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CHAPTER I
INTRODUCT ION

1.1. General Introductiopn s

Molybdenum is an essential micronutrlent}elament 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 mblybde-
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 molybdeénosis
disease, These secemingly conflicting situations result from
i) 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 1ii) the very
prenounced influence of soil properties upon the availability
of 30il and fertilizer molybdenum to plants.

It is widely held that the adsorption of the element
as molybdate ion (HHoOZ or Moozz) 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 81,1951, Jomes 1957).



-l

Variable chad%e minerals, such as iron and aluminium
oxides are important in the reaction of meny ions with soil,
Anions are strongly adsorbed by these compounds. The adsorp=-
tion of anions by iron and slurinium sesquioxide components is
an important phenomena in soll system. In the tropical and
sub=tropical areas, where many soils contain sigrificant asmount
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 sluminium oxides
with well defined surfaces to study ion adsorption. This has
stimulated much further research and has led to the development
of a genernl 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).

Forration of precipitated form of A1PO, and FePOa is
also known in s0il in the reaction of phosrhate with the ions
of Fe and Al in solution or in adsorted phase, These precipie
tated forms of AIPOQ nd FePOA, may also contribute surface

for adsorption of molybdate on 1Lt,

From the agricultural and environmental stand points, the
need for understanding, factors of ion partition across solide
liquid interfaces 18 of rreat importance, MNutrient cations
and anions held on the soil surfaces as exchangeatle lons,
reach the planmt root zone through the s0i1l solution by exchange
rhenomena, The ions of the soil solution is always at equill=-
brium with the exchangeable 1lons on the so0lid phase,
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An adsorption isotherm describes the equil2brium
relationship between the amounts of adsorbed and desorbed
species at a given temperature. The adsorption equations
developed by Freundlich and Langmulr to quantitatively
descrived 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, ¢lays and soils,

Molybdate sorption on soil has been used as an index
of a s0il's potential for decreasing the availability of
molybdenum to plants (Wells 1955, Barrow and Spencer 1971).
The behaviour of the labile nutrient ion in so0il is domina=-
ted by the sorption and desorption processes. An index for
general characterization of the phosphate or molybdate rela=-
tionship of solls, should therefore reflect their sorption
properties. To realistically measure, the capacity of a
soil to sordb fertilizer molybdenum, sorption characteristics
should be analysed at low equilibrium concentration of molybe
denum, Sorption sites on soil particle surfaces undoubtedly
exhibit a wide rance of affinities for Mo. A portion of the
sorbed molybdenum become unavallable 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 cdesorption is relevant to the
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uptake of nutrients by plants, The availability of nutrient
anion is dependent on the characteristics of desorption iso=
therm, 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. From the Langmuir intercept,
the K-value or equilibrium constant, related to bonding
energy can be computed, With the help of the variocus there
modynamic constants computed from the Langmuir isotherm, the
nature of adsorption can be ascertained, Adsorption curve
in assocliation with desorption curve will give an indication
about the strength of adsorption and behaviour of the adsore

bed anion in soll system,

Competition 1s 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 snions « phosphate, sulphate and mo;ybdate
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 18 convenient if the reaction of the anion with

a given soil can te characterised by a single value such as



for example the adsorption maxima, calculated from the
Langmuir Curve, The comparison can also be done by
considering the single value characteristics, ob-ained
from the adsorption at particular equilibriurm concentra-
tion, e.g. for molybdate it is 0,1 pp@,for phosphate 1t
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 1sotherms along with the
various thermodynanic constants, are tae useful tools for
assessing the nature of adsorption reaction, release of the
adsorbed anion, possible deficlency of the aprlied nutrient
anion or in m-re detail for assessing the fertilizer require~
ment and it's fate in a particular soil, Similar studies
with various soll constituents in pure form have been found
to be of much help in avoiding amblguity in interpreting
the results of study with the heterogeneous soll systems,

1.2. Scope obdective 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 soll solution. Heterogeneous nature
of soil 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 impore
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 1is
using this equation as because, it will give some useful ine
formation like bonding energy, adsorption maxima, chance in

the free energy, enthalph@ and entrophy 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.

Molybdate anion, which is an importsnt micronutrient
element of the plants, goes through lot of chemical reactions
in soll, at the same time deficient to the plants as well as
toxic to the ruminants, So assessment of the reaction, in
crder to quantify the fertilizer requirement, is ec<sential,
So for this. it needs much more idea regarding its nature of

transformation and diffusion in soil systenm,



As because, the adsorption sites for molyhdate, are
mainly the hydrous oxides of Fe and Al, and thelr coatings
on soll and clay surfaces, the exp riments were carried out
on the precipitated form of pure Fe and Al hydroxides gel.
On the other hand the mora or less similar behaviour of the
phosphate and molybdate in soil reaction particularly in
acid soils, there may be some possible sites for molybdate
on Fe and Al pnosphates, Al=- and Fe phosphates are the
likely product of the acid soil, on application of phos=
phatic fertilizers as reported by Bache and others (1963),
Thelr chemical nature exhibit some sort of exchange reaction
with other anions similar to phosphate, So molybdate, more
or l=ss 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 ard Al phosphates as adsore

bent has been considered,

Calcium carbonate is an important soil constituents
of the calcarious soil, as well as used as soll amendment,
may contribute surface area for anion adsorption. As litee
rature rev.-als that phosphate adsorption study on calcite
but with little study for other anicn adsorption. In the
present investigaticn it is taken as an adsorbent for molybe

cate adsorption,

Rock phosphate, a product of pgeo-chemical reaction,

also used as fertilizer may take part in the adsorption of



of molybdate in s0il, The similar behaviour of phosphate
and molybdate, in acid solution may result some adsorption
of molybdate on the surface of rock phosphate. Keeping
this‘vicw. the rock phosphate of 80 mesh size was taken as
adsorbént 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 interprete 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 sdected, 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 s0il systems
wvere 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, jl1, Fe afd
Ca., On the homoionic clays the adsorption experiments were
carried out under two level of pH of the system, The major
cations controlling the soil resctions are Fe, Al, Ca, H, Na

and K, out of which, as litersture reveals, Fe, Al, Ca and
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H are important so far as the adsorption of molybdate ion

is concerned. As anion adsorption is a pH dependent pheno-
mena, two levels of pH were selected for comparison and in
order to assess {ts influence, particularly on the adsorp-

tion in homoionic clays.

In order to assess the nature of molybdate adsorption
on soils adsorption isotherm, studies were undertaken with
different soils -~ native, orgzanic matter free and free from

oxides of ion and aluminium.

Different workers have used higher concentrations of
molybdenum in the adsorption study. In order to avoid
possible polymerization of molybdate ions the experiments
were carried out at a concentration lower than 3x10'“!
where no polymerization is likely to occur., While seleecting
the concentration range, the concentration of molybdenum in
soll 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 is0=
therm conditions., Study of isotherm at two termperature
levels, 20° ana 40°C (3ﬂ°) was undertaken in order to find
out changes in enthalpy and entrophy of the adsorytion ree-
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 hysterosis of the curves, which
in turn, would indicate the reversibility and irreversibilg-
ty of the adsorption reaction. The nature of desorption =m
curves and the relative bonding energy values can also re=-

flect their conformity off 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
thelr behaviour in the soil system, so far as adsorption
phenomena is concerned, competition of adsorption dbetween
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 equilibrie

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,



With a view to get some new information on the adsorption
of molybdate, the present investigation considered the
adsorption studies on the precipitated form of strengite,
variscite, CuCO, and rock phosphate.



HAPTER -
REVIEW OF ERATURE

2.1, Soi] chemistry of Molybdenup 1

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 scil
solution at 10% moisture. It has been estimated by
Chatterjee and Dakshinamorthy (1962) that the total Mo content
of Indian soils ranges from 0,6 to 134 ppm of which, availa-
ble amount is from 0,012 to 0.34 ppm.

Amin and Joham (1958) reported that oxides of both
Mo and Mn react as acids or bases depending upon %heir
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 1t decreases, lloo3 in which
the metal 1s hexavalent acts as an acldic oxide and readily
conbines with the oxides of Na, Mg and K, to form soluble
molybdates, Hoo2 and hemi penta 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.

247141, Anionic nature o Molybdenum : - 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 chemis-~



13w

try of its anions, Solubilities of different Mo containing
minerals estimated by Vlek and Lindsay (1977) show a general
decrease in the order, Cu MoO,) Zn MoO, MoOy\, H MoO, )
CaMoOI(') Pb MoO,.

They also estimatcd the z0lubility of Mo from soil by
the following equetion.

S011=MO e Moo;: + o.848"
w
[ 1og K° = =12,4 7

The expression 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. I® 18 generally accepted that
basic solution of molybdate contains only simple tetrahedral
Mooz ions. Upon acidification, two reactions occur, First
the molybdate ions bvecome protcnated forming monomeric
H uoo; and H,Mo0, and after protonation, condensation
begins forming a series of iso or hetropoly molybdates,
However recent research has shown thrt concentration affects
polymer formation so that polymeric forms do not exist in
solution having a Mo (VI) concentration less than 10'kM
[fAverton et al.(1953), ChoJnacki (1963), Jenkin (1963)
Rohwer (1955),7. Lavy (1964) studied the saturation extracts
of several Indian so0ils, in which the concentration of Mo

varled from 2 to 8x10“8M; hence polymeric form would not

exists In such soil solution.
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The l1literature reveals, however, that the exact form(s)
of the acid condensation product remains in considerable
doubt, According to Scharszenbach and Meir (1958), an
intermediate monomeric form of molybdate in acidiec solution
is Mo (OH)6 or 8003.3820. This form an easily polymerize
by forming an oxobridge with the elimination of water.
Carpeni (1947) further concluded that only monomeric molybe

-dy

date ions exist in solution of less than 3x10 M Ko05 i.e.

approximately 29 ppm Mo at all pH values,

The form of Mo in solution varies with pH, Rohwer et al
(1964) found that most of the Mo was present as unionised
Mo (OH)5 at pH-2,5, Chojnacki (1963) reported that in very
dilute solution (10™°M to 10‘8n). MoO,, HMoO,, disappear add
cationic forms appear. From pH 2,5 to 4,5, the species in

solution generally decrease in the order,
- - (] L 2 +4
noon HMoO,, )Hzl!ooh ) nooz(on) > Mooz
Since most of the soils have a pH above 5,0, the
MoO, would be the predominant form in soil., The available
evidences also indicate that only monomeric forms would be

adsorbed (Reyes et al. 1967, Barrow 1970), from solutions
on the soil c¢olloids,

2.1.2. Reactions of Molybdenum in Soil ¢t = Mo exists {n

combination with botn 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 less than 1 ppm, which
suggests a strong affinity of Mo by iron and its compounds.
Evidence of the greater affinity of Mo for F°2°3* xﬂZO than
A1,05, xH,0 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 ), Rabinson amd
Edington (1948 ), Wells (1956) and others.

Several workers have shown that -

1) 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
increments of Hooz added in soilj

111) The sorption of Hooz 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 molybe
dates by Fazo3. xHZO was investigated by Reimenaur gt 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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Sehlichting (1960) reported that there was a close rela=

tionship between the reserve Fe and of 'P* or 'Mo' in soils

containing bog iron.

Trobisch et al. (1963) reported that there was a close
relationship between the amount of Mo and soluble iron in
soil; low amount of Fe-extracted with oxalate of low concene

tration or with EDTA, were accompanied by low amount of Mo.

Results suggest that Mo 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 (Nﬁ“)2 C,0,» at pH 3.3 can be considered
to play the major role in Mo sorption.

2.2+ Adsorption of Molybdenum s~

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 Al sesqui 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
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development of a general model for ion adsorption on
hydrous oxide surfaces, which takes account of the pH
dependent charge on the surface and the charge of the
adsorbing ion (Bowden et 8l.1977). It has become apparent
that the adsorption behaviour of many anions, in particular
the important mutrients phosphate, sulphate and molybdate
18 very similar (Barrow 1970), In the following discusse
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 te
There are different techniques of study the adsorp=

tion reactions of anions. They are as follows =

a) Infrared spectroscopy,
b) Kinetic study,
and ¢) Adsorption isotherm,

Infrared spectroscopy can be used to study both the
nature of the adaorbing 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 OD 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 tnhe 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 18 very difficult to interpret kinetic data
without some reasonable theory. The studies of kinetics
of isotopic exchange led Aikinson et.al.(1972) to postulate
that phosphate formed a bridging complex on Goethite,
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 detall in the next section.

2.2.2, Adsorption Isothermsg ¢
Theoretical consideration s~ 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-

ased as

X . K‘Pyn
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Where X3 of adsorbate is adsorped bymg of adsorbent
at pressure P,, 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 adaorbent: nis
always greater than unity, meaning that adsorption does not
increase as the pressure. Taking the logarithm of both
sides,

log */m = 1og K +yn log P.

This 1s the equation for Freundlich adsorption isotherm,
The graphical representation of log */m against log P, should
g;ve a straight line., But practically at low temperature
taere is deviation from this linearity and the equation is
congidered 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 'G' of the

surface of an adsorbent covered by an adsorbate is given

o 0 = yipe

Where C = gequilibrium concentration of the adsorbate
and K is the constant related to the adsorption energy.
Again, O = x/m/xm. where xm 18 the sorption maxima and x/m
is the amount of ion adsorbed per unit weight of the

adsorbent,



On considering the above two relationship the adsopp-
tion equation may be written in linear form

c/x/m - C/m + sz'i and a plot c/x/m apainst C

should give a straight line of slope ¥xii from which x/m
may be caslculated 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 surlace coverage. The equation is 3

X /o ™ ~£* 1o aC

where A and b are conatants, A plot of X against log C

should give a straight line.

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 interactior. of anions with hydrous oxides or soils,
Most of the adsorption isotherm reported in the literature
belong either Higheaffinity type as defined by Gitbs el al,
(1960) or Langmuir type.

In the Langnuir model derived for the adsorption of
gases on the'solid surfaces, it is assumed that the adsorpe
tion is restricted to a monoleyer and the energy of adsorpe-
tion does not vary with surface coverage. Thus the sites
must be isolated and uniform and the adsorbed molecules

must not interact with each qthsr.

Over wider concentration ranges (Bache and Williams
1971) the adsorption plots were h;;ever curved. This
curvature indicates that the bondihx 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 lLangmuir model to describe
anion adsorption at solid solution interfaces has led to
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the use of two or three term Langmuir equations which give
much better description of experimental data (Muljadi et al.
1966a, Holford et al.1974, Rajon 1975 C, Rayden et al.
1977v).

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 3 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 may undego
a phase change., The true irreversibility is considered to

AN
Region III

AN
Region II
F&\\

Region I

tpe
adsorbed

Equili conc.

exists only 1f the isotherm lies on y-axis. If the isotherm
is dependent of time and does not lie on y-axis, 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
1imbs 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,

1T, II 1T, II
x.x1xzc*x11x2rrt_:.
/a® ToxTc 1 ek

where K, = y~intercept and K1 is the gradient‘1, I end 1I
referring to Part I (straight line for lower C value) and
Part II ( straight line corresponding to higher C value),

respectively,

Syers et 8l1.(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 sordb added inorganic phosphate.

Holford et.al.(1974) used the method of least squape
for calculation of bonding energy for two different regions.
For this they have used the Rathamsted Maximum Likehyhood
computer programme, developed by Ross (1973).

