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Abstract: Adsorption of Phosphate on soil has been studied using batch adsorption technique. This study is carried out to
examine adsorption capacity of Phosphate on different soil. Results revealed that adsorption rate initially increases and
equilibrium reached about one hour. Further increase in contact time did not show significant change in equilibrium
concentration. The Langmuir, Freundlich

and Temkin isotherm were used to describe the adsorption equilibrium studies. Langmuir isotherm is best fitted.
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L. INTRODUCTION
Phosphorus is an essential element for plant and animal growth. All living plants and animals require phosphorus .It is the second
most important nutrient ,next to nitrogen that has often been found limiting biological productivity in terrestrial environments and as
well as in surface water environments. Phosphorus containing compounds are essential for photosynthesis in plants, for energy
transformations and for the activity of some hormones in both plants and animals. Plants obtain their phosphorus from the soil in
which they grow and, if no fertilizer has been used the phosphorus in the soil is derived from the parent material from which the soil
was formed.
Management of phosphate fertilization is essential for maintaining the concentration of biologically available soil- P at a value
adequate for plant growth, while minimizing the movement of dissolved -Phosphorus and particulate -Phosphorus to surface water
and shallow ground water .Soils also have a defined capacity to adsorb phosphorus and there will be a great possibility to release
excess Phosphorus into the surface of ground water when a critical Phosphorus sorption saturation level is attained [1]
Phosphorus has its slow diffusion and high fixation in soils and, therefore it is imperative to apply Phosphorus fertilizers for
improving crop growth and yield. In order to understand the complex behavior of Phosphorus in soil, several workers have
emphasized the importance of Phosphorus fertilizer management based upon chemical extraction methods (soil-test methods) and
phosphate adsorption isotherms. But, Phosphorus sorption method has an edge over chemical extraction methods as it also defines
the efficiency of the crops to utilize the Phosphorus available from soil [2]. Excessive Phosphorus export from agricultural
landscapes can lead to eutrophication of surface water[3].Phosphate adsorption is the process in which phosphate ions are held on
active sites of soil particle surfaces [4].Phosphorus is a critical element in natural and agricultural ecosystems throughout the world
[5] as its limited availability is often the main constraint for plant growth in highly weathered soils of the tropics [6].Phosphorus
deficiency problems are common in well-weathered oxisols and ultisols because of strong acidic reactions and abundance of Al and
Fe ions [7] and the situation can be worsened with inappropriate Phosphorus management [8].In acid soils of India, liming and
application of phosphate fertilizers as organic or inorganic sources have been suggested for controlling Phosphorus deficiency.
However, low availability of soil Phosphorus due to adsorption reactions by the soil constituent’s results in only a small fraction
coming to soil solution for crop utilization. Thus the concentration of soluble reactive Phosphorus in soil and drainage water is
controlled by rapid adsorption reactions [9]. The Phosphorus deficiency in Indian soil varies from region to region according to soil
texture especially clay content, Al and Fe oxides, CaCOs, organic C content, pH etc. Different forms of soil phosphorus have
different solubilities and consequent availability in soils.

1. MATERIAL & METHOD
The Batch tests were carried out in 250 ml flask using a natural soil as a sorbent. The soil samples were collected from the process
house, 1V phase, RIICO industrial area, Bhilwara and agriculture area Kaithun from Kota. The soil samples were dried in air for
about three weeks. After drying the soil was sieved in order to obtain different particle size distribution (100-300 BSS). Phosphate
samples were prepared by dissolving a 0.220g of solid potassium dihydrogen phosphate (KH,Po,4) in double-distilled water this
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will give 300 ppm solution and used as a stock solution and diluted to the required initial concentration. A 2g natural soil was
mixed with 100ml of the aqueous solutions of various initial concentration (0.5mg/L, 1mg/L, 2mg/L, 3mg/L and 4 mg/L) of
Phosphate in each flask. The stirring speed was kept constant at 120 rpm. The flasks were shaken at a constant rate, allowing
sufficient time for adsorption equilibrium. It was assumed that the applied shaking speed allows all the surface area to come in
contact with ions to be adsorbed over the course of the experiments. The study was performed at room temperature to be
representative of environmentally relevant condition. The pH of the solution was measured with a HACH-pH meter. The effects of
various parameters on the rate of adsorption process were observed by varying contact time, adsorbent concentration, initial P
Concentration, and pH of the solution. The solution volume was kept constant. The measurements were made at the wavelength
A=650nm, which corresponds to maximum absorbance [13]. Using a mass balance, the concentrations of Phosphate at different
time adsorbed in soil solids was calculated,

