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ABSTRACT

Contamination of water supplies with metals is a constant area of concern. Nationally and internationally, the
challenge to remediate hazardous metal-containing waste streams from present or former mining operations,
industrial sites, and ground waters is immense. Adsorption has proved to be an excelent way to treat industrial
waste effluents, rendering significant advantages like the low-cost, availability, profitability, ease of operation and
highly efficient compare to activated carbon. The present study was aimed to utilize albizia procera legume as an
adsorbent like activated charcoal for removal of toxic heavy metals like Fe(ll) and Mn(11) from waste water. First
time the attempt was made to use albizia procera legume substrate as an effective adsorbent for removal of Fe(Il)
and Mn(ll) from the waste water. The adsorption isotherms were obtained in a batch reactor; various parameters
like pH, agitation time, temperature, metal ion concentration and doses of substrate were studied. It is observed
that, the process of uptake followed first order rate adsorption and obeyed Freundlich model of adsorption. It has
good adsorption capacity for Iron (1) and Manganese (1) at 4.5 pH with optimum agitation time of 30 min even at
low concentration. It successfully removed 83-85% of Fe(ll) and Mn(Il) in one batch. The method could be
successfully employed for removal of toxic metals from industrial effluents that could solve the problem of disposal
of plant waste materials.
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INTRODUCTION

Discharge of metal containing effluents into wdtas been a cause of major concern. Traditionatierat methods
are proving to be ineffective and expensive. Inflst century there has been a rapid expansioneirctiemical
industry. This has led to an increase in the coriyl@f toxic effluents. Several industrial procesgyenerate metal
containing wastes. Heavy metal contamination has laecritical problem mainly because metals terpetsist and
accumulate in the environment [1]. Adsorption of\ne metals from aqueous solution is a relativelyw mgocess
that is very promising in the removal of contamitsafinom aqueous effluents. Industrial waste comstt the major
source of various kinds of metal pollution in naluvater [2-5]. Heavy metal ions are reported asripy pollutants
owing to their mobility in natural water ecosystearsl their toxicity [6, 7]. The heavy metal ion® a&table and
persistent environmental contaminants since thapaiabe degraded and destroyed. These metal iertsaamful to
aquatic life and water contaminated by toxic méak remains a serious health problem. Heavy metawoval
from aqueous solutions has been traditionally edragut by chemical precipitation [8]. Numerous noelth exist to
remove detrimental metal ions from aqueous solstiokctivated carbon has been the most used adgorben
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nevertheless it is relatively expensive. In ordeiobtain cheaper adsorbents, lignocelluloses nadgehiave been
studied [9]. The presence of copper, zinc, cadmiear, mercury, iron, nickel and other metals, hay®tentially
damaging effect on human physiology and other ickl systems when the tolerance levels are exceede

Various methods of treatment for removal of heawgtats from industrial wastewater have been repoited
literature [10]. Amongst these methods; preciptation exchange and adsorption are the most comRammlow
concentrations of metal ions in wastewater, theog®n process is highly recommended for theieetffe
removal. The process of adsorption implies theges of an “adsorbent” solid that binds moleculgphysical
attractive forces, ion exchange, and chemical bipdit is advisable that the adsorbent is availdhldarge
quantities, easily re-generable and cheap [11]. dpglication of bio-sorption in environmental tmeant has
become a significant research area in the pastaésyBio-sorption of heavy metals from aqueoustiols is a
relatively new process that has proven very pramisn the removal of contaminants from aqueousieffts. An
adsorbent material derived from low-cost agricatuvastes was employed effectively for the remaved recovery
of heavy metal ions from waste-water streams [1R-TBe major advantages of bio-sorption technolagy its
effectiveness in reducing the concentration of ligaetal ions to very low levels, use of inexpendesorbent
materials, high efficiency; minimization of chenliead biological sludge; regeneration of biosorbentadditional
nutrient requirement and possibility of metal reexgv[20]. The cost effectiveness of bio-sorptiocht@logy would
guarantee the strong penetration of the large maflkieeavy metal polluting industries. In the praséauge efforts
have been made to the development of new adsoraedt improve existing adsorbents. Many investigahave
studied the feasibility of using low-cost agro-ldhseaste materials [21, 22]. Many conventional téghes such as
chemical precipitation, membrane filtration, elebtsis, ion exchange and carbon adsorption areuteddor the
removal of heavy metals but at low concentratidifsese techniques fail in certain cases, also theynat cost-
effective. For this reason, low-cost adsorbentsehzeen expounded for the removal of heavy metats fiqueous
solutions.

