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CHAPTER -I
INTRODUCTION

1*1. General Introduction t

Molybdenum le an essential micronutrient element for 
plants, playing Important role In nitrogen metabolism and 
atmospheric nitrogen fixation by bacteria. Striking varia­
tions exist in the plant availability of soil borne molybde­
num. Application of molybdenum fertilizer in molybdenum 
deficient soil results dramatic increase In yield! on the 
other hand, excess molybdenum absorbed by plants results 
deleterious to the healthy ruminants, causing molybdenosis 
disease. These seemingly conflicting situations result from 
1) the relative ease with which the soluble molybdenum is 
absorbed by plants, 11) the comparatively low levels of the 
element that can be tolerated by ruminants and ill) the very 
pronounced influence of soil properties upon the availability 
of soil and fertilizer molybdenum to plants.

It is widely held that the adsorption of the element 
as molybdate ion (HMoO^ or MoO^ ) in soil occurs through 
anion exchange, primarily with surface OH* groups of soil 
materials. The adsorption reaction Is dependent on the pH 
and iron oxide concentration in the soil and is accompanied 
by an Increase in pH upon the addition of molybdate in solu­
tion to soil suspension (Borsad et al.1951, Jones 1957).



Variable change minerals, such as iron and aluminium 
oxides are Important In the reaction of many Ions with soli. 
Anions are strongly adsorbed by these compounds. The adsorp­
tion of anions by iron and aluminium sesquioxide components is 
an important phenomena in soli system. In the tropical and 
sub-tropical areas, where many soils contain significant amount 
of hydrous iron oxides and aluminium hydroxides, severe defici­
encies of phosphate, sulphate and molybdate in plants have been 
observed. Several workers have used iron and aluminium oxides 
with well defined surfaces to study Ion adsorption. This has 
stimulated much further research and has led to the development 
of a general model for ion adsorption on hydrous oxides surfaces 
which takes account of the pH dependent charge on the surface 
and the charge of the adsorbing Ion, (Bowden et al, 1977),

Formation of precipitated form of AlPO^ and FePO^ is 
also known In soil in the reaction of phosphate with the Ions 
of Fe and Al In solution or in adsorbed phase. These precipi­
tated forms of AlPO^ and FePO^, may also contribute surface 
for adsorption of molybdate on It,

From the agricultural and environmental stand points, the 
need for understanding, factors of Ion partition across solid- 
liquid interfaces is of great Importance. Nutrient cations 
and anions held on the soil surfaces as exchangeable ions, 
reach the plant root zone through the soil solution by exchange 
phenomena. The ions of the soli solution Is always at equili­
brium with the exchangeable Ions on the solid phase.



-3-

An adsorption Isotherm describes the equilibrium 
relationship between the amounts of adsorbed and desorbed 
species at a given temperature. The adsorption equations 
developed by Freundilch and Langmuir to quantitatively 
described the gas adsorption by solids have been used with 
some success In solid-liquid systems and the determination 
of adsorption Isotherm Is also one of the most useful ex­
perimental procedures In the study of Interaction of anions 
with hydrous oxides, clays and soils.

Molybdate sorption on soil has been used as an index 
of a 3011*8 potential for decreasing the availability of 
molybdenum to plants (Wells 1956, Barrow and Spencer 1971). 
The behaviour of the labile nutrient ion in soil is domina­
ted by the sorption and desorption processes. An Index for 
general characterization of the phosphate or molybdate rela­
tionship of soils, should therefore reflect their sorption 
properties. To realistically measure, the capacity of a 
soil to sorb fertilizer molybdenum, sorption characteristics 
should be analysed at low equilibrium concentration of molyb­
denum. Sorption sites on soil particle surfaces undoubtedly 
exhibit a wide range of affinities for Mo. A portion of toe 
sorbed molybdenum become unavailable to the plant, while the 
remainder is in equilibrium with the soil solution.

The rate of desorption of an adsorbed anion will 
give an indication of the energy of adsorption. The amount 
desorbed and the mechanism of desorption is relevant to the



uptake of nutrients by plants. The availability of nutrient 
anion is dependent on the characteristics of desorption Iso- 
them. Crank showed (1956) that diffusion coefficient of 
the ions which react with the adsorbent are related to the 
slope adsorption isotherm.

Considering the Langmuir's parameter like adsorption 
maxima, the relative bonding energy one can predict the 
nature of adsorption reaction. Prom the Langmuir intercept, 
the K-value or equilibrium constant, related to bonding 
energy can be computed, with the help of the various ther­
modynamic constants computed from the Langmuir isotherm, the 
nature of adsorption can be ascertained. Adsorption curve 
in association with desorption curve will give an indication 
about the strength of adsorption and behaviour of the adsor­
bed anion in soil system.

Competition is a very common phenomena in nature. 
Competitive adsorption is of interest in relation to solute 
transpart in soil, because adsorption has a profound influ­
ence on the movement of chemicals. In acid soils, three 
plant nutrient anions - phosphate, sulphate and molybdate 
may be adsorbed by mineral surface. The availability for 
each of these anions is much affected by this competition 
for adsorption. *hen comparing adsorption of anions by 
soils, it is convenient if the reaction of the anion with 
a given soil can be characterised by a single value such as
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for example the adsorption maxima, calculated from the 
Langmuir Curve* The comparison can also be done by 
considering the single value characteristics, obtained 
from the adsorption at particular equilibrium concentra­
tion, e.g* for molybdate It Is 0,1 ppm,for phosphate It 
Is 0,2 or 0,5 ppm. From the comparison, the relative 
case of desorption by addition of another anion can be 
ascertained,

Adsorption - desorption Isotherms along with the 
various thermodynamic constants, are tie useful tools for 
assessing the nature of adsorption reaction, release of the 
adsorbed anion, possible deficiency of the applied nutrient 
anion or In nr re detail for assessing the fertilizer require­
ment and lt*s fate In a particular soil. Similar studies 
with various soli constituents in pure form have been found 
to be of much help In avoiding ambiguity In Interpreting 
the results of study with the heterogeneous soil systems.

1,2, Scope and objective of the present Investigation!
Anionic nutrient Ions like phosphate and molybdate 

participate in various soil-chemical reactions and are found 
to maintain a solution concentration at equilibrium between 
the solid surface and soli solution. Heterogeneous nature 
of soli having different state of energy level makes the 
assessment of the nature of Involved reactions, a difficult 
problem possible Interpretations in this regard are also



likely to be ambiguous. Under such conditions the impor­
tance of the study of adsorption is obvious so far as 
Immobilization, mobilization, deficiency and toxicity of 
nutrients ion are concerned. Soil scientists have tried to 
do the same under a lot of limiting conditions.

Adsorption isotherm study is an important tool, which 
can tell, to some extent, the nature of the adsorption re­
action. But most obligation arises, in using Langmuir equa­
tion for assessing the adsorption isotherm is the hetero­
energy state of the soil surface. Even though every body is 
using this equation as because, it will give some useful in­
formation like bonding energy, adsorption maxima, change in 
the free energy, enthalphy and entrophV of the reaction.

Various workers have tried to fit Langmuir equation 
by using hetero surface adsorbent. They have over come the 
problems by some approximation.

In the present investigation Langmuir equation has been 
used for computation of the adsorption data.

Kolybdate anion, which is an important micronutrient 
element of the plants, goes through lot of chemical reactions 
in soil, at the same time deficient to the plants as well as 
toxic to the ruminants. So assessment of the reaction, in 
order to quantify the fertilizer requirement, is essential.
So for this, it needs much more Idea regarding its nature of 
transformation and diffusion in soil system.
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As because, the adsorption sites for molybdate, are 
mainly the hydrous oxides of Fe and Al, and their coatings 
on soil and clay surfaces, the experiments were carried out 
on the precipitated form of pure Fe and Al hydroxides gel.
On the other hand the more or less similar behaviour of the 
phosphate and molybdate In soli reaction particularly in 
acid soils, there may be some possible sites for molybdate 
on Fe and Al phosphates. Al* and Fe phosphates are the 
likely product of the acid soli, on application of phos- 
phatlc fertilizers as reported by Bache and others (1963). 
Their chemical nature exhibit some sort of exchange reaction 
with other anions similar to phosphate. So molybdate, more 
or less similar to phosphate can go through adsorption or 
exchange reaction on the precipitated form of Al and Fe 
phosphate. Accordingly, In the present investigation, 
adsorption of molybdate on Fe and Al phosphates as adsor­
bent has been considered.

Calcium carbonate is an important soil constituents 
of the calcarlous soil, as well as used as soil amendment, 
may contribute surface area for anion adsorption. As lite­
rature rev ala that phosphate adsorption study on calcite 
but with little study for other anion adsorption. In the 
present investigation it is taken as an adsorbent for molyb­
date adsorption.

Hock phosphate, a product of geo-chemical reaction, 
also used as fertilizer may take part in the adsorption of
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of molybdate in soil* The similar behaviour of phosphate 
and molybdate, in acid solution nay result some adsorption 
of nolybdate on the surface of rock phosphate* Keeping 
this view, the rock phosphate of 80 nesh size was taken as 
adsorbent for the study*

Adsorption experiments carried out on pure compounds 
were expected to give an Idea, which may be consistent with 
the results of the soil adsorption study, particularly In 
soils, where the particular constituent Is dominant* By 
simple comparison, It would be easy to interprets the domi­
nant adsorption sites of the soil* In the present Investi­
gation all the pure compounds used for adsorbent are of pre­
cipitated form except CaCo^ and rock phosphate. Precipitated 
form of pure compounds are sdfected, keeping in view that In 
the natural soil system the compounds are the likely product 
of various soil-chemical reaction, where at the Initial stage 
precipitation Is the major reaction product*

Clays, the most reactive component of the soil systems 
were also taken as important adsorbents on which the detail­
ed study was done. Two reference clays, Kaolinite and 
Bentonite were taken with saturated cations of H, Jl, Pe add 
Ca. On the hoaolonlc clays the adsorption experiments were 
carried out under two level of pH of the system. The major 
cations controlling the soil reactions are Fe, Al, Ca, H, Ha 
and K, out of which, as literature reveals, Fe, Al, Ca and
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H are Important so far as the adsorption of molybdate Ion 
la concerned* As anion adsorption is a pH dependent pheno­
mena, two levels of pH were selected ftor comparison and in 
order to assess its influence, particularly on the adsorp- 
tion in homolonic clays*

In order to assess the nature of molybdate adsorption 
on soils adsorption isotherm, studies were undertaken with 
different soils - native, organic natter free and free from 
oxides of Ion and alunlnluB*

Different workers have used higher concentrations of 
molybdenum in the adsorption study* In order to avoid 
possible polymerisation of molybdate ions,the experiments 
were carried wit at a concentration lower than 3x1 (T4* 

where no polymerization is likely to occur* While selecting 
the concentration range, the concentration of molybdenum In 
soil solution was also taken Into consideration, in order 
to make consistent the possible interpretation with the 
natural system*

In order to study the influence of temperature, 
particularly for assessing the physical or chemical nature 
of sorption, the experiments were carried out at two iso* 
therm conditions* Study of isotherm at two temperature 
levels, 20° and 40°C (♦I0) was undertaken in order to find 
out changes in enthalpy and entrophy of the adaorjtion re­
action which can be computed from the equilibrium constant, 
calculated from the Langmuir intercept*
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Adsorption-desorption isotherm studies in association 
were expected to provide the hysterosls of the curves, which 
in turn, would indicate the reversibility and irreversibili­
ty of the adsorption reaction. The nature of desorption ms 
curves and the relative bonding energy values can also re­
flect their conformity od the release curves of the adsorp­
tion.

For determination of actual sha-King time required 
for reaching equilibrium condition in respect of adsorption 
a set of experiment was also conducted in order to avoid 
conflicting reports on the subject.

As phosphate and molybdate ions are very similar in 
their behaviour in the soil system, so far as adsorption 
phenomena Is concerned, competition of adsorption between 
these two anions is expected. With this view the present 
investigation considers one experiment on co-adsorption of 
molybdate and phosphate from the solution on different soils. 
The comparisons were being made, considering the adsorption 
of molybdate and phosphate at 0.1 ppm and 0.5 ppm equilibri­
um concentration respectively.

Most of the works carried out so far, regarding anion 
adsorption were confined among phosphate and sulphate with 
little study of molybdate. Keeping in view that the scanty 
study of molybdate adsorption on Indian soils and on homo-

ionic clays, the present investigation were undertaken.
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Wlth a view to get some new information cm the adsorption 
of molybdate, the present Investigation considered the 
adsorption studies on the precipitated form of strenglte, 
varied te, CaCand rock phosphate.



CHAPTER - XI 
REVIEW OP LITERATURE

2.1. Soli emi»trv of HolyMrou* ■
Molybdenum is a curious element, chemically in that 

its properties are very different from those of its near 
neighbouring in the periodic Table* The Mo content in 
the lithosphere is estimated at 2,3 ppm, which provides 
10“3,68(M), if it were to dissolve completely in the soil 

solution at 10# moisture* Zt has been estimated by 
Chatterjee and Dakshlnamorthy (1962) that the total Ko content 
of Indian soils ranges fro® 0.6 to 1*34 ppm of which, availa­
ble amount is from 0*012 to 0*34 ppm*

Amin and Joham (1998) reported that oxides of both 
Mo and Mn react as acids or bases depending upon their 
valence. Oxides of the same metal react more acidic as 
the valence or positive oxidation state of the metal increa­
ses and conversely more basic as it decreases* MoO^ In which 
the metal is hexavalent acts as an acidic oxide and readily 
combines with the oxides of Na, Mg and K, to form soluble 
molybdates* Mo02 oral heml pent a oxide, on the other hand, 
act as bases and are quite Insoluble in alkaline solution.
So, oxidation process in soil would tend to make Mo more 
available and conversely reduction process less so*

2*1*1* Anionic nature of Molybdenum i - In its compounds,
Mo exhibits many oxidation states* The lower valency (+4) 
is practically limited to the most abundant Mo minerals*
The chemistry of Mo in near surface environment is a cheals-
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try of it* anions. Solubilities of different Wo containing 
minerals estimated by Vlek and Lindsay (1977) show a general 
decrease in the order, Cu Mo04> Zn MoO„> »o03> H MoO^, ) 
CaMoQ^y Pb MoO^.

They also estimated the solubility of Mo from soil by 
the following equation.

Soll-Ko --- » MoOj ♦ 0.8H+

C log K° - -12.UJ
The egression for solubility of molybdates in soils 

covers the pH range of 5*3 to 8.0.

The chemistry of molybdates is complex because of poly­
mer formation In solution. It is generally accepted that 
basic solution of molybdate contains only simple tetrahedral 
Mo0Z lone. Upon acidification, two reactions occur. First 

the molybdate ions become protonated forming monomeric 
H HoOj and H^MoO^ and after protonation, condensation 

begins forming a series of iso or hetropoly molybdates. 
However recent research has shown th»t concentration affects 
polymer formation so that polymeric forms do not exist in 
solution having a Mo (VI) concentration less than 10 M 
£“Averton et al.(1963), Chojnackl (1963), Jenkin (1963)
Rohwer (1955)^7* I-avy 1964) studied the saturation extracts

of several Indian soils, in which the concentration of Mo
-»8varied from 2 to 8x10 M| hence polymeric form would not

exists in such soil solution
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The literature reveals, however, that the exact fora(s)
of the acid condensation product renains in considerable
doubt. According to Schargzenbach and Meir (1958), an
intermediate monomeric fora of aolybdate in acidic solution
is Mo (OH)g or JfoO^.SHgO. This fora an easily polymerize
by foraing an oxobridge with the eliaination of water.
Carpeni (1947) further concluded that only aonoaerie aolyb-

-4date ions exist in solution of less than 3x10 M MoO^ i.e. 
approxiaately 29 ppa Mo at all pH values.

The fora of Mo in solution varies with pH. Rohwer et al 
(1964) found that aost of the Mo was present as unionised 
Mo (0H)g at pH-2.5. Chojnackl (1963) reported that in very 
dilute solution (10~^M to 10"®M), MoOj, HMoOj, disappear arid 

cationic forms appear. Proa pH 2.5 to 4'*5» the species in 
solution generally decrease in the order.

MoOj^ HMoO^HgMoO^0^ Mo02(0H)^ MoO^
Since most of the soils have a pH above 5.0, the 

MoOjJ would be the predominant fora in soil. The available 
evidences also indicate that only aonoaerie forms would be 
adsorbed (Reyes j&. 1967, Barrow 1970), from solutions 
on the soil colloids.

2.1.2. Reactions of Molybdenum in Soil s - Mo exists in 
combination with both the organic and inorganic fractions 
of soil (Davies 1956). Wells (1956) found that iron stone 
nodules of Newzealand soils contained as much as 10 ppm of
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Mo, whereas nodules contained lass than 1 ppm, which 
suggests a strong affinity of Mo by Iron and Its compounds. 
Evidence of the greater affinity of Mo for Fe20^, xfigO than 
AlgOj* xHLjO has been reported by Jones (1957)*

The availability of Mo to plants Is closely related 
to the kinds and amount of Fe compounds In soil has been 
shown by Williams and Moore ( 1952 ), Rablnson and
Edington (1948 ), Wells (1956) and others.

Several workers have shown that -
I) the amount of Mo sorbed by soils, clays and the 

hydrous oxides decreases with increasing pH to 
about 7.5, above which no sorption virtually takes 
place|

II) The amount sorbed Mo, Increases with successive 
lnoreMirts of MoOj add*! In soil)

ill) The sorption of MoO^ Ions by soil colloids results 
in an increase In the pH of the system!

iv) The precipitates of Ferric-molybdates, have minimum 
solubility at pH 2.7, In contrast to Al-molybdates 
having minimum solubility at pH 4.8.

The nature of the products formed on sorption of molyb­
dates by Fe~0«, xti,0 was investigated by Relmenaur at al. 
(1962) by quantitative determination of the release of OH* 
and water. The equation of the reaction involved may be 
written.
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F«2034 3H20 — 2 Fe (0H)3
2F«(OH)3+3Na2MoOi| ♦ 6 HC1 — Fe2 (HoO^)3 ♦ 6 NaCl ♦ 6h2°*

schllchting (I960) reported that there was a close rela­
tionship between the reserve Fe and of *P* or ,Ko* in soils 

containing bog iron.

Trobisch et £L. (1963) reported that there was a close 
relationship between the amount of No and soluble iron in 
soil) low amount of Fe-extracted with oxalate of low concen­
tration or with EDTAf were accompanied by low amount of No.

Results suggest that Ho is fixed by Fe in soil by way 
of sorption and/or formation of crystalline compounds of 
the two.

Jorrel and Dowson (1978) reported that Fe-oxides which 
are extracted with (NH||)2 C20^v at pH 3.3 can be considered 
to play the major role in Ho sorption.

2,2. Adsorption of Molybdenum *-

In the recent years there has been an increasing 
volume of literature dealing with the topic of anion 
adsorption by soils and soil materials, including the Fe 
and A1 sesqul oxide components. Posnor, Qurick and Co- 
Workers ( 1971 ) have used Iron and Aluminium Oxides with 
well defined surface of study the ion adsorption. This 
has stimulated much further research and has led to the



development of a general model for ion adsorption on 
hydrous oxide surfaces, which takes account of the pH 
dependant charge on the surface and the charge of the 
adsorbing ion (Bowden at jgl.1977) • Zt has become apparent 
that the adsorption behaviour of many anions, in particular 
the Important nutrients phosphate, sulphate and molybdate 
is very similar (Barrow 1970), In the following discuss* 
ions an attempt has been made to review the works with soil 
clay minerals and various soil components including the 
hydrous oxides of Iron and Aluminium with particular refe­
rence to adsorption behaviour, various models and mecha­
nism of adsorption of molybdates from solution.

2.2.1 Techniques for the study of Adsorption *-
There are different techniques of study the adsorpr 

tlon reactions of anions. They are as follows s-

a) Infrared spectroscopy,
b) Kinetic study,

and c) Adsorption isotherm.

Infrared spectroscopy can be used to study both the 
nature of the adsorbing surface and the mechanism of 
adsorption, on these surface. (Little 1966 and Hair 1967). 
Information on the co-ordination of anions to surfaces and 
their mechanism of adsorption can be obtained by comparing 
their spectra of OH- groups and QD groups before and after 
anion exchange.
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A study of the Kinetics of anion adsorption can be 
used to gain information about the mechanism of adsorption 
reaction* The data are usually presented to show the change 
in adsorption with time or the change in concentration with 
time* A study of the effect of pH, temperature or the 
successive addition of anions may give further useful 
information about reaction mechanisms or rate limiting 
steps but it is very difficult to Interpret kinetic data 
without some reasonable theory* The studies of kinetics 
of isotopic exchange led Atkinson et«al.(1972) to postulate 
that phosphate formed a bridging complex on Goethlte* 
Mattingly (1975), have got useful information about the 
nature of labile phosnhate in soils*

The third technique, study of adsorption isotherm, 
being more versatile and more frequently used one is dis­
cussed in greater detail in the next section*

2*2*2* Adsorption Isotherms t

Theoretical consideration i- The relationship between 
the amount adsorbed of an absorbate by an adsorbent and 
pressure (concentration) of the adsorbate at constant 
temperature is called adsorption isotherm* This variation 
of adsorption with concentration (pressure) is often expre­
ssed as

- K.PVnX



Where Xg of adsorbate la adsorped bynug of adsorbent 
at pressure P,y so that x/m denotes the amount of adsorbate 

per unit weight of adsorbent. The terms K and n are constants 
depending upon the nature of adsorbate and adsorbent; n is 
always greater than unity. meaning that adsorption does not 
Increase as the pressure. Taking the logarithm of both 
sides.

log x/m • log K log P.

This is the equation for Freundlich adsorption isotherm. 
The graphical representation of log x/m against log P. should 

give a straight line. But practically at low temperature 
t.iere is deviation from this linearity and the equation is 
considered to be an approximate one. and is suitable for 
small ranges of pressure concentration.