Attempts to use the Langmulr equation for phosphate
adsorption on synthetic goethite have not beenm successful
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(Bowden et @1.(974), although synthetic goethite crystals
have only one site available for anion adsorption (Parfitt
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
Langmuiy equation in the soil system i{s due to the conco=
mmitant desorption of another species. When a segond spe=-
cles 1s desorbed, reaction of the adsorbate with the
surface will be altered depending upon the concentration
at equilibrium cz. they developed the equation

C,/C ) c

According to them it is familiar liner form. But
difficulty arises in the estimation of cz. which 18 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 (adsorpe
tion capacity) and intensive (affinity) properties of the
adsorbent for the adsorbate, However Adamson (1967) has
suggested that the Freundlich parameters may be roughly
interpreted in the same way. Fitter and Sutton (1975),
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apparently resarded the exponent as an extensive property
when correlsting 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 pho%phate was vitiated by failure
to recognize the limitation of the Langnuir equation (Holford
et g21.1974) 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 18 under estimated by éimple Langmulr 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 Langnulr equation may be used to provide a single
sorption characteristic sorptivity from the product of the
two constants, This parameter which is m°ximum slope of
the sorption isotherm, as solution concentration tends to
2ero, is an excellent index of potential immobilization or
unavailability of labile phosphate in soil (Holford 19574).
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2.2.4, Free ene ¢ e in Adsorption from
u rium cons 8 3

The chomical resctions proceed until the free energy
of such 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 = - Rrink®

where XK° 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 (Alexandar and Johnson 1349), At equilibrium
the standard free energy of the reaction A c® 1s given by

o a
L 67 = -AT 1n ( 32%&% ) , where 'a' indicates

asolution
the activity of the solute in the phase indicated and
a
asolgd -K,
solution

Where K is the equilibrium constant for the reaction.
The activit: of the solute in the sclid (surface) phase is
normally measured in terms of moles of sorbed solute per
unit surface area, but it is unlikely that the phosphate
sorbed on to sexquioxide surface will all remain in equilie-

brium with sclution and the measurement of the amount of
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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 de
combined with the total phosphate concentration (activity
coefficient are constant at constant ionic strength used),

to give an approxiuate functions sf the sorption energy

P
D @' = log,, pEorbed

in solution

It is raported by Alexandar and Johnson (1949), that
[\ G' 1is not constant but varies with the solute present,
It 13 suggested that solid phase component of the reaction
£s not likely to be conactant., However, this free energy
function may provide a valuable method for characterizing

the s0lid solution system,

K, the equilibrium constant can be estimated from
the intercept und the adsorrtion maxima of ti.e Langmuir
curve, The value of K, obtained from Langzulr curve

can also be directly computed by using the relationship =

K= er?guy—- where O is the fraction of surface
covered and C 1is the equilidbrium concentration. Value of
O is obtained as the ratio of amount sdsorbed/maximum adsorp

tion,

Enthalpy of adsorption (/\ H®) can be calculated
from the value of K at two different temperatures with the

help of €ausius~-Clayeyrou equation,
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c 1
ng[‘éjo - - %Hoa(y“’%z)

where c, and 02 are the equilibrium concentration

at 21 and Tz respectively,

The above equation can be written in the following

fora

Ky =AK 4 4
log g = vy (F o)

Entrepy chanze (/A S°) can be calemlated from
AGO‘AHO‘TA'Sot

Rayden et al(®B77b) have used the approach to calculate
[;.G° for three regions of isotherm for phosphate adsorp=-
tion. In this approach the free energy of adsorption
(L) G ads) 1s separated in to t.ree component. /A G coul,
the coulombic component and /\ G int, the interaction
component, /\ G chem - the chemical component,Athua,

[ G ads = A Gcoul + /\ G chem + /\ G ixt

In different ions such as nitrate are adsorbed
only on positively charged surfaces and /\ G coul is sig~
nificant but /A G chem is low. If an ion is adsorbed out
of proportion to ita activit} in solution because of the
size and polarizability of the ion, /\ G int i3 also
important. Potential determining ions and ligand eihhango
ion can be sdsorbed on a surface of like charge or zero

charge and /\ G chem is significant,
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2425, Iggg;tggeo of Adsorption ijgotherm study in soil
gystems

Soil systems due to its heterogenous characteristics
can undergo a lot of reactions, Adsorption isotherm can
sometimes be used to give an indication of different types
of such reaction es 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 (Parfitt et al., 1977a). For phosphate
adsorption Ryden et al. (1977a) used five Langmuir equations
which then were reduced to three equations by successive
approximation thus dividing the isotherm into three regions.
The nature o7 adsorption in regilon I and II is largely
chemical, where as physical adsorption may occur in regton
I1I. Rajon (1976) and Parfitt et al.(1976) suggested that
OH,* and OH™ participrte in exchange resction with phosphate
in region I and II.

The behavicur of labile inorgsnric phosphate in soll
is doninated Ly sorption and desorption nrocesses, The
slope of the sorption L3otherm expresses the bdbuffer capa=-
city of the soil with respect to phosphate (Mattingly
1965) «

Ozanne and Shaw (1958) usaed phosphate sorption curves
to estimate the amount of P required for wheat, They also
reported that when the values of 'F' are plotted against
log 'P', a straight line is obtained. The slope of the
curve gives the information about the 'P' buffering
capacity of the soll.



wWild (1967) reported that the Lntercept at zero
phosphate sorption 1s an eatimate 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 vhich may be necessary for the evaluation

of plant nutrient status of the soil.

¥Wolls (1956) and Barrow and spencer (1971) reported
that Mo sorption on soil can be used ag an index of a
s011's potential ior decreasing the availability of Mo.
Jarrel and Dowson (1978) reported that Mo added to soil
as tertilizer vwill be relatively less available to plants
in soils which sorb relatively high amount of Molytdcnun;

Moody (1979) reported that 'P' gsorbed at a particue
lar supernatant solution 'P' concentration should be a
function of PBC (Phosphate Buffering Capacity) of the

solls at the concantration and the 'P' atatus of the soil,

Bache and Williams {1971) developed a single point
'P' sorption index which was highly correlated with PBC,
at various supernatant solution 'P' concentretion of a

range of soils,
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2.2.6, Desorption isotherm study - its importance in
soil systenm,

Desorption of the adsorbed ions is an important study,
in characterizing the adsorption phenomena in soil 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 soll exchange complex 1ls generally
studied because the amount of desorption and the mechanism
of desorption is relevant to uptake of neutrients by plants,
Crank (1956) 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 adsorptien,
50 that any meaningful analysis of ion transport must take

into account.

Hingston 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 intere
pret: these results unambiguously (Rajon 197%).

Ray and I'as (1974) reported that desorption isothedms
can reflect the hysterisis, which highlight irreversibility
or reversibility of adsorbed ion with respect to ionic cone

centration in sclution,



2.,2.7. Influence of different factors in attaining
equilibrlum condition in adsorption study of
s0ilsg 3~

1) Ionic strength of the medium t=~ In the stﬁdy of ade
sorption, several supporting media have been used but the
rationalisation for the choice of the media has rarely been
Justified. Schefield (1955) suggested the use of 0.01 M
CaCla on the basis that catiqn exchangeyis minimised by the

use of t'.'a"'2 +2

and at this concentration Ca = has no specific
replacing power. This sgpport medium has been used subse~
quently in numerous studies (White and Reckett 19643 Taylor
and Kunerh 1971), Other suprort media have included KCl
(Mattson et al.1950), NaCl (Syers et al. 1970), distilled
water contairing phosphate and associated cations (Shapiro

and Fried 1959),

According to Volkweiss et al.(1973) and Barrow (1972)
the use of support medium dhould be selected on the cone
cepts of solublility of the adsorbent compounds.,

Ryden and Syers {(1975) suggests that if an equilibrium
condition 18 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 catlion 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 NacCl),



Ryden and Syers (1977) also reported that in three
surface adsorption reaction the sorption maxima for Region
and II were virtually independent of matrix soclution used,
The sorption maxima for Fegion 1II however, was markedly

dependent on the matrix sclution.

Singh and Tabatabai (1977) reported that the Langmuir
adsorption constant calculated from results of obtained in
the presence of CaClZ 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 MgCl, than in 0,01 CaCl, and faster in
0.03M NaCl than either Hgdla or Ca(ﬂz.

i1) Soil=solution ratio st~ The relationship between
adsorbed phosphate and solution concentration may be
influenced by solution-soll ratio. There are conflicting
reports about the effect of soilesolution ratio. The re-
sults of Pordham (1963), Barrow et gl.(1965) and White
(1966) indicate that adsorption was favoufcd by a high
solution soil ratio. Hope and Syers (1976) found that

adsorption was lowest at high solutlion-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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111) Fquilibrium thme :1- Adsorption of anions by soil
appeared to continue for long time (Barrow 1370), The
adsorption of Molybdenum is rapid at first and then

continue to decreasing rate.

Gonzalez et al.(1974) reported that reparding equilie
brium time 1 to 4 hours were sufficient to attain equilibrium,
At least WO% of the total Molybdenum was adsorbed in the

first few minutes,

Barrow (1970) used 24 hours shsking time for attaine
ing equilibrium time,

According to Fox and Searle (1978) standard methods
are prerequisite to an evaluetion of the diversity of 'p!
sorption by soils, The methods used should ensure that
that equilibrium has continued until the initial fast ;éaction
between phosphate and soil colloids has subsided,

Rajon (1972) reported that 85% phosphate adsorption
was completed in 2448 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.



2.3, Sites of Ad tion Adsorption Reactio in Soi
and Mineral gur?age ]

2+.3.1. Adsorption sites on mineral surface

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 Fe’3 or Al"3 ion directly
below the surface., In the ideal structure the surface ic
assumed to have no net charge and therefore a freshly cleared
surface OH and water molecules replace the structural 0°= and
OH™ ions, which become exposed, The OH~ 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 adsordb proton, giving positively charged -OHZ'
ion, which i8 readily exchanged with other ligands,

h

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-OH, sites to give M=OH at the surface,

The irportant sités of adsorption are the M=OH and
M-OHQ, which may become charyged in the presence of excess :
or OH™ ions, VPotentiometric titration in indi'ferent elec-
trolytes are used to give information on the charge charac-
teristics of these surfaces, as because the charge is pHe
dependent, The pH, where the titration curves cross over {s

referred to as the pH of the point of zero charge (PZC). The



PZC for Fe and Al-oxides occur at pH 7.5 and 9.0 respectively
(Hingston et al.(1974)).

The sites that accept proton are modified when ligand
exchange occurs and the PZC usually shifts t¢ lower pH as sure
face become more acidic and therefore accept fewer protons at
any one pH. Hingston et 81.(1572), Parfétt and Atkinson (1976),
show that the negative charge added to the surface when ligand

exchange takes place on Goethite was =0,38 eq, mol™"

of sili=~
cate, «0,7 eq, mol"1 of sclenate and -1,0 eq. tml'1 of phoge

phate,

2.3.2. Adsorption sites on soil it~

The reactive sites for anion adsorption in pure
system are the singly co-ordinated Al-UH and Fe~OH groups,
which are exposed at surfaces. The groups are present at
the ecdres 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=-compounds in soils, have been described else where
(Jones and Uchara, 1973; Rich, 1268; Greenland, 1371, ¥Wada
and Harward, 1974).

[ ]
The OH- sites in twow-cc-ordinated Al (OH)-Al do not

normally take part in ligand exchange reactions in pure syse
tem, although they can form H-tonds, The Lewis acid sites

A1-0H2 and Fe-GHZ also occur on the edge of minerals, Under
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certain conditions they can react with Lewis bases such as NH3
to give Fe-NH3 and AI-NRB, although under soil conditions
water is held more sirongly than ammonia. At high pH these

sites become negatively charged,

A1-0H2+OH' ——-‘>41-on'+n20

The sites that adsordb protons at low pH are probably
the one-co-ordinated Al-OH and Fe-OH groups which give Al—OHz’
and Fe-OH,"'.

On some oxides and oxyhydroxides Fe«0 groups may also
be exposed at the surface and they may become protonated to
Fe-OH,* 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 aclide-
oxalate reagent has been widely used, Buffered 51th1on1te have
been used to serve this purpose. But dithionite is not come
pletely specific, tor extraction of Iron from soil, since
aluminium and silicons are also brought into the solution

(Habibullah et al. 1972).

According to Greenland (1971) and Colombera et g81.(1971),
surface coatings of iron and aluminium hydroxides of clay

minerals can adsorb anions, However, it has hgen shown by
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Sree Ramulu et 81.(1967) and Huang (1975 b) that similar
material in 2:1 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 exchangable and could =dsorb phosphate

and other anions.

2.3.3, Adsorption sites on clay minerals

Some élay minerals have a pH dependent charge which
occurs at the edge of the crystals where Al (OH), H,0 groups
are exposed, The AL(OH) groups are the sites that accept
proton at low pH to become A10H2’ (Schofield 1949, Balland et sl.
1976), Kellay and Midgley (1943), Mehlich (1964), reported that
the mechanism of adsorption is by exchange of phosphate with
Al=OH groups on the edge sites of clay minerals, Kaf Kaft (1967)
sugrested that some phosphate could be fixed on kaolinite es
binuclear complex, Kuc and Lolse (1972) sugrested that anion
exchanged with A1-0H2 groups on kaolinite 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-GH; groups.

Pissardies et gl.(1968) showed that the exchangatle
cations influenced the amount of anion that could dbe adsordbed

on the edge site of clay minerala and on Na-montmorillonite,
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there was negative adsorption owing to diffuse doudle layer
effects, Parfitt (1972) reported that megative adsorption

also occurs if Al is present on the exchange‘sitea.

2.3.4, Adsorption by Goethite (&£ -FeOOH) 3

Hingston et al. (1968a, 1971, 1974) studied the adsorp-
tion of S04, HyS,04, HyPOy, MoO,", SeOy", HyAs0,” and F~ on
Goethite showed that these anions were selectively adsorbed
in the presence of C1°, It was susgested that the anions
were specifically adsorbed on Goethite and Gibbsite by ligand
exchange with sarface UH or OHZ’ groups., Parfitt and Russel
(1977) supported this ard found that OH groups are replaced
during the reaction. Bowcen et 31.(1974) reported that
anions of fully dissociated acids were adsorbed {f the surface
carries a positive charge and adsorbed on the acid side of
PZC., The anions of incompletely dissociated acids however,
can also be adsorted on the alkaline side of the FPZC., They
also added that maximum adsorption occurs at pH close to the
pK of the acid, where the surface potential and the concentrae

tion of the hydrolysable ions are optimal,

2.3.5. Adsorption by Hematite (4;-Fe203)z

Although the oxysgen within hematite crystals is present
" a8 oxide, the ideal surface is composed entirely of hydroxide

ions in one and two co-ordination (Parfitt ot 2l.1974).
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Reyes and Jurinak (1967) reported that molybdate
adsorption on hematite 1s 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 molvybdate in the alkaline system
was also insensitive to temperature change. It was sugpested
from the experimental data that lack of temperature dependence
of the first surface reactiocn indicates, a definite fixed site
adsorption, which indeed, 1s one of the assumption of the
Langruir isotherm. The temperature depencdence indicated by
the second adsorption reactior, is considered to be the result
of the on set of monomeric condensation, which enhanced py
high molybdenum concentrstion and increased temperature.
Unlike pH-4, the adsorption reaction ét high pH 7.5 was one
surfacc, as because, at high pH, no condensation occur in the

absence of protonatiocon.

Jurinak and Buran (1967) showed that the surface energy

of hematite was lovwer after molybdate adsorption.

2.3.6. Ad:orption by other ipon oxides 3

The crystal structure of Lepidocrocite (% ~FecoH) con=
siats of rows of one, two or three co~ordinated OH ifon on its

surface (Wells 1962), The crystal s ructure of akagancite
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({> =FeUOH) consists of multiple octahectral chains, It
probably has rows of OH 1$ns in one, two and three co-ordina-
tion exposed at the surface (Gallagher 1970; Parfitt et al.
1975).

Infrared spectroscopy has shown that both phosphate and
sulphate are adsorbed as binuclear bridging complex on lepile
docrocite and akagsncite, (Parfitt and Smart 1978).

Jones (1957) reported that the affinity for molybde-
num of F°203’ xHZO vas more than thgt of A1203, xHZO.
Reisenaur et al,(1962) showed that the reection of molybdate
with F°g°3' xH20 involves the replacement of two hydroxyl
group for each molybdate reacting. They s3lso reported that
molybdate sorption by Fezo ’ xﬂao at a given pH follows the
Freundlich adsorption isotherm but do not fit the Langmuir

equation over the range of Mo concentration studled,

2.3.7. Adsorption by Gibbzite and other Aluminium oxide
sur faces 3

The mechenism of arion adsorption on Al=hydroxides is
less well understood than that on iron oxides, because the
surfaces were less well defined, According to Eragg and
Claringbull (1965), the crystal structure of Gibbsite cone
sists of well ordered hexgonal crystals and although the (001)
face predominates, the edge faces contain the reactive sites
(Parfitt 1977 b)., Russel et 81.(1974) found that five diffe-
rent types of surface OH on the (001) face could be detected
by infrared spectroscopy. But Parfitt et al.(1977b) added
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that none of these surface OH- groups are exchangeable

with phosphate and oxalate,

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

Rajon (1976) su gested that at pH=-4, Hzpoz was adsore
bed initially on AIOBZ’ sites and with increasing phosphate
coverage Al-OH react to form monodentate complexes al-nzpo“°.