qt= (Co—C) V/ M (1)
where gt is the amount of Phosphate adsorbed onto the natural soil at time t C, is the initial concentration of Phosphate , C; is
aqueous phase concentration of Phosphate at time t,V is the volume of the aqueous phase, M is the weight of natural soil. The
Phosphate adsorbed in soil is estimated by ascorbic acid and Ammonium Molybdate method (colorimetric) at 650 nm wave length.
This method uses a complexation reaction to produce a coloured complex of molybdate and phosphorus. This complex is formed
when phosphate ( sample) is heated with ammonium molybdate in the presence of acid and excess ascorbate ions (which are to
prevent the colour degrading as the molybdate oxidizes slowly). The coloured complex formed is dependent on the initial phosphate
concentration in the sample.The amount of phosphate present is determined by comparison of the blue colour with known standards
of phosphate, subjected to the same reaction with molybdate reagent. The amount of Phosphate sorbed was calculated as the
difference between the amount of Phosphate added and that remaining in solution [10].

1. RESULT AND DISCUSSION

A. Influence of Variation of Amount of Soil.

In the experiment the amount of soil were taken 2gm ,4gm,6gm and 8 gm and the results reveals that the % adsorption increases and
at a certain point it becomes constant . There is a significant correlation between maximal Phosphorus adsorption and clay content,
and the total amount of phosphorous adsorbed into the soil can be attributed to presence of sorptive sites. This could be related to
the relatively large number of positive charges that can react and strongly bind the negatively charged phosphate ions in the
solution. It is also reported that maximal adsorption value increases with increasing values of clay content and phosphorus of soil
[11,12]
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Fig:1 Influence of variation of amount of soil.
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B. Influence of Variation of Initial Phosphate Concentration

In the experiment the amount of Phosphorus were taken 0.06mg,0.12mg,0.18mg and 0.24 mg and the results reveals that the %
adsorption increases and at a certain point it becomes constant . The linearity between equilibrium Phosphorus concentrations versus
rate of Phosphorus sorbed was due to large intermolecular distance between Phosphorus ions resulting in negligible mutual
repulsion and the deviation from linearity indicated that the binding affinity of soil to Phosphorus decreased with increase in
surface saturation with Phosphorus. [13]
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Fig:2 Influence of variation of initial phosphate concentration

C. Adsorption Isotherms
Adsorption is usually described through isotherms, that is, functions which connect the amount of adsorbate on the adsorbent.
Distribution of Phosphate ions between the liquid phase and the solid phase can be described by several isotherm models such as
Langmuir and Freundlich [14].The Langmuir model assumes that uptake of sorbate occurs on a homogenous surface by monolayer
sorption without any interaction between the sorbed ions. Also, all the binding sites of surface have equal energy of sorption. The
linear form of the Langmuir equation can be given as:
Celge = 1/bge + Celge 2
where ge; is the monolayer adsorption capacity (mg/g), b; is the Langmuir constant (L/mg), Ce; is equilibrium concentration of
sorbate. The plot of Ce/ge versus Ce was employed to calculate the intercept value of 1/bge and slope of 1/ge .
One of the essential characteristics of this model can be expressed in terms of the dimensionless constant separation factor for
equilibrium parameter, RL,defined as:
RL= 1/1+bCo 3)
The value of RL indicates the type of isotherm to be irreversible (RL=0), favourable (0<RL<1), linear RL=1 or unfavorable RL>1.
The Freundlich isotherm, on the other hand, assumes o heterogeneous sorption surface with sites that have different energies of
sorption. This model can be presented as:
InKf= InKf+ 1/nf*Ce 4)
Where Kf; is the relative sorption capacity of sorbent, and nf; is a constant related to sorption intensity. The plot of Inge versus InCe
should give a straight line with a slope of 1/nf and intercept of InKf . To evaluate the applicability of Langmuir and Freundlich
isotherm models for the adsorption of P ions by soil.
For Langmuir isotherm the value of R2 is 0.995 s because the interaction with molecules already it is also favorable because The
binding energy of the soils for P sorption decreased with increase in surface coverage.
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Fig:3 Langmuir Adsorption isotherm

For Freundlich isotherms the value of R? is 0.990. The Freundlich Equation is fit because the energy of adsorption decreased
exponentially with increasing surface saturation when adsorption fitted in the Freundlich equation [15]
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Fig:5 Temkin Adsorption isotherm
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For Temkin isotherms the value of R? is 0.892. The Temkin Equation is not suitable for explaining the Adsorption isotherm.