In 1916 Langmuir deduced an adsorption equation. 
According to the Langmuir model, the fraction *0* of the 
surface of an adsorbent covered by an adsorbate is given

by „ _ KC9 ■rrirc
Where C - equilibrium concentration of the adsorbate 

and K is the constant related to the adsorption energy. 
Again. © ■ x/m/xn# where xm is the sorption maxima and x/m 

la the amount of ion adsorbed per unit weight of the 
adsorbent.
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0n considering the above two relationship the adsorp­
tion equation nay he written in linear fora

c/x/m - c/m * ITS nnd 8 Plot C/*/» aR8lnat C 
should give a straight line of slope Vxtt from which x/m
nay be calculated and the constant K is obtained from
intercept*

The Temkin equation can be derived from the Langmuir 
equation (Bache and William 1971) by Inserting the condition 
that the energy of adsorption decreases linearly with 
increasing surface coverage. The equation is I

X/,_ • —I* In AC /xm o
where A and b are constants. A plot of X against log C 
should give a straight line.

2.2.3. Adsorption isotherm * its application and 
limitation to soil system!

The adsorption equations developed by Freundlich and 
Langmuir to quantitatively described gas adsorption by solids 
have been used with some success in solid-liquid system, 
even though no rigorous theoretical treatment has been 
developed for the latter system.

Although Freundlich equation is often considered to 
be purely empirical in nature, a justification for its 
application to adsorption from dilute solution has been 
presented by Kipling (1965)* As pointed out by many
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Investigators a major advantage of the Langmuir equation 
is that It is possible to calculate an adsorption maxima 
and a relative bonding energy term for adsorption of 
adsorbate.

The determination of adsorption isotherm is one of 
the most useful experimental procedures in the study of 
the interaction of anions with hydrous oxides or soils.
Most of the adsorption isotherm reported in the literature 
belong either High-affinity type as defined by Gibbs el al. 
(I960) or Langmuir type.

In the Langmuir model derived for the adsorption of 
gases on the solid surfaces, it is assumed that the adsorp­
tion is restricted to a monolayer and the energy of adsorp­
tion does not vary with surface coverage. Thus the sites 
must be isolated and uniform and the adsorbed molecules 
must not interact with each other.

Over wider concentration ranges (Bache and Williams
is*

1971) the adsorption plots were however curved. This 
curvature indicates that the bonding energy is not in fact 
constant and that there is no well defined maximum. The 
Longmuir equation can nevertheless be used to characterize 
the sorption over limited concentration ranges.

The failure of the simple Langmuir model to describe 
anion adsorption at solid solution Interfaces has led to
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th« use of two op three term Langnuir equation* which give 
such better description of experimental data (Mul^adl e£ al. 
1966a, Holford et a^.1974, Rajon 1975 C, Rayden et j&.
1977b).

While describing the two or three surface adsorption 
isotherms, Muljadi et al.(1966) reported that the adsorp­
tion isotherms have been devided into three destinct regions. 
It was suggested that these were related to the affinity of 
phosphate for at least 5 energetically different reactive 
sites. It was suggested that under the condition in the 
adsorption experiments| where the concentration of phosphate 
was reduced drastically, the adsorbed phosphate nay undago 
a phase change. The true irreversibility is considered to

Region III

tp«
adsorbed

Equili cone

exists only if the isotherm lies on y-axls. If the isotherm 
is dependent of time and does not lie on y-axls, then each 
point of region I, II and III of the isotherm should be 
microscopically reversible with respect to concentration.
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Argument based on the thermodynamic reversibility should 
therefore be applicable to both adsorption and desorption 
limbs when considered separately# This suggests the 
existence In each soil of two or more populations of sites 
which have a widely differing affinity for adsorbing 
anions. As a consequence equation (Langmuir) may be 
rewritten as follows for two population of sites.

x/m
I1IVIC. * mi ■Sy—— +  "***TT“

1 ♦ C 1 ♦ K,| C

where K2 * y-lntercept and is the gradient"1, I and II 
referring to Part I (straight line for lower C value) and 
Part II ( straight line corresponding to higher C value), 
respectively.

Syers ft 1^.(1973) reported that it can be shown 
that the equilibrium phosphate concentration at which the 
straight line intersect (breaks) are Inversely related to 
the ability of the soil to sorb added inorganic phosphate.

Hoiford et.al.(1974) used the method of least square 
for calculation of bonding energy for two different regions. 
For this they have used the Rathaested Maximum Llkchyhood 
computer programme, developed by Ross (1973).

Attempts to use the Langmuir equation for phosphate 
adsorption on synthetic goethite have not been successful
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(Bowden et el.<974). although synthetic goethlte crystals 
have only one site available for anion adsorption (Parfltt 
et al.1976). Bowden et al.(1977) also reported that the 
Langmuir model Is also Inadequate when adsorption condition 
such as pH or salt concentration are changed, because the 
factors effect both Km and K.

Hartel et al.(1977) reported that the deviation of 
Langmuir equation in the soil system is due to the coneo- 
mmltant desorption of another species. When a seoond se­
cies Is desorbed, reactlcm of the adsorbate with the 
surface will be altered depending upon the concentration 
at equilibrium C2» they developed the equation

Ci/C2rsj-rT *2 1t 7c.

According to them It Is familiar liner form. But 
difficulty arises In the estimation of C2, which is very 
very low enough and many reactions are not sufficiently 
characterized to even know what ions are being replaced.

The Langmuir equation has been preferred to the 
Freundlich equation because Its parameters have physico­
chemical significance, representing the extensive (adsorp­
tion capacity) and intensive (affinity) properties of the 
adsorbent for the adsorbate. However Adamson (1967) has 
suggested that the Freundlich parameters say be roughly 
interpreted in the same way. Fitter and Sutton (1975)•
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apparently regarded the exponent as an extensive property 
when correlating the exponent with exchangable Ca or Al. 
Apparently there Is some confusion in how to interpret^ the 
Freundlich parameters and perhaps as a consequence of this, 
there have been few attempts to demonstrate their utility 
in soil adsorption studies (Fitter and Suttan 197?, Barrow 
1980).

Unfortunately some of the research applying the 
Langmuir equation to soil phosphate was vitiated by failure 
to recognize the limitation of the Langmuir equation (Holford 
at al.1974) and by exclusion of native adsorbed phosphate 
from adsorption measurement. (Holford 1980)•

The two surface Langmuir equation gives a meaningful 
estimates of phosphate adsorption capacity (Holford 1974), 
which is under estimated by dimple Langmuir equation.
Holford and Mattingly (1976) have got the significance of 

the affinity parameter in the uptake of labile phosphate 
or the release of adsorbed phosphate. It has been found 
that the release is decreased with increasing value of 
parameter.

The Langmuir equation may be used to provide a single 
sorption characteristic sorptlvity from the product of the 

two constants. This parameter which is maximum slope of 
the sorption isotherm, as solution concentration tends to 
zero, is an excellent index of potential immobilization or 
unavailability of labile phosphate in soil (Holford 1974).



2.2.6. ftre« «n«r«y camp In Adsorption tram 
equilibrium constants i

The chonical reactions proceed until the free energy 
of sueh a system reaches a minimum. then the system is at 
equilibrium. The standard free energy change of reaction 
is related to the equilibrium constant of that reaction 
by the relationship.

A 0? * - FTlnX0mrnmm J"

where IC° is the activity equilibrium constant and T the 

absolute temperature.

The transfer of a solute from a solution phase to 
solid is a heterogenous reaction, which may be treated in 
terms of the changes in "Gibb* s free energy* or "useful ener­
gy" involved (Alexander and Johnson 1949). At equilibrium 
the standard free energy of the reaction G° is given by

a °° • -w in

the activity of the solute in the phase indicated and

asolld m K 
®solution

Where K is the equilibrium constant for the reaction. 
The activity of the solute in the solid (surface) phase is 
normally measured in terms of moles of sorbed solute per 
unit surface area, but it is unlikely that tba phosphate 
sorbed on to sexquioxide surface will all remain in equili­
brium with solution and the measurement of the amount of



surface phosphate by Isotopic exchange would be a better 
estimate. However the figures of the total solid phosphati 
sorbed by one mineral (surface area constant) can be 
combined with the total phosphate concentration (activity 
coefficient are constant at constant Ionic strength used), 
to give an approximate functions of the sorption energy

A - 10*io Fsorbed 
in solution

It is reported by Alexandar and Johnson (1949), that 
A is not constant but varies with the solute present. 
It Is suggested that solid phase component of the reaction 
is not likely to be conscant. However, this free energy 
function may provide a valuable method for characterizing 
the solid solution system.

K, the equilibrium constant can be estimated from 
tha Intercept and the adsorption maxima of the Langmuir 
curve. The value of K, obtained from Langmuir curve 
can also be directly computed by using the relationship »

0K • where 0 la the fraction of surface
covered and C Is the equilibrium concentration. Value of 
0 Is obtained as the ratio of amount adsorbed/maximum adsorp 
tlon.

Enthalpy of adsorption (A H°) can be calculated
from the value of K at two different temperatures with tha 
help of Causlus-Clayeyrou equation.
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- <*1
27555ft 1

where and C2 are the equilibrium concentration 

at and T2 respectively#

The above equation can be written in the following

for*

log jr2
-A ^ / 1 1
?«"555l?""" ^ )

Entropy change (21, S°) can be calculated from

A G° * A m° - T A. s°»
Rayden et aXfl977b) have used the approach to calculate 

A G° for three regions of Isotherm for phosphate adsorp­
tion* In this approach the free energy of adsorption 

(&G ads) Is separated In to t tree component* 2!L 0 coul( 
the coni enable componen t and 21 G tntf the Interaction 

component, 21 G chem - the chemical component, thus,

A. 0 ads ■ 21 G coul ♦ /\ Q cham » A Q int

In different Iona such as nltrata are adsorbed 
only on positively charged surfaces and 21 G coul is sig­
nificant but 21 G chem is low* If an ion is adsorbed out 
of proportion to its activity In solution because of the 
size and polarizability of the ion, 0 int is also 
important* Potential determining ions and ligand exchange 
ion can be adsorbed on a surface of like charge or zero 
charge and 21. G chem Is significant*
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2.2*5. Importance of Ad sorption isotherm study in soli system*

Soil systems due to Its heterogenous eharacteristies 
can undergo a lot of reactions* Adsorption isotherm can 
sometimes be used to give an indication of different types 
of such reaction as well as the nature of adsorption* The 
shape of the adsorption isotherm having three distinct 
regions» suggesting that there are three different adsorp- 
tion mechanisms (garfitt et al* 1977a). For phosphate 
adsorption Ryden et ai* (1977a) used five Langmuir equations 
which then were reduced to three equations by successive 
approximation thus dividing the Isotherm into three regions* 
The nature of adsorption in region I and II is largely 
chemical, where as physical adsorption may occur in region 
III. Ra^on ($976) and Parfitt et al.(1976) suggested that 
0H2* and OH** participate in exchange reaction with phosphate 
in region X and XI*

The behaviour of labile inorganic phosphate In soil 
la dominated by sorption and desorption processes* The 
slope of the sorption isotherm expresses the buffer capa­
city of the soil with respect to phosphate (Mattingly 
1965).

Gzanne and Shaw (1968) used phosphate sorption curves 
to estimate the amount of P required for wheat. They also 
reported that when the values of *P* are plotted against 
log fP*t a straight line is obtained. The slope of the 
curve gives the Information about the *P* buffering 
capacity of the soil*
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Wlld (1967) reported that tha intercept at zero 
phosphate sorption Is an eatisuite of the amount of 
phosphate in soil solution, which Is related to plant 
growth than’P* potential*

Fox and Kampreth (1970) also used the sorption 
isotherm for evaluating the phosphate requirement of soil*

Bache and William (1971) have tried to deduce lot of 
sorption Indices which may be necessary for the evaluation 
of plant nutrient status of the soil*

Wells (1956) and Barrow and spencer (1971) reported 
that Mo sorption on soil can be used as an Index of a 
soil's potential for decreasing the availability of Mo*
Jarrel and Dowson (1978) reported that Mo added to soil 
as fertilizer will be relatively less available to plants 
in soils which sorb relatively high amount of Molybdenum*

Moody (1979) reported that 'P* sorbed at a particu­
lar supernatant solution *P* concentration should be a 
function of PBC (Phosphate Buffering Capacity) of the 
soils at the concentration and the *P* status of the soil*

Bache and Williams (1971) developed a single point 
•P* sorption index which was highly correlated with PBC, 
at various supernatant solution '?' concentration of a 
range of soils*
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2.2.6. Desorption Isotherm study - Its Importance In 
soli system.

Desorption of the adsorbed Ions Is an Important studyt 
In characterizing the adsorption phenomena in soli system.
The rate of desorption of an adsorbed anion will give an 
indication of the energy of adsorption. The desorption of 
adsorbed anion from the soil exchange complex is generally 
studied because the amount of desorption and the mechanism 
of desorption is relevant to uptake of neutrients by plants. 
Crank (1936) has shown that diffusion coefficient of ions 
which react with adsorbent are related to the slope of the 
adsorption isotherm and this has been elaborated by Nye (1966) 
with respect to Ion movements in soil. Clearly, the desorp­
tion study Is relevant to Isotherm rather than the adsorption, 
so that any meaningful analysis of Ion transport must take 
Into account.

Hlngston et al.(1974) were able to show that small 
amounts of phosphate could be desorbed from Goethite, 
where as fluride could be desorbed completely.

The desorption of OH* ions during anion adsorption 
has also been studied but It is usually difficult to inter­
pret these results unambiguously (Pajon 1975).

Ray and fas (1974) reported that desorption isothefms 
can reflect the hysterisis, which highlight irreversibility 
or reversibility of adsorbed ion with respect to Ionic con­
centration In solution.
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2.2.7. Influence of different factors In attaining 
equilibrium condition in adsorption study of 
soils *-

i) Ionic strength of the medium t- In the study of ad­
sorption, several supporting media have bean used but the 
rationalisation for the choice of the media has rarely been 
Justified. Schofield (1955) suggested the use of 0.01 M
c«ci2 on the hails that cation exchange’is minimised by the

♦2 +2 use of Ca and at this concentration Ca has no specific
replacing power. This support medium has been used subse­
quently in numerous studies (White and Beckett 1964$ Taylor 
and Kunerh 1971). Other support media have included KOI 
(Mattson et al.1950). NaCl (Syers et al. 1970), distilled 
water containing phosphate and associated cations (Shapiro 
and Pried 1959).

According to Volkwelss et 31.(1973) and Barrow (1972) 
the use of support medium Should be selected on the con­
cepts of solubility of the adsorbent compounds.

Ryden and Syers (1975) suggests that if an equilibrium 
condition is to be attained, the support medium is of prac­
tical and not theoretical concern. Where a rapid reaction 
rate desirable, a support medium of high ionic strength 
and containing a divalent cation is desirable. They added 
that to avoid high concentration of divalent cations and 
the possible precipitation of sparingly soluble phosphate, 
in such systems at high *P* concentration, however, a 
support medium containing cations of soluble phosphate may 
be preferred (e.g. 0.01M NaCi)•
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Ryden and Syers (1977) also reported that in three 
surface adsorption reaction the sorption maxima for Region I 
ant IX were virtually independent of matrix solution used. 
The sorption maxima for Region III however, was markedly 
dependent on the matrix solution,

Singh and Tabatabai (1977) reported that the Langmuir 
adsorption constant calculated from results of obtained in 
the presence of CaCl2 were from 7 to 27 fold higher than 
those In absence of salt.

Barrow and Shaw (1979) reported that desorption was 
faster in 0.01M MgCl2 than in 0.01 CaCl2 and faster in 
0.03M NaCl than either MgCt2 or Cs<Cl2«

ii) Soil-solution ratio *- The relationship between 

adsorbed phosphate and solution concentration may be 
Influenced by solution-soil ratio. There are conflicting 
reports about the effect of soil-solution ratio. The re­
sults of Ford ham (1963), Barrow <gt al.(1965) and White 
(1966) indicate that adsorption was favoured by a high 
solution soil ratio, Hope and Syers (1976) found that 
adsorption was lowest at high solution-soil ratio.

Barrow and Shaw (1979) found that with gentle shaking, 
there was no effect of solution-soil ratio with any method 
of shaking.
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Hi) Equilibrium tfcne i- Adsorption of anions by soil 
appeared to continue for long time (Barrow 1970)# The 
adsorption of Molybdenum Is rapid at first and then 
continue to decreasing rate.

Gonzalez et al.(1974) reported that regarding equili­
brium time 1 to 4 hours were sufficient to attain equilibrium. 
At least ?0# of the total Molybdenum was adsorbed in the 
first few minutes.

Barrow (1970) used 24 hours shaking time for attain­
ing equilibrium time.

According to Fox and searle (1978) standard methods 
are prerequisite to an evaluation of the diversity of *Pf 
sorption by soils. The methods used should ensure that 
that equilibrium has continued until the initial fast reaction 
between phosphate and soil colloids has subsided.

Fa^on (1972) reported that 85# phosphate adsorption 
was completed in 24-46 hrsp but reasonably stable levels of 
•P* in solution were attained only after 6 days.

Kothandaraman and Krishnamurthy (1978) found that 
initial fast reaction follow slow process of phosphate 
adsorption and the equilibrium was attained after 6 days.
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2,3. Sites of Adsorption and Adsorption Reactions in Soil
and Mineral Surface i

2.3.1. Adsorption sites on mineral surface t
The surfaces of ion and aluminium oxides and hydrous 

oxides usually consists of mixtures of OH" ion and water mole­
cules! which are co-ordinated to Fe4^ or Al4^ inn directly 

below the surface. In the ideal structure the surface is 
assumed to have no net charge and therefore a freshly clearedpsurface OH" and water molecules replace the structural 0 and 
OH" ions, which become exposed. The Orf" ioh may be in one, 
two or three-co-ordination to the metal ion of which in the 
one-co-ordinated form (A-type) it is able to take part in 
ligand exchange reactions (Parfitt et al.(1976). Under acid 
condition they adsorb proton, giving positively charged -0H24 
ion, which is readily exchanged with other ligands.

Mott (1970) has got the opinion that Lewis acid sites
*

occur where water molecules are co-ordinated to metal ions 
exposed at a surface and in the presence of OH" ions a proton 
may be lost from these M-OR, sites to give M-OH* at the surface.

The important sites of adsorption are the M-OH and 
M-0H2, which may become charged in the presence of excess H4 
or OH" ions. Potensiometric titration in Indifferent elec­
trolytes are used to give information on the charge charac­
teristics of these surfaces, as because the charge is pH- 
dependent. The pH, where the titration curves cross over is 
referred to as the pH of the point of zero charge (PZC). The
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PZC for Ffe and Al-oxides occur at pH 7.5 and 9.0 respectively 

(Hingston et 5].. (1974) ) .

The sites that accept proton are modified when ligand 

exchange occurs and the PZC usually shifts to lower pH as sur­

face become more acidic and therefore accept fewer protons at 

any one pH. Hingston et ai,.(1972), Parfett and Atkinson (1976),

show that the negative charge added to the surface when ligand
—1exchange takes place on Goethite was -0.38 eq, mol of sill-

—1 —1 cate, -0,7 eq. mol of selenate and -1.0 eq. mol of phos­

phate.

2.3.2. Adsorption sites on soil *-

The reactive sites for anion adsorption in pure 

system are the singly co-ordinated Al-OH and Fe-OH groups, 

which are exposed at surfaces. The groups are present at 

the edges of clay minerals as well as on the surfaces of 

hydrous oxides and therefore, they are present in most soils 

(Mott, 1970). The nature and distribution of reactive iron 

and Al-coropounds in soils, have been described else where 

(Jones and Uchara, 1973; Hlch, 1%S; Greenland, 1971, Wada 

and Harward, 1974).

The OH- sites in two-cc-ordinated Al (OH)-Al do not 

normally take part in ligand exchange reactions in pure sys­

tem, although they can form H-bonds. The Lewis acid sites 

Al-OHg and Fe-OH2 also occur on the edge of minerals. Under
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certain conditions they can react with Lewis bases such as NHj 
to give Fe-NH^ and Al-NH^, although under soil conditions 
water is held more strongly than ammonia. At high pH these 
sites become negatively charged.

Al - OH2 ♦ OH* --- » A1 - 0M“ ♦ HgO

The sites that adsorb protons at low pH are probably 
the one-co-ordinated Al-OH and Fe-OH groups which give Al-OH2* 
and Fe-OH^.

On some oxides and oxyhydroxldes Fe-0 groups may also 
be exposed at the surface and they may become protonated to 
Fe-OH2+ at low pH.

Krishnamurthy et al.(1966) reported that iron and 
aluminium components of soil organic matter are also important 
in the adsorption of anionic surfectants by soil.

Many workers have correlated exchangable Fe and Al in
soils with anicn adsorption sites. Extraction by Tamm's acid-

*oxalate reagent has been widely used. Buffered dlthionlte have 
been used to serve this purpose. But dlthionlte is not com­
pletely specific, for extraction of Iron from soil, since 
aluminium and silicons are also brought into the solution 
(Habibullah et 1972).

