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ABSTRACT

Syzygium cumini Leaf Powder (SCLP) was treated witttc acid and used as a low cost, easily avdiabnd
renewable biological adsorbent for the removal ef (H) from aqueous solution. Batch experimentsevaarried

out for adsorption kinetics and isotherms. Opemtirariable studied were contact time, adsorbentedasitial
concentration of adsorbate, temperature and pH. ofptson capacity seems to be enhanced by increasing
temperature up to 40°C and adsorbent dose. Equilibrdata were well represented by the Freundligdtherm
model for all tested adsorption systems. Besidsetitbe Thermodynamic study has showed that thellFe (
adsorption phenomenon onto SCLP was favorable podtaneous.

Keywords: Low cost material, Fe (I1), adsorption.

INTRODUCTION

An increase in population increased the induskddilbn and increase the discharge of effluents wdter bodies,
this discharge contain heavy metals like Chromiding, Copper, Nickel, Iron ,Lead etc. Increased okenetals
and chemicals in process industries has resultgémeration of large quantities of effluents thanteain high level
of toxic heavy metals and their presence pose emviental disposal problems due to their non-dedpladand
persistence nature, in addition mining, minerakpssing and extractive metallurgical operations gknerate toxic
liquid wastes[1,2].Heavy metals such as NickelQdpper ,Cadmium, Lead and Zinc have harmful efferts
human physiology and other biological systems when exceed the tolerance level[3,4].

Toxic metals can be removed by ion exchange, pitatigm, reverse osmosis, evaporation, and eladititysis etc.
[5]. These methods were found unaffordable in Infdiaremoval of Fe due to operational difficultiaad high
treatment expenditure. Activated carbon is the miadely used adsorbent but commercially availald@vated
carbons are very expensive [6].Adsorption proce$sesemoval of metals have been found cheaper raocke
effective than the several technologies [7].Varitms cost adsorbents have been used for the renaiviakavy
metals e.g. brick kiln ash, fly ash, bidi leavesk leaves, amla dust, wallastonite, peanut hdllreem leaves [5

1444
Pelagia Research Library



Milind Ubale et al Der Chemica Sinica, 2012, 3(6):1444-1449

Literature survey reveals that the use of SCLP ksvacost adsorbent for removal of heavy metalsnfraaqueous
solutions has not been reported. Thus in the presteily the systematic work was carried to investigthe
adsorption properties of SCLP for the removal ofllreThe study includes adsorption as a functidntime,

adsorbent dose, concentration of Fe(ll) solutiempgerature and pH of solution. Isotherm studieseviigted for

Freundlich and Langmuir adsorption isotherm.

MATERIALS AND METHODS

Preparation of adsorbent:

The adsorbent selected for the present studySyaggium cuminihich is locally available plant and was collected
in Ahmednagar District of Maharashtra.The sampéds were dried in shadow, avoiding direct sunlghthem.
The dried leaves were grinded into powder and weshth distilled water and filtered. The residu#t lsas treated
with very dilute solution of nitric acid (0.1 N)t Was then stirred for half an hour vigorously gsimechanical
stirrer at room temperature. Then it was filteredl avashed with distilled water repeatedly to reméree acid.
After chemical treatment the residue was dried finsair and finally in oven at 90-180 for 8-10 hours and
powdered using electric grinder. The homogeneowglpo was passed through mesh for desired pariiode The
adsorbent once prepared was used throughout therieygntal work. The particle size of adsorbent ctele for
these experiments was on the basis of their settieat the bottom of the system, so that the poxicthe solution
could be taken out conveniently from the supertigaid.

Preparation of Fe (ll) metal ion solution:

Iron was the metal ion selected for the presengstigation Fe (ll) prepared by dissolving ferrous ammonium
sulphate in double distilled water. The chemicakedi were of analytical grade and used without &urth
purifications. The solutions were prepared in dgubistilled water. A distilled water prepared byingsfirst metal
distillation unit and then all quick fit glass asg#y in permanganatic condition, wherever necestayprepared
solutions were standardized as per literature

Adsorption experiments:

Each batch adsorption study was carried out bygusinic acid treated SCLRvith iron ion solution under different
conditions at maximum time 50 minutes. Iron waedetned using spectrophotometer (SL-159 ELICO Uible
Spectrophotometer) af,,510 nm.