Rich (1968) has reviewed the literature and concluded &
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 1llite surfaces probably

involved in ligand exchange reactions,

24348, Adsorption by Amorphous hydroxides 3

Amorphous iron and aluminium hydroxides have less

well defined surfaces than the crystilline hydrous oxides.

Keaction 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; Reisenaur et al.1962) and the results are consistent
with ligand exchange. Parfitt and Smart (1378) have shown
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that phosphate and sulphate are adsorbed on amorphous FQ(OH)3
and both form 2 binuclear bridging complex,

Rajon and Perrot (197%) 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 Watkinson 1970).

2.3.9. Adsorption by Calcite

Coleet 21.(1953), Kuo and Latse (1972), Holford and
Mattingly (1975b) studied the phosphate adsorption on calcite
and described by Langmuir equation. Latior and Bolt (1963)
showed that the calcite surface was modified by dissolved
components from soil solution, suggesting that calcite in
801l will have different surface properties from pure

calcite,

Santa et a)l.(1982) reported that three distinct adsorpe
tion sites of phosphate on calcite. Singh and Sekleon (1978)
studled the adsorption of NO;~ and SO, on CaCoj. They found
that NOB- adsorbed on CaC0y surface fitted the Langmuir model
well, SOZ ion when present in the displacing fluid seemed to
desorbd NOS‘ ions from the surface of CaCOz. C1” ifon had
little effect on it.

Literature reveals no or little study of adsorption

of molybdate on calcite,



2,4, Factors governing adsorption regctions 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 1

PH 18 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 noo“‘. below pH=6
Hooh' becomes protonated forming monomeric HMoO,~ and H,MoO,.
Jones (1957) reported that on increasing pH, adsorption
falls and mone is adsorbed above pH 8,0, Adsorption of
molybdate by Pe,05 15 highly pH dependent (Jones 1956),
Reyes and Jurinak (1967) reported that the adsorption maxima
of MoO,” on hematite was found to reduce by 80% if the pH was
changed from 4,0 to 7.75. Reisenauer et al.(1962} reported
that the sorptien by hydrous oxides and soils increases
exponentially with the equilibrium Mo concentration at
constant pH and decreases exponentially with OH  ion con-

centration at constant Mo concentration.

For soil system, they developed the relation

Mo solubllity = H'tSorng x pH

Vlek ard lLindsay (13977) representing the equation in
following way.
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= >
Soll-Mo —= MoO, ¢ 0.8H
L[1og K® = <12,4 7

Gonzalez (1974) reported that the effect of pH on Mo
adsorption, where the ceneral trend is, that adsorption
decreases as pH increases with a distinct change in slope
occuring approximately at pH 5.5. This pH is close to the
pKa value of the molybdic acid. Hingston (1972) reported
that ~ith incompletely dissociated acids, specific anion
adsorption (ligend exchange) can also take place at more
alkaline to ZPC, provided the pH is close to pKa value of
the molybdiec acld.

2.4.2, Organic matter

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 gl.
(1966) and Appeit et 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=-preci=-
pitation of molybdenum with ferricoxide may be inhibited by

organic matter,

Szilagyii (1971) reported that the humic acid have the
ability to reduce anionic MoQ,” to catalonic Mo*?, the latter
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can be fixed by humic acid and rencered unavailable to

rlants,

Karimian and Cox (1978) reported that adsorbed molybe

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 3

Affinity for molybdenum on Fe/Al containing surfaces,
have been reported by several workers (Wells 1956; Reyer and
Jurinak 13673 Jones 1957, Relsenaur et alJf{962).

Jones (1957) and Reisenaur et al (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 adsord molybdate in similar fashion,

It has been reported by severesl workers (Jones, 19%7;
Reisenaur et gl.1962; Troblish and Schilling, 1963; Smith
Leepcer, 1969; Cheng and Cutllette, 1973) that adsorbed molyb-
date of soils can be released after treatment with dithionite
or oxalate, which 1s 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 reportsd 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 ammonium oxalate extrace

table Fe but not other fractions of extractable Al form.

Kariman and Cox (1971) reported that adsorbed molybe
denum was positively correlated with Fe oxides, Mishra
and Mishra (1971) studied the adsorption of Mo on soils and
concluded that the order of decreasing Mo retention with
respect to so0il type was red > alkali > Black soil, Applica=-
tiocn of ?e203 renerally increzse the retention capacity of

Mo by soils,

2.4.,4, Clay minerals 3

Jones and Milne (19%6) studied the adsorption of
melybdate on solids. They found the relative ability of
solids, used for molybdate sorption, in the acid side of
the order

ferric oxide )Boehmite Y metahalloysite » nontronite

It has been found that large amounts of molybdate were
adsorbed from Na- molybdate solution at pH-4,C to 5.5 by
boehimite and halleysite, with the formation of Alemolyb-
date within the mineral,

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

hydrated halloysite > Bentonite )Kaolinite.

Bentonite and Kmolinite ceased to adsord molybdenum

at pH 7.53 and 8.1 respectively,



Teng (1971) studied the adsorption isotherm of molybe
date adsorption on crystalline and amorphous soil clays. It
has been found that adsorption isotherm for the allophane =Xy
clays obey the Langmuir equation but the isotherms for the
Kaoline and {llite clay show two distinct region of adsorp=-
tion, They also reported that the molybdenum adsorbed by
all 3 clays were reduced by treatment with dithionite citrate
and it was found that after this treatment the isotherm of
Kaolinite and 1llite become linear.

2.4,5, 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 al. 1951; Barrow 1973b). It has been
rerorted by Barro: (1973) that desorpticn of molybdate with
phosphate is increased with pH. It is also found that phose
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 al.(1969) reported that with the increase of
phosphate ion coneentration, 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 phose
phate decreased with time, which shows that molybdate is
more sirongly adsorbed after initial adsorption., Barrow(1974)
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has got the same 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 kiné
of site to anotier. 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 =ulphate at 0.1, 0.2 and 20 ppm
equilibrium concentration respectively and found that with
decreasing pH from 6 to 4, the ratio of SOh/POa adsorption
increased by 3-fold and that of Mooa/Poa adsorbtion increased
20 fold. This relationship between sorption and pH 1is cone
sistent witn the hypothesis 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 1s highly correlated with exchangeable Al and
supgests that similar soll constituents are involved in the

adsorption of all three anions,

Piearev et al.(1980) reported that systematic applica=-
tion of 'P' fertilizer to podzolic soil increased the labile
'Mo' content in soil and its uptske by plants,

Gonzalez et al. (1974) reported that C1” and SO, did
not compete with molybdate for the adsorption sites, The
higher adsorption of Mo for highest concentration of C1”
(Mo 3 C1™ = 1:10) may be associated with the increasing
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fonic atrength of the equilibrium solution., Adsorption
of Mo was decreased by the presence of 'P' in equilidrium

solution when the ratio of Mo/P was 1110,

According to Gonzslez et al.(1974) competition bet-
ween anions would depend on theiyr relative ability to incre-
ase the negative charve of the surface and that the effects
of the anions specifically adsorbed are complementary rather

than additive,

2.4.6, 3aturated Cations @

Lal and De (1974) studied the effect of different
cationic saturation (H"'. Hﬂb", K"', Ca’a and Hg*z) on the
sorption of MoO, and observed that the sorption of homo=

2

fonic soll was greatest for H* 3011 and least for Ca*® and

"8’2

soils,

Paricha and Randhawa (1972) found marked increase
in molybdate sorption in soils saturated with Fa" and Al”.
The amount of Hnoz adsorbed followed in the order

Fe*2-5011 ) a1*7-5011) ca®?-5011)
Original Boil) K'-Soil) WH,*=so1l,

2.5, Phosphate adsorption by soils

Phosphate adsorption by soils has been the subject
of extensive reviews, Most reviewers have dealt with the

precipitation mecharism armd the adsorption mechanism of
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phosphate. Some parer suggests that in acid solls,
phosphate 1a a.sociated with hydrous oxides of Fe and Al
and it i{s unlikely that discreate crystalline iron and
aluminium phosphete persist in soﬁl. (Rache 1903, 1964),

However, in the immediate vicinity of phosaphate
fertilizer psrticles, there are local conditions of low
pH and high phosphate concentration, which may cause
dissolution of clays and reprecipitation of phosphate.
Latar work suggests that basic sluminium phosphate may
form in acid solls even at low phosphate concentrations

(vhite and Teilor 1977, Ven Reemsdijk et al,1975,1977).

Many workers have determined the phosphate adsorp-
tion xsctherg tn sells and then ettempted to fit the
results to a Langmulr or Frendlich equation. Stirsight
lines are obtained when the results from a limited cone
centration range plotted asccording to Langmuir equation.
In some cases the cata can best be ficted with two straie
ght lines and this has been taken to indicate two differe
ent phosphate adsorption sites (Svers at 31,1973, Karim
et 81,1973, Juo and itaduakar 1374, Rajon and Fox 197%),

Holford et al.{1974) used a two surface Langmuir
equation and obtained a quite good agreement with expe-

rimental data.



Ryden et al.(1977 b) used five Langmuir equation,
which then were reduced to tiree equations by successive
approximstion inte three regions. Muljadi et al.(1966a)
suggested that in Fegion I and 1II, the adsorption is largely
chemical and for Region III, it is physical.

Rajon (1976) suggested that OHZ’ is exchanged in
Region I and OH™ is exchanged in Region II. Of course
Parfitt and Atkinson (1976) suggested that both OH,* and
OH™ participate in Region I and II, Ryden and Syers (1977)
suresied that in Reglon IIXI, phoasphate is adsorbed through
l1igand exchange, as the suriace coverage 13 grastly reduced,
which is readily desorted and obviously important for plant

growth.

Many workers, often using a single pciat on the
isotherm, have correlated the phosphate adsorption capacity
with other soil factors,

Most results show that phosphate adsorption is better
correlated with extractable Al than with Fe (Williams et al.
19583 John 1972; Evans et 8l.1976). However, some results
show thet either Al or iron aleone isg correlsted with phese
phate edsorption (Schwertmann 1973; Kyszke and Jonowska
1977).

It has been reported by Frankline and Reisenaur (1960)
and Fitter and Sutton (1975), that phosphate acsorption in
soil 18 correlated with exchang;able Al when pH 18 less than 5,
but it 18 correlated with exchangeable Ca, when pH) 5,0,



Several workers have found that the significant
correlation with 20il organic matter Fakin and Singha (1970)
sugrested that some phosphate is adsorbed by the iron and
aluminium ion, which are also chelated by large organic
molecules in soil such ss humic acid cor fulvic acid., However,
Fox and Kamprath (1971) showed that phosphate 15 weekly held
on organic soil and can te removed by leacning, Thus phos-
phate adsorbed at different energy level by ferric and alue

minium ions, which are neld vy organic matter.

Hashimats and Taksryane (1971) and Moshi et 8l1.(1974)
reported that =0il organic matter csn block sites on iron
and Al hydrous oxides and reduce phosphate adsorption by
scil,

Hudecova and Kavarava (1969) found that by removing
organic matter with H,0,, results the formation of oxalates

which block more sites and further reduce phosphete sorption.

Rajon and Fex (1975) found that phosphate displaced
sulphate and silicate during legand exchsnge, but at hign

phosphate concentrations structural silicate was displaced.

Fox and Searle (1978) reported that the order of
increasing 'P' sorption is quartz-organic matter <2!1 clay
{111 clay (desilicated volcanic ash.



Fox et al.(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 BY SCME 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,
alurinium phosphate, calcium carbonate and roc¢k phosphate. As
these compounds are likely products of different soil ehemical
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 Methods 3
In the following section a short description of the
adsorbent used and the methods of their preparation are given,

3¢1.1. Materials
1) Aluminium Phosphate =~ Aluminium phosthate or varisci-

te was prepared by mixing dilute solution of AlCl3, 6320 and
NaH,PO, in the mole ratio Al/P = 0,4, adjusting the pH=4,
with NaoH eolution 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 390% ethanol until
free from chlorices, The material was finally washed with

acetone and dried at 100°C, The product of this procedure
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was a crystallime powder, having particle size _.5 A and
composition Alae3 (!’205)‘,.02(1»!20)“.,‘5 and X-ray diffraction
powder diagram similar to variscite but perhaps containing
a small amount ef amorphous materials (Cole and Jackson,

1950).

11) Iron Phesphate - Iron phesphate or strengite was
prepared by an essentially similar method, using Fez(SOA)B
and NaH PO, solutions, but adjusting to pH-3 and washing the
crystallised precipitate first with dilute HjPO“ to remove
amorphous materials, The product of this procedure was a
very pale cream crystalline powder, having particle size .-5 u
and composition Fe,05 (9205)1001(ﬂ20)4.h5 and X~ray diffrace
tion pattern identical to a natural simple strengite (Cole
et.al, 1959).

111) Hydrous ferric oxide = Hydrous ferric oxide was
prepared by the method of Schuylenborgh and Arens (1950).
A solution of 405 g of Fe (N03)3, 9820, in one litre of water
was run slowly into a solution of 3.5(M)NHy in 1 1t of water,
stirring vigorusly all the while, Precipitate, ££29 the
hydroxide was then freed from extra electrolytes by dialysis.

iv) Hydrous Aluminium Oxide = Boehmite Al(OR)B. was
prepared by the method of Schuylenborgh (1951) by adding 820

ml ofvah)NH3 to a solution of 50 g. Al€l, in 200 ml of water
at temperature of 18%. Precipitated form of Boehmite was |
then freed from electrolytes by dlalysis,
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v) Calcium Carbonate - Precipitated powder of AR grade,
was used as adsorbent for the adsorption study of molybdate

on 1its 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.

Je1s2., Methods

a) Methods for the study of Adsorption ¢
Adsorption studies of molybdate were conducted by

equilibriating the suspension of the pure compounds, with
appropriate quantities of molybdate, ranging from O.,1 to
1 ppm of molybdenum as molybdic acid in 50 ml 0,01 M Caelz
solution, with a constant solidesolution ratio at two diff-
erent constant temperature levels, For the experiments,

the following conditions were maintained,

1) Solid-Solution ratio - For adsorption of molybdate
AlPO, and FePQ,, the ratio were 1150, For Fc(on)3 gel,

the solid-solution ratio for the experiment was 115000,
where solid smount was reported as ’9203'*ﬂ2°' which was
obtained by heating the gel suspension at 900°C for 3
hours to get Fe,0y4, xH,0. For AI(OH)B gel suspension,

the ratio was 0,7 ¢ 5000, Here also the solid was in the
form of A1203. xH,0, 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 exp:riments as adsordent,

11) Equilibrium Time = It has been found that, in the
present investigsation, in order to reach equilibrium of the
solid-solution system a shaking per:iod of S5=5 hours followed
by 40 hrs incubation at constant temperature, was sufficient,

111) Equilibriating 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 3.1°C and 20 3}1°C. respectively,

iv) pH of the equilibriating solution = For adsorption
of molybdate on AI(OH)3 and FU(OH)3 gel, the pH of the

equilibriating solution was maintained at constant pH of
7, by using O.1(M) NH,O AC solution,

v) Ionic strength of the equilibriating solution = For

maintaining a constant ionic strength of the equilibdate
ing solution a 0,01(M) CaCl, solution was used,

b) Procedure 3

Considering the above conditions the adsorption
experiments were carried out. 2«3 drops of choloroform
was added in each of the equilidbriating solution, for
inhibiting microbial activity, if any. Immediately after



completion 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,

¢) Methods of Analysis of Molybdenum 3

The estimation of molybdenum from the equilibrium sclue
tion, was done by formation of an amber-coloured compound of
ferrous-molybdenun-ttiocyanate complex in organic medium, The
complex has maximum adsorption at 465 nm. The method used in
the analysis was adopted from the procedure developed by
Arkley and Jhonson (19%4),

d) Interpretation of adsorption dats 3

In the presemt investigation, adsorption data of molyb-
date have been computed, in order to study the nature of
adsorption, by using Langmulr equation, in the following
form -

R FE N

Where xz is the adsorption maxima, K, a constant related
to bonding energy of molybdate ion and C is the equilibrium
concentration,

Thermedynamic constants were usually calculated from the

K=value of the Langmuir curves,



3.2, Results and Discussion
3.241, Adsorption of molybdate by A1PO, and FePO, @

Adsorption isotherms at 40°C and 20°C of the precipitated
form of AlPOQ and FePo“. at various concentration of molybe
date in solution are shown in Pig.1A(a) and 1A(bd). 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 depicted in the Fipg. 1B(e2) and 1B (b). The
Correlation coefficient values of the Langmuir curves are
given in the Table~1(A) snd the Langmuir adsorption maxima
and K-values are given in the Table=1(RE).