According to Greenland (1971) and Colombera et al.(1971)« 
surface coatings of iron and aluminium hydroxides of clay 
minerals can adsorb anions. However, it has been shown by



38-

Sree Pamulu e& j&*(1967) and Huang (1975 b) that similar 
material In 2t1 clay Interlayers Is not active In anion 
adsorption*

Weir and Soper (1963) reported that humic acid contain­
ing ferric iron is able to hold 'P* in solution at higher pH* 
Alekasondroua (1954) reported that part of'Al* that reacted 
with humic acid was exchangeable and could adsorb phosphate 
and other anions*

2*3*3* Adsorption sites on clay minerals *
Some clay minerals have a pH dependent charge which 

occurs at the edge of the crystals where Al (OH), H^O groups 
are exposed* The Al(OH) groups are the sites that accept 
proton at low pH to become AlOHg4 (Schofield 1949, Balland et al, 
1976), Kellay and Piidgley (1943), Mehlieh (1964), reported that 
the mechanism of adsorption is by exchange of phosphate with 
Al-OH groups on the edge sites of clay minerals* Kaf Kafl (1967) 
suggested that some phosphate could be fixed on kaolinlte es 
blnuclear complex* Kuo and Lolse (1972) suggested that anion 
exchanged with Al-OH2 groups on kaolin!te rather than Al-OH, 
since a) adsorption increased with decrease in pH and b) no 
release of OH was observed* These effects can now be explained 
by considering surface-OH| groups*

Pissardies et al*(19683 showed that the exchangable 
cations influenced the amount of anion that could be adsorbed 
on the edge site of clay minerals and on Na-montmorlllonlte,



39-

there was negative adsorption owing to diffuse double layer 
effects. Perfitt (197?) reported that negative adsorption 
also occurs if A1 is present on the exchange sites.

2.3.4. Adsorption by Goethite (^.-FeOOH) t

Kingston et al. (1968a, 1971, 1974) studied the adsorp­
tion of SCj, H^SgOj, HjPOj, MoO^*, SeO^*, H2AsQ^” and F* on 

Goethite showed that these anions were selectively adsorbed 
in the presence of Cl”. It was suggested that the anions 

were specifically adsorbed on Goethite and Gibbslte by ligand 
.xchang. with swrfac. OH or OH/ group.. Parfltt .nd Russel 

(1977) supported this and found that OH groups are replaced 
during the reaction. Bowden et al.(1974) reported that 
anions of fully dissociated acids were adsorbed if the surface 
carries a positive charge and adsorbed on the acid side of 
PZC. The anions of incompletely dissociated acids however, 
can also be adsorbed on the alkaline side of the PZC. They 
also added that maximum adsorption occurs at pH close to the 
pK of the acid, where the surface potential and the concentra­
tion of the hydrolysable ions are optimal.

2.3.5. Adsorption by Hematite (^-Pe^Oj):

Although the oxygen within hematite crystals is present 
as oxide, the ideal surface is composed entirely of hydroxide 
Ions in one and two co-ordination (Parfitt et al.1974).
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Reyes and Jurlnak (1967) reported that molybdate 
adsorption on hematite Is v ry complex and the paramolybdate 
probably forms on the surface at high concentration* They 
also reported that two distinct reactions took place on the 
iron oxide surface at pH-4,0 and the first surface reaction 
was insensitive to temperature change. The second surface re­
action was endothermic process. They also found that adsorp­
tion of molybdate by hematite was 5 times greater than at pH-4 
than 7,5* The adsorption of molybdate in the alkaline system 
was also Insensitive to temperature change. It was suggested 
from the experimental data that lack of temperature dependence 
of the first surface reaction indicates, a definite fixed site 
adsorption, which indeed, is ora of the assumption of the 
Langmuir Isotherm, The temperature dependence indicated by 
the second adsorption reaction, is considered to be the result 
of the on set of monomeric condensation, which enhanced to 
high molybdenum concentration and Increased temperature*
Unlike pH-4, the adsorption reaction at high pH 7,5 was one 
surface, as because, at high pH, no condensation occur in the 
absence of protonation*

Jurlnak and Buran (1967) showed that the surface energy 
of hematite was lower after molybdate adsorption,

2,3,6, Ad orptlon by other Ison oxides s

The crystal structure of Lepidocroclte (V-FeooH) con­
sists of rows of one, two or three co-ordinated OH ion on Its 
surface (wells 1962), The crystal structure of akaganeite
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( -FeOOH) consists of multiple octahectral chains. It
\

probably has rows of OH Ions In one, two and three co-ordina­

tion exposed at the surface (Gallagher 1970; Parfltt et al. 

1975).

Infrared spectroscopy has shown that both phosphate and 

sulphate are adsorbed as binuclear bridging complex on lepl- 

docrocite and akagancite. (Parfltt and Smart 1978).

Jones (1957) reported that the affinity for molybde­

num of P«2°3* ***2° was ®ore Al?0^, xH^O.
Relsenaur et al.(1962) showed that the reaction of molybdate 

with ?*2®3* ***2° involv®s the replacement of two hydroxyl 
group for each molybdate reacting. They also reported that 

molybdate sorption by Fe20^t xH20 at a given pH follows the 

Freund 11 ch adsorption isotherm but do not fit the Langmuir 

equation over the range of Mo concentration studied.

2.3.7. Adsorption by Glbbslte and other Aluminium oxide 
surfaces t

The mechanism of ar.ion adsorption on Al-hydroxldes is 

less well understood than that on iron oxides, because the 

surfaces were less well defined. According to Bragg and 

Clarlnghull (1965), the crystal structure of Glbbslte con­

sists of well ordered hexgonal crystals and although the (001) 

face predominates, the edge faces contain the reactive sites 

(Parfltt 1977 b), Russel et al.(1974) found that five diffe­

rent types of surface OH on the (001) face could be detected 

by infrared spectroscopy. But Parfltt et al.(1977b) added
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that non# of these surface OH- groups are exchangeable 
with phosphate and oxalate.

Kingston et al«(1972, 1974) reported that adsorption 
of selenite, molybdate and silicate on glbbslde are consistent 
with ligand exchange reaction.

Rajon (1976) su gested that at pH-4, HgPO^ was adsor­
bed Initially on A10H-* sites and with Increasing phosphate 
coverage Al-OH react to fora monodentate complexes Al-HgPC^0.

Rich (1968) has reviewed the literature and concluded th 
that interlayer hydroxy-aluminium does not take part In anion 
exchange reaction In the Interlayer surface region of expan­
sible layer silicates.

Greenland (1971) and Colombera (1971) pointed out 
that hydroxy aluminium on the 1111te surfaces probably 
Involved In ligand exchange reactions.

2.3*8, Adsorption by Amorphous hydroxides i

Amorphous Iron and aluminium hydroxides have less 
well defined surfaces than the crystilllne hydrous oxides.

Reaction that have been studied includes the adsorp­
tion with silicic acid (Beckwith, 1963), Phosphate (De-1961, 
Bache 1964; Ryden and syers 1975a) and molybdate (Jones 
1957| Relsenaur et al.1962) and the results are consistent 
with ligand exchange. Parfitt and Smart (1978) have shown
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that phosphate and sulphate are adsorbed on amorphous Fe(OH)^ 

and both form a blnuelear bridging complex.

Rajon and Perrot (1973) showed that at low concentra­

tion of phosphate were adsorbed by ligand exchange on 

silica-alumina and soil allophanes. At higher concentration 

hydroxy-aluminium polymers were disrupted and structural 

silicate was displaced (Rajon and Watklnson 1970).

2.3.9. Adsorption by Calcite t

Coleet §1.(1953)# Kuo and Latse (1972), Hoiford and 

Mattingly (1975b) studied the phosphate adsorption on calcite 

and described by Langmuir equation. Latlor and Bolt (1963) 

showed that the calcite surface was modified by dissolved 

components from soil solution, suggesting that calcite in 

soli will have different surface properties from pure 

calcite.

Santa et al.(1982) reported that three distinct adsorp­

tion sites of phosphate on calcite. Singh and Sekleon (1978) 

studied the adsorption of NO^" and S0£ on CaCo^. They found 

that HOj" adsorbed on CaCO^ surface fitted the Langmuir model 

well. SOj Ion when present In the displacing fluid seemed to 

desorb NQ^* Ions from the surface of CaCO^. Cl* Ion had 

little effect on it.

Literature reveals no or little study of adsorption 

of molybdate on calcite.



2.4. Factors governing adsorption reaclilons of molybdate by
soil and soil components.

The following discussion made on the adsorption charac­
teristics of molybdate and other anions by soil.

2.4.1. pH i
pH is the determining factor for the anionic molybdate, 

which ultimately determines the size of the anion formed at 
a particular pH. It is generally accepted that basic solu­
tion of Mo, contain only tetrahedral MoO^", below pH-6 
MoO^* becomes protonated forming monomeric HMoO^" and HgKoO^. 
Jones (1957) reported that on increasing pH, adsorption 
falls and mono is adsorbed above pH 3.0. Adsorption of 
molybdate by Fe20^ is highly pH dependent (Jones 1956).
Reyes and Jurlnak (1967) reported that the adsorption maxima 
of MoQ^* on hematite was found to reduce by 80% if the pH was 
changed from 4.0 to 7.75* Reisenauer et fl|,*(1962) reported 
that the sorption by hydrous oxides and soils increases 
exponentially with the equilibrium Mo concentration at 
constant pH and decreases exponentially with Off ion con­
centration at constant Mo concentration.

For soil system, they developed the relation

Ho solubility - * P«

Vlek ard Lindsay (1977) representing the equation in
following way
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Soil-Mo ^ MoOj ♦ 0.8H*

/"log K° - -12.4.J

Gonzalez (1974) reported that the effect of pH on Mo 

adsorption, where the general trend is, that adsorption 

decreases as pH increases with a distinct change in slope 

oecuring approximately at pH 5*5* This pH is close to the 

pKa value of the molybdic acid, Hingston (1972) reported 

that with incompletely dissociated acids, specific anion 

adsorption (ligand exchange) can also take place at more 

alkaline to ZPC, provided the pH is close to pKa value of 

the molybdic acid*

2.4.2, Organic matter t

Aleksodroca (1954) reported that part of the aluminium 

of the humic acid-Al complexes, was exchangeable and could 

adsorbed phosphate and other anions. Krishnamurthy et al. 

(1966) and Appett at al.(1975b) reported that iron and 

aluminium components of soil organic matter are Important 

in the adsorption of anionic suspectants by soils.

NGSK and Bloomfield (1962) reported that co-precl- 

pitatlon of molybdenum with ferricoxlde may be inhibited by 

organic matter.

Szilagyii (1971) reported that the humic acid have the 
ability to reduce anionic Mo0^“ to catatonic Mo4"^, the latter



can be fixed by humic acid and rendered unavailable to
plants*

Karinsian and Cox (1978) reported that adsorbed molyb­
denum was highly correlated with organic matter content*

Mishra and Mishra (1972) found that application of 
glucose under permanent water logged condition Increase the 
retention of applied molybdenum*

2.4*3* Iron and Aluminium s

Affinity for molybdenum on Fe/Al containing surfaces, 
have been reported by several workers (Wells 1956; Reyer and 
Jurlnak 196?! Jones 1957, Relsenaur et alii962)*

Jones (1957) and Relsenaur et gl (1962) showed that 
formation of ferric and aluminium molybdate on reaction with 
molybdenum on Fe/Al compounds* As soils contain coatings of 
these oxides, they also adsorb molybdate in similar fashion*

It has been reported by several workers (Jones, 1957| 
Relsenaur et al.1962s Trobish and Schilling, 1963f Smith 
Leeper, 1969; Cheng and uutllette, 1973) that adsorbed molyb­
date of soils can be released after treatment with dithlonlte 
or oxalate, which is consistent with ligand exchange iron and 
aluminium surfaces* Similar results have also been obtained 
in volcanic ash soils by Theng (1971) and Gonzalez et al* 
(1974). They also reported that high adsorbtion of these 
soils is due to the presence of allophane and amorphous Al,
Si and Fe compounds*
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Jorrel and Towson (1978) found that adsorption of 
molybdenum on soils was related to amraonlun oxalate extrac­
table Fe but not other fractions of extractable A1 fora,

Kariman and Cox (1971) reported that adsorbed molyb­
denum was positively correlated with Fe oxides, tflshra 
and Kishra (1971) studied the adsorption of Mo cm soils and 
concluded that the order of decreasing Mo retention with 
respect to soil type was red y alkali y Black soil* Applica­
tion of Increase the retention capacity of
Ho by soils.

2,4,4, Clay minerals s

Jones and f'llne (1956) studied the adsorption of 
molybdate on solids. They found the relative ability of 
solids, used for molybdate sorption, In the acid side of 
the order

ferric oxide ^Boehmlte ymetahalloysiteynontronite
It has been found that large amounts of molybdate were 

adsorbed from Na- molybdate solution at pH-4,0 to 5*5 by 
boehimlte and halleyslte, with the formation of Al-molyb- 
date within the mineral.

Gallego and Jolln (1960) reported that adsorption of 
MoO^" was greatest at pH 2.0, They added, that the adsorp­
tion of MoO^" was in the order

hydrated halloyslte ^Bentonite^Kaoltnlte,

Bentonite and Kaollnite ceased to adsorb molybdenum
at dH 7.53 and 8.1 respectively*
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Teng (1971) studied the adsorption Isotherm of molyb­
date adsorption on crystalline and amorphous soli clays. It 
has been found that adsorption Isotherm for the allophane s±jr 
clays obey the Langmuir equation but the Isotherms for the 
Kaollne and llllte clay show two distinct region of adsorp­
tion. They also reported that the molybdenum adsorbed by 
all 3 clays were reduced by treatment with dlthlonite citrate 
and It was found that after this treatment the isotherm of 
Kaollnlte and llllte become linear.

2.A.3. Presence of other anions :

It has become apparent that the adsorption behaviour 
of many anions. In particular the important nutrients phos­
phate, sulphate and molybdate is very similar. (Barrow 1970).

Molybdate can be desorbed from soils by phosphate or 
sulphate (Stout et gl. 1951; Barrow 1973b). It has been 
reported by Barro (1973) that desorption of molybdate with 
phosphate Is Increased with pH. It is also found that phos­
phate was more effective than hydroxide at pH-7 but at pH above 
9, hydroxide Ion alone was nearly as effective as phosphate.

Gorlach et iji.(1969) reported that with the Increase of 
phosphate Ion concentration, the sorption of molybdate is 
reduced but S0^“ Ion has no effect on the sorption of molybd­

ate In the soil. They also added that the effect with phos­
phate decreased with time, which shows that molybdate Is 
more strongly adsorbed after initial adsorption. Barrow(1974)



has got the sane results and concluded as the proportion 
converted was not affected by level of addition of molybdate 
solution within the range tested, the conversion does not 
involve diffusion in solution phase molybdate from one kini 
of site to anot ier. The rate of conversion was increased 
by increasing the temperature from 10°C to 40°C.

Barrow (1970) studied the comparison of the adsorption 
of molybdate, phosphate and sulphate at 0.1, 0.2 and 20 ppm 
equilibrium concentration respectively and found that with 
decreasing pH from 6 to 4, tire ratio of SO^/PO^ adsorption 
Increased by 3-fold and that of MoOu/POu adsorbtlon Increased 
20 fold. This relationship between sorption and pH is con­
sistent witn the hypotheiis that adsorption occured in the 
simultaneous presence, at the interface of the adsorbing 
phase with the solution ions capable of adsorbing and dona­
ting proton. He also found that adsorption of all the three 
nutrients is highly correlated with exchangeable A1 and 
suggests that similar soil constituents are involved in the 
adsorption of all three anions.

Pisarev et ^.(1980) reported that systematic applica­
tion of *P* fertilizer to podzolic soil increased the labile 
*Mo* content in soil and its uptake by plants.

Gonzalez et al. (1974) reported that Cl" and SO^ did 
not compete with molybdate for the adsorption sites. The 
higher adsorption of Mo for highest concentration of Cl"
(Mo i Cl" « 1*10) may be associated with the increasing
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lonlc strength of the equilibrium solution. Adsorption 
of Mo was decreased by the presence of *P' In equilibrium 
solution when the ratio of Mo/P was 1*10.

According to Gonzalez et al.(1974) competition bet­
ween anions would depend on their relative ability to incre­
ase the negative charge of the surface and that the effects 
of the anions specifically adsorbed are complementary rather 
than additive.

2.4.6. Saturated Cations :

Lai and De (1974) studied the effect of different 
cationic saturation (H*, , K*, Ca*2 and Mg*2) on the
sorption of MoO^ and observed that the sorption of homo-

▲ xOionic soil was greatest for H soil and least for Ca and 
Mg*2 soils.

Parlcha and Randhawa (1972) found marked increase 
in molybdate sorption in soils saturated with Pe and Al • 
The amount of Mo0£ adsorbed followed in the order

Pe*3-Soily Al*3-3oil^ Co*2-Soil>
Original fioil) !C*-Soil ) KH4*-Soil.

2.5. Phosphate adsorption bv soils t

Phosphate adsorption by soils has been the subject 
of extensive reviews. Most reviewers have dealt with the 
precipitation mecharism and the adsorption mechanism of
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phosphate. Some paper suggests that in acid soils, 

phosphate la associated with hydrous oxides of Fe and Al 

and it is unlikely that dlsereate crystalline iron and 

aluminium phosphate persist in soil. (Pacha 19b3» 1964)*

However, in the immediate vicinity of phosphate 

fertilizer particles, there are local conditions of low 

pH and high phosphate concentration, which may cause 

dissolution of clays and reprecipitation of phosphate. 

Later work suggests that b*slc aluminium phosphate may 

form in acid soils even at low phosphate concentrations 

(white and tailor 1977, Yen Peemsdljk et a£.1975,1977).

Many workers have determined the phosphate adsorp­

tion isotherm on soils and then attempted to fit the 

results to a Langmuir or Frendlioh equation. Straight 

lines are obtained when the results from a limited con­

centration range plotted according to Langmuir equation. 

In some cases the data can best be ficted with two strai­

ght lines and this has been taken to indicate two differ­

ent phosphate adsorption site"* (:'?rers at £1.1973, Karim 

at 11.1973, Juo and fladuakar 1974, Rajon and Fox 1975).

Hoiford at al.(1974) used a two surface Langmuir 

equation and obtained a quite good agreement with expe­

rimental data.
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Ryden et .(1977 b) used five Langmuir equation,

which then were reduced to three equations by successive 

approximation into three regions. Hul^adi et al.(1966a) 

suggested that in Region I and II, the adsorption is largely 

chemical and for Region III, it is physical.

Ra^on (1976) suggested that 0H2* la exchanged in 

Region I and OH* is exchanged in Region II. Of course 

Parfltt and Atkinson (1976) suggested that both OHL>* and 

OH" participate in Region I and XI. Ryden and Syers (1977) 

sug-escod that In Region III, phosphate is adsorbed through 

ligand exchange, os the aurfice coverage is greatly reduced, 

which is readily desorbed and obviously important for plant 

growth.

Many workers, often using a single point on the

isotherm, have correlated the phosphate adsorption capacity 

with other soil factors.

Most results show that phosphate adsorption is better 

correlated with extractable A1 than with Fe (Williams et el. 

1958I John 1972; Evans et g^.1976). However, some results 

show thet either Al or iron alone is correlated with phos­

phate adsorption (Schwertssarm 1975; Myszka and -JonowsRa 

1977).

It has been reported by Frankline and Reisenaur (1960) 

and Fitter and Sutton (1975), that phosphate adsorption in 

soil is correlated with exchangeable Al when pH is less than 5, 

but it is correlated with exchangeable Ca, when pH)>5.0.
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i>«veral worker# have found that the significant 
correlation with soli organic natter Pakin and Slngha (1970) 
suggested that some phosphate Is adsorbed by the iron and 
Aluminium ion, which are also chelated by large organic 
molecules in soil such as humic acid or fulvtc acid* However, 
Fox and Kamprath (1971) showed that phosphate Is weekly held 
on organic soil and can be removed by leaching* Thus phos­
phate adsorbed at different energy level by ferric and alu­
minium ions, which are held by organic matter*

Hashimats and Takaryene (1971) and Moshi et al«(1974) 
reported that -oil organic matter can block sites on iron 
and A1 hydrous oxides and reduce phosphate adsorption by 
sell*

Hudecova and Kavarava (1969) found that by removing 
organic matter with H202, results the formation of oxalate; 
which block more sites and further reduce phosphate sorption*

Rajon and Fox (1975) found that phosphate displaced 
sulphate and silicate during legend exchange, but at high 
phosphate concentrations structural silicate was displaced*

Fox and Searle (1978) reported that the order of 
increasing *P* sorption is quartz-organic matter <^2t1 clay 
^1i1 clay {desillcated volcanic ash*



54-

Pox et ^.(1971) found that high sorption maxima 
in soils containing hydrated Al and Fe oxides*

Cajuste (1979) found that *P* sorption follows the 
Langmuir isotherm and adsorption maxima significantly corre­
lated with exchangeable aluminium.



CHAPTER III

STUDIES ON ADSORPTION OF MOLYBDATE BT SOME HYDROUS OXIDES.
PHOSPHATES AND CARBONATE

In the present Investigation, experiments were carried 

out on the adsorption of molybdate by some pure compounds like 

ferric hydroxide gel, aluminium hydroxide gel, ferric phosphate, 

aluminium phosphate, calcium carbonate and rock phosphate. As 

these compounds are likely products of different soil chemical 

reactions, in the soil system, these compounds are expected 

to play some role in the anion adsorption phenomena. With 

this idea, an attempt has been made to find out the nature 

and degree of reaction of these species with molybdate*

3.1. Materials and Methods i

In the following section a short description of the 

adsorbent used and the methods of their preparation are given.

