the solution ate00 mL
volumetric flask. The flask was filled up to 500 miith distilled water to reach 1000 mg/LThe solution was
diluted as required to obtain the working soluti®he initial pH of the working solution was adjustesing 0.1 N
HNO; or 0.1 N NaOH solutions. Fresh dilutions were ugedach study.

2.2 Biosorbent preparation

Pomegranate peels were collected from differerdllotarkets, washed thoroughly by de-ionised déstillvater and
dried in dark at atmospheric temperature. It wasted with 8% formaldehyde solution in a ratio ofiegranate
peel to formaldehyde 1:5 w/v at B0 for 4 hours [33]. The yield was filtered out,shkad with deionized water to
remove free formaldehyde and then activated &C8fdr 24 hours in an air oven. The product wasdidad then
milled to 150um; this was named as formaldehyde modified pomedeapeel (FMPGP).

2.3 Adsorption studies

2.3.1 Batch equilibrium and kinetic studies

Batch mode adsorption experiments were executadiking known weight of adsorbent and 100 mL of Qdign

solution of known concentration adjusted to a kngkh The mixture was taken in a polythene bottle80® mL
capacity and shaken in a mechanical shaker (120 fpma predetermined period at 30 + €5 Then the
equilibrated solutions were centrifuged and theceatration of Cd(ll) ions in the supernatant solmtiwas
measured by Atomic Absorption Spectrophotometeisoition isotherm and kinetic studies were caraatwith

different initial concentrations of Cd(ll) ions hbwaintaining the adsorbent dosage at constant |é&ddorption
capacities were calculated using following equation

Co—Ce

G = ——xv &)
Co—Ct
G= — €
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The removal efficiency of the metal ion was caltedbby using Eq. (3):

% removal = % x100 3)

Where gand qare theadsorption capacity per unit mass of adsorbentdjray/equilibrium and time t respectively;
Co, Ce and G(mg/L) are liquid-phase concentration of Cd(ll)rdtial, equilibrium and time t respectively; m, sm
of adsorbent (g); and v, volume of sample Tio)minimize error, the mean value was used forutation.

2.4 Effect of variable parameters

2.4.1 Dosage of adsorbent

The adsorption capacities for different doses @oalent (50 to 300 mg/I00 mL) were determined dinde time
intervals by keeping all other factors constant.

2.4.2 Initial concentration of solution
In order to determine the rate of adsorption, expents were conducted with different initial contations of Cd
(1) solutions ranging from 10 to 80 mg/L. All othfactors have kept constant.

2.4.3 Contact time
The effect of period of contact ( 20 -200 min ) the removal of the Cd (Il) on adsorbent in a singyele was
determined by keeping particle size, initial cortcation, dosage, pH and concentratiorothfer ions constant.

2.4.4 pH
pH adjustment was made (2-10) with digital pH meigradding the required amounts of dilute nitri¢daand
sodium hydroxide solutions by keeping all othetdas constant.

2.4.5 Temperature
The adsorption experiments were performed at thiiferent temperatures viz., 15°C, 22°C and 30°Cain
thermostat attached with a shaker. The constantlyedemperature was maintained with an accuraey®5 °C.

2.5 Kinetic modeling

In order to investigate the controlling mechanisfrthe adsorption processes such as mass tramsfecheemical
reaction, the pseudo-first-order, pseudo-secondraaiddintraparticle diffusion rate equations are applieanodel
the kinetics of cadmium adsorption onto FMPGP.

2.5.1 Pseudo-first-order model
The integral form of pseudo-first-order equatiogiigen as (Lagergren, 1898) [34].

k1
10g10 (G~ @) =10010G — = & 4)

Where gand q ig/g) are the amount of adsorbate adsorbed atttand at equilibrium respectively; fmin?) is
the pseudo-first-order rate constant aigithe time (min).

2.5.2 Pseudo-second-order model
The linearized-integral form of pseudo-second-ordedel is given as (McKay & Ho, 1999) [35].

Uk e+ thg 5)
1/h+ tlg

t /g
t /g

The initial biosorption rateéh (mg/g min) is defined as:

h = quZe

Where k (g/mg min) is the rate constant of pseudo-secaddro

2.5.3 Adsorption mechanism

The adsorption mechanisms of Cd (1) ions on theP@W were investigated using intraparticle diffusioodel [36]

represented by Eq. (6).