It is observed from the data the FePO, adsorbs much molyb-
date than AIPO“. This 18 in conformity with the results
reported by Jones (1957) that affinity for Mo 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 obsere
ved that in case of Fevoa. it 18 much higher thar that of
AIPOA. Though both the adsorbents adsorb higher molybdate
at lower temperature, but exhibit higher Kevalues at higher

temperature,

Gitb's free emergy change in the adsorption of molybdate

on these c¢ompournis are negative, indicating spontaneous
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adsorption, The'Tablc-1(B) shows, a higher negative value
of A G° for edsorption of molubdate on FePO,. It is also
higher at higher tempcrature level,

It is evident from the data, that adsorption of molyb=
date on FePOh is chemical in nature and AlPOh adsorbs molyb-
date rather weakly.

Since precipitated feorm of FCPO“ and AlPoa contridute
large surface area for adsorption and molybdate snd phoge
phate, are more or l.ss similar in their behaviour{. Molyb-
date ions exchange with and adsorbed by phosphate on the
surface of AlPQ“ and FePO, , ?o 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 A\ H° value of the adsorption which
is positive in case of AlPOa. indicating endothermic nature
of reaction, though AlPOh adsorbs higher amount at lower
temperature, On the other hand FePOh exhibits negative
A H® value, indicating exothermic nature of adsorption.

Regarding the value of A 8% 1t is observed that greater
positive value of [L|S° for adsorption on FePOh than AIPO“.

The thermdynamic parameters derived from the study
clearly indicate that ferric phosphate which is obviously
related ‘to the stronger bonding of molybdate by the former

material,



4

3.2.2, Adsorption of molybdate by hydrous gson and
aluminium oxide gel &~

Adsorption isotherms of molybdate on hydrous oxides
of Fe and Al at 40°C and 20°C. at various concentrations of
molybdate in soclution are shown in Fig.2A(a) and 2A(D).

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
Languuir equation, as depicted in the Fig.2B(a) and 2B(Db).
The correlation coefficient values of thav}ansmuir curve are
given in the Ta'le I(A). However in caae?ferric hydroxide
#el, the break in the Langmuir curve is observed, which
indicates second surface reaction on the surface of hydroxide
get; The Langmuir parameters cslculated from the more dominant
second surface adsorptinn. The Langmuir adsorption maxima and

K values are given in the Table=I(B),

From the data it 1s clear that Fe-hydroxide possess a
higner ad:orption caprcity for molybdate compare io Al-
hydroxide gel, at both the temperature studied., Adsorption
maxima of the hydroxide surfaces rocveal 3 times greater adsorp-
tion of molybdate by ferric nydroxide than Al-hydroxide gel at
the pH l-vel of 7. In both the cases, however, greater adsore

ption of molybdate occurs at higher temperature,
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TABLE ~I(A) 3 Correlation Coefficient values of the
uir Curve for the dsorpti £
molybdate by pure compounds,

Adsorbent 'r values for 40°C 'r values for 20°C
FePOa 0.9533 0.9533
Al1PO, 00,9771 0.9451
F‘2°3 'Y mzo (pH‘?) . O. 9“70” O. 936“'*
A1203, xH,0 (pH=T), 0.9897 0.9896
cmé, 0.9971 0.8789

* Significant at 1% level,

#% Values from more dominant second surface adsorption
at higher absorbate concentration.



*u073dI0Spe 90BZINS PUODIE JULUTEOD SIOW WOIJ PaIETNOTED 4

£90°0 9L°C~  G£°L 09°L LE°L0€ 62°€0Z  ©00°0  OLO°0 Y )
(0°*L-Hd)
6L0°0 2L e+ w2Z°'8 86°8 09°G6<1 os*ze8lL  Le°'l 00°8 2 .2
0°Hx ¢®0°1v
(0°L=-ud)
#820°0 #G92°0= #l0°8 458 #SL°LSE «0B°C26 a22°%2 wll°G2 o2ux *€o2ay
$L0°0 19°2+  oL°L LL°L 80°66L .  9€°G92 €GL°0  2€L°0 04ty
L£0°0 82~  4¢°g %5°8g 19°¢l9 l0°€26  4LL°0  666°0 ogea
P N T A
e /180 ¥ (9toa v 18D X) Jue PM .wmu mmwﬂw ( /mu ) 3U2QqJI08 pV
usai ot v 09 V- |- 1inb3_Jo anpea-) BWIXEw uoyjdiospy

*Spunodmos oind Aq 93EPAAL0E
70 U073dI0SpE 84y 203 8483

t (d)I-31dve

-:w-



«65=

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:: plqpe

with little strength compare to other cases,

Change in Gibb's free energy for adsorption of molybdate,
as ziven in the Table~I(B), shows a greater nezative value of
[;,G° for hydéoua aluminium oxide adsorbent in comparison to
Fe-hydroxide gel. The negative value of A G° in both the
cases indicate spontaneous nature of molybdate adsorption,

on the hydrous oxide gels,

Iso steric heats of adsorption i.e. A H® as given 1in
Table I(B) show positive value of A, H® for adsorption on
hydrous Al- oxide on the other hamd negative_[;ﬁ° value is
observed in case of adsorption on hydrgus ferric oxide., As
observes in case adsorption of molybdate on FePO“ negative
N H® value, indicates the iron compounds exhibit exothermic
nature of adsorption, on the other hand Al-compounds exhibit

endothermic nature of adserption.

Higher A S° value is observed in case of adsorption en

hydrous ferric oxide gel compared to hydrous Al- oxide gel.



3.2.3. Adsorption of molybdate by Caco: and Reck Phosphates

From the experiments on molybdate adsorption by'gaCOB
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 equilibr;atlng for 6 hours followed

by 40 hours incubation at isotherﬁicondition.

Caco3 on the other hand shows a little adsorption of
molybdate, The adsorption isotherm curves of the CaCoj at
various concentrations of molybdete 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~I(A).

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

Unlike phesphate, molybdate adsorpticn on CaCO, is
not upto the mark or quite significant, Though both are
anionic in nature, reaction of molybdate on the Caco3 surface
i3 not at all prominent. Phosphate i8 known to be adsorbed
by'Cacej by chemisorption through precipitation of inscluble
calcium phosphates on 1its surface but molybdate has not been
found toﬁéo. The high pH of the CaCO3 surface appears to
inhibit the molybdate anions to be adsorbed on it, Unlike

rhosphate, molybdate does not react with c:’z

ion readily,
also due to relatively higher solubility of Canoob compared

to that of Calcium phosphate,



Rock phosphates have little affinity for molybdate,
Usual 6 hrs shaking followed by 40 hrs of incubation under
isetherm 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 anicns 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.

342,46, Corparison of adsorption of Molybdate by different
pure compounds.

From the thermodyramic parameters given in the Table-
I(B), it is clear that adsorption of molybdate by these
corpounds is mostly chemical, More or less physical adsorp-
tion appears to occur only in case of A1PO,, and 03003.

The comparison of the Langmuir adsorption maxima indice
ates tiat the molybdate adsorpticn on these pure compounds at

both the temperatures incrcases in the order

Fe-hydroxide gel \\ Al=hydroxide gel)) FePO A1PO, %) CaCO
(-0 M (pheT) 43} AIPOu]) CoCOs

The values of bonding energy for adsorption followed in the
order at40°C, 41,05, XH,0) Fe,0y, XH,0 z=FeP0,) A1PO, ) CaCOy
At 20°C, the order is

A1203. xH20> ?0203, xﬂzo ) FOP0h> AlPO‘.) 08003.



Positive heat of adsorption is found in case of
adsorption on Al- compounds and negative heat of adsorpe
tion is observed in case of adsorption on Fe~ compounds
and CaCO;.



CHAPTER IV

STUDIES ON ADSORPTION OF MOLYBDATE BY SCME PURE HOMO IONIC
CLAYS.

This chapter deals with adsorption and desorption
studies of molybdate on homo ionic bentonite and kaolinite
clays at two pH and temperature levelgj with 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 @
‘00101 . Matarialg

a) Reference clay minerals =

1) Bentonite - Bhavanagore, Sourashtra (Gujarat).

11) Kaolinite = Singhbhum (Rihar).

The samples were ohtained from the Calcutta

Mineral Suprnly Corporation, Calcutta,

b) Separation of clays - Fure clays were separated
from the resarve materialé following the international
method, Chemical compositi.n of the standard clays
given In the fnllowing Tables - II(a) and II(b),



TABLE-IX(a) : Chemical composition of the stendard clay

minerals (e;gressed as percentage on _oven
dry basis) (Lala, Se¢C. 1959).

Clay | s1og | Rzozll Fnzq:] Alzo}l Mgo | K,0 | ca0

Kaoclinite 48,10 4B.58 0,98 44,60 - - 0.29
‘Bentonite 60,58 27.00 3,99 23.01 2.43 0,19 -

TABLE ~II(b) : Molar ratio of reference clay minerals.

Clay )
Minerals SiOZ/R203 S10,/ A1203 A1203/Mge A1203/K20
Maolinite 1.81 1.83 Infinity Infinity
Bentonite 4,03 4,47 3.03 110,20

¢) Prepgration of Homo ionic clays of Ca, Fe and Al -

Homo ionic Bentonite and Kaolinite with respect to Fe'>,

A1*2 ana ca*?

ions were prepared by repeated equilibrae
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
"f¥d¢ phase was chloride free and finally with acetone, In
case of iron and aluminium clays the solutions in contact
were kept at pHe3, in order to prevent hydrolysis of these
cations. The homo ionic clays were then dispersed and
density of»their well dispersed suspensions were deter-

mined, so that desired quantities of clay could be taken

from volume measurement,
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In order te ascertain the complete saturatiocn, the
saturated hemeiaonic 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 respective clays, as shown in the following
Table,

TABLE III 3 CFC and amount sdsorbed of homoions
on the homoionic clays.

Clay )} CErC Adsorbed Ca'2}Adsorbed Fe'> Adsprbed
Minerals (CaeMg) on Ca~cla on Fe-clay AI*” on Al
meq/100g (meq/1003¥ [(meq/100 g) {;8%“{("“/

B

Kaolinite 3053 805“ 8.2 8.0
Bentonite 73.00 72.5%6 72.0 72.4

d) Preparation of H-clays :- Suspension of 2 u, H-saturated
bentonite and Kaolinite were prepared by the use of sulfonic

acid type cation exchange resin, Amberlite IR-120, Each
500 ml of Bentonite and Kaolinite 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,

1960) .
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4.,1.,2. Methods 3
a) Study of Adsorption Isotherm -

The adsorption experiments of molybdate on homoionic
clays were carried out at two different temperatures under

the following conditions =

1) Solid-selution ratio - For the Heclays the solide
solution ratio employed was 1:100 and for the metal

clays it was 13300,

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,0 AC buffer. 5 ml of
the respective buffer solutions were added to each sample
in equilibriating solution, in which 0,01(M) CaCla and

desired molybdic acid concentration were maintained,

111) 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 te Carpeni (1%47),



only monemeric form of molybdate exists in solutions of
less than 3 x 10~n MoOy, at all pH values. Keeping this
idea into consideration, experiments were carried out by

employing the concentrations as specified,

iv) Egquilibrium Time = In order to ascertain the equie-
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 ine
vestigation, as depicted in Fig.3. Gonzalez et al.(1974)
also used the same shaking time for equilibriation,

vi) Temperature - The experiments were carried out at
two isotherm conditions viz. at 40°C and 20°C. The ine
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 equilidbrium concentration of

melybdenum in solution,



anning soil

T8 B AIPOy
P00 oo FeP Oqg

A(W’“MH Bento (pH 7)
)

North Bengal soil

1 2 3 4 5 6(hrs)

Fig. 3 Eguilibrium concentration of molyhdenum

afrer hours of shaking.



b) Study of Desorption Isotherm s~
After completion of absorption, as described in the

previous section, the suspensions were centrifused, 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 centrifuse tube was then
transferred to a conical flask by using 50 ml of 0,0IM
Cacl2 asaociated with respective buffer solution., The
suspensions were then sheken for one hour and kept for
over night under the respective isotherm conditions. %he
suspensions were then centrifused and supernatant liquids
were collected for estimation of desorbed molybdenum, from

the adsorbed phase,

As mentioned earlier, the Langmuir equaticn has been
used to study the adsorption isotherms., The adsorption
data were corputed for drawing adsorption-desorption

curves and also the release curves,

4.2, Regults gnd Discussion 3
%e2¢%1. Adsorption of molybdat2 by Hec H

The adsorption isotherm of the Heclays at two different
pH ( & and 7) levels and at two temperature (40°C and 20°%C)
levels aré shown in Fig.4(A) and 5(A). Fxcept for the He
Kaolinite at pH~7, all the isotherm curves show three distinct
regions of adsorption (I, II, III). The region I is charace
terised by initisl 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 isotherm for
H-Kaolinite 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-axis, which is an indication of cemple=~
tion of adsorption at the lower concentration level of molybe
denum in solution, Gradual rise of the adsorption curve 1is
observed in case of H-Bentonite at pH-7.,0 level. AR pH=7,0,
unlike He-Kaolinite, adsorption of molybdate continues on the
He-Bentonite as the concentration of molybdate in solution

increases,

The adsorptionisotherm follow the Langmuir equation,'
[ Depicted in Pig, 4(B) and S5(B)_/. The correlation coeffi-
cient values of the curves are given in the Table-IV (A).
However, break in the Langmuir curve is observed in case 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 18 observed from the Table~IV(B) that adsorption
of molybdate on HeHentonite is always hirher than that of
H-Kaclinite at all pH level and temperature, Guite incone-
- sistent result has been observed in case of HeBentonite at
pH=7.0, where exceptionally higher amount of molybdate is
adsorbed at high temperature, Considering the Langmuir
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TAELE IV(A) 3 Correlation Ceefficient values of the
Langmuir curves for the adsorption of

molybdate by H=clays,

Adsorbent | * Z yalue for *y galue for
oc 20°C,
HeKaolinite (pH-4,0) 0.9532%% 0,9779%*
H-Kaolinite (pH~7.0) 0.49992 0.,9981
H-Bentonite (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 IV(B) t Langmuir Parameters for the adsorption
of molybdate by H-clays,

Adsorption maxima K-valug ~
Absorbent (mM/g) (x10°) M
w° | 20%°% 0% | 20%
HeKaolinlte(pH=4.0) 0.,66%  0.50% 1062,6% 1611,2%
H-Kaolinite(pH-7.0) 0.14 0.13 3406,6 2145,7
H-Bentonite(pH=4,0) 17.84% 133 3188,2% 6097.8%
HeBentonite(pH=7.0) 4,64 2.86 62,5 81.9

*Values for the first surface adsorption.
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isotherm curve for H-Bentonite at pH=7.0, no specific
information about the adsorption maxima can be obtained, At
lower temrerature, higher amount of adscorption 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 te entrance of H ion in the system., The higher
capacity of irom to adsordb molybdate subsequently results in
the higher adserption capacity of the H-Bentonite compared
to tHi=Kaolinite,

Higher amount of molybdate adsorption by H-Kaolinite
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 Kaolinite

at lower pH values, which results in higher adsorption of the
molybdate, Adsorption on H-Kaolinite at pH-4,0, however, shows
a two surface adsorption as indicated by the Langmuir curve.