The paper we present with experimental resultscan dost and easily availabkdbizia procera legumes as a
adsorbent for the removal of heavy metals, Fef) BIn(Il) from wastewater. For our exclusive knodge, this is
the first time we are reportinglbizia procera legumes as adsorbent for the removal of Fe(ll) and Mn(rhnf
wastewater, The results are quite encouraging #Hialeat removal is possible and is comparable withh cost
activated charcoal.

EXPERIMENTAL SECTION

2.1. Preparation of metal ions aqueous solution

All the chemicals, ferrous ammonium sulfate, o-phehroline, hydroxyl amine hydrochloride, and pstam
periodate used were of analytical grade purchasedhercially and were used without further purificat The
metal ion solutions of Fe (ll) and Mn (Il) were peeed from ferrous ammonium sulfate and potassium
permanganate respectively in double distilled wakbe glass wares used were leached with conc. +HM@ dried

in an oven at 58C. The pH of ferrous ammonium sulfate and potasgiermanganate solutions was adjusted to 4.5
using buffer solution to prevent hydrolysis.

2.2. Adsorbent Material Development

The albizia procera legumes were collected and dried at room tempeydtuthe air, grinded with grinder and
sieved through a 50@m mesh. 2 g of thalbizia procera legumes substrate were mixed with 5 ml of 0.25 N
sulfuric acid and 20 ml of 39% v/v formaldehyde eThixture was continuously agitated for 6 hrs usiagnmercial
shaking machine. The mixture was then filtered aaghed, several times with de-ionized water uht pH of
filtrate was attained to 5. The residue was driecam oven at 58C for 24 hrs. The modifiedlbizia procera
legumes substrate was used for final adsorption experimehthe waste water treatment.

RESULT AND DISCUSSION

3.1. Effect of pH

The effect of pH on the adsorption of Fe(ll) and i ions onalbizia procera legumes substrate has been studied
in the pH range of 2.5 — 9.5 at room temperaturkarfixed initial sorption concentration of 1.0%1M shown in
Fig. 1. In each case 1 g of the substrate at tseetbpH was agitated for 30 min. The percentageoval was
found to increase upto certain extent and thenedsed. This decrease in adsorption may be duestipfiation of
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metal hydroxide. The data showed that adsorptiofedf) and Mn(ll) is optimum at 4.5 pH. The physitiemical
characteristics of the adsorbent may also playngoitant role. It was reported that free metal ians adsorbed
better than hydroxides of metal ions[23]. Hence 4oblwas selected for all studies.
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Fig. 2. Effect of agitation timeon removal of Fe (I1) and Mn(l1)
3.2. Effect of time
The adsorption of metal ion l&bizia procera legumes substrate for different interval of time was stdliThe time

of agitation was varied from 5 min to 24 hrs. Itsagbserved in all cases that up to 30 minutes,ratiso increases
at a fast rate and attains saturation (Fig. 2).ddeB0 minutes time was chosen for all batch erpents.
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3.3. Effect of temperature

The effect of temperature on adsorption of FegHyl Mn(ll) ions by modifiedlbizia procera legumes substrate
has been investigated by conducting set of expeitisret variable temperature ranging from 30 t8Q@Cat a step of
10°C. The initial concentration of precursor Fe(ll)davin (1) ions in the solution was kept aD1x 10" mol dni*
at 4.5 pH. It was observed that with the increasieimperature the uptake of metal ions decreased &3 to 23 %
at the equilibrium as shown in Fig. 3. This facsigported by Freundlich model of adsorption isothe
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Fig. 3. Effect of temperature on removal of Fe (I1) and Mn(l1)