G kgt (6)
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Where k (mg/g mirt’?) is the intraparticle diffusion rate constant a¥idis the half adsorption time.

2.6 Equilibrium modeling
The equilibrium sorption isotherm is fundamentathportant in the design of biosorption system. Tés carried
out by fitting equilibrium data to the Frendlichdabangmuir isotherms.

2.6.1 Frendlich isotherm
The logarithmic form of Frendlich isotherm [37] madds expressed as follows

1
10010 Qe =l0g10 K¢ +; logio Ce (7

Where K- (mg/g) (L/mg)*" and 1/n are Freundlich constant related to adisorgapacity and adsorption intensity
of the adsorption, respectively, gng/g) is the amount of adsorbate adsorbed at bquith and G (mg/L) is the
concentration of adsorbate at equilibrium.

2.6.2 Langmuir isotherm
The linearized form of Langmuir isotherm [38] camwritten as:

Celde = /KL Omax* Ce/Omax (8)

Omax IS @ Langmuir constant that expresses the maximanption capacity corresponding to complete morela
coverage (mg/g) and KL/mg)is also Langmuir constant related to the energgdsbrption and the affinity of the
sorbent.

2.6.3 Separation factor
The favorable nature of adsorption can be expressetdrms of constant referred as a separationofact
equilibrium parameter, Rwhich is defined as [39].

R= 1/1+KGCy 9)
Where K (L/mg)is the Langmuir constant ar@o is the initial Cd (Il) concentration (mg/L) of tredsorbate in
solution and Rindicates the shape of isotherm.

2.7 Estimation of Thermodynamic parameters

The adsorption process of metal ions can be sumethhy the following reversible process, which esgnts a
heterogeneous equilibrium.

Csolid +—— Cliquid

The adsorption distribution coefficient constang)éf the adsorption is defined

Ko = Csoiid/  Ciiquid (10)
AG= - 2.303RT log, Kp (11)
log0Ko = AS°/2.303R -AH®/2.303RT (12)

Where, Ggig and Gquig are solid phase and liquid phase concentratiorlL)m@f metal ion at equilibriumAG0 is
standard Gibb’s energy changes’ is standard entropy changeis standard enthalpy change; T is temperature
(K); R is the gas constant (8.314 J/mol K) .

2.7.1 Activation Energy (Ea)
Arrhenius equation which is used to calculate tb#vation energy for the metal ion sorption [40-44 given
below:

En
2.303 RT

log 10k2 = l0g10A0 - (13)

Where kis the rate constant of pseudo-second order sorfgiing min);A, is the temperature-independent factor
(g/mg min); Ea is the activation energy of sorpt{ed/mol).
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RESULTS AND DISCUSSION

3.1 Effect of contact time

It has been observed that maximum Cd (lI) removas$ achieved98.9%) within 120 min after which Cd(ll)
concentration in the test solution became constsushown in figure-1. It may be explained by thet that initially
for adsorption large number of vacant sites wadlahla, which slowed down later due to exhaustibmeonaining
surface sites and repulsive force between soluteaule and bulk phase [43]. Lower adsorption rat¢hie later
stage (after 120 min) was also supported by Ustuad. [44]. This may also be due to intraparticle diffusprocess
dominating over adsorption [45]

Plot of% Removal versus Time
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S 50

S

=4
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Concat time—

Fig. 1 [Cd (Il) conc = 10 mg /L; pH = 6.0; adsorbenhdose = 200 mg/100 mL; temp = 3Q]

3.2 Effect of pH

The pH is one of the most important controlling partang in the heavy metal ions adsorption process [46].
Moreover, due to the different functional groupstba adsorbent surface, this became active sitethéometal
binding at a specific pH. The effect of pH on peitege removal of Cd(ll) for pH ranging between 2A@is shown

in figure-2. It could be seen that 98.9 % remafaCd(ll) was achieved by the adsorbent over thegahtje of 6.0-
8.0. According to Ajmalet al. [47] and Namasivayanet al. [48] precipitation of cadmium starts at pH 8.3.
Therefore, in this study the effect of pH on cadmiadsorption was performed at pH 2-6. At low pkDHions
compete with Ctf ions for exchange sites in the adsorbent surf&#’ uptake was decreased because the surface
area of the adsorbent was more prorogated. Whempthealue increased (6-8), adsorbent surfaces wene
negatively charged and functional groups of theodmEnt more deprotonated which results higher citma of
Cd(ll) ions. Similar trends of dependency of Cd @h pH havebeen reported in literature [16, 49, and 50].

