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ABSTRACT

Several soil evaluations have found magnesium deficient in most cocoa plantations in Nigeria. Authors have
recommended the use of magnesium fertilizers to address the deficiency. For appropriate fertilizer application and
effective utilization of applied fertilizer, understanding the adsorption kinetics and magnesium holding capacity of
each soil will help in making precise recommendation in order to prevent wasting of resources and contamination of
the environment with un-adsorbed magnesium. Soil samples were collected with soil auger at a depth of 0-30cm
from selected cocoa plantations in Lodu, Itu, Ikom, Asaba and Uhonmora in Abia, Akwa Ibom, Cross River, Delta
and Edo States respectively. One gram (1.0 g) of each sample was equilibrated with 30ml of 20, 40, 60, 80 and 100
mg Mg L™ solution. Another portion (1.0 g) of each sample was equilibrated with 30mi of 70 mg Mg L™ for 40, 80,
120 and 140 minutes to study the kinetics of Mg?* ions in soil. The data generated were fitted into various
adsorption Isotherms and kinetic models. Results showed that, Freundlich model best described the adsorption of
magnesium indicating Mg adsorption on heterogeneous surfaces. Mass transfer kinetic model best described the
kinetics of Mg?* adsorption. Sample obtained from Cross River State had the highest adsorption capacity for
magnesium compared with the rest of the soils. Clay and organic carbon were the main soil properties that
influenced Mg?* adsorption in the soils.
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INTRODUCTION

Cocoa has contributed immensely to the economygamss domestic product (GDP) of the Nation NiggtiaThe

discovery of petroleum as a commodity of commer® megatively affected the commitment of the gowvennt to

the production of cocoa which used to be the n&tiorain source of foreign earnings [2]. The lowldief cocoa
has been partly attributed to nutrients depletigthout replacement in most cocoa plantations ineNag[3]. The

study carried out by Ogunladt al [4] revealed that, most Nigerian cocoa farmersxdbapply fertilizers on their
farms and the nutrient replacement through letdrlitall is not sufficient to make up for the lositrients during
fruiting and seed development. The type of clayerahpresent in most Nigerian cocoa soils demapdsiraious

fertilization of the soils. This might be the reasawhy Lombi and Fayemi in 1975 predicted deficierafy
magnesium in Nigeria soils [5].
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Ipinmoroti et al. reported deficiency of magnesium in some coca@atptions in Ibadan Southwestern Nigeria.
Aikpokpodion also reported deficiency of magnesiarselected cocoa plantations in Ondo State, Nageri

Magnesium (Mg) deficiency is a detrimental plargdadder that occurs most often in strongly acidght| sandy
soils, where magnesium can be easily leached avagnesium is an essential macronutrient found féo270.4%
dry matter and is necessary for normal plant grdéth

Magnesium has an important role in photosynthestsabse it forms the central atom of chlorophylleifore,
without sufficient amounts of magnesium, plantsibeg degrade the chlorophyll in the old leavesisTdauses the
main symptom of magnesium deficiency, chlorosisyafowing between leaf veins, which stay greewjrg the
leaves a marbled appearance. Due to magnesium’senmatbure, the plant will first break down chlotoyl in older
leaves and transport the Mg to younger leaves wihiéake greater photosynthetic needs. Thereforefjrdtesign of
magnesium deficiency is the chlorosis of old leawddch progresses to the young leaves as the defigi
continues [7]. Magnesium also is a necessary dotiviar many critical enzymes, including ribulosbgsphate
carboxylase (RuBisCO) and phosphoenolpyruvate cgthse (PEPC), both essential enzymes in carbaiidin.
Thus low amounts of Mg lead to a decrease in plyatbgtic and enzymatic activity within the plartéagnesium
is also crucial in stabilizing ribosome structuresnce, a lack of magnesium causes depolymerizafidbosomes
leading to pre-mature aging of the plant [8]. Afseolonged magnesium deficiency, necrosis and dngppf older
leaves occurs. Plants deficient in magnesium atsdyze smaller, woodier fruits. Based on the inmpae of
magnesium in plant nutrition, application of maguoes fertilizer to magnesium deficient cocoa soilasw
recommended by Ipinmoradt al., Ogunlade et al., and Aikpokpodion.

The objective of this research is to investigake @akdsorption mechanisms and kinetics of magnesiuselected
soils within Nigeria on which cocoa is grown. Saopt kinetics is investigated to develop an undediteg of
controlling reaction mechanisms (e.g. surface \&istra-particle diffusion) of sorption reactiom@netic data can
be used to predict the rate at which the targebrbbdse is removed from soil solution and equilibriadsorption
isotherms are used to quantify the adsorptive dgpaicthe soil.