3.1.1* Materials s

1) Aluminium Phosphate - Aluminium phosphate or varlscl- 

te was prepared by mixing dilute solution of AlCl^, SHgO and 

NaH^PO^ in the mole ratio Al/P ■ 0.4, adjusting the pH-4, 

with NaoH solution and digesting at 90°C for 14 days* The 

precipitate was washed twice with 1% NaCl solution at pH-4 

to remove adsorbed phosphates and then with 90% ethanol until 

free from chlorides* The material was finally washed with 

acetone and dried at 100°C. The product of this procedure
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was a crystalline powder, having particle size ^-5/U and
composition Al20^ (p2°5^1.02^H2®^4.45 and *~ray diffraction 
powder diagram similar to variscite but perhaps containing 
a small amount ef amorphous materials (Cole and Jackson,
1950)#

11) Iron Phosphate - Iron phosphate or strengite was 
prepared by an essentially similar method, using Pe2(S0^)^ 
and NaH PO^ solutions, but adjusting to pH-3 and washing the 
crystallised precipitate first with dilute H^PO^ to remove 
amorphous materials. The product of this procedure was a 
very pale cream crystalline powder, having particle size ^>5yu
and composition ?*2°3 ^P205^1.01^H2°^4.45 3,nd x*ray diffrac­
tion pattern identical to a natural simple strengite (Cole 
et.al, 1959).

ill) Hydrous ferric oxide - Hydrous ferric oxide was 
prepared by the method of Schuylenborgh and Arens (1950).
A solution of 405 g of Fe (NO^)^, 9H20, in one litre of water 
was run slowly into a solution of 3.5(M)NHj In 1 It of water, 
stirring vlgorusly all the while. Precipitate, from the 
hydroxide was then freed from extra electrolytes by dialysis.

iv) Hydrous Aluminium Oxide - Boehmite A1(0H)^, was 
prepared by the method of schuylenborgh (1951) by adding 820 
ml of a(to)NHj to a solution of 50 g. AlCl^ in 200 ml of water 
at temperature of 18°C. Precipitated form of Boehmite was
then freed from electrolytes by dialysis.
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v) Calcium Carbonate - Precipitated powder of AR grade, 
was used as adsorbent for the adsorption study of molybdate 
on Its surface,

vi) Rock Phosphate - Rock phosphate, taken for adsorption 
experiments, was collected from Calcutta Mineral Supply 
Corporation, Calcutta, West Bengal, Minerals of 80 mesh 
size was used in this Investigation,

3*1*2, Methods I
a) Methods for the study of Adsorption i

Adsorption studies of molybdate were conducted by 
equlllbrlatlng the suspension of the pure compounds, with 
appropriate quantities of molybdate, ranging from 0,1 to 
1 ppm of molybdenum as molybdlc acid In 50 ml 0,01 M CaCl2 
solution, with a constant solid-solution ratio at two diff­
erent constant temperature levels. For the experiments, 
the following conditions were maintained,

l) Solid-Solution ratio - For adsorption of molybdate 
AlPO^ and FeP©4, the ratio were 1t50, For Fe(OH)^ gel, 
the solid-solution ratio for the experiment was 1s5000, 
where solid amount was reported as Fe20^,9di2°* which was 
obtained by heating the gel suspension at 900°C for 3 
hours to get Fe20^, xH20, For A1(0H)^ gel suspension, 
the ratio was 0,7 t 5000, Here also the solid was in the 
form of Al20^, xH20, which was obtained by heating the gel
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at 900°C for 3 hours* In both the cases, suspension of 
the gel was used for the experiments as adsorbent.

ii) Equilibrium Time - It has been found that, in the 
present investigation, in order to reach equilibrium of the 
solid-solution system a shaking period of 5*6 hours followed 
by 40 hrs incubation at constant temperature, was sufficient*

111) Equllibrlatlng Temperature - In the present inves­
tigation, experiments were carried out at two different 
temperature, one at 40°C and another at 20°C* For this, 
incubation was carried out after necessary shaking in BOD 
incubator, adjusted to 40 ♦ 1°C and 20 ♦ 1°C, respectively*

lv) pH of the equllibrlatlng solution - For adsorption 
of molybdate on AlCOH)^ and Fe(OH)^ gel, the pH of the 
equllibrlatlng solution was maintained at constant pH of 
7, by using 0*1(M) NH^O AC solution*

v) Ionic strength of the equllibrlatlng solution - For 
maintaining a constant ionic strength of the equilibrat­
ing solution a 0*01(M) CaCl2 solution was used*

b) Procedure i
Considering the above conditions the adsorption 

experiments were carried out. 2-3 drops of choloroform 
was added in each of the equllibrlatlng solution, for 
inhibiting microbial activity, if any* Immediately after
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completlon of incubation, the suspensions were filtered, 
through Whatman No-42 filter paper. After discarding 5-6 ml 
of the first filtrate, the filtrate was taken for estimating 
the equilibrium concentration of molybdenum. Each set of 
adsorption exp riment was conducted in duplicate and the 
data obtained from the two were found to be more or less 
concordant.

c) Methods of Analysis of Molybdenum I
The estimation of molybdenum from the equilibrium solu­

tion, was done by formation of an amber-coloured compound of 
ferrou8-molybdeaum"4t&ocyanate complex In organic medium. The 
complex has maximum adsorption at 455 nm. The method used in 
the analysis was adopted from the procedure developed by 
Arkley and Jhonson (1954).

d) Interpretation of adsorption data s
In the present investigation, adsorption data of molyb­

date have been computed, in order to study the nature of 
adsorption, by using Langmuir equation, in the following 
form -

C v _ 1 1 C/x * ST #m * xm
Where xm is the adsorption maxima, K, a constant related 

to bonding energy of molybdate Ion and C Is the equilibrium 
concentration.

Thermodynamic constants were usually calculated from the
K-value of the Langmuir curves.
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3*2* Resuite and Discussion s

3*2*1* Adsorption of molybdate by AlPO^ and FePO^ t
Adsorption isotherms at 40°C and 20°C of the precipitated 

form of AlPO^ and FePO^, at various concentration of molyb­
date in solution are shown In Flg*1A(a) and iA(b)* The 
adsorption curves are characterised by gradual rise, followed 
by flattening of the curves. No distinct regions are found* 
The adsorption isotherms FePO^ and AlPO^ followed the Langmuir 
equation, as depleted in the Fig. 1B(a) and 1B (b). The 
Correlation coefficient values of the Langmuir curves are 
given in the Table-1(A) and the Langmuir adsorption maxima 
and K-values are given in the Table-1(B)*

It is observed from the data the FePO^ adsorbs much molyb­
date than AlPO^. This is in conformity with the results 
reported by Jones (1957) that affinity for Ko of iron com­
pounds are much more than that of Al-compounds*

Adsorption maxima, for the adsorbent are found to be higher 
at lower temperature compare to higher temperature.

Regarding K-value, related to bonding energy, it is obser­
ved that in case of FePO^, it is much higher than that of 
AlPO^, Though both the adsorbents adsorb higher molybdate 
at lower temperature, but exhibit higher K-values at higher 
temperature*

>

Gibb's free energy change In the adsorption of molybdate 
on these compounds are negative, indicating spontaneous



400C>-*--20°C
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adsorption. The Table-1 (B) shows, a higher negative value 
of A. 0° *or adsorption of molybdate on FePO^. It is also 
higher at higher temperature level.

It la evident from the data, that adsorption of molyb­
date on FePOj, Is chemical in nature and AlPO^ adsorbs molyb­
date rather weakly.

Since precipitated fora of FePO^ and AlPO^ contribute 
large surface area for adsorption and molybdate and phos­
phate, are more or loss similar In their behaviour^, Molyb­
date ions exchange with and adsorbed by phosphate on the 
surface of AlPO^ and FePO^, to form ultimately molybdates 
of Iron and aluminium. As reported by several workers, 
Fe-containing compounds have greater affinity for Mo, compa­
red to Al-compounds.

Considering the H° value of the adsorption which 
Is positive in case of AlPO^, indicating endothermic nature 
of reaction, though AlPO^ adsorbs higher amount at lower 
temperature. On the other hand FePO^ exhibits negative 
A H° value, indicating exothermic nature of adsorption.

Regarding the value of ^ 3° it is observed that greater 
positive value of S° for adsorption on FePO,, than A1P0*.

The thermodynamic parameters derived from the study 
clearly indicate that ferric phosphate which Is obviously 
related to the stronger bonding of molybdate by the former 
material.
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3*2,2, Adsorption of molybdate by hydrous ton and 
aluminium oxide gel i’

Adsorption Isotherms of molybdate on hydrous oxides 
of Fe and Al at 40°C and 20°C, at various concentrations of 
molybdate In solution are shown In Fig.2A(a) and 2a(B).

The three distinct regions of adsorption (I, II and 
III) occured at this pH level. The region I Is character­
ised by the occurrence of Initial steep rise of the curve, 
which bends (region II) and finally flattens out (region III), 
at higher concentration of molybdate In solution.

In both the cases adsorption isotherms followed the 
Langmuir equation, as depicted in the Fig.2B(a) and 2B(b).
The correlation coefficient values of the Langmuir curve are

•„ >

given In the Ta1 le 1(A). However in case ferric hydroxide 
gel, the break In the Langmuir curve is observed, which 
Indicates second surface reaction on the surface of hydroxide 
get. The Langmuir parameters calculated from the more dominant 
second surface adsorption. The Langmuir adsorption maxima and 
K values are given in the Table-I(B).

From the data it is clear that Fe-hydr©xlde possess a 
higner adsorption capacity for molybdate compare to Al- 
hydroxide gel, at both the temperature studied. Adsorption 
maxima of the hydroxide surfaces reveal 3 times greater adsorp­
tion of molybdate by ferric hydroxide than Al-hydroxlde gel at 
the pH level of 7. In both the cases, however, greater adsor­
ption of molybdate occurs at higher temperature.
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TABLE -1(A) i Correlation Coefficient values of the 
Langmuir Curve for the adsorption of
molybdate bv pure compounds.

Adsorbent #r values for 40°C *r values for 20°C

f#po4 0.9533 0.9533
aipo4 0.9771 0.9451

Fe203, xH20 (pH-7). 0.9470** 0.9364**

Al^Oj. xH20 (pH-7). 0.9897 0.9896

CaCb3 0.9971 0.8789

* Significant at 1% level.

** Values from more dominant second surface adsorption 
at higher absorbate concentration*
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Considering the value of K which Is related to bonding 
energy• it can be said that hydrous aluminium oxide adsorbs 
molybdate with greater strength. The second surface adsorp­
tion of molybdate at higher equilibrium concentration of 
molybdate at higher equilibrium concentration of molybdate)

*■>

in solution on hydrous oxide of Fe, seem to be take* place 
with little strength compare to other cases.

Change in 01bb*s free energy for adsorption of molybdate, 
as given In the Table-I(B), shows a greater negative value of 
A 0° for hydrous aluminium oxide adsorbent in comparison to 
Fe-hydroxide geL. The negative value of ^ G° in both the 
cases indicate spontaneous nature of molybdate adsorption, 
on the hydrous oxide gels.

Iso steric heats of adsorption l.e. H° as given In 
Table 1(B) show positive value of ^ H° for adsorption on 
hydrous Al- oxide on the other hand negative AH° value Is 
observed in case of adsorption on hydrous ferric oxide. As 
observes in case adsorption of molybdate on FePO^ negative 
A H° value, indicates the iron compounds exhibit exothermic 
nature of adsorption, on the other hand Al-compounds exhibit 
endothermic nature of adsorption.

Higher ^ S° value is observed in case of adsorption on
hydrous ferric oxide gel compared to hydrous Al- oxide gel.



3«2.3* Adsorption of molybdate by CaCO* and Rock Phosphate*

From the experiments on molybdate adsorption by CaCO^ 
and rock phosphate In the present Investigations It has been 
found that there Is little or almost no adsorption of molyb- 
date by rock phosphate on equlllbrlatlng for 6 hours followed 
by 40 hours Incebatlon at Isotherm condition.

CaCC^ on the other hand shows a little adsorption of 
■olybdat*. Th« adsorption loothem, curves of the CaCOj at 
various concentrations of molybdate In solutions are shown 
in the Figs. 1a(C). The adsorption curves follow the Lang­
muir equation. The correlation coefficient values of the 
Langmuir curves are given in the Table-X(A).

The data indicate the little adsorption of molybdate by 
CaCO^. The K value related to bonding energy is also of low 
value, indicating a much weaker strength of adsorption.

Unlike phosphate, molybdate adsorption on CaCO^ is 
not upto the mark or quite significant. Though both are 
anionic in nature, reaction of molybdate on the CaCO^ surface 
is not at all prominent. Phosphate is known to bo adsorbed 
by CaCO^ by chemisorption through precipitation of insoluble 
calcium phosphates on its surface but molybdate has not been 
found to so. The high pH of the CaCO^ surface appears to
inhibit the molybdate anions to be adsorbed on it. Unlike

♦2phosphate, molybdate does not react with Ca ion readily, 
also due to relatively higher solubility of CaMoO^ compared 
to that of Calcium phosphate.
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Rock phosphates have little affinity for molybdate. 
Usual 6 hrs shaking followed by 40 hrs of incubation under 
isotherm condition, fails to make adsorption of molybdate 
on the mineral surface of rock phosphate, analytically 
detectable. From the study it is quite clear that rock 
phosphate has practically no power for the adsorption of 
molybdate anions on its surface very strong energy of bond­
ing for phosphate in rock phosphate structure may be the 
reason for this lack of adsorption of molybdate by any 
chemical force on the rock phosphate surface.

3.2.4. Comparison of adsorption of Molybdate by different 
pure compounda.

From the thermodynamic parameters given in the Table- 
1(B), it is clear that adsorption of molybdate by these 
compounds is mostly chemical. More or leas physical adsorp­
tion appears to occur only in case of AlPO^ and CaCOj,

The comparison of the Langmuir adsorption maxima indic­
ates t iat the molybdate adsorption on these pure compounds at 
both the temperatures increases in the order

Fe-hydroxlde pel ^Al-hydroxide gel» FePO^y) AlPO^ CaCO^

The values of bonding energy for adsorption followed in the 
order at40°C, A1203, *H2°> Pe203* 3«2° srFeP04> AlP04 >CaC03 

At 20°C, the order is
A1203, xH20> Fe203, xH20)FeP04)AlP0A^CaCG3.
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Positive heat of adsorption Is found In case of 
adsorption on Al- compounds and negative heat of adsorp­
tion Is observed In case of adsorption on Fe- compounds 
and CsCOy



CHAPTER IV

STUDIES ON ADSORPTION QF MOLYBDATE BY SOME PURE HOMO IONIC
CLAYS,

This chapter deals with adsorption and desorption 
studies of molybdate on homo ionic bentonite and kaollnite 
clays at two pH and temperature levels^ >£Lth a view to 
derive the degree of adsorption and related thermodynamic 
parameters which will help in understanding the nature and 
strength of its binding with the clay surfaces.

4.1. Materials and Methods s

4.1.1. Materials
a) Reference clay minerals -

i) Bentonite - Bhavanagore, Sourashtra (Gujarat). 
11) Kaollnite • Singhbhum (Bihar).

The samples were obtained from the Calcutta 
Mineral Supply Corporation, Calcutta.

b) Separation of clays - Pure clays were separated 
from the reserve materials following the international 
method. Chemical composition of the standard clays 
given in the following Tables - 11(a) and 11(b).
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TABLE-H(a) : Chemical composition of the standard clay
minerals (expressed as percentage on oven
drv basis) (Lala. ScC. 1959).

Clay | Si02 | R203 | Pfc203i A1203| Mg© | K20 | CaO

Kaolinite
Bentonite

48.10 49.58 0.98 44.60
60.58 27.00 3.99 23.01 2.43

0.29
0.19

TABLE -11(b) s Molar ratio of reference clav minerals.

ClayMinerals Si02/R2°3 sio2/ ai2o3 Al203/Mgb ai2o3/k2o

Maollnlte 1.81 1.03 Infinity Infinity
Bentonite 4.03 4.47 3.03 110.20

c) Preparation of Homo ionic clays of Ca. Fe and A1 -
♦3Homo ionic Bentonite and Kaolinite with respect to Pe ,

♦3 +2A1 and Ca ions were prepared by repeated equilibra­
tion of the clays with 1(M) solution of the respective 
chlorides. Excess electrolytes were removed by repeated 
washing and centrifugation with 60% ethanol until the solid 
id phase was chloride free and finally with acetone. In 
case of iron and aluminium clays the solutions in contact 
were kept at pH-3* in order to prevent hydrolysis of these 
cations. The homo ionic clays were then dispersed and 
density of tieir well dispersed suspensions were deter­
mined, so that desired quantities of clay could be taken 
from volume measurement.
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In order to ascertain the complete saturation, the 

saturated hostelonlc clays were taken for estimation of 

adsorbed cations. It has been found that the amount of 

adsorbed cation (meg/100 g) was more or less equivalent to 

the CEC of the reactive clays, as shown In the following 

Table.

TABLE III i CEC and amount adsorbed of homolons 
on the homolonlc clavs.

Clay
Minerals

1 CBC
l(Ca*Mg)
|meq/100g

(Adsorbed Ca 
Ion Ca-clay 
|(meq/100g)

|Adsorbed Fe4^
[on Fe-clay 
j(meq/100 g)

(Adsorbed
1 Alt5 on Al 
$-clay(meq/ 
1100*) _

Kaolinlte 0.53 8.5* 8.2 8.0

Bentonite 73.00 72.56 72.0 72.1

d) Preparation of H-clava i- Suspension of 2yu, H-saturated 

bentonite and Kaolinlte were prepared by the use of sulfonic 

acid type cation exchange resin, Amberlite IP-120. Each 

900 ml of Bentonite and Kaolinlte suspensions (2%) were 

agitated with a gentle reciprocating motion in the column 

for 30 minutes and then left for over night in contact with 

resin. To separate the clay from the resin a gentle suction 

was applied to the suspension In such a way as to remove from 

the H-clays the resin column as much as possible (Kalovoulos, 

I960).
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4.1.2. Methods t

a) Study of Adsorption Isotherm i-
Tho adsorption experiments of molybdate on homoionie 

clays were carried out at two different temperatures under 
the following conditions -

i) Solid-selutlon ratio - For the H-clays the solid- 
solution ratio employed was 1t100 and for the metal 
clays it was 1s300.

11) PH of the suspension - The experiments were carried 
out at two pH levels - one at 4,0 and another at 7.0.
For maintaining constant pH of the system respective 
suspensions were titrated to the desired pH level* 
prior to the addition of buffer solution. Buffers used 
for this experiment were for pH-4.0* NaoH-acetic acid 
buffer and for pH-7.0, 0.1(N) NH^O AC buffer. 5 ml of 
the respective buffer solutions were added to each sample 
in equllibrlating solution* in which 0.01(H) CaCl2 and 
desired molybdic acid concentration were maintained.

ill) Concentration of Adsorbate - In order to get 
Isotherm curves, the experiments were carried out at 
eight different concentrations of molybdate in solution* 
ranging from 0.1 to 1 ppm. Higher concentration were not 
used in order to avoid any polymerization of molybdate 
ions. Available evidence indicates that only monomeric 
form would be adsorbed and according to Carpenl (1947),



only monomeric fora of molybdate exists In solutions of
•4less than 3 x 10 M MoO^, at all pH values. Keeping this 

Idea into consideration experiments were carried out by 
employing the concentrations as specified,

iv) Equilibrium Time - In order to ascertain the equi­
librium time the suspensions were shaken for several hours
followed by Incubation at Isotherm condition for 40 hours,

«

It was found that 3 to 5 hours shaking in rotating shaker, 
followed by incubation for 40 hours was sufficient to 
attain equilibrium for all adsorbents taken in this In­
vestigation, as depicted in Plg,3, Gonzalez et al«(1974) 
also used the same shaking time for equilibrist Ion,

vi) Temperature - The experiments were carried out at 
two isotherm conditions viz. at 40°C and 20°C, The in­
cubation were carried out at the respective temperatures 
(♦ 1°C), using a BOD incubator for the purpose.

Considering the above conditions, the adsorption 
experiments were carried out by 6 hours shaking followed 
by 40 hours incubation. 2-3 drops of chloroform were 
added for inhibiting possible microbial activity In the 
system. Immediately after completion of incubation, the 
suspensions were then centrifused at 8000 rpm for 20 
minutes. The clear supernatant liquid was obtained and 
taken for analysing the equilibrium concentration of 
molybdentm In solution.
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b) Study of Desorption Isotherm t-
After completion of absorption, as described in the 

previous section, the suspensions were centrlfused. The 
solid portion, the adsorbent after adsorption, was then 
washed with 2 ml of distilled water and again centrifused. 
The solid portion left in the centrlfuse tube was then 
transferred to a conical flask by using 50 e»1 of O.0IH 
CaCl2 associated with respective buffer solution. The 
suspensions were then shaken for one hour and kept for 
over night under the respective isothere conditions, the 
suspensions were then centrifused and supernatant liquids 
were collected for estimation of desorbed molybdenum, from 
the adsorbed phase.

As mentioned earlier, the Langmuir equation has been 
used to study the adsorption isotherms. The adsorption 
data were computed for drawing adsorption-desorption 
curves and also the release curves.

4.2. and PUcuaalon ■
4.2.1. Adsorption of molybdata bv H-clays s

The adsorption isotherm of the H-clays at two different 
pH ( 4 and 7) levels and at two temperature (40°C and 20°C) 
levels are shewn in Pig.4(a) and 5(A)* Except for the H- 
Kaolinite at pH-7, all the isotherm curves show three distinct 
regions of adsorption (I, II, III). The region X is charac­
terised by initial steep slope of the isotherm, which bends
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(region II) and finally flattens at (region III), at higher 
solution concentration of molybdate. Adsorption isothem for 
H-Kaollnite at pH-7.0, shows a quite different nature from 
others. This curve is characterised by initial steep rise 
followed by flattening of the curve which Is more or less 
horizontal to the x-axls, which is an indication of comple­
tion of adsorption at the lower concentration level of molyb­
denum in solution. Gradual rise of the adsorption curve Is 
observed In case of H-Bentonite at pH-7.0 level. At pH-7.0, 
unlike H-Kaollnlte, adsorption of molybdate continues on the 
H-Bentonlte as the concentration of molybdate in solution 
increases.

The adsorption Isotherm follow the Langmuir equation, 
^""Depleted in Pig. 4(b) and 5(B)J7* The correlation coeffi­
cient values of the curves are given In the Table-IV (A). 
However, break in the Langmuir curve is observed In ease of 
adsorption at pH-4.0 level in both the H-clays, indicating 
a second surface adsorption on tils homoionic clays. The 
Langmuir adsorption maxima (xm) and K-values related to 
bonding energy are given in the Table-IV(B).