RESULTS AND DISCUSSION

The experimental data obtained from the differeatth type experiments, in the present investigatias analyzed
and interpreted based on the adsorption of FeIISCLP.

Effect of contact time:
The effect of contact time was studied by usingdf §CLP as adsorbent, 4 ppm of adsorbate solutbin(2-7),
room temperature (303 K) and different time (SegBi

Fe (Il) ions diffuse on to the surface of SCLP Ingvactive centers like pores , cracks , cornersgats adsorbed
.Maximum adsorption of Fe(ll) ions up to 50 minyteeyond 50 minutes adsorption phenomenon getsdesta
which may be attributed to accumulation of actiemters of SCLP by Fe(ll) ions and decrease in ffieitsg of
Fe(ll) for the surface of SCLP which was in goodeggnent with the reported work of Sayyed Hussiaal.(8] and
therefore 50 minutes was considered as equilibgomtact time for all sets of experiment. Hence dtlsorption
percentage increases with increase in time andcgetpleted at 50 minutes.

Effect of adsorbent dose:

Effect of adsorbent dose plays an important rolestandardizing the adsorption process with quaatifon of
adsorbate solution and the adsorbent. In our ptésesstigation with increase in the amount of SGld2orbent the
removal efficiency increased rapidly (Fig.2) whictay be attributed to the greater availability af ttxchangeable
sites or surface areas at higher concentratioheftisorbent. Our findings are in good support Witissein.et.al.
[9,10].
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Fig.1: Effect of contact time
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Fig.2: Effect of adsorbent dose

Effect of initial concentration of adsorbate:

The adsorption of iron onto the surface of SCLP wegsd initially, slows down later on and finallgached towards
equilibrium indicating saturated adsorption [11ETihcreased in adsorption may be attributed tcesme in surface
activity and due to micelle formation or the aggrégn of iron ions in the concentration range stddi The
percentage removal of iron has shown significacteise with the increase in the initial concerdgratif adsorbate
(Fig.3).Our findings are in good agreement with téported work of Ashoka leaf powder as adsorbgn$ibelke
et.al.[12].

Effect of temperature:

Adsorption as the effect of temperature was caroigdin different temperature range (293-333 K) amahaining

parameters were kept constant and found that atitsolipcreases with increase in temperature fro8+283 K and
decreases from 323-333 (Fig.4).The increase irettent of adsorption with the rise of temperaturplies the
endothermic adsorption. It has been reported thatincrease in uptake with temperature is mainlg thu an
increase in the number of adsorption sites crelayettie breaking of some of the internal bonds tleaedge of the
crystal [13].The decrease in adsorption with insee&n temperature is due to the increase in sdlof the

adsorbate with increase in temperature, or the lihobi the large ions increases with increasingnperature [14,
15]

Kinetic study was carried out and it showed seamnaiér reaction with R2=0.984.
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Fig.4: Effect of temperature

Effect of pH:

pH of solution is one of the most important parandor adsorption of heavy metals from aqueoust®wiu In

order to establish the effect of pH on the adsomptif iron ions, the batch equilibrium was studédifferent pH
values. The amount of metal adsorbed increasesingtkasing pH (Fig.5). Minimum adsorption at lovpét which

may be attributed to presence of excess numbef adri$ onto the surface of SCLP and denies the midgraf Fe
() ions on it. With increase in pH competitiorofn H' ions decreases and the positive charged ionsl))FeKe

their place on the surface of SCLP. Our findingsiargood agreement with reported work of Yan &nd others
[16, 17,18].

Adsorption Isotherm:

The adsorption isotherm is a graphical represamtatf amount of substance adsorbed against theluadsi
concentration of the adsorbate concentration arsbradnt doses were analyzed using Langmuir andnélieb
isotherm in order to find the adsorption capacftpGLP.
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The Freundlich isotherm was verified, the valueregression coefficienf found to be very close to one which
indicates the good correlation exists between Iy &nd log C. The Langmuir model represents mormolay
adsorption on a set of distinct localized adsorpsites having the same adsorption energies nmtiten between
adsorbed molecules. The essential characteristicaofjmuir isotherm is expressed in terms of din@msss
constant or separation factor or equilibrium fad®r which is indicative of the nature of the isotheamd is
enlisted below as,

R.Value | Type of Isotherm
R >1 Unfavorable

R =1 Linear

O <R<1 | Favorable

R =0 Irreversible

The adsorption was favorable onto the surface dffS@s R value in the present study was 0.0044 which falls
the type O<IR<1.Our findings are in good agreement with theifigd reported by Patiland others [19, 20].