EXPERIMENTAL SECTION

Sample collection

Soil samples were collected at a depth of 0-15cth woil auger from selected cocoa plantations amlk(Cross
River State), Itu (Akwa Ibom State), Uhonmora (Eftate), Lodu (Abia State) and Delta State. Thessonples
were air-dried and sieved with 2 mm sieve.

Sorption:

One gram of each of the samples was introduced3@tml capacity sample bottles and 15 ml of 20,640,380 and
100 mg magnesium per liter was added to each samipdesoil samples were shaken on a mechanicaésliak16
hours equilibration at 2&. After completion, the equilibrated samples wegatrifuged and filtered with Whatman
filter Paper No 1. The concentration of magnesianthe filtrate was determined with Buck Scientifi¢omic
Absorption Spectrophotometer. The data generateck ited into Freundlich, Temkin and flory-Huggin
equations to determine the various constants ih eathe models.

Sorption kinetics:

The kinetics study was carried out by adding 3frifOmg Mg L* solution into sample bottles containing 1 gram
of each of the studied soils. The bottles and cusatevere equilibrated for 40, 80, 120 and 140 n@sth order to
study the adsorption mechanism in relation to adrtee. At the end of each equilibration time, fanples bottles
were transferred to the centrifuge and the samg#agifuged for 5 minutes at 3000 rpm followed brdtion with
Whatman filter paper. Each filtrate was analyzedéquilibrium concentration of magnesium left ire tholution
after sorption process using Buck Scientific AtorAlesorption Spectrophotometer. The data obtaineck iited
into Pseudo-first order, Pseudo-second order,-perticle diffusion, Mass transfer and Elovich etijrzs.

Physicochemical analysis of soil samples:

The samples were leached with 1N ammonium acéEhe leachate was analyzed for exchangeable cai@ais

Mg ?*, K" and N&) determination [9]. Soils were analyzed for paetisize by the Boyocous hydrometer method soil
pH was measured with glass electrodes in 1:2.5vgaiiér suspensions. The organic carbon was detedvafter

129



Aikpokpodion Paul E. et al J. Chem. Pharm. Res., 2013, 5(6):128-139

using the method of Walkey and Black, [10]. AvaiaPhosphorus was determined using Bray and Kuethod
[11].

RESULTSAND DISCUSSION

Freundlich Adsorption I sotherm:

The Freundlich isotherm is an empirical equationcilestimates the adsorption intensity of the duksatr towards
the adsorbate. Freundlich equation is suitablefbighly heterogeneous surface and an adsorpidineism lacking
a plateau indicates a multilayer adsorption [12je Todel is represented by the equation

q=K Ceq™ [13].
The linearized form of the adsorption isotherm wssd to evaluate the sorption data and is repredest
Ing=InK+1/nin G,

where G is the equilibrium concentration (mg'), q is the amount adsorbed (mgd)g K and n are constants
incorporating parameters affecting the adsorpticocgss, such as adsorption capacity and intens#yectively.
The values of Kand n were calculated from the intercept and stdgbe Freundlich plots respectively. According
to [14], n value between 1 and 10 represents beneficial ptisor In the studied soils, the values of n ranged
between 1.43 and 3.09 (Table 2). Result impliet theneficial adsorption of Mg on heterogeneousssibok place

in the course of adsorption. Kuo and Lotse [15]oregd that, exponent of the Freundlich equatiom)(i¥as
independent of time and temperature but dependesailgroperties.

From the report of Juang et al., magnitude of $hows easy separation of Mg from solution whilehoves
adsorption capacity. It therefore suggests thadeuthe same fertilizer application condition, sofitained from
Abia State will have more magnesium ions separkted soil solution than the rest of the soils cdesed in the
study. This is however, attributable to the physk@mical properties of Abia soil.