It 18 possibly due to adsorption o molybdate by two dif!erentiyt
on HeKaolinite- one through more or leas chemical bonding by '
protonated «OH groups arnd the other through ligamd exchange
by free OH groups on the clay surface. The influence of pH
on the ddsorption of molybdate by H=clays is thus found to be

quite conspicuous,

Regarding the effect of temperature on molybdate adsorpe
tion, it is found that sisnificant difference is only found
in case of H-Bentonite, On the other hand H-Kaolinite does
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not show any major difference in this respect, Most of the
adsorption reaction of molybdate on H-Kaoclinite takes place
through exchange with OH  ions, while reaction of molybdate
wit: surface Fe*> of H-Bentonite may occur to formirsoluble

ferric molybdate with in the latter case.

The K-value related to bonding energy of adsorption,
calculated from Langnuir curve indicates a greater strength
of adsorption ef molybdate by H-Bentonite at pH-4,0, HeBentoe
nite at pH=-7,0, adsorbs higher amount of molybdate, but with
less strength. On the other hand, H-Kaolinite 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) ) H-Kaolinite
(pH=-7) ) H-Kaolinite (pH-4.0) ») H-Bentonite (pH=7.0).

Theugh the effect of temperature on molybdate adsorption
in H-clays is not prominent, but as value of K-indicates
greater strength of adso:rption at lower temperature, which is
only found in case of He~Bentonite, On the other hand, at
high temperature level, strenzth of adsorption is to some
extent higher in case of H-Kaolinite., Quite inconsistent
result, in this regard, f~ils to interpret the actual
nature of adsorption although it can he concluded that
HeBentonite shows a grcater affinity for molybdate compared
to H=Kaolinite,



4.2,2. Desorption of the adsorbed molybdate by H-clays:

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, hysterosis 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 He-Bentonite, greater reversibility of the adsorp-
tion 18 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-Kaclinite 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=Bentonite and H-Kaolinite 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-

bllity is indicated by the merger of the curves,

HeKaolinite at pH-=7,0, also releases small amoung of
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molybdate, as because it originally adsorbed very little

amount of 1t,

4,2,3. Change in free energy, enthalpy and entropy for
molybdate adsorption by H-clays 1

The values of A H%, A S° and A G°, as calculated from
the equilibrium constant, obtained from Langmuir intercepts,
are given in the Talle VII, It i{s found that H=Kaolinite
shows a greater change in A G°, tut H-Bentonite at pH=7,
shows a lower change in /A G value. In case of H-Bentonite
(pH=4) and HeKaclinite (pH-4 and 7) the A\ 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 1is also found at higher temperature

compared tolower temperature level,

Regarding the value of A\ H°, 1t is observed that except
in the adsorption of molybdate on H-Kaolinite at pH 7.0,
negative, indicating exothermic nature of adsorption on
these He~clays. On the other hand H=Kaolinite at pH 7.0

exhibits endothermic nature of adsorption,

Higher mean /\ S° value 1s observed in case of adsorp-
tion of molybdate at lower pH-level on Heclays compared to

at higher pH level,
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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 Fig.6(#) and 7(a), from which
it becomes evident that Fe=saturation increases molybdate
adscrption 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«Kaolinites
at all level of pH values. IRut in case of Fe-Bentonite, the
isotherm curves are characterised by different adsorption
regions. Initial steep rise of the isotherm (region-I),
which tends (region-II) and finally flattens out (region-III),
at higher concemtration of molybdate in solution, '

The break in the Langmuir adsorption curve [Fig.6(B)
and 7(B)_7 observed in case of Fe-Bentonite at all pH levels,
indicatins a seeond surface reaction of molybdate on Fe-
Bentonite., The correlstion coefficlent values of the
Langmuir curve are reported in the Table-V(A). The Langmuir
adsorption maxima (Xm) and Kevalues are given in the

Table-V(B).

It 1s observed from the Tatle V(B) chat the adsorption
maxima of Fe-Bentonite is much higher than that of Fe=
Kaolinite. High cation exchange cgpacity of Bentonite
results in high amount of adsorbed Fe*> (L.e. 9 times more
than that of adsorbed Fe'> on Kaolinite), contribute large
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TABLE-V(A) s Correlation coefficient values of Langmuir
curves for the adsorption of molybdate by

H-clgzg.

Adsorbent | r*value for 40°C | r*value for 20°C
Fe-Kaolinite (pHe&) 0.8151 0.9983
Fe~Kaolinite (pH=7) 0.944T7 0.9979
Fe~-Bentonite (pHe4) rq=0e¢9337 ry= 0.9824

!'2‘009759 rz' 0,93937
Fe-Bentonite (pH=-7) r,=0,34992 r,= 0,9987
r2-0. 5989 rz‘ 0.,9991

* Significant at 1% level,

TABLE-N¥(B) 3 Langmuir parameters for the adsorbtion of
molybdate oy Fe-clays.

Adsorbent Ad 8o gion maxima o K~vglu¢(¥163)§.T.
40°¢ 20°¢ 40°¢ 20%
Fe-Kaolinite (pii=4) 2.55 1.38 285,.4 585.3
Fe-Kaolinite (pH=7) U.13 0423 265,6 127.5
FeyBentonite (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%% 2,500 200,0%% 245 3w

* Values for the first surface adsorption,

#% Values for *the second surface adsorption,
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reactive surface arca for molybdate adsorption, Very high
adsorption of molybdate on Fe=saturated c¢lays is obvious as
because high affinity for molybdate anions of Fee-containing
components as reported by Reyes and Jurinak (1967) and
Reisenaur et al.(1962),

Effect of pH on molyblate 2dserption in Fe-clays is
very much obvious, At low pH level, the adsorption was higher,
In case of Feesaturated Xaolinte, the effect is more prominent,
as increase in pH from 4 to 7, results drastic-reduction in
the adsorption of molybtdate., In case of Fe-Bentonite, effect
of pH is also prorinent but much less than that of Fe-

Kaolinite,

Break in the Langmulr curve, indicates two-surface
reaction of Fe-Bentonite with molybdate, which i3 consistent
with the mature of the adsorption curve,

Effect of temperature on the adsorption of molybdate
i8 also prominent. Higher amount of molybdate at high teme
perature cccurs only at iower pH level in tLoth the clays.
On the other harx!, reverse observation is found in both the
clays at higher pH level., It may be zeneralised that at
lower pH, the adsorption 13 mostly chemical, But in all the
cases greater Ke-values have been obtained at higher tempera-
ture, which meams adsorption of molybdate by the iron clays
is largely chemic2l, It can be further seen that Fe-Bentonite
adsorbs mclybdate with\oreater strength than that of Fe~Kaolle
nite. However higher Kevalue is chserved in case of

Fe-Kaolinite at pH-4,0,
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4,2,5. Desorption of the adsorbed molybdate by Fe-clayss

The adsorption isotherms shown in association with their
respective adsorption ones in Fig.6(A) and 7(aA) at different
PR and temperature levels, highlight a marked irreversibility
of the adsorbed molybdate with respect to fts 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 thls case, desorption curve
merges with the adsorpticn curve at higher concentration of
molybdate in soiution, indicating reversibility of the adsore
bed molybdate in this region. The fAature of desorption curve
in case of Fe~Kaoilnite at pH-7.0 1s very much consistent with
value obtained from the Langmuir curve, As Kevalue related to
bonding energy is lower in this case, after desorption

practicslly no molybdate remains ir the adsorbed phase,

Release curves, as shown in Filgs.12, also indicate the
n~ture of release of the adsorbed molybdate from the Fe=satue
rated clays. It is evident from the curves, that the release
i8 gradual as slope of the curve is lower, which is also in
conforuiity with the higher bonding =nergy of the adsorption,
signifying l1ittle 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 et.gl,
1962) are in consistent with the present work, regarding the
strong affinity of Mo with the Fe~coatings of soil and

clay surfaces,

4,2,6, e in free ener enthalpy and entropy f
Molybdate adsorbtion by Fe-clays $

As reported in the Table-VIII it is found that A H°
values for adsorption of molybdate by Fe~clays are positive
but at pH=-4,0 negative values of A H® are observed, only in
case of Fe-Ksolinite, Lesser positive values of A H° are
obtained in case second surface adsorption of molybdate on
Fe-Bentonite. Hisher A s® value is observed in case of
adsorption by Fe-Kaolinite at pH=4,0 level, The A s° value
increases in the order Fe-Kaolinite (pH-4.0) ) Fe-bentonite
(pﬂ-?.O))Fe-Bentonite (pH-4.0) ) Fe-Kaolinite (pH=7.0).

Change of free energy (/\ ¢°%) as reported in the

Table-VIII, i8 found in all the cases to be negative, indl-
cating spontaneous reaction of the molybdate with Fe=clays,

Higher negative A G° is observed in case adsorption at
pH=4,0 level in both the temperatures. The /\ G° change
increases in the order, at 40°¢ temperature level, Fe-Bento=
nite (pH=-4) ) Fe-Kaolinite (pH=4) > Fe-Kaolinite (pH-%) )
Fe-Bentonite (pH-7.0). But the order increases at 20°C,
Fe-Kaolinite (pH-h)) Fe-Bentonite (pH-=4,0) )Fé-Bentonite
(pH-?.O)} Fe-Kgolinite (pH=7.0).
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4,2.7. Adsorption of Molybdate by Al-clays ¢

The adsorption isotherms of molybdate for Al=-clays
at two pH levels are shown in Figs.8(a) and 9(A), from
which it becomes evident that A1’3 saturation increases mo-
lybdate adsorption like Fer"'3 saturation, The isotherms are
characterised by different adsorption regions., Region I and
II have been observed in all the Al-clays at all pH and
temperature levels, w:.ich indicate two differemt sets of
energy level for molybdate adsorption on Al-clays. The
repion I is characterised by initial steep slope of the
isotherm which bends (region II) and finally flattens qut

(region III) at higher solution concentration,

The adsorption isotherms follow the Langmuir equation
as evident from the correlation coefficient values, given
in the Tatle VI(A)s The break in the Langmuir adsorption
curves [ Fig.8(A) and 9(A)_7 obviously indicate either
preciritation or a second surface reaction of molybdate with
this clay. The Langmuir adsorption maxima (Xm) and Kevalue
of the Al-clays are given in the Table VI(B)., Al-Kaclinites,
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) 3 Correlation coefficient values of the
Langmuir curves fo. the adsorption of

molybdate by Al-clays.

Adsorbent ] r*value for 40°C I r*value for 20°C
Al=-Kaolinite (pH=4) r2-0.9hh3 r,=0,9983
Al-Kaolinite (pH=7) =0, 9972 r,=0,9969
Al-Bentonite (pH~4) r,=0,9518 r1u0.9986

r,=0.8728 r,=0,9837
rl-Bentonite (pH-7) r,=0.9837 r,=0.9841
r2-0.98h1 r,=0,9867

®* Significant at 1% level,

r, amd r, stand for correlation coefficient values
for first and second surface adsorption
respectively.

TABLE-VI(B): Langmuir parameters for the adsorption of
molybdate by Al-clays,

Xcsorption maxima; Kevaiue
Adsorbent !m”/zg (x193)-u‘1

5% | 2% [ 4% | 20%

Al=Kaolinite (pH=4) 0,724%* O0,714%+ 1078,9%* 1021,8%#
Al=Kgolinite (pH=7) O0.144%  0,140% 451,4% L07.7*

Al-Bentonite (pH-4) 1,081*% 0,977% 1185.,8% 1320,0%
2., 140%% 4 L0 253,8%# 298 ,6%%

Al-Bentonite (pH-7) O0,781% 0,729% 1226,0% 1014,8%
1.6478%  4,231%8  170,9%% 234 6%

* Values for first surface adsorption.
#* yalues for second surface adsorption,
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It i{s 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 hizh CEC of Bentonite,
which adsorbs higher amount of Al”. resulting in greater
reactive sites for molybdate adsorption, At pH 7.0 adsorbed
AI*B ions however remain in the form of hydrous oxides,

which are the sole arent for mclybdate adsorption,

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

solution.

Significant effect of pH on molybdate adsorption is
observed in both the clays, At lower pH level rreater
amount of molybdate is adsorbed., The observed effect of
pH on molybdate adsorption {8 related to the reactivity
of the aluminiam, which 1s higher at low pH.

A3 observed, temperature imperts little effect on the
adsorption of molybdate on Al-clays at both pH levels, But
the effect 1s prominent to some extent in the second sur-
face reaction. So, at low concentration level of Mc 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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Considering 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-Bentonite at pH-4,0 all the . Al-saturated clays
adsorb molybdate with greater stren:th at higher tempera-
ture, Howev: r, second surface adsorbtion on Al-Bentonite,
shows relatively sreater strength of adso'pticn at lower

teniperature,

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

Al-Bentonite (pH-4.0) ) Al-Eemtonite (pH—7.0)>
Al-Kaolinite (pﬁ-b.O)) Al=Kaolinite (pH=7.0)

The adsorption of molybdate by Achlays is thus found
to be, more or less chemical in mture., Cbservations are
in conformity with the report of Jones and Milne (1956)
which indicates the formation of Al-molybdates on clay
surfaces, Reyes and Jurinack (1367) also reported that

there is a strong affinity for Mo by Al-containing surfaces,



4,2,8, Desorption of adsorbed molybcate by Al-&ays @

The desorption isotherms shown in association with
their respective adsorption ones in Figs.8(A) and 9(A) 3
at different pH and temperature levels, reflected strong:
hysterosis effect, irrespective of pH. This shows that
adsorption of molybdate ions by Al-clays I8 irreversible
with respect to its ilonic concentration in solution, The
curves indicate rreater hysterosis at pH 4,0 level reflect-
ing stron:er bonding energy of the molybdaie ion to the
adsorbate. On the other hand desorption curve merses
with the adesorption curve in case of pH=7,0 of the system,
at hirher concentration of molybaate in solution (region
III), indicating greater irreversibility of the adsorbed mo-
lybdate in this region. It iz also evident from Ke-value
nbtained from the second surface adsorption, where the
value is much lower than that of K-velue obtained from the
first surface adsorption. S0 molybdate adsorbed with little
strength on this region, 18 reversible in nature, indica=-

ting larrely physical adsorption,

According to release curves, shown in Figs,12, the
amount of adsorbed molybdate, coming out due to desorption,
is enhsanced with the increase in molybdate saturation status
of the clay surface. It is observed from the curves, that
the Yate of release is higher at higher pH of the system
which must be due to the increasing conc:-ntration of OH™
fons in the solution, competing for the active sites, parti-
cularly when the concentration of molybdate in solution is
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decreased due to dilution. AL low pH, the molybdate ions

are released with greater strengh,

4.7+9. Change in free energy, entropy ard enthalpy in the
adsorption of molybcate by Al-clayss

The different thermodynamic parameters for molybdate
adsorption on Al-clays, are given in the Table VIII. It
is observed from the Table that /\ G° value in all the cases
are negative, gr-ater negativity being observed in the first
surface adsorption reaction. Nerstive value of A G°, clerly

indicates that the adsorption is spontaneocus.

The [\ G° (nepative) value for the adsorption of

molybdate on Al-clays increases in the order,

§
Al-Bentonite (pH-?);>,A1~Benton1te {pH-&):>
‘)A1~Kaolinite (pH=4,0) ),Al-Kaolinite (pH=7).

Change in enthalpy ( A H®) as calcul ‘ted from first
surface adsorption, are positive in all the cases except in
the adsorption on Al-Bentonite at pH 4,0 of the system,

Entropy chamge A\ 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-clays

The adsorption isotherms of the Ca-saturated
Kaolinite and Bentonite at various concentrations of
molybdate in solutions snd at different pH levels and two
isotherm conditions (40°C snd 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 {8 char~cterised by initial relatively steeper
slope of the isotherm, which finally flattens out (region II),
at higher concentration of molybdate in solution. The adsorpe
tion isotherms follow t:e Langmuir isotherm, as indicated
by the Correlation Coefficient values, reported in the
Table-VII(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 Ce-clays at pH 4.0, The Langmuir parameters,
as obtained, are given in the Tatle-VII(B).