Plot of% Removal verrsus pH
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Fig. 2 [Cd (I1) conc = 10 mg/L; adsorbent dose 20g /100 mL; time = 120 min; temp = 30C]

3.3 Effect of adsorbent dose

Effect of biosorbents dosage on percentage renmaiv@t(ll) was investigated by varying adsorbentsatse in the
range of 50 to 300 mg/100 mL. It was observed ttraipercentage removal of Cd (Il) increases frofh 70 98.9 %
with the increase in the adsorbent dosage from &0+2g/100 mL as shown in figure-3.The phenomenon of
increase in percentage removal of Cd(ll) with imse in adsorbent dose may be explained as witleaserin
adsorbent dose, more and more surface becomesitdeafbr metal ion to adsorb and this increaser#te of
adsorption [51].
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Plot of % Removal versus Dose of
Adsorbent
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Fig. 3 [Cd (Il) conc = 10 mg /L; pH = 6.0; stirring speed = 120 rpm; temp = 3T]

3.4 Effect of initial Cd(I1) concentration

The effect of initial concentration of Cd (I) fadsorption was investigated with the initial cortcation of Cd (lI)
range from 10 to 80 mg/LThe results are presented in figure-4. It has feend Cd(ll) removal percentage
increases when the initial Cd(ll) ion concentrata@treases. At low Cd(ll) concentration the surfactive sites to
the total metal ions in the solution is high andidesall the Cd(ll) ions may interact with the bimglisites of the
adsorbent and may be removed from the solufmigher concentration, most of the Cd (ll) istlehabsorbed due
to saturation of adsorption sites.

Plot of % Removal versus Initial conc.
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Fig. 4 [adsorbent dose = 200 mg /100 mL; pH = 6.6me = 200 min; temp = 36C]
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Fig.5 [Cd (Il) conc. = 10 mg/L; adsorbent dose 20@g /100 mL; stirring speed = 120 rpm; pH=6

3.5 Effect of Temperature

The removal kinetics of Cd(Il) by FMPEP were obtaimt 15, 22 and 36C. At an equilibrium time of 12@nin

for initial Cd(ll) concentration of 10 mg/L, theercentage removal increases from 75.1 to 98.9 hthveincrease
in temperature from 80 3°C (figure-5). Thesorption capacity increases with increase in teatpegindicating
that the sorption process was endothermic anddhaion of Cd (1) ions by FMPEP may involve natlyphysical
but also chemical sorption [40]. The increassamption capacity of FMPEP at high temperature imagttributed
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to enlargement of pore size or increase indbive surface for sorption. This could also be ttu¢heenhanced
mobility of the metal ions from the bulk solutioowards the adsorbent surface and extent of peiwgtrafithin
FMPEP structure overcoming the rate of intrapatdiffusion [40, 41].

Table-1 Effect of temperature on Cd(Il) removal rae

T(K) | Time(min) | 20| 40| 60| 80 10 120 14D 160 180 200
288 Ce(mg/L) 52| 43| 35 30 24 24p 249 25 249 25
Y%removal 48| 57| 65 7@ 74 75]1 751 75 7%.1 V5
295 C(mg/L) | 42| 33| 25 24 115 1.4 1.8 14 114 1.5
Y%removal 58| 67| 75 8@ 85 84 87 86 86 g5
303 C(mg/L) | 27| 18| 12 04 04 011 0.1 0.13 0J14140.
Y%removal 73| 82| 88 93 9 98)9 989 987 9B.6 98.6

3.6 Kinetic Model

3.6.1 Pseudo-First-order model

Lagergren proposed a pseudo-first order kineticehdthe integral form of the model is shown in E4). The rate
constant kand the correlation coefficients for cadmium adsorpat different concentrations were calculatexhir
the linear plots of log (ge - @) versus t (figure-6. ) and are listed in tableFBe correlation coefficients for the
pseudo-first-order kinetic model are low. MoreovarJarge difference of equilibrium adsorption capacde)
between the experiment and calculation was obsemditating a poor pseudo first-order fit to theveriment data.