The high coefficient of determination? ® Freundlich isotherm compared with other Isoth®rconsidered in the
study is an indication that, the adsorption of Masvon the heterogeneous sites with varying eneafiadsorption.
[16] reported that, the adsorption of heavy meaiadails was on heterogeneous adsorption sites.rgpdrted that,
the adsorption of Zn in Pakistan soils followedraundlich adsorption isotherm. Our findings showattls and n
which are Freundlich constants relating to affinitfiy Mg ions for the soil solid phase and adsorptiotensity
respectively had positive correlation with orgacéecbon and CEC in the studied soils (Table 4)s hggests that,
the intensity and rate of adsorption increased WEHC, and organic carbon of the soils. Table 1 stimat, soil
sample obtained from Abia State had the highaktes of CEC. Hosseinpur and Dandanmozd [18] teddhat,
distribution coefficient (K significantly correlated with CEC. Reyhamitabaral., [19] in their study on Zn
retention in twenty calcareous soils of centrah)reeported a significant relationship between Rdéich K; and
CEC. Karimian and Moafpourian [20] reported thiatgalcareous soils of the Southwestern part of, IRzeundlich
Kf showed positive correlation with CEC and orgamatter. Elrashidi and O'Connor [21] reported angfigant
relationship between Freundlich coefficients and_Giad pH but not organic matter of the soil. Amghdil., [22]
reported significant positive correlation betweeaundlich K and percent clay, organic matter, CaCind pH.

Flory-Huggins Isotherm:

The Flory-Huggins model was used in order to actdan the degree of surface coverage charactesigic
magnesium on the studied soils. The Flory-Hugginslehis represented by equation

l0g ¢ = 109 ey + My log (1-0)

Where

0=(1-c%)

0 is the degree of surface coverage characteristinsagnesium on the studied soils, is the number of Mg ions

occupying sorption sites, & is the equilibrium constant of adsorption and Cths equilibrium Mg" ion

concentration.
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A plot of log (Ci) versus log (10) yielding a straight line confirms the applicatiohthe model to magnesium
adsorption.

The equilibrium constant & obtained from the Flory-Huggins isotherm can beduto compute the apparent
Gibb's free energy of sorptiolG® is the fundamental criterion of spontaneity. Riesicbccurs spontaneously at a
given temperature iKG° is a negative quantitphG® (KJ*) was evaluated using the following equation

AG°® = -RT In (Kepy)
Where
R is the universal gas constant, 8.314J/rifaiid T is absolute temperature.

The isotherm data (Table 2) showed that, the appamember ‘r,/ of Mg®" ions occupying adsorption sites was
highest in soil obtained from Cross River whilewias lowest in soil obtained from Abia. The highater of
occupancy of the adsorption sites by Mipns in Cross River soil compared to the rest>angined soils was
enhanced by the physicochemical properties of oleAmong the five soils investigated, soil obtaéhfrom Cross
River had the highest percentage of clay, organgéten and manganese. These physicochemical prepdsti
nature contribute to sorption of cations on soifates. Soil clay has negatively charged edgesiwdtitact cations
to its surfaces by electrostatic force of attractibhe carbonyl group, amine group and sulpho gpregent in soil
organic matter are all negatively charged and bpt&m principle, have the capacity to form bondhapositively
charged cations in soil solution. The hydrous ogidssociated with manganese in soil could also Wittt cations

in solution. All these soil properties were highesoil obtained from Cross River State comparét the rest.

The correlation of Flory-Huggins constants withl gbiysicochemical properties (Table 3) confirmstcbations of
clay, Mn and organic matter to the rate of magmasith which magnesium occupies the adsorption eitethe soil
surfaces. Manganese, clay and organic matter hsitiygocorrelations with K, and ry at significant levels (Table
3). The relatively high correlation coefficient JRwhich ranged from 0.63 to 0.98 is an indicatibatf Flory-
Huggins model did not give an excellent fit for thescription of M§" onto the studied soils.

Temkin I sotherm:

The Temkin model assumes that, the adsorption gnéegreases linearly with the surface coverage tdue
adsorbent-adsorbate interactions. Unlike the Larigamd Freundlich equation, the Temkin isothermesakccount
of the interaction between adsorbents and catimhe tadsorbed and is based on the assumptiorhthfee energy
of sorption is a function of the surface covera@fs [

ge = g In (K1.Co)

The linear form of Temkin equation is
ge :g InK+ +§ In G
Where

by is the Temkin constant related to heat of sorp{img) and k is the binding constant corresponding to the
maximum binding energy (L/g).

The Temkin constantstband K are calculated from the slope and intercept of gla of ge versus In C
respectively.