It Is observed from the Table-IV(B) that adsorption 
of molybdate on H-Bentonite is always higher than that of 
H-Kaolinlte at all pH level and temperature. Uuite incon­
sistent result has been observed in case of H-Bentonite at 
pH-7.0, where exceptionally higher amount of molybdate Is 
adsorbed at high temperature. Considering the Langmuir
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TABLE IV(A) * Correlation Coefficient values of the 
Langmuir curves for the adsorption of
reolvbdate bv H-clava.

Adsorbent * r value for 
40°C

*r value for 
20°C.

H-Kao Unite (pH-4.0) 0.9532** 0.9779**

H-Kaolinlte (pH-7.0) 0.9992 0.9981

H-Bentonlte (pH-4,0) 0,9756** 0.9946**

H-Bentonite (pH-7.0) 0.9104 0.9400

* Significant at 1# level.

** Values from more dominant first surface adsorption 
at lower adsorbate concentration.

TABLE XV(B) i Langmuir Parameters for the adsorption 
of molybdate by H-claya.

Absorbent
Adsorption maxima

(mK/g)
K-value .

(x105) H 1
40°C | 20°C 40°C | 20°C

H-Kaollnlte(pH-4,0) 0,,66* 0.50* 1062.6* 1611.2*

H-Kaolinlte(pH-7.0) 0,,14 0.13 3406.6 2145.7

H-Benton!te(pH-4.0) 1,.84* 1.33* 3183.2* 6097.8*

H-Bentonlte(pH-7.0) 4,,64 2.86 62.5 81.9

•Values for the first surface adsorption



isotherm curve for H-Bentonite at pH-7.0* no specific 
information about the adsorption maxima can be obtained. At 
lower temperature* higher amount of adsorption is also 
found. This result may be due to greater adsorption surface 
of Bentonite clays. Besides this* H-Bentonite may possess 
some Fe- ions om its surface, which may come from the mineral 
structure due to entrance of H ion in the system. The higher 
capacity of iron to adsorb molybdate subsequently results in 
the higher adsorption capacity of the H-Bentonite compared 
to H-Kaolinite.

Higher amount of molybdate adsorption by H-Kaolinlte 
is found to occur at pH-4.0 rather than at pH-7.0. This may 
be due to protonation of the exposed-OH groups of Kaollnlte 
at lower pH valmes* which results in higher adsorption of the 
molybdate. Adsorption on H-Kaollnite at pH-4.0* however* shows 
a two surface adsorption as indicated by the Langmuir curve.
It is possibly due to adsorption of molybdate by two different 
on H-Kaollnlte- one through more or less chemical bonding by 
protonated -OH groups and the other through ligand exchange 
by free OH* groups on the clay surface. The Influence of pH 
on the adsorption of molybdate by H-clays is thus found to be 
quite conspicuous.

Regarding the effect of temperature on molybdate adsorp­
tion* it is found that significant difference is only found 
in case of H-Betitonite. On the other hand H-Kaolinlte does
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not show ary major difference in this respect. Most of the 
adsorption reaction of molybdate on H-Kaolinlte takes place 
through exchange with OH”* Ions, while reaction of molybdate 
wit surface Fe4^ of H-Bentonite may occur to form iwsoluble 

ferric molybdate with in the latter case.

The K-value related to bonding energy of adsorption, 
calculated from Langmuir curve indicates a greater strength 
of adsorption ef molybdate by H-Bentonite at pH-4.0. H-Bento- 
nite at pH-7.0, adsorbs higher amount of molybdate, but with 
less strength. On the other hand, H-Kaollnlte at pH-7.0 
though adsorbs little amount of molybdate, it does it with 
greater strength. He-Kaolinite at pH-4.0 level adsorbs higher 
amount of molybdate with higher bonding energy. The bonding 
energy decreases in the order H-Bentonite (pH-4) y H-Kaollnlte 
(pH-7) y H-Kaollnite (pH-4.0) ^ H-Bentonite (pH-7.0).

Theu^i the effect of temperature on molybdate adsorption 
in H-clays is not preminent, but as value of K-indlcates 
greater strength of adsorption at lower temperature, which is 
only found in case of H-Bentonite. On the other hand, at 
high temperature level, strength of adsorption is to some 
extent higher in case of H-Kaolinlte. Quite inconsistent 
result, in this regard, fells to Interpret the actual 
nature of adsorption although it can be concluded that 
H-Bentonlte shows a greater affinity for molybdate compared 
to H-Kaolinlte.
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4,2.2* Desorption of the adsorbed molybdate by H-elays*

The desorption isotherms shown In association with 
their respective adsorption ones in Fig, 4(a) and 5(A), at 
different pH and temperature levels highlight reversibility 
or irreversibility of the adsorption. It is found from 
the curve. In all the cases, except for H-Bentonite at 
Ph»7*0, hysterosls of the curve is occured. In all the 
cases, desorption curve merges with adsorption curve at the 
higher concentration of molybdate in solution. At higher 
pH level of H-Bentonlte, greater reversibility of the adsorp­
tion is indicated. Hence, It can be concluded that at pH 4,0 
level, molybdate Ion can be adsorbed on the H-clays with 
greater strength, H-Kaolinite at pH-7.0, though adsorbs 
lowers amount of molybdate, shows irreversibility at the 
lower concentration level. The result is consistent with 
the value of K, which Is more or less higher for the cases 
specified.

From the release curves, shown In Fig,12, it is observed 
that slower release of molybdate Is occured in case of 
H-Bentonlte and H-Kaollnlte at pH-4.0 level. On the other 
hand, H-Bentonite releases molybdate with higher rate at 
higher concentration of molybdate. The result Is consistent 
with the adsorption-desorption curve, where greater reversi­
bility Is indicated by the merger of the curves,

H-Kaolinite at pH-7.0, also releases small amount of
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molybdate, as because It originally adsorbed very little 
amount of it*

4*2*3* Change In free energy, enthalpy and entropy for 
molybdate adsorption bv H-clavs t

The values of ^ H°, S° and ^ G°, as calculated from 
the equilibrium constant* obtained from Langmuir intercepts, 
are given in the Table VII* It Is found that H-Kaolinlte 
shows a greater change in A G°. tut H-Bentonlte at pH-7, 
shows a lower change in ^ G value* In case of H-Bentonite 
(pH-4) and H-Kaollnite (pH-4 and 7) the & G° values are 
more or less same* In all the cases the values are negative, 
indicating spontaneous adsorption of molybdate on these clays* 
Greater -A G° value is also found at higher temperature 
compared tolower temperature level*

Regarding the value of H°, it is observed that except 
in the adsorption of molybdate on H-Kaolinlte at pH 7*0, 
negative, indicating exothermic nature of adsorption on 
these H-clays. On the other hand H-Kaoltnlte at pH 7*0 
exhibits endothermic nature of adsorption*

Higher mean S° value is observed in case of adsorp­
tion of molybdate at lower pH-level on H-clays compared to 
at higher pH level*
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4.2.4. Adsorption of molybdate by Fe-clays t

The adsorption isotherms of the Fe-clays at two 

different pH levels (pH-4 and 7) and at two temperatures 

(40°C and 20°C) are shown In Flg.6(A) and 7(A)* from which 

it becomes evident that Fe-saturatlon increases molybdate 

adsorption in the clay minerals* compared to other homo­

ionic clays. The isotherms are characterised by steady 

rise of the curve, indicating adsorption of molybdate on single 

surface with similar state of energy level in Fe-Kaolinltes 

at all level of pH values. But in case of Fe-Bentonlte, the 

isotherm curves are characterised by different adsorption 

regions. Initial steep rise of the isotherm (reglozt-X)* 

which bends (region-II) and finally flattens out (reglon-III)* 

at higher concentration of molybdate in solution.

The break in the Langmuir adsorption curve Jplg.6(B) 

and 7{&)J observed in case of Fe-Bentonite at all pH levels* 

indicating a second surface reaction of molybdate on Fe- 

Bentonite. The correlation coefficient values of the 

Langmuir curve are reported in the Table-V(A). The Langmuir 

adsorption maxima (Xm) and K-value3 are given in the 

Table-V(B).

It is observed from the Table V(B) chat the adsorption

maxima of Fe-Bentonite is much higher than that of Fe-

Kaollnite. High cation exchange capacity of Bentonite
4,11

results in high amount of adsorbed Fe (i.e. 9 times more 
than that of adsorbed Fe4^ on Kaollnite)* contribute large
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TABLE-V(A) i Correlation coefficient values of Langmuir 
curves for the adsorption of molybdate bv
UzMmm*

Adsorbent J r* value for 40°C | r*value for 20°C

Fe-Kaollnite (pH-4) 0.8151 0.9983
Fe-Kaolinite (pH-7) 0.9447 0.9979
Fe-Bentonite (pH-4) r-j *>0.9937 r,» 0.9824

r2«0.9759 r2- 0.9937

Fe-BentonIte (pH-7) Ttj*0.9992 r,m 0.9987
r2«0.9989 r2» 0.9991

* Significant at 1# level.

TABLE-f(S) t Langmuir parameters for the adsorbtlon of 
molybdate bv Fe-clavs.

Adsorbent Ad solution maxima (m /at X-valu«(X1(r)H**
40 °C 20°C 40°C i 20°C

Fe-Kaolinite (pii-4) 2.55 1.38 285*4 585.3
Fe-Kaolinite (pH-7) 0.13 0.23 266.6 127.5
Fe-rBentonite (pH-4) 3.47* 4.73* 5764.7* 3266.2*

4.83** 4.90** 3103.4** 2982.4**

Fe-Bentonite (pH-7) 2.66* 2.53* 220.5* 225.7*
2.85** 2.50** 200.0** 245.3**

• Values for the first surface adsorption.
** Values for the second surface adsorption
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reactive surface area for molybdate adsorption* Very high 

adsorption of molybdate on Fe-saturated elays is obvious as 

because high affinity for molybdate anions of Fe-containing 

components as reported by Reyes and Jurlnak (1967) and 

Reisenaur et al.(1962).

Effect of pH on molybdate adsorption In Pe-clays is 

very much obvious* At low pH level, the adsorption was higher. 

In case of Fe-saturated Kaoltnte, the effect is more prominent, 

as increase in pH from 4 to 7, results drastic-reduction in 

the adsorption of molybdate. In case of Fe-Bentonite, effect 

of pH is also prominent but much less than that of Fe- 

Kaolinite*

Break in the Langmuir curve, indicates two-surface 

reaction of Fe-Bentonite with molybdate, which is consistent 

with the nature of the adsorption curve.

Effect of temperature on the adsorption of molybdate 
is also prominent• Higher amount of molybdate at high tem­

perature occurs only at lower pH level in both the clays*

On the other hand, reverse observation is found in both the 

clays at higher pH level. It may be generalised that at 

lower pH, the adsorption is mostly chemical* But in all the 

cases greater K-values have been obtained at higher tempera­

ture, which means adsorption of molybdate by the iron clays 

is largely chemical. It can be further seen that Fe-Bentonite 

adsorbs molybdate with treater strength than that of Fe-Kaoli- 

nlte. However higher K-value is observed in case of 

Fe-Kaolinlte at pH-4.0.
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4.2.5. Desorption of the adsorbed molybdate by Fe-elavsi

The adsorption Isotherms shown In association with their 
respective adsorption ones in Fig.6(A) and 7(a) at different 
pK and temperature levels, highlight a marked irreversibility 
of the adsorbed molybdate with respect to its ionic concentra­
tion in solution. The desorption curve have reflected a 
strong hysterosis irrespective of pH of the system except at 
pH-7.0 for Fe-Kaolinite. For this case, desorption curve 
merges with the adsorption curve at higher concentration of 
molybdate in solution, indicating reversibility of the adsor­
bed molybdate in this region. The fixture of desorption curve 
in case of Fe-Kaolinite at pH-7.0 is very much consistent with 
value obtained from the Langmuir curve. As K-value related to 
bonding energy is lower in this case, after desorption 
practically no molybdate remains In the adsorbed phase.

Release curves, as shown In Flgs.12, also indicate the 
nature of release of the adsorbed molybdate from the Fe-satu­
rated clays. It is evident from the curves, that the release 
is gradual as slope of the curve is lower, which is also in 
conformity with the higher bonding energy of the adsorption, 
signifying little release of the adsorbed molybdenum.

It may be generalised from the above discussion that the 
molybdate Ions adsorbed on the surface of Fe-clays undergo 
certain transformation that gives it a stronger affinity to 
the surface, particularly when their concentration is low.
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Results of several workers (Jones, 1971| Reisenauer ££.gyL» 
1962) are In consistent with the present work, regarding the 
strong affinity of Mo with the Fe-coatings of soli and 
clay surfaces.

4.2.6. Change In free energy, enthalpy and entropy for 
Molybdate adsorbtlon bv Fe-clavs t

As reported in the Table-VIII it Is found that 2^, H° 

values for adsorption of molybdate by Fe-clays are positive 
but at pH-4.0 negative values of H° are observed, only In 
case of Fe-Kaolinite. Lesser positive values of H° are 

obtained in case second surface adsorption of molybdate on 
Fe-Bentonite. Higher ^ S° value Is observed in case of 
adsorption by Fe-Kaollnlte at pH-4.0 level. The S° value 
increases in the order Fe-Kaolinite (pH-4.0)^Fe-Bentonite 
(pH-7.0)yFe-Bentonlte (pH-4.0) y Fe-Kaolinite (pH-7.0),

Change of free energy (^\ G°) as reported in the

Table-VIII, is found in all the cases to be negative, indi­
cating spontaneous reaction of the molybdate with Fe-clays.
Higher negative C° is observed in case adsorption at 
pH-4.0 level in both the temperatures. The ^ G° change 
increases in the order, at 40°C temperature level. Fe-Bento­
nite (pH-4)y Fe-Kaolinite (pH-4) y Fe-Kaolinite (pH-*) ) 
Fe-Bentonite (pH-7.0). But the order increases at 20°C, 

Fe-Kaolinite (pH-4)^ Fe-Bentonite (pH-4.0)yFe-Bentonite 
(pH-7.0)^ Fe-Kaolinite (pH-7.0).
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4.2,7. Adsorption of Molybdate by Al-clays t

The adsorption Isotherms of molybdate for Al-clays 
at two pH levels are shorn in Figs.8(1) and 9(A), from 
which it becomes evident that A1 ' saturation increases mo­
lybdate adsorption like Fe*5 saturation. The isotherms are 

characterised by different adsorption regions. Region I and 
IX have been observed in all the Al-clays at all pH and 
temperature levels, w Ich indicate two different sets of 
energy level for molybdate adsorption on Al-clays. The 
region I is characterised by initial steep slope of the 
Isotherm which bends (region XX) and finally flattens out 
(region III) at higher solution concentration.

The adsorption isotherms follow the Langmuir equation 
as evident from the correlation coefficient values, given 
in the Tafcle VI(A). The break in the Langmuir adsorption 
curves /"Fig.8(a) and 9(A)J obviously indicate either 
precipitation or a second surface reaction of molybdate with 
this clay. The Langmuir adsorption maxima (Xm) and K-value 
of the Al-clays are given in the Table VI(B). Al-Kaolinites, 
though exhibit two surface adsorption, the present investi­
gation considers the more dominant second surface adsorption 
at pH 4-0 level and first surface adsorption at pH-7.0 
level.
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TABLE-VI(A) t Correlation coefficient values of the 
Langmuir carves to. the adsorption of
molybdate by Al-clavs.

Adsorbent revalue for 40°C r*value for 20°C

Al-Kaollnite (pH-4) r2«0.9443 r2-0.9983

Al-Kaolinlte (pH-7) ft,-0.9972 ^-0,9969
A1-Bentonite (pH-4) ^-0.9518

r2-0.8728
r1-0.9986 
r2-0.9837

Al-Bentonlte (pH-7) ri-0.9837 
r2-0.9841

^-0.9841 
r2«0.9867

* Significant at 196 level#
r.j and r2 stand for correlation coefficient values 

for first and second surface adsorption
respectively.

TABLE-VI(B)i Langmuir parameters for the adsorption of 
molybdate by Al-clavs.

Adsorbent Absorption maxima 
(mM/g)

is.-vaiue .
(x103)-lT1

40°C I 20 °C W°c [ 20°C
Al-Kaollnite (pH-4) 0.724** 0.714** 1078.9** 1021.8**
Al-Kaolinite (pH-7) 0.144* 0.140* 451.4* 407.7*

Al-Bentonite (pH-4) 1.081* 0.977* 1185.8* 1320.0*
2.140** 1.420** 253.8** 298.6**

Al-Bentonlte (pH-7) 0.781* 0.729* 1226.0* 1014.8*
1.647** 1.251** 170.9** 234,6**

* Values for first surface adsorption#
** values for second surface adsorption#
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It la observed from the data cited In the Table VI(B)
that Al-Bentonite adsorbs higher amount of molybdate than
Al-Kaolinite« It Is due to the high CEC of Bentonitet
which adsorbs higher amount of Al4^, resulting in greater
reactive sites for molybdate adsorption. At pH 7.0 adsorbed 

+3Al ions however remain in the form of hydrous oxides, 
which are the aole spent for molybdate adsorption.

In all the cases, break in the Largmuir curve is 
observed. Greater amount of molybdate adsorption occurs 
at higher concentration of molybdate in solution, but with 
lesser strength. Reverse result has been found in the 
adsorption of molybdate at lower concentration of Ho, in 
solution.

Significant effect of pH on molybdate adsorption is 
observed in both the clays. At lower pH level greater 
amount of molybdate is adsorbed. The observed effect of 
pH on molybdate adsorption Is related to the reactivity 
of the aluminium, which is higher at low pH.

As observed, temperature imports little effect on the 
adsorption of molybdate on Al-clays at both pH levels. But 
the effect is prominent to some extent in the second sur­
face reaction. So, at low concentration level of Ho in 
solution, temperature plays little role. So mostly physical 
nature of adsorption may occur at first surface adsorption, 
on the other hand greater chemical reaction at the second 
surface is expected in Al-clays.
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Conaidering the K-value, It can be said that on the 
first surface reaction molybdate Ion Is adsorbed with 
greater strength. At the lower pH values, molybdate is 
adsorbed with greater strength compared to higher pH In 
these clays, however, Al-Bentonite at pH-7,0 adsorbs molyb­
date with greater strength. On the other hand Al-Kaolinite, 
at this pH level adsorbs molybdate weakly. With the excep­
tion of Al-Bentonlte at pH-4.0 all the Al-saturated clays 
adsorb molybdate with greater strength at higher tempera­
ture. Howev r, second surface adsorbtlcn on Al-Bentonite, 
shows relatively greater strength of adsorption at lower 
temperature.

The comparison of the Langmuir adsorption maxima 
indicates that the degree of molybdate adsorption by the 
Al-clays follow the order,

Al-Bentonlte (pH-4.0) y Al-Bentonlte (pH-7.0)^ 
Al-Kaollnite (pH-4,0)^ Al-Kaolinlte (pH-7.0)

The adsorption of molybdate by Al-clays is thus found 
to be, more or less chemical In nature. Observations are 
In conformity with the report of Jones and Milne (1956) 
which Indicates the formation of Al-molybdates on clay 
surfaces, Reyes and Jurinack (1967) also reported that 
there Is a strong affinity for Mo by Al-contalning surfaces.
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4,2,8, Desorption of adsorbed molybdate by Al-davs t

The desorption Isotherms shown in association with 

their respective adsorption ones in Flgs,8(A) and 9(A) { 

at different pH and temperature levels, reflected strong 

hysterosls effect, irrespective of pH, This shows that 

adsorption of molybdate ions by Al-clays is irreversible 

with respect to its ionic concentration in solution. The 

curves indicate greater hysteresis at pH 4,0 level reflect­

ing stronger bonding energy of the molybdate ion to the 

adsorbate. On the other hand desorption curve merges 

with the adsorption curve in case of pH-7,0 of the system, 

at higher concentration of molybdate in solution (region 

III), indicating greater irreversibility of the adsorbed mo­

lybdate in this region. It Is also evident from K-value 

obtained from the second surface adsorption, where the 

value is much lower than that of K-value obtained from the 

first surface adsorption. So molybdate adsorbed with little 

strength on this region, is reversible in nature, indica­

ting largely physical adsorption.

According to release curves, shown in Figs,12, the 

amount of adsorbed molybdate, coming out due to desorption, 

is enhanced with the increase in molybdate saturation status 

of the clay surface. It is observed from the curves, that 

the jtate of release is higher at higher pH of the system 

which must be due to the Increasing concentration of OH* 

ions in the solution, competing for the active sites, parti­

cularly when the concentration of molybdate in solution is



91

decreased due to dilution. At low pH, the molybdate ions 

are released with greater strengh,

4,?,9. Change in free energy, entropy ard enthalpy In the 
adsorption of molybdate by A1-clays!

The different thermodynamic parameters for molybdate 

adsorption on Al-clays, are given in the Table VIIZ, It 

is observed from the Table that £s>. G° value in all the cases 

are negative, gr ater negativity being observed in the first 

surface adsorption reaction. Negative value of ^ G°, clerly 

indicates that the adsorption is spontaneous.

The & 0° (negative) value for the adsorption of

molybdate on Al-clays increases in the order,
/

Al-JJentonite (pH-7)^ Al-Bentonite (pH-4)^

^Al-Kaolinite (pH-4,0) y Al-Kaolinite (pH-7),

Change in enthalpy ( H°) as calcul ted from first

surface adsorption, are positive In all the cases except in 

the adsorption on Al-Bentonlte at pH 4,0 of the system.