Thermodynamic Parameters:

Thermodynamic parameters such as free energy,Ipytaad entropy of adsorption were calculated anahé that
AG was negative and showed spontaneous nature ofpdids processAH was negative and showed exothermic
nature of adsorption procegsS was positive and showed the increasing randonatessid/liquid interface during
the adsorption of iron. The values demonstratecatsmeous and favorable adsorption process.

CONCLUSION

The present study showed that the nitric acid &#&CLP is an efficient low-cost adsorbent forrgmmoval of toxic

Fe (I1) from aqueous solution. The adsorption of [lewas found to be dependent on contact timsepéuknt dose,
initial concentration of adsorbate, temperature gtl The equilibrium adsorption data showed sigatffit

correlation to Langmuir and Freundlich adsorptisstiierms and the adsorption was followed seconer didetics.

Value of R indicates this adsorption process is favorable.

REFERENCES

[1] Goyal D, Ahluwalia S SBiores.Techng200798,2243.

[2] Olayinka K O, Alo B L, Ado T J. Appl. Sci.2007,7(16), 2307.

[3] Edwin A, and Vasuk.J.Chem.2008 5(1), 1.

[4] Adesola, Babarinde N A, Oyebamiji J, Babalotal &ehinde A AJ. Appl. Sci. Researct20084(11), 1420.
[5] Devaprasath P M, Solomon J S, and Thomos, B.\of Applied Sciences in Environmental Sanite#007,2
3), 77.

1448
Pelagia Research Library



Milind Ubale et al Der Chemica Sinica, 2012, 3(6):1444-1449

[6] Shelke R S, Bharad J V, Madje B R and Ubale MDBr Chemica Sinice2011,2 (4), 6.

[7] Gupta V K, Jain C K, Ali |, Sharma M , SainiK,Wat.Res2003, (37),4038.

[8] Sayyed Hussian, Sayyed Abed, Mazahar Faro@pr,Chemica Sinica20101(3), 147.

[9] Hussein M,Amer M,Azza A AJ.of Appl.Sci.Res20073(11),1352.

[10] Raghuvanshi S P,Singh R,Kaushik CAppl. Ecology & Env.Re2004 2(2),35.

[11] Shelke R S,Bharad J V,Madje B R,Ubale M\&hieves of Applied Science Resea?fi 02(3),260.
[12] Shelke R S,Madje B R,Bharad J V and Ubale MnB,).of Chem Tech Research0091(4),1318.
[13] Bercket G,Arog A Z,0zel M Z, Lolloid Interface Scil997187.

[14] Li Wang, Junping Zhang and Aigin Warigesalination 2011, 266,33.

[15] Pham Till Hang and Brindley G VWlays and Clay Miner1970Q 18, 203.

[16] Yan Liu, Zhanchao Liu, Jie Gao, Jiangdong Daian Hana, Yun Wanga, Jimin Xiea and Yongsheny Ya
Haz. Mat.,2011, 186,197.

[17] Rafika S, Djilali T, Benchreit B and Ali BEuropean J. Scientific. Re2009 35(3), 416.

[18] Mostafa K, Zaman S H and EsmaelC®em. Engg. J2011,166, 1158.

[19] Patil S J, Bhole A G, Natarajan G/&jpl.Microb.Biotech1993 39,661.

[20] Laura B, Mioura R, Dumitra B and Matei Environ.Engg.Mang.2008,7(5), 511.

[21] Olaniyi, Ibrahim M, Sunday and Raphael , Od@rer Chemica Sinica2012,33),648.

[22] Nale B Y, Kagbu J A, Uzairu A , Nwankwere E, Baidu S, and Musa H)er Chemica Sinica2012 3(2),
302.

[23] Kuchekar S R, Gaikwad V B, Sonwane D V, aasvande S PDer Chemica Sinic2011, 2(6),281.
[24] S. Amala Fatima Rani, J. Rosaline Vimala, an8huvanapPer Chemica Sinica2012, 3(3), 613.
[25] Ahamed A, Jafar and SuganthandD®y Chemica Sinica201Q 1(2),35.

1449
Pelagia Research Library



