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Abstract
The use ofPisum sativum seed husk as Ic-cost adsorbents was investigated for the replacefoercurrently
costly methods of adsorption Cr(VI) ions from aqueasolutions. Batch adsorption studies showedPisum
sativum seed husk was able to adsorb Cr(VI) ions from agsiexlution. The effect of contact time, effect
initial concentration, effect of adsorbent dose, Bave been reported. Equilibrium data were aealysing the
Langmuir Freundlich isotherms whereas the adsarftinetic data were evaluated by the ps«first-order and
pseudo-secondrder kinetic models. The results obtained indictat the adsorption of Cr(VI) oPisum
sativum seed husk is maximum at 20 mg/L metal ion concéatraand 1.0 gm. adsorbent dose. The re:
demonstrated thdlisum sativum seed husk have potential to be employed as theltsgdor the adsorption
Cr (VI) metal ions from aqueous soluti
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1. Introduction
The presence of toxic heavy me in industrial effluent has become a matter of esrwinental concern, chromiu
(V1) is known to be one of the heavy metals andeljdused in many industries including leather tagr
explosives, ceramics, photography, wood preserati¥,2] paints anpigments [3]. Disposal of untreated efflu
in these industries contains a considerable amofu@r (VI), which spreads into the environment tgh soil anc
water streams and accumulates along the food cresinlting in a high risk to human health high concentration
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of chromium will cause dermatitis, allergic skirmcgions ulceration of intestine. It is also repdrte be carcinogen
to animals [4]. As Chromium does not degrade bialkaty, the control of chromium pollution has spci
importance for both organisms that live in wated &nose that benefit from water.The removal of lyeanetals

from industrial effluent has several advanced temples to decrease their impact on the environmeoh @s

physicochemical, biological and thermal processephysicochemical technique includes adsorptiomgcdation,

chemical precipitation, ultra filtration, etc. Ampof these methods adsorption is the most effeethceeconomical
because their relative low cost. In recent yedifferdint bio-adsorbents were developed from agraegaand used
for heavy metals removal such as maize leaf[5kabppwder[6], rice husk[7], sawdust[8], pine bailk[®ugar beet
pulp[10], wood and bark[11], tea-waste[12], and@eapseeds[13].

Bio-adsorbent which produced from agro-wastes ntayas a significant material for Chromium adsonpti®isum
sativum seed husk is an agro useless waste materialait @bundant, readily available, low cost and, feeodly
bio-material considering the above critefPasum sativum seed husk was selected to prepare the Bio-addorkien
present study aimed to investigate the efficienfci?ieum sativum seed husk as adsorbents for the adsorption of Cr
(VI) from aqueous solutions. Experiments were cabeld to investigate the effect of contact timeeeffof initial
concentration, effect of adsorbent dose, etc. womrtion efficiency of Cr (VI) byPisum sativum seed husk.
Adsorption equilibrium and kinetics had been stddieder the optimum adsorption conditions. The loamig and
Freundlich adsorption isotherms were applied tduata the adsorption properties in the batch tephei

2. Materials and methods
2.1 Materials
The stock solution of chromium was prepared byalésg 0.2828 gm. of potassium dichromate@O;) in one
liter distilled water and used for all experimewntish required dilution. All the chemicals used werfeA. R. grade
from M/S S. D. Fine Chemicals Ltd, Mumbai.
2.2 Preparation of Adsorbent
Pisum sativum seeds were collected from local market and soaketdistilled water up to 24 hrs. Remove the husk
of seeds from its pulses and dried in the absehsartight. The dried material was grind to finenuer and passed
through sieves of different sizes. Powder obtaioE@80 mesh size was kept in an air tied bottledgperimental
uses.
2.3 Batch adsorption experiments
Batch adsorption studies were carried out usingsgktoppard conical flask, the pH of the soluticasvadjusted
with 0.1N HCI and 0.1N NaOH solutions by using Bhdigital pH meter model No.615 with combined glass
electrode. The conical flask containing sampletsmiuand adsorbent was shaken for the required pienied with a
mechanical stirrer. The experiments were carrigdabnoom temperature (301.5 K). After the apprateritime the
contents of the flask were filtered and amounttobmium metal ion was determined using diphenylazide by
spectrophotometrically (Elico-minispec-171 model).

3. Result and Discussion
3.1 Effect of contact time
The adsorption of the Cr (VI) metal ions Bisum sativum seed husk was studied at various time intervate @b
min.). 50 ml, 5 mg/L concentration of Cr (VI) metah solution was taken in different conical fleshkd each flask
adds 0.5 gm. of adsorbent, and then filtered &ftd0, 15, 20, 25, 30,35min.time intervals respetyi The filtrates
were then analyzed using spectrophotometer. Theuaimad metal ions adsorbed was calculated for eachple,
and graph is plotted percentage adsorption capagdinst time. It is shown in Fig.1.
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3.2 Effect of adsorbent dosage

The adsorption studies of Cr (VI) metal ions atpenature 301.5 K by varying the quantity of adsottfrom 0.25
to 1.0 gm. while keeping the concentration of thetahion solution constant at pH = 5.7. The infloewof adsorbent
dosage on percent adsorption capacity of Cr(Vlafiets is shown in <fig.2>
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Fig.2. Effect of adsorbent dose on Cr(VI) metal ion.
[ Initial conc. = 5 mg/L.,Temp.= 28.5 °K, pH = 5.7].