| Plot of Pseudo-1st -order y=-0.012x + 0.392
2 -

05 R?=0.961
T |
= ( 120
o 05 7
=t
ep -1 7
=

-1.5 -

Time (min) —

Fig. 6 [Temperature: 30£0.8 C, pH: 6.0, adsorbent dose: 200 mg/100 mL]

Table -2 Pseudo-first-order kinetic constant for he adsorption of Cd(ll) onto FMPGP

Conc. Expt. Pseudo-first-order kinetic
(mg/L) ge(mg/g) ky(min™) Theo.qg(mg/g) R P
10 4.95 0.0276 2.4660 0.961 7.169

3.6.2 Pseudo-second-order model

The adsorption kinetics can also be described fseado-second order reaction. The linearized-iatdgrm of the
model is shown in Eq. (5). The plot of ¢/gersus t produces straight line with slope of afql intercept of 1.

It indicated the applicability of pseudo-secondesrchodel (figure -7). The values of rate constépl for 15, 22
and 30 C was obtained as 0.0140, 0.0176 and 0.0212 g/mgThe overall rate constants)land other constants
of pseudo-second-order kinetics at different axemiin table-3. The correlation coefficients vali®) was also
calculated and presented in table-3.

The values of g(theo) calculated from these models are compaittdexperimental values.gexp) and shown in
table-3. It is found that values of @heo) calculated from the pseudo-first-order kinetodel differed appreciably
from the experimental values @xp).On the other hand, values of @heo) are found to be very close to(@xp)
when pseudo-second-order rate equation was apfliteslvalue of correlation coefficients ¥R0.996. 0.992 and
0.985) is very high for pseudo-second-order whempared with pseudo-first-order kinetics’$R0.961).These
suggest that the adsorption data are well repreddnt pseudo-second-order kinetics and supportagbemption
that the rate-limiting step of cadmium adsorptian EMPGP may be chemical sorption or chemisorptidns.
chemisorptions, the metal ions stick to the adsarberface by forming a chemical (usually covaldrthd and tend
to find sites that maximize their coordination numkwvith the surface [52].
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Plot of pseudo-second order Y 0;200%;92706
30 . y=0.196x+ 2.185
5 | y R?=0.992
. 20 - y=0.198x+ 2.795
= 15 - R?=0.985
g 10 -
¢ 303 (K)
g . . . . . . W 295 (K)
288 (K)
0 20 40 60 80 100 120 140
Time (min) —

Fig. 7 [Temp. range 15. 22, 30C; pH: 6.0; adsorbent dose: 200 mg/100 mL]

Table -3 Pseudo-second-order kinetic constant fahe adsorption of Cd(Il) onto FMPGP

Expt Pseudo-second-order kinetic
Conc. (mg/L) Temp .(K) ; . h
ge(mg/g) Ka(g/mg min) Theo.g(mg/g) R (mg/g min) P
10 288 4.7 0.0140 5.05 0.985 0.3579 -1/06
10 295 4.8 0.0176 5.10 0.992 0.4577 -0/89
10 303 4.95 0.0212 5.26 0.996 0.5861 -0|89

3.6.3 Percent relative deviation (P)
In order to evaluate the applicability of kineticodels in fitting to data, the percent relative @ein (P) was
calculated using the experimental data as givetiéyollowing equation [53].

ge(exp) - ge (thea)
z

} 14)

ge(exp)

Where ¢ (exp) is the experimental value qfat any value of Ce, ge (theo) the correspondirgritical value of g
and N is the number of observations. It is ideadifthat lower the value of percentage deviation§Eiter is the fit.
It is generally accepted that when P value is thas 5, the fit is considered to be excellent [58he percent
deviation (P) is also very high in case pseudd-brder and well within the range for pseudo-secordkr as
shown in table 3.