Adsorption maxima aé reported, indicate that Ca=clays
have very little adsorption cap-city compared to other
homoionic clays, Ca=Bentonite adsorbs higher amount of
molybdate at both the pH-level, compared to Ca=-Kaolinite,
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 Langmulr
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TABLE -VII(A) 3 Correlation Coefficient values for the
molybdate adsorption by Ca-clays.

Adsortent | r*values for 40°C| r*values for 20°C
Ca~Kaolinite (pH-4,0) 0.,9768%#» 0,9933%#
Ca=-Kaolinite (pH=7.0) 0.9806 0.8353
CaeBentonite (pH-4,0) 0,9879% %% 0, 9497%%n
Ca-Bentonite (pH=-7.0) 0.9971 0.9981

* Significant at 1% level,

** Calculated from more dominant second surface
adgsorption,

*#%#% Calculated from more dominant first surface
adsorption.

TABLE=VII(B)s Langmuiyr Parameter for adsorption of

mo e a-clays.
Adsorbent Adsor%tion maxima l K~Va1ue(x103) S
mM:E
4% 7 20% 1 40% 7/ 20%
Ca~Kaolinite (pHJ‘) 0.“16 0.553 995.8 908.6
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 0.3%53 1014,.8 1194,0

#(For Ca-Kaolinite (pH=4), values are calculated from second
surface adsorption and for Ca-Bentonite (pH-4) values are
calculated fram first surface adsorption).
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curve, The effect of temperature on the melybdate adsorp-
tion by Ca=clays is found significant, particularly in case
of Ca-Kaolinite at bot: 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 pHelevel 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
eiception of phosphate anion, in which largely chemical
precipitation takes place. As with the adsorption of
molybdate on CaCOB. Ca-clays also fourd to be very little
affinity for molybdate. The little amount molybdate which
is adsorbed at differeﬂt pH levels on Ca=clay surface
scems to be physical in nature particularly at higher pH
value. At lower pH value to some extent chemical adsorp-
tion may take place with the formation of Ca MoO, on its

surface,

4.,2.11. Desorption of adserbed molybdate oy Ca-clays:
The desorption isotherm shown in association with thdr

respective adsorption curves in Figs.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
hysterosias only at pH 4.0 of the system, Thus at this pH,
molybdate adsorption, i2 to some extent irreversible., It
is also observed that desorption curves merge with adsorp-
tion curves at kigher concentration of molybdate in solue
tion, indicating the presence of only a few active sites

on the Ca=clays available for molybdate adsorption.

4,2.12, Change in A c°, A 8° and A H® in the adsorption
of molybdate of Ca-clays 3

The /y G°, A H® amd A 5° values derived from the

adsorption of melybdate by Ca-clays, sre given in the
Table VIII, It is ohserved that A C° are negative in all
the cases, lndicating spontaneous reaction. GCreater negative

. [} G° 1s observed in case of adscerption at lower pH values,

Regarding the value of /% H®, it is found that positive
[\ H® vealue for adsorption at pH=4.0 and negstive A\ H° value
for adsorption at pH 7.0 level by Ca-~clays, indicating exo-
thermic nature ef 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 exceptlon of Ca-Kaolinite at pH 7.0, all ad-
sorbent of Ca~-system exhibit more or less same A s° value,

where as Ca-Kaolinite st pH=7,0, shows higher,[;sso value



«96m

compared 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~saturation,

L,2,13, Comparison of Adsorption of molybdete among
different homo ionic clayss

Results of the adsorption of molykdate at different
pH and temperature level on differcnt homo=ionic Kaolinite
and Bentonite clays have been discussed in the earlier
sections, It is obwious from the discussion, that the
adsorptiocn pattern of molybdate differs according to nature
of the clays, nature of saturated cations, pH and tempera-

ture,

The comparison of the lLangmuir adsorption maxima
- indicates that molybdate adsorption by different homo-ionic
Kaolinite increases in following order under different pH
and temperaliure level,
At pH 4.0 and Tes0°C,
Fe A1) H yCa
At pH 4.0 and Te 20°¢
Fe}Al}Ca}H.
At pH 7.0 and T= 40°C
Al)Fe>Ca>H.
At pH 7.0 and T = 20°C
AN Fe ) H)Ca.
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The compsrison of the Langmuir absorption maxima among
difierent homo~ionic Bentonite minerals shows that adsorpe
tion of molybdate increases in the following order under
different pH and tecperature 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)&l}ca,
The comparison of the K-value for molybdate adsorption
in different homo ionic Ksolinite, 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.

M 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 moulybdate adsorption
among different homc~icnic Bentonlite, shows following order

of increase at different ph and temperature level,

At pH=4,0 and T = 40%
Fe YH )Al) Ca

At pH-4,0 and T = 20°C
Fe)H ) Cal Al.



At pH-7.0 and T = 40°%C
AlyCa)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 Kevalue for molybdate adsorption, quite conflice

ting particul~2rly 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 mlsc plays
dominating role, depending on the pH of the system,

It can be generalised from the various observation,

mostly chemicsl nature of adsorption takes place on Fe and

Al saturated c¢lay surfacesg,



Adsorbents with pH !-Q G° K Cal/mole H® % $©
of the system 40°¢ 20°C K Cal/mole |Cal/deg/mole
H-Kaolinite (pH-4,0)% 8,63 8,32 -3.79 0.040
HeKaolinite (pH=7.0) 9435 8,49 4,21 0,015
HeBentonite (PH-4.0)* 9431 9.09 5491 0.049
H-Bentonite (pH=~7.0) 6.87 6.58 -2.45 0.030
Fe-Kaolinite(pH=4) 781 7.73 «b454 0.047
Fe-Kaoltnite(pH~7.0) 7.8 7.73 +6,69 0,002
Fe-Bentonite(pH=-4,0)%* 9,78 8.73 +6,63 0.008
Fe-Bentonite (pH=-4,0)%** 3,30 8,68 $0,36 0.028
Fe~Bentonite (pH=7.0)*% 7.65 7.17 +0.59 0.022
Fe-Bentonite (pH-7,0)** 7,59 7.22 +0,45 0.02%
Al-Kaolinite (pH-4,0)*¢ 8,64 £.05 0.49 0,028
Al-Kaolinite (pH-7.0)%* 8,10 7.52 0.92 0,022
Al-Bentonite (pH=4CZ )* 8,70 8,20 =0, 97 0.031
Al-Bentonite (pH=4.0}%x 7,74 7434 -1,48 0,029
Al-Bentonite (OH=7,0)* &,72 8.05 +1.72 0.021
Al-Bentonite (pH=7.0)*Y 7,49 7.20 +0,35 0,023
Ca=Kaolinite (oHe=d)#s 3.59 7.99 +0,.83 C.024
Ca=Kaolinite (pi=7) 7.25 7.53 -11,13 0,061
Ca-Bentonite (pH~4)* 3.58 8.G0 +0.397 0.028
Ca-Bentonite (pH=7.0) 3,60 B.14 -1,48 0,022

* Values for first susface adsorption,
#% Yalues for second surface adsorption.



CHAPTER V

STUDIES ON ADSORPTION OF MOLYEDATE BY SOILS

So0il systems can undergo a lot of reactions due to
heterogeneous nature of soils, it is usually-difficult to
trace the nature of such reactions., 35till adsorption isoe-
therm can sometimes be 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
strengti, according to their nature or composition. To have
an i’ea, 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 Al as

adsorbents for studying adsorption of molybdenum.

5«1, Materisls and Methods

A brief description of the different adsorbents and
methocs 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 agroclimatic zones, The detailed
informations ahbout the collected soll samples are gilven
below,
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Agro cli=- FPlace of ([Probable |Probable Nick name

matic zones collec- class in |class in used in this
tion the old the new investiga~-

system system tion

Norther West |Dhupguri Alluvial |Spodosol Dhupguri soil

Bengal farm (acidic) |Inceptisol| Canning soil

Coastal West |[Canning Alluvial Intisol Kalyani soil

Bengal farm (saline) |Oxisol Laterite soil

Cangetic Kalyani Alluvial

allivial seed farm |(Neutral)

of Nadia, Jhargram |[Laterite

(¥.B.) farm

Lateritic

tract of

Midnapore

(WBo)

The so0il samrles collected from different farms,

represent a composite of 10 randomly collected zurface soils

(0‘6”) .

The samples after collection were air dried, ground

by wooden mortar and seived through a nylon 80-mesh seive,

The various physico-chemical properties of the soil samples

are given in the Tatle IX,

The samples of different soils were then subjected

to different treétments. in order to get organic matter

free soil and free oxides free soil.

The preparation of

such samples of so0ila is described below @

Organic matter free soil :- The 80 mesh soil sarples were

treated with 30% Hzo? for several times for destruction of

organic matter present in the soil.

s0ils did not evolve gaseous bubbles any longer.

less equal amount of 8202 was added in all soils,

It was done until the

More or

The soils
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TABLE «IX : Physico=-chemical properties of soil.
Physico-chemical | Dhupguri| Laterite | Kalyani Canning
Properties soll soil soil soil

. Sand % 33,2 67.5 39.1 16.2
ex- - '
ture S1lt % 35,6 21.4 2045 49,3
Clay % 20,3 3.9 17.9 27.0
Dominant clay INNlite Il1lite & Montmori- Montmorilo-~
Mineral cholorite cholorite lonite agd nite agd
with traces
of Kgoli~ Illite I1lite
nite
pﬂ (13205) l&.6 5e¢2% 7.0 7.0
Org.Carbon % 1.34 0.26 0.66 1.11
Exch. Cations
meq/100 g
+2 ., +2
1) Ca"“eMg Trace 1.340 3,780 5,460
11) re*? 0.048 0,039 Trace 0.068
111) m*3 0,196 0.028 0.017 0.015
iv) K* 0.153 0,256 2,430 1,025
Oxalate extractable
(pPm). 4y Mo 0,025 0.019  0.020 0.029
11) Fe 1140 1700 1540 1620
111) Al 50 3¢5 2.5 2.5
Athiomite extractable
(pem) ;) pe 240 320 288 304
11) A 2745 29,2 13.4 12.7
CEC (meQ/100g) 11.39 8.88 15.84 32.84
AEC ( ') ) 0.36 0.08 0.05 0.32
. FQZOB% 0.148 1.5‘0 0.58 0099
CaCO, % Trace 0.005 0,040 0.041
=3
Total N% 0.153 0.043 0.090 0.139

1 GChosh and Dutta (1974)

2 Sahu and Nas

(1972)

3 Sahu and Das (1974) |

4

Dalui and Roy (1979)
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were then subsequently air dried and cround. The amount of
organic matter remaining with the soils after Hzo2 treatment
vas ostimated by Walkley and Black's method as done also for
the native s0ils, The amount of organic matter present in
the soils before and after H,0, treatment are shown in the
following Table.

% org C before H,0, § % org C after H,0,

Soils
treatment treatment
Dhupguri 1.349 0.342
Laterite 0.264 0,097
Kalyani 0.665 0,048
Canning 1.114 0,136

Oxides free soll 3~ The soils were freed from oxides by
treating a portion of the organic matter free soil with
1(N) Na-acetatle, Citrate-bicarbona*te 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 e@lectrolytes. The oxide free soils
were then air-dried, ground and taken for adsorption
experiments,

50102. Method H
&) S Adsorption Isotherm t- Fxperiments were
carried out, censidering the fellowing conditions.
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1) Soil-solution ratio :- For the soils and other treated
soils, the solid-solution ratio employed for the

adsorption experiments was 1325 (2 gmgoil in 50 ml
0.01 M Cacl., sclution).

11) Concentration of adsorbate t~ Same concentration, as
used for adsorption on clays, described in the previous
chapter (Chapter 1V).

111) Equilibrium Time and Temperature s= 5-6 hrs, shaking
followed by 40 hrs incubation at 40°C amd 20°C. The
determination of time required for equilibriation of
the system was done, as described in the Chapter IV,

b) Study of Tesorption $= The methodelogy for the siudy of
decorption 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 :
1) Estimation of Molybdenum s~ Mo was estimated
spectrophotometrically, according to the procedure
developed by ArKley and Johnson (1954),

11) Estimation of Phosphorus t=- 'P' was estimated by
chloro~stanous-reduced molybdophosphoric acid blue
colour method, developed by Dickman and Bray (1940),
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111) Determination of pH 3= pH of the soils and other systems
were measwred in 0,01M CQOLZ solution with the help of
a pH meter, The pH of the native soils were determined
by pH meter using soil-solution ratio 1 s 2.5.

iv) Determination of C,E,C.t~ CEC of the s0ils were deter-
fined with 1(N) NH,0AC (pH=7) solution, -according fto

the procedure developed by Jackson (1967), CFrC for
clays were estimated by using Ca and Mg solution, accore
ding to the procedure described by Jackson (1967).

v) Determination of Anion Exchange Capacity of Soils s~

AEC of the solls were determined by using NHAHZPO“ at
pH=4,0, according to the procedure develcped by Piper
(1942).

vi) Determination of exc eable Fe Al t= Fxchangeable
Al and Fe were estimated by washing the soils with 1(N)
KCl solution according to the procedure described by
Jackson (19587).

vil) Determination of free iron oxide s$- Free iron oxide of

80ils was estimated by dithionite extraction according
to the procedure of Kilmer (1960).

viii) Devermination of oxalste extractsble Fe and Al := Iron

and aluminium extraction was done by shaking the soil
with 0,1(M) oxalic acid and 0.775 (M) NHa-oxalato
solution, for 4 hours with a soil solution ratio of 13150,

From the extractants the Fe and Al were estimated colo-
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rometrically accordine to the procedure described

by Jackson (1967),

ix) Letermination of availuble Mo 3~ Available Mo of soil

x)

vi)

S5e2e

was estimated by extraction with Tanm's solution (oxalic
acid and smmonium oxalate, pH 3.3), according to the
procedure of Grigg (1953).

Fstimation of orgasnic carbon 3~ Organic carbon of soil
was estimeted by Walkley and Black's method.

Estimation of Exchangeable gg’z and 55'2 $- Exchangeable
ca*? and Mg*2 were determined with 1(N) NH,0 AC extrace

tion, according to the procedure described by Jackson
(1967).

Results and Discussion 8

The results 5f investigation on adsorption of molybdate

by different netive aoils, organic mstter free soils and

oxide free soil are discussed in the following sections,

5.2+.1. Adsorption of molybdate by native soils 3

The isotherms for adsorption of molybdate on differant

scils at varicus concentrations of molybdate in solution

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

14(a), 15(A) and 16{(A). The adsorption curves ususally
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consist of three regions, characterised by initial steep
slope (region I), which bends (region II) and finally
flattens out (region IIXI) 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 scem to be the

reasons for this,

Adsorption isotherm characterised by more than one
region in Dhupguri as well as Laterite 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 Figs.13B(a),
14B(a), 15B(a). Breask 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
s0il contains high exchangable Al, the results are in cone
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 adsorp molybdate,



Laterite soils have higher capacity to adsorb mlmm Hi s
exchangeatle 'Al' content of Dhupguri soil snd high free oxid
content of the Laterite soil and lower pH value of the
result in greater adsorption of molybdate by these n 1 :
the other hand, Kalyani and Canning soils, having ury iﬁ
exchangeable Al and Fe and relatively higher pH, a«lurb
amount of molybdate,

It is observed that a little higher amount of i
is adsorbed at lower temperature compared to that at i
tempeorature in all the soils except in Kalyani soil,
se there is less significant difference in adsorption m
betw-en the two tempuratures, in all the soils, stud

The correlation coefficients of Langnuir p /
with different physico-chemical properties of the ioll-l'é:'_'.,l ;;
are given in the Table-XI, It is observed from the m,
that the Langmuir adsorption maxima for molybdate ndswpif%f
tion on soil 1s negatively correlated with pH of the 1349
Significant positive correlation mfﬁeiont are obte
between Langmuir adsorption mnu and oxalate e
Al and Fe, exchangeable Fe and Al content and fl'ot tm
oxides of soil, Non-significant mgntlvo eoruhtin i ';-.f
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TABLE =X(A) &1 C Coefficient values P
angmulr curves for S0 o

of molybdate solils,

I r Walues (Significant at 1% level)

Adsorbents
40° | 20°¢
Thupguri Soil 0,9839% 0.,9511*%
Laterite Soil 04 3903%* 0.9899%
Kalyani Soil 0.9649 0.,9472
Canning Soil 0.9655 0.9030
gﬁﬁégﬂift§:1§ree 0.9838 0,9937
Org. matter free
Laterite Soil G971 %x 0.9884#+
" Kalyani Soil 0,941 0.9843
- Canning Soil 0.9923 0.9523
Oxide free Dhupguri Soil 0,9816%# 0,9703%%
- Laterite soil 0,984 % 0,9973%#
o Kalyani Soil 0.9537 0.9943
+»  Canning Soil 0.,977hn+ 0,9582%+

®* Indicates r value for more dominant first

surface adsorption.