% Adsorption of Cr(VI) metal ion.

The result from fig.2 indicates that the adsorptioarease with the increase in the dose of therhdst The
increase in the percentage adsorption capacityedalthe increase in active sites on the adsodrehthus making
easier penetration of the Cr (VI) metal ions toaldsorption sites.

3.3 Effect of initial concentration of metal ion

In batch technique the initial concentration of ahdbn in the solution plays a vital role on drigiriorce to
overcome the mass transfer resistance betweemnlitéos and solid phase. The effect of initial iooncentration of
metal ion ranging from 5 mg/L to 20 mg/L dhisum sativum seed husk was studied by taking different
concentrations of Cr (VI) metal ion solution at pt¥, while keeping the adsorbent dose 0.5 gm., B@tuome of

Cr (VI) metal ion solution constant and temperatatr801.5 K. Thus the result is shown in <Fig.3>
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Fig.3. Effect of concentration on adsorption of Cr(VI) metal ion.
[ Adsorbent dose = 0.5 gm., Temp.= 28.5°K.,pH = 5.7]
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Fig.3 shows that the percent adsorption capacitseases with increase of initial metal ion concaign. As the
result of the above observations it is concludé tha adsorption process of Cr (VI) metal ion Risum sativum
seed husk to be dependent on initial concentrationetal ion solution up to some extent.
3.4 Analysis of adsorption isotherm
3.4.1 Langmuir isotherm
The data of the equilibrium studies for adsorptdrCr (V1) ions on husk follow the following formfd.angmuir
model.

Ce < 1 ) .+ 1

()« -
de Qo ¢ bQ
Where,C, is the equilibrium concentration (mg/dngq. is the amount of Cr (VI) ions adsorbed at equillibr
(mg/g).Q,and b are Langmuir constants related to adsorptpacity (mg/g) and energy of adsorption {ing).
3.4.2Freundlich isotherm
The Freundlich model can be applied for non-idegbtson on heterogeneous surfaces and multilaysoration. It
is expressed by the following equation,

log q. = log K+ %log C,
The Freundlich constants and K;were determined from the slope and intercept of gl respectively. The
isotherm parameters are given in < table.1 >.

Table: 1. Isotherm parameters for the adsorption ofCr (VI) metal ion

Langmuir isotherm Freundlich isotherm
Q,(mg/g) b(L/mg) R’ K(mg/L) n R’
2010.39 0.0237 0.995 6.4998 1.9653 0.987

3.5Analysis of adsorption kinetics
The linear form of the pseudo-first- order andymsesecond-order kinetic models can be represdntextjuations
respectively.

ks
log (4. — q¢) = log q. — 3303R"
t 1 N 1 .
qr kagz qe

Adsorption rates were calculated from the slopé atercept the calculated valueskof k., , and gq,values are
given in <Table.2.>

Table: 2. Parameters of kinetic models for the adsption of Cr (VI) metal ion on husk of Pisum sativum seeds

Initial Dye | Qe expt. First order Kinetic model Second order kinetic moat|
Conc.(mg/L) | (mg/g)
Q. cal ky R? Q.cal k,/10" R’
(mg/g) (min™) (mg/g) (g/mg.min)
5 184.974 171.3957 0.1023 0.999 108.2792 3.0465 0.9596
10 651.387 181.9700 0.1603 | 0.9715| 562.9046 6.3119 0.9996
15 1139.06 246.0367 0.0901 | 0.9902 | 919.1176 5.9187 0.9996
20 1581.28 298.5383 0.2286 0.991 | 1492.5373 1.7956 0.9996

4. Conclusion

This work clearly indicates the potential of usPigum sativum seed husk as excellent adsorbents for the adsorpti
of Cr (VI) metal ions from aqueous solutions. Thtimum pH was found as pH 5.7 for the adsorptioilCo{VI)
metal ions byPisum sativum seed husk. The Freundlich adsorption isothermbeasfitted to the experimental data,
this confirms that the multilayer adsorption pracesdsorption kinetics of Cr (VI) metal ions adsedbonPisum
sativum seed husk followed by the pseudo-second-ordetikin@del; where the chemisorption process mayhbe t
rate limiting step in the adsorption process. ®tigly shows tha®isum sativum seed husk has high potential to be
employed as an effective adsorbent in adsorbing(MZy metal ions and would be useful for the desigh
wastewater treatment plants for toxic heavy metas removal.
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