3.4. Effect of concentration
The adsorption of the metals ions by modifiedbizia procera legumes substrate were also carried out using
various concentration of metal ions precursor sahst at room temperature and using predetermigidti@n time
of 30 min. The Freundlich (F) model was chosenstineate the adsorption intensity of tlabiza procera legumes
substrate. The amount of ¥end Mrf* removed by modifiecalbizia procera legumes substrate during the series of
batch investigations were determined and preseant&iy. 4.From these experiments it was evident that extént o
adsorption varies directly with concentration s#ituration is reached. Beyond critical point the @& adsorption
reaches to the saturation level even after usigly boncentration of metal ion solution. Thus atiigconcentration
Freundlich adsorption isotherm is not applicable.

x 1
Freundlich equation was applied in the form of ¥mg= log k +# log C. Fig. 5 shows a plot ¢6g C againstiog

1

x/m which confirms a straight line which indicates trdlich adsorption isotherm. The constantsandlog K was
determined from the slope and intercept, respdygtireported in Table 1.

Table 1. Freundlich | sotherm parametersfor Fe(l1) and Mn(I1) adsorption by albizia procera legume
substrate and activated char coal

Species Metalion  1/n K
Albizia procera Fe(ll) 0.2496| 30.4649
Mn(ll) 0.1364 | 35.2776
| 24] Fe(ll) 0.4597| 2.3955

Activated charcoal Mn(ll) | 0.746¢ | 1.1417

The fractional value ofl/n indicates the surface of adsorbent is of heteregaes type with an exponential
distribution of energy sites. Since the value of i$/less than 1, it indicates favorable adsorptfoemaller value of
1/n indicates better adsorption mechanism and fioomeof relatively stronger bond between adsorbael
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adsorbent [25] The higher numerical valueskotonfirm the significant affinity of Fe (II) and Mh) ions for
albizia procera legume substrate.
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Fig. 4. Effect of concentration on removal of Fe (I11) and Mn(l1)
1.88
1.86
1.84 —
1.82
1.80 ] Sut_)s_trate:
- Albizia procera legume
= 1.78
E j
£
X 1.76
87 J
= 1744
1.72
1.70
T u
168 Fe(ll)
i e Mn(ll)
1.66
T T T T T T T T T T T T 1
1.0 1.1 1.2 1.3 1.4 15 16

log C
Fig. 5. Freundlich adsorption isotherm for Fe(l1) and Mn(l1)
3.5. Effect of adsorbent doses
The effect of adsorbent doses on removal of Fa(i) Mn(ll) are depicted in Fig. 6. It was obsertteal removal of

Fe(Il) and Mn(ll) ions increases with increase lme tadsorbent dose in all experimental runs. Fefitj Mn(ll)
concentration was fixed at 72.36 and 57.60 ppmemsgely. An adsorbent dose was varied from 0.D@#l to 4.5
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g/100ml in aqueous solution at their optimum pHueal However, with the further increase in adsorlumses,
there was no appreciable change in Fe (IlI) and Mrémoval.
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Fig. 6. Effect of adsorbent doses on removal of Fe (I1) and Mn(l1)
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Fig. 7. Effect of co-metals Ca?* and Mg®* on Fe (I1) adsorption by albizia procera legume
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Fig. 8. Effect of co-metals Ca?* and Mg®* on Mn (I1) adsorption by albizia procera legume

3.6 Effect of co-metal ions

The effect of co-metals Ca(ll) and Mg(ll) on adsmp of Fe (ll) and Mn(ll) ions by modifiedlbizia procera
legume seed shell substrate has been investiggtedritucting set of experiments at variable corregion of
Ca(ll) and Mg(ll) ranging from 2 mg/L to 40 mg/L 80 °C. In first set of experiment variable concentnatif
Ca(ll) ions mixed with fixed concentration of Hg(llater on variable concentration of Mg(ll) iongas
homogenized with the same initial concentratiofefll) ions for adsorption study. Similar adsorptiwas studied
for Mn(ll) ion.The initial concentration of precunsFe(ll) and Mn (l1) ions in the solution was kegit10 x 10*
mol dm? at 4.5 pH. It was observed that with the adsorptibFe(ll) and Mn(Il) decreases with increasinglie
concentration of co-metal ions (Fig. 7 & 8), Thi®yes thatalbizia procera legume not only effectively removes
heavy metal ions but co-metal ions as well.