Entropy change S° values are found to be positive 

in all the cases. The value increases in the order 

Al-Bentonite (pH-4,0)^ Al-Kaolinite (pH-4.0)^

Al-Kaolinite (pH-7.0)^ Al-Bentonite (pH-7),
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4.2.10, Adsorption of Molybdate by Ca-davs s

The adsorption Isotherms of the Ca-saturated 
Kaolinite and Bentonite at various concentrations of 
molybdate in solutions and at different pH levels and two 
isotherm conditions (40°C and 20°C) are shown in Figs.10(A) 
and 11(A). Two distinct regions of adsorption of molybdate 
by Ca-clays are observed particularly at lower pH values.
The region I is characterised by initial relatively steeper 
slope of the isotherm, which finally flattens out (region II), 
at higher concentration of molybdate in solution. The adsorp­
tion isotherms follow tie Langmuir isotherm, as indicated 
by the Correlation Coefficient values, reported in the 
Table-VIX(A) and depicted in the Figs.10(B) and 11(B).
However break in the Langmuir curve is observed in case of 
adsorption at pH 4.0 of the system, indicating second surface 
adsorption by Ca-clays at pH 4.0, The Langmuir parameters, 
as obtained, are given in the Table-VII(B).

Adsorption maxima as reported, indicate that Ca-clays 
have very little adsorption cap city compared to other 
homoionlc clays, Ca-Bentonite adsorbs higher amount of 
molybdate at both the pH-level, compared to Ca-Kaollnlte. 
Higher surface area may be the cause of it. Effect of pH 
on the molybdate adsorption is obvious in the adsorption 
by Ca-clays. At lower pH levels, adsorption occurs on 
different regions, which is again observed in the Langmuir
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TABLE -VII(a) * Correlation Coefficient values for the
molybdate adsorption bv Ca-clavs.

Adsorbent | upvalues for 40°c| revalues for 20°C

Ca-Kaollnlte (pH-4.0) 0.9768** 0.9933**

Ca-Kaollnite (pH-7.0) 0.9806 0.8353

CavBentonite (pH-4,0) 0.9879*** 0.9497***

Ca-Bentonite (pH-7.0) 0.9971 0.9981

* Significant at level.
** Calculated from 

adsorption.
more dominant second surface

*** Calculated from 
adsorption.

more dominant first surface

TABLE-VII(B)* Langmuir Parameter for adsorption of 
molybdate by da-davs.

Adsorbent Adsorption maxima 
_____IrcM/g)_________

K-value(x10^)M"^

40°C / 20°C 40°C / 20°C
Ca-Kaolinite (pH-4) 0.416 0.558 995.8 908.6

Ca-Kaolinite (pH-7) 0.166 0.081 123.7 417.6

Ca-Bentonite (pH-4.0) 0.892 0.847 978.0 937.0

Ca-Bentonite (pH-7.0) 0.364 0.353 1014.8 1194.0

♦(For Ca-Kaolinite (pH-4)f values are calculated from second 
surface adsorption and for Ca-Bentonite (pH-4) values are 
calculated from first surface adsorption).
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curve. The effect of temperature on the molybdate adsorp­

tion by Ca-clays is found significant, particularly in case 

of Ca-Kaolinite at boti the pH level, studied. Greater 

amount adsorption occurs at lower temperature by Ca- 

Kaolinite at pH-4.0 level unlike other Ca-clays.

The K-value related to bonding energy is observed 

higher at higher temperature only at lower pH value. On 

the other hand relatively higher strength of adsorption is 

found at higher pH-level of the system.

It can be generalised from the observation that Ca- 

saturation decreases molybdate adsorption due its contri­

bution of higher pH values at the close of its surface, 

which results little anion adsorption, of course with the 

exception of phosphate anion, in which largely chemical 

precipitation takes place. As with the adsorption of 

molybdate on CaCO^, Ca-clays also found to be very little 

affinity for molybdate. The little amount molybdate which 

is adsorbed at different pH levels on Ca-clay surface 

seems to be physical in nature particularly at higher pH 

value. At lower pH value to some extent chemical adsorp- 

tion aay take place with the format ton of Ca MoOft on lta 

surface.

4.2.11. Desorption of adsorbed molybdate by Ca-clavsi

The desorption Isotherm shown In association with th&r 

respective adsorption curves in Flgs.10(A) and 11(A) at
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different pH and temperature levels, highlight marked 
reversibility of the adsorbed molybdate with respect to its 
ionic concentration in solution. The curves indicate some 
hysterosis only at pH 4,0 of the system. Thus at this pH, 
molybdate adsorption, is to some extent irreversible. It 
is also observed that desorption curves merge with adsorp­
tion curves at falser concentration of molybdate In solu­
tion, indicating the presence of only a few active sites 
on the Ca-clays available for molybdate adsorption,

4,2,12, Change 1 n A Q°» S° and ^ H° in the adsorption 
of molybdate of Ca-clava :

The A o°, A H° and s° values derived from the 
adsorption of molybdate by Ca-clays, are given in the 
Table VIII, It is observed that C° are negative in all 
the cases, indicating spontaneous reaction. Greater negative 
A 0° is observed in case of adsorption at lower pH values,

Regarding tho value of ^ H°* it is found that positive 
/\ H° value for adsorption at pH-4,0 and negative H° value 
for adsorption at pH 7.0 level by Ca-clays, indicating exo­
thermic nature of molybdate adsorption by Ca-clays at pH-4.0, 
on the other hand endothermic nature of adsorption occurs at 
pH 7.0 level.

With the exception of Ca-Kaollnite at pH 7.0, all ad­
sorbent of Ca-system exhibit more or less same S° value, 
where as Ca-Kaolinite at pH-7.0, shows higher s° value
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eompared to others.

The entropy data thus demands a smaller degree of 
molybdate adsorption at higher pH, ’which Is In conformity 
with greater release of molybdate by clays on Ca-saturatlon.

4.2.13. Comparison of Adsorption of molybdate among 
different homo ionic clayst

Results of the adsorption of molybdate at different 
pH and temperature level on different homo-ionic Kaollnite 
and Bentonite clays have been discussed in the earlier 
sections. It is obvious from the discussion, that the 
adsorption pattern of molybdate differs according to nature 
of the clays, nature of saturated cations, pH and tempera­
ture.

The comparison of the Langmuir adsorption maxima 
indicates that molybdate adsorption by different homo-ionic 
Kaollnite increases in following order under different pH 
and temperature level.

At pH 4.0 and T*40°C.
Fe )Al)H>Ca 

At pH 4.0 and Tv ?0°C 
Fe) Al>Ca>H.

At pH 7.0 and T* 40°C 
Al)FeN>Ca')H.

At pH 7.0 and T - 20°C 
A1 > Fe ) H )>Ca.
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The comparison of the Langmuir absorption maxima among 
different homo-ionic Bentonite minerals shows that adsorp­
tion of molybdate increases in the following order under 
different pH and temperature level.

At pH-4.0 and T - 40° and 20°C 
Fe^>H >Al>Ca

At pH-7.0 and T - 40° and 20°C 
H)Fe )Al>Ca.

The comparison of the K-value for molybdate adsorption 
in different homo ionic Kaolinite, shows the following order 
of increase under different pH and temperature level.

At pH 4.0 and T - 20°C and 40°C 
H >A1 ^Ca>Fe.

At pH-7.0 and T » 20°C 
H )Ca) Al) Fe

At pH-7.0 and T - 40°C 
H) Al>Fe)Ca.

The comparison for K-value of molybdate adsorption 
among different homo-ionic 2entonitet shows following order 
of increase at different pK and temperature level.

At pH-4.0 and T « 40°C 
Fe)H>Al> Ca

At pH-4.0 and T - 20°C 
Fe>H)Ca^ Al.
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At pH-7.0 and T * 40°C 

Al^Ca^Fe^H

At pH-7.0 and T » 20°C 
Ca^Al^Fe),H.

It is observed from the above series of homo-ionic 
clays, regarding the order of increase in adsorption 
maxima and K-value for molybdate adsorption, quite conflic­
ting particularly in the adsorption of molybdate on Ca- 
system.

Fe and Al saturation results greater variation of 
adsorption of molybdate on clay surface, with respect to 
pH and temperature of the system. H-clays piso plays 
dominating role, depending on the pH of the system.

It can be generalised from the various observation, 
mostly chemical nature of adsorption takes place on Fe and 
Al saturated clay surfaces.
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jtBLE-VIII i Values of change In free energy. enthalpy and
entropy In It adsorption of molybdate py Hoao-
Ionic clays 'ax dliferent pM 'ana..temperature levels.

Adsorbents with pH 
of the system

-h
40°C

K Cal/moleI
| 20^C |

A H°
K Cal/mole

A s°
Cal/deg/mole

H-Kaollnite (pH-4.0)* 8.63 8.32 -3.79 0.040
H-Kaollnlte (pH-7.0) 9.35 8.49 4.21 0.015
H-Bentonlte (PH-4.0)* 9.31 9.09 -5.91 0.049

H-Bentonite (pH-7.0) 6.87 6.58 -2.45 0.030

Fe-KaolLnite(pH-4) 7.81 7.73 -6.54 0.047

Fe-Kaolinite(pH-7.0) 7.81 7.73 ♦6,69 0.002

F#-Bentonit#(pH-4,0)* 9.78 8.73 ♦6.63 0.008

Fe-Bentonlte (pH-4.0)** 9.30 8.68 ♦0.36 0.028

Fe-Bentonlte (pH-7.0)*► 7.65 7.17 ♦0.59 0.022

Fe-Bentonlte (pH-7.0)** 7.59 7.22 ♦0.45 0.025

Al-Kaolinlte (pH-4.0)** 8.64 8.05 0.49 0.020

Al-Kaolinlte (pH-7.0)* 8.10 7.52 0.92 0,022

Al-Bentonlte (pH-40 )«► 6.70 8.20 -0.97 0.031

Al-Bentonite (pH-4.0)7.74 7.34 -1.48 0.029

Al-Bentonlte (0H-7.0)* a.72 8.05 ♦1.72 0.021

Al-Bentonlte (pH-7.0)** 7.49 7.20 ♦0.35 0.023

Ca-Kaolinite (pH-4)** 3.59 7.99 ♦0.83 0.024
Ca-Kaolinite (pH-7) 7.29 7.53 -11.13 0.061

Ca-Bentonlte (pH-4)* 3.58 8.00 ♦0.397 0.028

Ca-Bentonite (pH-7.0) 3.60 8.14 -1.48 0.022

* Values for first susface adsorption*
** Values foe* second surface adsorption*



CHAPTER V

STUDIES ON ADSORPTION OF MOLYBDATE BY SOILS

Soli systems can undergo a lot of reactions due to 
heterogeneous nature of soils, It Is usually difficult to 
trace the nature of such reactions. Still adsorption iso- 
therm can sometines he used to have an Indication about such 
types of reactio • Molybdate anion like most of the other 
anions can be adsorbed on soils with diverse degree and 
strengt i, according to their nature or composition. To have 
an idea, on this aspect, experiments were carried out by 
using different types of soils in their native forms, as well 
as free from organic matter or free oxides of Fe and A1 as 
adsorbents for studying adsorption of molybdenum.

5*1. Materials and Methods t

A brief description of the different adsorbents and 
methods used in the present Investigation are given in the 
following sections.

5.1.1. Materials * The soils used In this investigation were 
collected from different agricultural farms of West Bengal 
studied In different agrocllmatic zones. The detailed 
informations about the collected soil samples are given 
below.
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Agro cli­
matic zones

Place of 
collec­
tion

Probable 
class In 
the old 
system

Probable 
class in 
the new 
system

Nick name 
used In this 
investiga­
tion

Norther West 
Bengal
Coastal West 
Bengal
Gangetic 
allivial 
of Nadia,
(W.B.) 
Lateritlc 
tract of 
Midnapore 
(W.B.)

Dhupguri
farm
Canning
farm
Kalysnl
seed farm
Jhargram
farm

Alluvial
(acidic)
Alluvial
(saline)
Alluvial
(Neutral)
Laterlte

Spodosol 
Incept1sol 
Intisol 
Oxisol

Dhupguri soil 
Canning soil 
Kalyanl soil 
Laterlte soil

The soil samples collected from different farms, 

represent a composite of 10 randomly collected surface soils 

(0-6"). The samples after collection were air dried, ground 

by wooden mortar and selved through a nylon 80-mesh seive. 

The various physico-chemical properties of the soil samples 

are given in the Table IX.

The samples of different soils were then subjected 

to different treatments, in order to get organic matter 

free soil and free oxides free soil. The preparation of 

such samples of soils is described below $

Organic matter free soil *- The 80 mesh soil samples were 

treated with 30# HgO,, for several times for destruction of 

organic matter present in the soil. It was done until the 

soils did not evolve gaseous bubbles any longer. More or 

less equal amount of HgOg was added in all soils. The soils
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TABLE -IX * Physico-chemical properties of soil.

Physico-chemical Dhupguri Laterite Kalyani Canning
Properties soil soil soil soil

Sand % 33.2 67.5 39.1 16.2
silt * 35.6 21.4 20.5 49.3
Clay % 20.3 3.9 17.9 27.0

Dominant clay 
Mineral

mite an<} 
cholorite

Illite & Montmori- 
cholorlte Ionite and 
with traces T114tJ 
of Kaoli- Alllxe
nlte1 2

Montaorllo 
nlte and
Illite4

pH (1*2.5) 4.6 5.25 7.0 7.0

Org.Carbon % 1.34 0.26 0.66 1.11

Exch. Cations 
meq/100 g

1) Ca*2+Mg*2 Trace 1.340 3.780 5.460
ii) Fe*^ 0.048 0.039 Trace 0.068

ill) Al*3 0.196 0.028 0.017 0.015

iv) K* 0.153 0.256 2.430 1.025

Oxalate extractable
lPP»). 1} Mo 0.025 0.019 0.020 0.029

li) Fe 1140 1700 1540 1620
iii) Al 5.0 3.5 2.5 2.5

Dithionite extractable
(PP») i) p® 240 320 288 304

ii) Al 27.5 29.2 13.4 12.7

CEC (»e9/100g) 11.39 8.88 15.84 32.84
AEC ( ,, ) 0.36 0.08 0.05 0.32
Fe205% 0.48 1.54 0.58 0.99
CaC03 % Trace 0.005 0.040 0.041
Total N# 0.153 0.043 0.090 0.139

1 Ghosh and Dutta (1974)
2 Sahu and Das (1972)

3 Sahu and Das (1974)
4 Dalui and Roy (1979)
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were then subsequently air dried and ground. The amount of 
organic matter remaining with the soils after HgOg trea't®ent 
was estimated by Valkley and Black's method as done also for 
the native soils. The amount of organic matter present in 
the soils before and after H202 treatment are shown in the 
following Table.

Soils | % org C before H202 
treatment

$ % org C after H202
| treatment

Dbupguri 1.349 0.342
Laterite 0.264 0.097
Kalyani 0.665 0.048
Canning 1.114 0.136

Oxides free soil i- The soils were freed from oxides by 
treating a portion of the organic matter free soil with 
1(N) Na-acetsble, Citrate-bicarbonate and dithionite at 
70°C. Immediately after treatment, the soils were centri­
fuged and washed with distilled water for several times
for removal of excess electrolytes. The oxide free soils 
were then air-dried, ground and taken for adsorption 
experiments.

5.1*2. Methods s
A) Study of Adsorption Isotherm t- Experiments were 

carried out, considering the fallowing conditions.
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i) Soil-solution ratio j- For the soils and other treated 

soils, the solid-solution ratio employed for the 

adsorption experiments was 1*25 (2 gmtfoil in 50 ml 

0,01 M Cact^ solution)*

ii) Concentration of adsorbate *- Same concentration, as 

used for adsorption on clays, described in the previous 

chapter (Chapter XV).

ill) Equilibrium Time and Temperature *- 5-6 hrs. shaking 

followed by 40 hrs incubation at 40°C and 20°C* The 

determination of time required for equilibristion of 

the system was done, as described in the Chapter IV*

b) Study of resorption *- The methodology for the study of

desorption of molybdate from soil samples after its adsorption 

was the same as employed for desorption study of molybdate on 

clays depicted in the Chapter-IV* '

c) Methods of Analysis s

i) Estimation of Molybdenum i- Mo was estimated

spectrophotometries!' ly, according to the procedure 

developed by ArKley and Johnson (1954).

ii) Estimation of Phosphorus *- *P* was estimated by 

chloro-stanous-reduced molybdophosphoric acid blue 

colour method, developed by Dickaan and Eray (1940)*
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111) Determlnat Ion of pH j- pH of the soils and other systems 
were measured In G.01M CaC!^ solution with the help of 
a pH meter. The pH of the native soils were determined 
by pH meter using soil-solution ratio 1 : 2.5.

iv) Determination of C.E.C.i- CEC of the soils were deter­
mined with 1(N) NH^OAC (pH-7) solution, -according to 
the procedure developed by Jackson (1967). CEC for 
clays were estimated by using Ca and Mg solution, accor­
ding to the procedure described by Jackson (1967).

v) Determination of Anion Exchange Capacity of Soils *- 
AEC of the soils were determined by using NH^I^PO^ at 
pH-4.0, according to the procedure developed by Piper 
(1942).

vi) Determination of exchangeable Fe and A1 I- Exchangeable 
Al and Fe were estimated by washing the soils with 1(H) 
KC1 solution according to the procedure described by 
Jackson (1967).

Vll) Determination of free iron oxide Free iron oxide of 
soils was estimated by dlthionite extraction according 
to the procedure of Kilmer (I960).

viil) Determination of oxalate extractable Fe and Al :- Iron 
and aluminium extraction was done by shaking the soil 
with 0.1(H| oxalic acid and 0.775 (M) NH4-oxalate 
solution, for 4 hours with a soil solution ratio of 1s50. 
From the extractants the Fe and Al were estimated colo-
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rometrically according to the procedure described 

by Jackson (1967),

lx) Determination of available Mo *- Available Mo of soil 

was estimated by extraction with Tanra's solution (oxalic 

acid and ammonium oxalate, pH 3.3)» according to the 

procedure of Grigg (1953),

x) Estimation of organic carbon *- Organic carbon of soil 

was estimated by Walkley and Black's method,

vi) Estimation of Exchangeable Ca*2 and Me*2 i- Exchangeable
.j ^2

Ca and Mg were determined with 1 (N) NH^O AC extrac­

tion, according to the procedure described by Jackson 

(1967).

5,2, Results and Discussion t

The results of investigation on adsorption of molybdate 

by different native soils, organic matter free soils and 

oxide free soil are discussed in the following sections,

5.2.1, Adsorption of molybdate by native soils t

The Isotherms for adsorption of molybdate on different 

soils at various concentrations of molybdate in solution 

under constant temperature levels are shown in Pig.13(A),

14(a), 15(A) and 16(a). The adsorption curves usually
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consist of three regions, characterised by initial steep 

slope (region X), which bends (region XI) and finally 

flattens out (region XXX) at higher solution concentration 

of molybdate. Such regions are, however less characterised 

in Canning and Kalyani soils. Relatively higher pH and 

low content of Fe, Al and their free oxides specs to be the 

reasons for this.

Adsorption isotherm characterised by more than one 

region in Dhupguri as well as Laterlte soils, is an indica­

tion of multiphase adsorption of molybdate on soil surface. 

Each phase has a different set of energy level.

The adsorption Isotherms of different soils derived 

from the present Investigation followed the Langmuir equa­

tion. The correlation coefficient values for this, is 

reported in the Table-X(A). The Langmuir curves of the 

respective adsorption have been depicted in the Plgs.13B(a), 

14B(a), 15B(a). Break in the Langmuir curve Is observed 

only in case of Dhupguri soil, indicating the second surface 

reaction of molybdate on this soil. As because the Dhupguri 

soil contains high exchangable Al, the results are in con­

formity with the results obtained in case of Al- clays.

Hence it is clear that in soil adsorbents with Al as a 

reactive phase undergo a more or less two surface adsorp­

tion reaction of molybdate.

Among the four soils Investigated Kalyani and Canning

soils show least capacity to adnorp molybdate.
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The adsorption maxima and K-value related with bonding 
energy and other thermodyna; ic parameters, as calculated 
fror the Langmuir equation are given in Table-X(B) •

It can be seen from the Table X(E) that Dhupguri and 
L^t rite oils have higher capacity to adsorb molybdate. High 
exchangeable *Al' content of Dhupguri soil and high free oxide 
content of the Laterite soil and lower pH value of these soils 
result in reater adsorption of molybdate by these soils. On 
the other hand, Kslyani and Canning soils, having very little 
exchangeable A1 and Fe and relatively higher pH, adsorb low 
amount of molybdate.

It is observed that a little higher amount of molybdate 
is adsorbed at lower temperature compared to that at higher 
temp rature in all the oils except in Kalyani soil. Of cour­
se there is less significant difference in adsorption maxima 
betw en the two teroperatu ea, in all the soils, studied.

The correlation coefficients of Langmuir parameters 
with different physico-chemical properties of the soils 
are given In the Table-XI. It is observed from the data 
that the Langmuir adsorption maxima for molybdate adsorp­
tion on soil is negatively correlated with pH of the soil. 
Significant positive correlation coefficient are obtained 
between Langmuir adsorption maxima and oxalate extractable 
Al and Fe, exchangeable Fe and A1 content and free iron 
oxides of soil. Non-significant negative correlation is
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TABLE —X(A> l Correlation Coefficient values for Langmuir curves ror the adsorption
of molybdate by soils.

I rAdsorbents l Values (Significant at 156 level)
................... [... 40°C 1 20°C

Dhupgurl Soil 0.9839* 0.9511*
Laterlte Soli 0.9903** 0.9899*
Kalyanl Soil 0.9849 0.9472
Canning Soil 0.9655 0.9030
Org. matter free
Dhupgurl soil 0.9® 8 0.9937
Org. matter free

Laterlte Soil 0.9761** 0.9884**
»• Kalyanl Soil 0.98*1 0.9843
•, Canning Soil 0.9923 0.9523

Oxide free Dhupgurl Soil 0.9816** 0.9703**
,, Laterlte soil 0.9841** 0.9973**
,, Kalyanl Soil 0.9537 0.9943

Canning Soil 0.9774** 0.9582**

* Indicates r value for more dominant first
surface adsorption.