3.6.4 Intraparticle diffusion rate equation

According to Poots et al [54], during mode opemtithere was a possibility of intraparticle pordfudiion of
cadmium, which is often the rate —limiting step.€Tihtraparticle diffusion varies with square roéttime and is
introduced by Waber and Morris [36] is shown in E&). The value of kdetermined fronthe slope of plot of g
versus Y?is 1.91 x1& mg /g mirt””. The intercept (2.906) does not pass through tiginpwhich indicates that pore
diffusion is not the only rate- limiting step [55]

Plot of ¢, versust'? y-0.191x+ 2.906
1 R2=0.968
A 6
o0
g
= 0 ; ; .
0 5 10 15
t'2 (min'?)—

Fig. 8 [ Intraparticle diffusion effect for cadmium adsorption by FMPGP]
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3.7 Adsorption isotherm

3.7.1 Freundlich isotherm

It is an experimental expression that takes intmant the heterogeneity of the surface amdtilayer adsorption to
the binding sites located on the surface of théesar[56]. The logarithmic form of Freundlich modglexpressed
as Eq. (7). The linear plot of lagg. versus logy Ce (figure-9) exhibits that the adsorption obdys Ereundlich
isotherm and value of Freundlich constantss K03 (mg/l) (L/mg)*" and 1/n=0.198 calculated from the intercept
and slope of the plot respectively are presentethlite-4. The adsorption intensity 1/n value wasntb to be
between zero and one which indicate the favoratdemption of Cd(ll) ions onto surface of adsorbent.

Plot of Freundlich isotherm
y=0.198x+ 0.847
T 1.5 - RZ=0.804
=
E ‘--_ 1 _/w
o0
2 05 m
1.5 1 -0.5 0 0.5 1 1.5 2
log,,C. .

Fig.9 [Temp: 30°C, Cd (Il) conc:(10-60 mg/L), time:24h, pH: 6, adsthent dose:200 mg/100 mL]

Table-4 Freundlich and Langmuir constants for Cd(ll) removal

Metal ion Freundlich Model Langmuir Model
Ke(mgM(Umgl™ | Un R [ gux(mg/g) | K(Umg) [ R
Cd(in 7.031 0.198| 0.804 18.52 0.1725 0.862

3.7.2 Langmuir isotherm

Langmuir Isotherm model is given by equation @)linear plot of Ce/qe versus Ce exhibits that #usorption
obeys the Langmuir isotherm and values of Langmoomstants (g.x=18.52 mg/g and K=0.1725 L/mg) calculated
from the slope and the intercept (figure-10) arespnted in table-4.The correlation coefficient @R value of
Langmuir model is found to be higher (0.862) thaeurdlich model (0.804). These results indicateat the
Freundlich model is not proficient to describe efifecly the relationship between the amounts of IEdéns
adsorbed and their equilibrium concentration in #wdution. Hence, it could be concluded that thendrauir
isotherm model was found to be a best fit witheheilibrium data since alues were closer to unity as shown in
table-4.

Plot of Langmuir isotherm

2
toLs y=0.054x+ 0.313

' R?=0.862
& 1
k)
o 05

0 T T 1

0 10 20 30
Ce—

Fig.10 [Temp: 30C; Cd (lI) conc: (10-60mg/L); time: 24h; pH: 6; adsrbent dose: 200 mg/100mL]

The correlation coefficient @R value of Langmuir model is found to be higher8@2) than Freundlich model
(0.804). These results indicated that the Freuhdiodel is not proficient to describe effectivelhe trelationship
between the amounts of Cd(ll) ions adsorbed and ¢ggiilibrium concentration in the solution. Hendecould be

concluded that the Langmuir isotherm model was dotmbe a best fit with the equilibrium data sifRevalues

were closer to unity as shown in table-4.
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3.7.3 Separation factor

The essential characteristics of the Langmuir eqoaian be expressed in terms of a dimensionlessrfaR which
is given in Eq. (9). Separation factor demonstitai nature of adsorption process and its valuecates the
sorption process could be favorable, linear ancdwoirable when 0 < R<1, R =1, R > 1, respectively. The R
values at different concentrations were found tanbine range of 0 to 1 indicated a highly favoeatisorption of
Cd(ll) ions onto adsorbent.( figure- 11) [57].

Plot of R; versus Initial Conc.