Table:1 Adsorption Parameters

Isotherm Equation R?
Langmuir y = 7.005x + 2.492 0.995
Freundlich y=0.788x - 1.747 0.990
Temkin y = 34.05x - 4.893 0.892

(AVA CONCLUSION

In the laboratory a series of batch experiments have been performed for adsorption of phosphate in soil. The results reveals that
Freundlich adsorption isotherm and Langmuir adsorption isotherm are in favor and the equilibrium data fitted best with the
Langmuir isotherm than Freundlich and Temkin isotherm . The aim of this work was to study adsorption of Phosphorus in soil. This
adsorption process is a function of particle size, amount of adsorbent, initial phosphate concentration of solution. The result indicate
that the adsorption increases with decreasing particle size, with increasing amount of soil and initial phosphate concentration. A
contact time of 60 min. was found to be optimum. The equilibrium data fitted best with the Langmuir isotherm .

[t
[2]
(3]
[4]

(5]
[6]

[7]
(8]

[9]

[10]
[11]

[12]
[13]
[14]

[15]

REFERENCES
Paulter MC,Sims JT(2000) Relationships between Soil Test Phosphorus,Soluble Phosphorus and Phosphorus Saturation in Delaware Soils.Soil Science
Society of America Journal,Vol.64,No.2,pp765-773.
Fox,RL and Kang,BT(1978).Influence of phosphorus fertilizer placement and fertilization rate on maize nutrition Soil Science,125:134-140.
Sharpley, AN( 2000). Agriculture and phosphorus management: The Chesapeake Bay. CRC Press, Boca Raton, FL.
Khan QU, Khan MJ, Rehman S, Ullah S. (2010) Comparison of different models forphosphate adsorption in saly inherent soil series of Dera Ismail Khan. Soil
&Environ;29(1):11-14
Onweremadu,EU,(2007).Predicting phosphorus sorption characteristics in highly weathered soils of South-Estern Nigeria.Res.J.Environ.Sci.,1:47-55.
Bunemann,E.K.,D.A.Boss,P.C.Smithson and E.Frossand,(2004)a.Microbial community composition and substrate use in a highly weathered soil as affected by
crop rotation and P-fertilization.SoilBiol.Biochem.,36:889-90
Saleque,M.A.,U.A.Naher,A.lIslan,A.B.M.B.U.Pathan,A.T.M.S.Hossain and C.A.Meisner,(2004).Inorganic and organic phosphorus fertilizer effects on the
Saleque MA,Abedin MJ , Panaullah GM and Bhuiyan NI (1998).Yield and phosphorus efficiency of some lowland rice varieties at different levels of soil-
available phosphorus.Commun.Soil Sci.Plant Anal.,29:2905-2916
Siemens J,,Ilg K,Lang F and Kaupenjohann M.(2004) Adsorption controls mobilization of colloids and leaching of dissolved phosphorus.European Journal of
Soil Science,55:253-263
Fox RL, Kamprath EG. (1970) Phosphate sorption isotherms for evaluating the phosphate requirements of soils. Soil Sci Soc. Am.Proc.;34:902-907
Hoseini Y, Taleshmikaiel RD(2013). Comparison of phosphorus adsorption isotherms in soil and its relation to soil properties. Intern. J.Agric: Res & Rev.
;3(1):163-171
Hadgu F, Gebrekidan H, Kibret K, Yitaferu B. (2014) Study of Phosphorus adsorption and its relationship with soil Properties, analyzed with Langmuir and
Freundlich models.Agric Fore. Fish.;3(1):40-51
,R.,Seal.A,Bhattacharyya.P,Mukhopadhyay,K.and Giri,R.(2006) ,Phosphate sorption desorption characteristics of some ferruginous soils of tropical region in
Eastern India. Environmental Geology ,51:399-407
Desta Mulu Berhe(2013) “Batch Sorption Experiments: Langmuir and Freundlich Isotherm Studies for the Adsorption of Textile Metal lons onto Teff Straw
(Eragrostis tef) Agricultural Waste” J. of thermodynamics, Vol. 2013
Bache B W and Williams E G (1971) A Phosphate sorption index for soils ;J.Soil Sci.22 :289-301.

©IJRASET: All Rights are Reserved




d lIsRA

ef n\m
cross’ COPERNICUS

10.22214/1JRASET 45,98 IMPACT FACTOR: IMPACT FACTOR:
7.129 7.429

INTERNATIONAL JOURNAL
FOR RESEARCH

IN APPLIED SCIENCE & ENGINEERING TECHNOLOGY

Call : 08813907089 (V) (24*7 Support on Whatsapp)