#%* Tndicates r value for more dominant second

surface adsorption.
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TABLE-XI : Simple correlation coefficients for the
correlation between Adsorption maxima

and various goll characteristics.

Soil Characteristics r value
40°¢c | 20%
pH -0,9906 ~0,9615
CEC -0,6282 «0.,5391
AEC +0,3774 +0,4592
Organic Carban +0,1924 +0,2122

Dithiomite extractable
1) Fe 0.4817 0.5853
i1) A 0.8098 0,7726

Oxalate extractable

1) Fe 0.8792 0,.,8301
11) a1 0.9565 0.92820
Exchangeable Al 0.9313 0.9421
Exchangeable Fe 0.9437 0.9549
Fe, 0, % 0.8831 0.8872

273

(Table value at 1% level = 0,8783),



«112=-

observed with CFC of the soils and non-significant positive
correlation is observed with anion exchange capacity of
the soils, organic carbon content of the soil and dithio-
nite extractable Fe and Al content of the soils, As repore-
ted by many workers (Jones and Uchara 1973; Wada and Harward
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 confarmity with those reports,

It 1s obvious from the results of the study that
adsorption of molybdate by soil is primarily due to the
presence of exchangeable Fe and Al content of the soils
Free iron oxides present in soil and organic matter content
of the soils also play iuportamt 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 f the so
surface,

Tesorption isotherm for adsorbed molybdate from the
soils are shown in association with their respective
“adsorption isotherms in Figs.13A(a), 14A(a), 15A(a) and
16A(a). The curves indicate a stronger hysterosis in case
of Dhupguri and Laterite 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 solls and higher content of Al, Fe, 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 grcater
reversibility of the adsorption reaction st higher solution

concentration of molybdate.

Release curves, as shown in Fig.19 reveal, higher
slopes for Kalyani and canning soil compared to Thupguri
and Laterite solls, which is in conformity with higher bonde
ing strength of the molybdate with the latter s0ils, The
K-values and adsorption maxima for those soils in respect
of molybdate adsorption also in consistent with the slope

of the corresponding release curves,

5.%.3. Boad ener dsorptio ther therm mic
parameters of the molylxate agdsorption on soil.

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

tion.

Relatively greater strength of adsorption is observed
at higher temperature in all the soils, except in Kalyani
soil, indicating greater chemical nature of adsorpticn of

molybdate on these soils,



-114-

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 y Laterite) Kalyani, however, at 20°C level, the
order is Dhupguri ) laterite Kalysmi) Canning.

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

Regarding the AH® value af the adsorption, it is
observed that except in Kalyani soil, all are exhibiting
positive Aﬂo value,. GCreater pobitive Aﬂo 18 observed
in case of Dhupguri and laterite soils., The Asovalue for
the adsorption increases in the order

Kalyani) Dhupgurt> Canning ~~ Laterite,

S5e2.4e Adsorption of molybdate en organic matter free soilBs.

The adsorption isotherms for the organic matter free
soils of Dhupguri, Laterite, Kalyani and Canning, at various
concentrations of molybdate in solution are shown in Figs.
13a(b), 14A(b), 15A(b) and 16A(b).. The €éurves 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 Chupguri and Laterite soils, the regions

are somewhat prominent., Occurrence of more than one region
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are given in the Table X(B).

In all the cases, except in case of €anning soil the
removal of crganic matter, decr ased the adsorpticn of
molybdate. However, exceptional rise of rolybdate adsorpe
tion is observed in case of Canning soil, The ohserved
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=orzanic rmatter cornlexes

in this soil,

The increase of adsorpticn maxima of the orranic
matter free soils follows the order @

Canring Seil ) T aupruri Soil )La‘seri ce aoil) Ka2lysnl Soil,

It is further otserved that mere or less ssme value of
adsorption maxima at btoth the terperature level in case of
Dhupguri and Laterite soils., Howevor, relatively creater
arount of molybdate adsorption is observed in the case of
Kalyani soll at higher temperature, on the other hand Canning

soil adsorbs greater amount of molybdate at lower temperature,

5.2.5. Liesorption of adsorbed molybdate from orgsric matter
frece soil.

esorption isothern of molybdate for the orranic maiter
free soils are showr in 2ssociation with the adsorption iso=-
therr is PFigs. 13A(t), 144(b), 154(%) =nd 15A(b)., The curves
indicate marked hysterosis, reflecting étronger bond ng enere

gy of molvbdate ions to the adsorbent in case of Iaterite
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and Dhupguri soils, On the other hand, Kalyani and

Canning soils show little hysterosis in this respect
indicating greater reversibility of the molybdate adsorp=
tion reaction by these solls, Marked irpeversibility of
the reaction is, however observed in case of organic
matter free lLaterite and Dhupguri soils, I'esorption curve
merges with adsorption curve at higher concentration of
molybdate in solution, in case of Dhupguri soil, indicating
greater reversibility of the adsorption at this region of
adsorption,

Though organic matter free Canning soil exhibits
exceptional high amount of molybdate adsorption very little
hysterosis of the adsorption=desorption curve is noted for

this soil,

Slope of the release curve (Fig.18), is found to be
higher in case of organic matter free Kalyani and Dhupguri
soils, at higher concentration level, The release curve of
the canning sofl, also exhibits greater slope, indicating
higher rate of release of the adsorbed molybdate. Laterite .
soil on the other hand, rcleases molybdate at a slower rate,

Removal of organic matter of Dhupguri soll 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 adsorption 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 seoil,
however, results in greater adsorption of molybdate but
with 1ittle strength, Freshly exposed surface of free
oxides of ipon mav be partly resronsible for enhanced adsorp=-

tion in this soil,

The Laterite 5011, where organic matter might preotest
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 thermodynamig
parameters of the molybdate adsorption on organiec
patter free sojl:

The values of K, which is related to bonding energy
of the adsorption and cslculated from the Langmuir equae
tion, are given in the Table X(B)., The results indicate
thet X=values of all the soils except Laterite soil, have
been reduced by the removal of organic matter of the soils,
Hence organic matter of the soils, shows an additive efrect
on the strength of adsorption by contributing more sites-
of adsorption. Laterite soil, on the other hand adsorbs
molybtdate 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 {t was in original native soil, It is also found that
greater adsorption of molybdate in case of Canning soil at
lower temperature, which reveals that adsorption is mostly
physical in nature. This result is in conformity with the
nature of adsarption « desorption curve and release curve,

where little hysterosis and greater slope are observed,

Kalyani sail also adsorbs molybdate with greater strene-
gth at lower terperature, indicating more or less rhysical
adsorption of molybdate which 18 also the case with corres-
ponding ns tive soil,

Reszarding change in free emergy, 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 ZLpO on removal

of organic matter from it.

Regarding the value of AH®, it 1s observed that like
the native soils, Orgzanic matter free Thupguri, Laterite
and Canning scils exhibit positive AH® values. On the other
hand Kalyani sofl exhibits negative AH® value both in case
of native and orzanic matteyr free soil, A= regards entropy

1t €an be seen that greater values for Kalyzni and Dhupguri
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solils and relatively lower values for Laterite and
Canning soils,

5.2.7+ Adsorption of molybdate in free oxide free soils ¢

The adsorption isotherms of free oxide free soil of
Nhupguri, Laterite, Kalyani and Carning at two temperature
levels, are shown in the Fig.,17A and 18A. It is observed
that on treatment with dithionite, scils adserb little molyde
date, The isotherm curves, which are characterised by
initial gradual rise (region I), which finally flattens
out (region II). The adsorption 1sotherm of dithionite
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 Gepicted
in Figs, 17B and 18B, However, in case of Dhupguri,

Laterite and Camning soils, break in the Langmuir curves,

is observed, indicating second surfsce adscrption at higher
concentration of molybdate in solution. The Langmuir adsorp=
tion maxima =nd K-value are calculated from the more dominant
second surface adsorption. The related datea have been
reported in the Table XB, The data shows that in all the
cases removal of oxides on treatment with dithionite results
drastic decrease in molybdate adsorption, Thke order of

decrease of the adsorption capacity as follows =

Dhupguri soi.l') Laterite 3011> Canning Soll) Kalyani 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 of the adsorption capscity
of molybdate by the scil, As Laterite and Thupguri soils
contain large amount of the oxides, greater decrease of

the adsorption capacity is abserved for these,

In case of Laterite soil exposure of clay minerals
particularly Keolinite, 18 largely responsible for the
second surface adsorption of molybdate. It is also found

in case of Dhupguri and €Canning soil,

More or l:ss same amount wolybdate i3 adsorbed at
both the temperature level in all the oxides free soil,
with the exception of oxices free Dhupguri soil, where
relatively rreater amount is being adsorbed at higher
temperature,

5.2.8, Desorption of adsorbed molybdgte fwom oxide free
3cils 3

The desorption isotherms of the oxide free solls shown
in association with their respective adsorption isotherrms in
the Figs. 17A and 18A, highiight little hysterosis of the
isotherm curve, indicating the reversibility of the adsorp-

tion reaction,.

Gresater reversibility of the adsorpticn coupled with
slightly greater adsorption of molybdate at lower tempera~

ture level, reveal that adsorption of molybdate on oxide
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free soll is mostly physical in nature,

Relecase curve (Fig.19) of these oxide=free soils,
also show the steep slope, indicating rapid release of the

adsorbted molybdate from the adsorbent,

5.2.9. Bonding energy and other thermodynamic paremeters
of molybdate adsorption on Free Oxide free solls:

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 reroval of free oxides not only decrea~
se the adsorption capacity but also reduce the Kevalue, in
all the scils. Greater decrease of the K=value is observed
in case of Dhupguri and Laterite soils, On the other hand
Kalyani soil exhibits 1ittle reduction rather little incre

ease of the K-value.

In 211 the cases change in Gibb's free energy, calcu-

lated from K-value, are negstive, indicating spontaneous
nature of adsorption of molybdate on such soll samples,
More or less similar AG® value is observed in all the oxide

free 3olls, particularly at higher temperature,

Fegarding the value of AH®, it is found that, in all
the cases, with the exception of oxide free Dhupguri posi=-
tive AH® value for molybdate adsorption. Negative AH® is
being found only in case of oxine free Dhupguri soil., Some-
what higher positive value of Z;Ho is observed in case of
Laterite and Kalyani soil,
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Entropy change values are found to almost same
in case of oxide free Laterite, Canning and Kalyani
soll, Slightly higher value 1is obtained in case of
oxide free Chupguri soil,



CHAPFTER V

STUDIES ON ADSORPTION OF PHOSPHATE AND COMPETITIVE ADSORP#
TION OF PHOSPHATE AND MOLYBDATE ON SOILS 3

Phosphate and molybdate anions are similar in their
behaviour in many reaction due to their arionic nature. As
reported by Barrow (1970) adsorption behaviour of phopphate
armd 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 ¢

Exp-riments on phosphate adsorption and co-adsorption
of phosphate and molybdate were carried out on s0ils of
four different agroclimatic 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 phosrhate was also under tsken, the methods
for which are depicted below.
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6.1.1. 1) Methods of phosphate adsorption study s Phosphate
adsorptian study was conducted by shaking 2.0 gm of

soll with 50 C.C. 0.01M CaC12 containing different
phosphate concentration in the equilibriating solu=-
tion ranging from 20ito 70 ppm, For attalning 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, 1if any. Immediately after completion of
incubation, the soil suspensions were centrifuged at
8000 -ppm 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

uged for molybdate desorption study,

1i1) Adsorption isotherm of phosphate 3= For the
adsorption data, adsorption isotherms were drawn and

Langmulir equation was used for it, DPesorption data
were computed from desorption isotherm, for assessing
any hysterosis in the adsorption = desorption isotherm

curve in association,

.6.1.2, Methods of co-adsorptiom study of molybdate and
phos hate on soil ¢

In order to determine the relative ability of soil to
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adsorb phos hate and molybdate, it is convenient, if the
reaction of each anion with a given soil, can be character=
{sed by a single value, However, for comparison, Langmuir
adsorption maxima should not be taken, as because the cone
troversy over the Langmuiy curve under more than one anion
system, The procedure for adsorption was according to the
procedure of Parro- (%970). For each anion, solution cone
centration was chosen ard the quantity of adsorbed ion in
equilibrium with the concentration in solution was intere-

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 1s a convenient concentration for analysis but
an addition reason was that measurements were made at this

concentracion by FRelsenauer, Tablkh and Stout,

Though Barrow's choice for 'P' concentration was 0,2
ppm, in the presemt investigation, the choice of alsorption
for 'P' 1is 0.5 PpIt,, Considering the usual ratio of *Mo’

and '"P' concentration soil solutions,

In order to get different set of adsorption data, the
four soils were equilibriated with 131, 1310, 1:30, 1340
and 1350, molybdate : 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 solls were incubated for 40 hours at 40°
after © hours shaking with O0,01M Cacl, 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 and Discussion
6.2.1. Adsorption of phosrhate by soil

The adsorption isotherms of the four different soils
at various comcentrations of phesphate 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 Dhupguri soils) ef the isotherm, which bends
and finally flattens out, The regions are I, II and III,
which are prominent in case of Bhupguri, Laterite and Canne-
ing s0ils. Adserption isotherrs for these soils are charace
terised by more than one regions, clearly indication multi-
phase adsorptioa, witi: 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 the Table-XII, The Langmuir curves are depic-
ted in the Fig.20(B). It has been found that break in the
Langmuir curves occured in case of Canning and Laterite
soils, The adserption maxima and Kevalue (related to bonde
ing energy) and change in Gibb's free energy for the adsorpe
tion, derived thereof, are giv.m in the Tatle XII.

TAFLE=-XII ¢ Correlation Coefficient values for Langmuir
Curves and Lengmuir Parameters for the adsorp-

io hosphate by solls
Ad on{ K- - °
v L TR R [

Dhupguri 0.8562 28,49 | 16.55 15,61
%?E:rii:race) 09946 5.85 42.26 17
%gﬁgrgﬁgface) 0.9829 25,83 0.24 8.86
%?221§5rraco) 0.9985 10,90 65.97 17.83
G Thecwce) 00058 205 2s e
Kalyant 00,9829 8.40 2.28 12.42

* Significant at 1% level.

It is clear from the table that adsorption maxima of
Laterite, Dhupgurt{ and Canning solls are higher than that of
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Kalyani soil. Two surface adsorption occurs in casse of
Laterite and Canning soil. High adsorption of phosphate in
Laterite and Dhupguri soils may be ascribed to the exchangea-
ble 'Al' of Chupguri soil and high free iron oxide content
of Laterite soil respcctively., High adsorption of Canning
soll appears to be due to high pH and high exchangeable ‘Ca‘
content of this soil. Kalyani 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 orparic 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 fo:nd that Canning and Laterite
soils bind phosphate with higher strength at the first
surface adsorption compared to Dhupguri and Kalyani soils,
However, these two soils adsord higher amount of phosphate
at the second surface adsorption, with very little strength.
Dhupguri soil adsorbs phosphate with greater strength, on
the other hamd Kalyani s0il adsorbs phosphate weakly,

Regarding change in free energy, it is observed that
the value [;;o (nesative) increases in the following order,
considering the first surface adsorption of Canning and
_Laterite soil,

Canning ) Laterite > Phupguri 7 Kalyani.,
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From the observation it can be concluded that in
Dhupguri,Laterito and Canning seil, the adsorption is mostly
chemical. However, in the second surface adsorption of
phosphate on camning so0il is mostly physical. Kalyani soil
exhibits mostly phvsical nature of adsorption. The change of
[;9° clearly indicates that the nature of phosphate adsorp=
tion by Dhupguri, Canning and Laterite soils, is mostly
chemical. Chemical precipitation of phosphate on free oxide
of Al and Fe present in these soils may be the principal
cause of phosphate adsorption by Dhupguri and Laterite soil
rather low pH of these soils,

6.2.2., Desorptien isotherm of Adsorbed Phosphate by Soil 3

The desorption isotherms for the adsoXbed phosphate
by the soils, are shown in assoelation with adsorption
isotherm in F1g.20(A), The figures Righ light marked
irrevasibility ef phosphate adsorption in Dhupguri soil.
Desorption isotherms of Laterite and Canning so0ils show
irreversibility of adsorbed phosphate at lower phosphate
concentration im 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 adsorptien. This observation is consistent with the
Kevalue obtained for this soil. As Canning soll adsorbs
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higher amount of phosphate with lower stréngth at higher
concentration of phosphate in solution, maximal amount of
phosphate gets desorbed from the surface, on the other hand
Dhupguri and Laterite soil adsorbd phosphate with greater
strength, desarbing very little amount of phosphate from

the surface.

