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ABSTRACT

The adsorption ability of barley husk biomass for removing Cd (I1) has been studied using cold vapour atomic
absorption spectrometry. A dose of 3 g/L of dried biomass in a solution with an initial pH of 7, an initial Cd(Il)
concentration of 10 mg/L and a contact time of 90 min resulted in the maximum Cd(l1) removal efficiency (95.9%).
The effect of temperature on cadmium sorption on barley husk was thoroughly examined. Consistent with an
exothermic reaction, an increase in the temperature resulted in decreasing Cd (11) adsorption rate. Thermodynamic
parameters (i.e., change in the free energy (AG°), the enthalpy (AH®), and the entropy (AS’)) were also evaluated.
The overall adsorption process was exothermic and spontaneous in nature. These results suggest that barley husk
could be employed as an efficient adsorbent for the removal of cadmium from contaminated water sources.
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INTRODUCTION

Recovery of pollutants from waste water and indaistvaste has become a very important environmesgak[1,2].
The presence of heavy metals contaminated in agustwaams, arising from the discharge of untreatetal

containing effluent into water bodies[3,4]. They aron-degradable in the environment and can be fohtoma

variety of living species[5,6]. Besides the toximaharmful effects to organisms living in wateratg metals also
accumulate throughout the food chain and may atfiechan beings[7,8]. For that reason, the removahege
metals from waters and wastewaters is importaterims of protection of public health and environtf@a0].

Cadmium is one of the most toxic heavy metalsa# heen reported to cause renal dysfunction, hgmps&dn, lung
insufficiency, bone lesions, cancer, etc[11,12]e Bhinking water guideline value recommended fig dlement by
the WHO and American Water Works Association (AWW®#D.005 mg/L[13]. The principal industrial sousoef
Cd in the environment are electroplating, smeltialipy manufacturing, pigments, plastic, batteryining and
refining processes[14-16].

Treatment processes for metal contaminated wastenss include chemical precipitation, membraneafithn, ion
exchange, carbon adsorption, and co-precipitatitsfgtion[17,18]. Among these, adsorption process een
found as one of the most promising technologiesdter pollution control in terms of cost, simplicf design and
operation[19,20]. Activated carbon has undoubtédign the most popular and widely used adsorbemagtewater
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treatment applications throughout the world and leesn successfully utilized for the removal of déeetypes of
pollutants including metal ions[21,22]. Howeverg thigh capital and regeneration cost of the aatVatarbon
limits its large-scale applications for the remowélmetals and other aquatic pollutants, which hemeouraged
researchers to look for low-cost alternative[23,24]

The barley husk is one agricultural residue whiah be used as low-cost adsorbent[25]. Recentlyrasidues of
barley husk are going to be greater and more dtaildue to increase the tendency to consume thetalglg oils in
Iran and the entire world[26, 27]. The residuedafiey husk have been used as adsorbent in sestachés and
have been indicated the acceptable results to rertiw@/pollutants[28, 29]. The objective of the praswork is to
investigate the biosorption potential of barley lhbsomass in the removal of Cd(ll) ions from aqueaolution.
Optimum biosorption conditions were determined dsrection of initial Cd(ll) concentration, contatime, and
temperature.

MATERIALSAND METHODS

In this study, the Barley husk was used as low nasral or agricultural wastes for Cd (fBmoval from aqueous
solutions. The stalks of Barley husk (C) were atle from research farm of Tabriz agricultural shdhe stalks
were washed several times with water to removectimtaminant, dried in the oven at $0%or 5 h. The biomass
were then treated with 0.5 M,80, for 3 h followed by the washing with distilled veatand then was oven dried at
105°Cfor 5 h. After drying, adsorbent were sieved toaibtparticle size of 18 mesh prior to being used fo
adsorption studies.

Chemicals and reagents
All of the chemicals and reagents were at leasinalytical grade and used without further purifimas. The Cd (l1)
ion stock solutions with a concentration of 1000Imgere prepared

from their corresponding nitrate salts. The metal $olutions were subsequently diluted with deiedizvater to
obtain desired concentration ranging from 10 to bO@L. All the tested plastic bottles and glasswaneere
presoaked in a 20% HNGolution for 3 days, rinsed with deionized wated anen-dried before each experiments.

Batch adsor ption experiments

Batch adsorption experiments were carried out litatigg 0.3 g of the adsorbent with 100 ml aquesaisition of
cadmium at temperature 3®™ in different polythene bottles on a shaking thestab at 180 rpm. After
predetermined time intervals, the adsorbent waaraggd from solutions by a 0.48n cellulose acetate membrane
without centrifugation. The filtrate was then arzagl by an atomic absorption spectrophotometer (Stton AA
6300) that is equipped with both flare combustiod graphite furnace spectrophotometer, which wemnpleyed
respectively according to different concentratioimfluence of pH on adsorption was also examineddjysting
initial solution pH using 0.1 M nitric acid and sooh hydroxide solutions.