** Indicates r value for more dominant second
surface adsorption.
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TABLE-XI i Slirole correlation coefficients for the 
correlation between Adsorption maxima
and various soil characteristics.

Soli Characteristics 1 r value
’ 40°C I 20°C

pH -0.9906 -0.9615

CEC -0.6282 -0.5391

AEC ♦0.3774 ♦0.4592

Organic Carbon ♦0.1924 ♦0.2122

Dithioaite extractable

1) Fe 0.4817 0.5853

11) Al 0.8D98 0.7726

Oxalate extractable

1) Fe 0.8792 0.8901

11) Al 0.9565 0.9280

Exchangeable Al 0.9313 0.9421

Exchangeable Fe 0.9437 0.9549
p.2o5 * 0.8831 0.8872

(Table value at 1% level « 0.8783).
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observed with CEC of the soils and non-significant positive 

correlation is observed with anion exchange capacity of 

the soils9 organic carbon content of the soil and dithio- 

nite extractable Fe and A1 content of the soils. As repor­

ted by many workers (Jones and Uchara 1973; Wad a and HarwarA 

1974), the reactive sites of anion adsorption are iron and 

aluminium compounds of the soil. Correlation Coefficient 

values for these soils constituents obtained in the present 

investigation are also in conformity with those reports.

It is obvious from the results of tdie study that 

adsorption of molybdate by soil is primarily due to the 

presence of exchangeable Fe and A1 content of the soils 

Free iron oxides present in soil and organic matter content 

of the soils also play important roles in the anion adsorp­

tion phenomena in soil, as obtained for molybdate adsorp­

tion in the present case.

5.2,2. Desorption of adsorbed molybdate from the soil 
surface^

Desorption Isotherm for adsorbed molybdate from the 

soils are sho'.n in association with their respective 

adsorption isotherms in Figs.t3A(a), 14A(a), 15A(a) and 

16A(a). The curves indicate a stronger hysterosis in case 

of Dhupgurl and Laterlte soils. On the other hand, little 

hysterosis is found in case of Kalyani and Canning soils. 

Greater hysterosis in the former cases is obviously due 

to low pH of the soils and higher content of Al, Fe9 On
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the surface of the soils* At higher concentration of 
molybdate in solution, it is found that the desorption 
curve merges with adsorption curve. Indicating greater 
reversibility of the adsorption reaction at higher solution 
concentration of molybdate.

Release curves, as shown in Pig.19 reveal, higher 
slopes for Kalyani and canning soil compared to Phupgurl 
and Laterite soils, which is in conformity with higher bond­
ing strength of the molybdate with the latter soils. The 
K-vallues and adsorption maxima for those soils in respect 
of molybdate adsorption also in consistent with the slope 
of the corresponding release curves.

5.'?.3. Bonding energy of adsorption and other thermodynamic 
parameters of the molybdate adsorption on soil.

The K-value related to bonding energy tor molybdate 
adsorption as reported in the Table X(B), indicate that 
molybdate is adsorbed on Dhupguri soil with greater 
strength than that by other soils used In this lnvestiva­
tion.

Relatively greater strength of adsorption is observed 
at higher temperature in all the soils, except In Kalyani 
soil, indicating greater chemical nature of adsorption of 
molybdate on these soils.
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The change In free energy for molybdate adsorption 
in all the cases is found to be negative, indicating 
spontaneous adsorption of molybdate on these soils, which 
increases in the following order at 40°C level, Dhupguri^ 
Canning } Laterlte) Kalyani, however, at 20°C level, the 
order is Dhupguri ) laterlte) Kalyani y Canning*

Quite inconsistent result in bonding energy and free 
energy change is observed in caae of Canning soil, particu­
larly at higher temperature, falls to interpret the nature 
of molybdate adsorption by this soil.

Regarding the AH° value of the adsorption, it is 
observed that except in Kalyani soil, all are exhibiting 
positive AH° value,. Greater positive AH° Is observed 
in case of Dhupguri and laterlte soils. The A.S°value for 
the adsorption increases in the order

Kalyani^ Dhupguri^ Canning Laterlte.

5.2.4. Adsorption of molybdate on organic matter free soils.

The adsorption isotherms for the organic matter free 
soils of Dhupguri, Laterlte, Kalyani and Canning, at various 
concentrations of molybdate in solution are shown in Pigs. 
13A(b), l4A(b), 15A(b) and 16A<b).. The iurves usually 
consist of more than one region but unlike the native soils 
there are no quite prominent regions. However in case of 
organic matter free Dhupguri and Laterlte soils, the regions 
are somewhat prominent. Occurrence of more than one region
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wit h varying slopes in the isotherm curve, a- already -otr> 

out, is an indication of multi surface* adr,oration on the 

au-sorbents as hap: eneb with the5 la .ter sa lo,;,

The adsorption i .oth run of different organic matter 

free soils, followed the Langr uir equation. 'Hie correlation 

coefficient values for this, is reported in cue "a • 1r X(£)# 

The Lanmuir curve a of the respective ae non”! i on hare been de­

pict'd in the Firs. 1 5f(b) ,141 (b) , 1 (1 ) -rd 16! (b). However

in case of ore-5' ic natter f'ree Latorite soil a

break in the I anpr uir curve is oi .•■rrv^d, * nr fc-’t ing a second 

fixation reaction at ; Lgher cone rrtr"- nion of ref)ybd.ate ions 

in -s --l ution. This observation, unlike ho mt Lvo I-arc-rite 

sail, s ems to br duo to the emociro of occurrent curf^-e on 

rot oval of or,on etc ma i: V--r* On the other hand native rhurruri 

soil nhowin/ br- ak in its L»«pruir curve ^Tig.1 ' cue to

riirh orp.ar ic matter, fail:; to show any brook when the noil 

is freed from organic matter. This type of result for the 

Laterite .roil is due to its high fr e oxide content on its 

surface, which on rcroval of organic matter lecor-p the re-

active Sites fo -'•! ,;r<T< 'tion • On tlie a v:i r nnd o ■V' . - n i c r; a V !er

arid * 1 forming corn 1 P v y c?’t 1 al IP for ad non ti v. of anio>ns,

an r?~ i-or ted by Krinh' r-r rt hy or XL.o-' » t-wh V r'< a o cor trO -

ute tiif :'.VT race of' thf r 'V.' ‘ : or Vent Tor a • re ru ■ Y* V eh; r 5^> i on

r <- -ac t ion. 0 u r< r or a] of or n ic ! a- r Y t; 1;5 noil HO‘:vS no

break in rtir- I or-.- u it t :i;r,'f; •

'•'he La n ; uir p n y • • ee >■ ■") V Iff'"' '5nt then ■ Cnd -nnric

va_ ue>3 Calcli.1 a t Op „ nor ■■•of for or ■' i" i c r o -• - r 'roe o 11 s
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are given in the Table X(B).

In all the cases, except in case of Canning soil the 
removal of organic matter, deer ased the adsorption of 
molybdate. However, exceptional rise of molybdate adsorp­
tion is observed in case of Canning soil. The observed 
increase is obviously due to increase in the number of 
adsorption sites on the clay surface, some of which are 
blocked by the formation of clay-organic matter complexes 
in this soil.

The increase of adsorption maxima of the organic 
matter free soils foil ows the order :

Can> ing boil y T hupauri Soil ^Lateri te ~'oil^ Kalyani Soil,

It is further observed that more or less same value of 
adsorption maxima at both the temperature level in case of 
Dhupguri and Latr-rite soils. However, relatively greater 
amount of molybdate adsorption is observed in the case of 
Kalyani soil at higher temperature, on the other hand Canning 
soil adsorbs greater amount of molybdate at lower temperature,

5.2.5, Desorirtion of adsorbed molybdate from organic matter 
free soil.
esorption isotherm of molybdate for the organic matter 

free soils are shov/r in association with the adsorption iso­
therm is Pigs. 13A(b), 14A(b), 15A(b) and 1-6A(b), The curves 
indicate marked hysfcerosis, reflecting stronger bond ng ener­
gy of molybdate ions to the adsorbent in case of Iaterite
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and Dhupgurl soils. On the other hand, Kalyani and 
Canning soils show little hysterosls In this respect 
Indicating greater reversibility of the molybdate adsorp­
tion reaction by these soils* Marked irreversibility of 
the reaction is, however observed in case of organic 
matter free Laterite and Dhupgurl soils* Desorption curve 
merges with adsorption curve at higher concentration of 
molybdate in solution, In case of Dhupgurl soil, Indicating 
greater reversibility of the adsorption at this region of 
adsorption*

Though organic matter free Canning soli exhibits 
exceptional high amount of molybdate adsorption very little 
hysterosls of the adsorption-desorption curve is noted for 
this soil*

Slope of the release curve (Fig.19)» is found to be 
higher in case of organic matter free Kalyani and Dhupgurl 
soils, at higher concentration level* The release curve of 
the canning sod., also exhibits greater slope, indicating 
higher rate of release of the adsorbed molybdate* Laterite 
soil on the other hand, releases molybdate at a slower rite*

Removal of organic matter of Dhupgurl soil results 
reversibility of the reaction at high concentration of 
molybdenum and also higher slope of the release curve at 
higher concentration* The finding may be largely due to the 
presence of considerable amount of organic - Al complex 
which takes part In the ad sorption reaction of the anions
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like molybdate In this soil, which Is known to be a Spodosol

The removal of organic matter from Canning soil, 
however, results in greater adsorption of molybdate but 
with little strength. Freshly exposed surface of free 
oxides of iron may be partly responsible for enhanced adsorp 
tlon In this soil.

The Laterlte soil, where organic matter might protest 
the adsorbed phase by surface coatings, greater adsorption 
of physical nature, could be observed from which molybdate 
Is released only slowly.

5,2,6, Bonding Energy of adsorption and other thermodynamic 
parameters of the molybdate adsorption on organic
matter free soils

The values of K, which Is related to bonding energy 
of the adsorption and calculated from the Langmuir equa­
tion, are given In the Table X(B). The results indicate 
that X-values of all the soils except Laterlte soil, have 
been reduced by the removal of organic matter of the soils. 
Hence organic matter of the soils, shows an additive effect 
on the strength of adsorption by contributing more sites 
of adsorption* Laterlte soil, on the other hand adsorbs 
molybdate with greater strength, on removal of Its organic 
matter.
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Conflicting results, however. Is observed in case 
of Canning soil, where greater amount of adsorption occurs 
after removal of organic matter but with weaker strength, 
than it was in original native soil. It is also found that 
greater adsorption of molybdate in case of Cennlng soil at 
lower temperature, which reveals that adsorption is mostly 
physical in nature. This result is in conformity with the 
nature of adsorption • desorption curve and release curve, 
where little hysterosis and greater slope are observed.

Kalyani soil also adsorbs molybdate with greater stren- 
gth at lower teperature, indicating more or lesa physical 
adsorption of molybdate which is also the case with corres­
ponding native soil,

Regarding change in free energy, it is obvious from 
the Table-X(B) that the values are less negative compared 
to the original soils, however, signifying less spontaneous 
nature of the adsorption. Only the Laterite soil shows a 
slight increase in the negative value of AQ° on removal 
of organic matter from it.

Regarding the value of AH°. it is observed that like 
the native soils, Organic matter free Dhupguri, Laterite 
and Canning a oils exhibit positlva &H° values. On tha other 
hand Kalyani soil exhibits negative AH° value both in case 
of native and organic matter free 3oll. As regards entropy 
it dan be seen that greater values for Kalyani and Dhupguri
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soils and relatively lower values for Laterite and 

Canning soils*

5*2.7* Adsorption of molybdate in free oxide free soils I

The adsorption isotherms of free oxide free soil of 

Dhupguri, Laterite, Kalyanl and earning at two temperature 

levels, are shown in the Fig*17A and 18A* It is observed 

that on treatment with dithlonite, soils adsorb little molyb­

date* The Isotherm curves, which are characterised by 

initial gradual rise (region X), which finally flattens 

out (region £1). The adsorption Isotherm of dithlonite 

treated soils followed the Langmuir equation* The corre­

lation coefficient values for the same, have been reported 

in the Table X(A) and Langmuir curves have been depicted 

in Figs* 178 and 18B. However, in case of Dhupguri,

Laterite and Canning soils, break in the Langmuir curves, 

is observed, indicating second surface adsorption at higher 

concentration of molybdate in solution* The Langmuir adsorp­

tion maxima and K-value are calculated from the more dominant 

second surface adsorption. The related data have been 

reported in the Table XB. The data shows that In all the 

cases removal of oxides on treatment with dithlonite results 

drastic decrease in molybdate adsorption# The order of 

decrease of the adsorption capacity as follows -

Dhupguri soii^ Laterite soll^ Canning Soil^ JCalyani Soil*
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As the free oxide coatings on the soil surface are 
the major adsorption sites of anion, removal of the coatings 

results in a drastic decrease oi the adsorption capacity 

of molybdate by the soil. As Laterite and Thupguri soils 

contain large amount of the oxides, greater decrease of 

the adsorption capacity is observed for these.

In case of Laterite soil exposure of clay minerals 

particularly Kaollnite, Is largely responsible for the 

second surface adsorption of molybdate. It is al3o found 

in case of Dhupgurl and Canning soil.

More or !?ss some amount molybdate Is adsorbed at 

both the temperature level in all the oxides free soil, 

with the exception of oxides free Dhupguri soil, where 

relatively greater amount is being adsorbed at higher 

temperature.

5.2.8. Desorption of adsorbed molybdate fpom oxide free
sells s

The desorption Isotherms of the oxide free soils shown 

in association with their respective adsorption isotherms In 

the Figs. 17A and 18A, highlight little hysteresis of the 

Isotherm curve, indicating the reversibility of the adsorp­

tion reaction.

Greater reversibility of the adsorption coupled with 
slightly greater adsorption of molybdate at lower tempera­

ture level, reveal that adsorption of molybdate on oxide
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free soil Is mostly physical In nature.

Release fUfve (Fig*19) of these oxide-free soils, 
also show the steep slope, indicating rapid release of the 
adsorbed molybdate from the adsorbent.

5*2.9. Bonding energy and other thermodynamic parameters 
of molybdate adsorption on Free Oxide free sollsi

The value of K which is related to bonding energy 
and change in Gibb's free energy are given in the Table XB. 
It is found that the removal of free oxides not only decrea­
se the adsorption capacity but also reduce the K-value, in 
all the soils. Greater decrease of the K-value is observed 
in case of Bhupguri and Laterite soils. On the other hand 
Kalyanl soil exhibits little reduction rather little incr­
ease of the K-value.

In all the cases change in Gibb's free energy, calcu­
lated from K-value, are negative, indicating spontaneous 
nature of adsorption of molybdate on such soil samples.
More or less similar AtQ° value is observed in all the oxide 

free soils, particularly at higher temperature.

Regarding the value of AA It is found that, in all 

the cases, with the exception of oxide free Dhupguri posi­
tive A.«° value for molybdate adsorption. Negative AH° is 
being found only in case of oxioe free Bhupguri soil. Some­
what higher positive value of Ah° Is observed in case of 
Laterite and Kalyanl soil.
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Entropy change values are found to almost same 
in case of oxide free laterite, Canning and Kalyani 
soil. Slightly higher value is obtained in case of 
oxide free Dhupguri soil*



CHAPTER VI

STUDIES ON ADSORPTION OF PHOSPHATE AND COMPETITIVE ADSORB*
TION OF PHOSPHATE AND MOLYBDATE ON SOILS I

Phosphate and molybdate anions are similar in their 
behaviour in many reaction due to their anionic nature. As 
reported by Barrow (1970) adsorption behaviour of phopphate 
and molybdate is similar in soil. Hence competition 
between these two anions for the adsorbent sites may be an 
useful Information regarding the relative case of release 
of the one anion on addition of another. In order to 
assess such behaviour, in the present investigation experi­
ments are carried out on phosphate adsorption and co-adsorp­
tion of phosphate and molybdate on soil surface.

6,1 Materials and Methods t

Experiments on phosphate adsorption and co-adsorption 
of phosphate and molybdate were carried out on soils of 
four different agroclimatlc zones of West Bengal. The type 
of soil and their different physiochemical properties have 
been reported in the previous chapter.

To have an idea regarding the co-adsorption of these 
two anions from the same solution, it is necessary to assess 
the nature of individual anion adsorption on the soil sample 
used. Accordingly, like the molybdate adsorption a study on
.adsorption of phosphate was also under taken, the methods 
for which are depicted below.
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6.1.1. i) Methods of phosphate adsorption study t Phosphate
adsorption study was conducted by shaking 2.0 pi of 
soil with 50 C.C. 0.01 M CaCl2 containing different 
phosphate concentration In the equlllbrlating solu­
tion ranging from 20 to 70 ppm. For attaining equi­
librium, the soil suspension were shaken for 6 hours, 
followed by 40 hours Incubation at 40°C. 2-3 drops
of chloroform was added for Inhibiting microbial 
activity, If any. Immediately after completion of 
Incubation, the soil suspensions were centrifuged at 
8000 i>pm for 20 minutes. The clear supernatant liquid 
was obtained and taken for analysis of equilibrium 
concentration of phosphate.

11) Desorption of phosphate:- Desorption experiments 
for phosphate was done, according to the procedure 
used for molybdate desorption study.

lii) Adsorption Isotherm of phosphate *- For the 
adsorption data, adsorption Isotherms were drawn and 
Langmuir equation was used for it. Desorption data 
were computed from desorption Isotherm, for assessing 
any hysterosls in the adsorption - desorption Isotherm 
curve in association.

6.1.2. Methods of co-adsorptloa study of molybdate and 
phos hate on soil t
In order to determine the relative ability of soil to
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ad sorb phos hate and molybdate. It Is convenient, If the 
reaction of each anion with a given soli, can be character­
ised by a single value. However, for comparison, Langmuir 
adsorption maxima should not be taken, as because the con­
troversy over the Langmuir curve under more than one anion 
system. The procedure for adsorption was according to the 
procedure of Barro (1-970). For each anion, solution con­
centration was chosen and the quantity of adsorbed Ion in 
equilibrium with the concentration In solution was inter­
polated from the adsorption data as shown in Fig.21.

For molybdenum the concentration was 0.1 ppm. Accord­
ing to Barrow (1970), the primary reason for this choice 
was that it is a convenient concentration for analysis but 
an addition reason was that measurements were made at this 
concentration by Relsenauer, Tabikh and Stout,

Though Barrow*s choice for *P* concentration was 0.2 
ppm, in the present investigation, the choice of adsorption 
for *P* is 0.5 ppm^ Considering the usual ratio of *Mo* 
and 'P* concentration soil solutions.

In order to get different set of adsorption data, the 
four soils were equilibria ted with 1*1, 1*10, 1*30, 1*40 
and 1*50, molybdate t phosphate concentration in solution 
ranging for Mo 0.2 to 1 ppm and for phosphate 0,2 to 100 ppm.
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2.0 gms of soils were incubated for 40 hours at 40°C 
after 6 hours shaking with 0.01M Cac^ and respective 
molybdate- phosphate concentration in different ratios, as 
mentioned above* Immediately after completion of incuba­
tion, the samples were filtered and after discarding the 
first 5 C,C. filtrate subsequent filtrates were taken for 
analysis of phosphate and molybdate. From the adsorption 
data, different adsorption curves were drawn and at the 
chosen equilibrium concentration by interpolation, the 
data were obtained for necessary comparison.

6.2. Results an* Discussion

6,2.1. Adsorption of phosphate by soil t

The adsorption isotherms of the four different soils 
at various concentrations of phosphate in solution are shown 
in Figs. 20(A). The curves usually consist of three regions, 
characterised by initial steep rise (particularly in case 
of Canning and Dhupgurl soils) ef the isotherm, which bends 
and finally flattens out. The regions are I, II and III, 
which are prominent in case of Bhupguri, Laterlte and Cann­
ing soils. Adsorption 1sotherns for these soils are charac­
terised by more than one regions, clearly indication multi­
phase adsorption, with each phase having a definite set of 
energy level, in case of these adsorbents.

In all the soils, Isotherm curves follow the Langmuir 
equation. The correlation coefficient values for the same
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are given in tha Table-XII* The Langmuir curves are depic­

ted in tha Fig.20(B). It has bean found that break In the 

Langaulr curves oecured in case of Canning and Laterite 

soils. The adsorption maxima and K-value (related to bond­

ing energy) and change in Gibb’s free energy for the adsorp­

tion, derived thereof, are giv a in the Table XII.

TAKLE-XII i Correlation Coefficient values for Langmuir
Curves and Langmuir Parameters for the adsorp­
tion of phosphate bv soils.

Soils | *r,#

jvalues
jAdsorption}
{maxima I
j(mM/g) |

K-value
x10“3(M"1)

I -A G°
|(K cal/mole)
1

Dhupguri 0.8562 28.49 16.55 15.61

Laterite 
(1st surface) 0.9946 6.85 42.26 17.11

Laterite 
(2nd surface) 0.9829 25.83 0.24 8.86

Canning 
(1st surface) 0.9985 10.90 65.97 17.83

Canning 
(2nd surface) 0.9496 32.05 2.64 12.66

Kalyani 0.9829 8.40 2.28 12.42

* Significant at 1^ level.

It is clear frota the table that adsorption maxima of 

Laterite, Dhupguri and Canning soils are higher than that of



129

Kalyanl soil. Two surface adsorption occurs in case of 

Laterlte and Canning soil. High adsorption of phosphate in 
Laterlte and Dhupguri soils may be ascribed to the exchangea­
ble 'Al* of Dhupguri soil and high free iron oxide content 
of Laterlte soil respectively. High adsorption of Canning 
soil appears to be due to high pH and high exchangeable *Ca* 
content of this soil. Kalyanl soil on the other hand, 
though of high pH, adsorbs very little phosphate mainly due 
to low AEC and relatively low Ca and Fe content of this soil. 
High adsorption of phosphate of Canning soil appears also 
due to the high organic matter content as well as high anion 
exchange capacity of this soil.