6.2.3. Comparison of the adsorption of molybdate and
phosphate by solls 3

The adsorption isotherms of phosphate amd molybdate
adsorption from the binary anion system of phosphate and
molybdate of the equilibriating solution by different soils
are shown in Fig.21. Adsorption isotherm for molybdate from
the binary system in which molybdate to phosphate ratio:,

Mo ¢ P ranging from 1 ¢ 14 to 1 ¢ 50 show that increase in
phosphate conceatraticn in the solution results in a decrease
of molybdate adsorption by di "ferent soils., The results are
given in the Table XIII,

It is ebserved from the Table that adsorption of
molybdate decreases, as the coneentration of phosphate
increases in the system, VWith fifty times addition of
phosphate to molybdate in solution, the magnitudes of decrea-
se are 35.3%, 51.5%, O0% and 77% in Dhupguri, Laterite,
Kalyani and Canning soils respectively.
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TABLE-XIII &t Molybdate adsorption from the bi

system of Mo and 'P' at different ratios.

Molybdate adsorbed for Mo ¢ ratl
Soil g T:1 ] *:15 ] %:25 I 1:38 l 1:25 i 1150

Dhupguri T.4 6.0 5.6 5e2 5.0 4.8
Laterite 6.2 52 4.7 4,0 3.6 3.0
Canning 1.8 1.5 1.2 0.9 0.5 0.4
Kalyani 0.2 0.15 0.12 0,10 0.09 0.08

The adsorption of molybdate by Kalyani and Canning
soils, thus drastically reduced due to the addition of
phosphate in solution. On the other hand, though Dhupguri
and Laterite soils have high capacity for phosphate adsorp-
tion as well as can adsordb molybdate with higher strength,
adsorption of molybdate i8 decreased on application of phos~
phate ag a general observation, But it is not so conspicuous
as with Kalyani and Canning Soils. Relatively high amount of
free oxides or organic complexes of Fe and Al present in
Dhupgurl and Laierite solls adsorb molybdate mostly by chemie
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 Kalyani soils,

Considering the rel:-tive ability of molybdate and
phosphate adsorption by these soils, it can be generalised
éhat the Canning and Kalyani soils possess greater affinity
for phosphate compared to that for molybdate, Kalyani and
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Canning soils go through mostly physical adsorption of
phosphate and molybdate, resulting in a much higher
decrease in molybdate adsorption in presence of greater

amount of phosphate in equilidbriating solution,

When comp-ring the phosphate adsorption at 0,5 ppm
equilidbrium concentration of phosphate, it is found that
there is no significant effect on the adsorption of phoaphate
by adding a smail amount of molybdate in solution, The effect
of co-adsorption is not observed due to the small amount of

molybdate compared to phosphate present in solution,



CHAPTER VII

SUMMARY AND CONCLUSION

PSS A S-S e

In the present investigation, adsorption studies
have been carried out with the anion molybdate as the adsorb-
ate and some hydrous oxides, phosphates, and carbonate, some
clays in their homo-ionic forms and some soils belonging to
diverse agroclimetic zories of west Bengal, as adsorbents, A
study on phosphmte adsorption as well as phosphate-molybdate
competitive adsorption by soil has alsc been umade,

Arong the two precipitated phosphates used, FePob has
been found to adsorb much more molybdate than AlPOh at both
the temperature (40°C and 20°C), used for the study. In both
the cases Lancrmuir equation was followed and it is reveasled
from the K~value, derived from Largmulr isotherm and related
to bonding energy, that molybdate adsorbed bdy Fepoh with
greater strensth at both the temperatures. The free energy
[§p° value indiecates spontaneous nature of adsorption by both
the adsorbents. Higher positive values of /\H® have been
observed in case of FePO,, Entropy change [§s° has also been
calculated and found to be more positive for FePOa.

Among the two hydrous oxide gels Fezoj, xH20 is found
to possess a higher adsorption capacity for molybdate and
corresponding Langmuir curve indicates a two-surface reaction.
The hydrous A1203, xHZO has been found to adsord less molyb-
date at both the temperature used (20°C and 40°C). The /\G°
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value is much more negative for A1203. xﬂzo than for F‘2°3'
xﬂzo which signifies more spontaneous nature of molybdate, by
the former as slso greater sirength of adsorption., Negative
heat of adsorption in case of Pezoj. xﬂzo signifies exother-
mic nature of reaction by the adsorbent, whereas a positive
AHR® value for Al,05, xH,0 18 observed. As® value is found
to be higher in case of FQZOB. xﬂzo.

cgt:o3 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 CaCOB. the adsorpe=
tion is largely chemical. The order of the degree of adsorp
tion is Fe,0;, xH,0))A1,0,, xnzo» FePoh> Al PO, })CaCos.

The study en the adsorption isotherm of molybdate by
different homo-ienic Kaolinite and Bentonite at two pH levels
(4 and 7) and at two temperatures (20°C and 40°C) was carried
out. Among the H-clays, it is found that at pH=4.0, the break
in the Langmulr curve corresponds to a two-surface adsorption.
The adsorption maxima calculated from the more dominant first
surface adsorption indicate higher amount by HeBentonite than
H=Kaolinite at both the temporatures used, Higher amount of
adsorption is observed at higher tempcerature but Ke-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 1s much less by HeKaolinite but degree of
adsorption =lsoc higher at higher temperature, signifying
mostly physical mature of adsorption of molybdate by the

clays.

Desorptinn isotherms studied revaal irreversible nature
of adscrption by the clays except by H-Bentonite at pH=-7,0,
Slower release of adsorbed molybdate is observed at pH-4,0
level compared teo at pH-7,0 in all cases,

Hizher nezative [§p° values, are obtained in case of
adsorption by all the H-clays except for H-BEentonite at pH=7.0,
indicating greater cpontaneity of the molybdate adsorption,
by the clays. In general, a greater affinity for molybdate

on H=Bentonite cempared to He=Kaolinite has been observed,

Adsorptien study of molybdate on Fe~Clays 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-Bentonite in all cases,
In the firat 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-Bentonite but to a smaller extent., Adsorption is higher at
higher temp:rature in all the Fe-clays except for Pe-Kaolinite
8t pH=7.0, |
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Desorption isotherms show greater irreversibility of
the adsorptiom reaction on Fe~clays, irrespective of pH and
temperature but at pH=7,0, Fe-Kaclinite exhibits reversibilie
ty at higher comcentration 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 srontgneous 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-Kaclinite at
pH=4,0, which 18 negative,

From the observation it can be concluded that adsorpe

tion of molybtéate on Fe-clays 18 largely chemical in nature,

Adsorption studies on molybdate with Al-clays indicate
a two-surface adsorption of molybdate at hoth pH and terpera-~
ture levels studied. Greater amount of adsorption by both the
Al-clays at lower pH level, has, however, been observed,
Température chanze has little effect on the adsorption of
molybdate on Al-clays, except for the adsorption on the
sccond surface of the Al-Bentonite, indicating appreciable

chemicnl n~ture of adsorption on this surface.

The desorption isotherms indicate strong hysterosis in
all the cases of Al-clays, reflecting irreversibility of the
reaction, However, at higher pH level, reversibility of
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adsorption can be sesn at higher concentration of molybdate
in solution, which is inconformity with lower bonding energy,
at the second surface adsorption. Felease curves also indice
ate higher rate of release at higher level of molybdate in
solution as well as at the higher pH.

Chanze in free energy [}po for the adsorption is
found to be negative, indicating spontaneous nature of adsorp-
tion of molybdate by the Al=clays, In all the cases £§ﬂ° is
positive, except in the adsorption of molybdate on Ale-
Bentonite at pH-4,0, Entrony change 1s higher at pH-4,0
level than at pH-7,0,

Adsorption isothevm of molybdate on Ca=clays at two
PH levels and temperatures followed Langmulir 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 arount of molybdate is adsorbed
by the Ca-clays, of which Ca-Bentonite adsorbs greater
amount of molybcate with greater strength, Except Ca=-
Kaolinite at pH 4,0, higher amount of molybdate iz adsorbed
by Ca~-clays, at higher terperature at both the pH level used,

Change in Cibbis free energy is higher in case of
adsorption on Ca-Bentonite and is relatively higher at higher
PH level also, Heat of reaction AH® value 1is positive in
both the Ca=clays at pH 4.0 l1: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=
l1ity 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

F»Bentonito) H-Bentonite )Al-Bcntontte > Ca-Bentonite
F'Q-Kaonnlto) Al-Kaolinite ) H-Kaolinite ) Ca=Kaolinite

At pH 7.0, the order is found to be slightly modified as 3

H-Bentonite ) Fe~Bentonite ) Al-Bentonite > Ca-Bentonite
Fe-Kaolinite >~ Al-Kaolinite) H~Kaolinite) Ca-Kaolinite,

Adsorption studies of molybdate on the four different
soils show that the adsorption isotherm 18 characterised by
different regions, indicating multiphase adsorption. The
adsorption maxima calculated from the Langmuir curve indicate
greater adsorption of molybdate on Dhupguri and Laterite soils,

The adsorption increases in the order 3

Dhupguri soil)) Laterite soil }) Canning soil Kalyani soil,

More or Jess same amount of adsorption has occured at
both the temp:rature (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 Lntez;ite.
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. and Dhupguri soils, Fxcept Kalyani soil, in all the cases
hipher bonding energy at higher temperature, reveal the
chemical ns ture of adsorntion. The presence of high amount
of exchangeable Al in Dhupguri soil and free ferrif oxide
in Laterite solil appear to be the reason for this.

Orpgaric 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 molybdate
has been adsorbed on removal of organic matter, although
with 1ittle bonding energy. Higher adsorption of this
organic matter free soil is found at lower temperature., In
other cases, adsorption is higher at higher temperature,
Orgaric matter free Kalyani and Canning soils adsorb molybe
date with lesser strength. Laterite soil, on iha otherhand,
adsorbs molybdate with greater strength after removal of

organic matter,

Removal of free oxides from the soil decreases molybdate
adsorption, which is more prominent in case of Laterite and
Dhupguri soil. The remroval of active sites from soil,
results in reduction of molybdate adsorption. The K-value
related to bonding energy of adsorption on oxide free soils,
. are also lower in both the temperatures, indicating weaker
;trength of adsorption,
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Desorption isotherms of native and organic matter free
Dhupguri and Laterite soil, highlicht greater irreversibility
of the adsorption, on the other hand little or no hysterosis
18 observed in case of Kalyani and Canning soil, Though
organic matter removal causes higher adsorption of molybdate
in Canning soil, the little hysterosis 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-
1ity of the adsorrtion of molybdate on soil which also cone
firms the phyaical nature of adsorption.,

Adsorption maxima of the soil for molybdate adsorption
is significantly correlated negatively with pH of the soil
and positively with oxalate extractable as well as exchange=
able Fe and Al in soil. Adsorption maxima is also correla-
ted positively with free F9203 content of the soils,

In all the cases negative /\G® value has been obtained
indicating spontaneous nature of adsorption at both the tem=
peratures, Creater negative values are found in Dhupguri
and Laterite soil. These are also higher in case of organic

matter free Dhupguri and Laterite soil,

Regarding change in [§H° value it is observed that
except Kalyani s0il, in all the cases it is positive, indica~
ting endothermic nature of adsorption, on the other hand
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regative /AH® of Kalyani soll is an indication of exothermic
reaction, Same observation is also noted in case of adsorpe

tion on orgamic matter free soils.

From 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 Laterite and Dhupguri 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 dy these soils
is primarily due to the presemnce of Feaoj, and exchangea~
ble Fe and Al contemt of the soils,

Studies on phosphate adsorption on different soils
show that the adsorption isothorms 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
Laterite and Canning soil, indicating two-surface adsorpe
tion of phosphate on these soils, The degrce of adsorptién
of phosphate by soils is found to increase in the order 3

Canning(second surface)) Dhupguri.) Laterite (second
surface) > Kalyani,

K-values related to bonding energy indicate greater
strength of adsorption in case of Dhupguri and Canning soil,

Canning and Laterite soils adsord 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 (Aé") for phosphate

adsorption, increases in the order t

Canning >Later1te } Dhupguri ) Kalyani,

Desorption isotherms of phosphate highlight marked
irreversibility of the adsorbed phosphate in Dhupguri soil.
Laterite and Canning soils s ow reversibility at higher
concentration of phosphate in solution but irreversidbility
at lower concentration, indi:ating physical nature of
adsorption st the second surface adsorption, whereas
Kalyani so0il show little hystorosis in the isotherm curve,
indicating a general reversibility of the edsorption.
Hence, it can be concluded that adsorption of phosphate
on the Dhupguri, Laterite and Canning soils is mostly

chemical in nature,

From the studies on the comparison of adsorption of
molybdate and phosphate on s0ils 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

Canning soil> Kalyani sou) Laterite soil)) Dhupguri
soll,



Considering 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 adsorntion on the adsorption of
molybdate at 0,5 ppm of phosphate in solutiona equili-
brium is found in the binary system, by adding a small

apount of molybdate in solution,



CHAPTER VIII

FUTURE SCOPE OF RFSEARCH ON THE ADSORPTION

In the present investigations most of the experiments
were carried out for assessing the nature and degree of
molybdate adsorption by variocus adsorbents, on the basis
of Langnuir parametcrs, Emphasis was given on the affinity
of molybdenum for several soil constituents, as formulated
previously by various Scientiets. In order to make it
more fruitful and practical one, it 1is necessary teo study
the molybdate adsorption over a wide range of soils as well
as other soll constituents. The important factors whiech
are conducive for molybdenum adsorntion, have to be located
on the various soils, 7The n~ture of adsorption and desorp-
tion curve would have to be correlated with the various

avallabllity indices and adsorption with respect to plant.

The varibus equations, formulated by several workers,
for overcoming the limltation of Langmulr 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 Langmuip
equation i.e, K=value relsted to bonding energy and adsorpe
tion maxima, have to be correlated with the availability of
the applied molybdenum, if there 18 any possibility for
* assessing the fertilizer requirement of solls by this cone

sideration. The constants obtained from the equation for
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soils of diverse class and different agro-climatic zones
may provide useful informations for assessing the fertilizer
requirement and this necessiates the investigation of sorp~

tion ino ceg witin the better physico-chemical basis,

As a soll is enriched or depleted in molybdate, there
are changes in both solution and suprorting pool of labile
molybdate, The manner in which they change, however, differs
from soil to s0il 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, 'hich 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, bornte and chloride, Suitable equations for
computing the co-adsorption are required to be formulated in
order to estimate the various thermodyramic parameters,
Particularly for this purpose, eguation cdeveloped 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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The effect of organic matter on molybdate adsorption,
needs further researeh, particularly on the nature of
compounds formed after adsorption of molybdenum on various

organi¢ or clay-orgamic surfaces,

The formation of heteropoly anions such as phesphomolyb=
date, silicomolybdate etc, as well oxy=cations of molybdenum
also need some consiceration if molybdate adsorption in soil

is to be more fully understood,

The adsorption of molybdate on precipitated form of
FePOa and AIPOA needs a more detail study for finding out

the nature of adsorbed compounds,
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