RESULTSAND DISCUSSION

The contact time between adsorbate and adsorbetiteismost important design parameter that affelots t
performance of adsorption processes. The adsorptipacity and %removal of Barley husk versus thetam time
is shown in Fig. 1 and 2. The figure revealed thatadsorption capacity increased with the corttac up to 90
min when the maximum adsorption is reached. Thegdfte optimum contact time was chosen as 90 min.

Figures 1 and 2 show the effect of Cd @Hncentration on the adsorption of Cd @l Barley husk. The data
shows that the Cd (Iluptake increases and the percentage adsorptiddd ¢fl) decreases with increase in metal
ion concentration. This increase (3.19- 22.98 mggd result of increase in the driving force, tencentration
gradient. However, the percentage adsorptions dfl)\Cdn Barley husk were decreased from 95.9 to 68.96%.
Though an increase in metal uptake was obserkiedjé¢crease in percentage adsorption may be adwlibo lack

of sufficient surface area to accommodate much rmetal available in the solution[30,31]. The petege
adsorption at higher concentration levels showseerahsing trend whereas the equilibrium uptake @f(IQ
displays an opposite trend. At lower concentrati@isCd (I) present in solution could interact with the binding
sites and thus the percentage adsorption was igha those at higher Cd(I€poncentrations[32,33]. At higher
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concentrations, lower adsorption yield is due ® shturation of adsorption sites. As a result,pilvéfication yield
can be increased by diluting the wastewaters aainghigh Cd(ll)concentrations[34,35].

Effect of temperature on theremoval

Temperature is an important parameter and has prnameol effect on adsorption. During the presentstigations
the removal of cadmium decreased from 95.9.% t4%%y increasing the temperature from 283 to 32Fig. 1)

at an initial cadmium concentration of 10 mg/L. Thigher ionic strength helps eliminating the eféect change in
concentration during the process of removal. Theegments were conducted at 6.5 pH and agitati@edpvas
maintained at 180 rpm. It is clear that like modsa@ption processes, removal of cadmium is alsexathermic
reaction. It is also clear from this figure thau#iprium was established in 90 min. This variationremoval of
cadmium seems due to the enhancement of relatoapieg tendencies of the metal ions from aqueoaselo the
bulk and consequent reduction in the boundary layekness[36,37]. The decrease in the removahatasing
temperatures can also be attributed to the incdesaeability of metal at relatively higher tempanas[38,39].

The other thermodynamic parameters of concern hamge in standard free energyGe, change in standard
enthalpy,AH°, and the change in standard entrop$;. Values of these parameters were calculated at 2%3
313, and 328C respectively. For the present investigationsueslof these parameters were determined using
following standard equations[40-42]:

AGe =—RT InK
AH- = R(TzT]_/(Tz'Tl) In Kz/Kl
AS =AHe — AGe/T

where ‘R’ is gas constant (8.314 J nI™), K, K;, and K are equilibrium constants at temperatures T and B,
respectively. ‘K’ is related to Langmuir's constaiihe values ofAGe, AH> and AS- calculated for the present
studies have been given in Table 1 and shows ltleatdlues of all the parameters are negative amlefuconfirm
exothermic nature of the process of cadmium remdvadier different temperatures (283, 298, and 31B328 K),
the negativeAGe values of 6.975, 7.144, 7.396 and 7.672 Jhmioidicated the spontaneous nature of Cd (I1)
adsorption by barley husk. The magnitude A83> increased along with increasing temperature, imglyan
increased degree of spontaneity at a higher ternyertor its advantage of the chelating interactetween amine
groups and mercury. From the van't Hoff plot (Invi&rsus 1/T; plot not shown), the negativid- values of (3.244
mol™) confirmed the exothermic nature adsorption, wtike negative values &S (19.24 mJ mof K™) revealed
the decreased randomness (orderliness) at thésadlition interface.
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Fig 1. Effect of contact time and concentration on Cd (I11) removal (pH =7, dose= 3 g/L and temp = 30=£ 2-C)
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Fig 2. Effect of contact time on adsor ption capacity (pH =7, dose =3 g/L and temp = 30=*+ 2°C)
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Fig 3. Effect of temperatureon Cd (I1) removal (pH =7, dose= 3 g/L and temp = 30=£ 2°C and Co= 10 mg/L)
CONCLUSION

Agricultural waste is an effective adsorbent famowing various heavy metal contaminants. In thiglgt barley
husk were used to investigate the removal of Cd(l}he concentration range of 10-100 mg/L. Indreashe
temperature decreased the cadmium adsorption kate,the maximum adsorption capacity was similar.
Thermodynamic analysis showed that the adsorptioogss was exothermic and spontaneous in nature.
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