While comparing the K-value related to bonding 
energy of adsorption it is fond that Canning and Laterlte 
soils bind phosphate with higher strength at the first 
surface adsorption compared to Dhupguri and Kalyanl soils. 
However, these two soils adsorb higher amount of phosphate 
at the second surface adsorption, with very little strength. 
Dhupguri soil adsorbs phosphate with greater strength, on 
the other haad Kalyanl soil adsorbs phosphate weakly.

Regarding change in free energy, it is observed that 
the value A®° (negative) increases in the following order, 
considering the first surface adsorption of Canning and 
Laterlte soil.

Canning^ La ter it a y Dhupguri y Kalyanl.
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From the observation it can be concluded that in 
Dhupguri, Latr-rlt. anS Canning soil, the adsorption 1. mostly 
chemical. However* in the second surface adsorption of 
phosphate on canning soil is mostly physical. Kalyani soil 
exhibits mostly physical nature of adsorption. The change of 
A°° clearly Indicates that the nature of phosphate adsorp­
tion by Dhupguri* Canning and Laterlte soils* is mostly 
chemical. Chemical precipitation of phosphate on free oxide 
of A1 and Fe present in these soils may be the principal 
cause of phosphate adsorption by Dhuqpgurl and Laterlte soil 
rather low pH of these soils.

6.2.2. Desorption Isotherm of Adsorbed Phosphate bv Soil i

The desorption Isotherms for the adsorbed phosphate 
by the soils* are shown in association with adsorption 
isotherm in Flg.20(A). The figares high light marked 
irreveaibility of phosphate adsorption in Dhupguri soil. 
Desorption isotherms of Laterlte and Canning soils show 
Irreversibility of adsorbed phosphate at lower phosphate 
concentration In solution but merging of the curve at higher 
concentration of phosphate with the adsorption curve* indica­
ting greater reversibility at higher concentration levels of 
of phosphate in solution. Kalyani soil on the other hand
exhibits little hysterosis* indicating a general reversibility 
•
of the adsorptlen. This observation is consistent with the 
K-value obtained for this soil. As Canning soil adsorbs



-131-

higher amount of phosphate with lower strength at higher 
concentration of phosphate In solution, maximal amount of 
phosphate gets desorbed from the surface, on the other hand 
Dhupgurl and Laterlte soli adsorb phosphate with greater 
strength, deaccrblng very little amount of phosphate from 
the surface.

6.2.3. Comparison of the adsorption of molybdate and 
phosphate bv soils s

The adsorption isotherms of phosphate and molybdate 
adsorption from the binary anion system of phosphate and 
molybdate of the equllibriatlng solution by different soils 
are shown in Fig.21. Adsorption isotherm for molybdate from 
the binary system in which molybdate to phosphate rattor,
Mo * P ranging from 1 : 1 to 1 : 50 show that Increase In 
phosphate conceatraticn in the solution results in a decrease 
of molybdate adsorption by dl ferent soils. The results are 
given in the Table XIII.

It ia observed from the Table that adsorption of 
molybdate decreases, as the concentration of phosphate 
Increases in the system. With fifty times addition of 
phosphate to molybdate in solution, the magnitudes of decrea­
se are 35.396, 51*696, 6096 and 77% in Dhupgurl, Laterlte, 
Kalyanl and Canning soils respectively.
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TABLE-XIIX i Molybdate adsorption (az/r) from the binary 
system of Mb and *P* at different ratios*

Soil 4 Molvbdate adsorbed for Ho *Tra;tlo--------j I 1*10 TWl 1*30 TWT 1W

Dhupgurl 7.4 6.0 5.6 5.2 5.0 4.8

Laterlte 6.2 5.2 4.7 4.0 3.6 3.0

Canning 1.8 1.5 1.2 0.9 0.5 0.4

Kalyanl 0.2 0.15 0.12 0.10 0.09 0.08

The adsorption of molybdate by Kalyanl and Canning 

soils, thus drastically reduced due to the addition of 

phosphate In solution. On the other hand, though Dhupgurl 

and Laterlte soils have high capacity for phosphate adsorp­

tion as well as can adsorb molybdate with higher strength, 

adsorption of molybdate Is decreased on application of phos­

phate as a general observation. But it is not so conspicuous 

as with Kalyanl and Canning Soils. Relatively high amount of 

free oxides or organic complexes of Fe and A1 present In 

Dhupgurl and Laterlte soils adsorb molybdate mostly by chemi­

cal forces from which desorption of molybdate, on application 

of phosphate can not be expected upto the mark as is observed 

In case of Canning and Kalyanl soils.

Considering the relative ability of molybdate and 

phosphate adsorption by these soils, It can be generalised 

that the Canning and Kalyanl soils possess greater affinity 

for phosphate compared to that for molybdate. Kalyanl and
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Carming soils go through mostly physical adsorption of 
phosphate and molybdate* resulting in a much higher 
decrease in molybdate adsorption in presence of greater 
anount of phosphate in equilibriating solution*

When comp ring the phosphate adsorption at 0*3 ppm 
equilibrium concentration of phosphate* it is found that 
there is no significant effect on the adsorption of phosphate 
by adding a small amount of molybdate in solution* The effect 
of co-adsorption is not observed due to the small amount of 
molybdate compeared to phosphate present in solution*



CHAPTER VXI

SUMMARY AND CONCLUSIOH

In th« present investigation, adsorption studies 
have been carried out with the anion molybdate as the adsorfe- 
ate and some hydrous oxides, phosphates, and carbonate, some 
clays in their homo-ionic forms and some soils belonging to 
diverse agroclimetlc zones of West Bengal, as adsorbents. A 
study on phosphate adsorption as well as phosphate-molybdate 
competitive adsorption by soil has also been made.

Among the two precipitated phosphates used, FePo^ has 
been found to adsorb much more molybdate than A1P0* at both 
the temperature (40°c and 20°C), used for the study. In both 
the oases Langmuir equation was followed and it is revealed 
from the K-value, derived from Langmuir Isotherm and related 
to bonding energy, that molybdata adsorbed by FePO^ with 
greater strength at both the temperatures. The free energy 
OP° value indicates spontaneous nature of adsorption by both 
the adsorbents. Higher positive values of AH° have been 
observed in case of FePG^, Entropy change /\S° has also been 
calculated and found to be more positive for FePO^.

Among the two hydrous oxide gels F*2°3* xH20 is found 
to possess a higher adsorption capacity for molybdate and 
corresponding Langmuir curve indicates a two-surface reaction. 
The hydrous Al20^, xH20 has been found to adsorb less molyb­
date at both the temperature used (20°C and 40°C). The AG0



135

value la much ion negative for A1203» xH20 than for Pe20^v 
xH20 which algnlUea core spontaneous nature of molybdate, by 
the former as also greater strength of adsorption* Negative 
heat of adsorption in case of Pe20^t xH20 signifies exother­
mic nature of reaction by the adsorbent9 whereas a positive 
AH0 value for A 1^0^, xH20 is observed* As0 value is found 
to be higher in case of P«2°3» aHgO*

CaCo^ exhibits very little adsorption of molybdate but 
rock phosphate has been found to show practically no adsorption 
of this anion*

From the various thermodynamic parameters derived for 
the adsorption of molybdate by the above inorganic materials 
it can be concluded that except possibly by CaCo^, the adsorp­
tion is largely chemical* The order of the degree of adsorp* 
tlon Is Pe203, xH20))Al203, xH20^ FePO^ Al PO^ y^CaCOy

‘Hie study en the adsorption Isotherm of molybdate by 
different homo-lenic Kaollnlte and Bentonite at two pH levels 
(4 and 7) and at two temperatures (20°C and 40°C) was carried 
out* Among the I-clays, it is found that at pH-4.0, the break 
in the Langmuir curve corresponds to a two-surface adsorption. 
The adsorption maxima calculated from the more dominant first 
surface adsorption indicate higher amount by H-Bentonlte than 
H-Kaollnlte at both the temperatures used. Higher amount of 
adsorption is observed at higher temperature but K-values 
related to bonding energy are found to be higher at low 
temperature In both the cases at this pH-level. At pH-7,
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the adsorption la such l^ss by H-Kaollnite but degree of 

adsorption also higher at higher temperature, signifying 

mostly physical nature of adsorption of molybdate by the 

clays.

Desorption isotherms studied revnal irreversible nature 

of adsorption by the clays except by H-Bentonite at pH-7.0. 

Slower release of adsorbed molybdate is observed at pH-4.0 

level compared t© at pH-7.0 in all cases.

Higher negative A° values, are obtained in case of 

adsorption by all the H-clays except for H-Bentonite at pH-7.0, 

indicating greater spontaneity of the molybdate adsorption, 

by the clays. In general, a greater affinity for molybdate 

on H-Bentonlte compared to H-Kaollnlte has been observed.

Adsorption study of molybdate on Fe-claya at different 

pH and temperature levels, reveals that lower pH value enhan­

ces greater adsorption of molybdate with higher strength, by 

these homo-ionic clays. Langmuir Isotherm indicates two- 

surface adsorption of molybdate by Fe-Bentonlte in all cases.

In the first sarface, adsorption is much higher, with greater 

strength compared to adsorption on the second surface.

Increase In pH, results in a decrease in molybdate adsorption 

drastically on Fe-Kaolinite, which is also observed in case of 

Fe-Bentonlte but to a smaller extent. Adsorption is higher at 

higher temperature in all the Fe-clays except for Fe-Kaolinite 

at pH-7.0.
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Desorptios isotherms show greater Irreversibility of 
the adsorption reaction on Fe-clays, Irrespective of pH and 
temperature bat at pH-7.0, Fe-Kaolinlte exhibits reversibili­
ty at higher concentration of molybdate in solution* Release 
of the adsorbed molybdate is gradual which is inconformity 
with the bonding energy of adsorption as well as hysterosis 
effect of desorption isotherm.

Change in free energy is negative in all the cases, 
indicating spontaneous nature of adsorption with Fe-clays.
A,H° values for adsorption in all the cases are positive 

except for the adsorption of molybdate on Fe-Kaolinlte at 
pH-4.0, which is negative.

From the observation it can be concluded that adsorp­
tion of molybdate on Fe-clays is largely chemical in nature.

Adsorption studies on molybdate with Al-clays indicate 
a two-surface adsorption of molybdate at both pH and tempera­
ture levels studied. Greater amount of adsorption by both the 
Al-clays at lower pH level, has, however, been observed* 
Temperature change has little effect on the adsorption of 
molybdate on Al-clays, except for the adsorption on the 
second surface of the Al-Bentonite, indicating appreciable 
chemical nature of adsorption on this surface.

The desorption isotherms Indicate strong hysterosis in 
all the cases of Al-clays, reflecting irreversibility of the 
react!cxi. However, at higher pH level, reversibility of
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adsorption can be seen at higher concentration of molybdate 
In solution, which is inconformity with lower bonding energy, 
at the second surface adsorption. Release curves also indic­
ate higher rate of release at higher level of molybdate in 
solution as well as at the higher pH.

Change in free energy AG° for the adsorption is 
found to be negative, indicating spontaneous nature of adsorp­
tion of molybdate by the Al-clays. In all the cases >VH° is 
positive, except in the adsorption of molybdate on Al- 
Bentonlte at pH-4.0, Entropy change la higher at pH-4.0 
level than at pH-7.0.

Adsorption isotherm of molybdate on Ca-clays at two 
pH levels and temperatures followed Langmuir equation at 
pH 7.0. Ca-Bentonite at pH-4.0, however, follows Langmuir 
curve only at lower concentration level of molybdate. At 
lower pH values, greater m ount of molybdate is adsorbed 
by the Ca-clays, of which Ca-Bentonite adsorbs greater 
amount of molybdate with greater strength. Except Ca- 
Kaolinlte at pH 4.0, higher amount of molybdate is adsorbed 
by Ca-clays, at higher temperature at both the pH level used.

Change in Cibbt* free energy is higher in case of 
adsorption on Ca-Bentonite and is relatively higher at higher 
pH level also. Heat of reaction value is positive in
both the Ca-clays at pH 4.0 1 vel but negative at pH-7.0 
level, indicating exothermic nature of adsorption at higher 
pH level.
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Desorption Isotherms of Ca-clays, Indicate reversibi­
lity of the adsorption reaction at pH 7*0 level but Irrever­
sibility at pH 4.0 level.

Considering all the homo-ionic clays It Is observed 
that Fe and Al play dominating role In the adsorption of 
molybdate by chemical force and with higher strength. Lower 
pH value enhances adsorption in all the cases and at pH 4,0 
the degree of adsorption follow the order

Fe-Bentonltey H-Bentonlte yA1-Bentonite y Ca-Bentonite
Fe-Kaolinlte } Al-Kaolinlte ) H-Kaolinite y Ca-Kaolinite

At pH 7.0, the order is found to be slightly modified as t

H-Bentonlte yFe-Bentonlte yA1-Bentonite yCa-Bentonite
Fe-Kaolinlte v- Al-Kaolinite) H-Kaollnite> Ca-Kaollnlte.

Adsorption studies of molybdate on the four different 
soils show that the adsorption Isotherm la characterised by 
different regions. Indicating multiphase adsorption. The 
adsorption maxima calculated from the Langmuir curve indicate 
greater adsorption of molybdate on Dhupgurl and Laterlte soils. 
The adsorption increases in the order s

Dhupgurl soll^} Laterlte soil y) Canning soll^Kalyani soil.

More or less same amount of adsorption has occured at 
both the temperature (20°C and 40°C), except in Canning soil, 

where greater adsorption at lower temperature is observed.
The break in the Langmuir curve Is observed In case of Laterlte,
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and Dhupgurl soils* Fxcept Kalyani soil, In all the cases 

higher bonding energy at higher temperature, reveal the 

chemical nature of adsorption* The presence of high amount 

of exchangeable Al in Dhupgurl soil and free ferrid oxide 

in Laterite soil appear to be the reason for this*

Organic matter has been found to play an important role 

in the molybdate adsorption, as its removal from the soil 

results in drastic reduction of molybdate adsorption in all 

the soils, except in Canning soil* Interesting observation 

is found in Canning soil, where highest amount of molybdata 

has been adsorbed on removal of organic matter, although 

with little bonding energy. Higher adsorption of this 

organic matter free soil is found at lower temperature* In 

other cases, adsorption is higher at higher temperature* 

Organic matter free Kalyanl and Canning soils adsorb molyb­

date with lesser strength. Laterite soil, on the otherhand, 

adsorbs molybdate with greater strength after removal of 

organic matter*

Removal of free oxides from the soil decreases molybdata 

adsorption, which is more prominent in case of Laterite and 

Dhupgurl soil* The removal of active sites from soil, 

results in reduction of molybdate adsorption. The K-valua 

related to bonding energy of adsorption on oxide free soils, 

are also lower in both the temperatures, Indicating weaker 

strength of adsorption*
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Desorption Isotherms of native and organic matter free 

Dhupgurl and Laterlte soli, highlight greater Irreversibility 

of the adsorption, on the other hand little or no hysterosls 

is observed in case of Kalyanl and Canning soil. Though 

organic matter removal causes higher adsorption of molybdate 

In Canning soil, the little hysterosls In desorption curve 

is observed, which is inconformity with the lesser strength 

of adsorption, indicating some what physical nature of 

adsorption.

Removal of oxides also results In complete reversibi­

lity of the adsorption of molybdate on soil which also con­

firms the physical nature of adsorption.

Adsorption maxima of the soil for molybdate adsorption 

is significantly correlated negatively with pH of the soil 

and positively with oxalata extractable as well as exchange­

able Fe and Al in soil. Adsorption maxima is also correla­

ted positively with free Fe20^ content of the soils.

In all the cases negative Ac0 value has been obtained 

indicating spontaneous nature of adsorption at both the tem­

peratures. Greater negative values are found in Dhupgurl 

and Laterlte soil. These are also higher in case of organic 

matter free Dhupgurl and Laterlte soil.

. Regarding change in AH° value it is observed that 

except Kalyanl soil, In all the cases it is positive, indica­

ting endothermic nature of adsorption, on the other hand
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necpttive H° of Kalyani soil la an indication of exothermic 
reaction# Sane observation Is also noted In case of adsorp­
tion on organic natter free soils#

Proa the thermodynamic parameters and nature of 
adsorption curves, it can be concluded that more or less 
chemical adsorption of molybdate takes place on native and 
organic matter free Laterlte and Dhupgurl soils, whereas 
all the oxide free soils, show some what physical nature 
of adsorption. From the Correlation value it can also be 
concluded that the adsorption of molybdate by these soils 
is primarily due to the presence of Fe^O^, and exchangea­
ble Fe and Al content of the soils.

Studies on phosphate adsorption on different soils 
show that the adsorption isotherms at 40°C are characterised 
by three distinct regions, indicating multiphase adsorption 
with each phase having a definite set of energy level# In 
all the cases isotherm curves follow the Langmuir Isotherm* 
Breaks in the Langmuir curves are observed in case of 
Laterlte and Canning soil, indicating two-surface adsorp­
tion of phosphate on these soils# The degree of adsorption 
of phosphate by soils is found to increase in the order t
Canning(second surface)^ Dhupgurl^ Laterlte (second 
surface)^ Kalyani#

K-value8 related to bonding energy indicate greater 
strength of adsorption in case of Dhupgurl and Canning soil# 
Canning and Laterlte soils adsorb smaller amount of
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phosphate on the first surface but with higher bonding 
energy, Kalyani soil, on the other hand, adsorbs phosphate 
with little strength,

Gibb’s free energy change (A0°) for phosphate 
adsorption, increases in the order t

Canning y Laterite ^ Dhupguri y Kalyani,

Desorption isotherms of phosphate highlight marked 
irreversibility of the adsorbed phosphate in Dhupguri soil, 
Laterite and Canning soils show reversibility at higher 
concentration of phosphate in solution but irreversibility 
at lower concentration, indicating physical nature of 
adsorption at the second surface adsorption, whereas 
Kalyani soil show little hystorosis in the isotherm curve, 
indicating a general reversibility of the adsorption.
Hence, it can be concluded that adsorption of phosphate 
on the Dhupguri, Laterite and Canning soils is mostly 
chemical In mature.

From the studies on the comparison of adsorption of 
molybdate and phosphate on soils from the binary system it is 
observed that the adsorption of molybdate decreases as 
concentration of phosphate increases in the solution. The 
order of decrease is found to be as follows I

Canning soil^ Kalyani soil ^ Laterite soily Dhupguri 
soil.
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Conslderlng the relative ability of molybdate and 
phosphate adsorption by these soils, It can be generalised 
that the canning and Kalyani soils possess greater affinity 
for phosphate compared to molybdate. However, no signifi­
cant effect of phosphate adsorption on the adsorption of 
nolybdate at 0,5 ppm of phosphate in solution A equili­
brium is found in the binary system, by adding a small 
amount of nolybdate in solution*



CHAPTER YIH

FUTURE SCOPE OF RESEARCH OH THE APSQfyTlON

In the present Investigations most of the experlaents 
were carried out for assessing the nature and degree of 
molybdate adsorption by various adsorbents, on the basis 
of Langmuir parameters. Emphasis was given on the affinity 
of molybdenum for several soil constituents, as formulated 
previously by various Scientists. In order to make it 
more fruitful and practical one, it la necessary to study 
the molybdate adsorption over a wide range of soils as well 
as other soil constituents. The important factors which 
are conducive for molybdenum adsorotion, have to be located 
on the various soils. The nature of adsorption and desorp- 
tion curve would ha'e to be correlated with the various 
availability indices and adsorption with respect to plant.

The various equations, formulated by several workers, 
for overcoming the limitation of Langmuir model in soil 
system have also to be taken into consideration, for more 
fruitful and scientific computation of the adsorption data.

The Important parameters obtained from Langmuir 
equation l.e, K-valus related to bonding energy and adsorp­
tion maxima, have to be correlated with the availability of 
the applied molybdenum, if there is any possibility for 

* assessing the fertilizer requirement of soils by this con­
sideration, The constants obtained from the equation for
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soils of diverse class and different agro-clinatic zones 
nay provide useful informations for assessing the fertilizer 
requirement and this necesaiates the investigation of sorp­
tion ino ces with the better physico-chemical basis*

As a soil is enriched or depleted in molybdate* there 
are changes in both solution and supporting pool of labile 
molybdate* The manner in which they change* however* differs 
from soil to soil according to the slope of the sorption 
isotherm* which express the buffering capacity of the soil 
with respect to molybdate* This slope may be a much more 
permanent soil characteristic than either the existing 
molybdate content* vhlch varies the manurial treatment or 
the amount sorbed from a given solution. Further research 
on all these aspects is necessary from the practical point 
of view,

Regarding the competitive adsorption of with other anion* 
it needs further investigation on co-adsorption with sulphate* 
silicate* borate and chloride* Suitable equations for 
computing the co-adsorption are required to be formulated in 
order to estimate the various thermodynamic parameters* 
Particularly for this purpose, equation developed by Harter 
and Baker (1977) can be taken Into consideration. In this 
aspect also* the sorption indices have to be estimated for 
Assessing the nutrient interaction in soil solution and 
absorption by plants*
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Th# effect of organic natter on molybdate adsorption, 
needs further research, particularly on the nature of 
compounds formed after adsorption of molybdenum on various 
organic or clay-organic surfaces.

The formation of heteropoly anions such as phosphomolyb- 
date, si11comolybdate etc, as well oxy-catlons of molybdenum 
also need some consideration if molybdate adsorption in soil 
is to be more fully understood*

The adsorption of molybdate on precipitated form of 
Ftf04 and *1P04 need. . more detail study for finding out 
the nature of adsorbed compounds*
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