CONCLUSION

The present investigations clearly shows Hibizia procera legume substrate used here have considerable tapaci
to bind toxic metal ions. Formaldehyde modifadhizia procera legume substrate shows highest removal for Fe(ll)
and Mn(ll) at pH 4.5 and at agitation time of 30note. Numarical value of Freundlich isotherm paraméor
albizia procera legume substrate and activated charcoal indicdtatatbizia procera legume substrate has more
binding capacity compare to activated charcoal. Jifestrate materials are not only cheap, inexpensind easily
available but needs simple processing for effectiemoval of metal ions without use of any sophattd
equipment or expert attention. It could be effestaternative to conventional adsorbents like atégt charcoal or
alumina and expensive ion exchange resins. Thusétieod could be utilized for removal of heavy rhaas from
industrial effluents after prior separation of atjgalar metal from other impurities present. Agglion of this
adsorbent to wastewater treatment is expected éztveomical and efficient.

REFERENCES

[1] U ForstnerSpringer-Verlag, New York. 2nd editior1983, 75-78
[2] A Celik, A DemirbasEnergy Sources, 2005, 27(12), 1167-1177.

2027



T.D.Koseet al J. Chem. Pharm. Res., 2012, 4(4):2021-2028

[3] A Demirbas, E Pehlivan, F Gode, T Altun, G Arslamyrnal of Colloid Interface Science Surface, 2005, 282(1),
20-25.

[4] A Demirbas, A Sari, O Isildaklournal of Hazardous Materials, 2006, 135(1), 226-231.

[5] K Pastircakovaknergy Education Science and Technology, 2004, 13 (1-2), 97-104.

[6] S Qaiser,A R Saleemi, M M AhmaHnvironmental Biotechnology, 2007, 10(3), 409-416.

[7] B Volesky, Z R HolanBiotechnology Programme, 1995, 11(3), 235-250.

[8] W S Peternele, A A Winkler-Hechenleitner, E A GonRezedaBioresource Technology,1999, 68(1) ,95-100.
[9] C Gabaldon, P Marzal, A Secigurnal of Chemical Technology and Biotechnology, 1996, 66(3), 279—-285.
[10]S V Dimitrova, D R MehandgieWVater Research, 1998, 32(11), 3289-3292.

[11]M A Hashem/nternational Journal of Physical Science, 2007, 2(7), 178-184.

[12]M C Basso, E G Cerrella, A L Cukiermamdustrial Engineering Chemistry Research, 2002, 41(15), 3580—
3585.

[13]Z R Holan, B VoleskyBiotechnology and Bioengineering, 1994, 43(11), 1001-1009.

[14]D Kratochvil, B VoleskyJournal of Trendsin Biotechnology, 1998, 16(7), 291-300.

[15]H S Lee, B VoleskyWater Research, 1997, 31(12), 3082—-3088.

[16]F Pagnanelli, S Mainelli, F Veglio, L Tor€hemical Engineering Science, 2003, 58(20) , 4709-4717.

[17]1D Park, Y S Yun, J H Jo, J M Patkdustrial and Engineering Chemistry Research, 2006, 45(14), 5059-5065.
[18]E W Shin, R M RowellChemosphere, 2005, 60(8), 1054-1061.

[19]B Volesky, Sorption and Biosorption, B V Sorbex Inc., Montreal, St. Lambert, Quebem#a.2003, 60-71.
[20]N Ahalya, T V Ramachandra, R D Kanamdgbsearch Journal of Chemistry and Environment, 2003, 7(4), 71—
79.

[21] A Demirbas Journal of Hazardous Materials, 2008, 157(2-3), 220-229

[22] A Hashem, A A Aly, A S Aly, A HebeisiRolymer Plastic Technology and Engineering, 2006, 45(3), 389—-394.
[23]A Dudhich, Khasim, S Bibi, , G Kavitdpurnal of Environmental Science and Engg. 2004, 46 (3), 179-185.
[24]llhan UZUN, Fuat G"UZEL Turk J Chem 242000 , 291 - 297.

[25] S D Faust, M A OsmanAdsor ption Process for Water Treatment, Butter Worth, London]987, 15-20.

2028