N——

0] 20 40 60 80

L0000
fan ] ST N

Separation
factor—

Initial Conc. (mg/l)—

Fig.11 [Separation factor For Cd (II) adsorption by FMPGP]

Table-5 Maximum Adsorption capacities for Cd(ll) adsorption to different adsorbents

Adsorption Omax(M0/Q) Reference
Wheat bran 15.7 20
Spent grain 17.3 60
Sugarcane bagasse 6.79 19
Rice husk 21.28 16
Sesamum Indica 35.32 17
Modified coconut chaff 0.50 61
Unmodified coconut chaff 0.229 61
Rice husk ash 20.24 62
peanut hulls 5.96 63
FMPGP 18.52 This Study

3.8 Thermodynamic Studies

The K, values thus obtained (Eq.10) are used to deter®{ by using Eq 11.The values 6&° was found to be -
2645, -4.453, and -11.335 kJ/mol for Cd(ll) biogarp at 288, 295, 303K respectively. The decreas&ibbs
energy indicates the degree of spontaneity of ts®mption process and the higher negative valleatsfa more
energetically favorable adsorption [58, 59]. Therdase in4G") with increase in temperature shows an increase in
feasibility of biosorption at higher temperaturd® andAS’ values were obtained from the slope and intercepts
van't Hoff plot, Ingo Kp versus 1/T (figure-12). The values &fi’and AS’or Cd(ll), was obtained as 19.77, k/mol
and 69.15 J/mol K respectively. The positive value aH° indicates endothermic nature of adsorption while
positiveAS value confirms the increased randomness at the-Egliid interface during adsorption [58, 59].

Plotof log 10 K, versus 1/T y = -8564.x + 30.05
R?=0.877

MW

o

log,o Kp—

.00325 0.0033 0.00335 0.0034 0.00345 0.0035

UT(KYH)—

o

Fig.12 [Van't Hoff plot for Cd(Il) adsorption onto FMPGP]
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Table-6 Thermodynamic parameter for adsorption of Gi(Il) onto FMPGP

Temp.(K) Thermodynamic parameter
) log 10Ko | AGY(kd/mol) | AS°(J/molK) | AH(kJ/mol)
288 0.4794 -2.645
295 0.7884 -4.453 69.15 19.77
303 1.9538 -11.335

3.8.1 Activation Energy

The increase in the pseudo-second order rate ctngiidn temperature may be described by the Arteeiquation
which is shown in Eqg. 13. When Iggx, is plotted versus TIJ a straight line with slope E / 2.303ifobtained. The
magnitude of the activation energy may give an idbaut the type of sorption. The activation enefgythe

sorption of Cd(ll), was found as 11.20, kJ/mol freime slope of figure-13 indicating chemisorptioas,chemical
adsorption is specific and involves forces mucbraier (between 8.4 and 83.7 kJ/mol) than physidabmotion

(usually no more than 4.2 kJ/mol) is also repohigd). Kumar [15].

Plot of log,, k, versus 1/TY = -585.7x + 0.250
) R2=0.984
16 . , . | .
{00032 00933 00034 00035 0.0036 0.0037
L7 -
S’
=
en -1.8
=
1.9 -
1/T—

Fig.13 [Activation energy plot for removal of Cd (I) by FMPGP]
CONCLUSION

This study indicates that FMPGP has rapid adsarptite and good adsorption capacity for cadmiunge iajor
findings of this research are:

» The cadmium adsorption was found be dependent itatiag rate, pH and contact time.

» Higher percent removal is observed at low concéntraf Cd (1) ions (10 mg/l).

» The pH has pronounced effect on the removal oflJdofs by adsorption on FMPGP (98.9%) at pH 6-8.

» The adsorption of cadmium was found to be fitted tangmuir isotherm model which suggests monolayer
coverage of the adsorbent surface.

» Kinetic study however obeyed pseudo-second ordetemavhich indicates chemisorptions as the ratetitig
step in adsorption process. Chemisorption nature fuather supported by high value of activation rggye
(11.37kJ/mol)

> The decrease inAG") with increase in temperature shows an increasteasibility of biosorption at higher
temperature.

» Batch kinetic studies showed a rapid removal oflQdorocess was endothermic and it was furtherficmed by
the positive value oAH® (19.77 kJ/mol) and further positive value &% (69.15 J/mol K) confirms the increased
randomness at the solid-liquid interface duringoagison.

» Intraparticle diffuse plays important role in thdsarption of cadmium in the present study.

This work showed that formaldehyde modified pomegta peel is inexpensive, highly available, eftextCd (II)
ion adsorbent from natural waste as alternativexisting commercial adsorbent.
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