The values of thesband K obtained in the studied soils are given in Tabl€H values of pranged from 61.82 to
138 while K ranged between 1.28 and 14.58. Result showedgbidtpbtained from Cross River had the highest
equilibrium binding constant corresponding to thaximum binding energy (B while soil from Akwa Ibom had
the least binding energy. This suggests that, gésar of adsorbed Mg ions from the adsorption sites of the
studied soils will be lowest in Cross River soibldmnighest in Akwa Ibom soil. From plant nutritionipt of view,
the release (desorption) of adsorbed?Mgns into soil solution for plant uptake will baster in Akwa Ibom soil
and slowest in  soil sample obtained from CrosseRivMagnesium retaining capacity in Cross Rivesil s
beneficial in terms of nutrient reservation formlaptake. On the other hand, the leaching of dgbmagnesium
may be higher in Akwa Ibom soil compared with testrdue to the low maximum binding energy betweefi*M
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and soil surface. The high maximum binding energyivieen M§" ions and the soil surfaces obtained in Cross
River soil compared with the rest of the examineitbss due to its physicochemical properties. [€dbshows that,
soil sample obtained from Cross River had the higpercentage of clay, organic matter and mangariése was
confirmed by the linear correlation between soiygbochemical properties and Temkin constants. R€Bable3)
showed that, the maximum binding energy)(Kad positive correlation with soil manganese pawporganic matter
and clay at significant level while it was negaljveorrelated with percent sand content at sigaifidevel.

Pseudo First-order kinetics:

The adsorption kinetic data were described by thgekgreen Pseudo first-order model [24] which & ¢hrliest
known equation describing the adsorption rate basetthe adsorption capacity. It is assumed thatroagnesium,
ion is sorbed onto one adsorption site on thessoface

k1
A+ Mgz+aq — AMsolid surface
Where A represents unoccupied sorption site oséiesurface and,kis the pseudo first order rate constarf) (h

The differential equation is generally expressed as

= Ky(Ge — @)

Where ge and gt are the adsorption capacities witimium and at time t, respectively (mg/g), Ks the rate
constant of Pseudo first order adsorption (L/mimdegrating equation above for the boundary coadgit = 0 to t
and gt = 0 to gt gives

Where ge and qt (mg'y are the adsorption capacities at equilibrium aintime t (h), respectively.

In order to obtain the rate constants, the valddsg (ge- qt) were linearly correlated withfrom which K and
predicted gqe were determined from the slope artdapt of the plot respectively.

K1
2.303

t

Log (- ) =log (@) =

According to the assumption of the Pseudo-firseokdnetics, the variation in the rate should bepprtional to the
first power of concentration for strict surface agion. However, the relationship between initedlute
concentration and the rate of adsorption will netlinear when pore diffusion limits the adsorptimocess [25].
Table 4 shows that, the predicted ge calculateth ftbe plot ranged from 44.56 to 66.85. The coedfitiof
determination (B ranged from 0.87 to 0.99. The correlation coédfits obtained with first order equation were
relatively lower than the data obtain with secondieo equation for most of the studied soils exde il obtained
from Akwa Ibom. This implies that, the adsorptiohMg?* ions onto the soils was not controlled by firstler
reaction. Hence, the initial solution concentratioih magnesium was not a limiting rate in the adsorp of
magnesium onto the studies soils.

Pseudo Second-Order Kinetics:
The pseudo second order rate expression, has hm#iedafor analyzing chemisorptions kinetics fromquid
solutions [26, 27]

The adsorption kinetics of M§ions onto soil surfaces may be described by tteeids second order model. The
differential equation is generally given as

dat _
= = Kz (qe —qtf

Where K is the second-order rate constant of adsorptitegtating equation above for the boundary conuaktiq
=0toqatt=0totand rearranging gives the followiimgar form

t 1 1

qt  KzqZe qe

132



Aikpokpodion Paul E. et al J. Chem. Pharm. Res., 2013, 5(6):128-139

Where K is the rate constant for pseudo-second order ptisor(g mg" h) and K q.2 or h (mg ¢ h™) is the initial
adsorption rate.

This model assumes that one magnesium ion is sanhtedtwo sorption sites on the soil surface. Bymo-second
order is applicable, the plot of 1Aersus t should give a linear relationship fromokige and K can be determined
from the slope and intercept of the plot respebtiv&/heret is the contact time (min).ds the predicted adsorbed
Mg®* (mg/g) and qt (mg/g) is the amount of Mg adsoraedquilibrium at any time Result (Table 4 ) shows that,
pseudo second order constant K ranged from 21.88.t0. Soil obtained from Abia had the highestafue. The
coefficient of determination Ranged from 0.93 to 0.99. The® Ralues obtained with pseudo second order kinetics
in the studied soils are much higher than the @efft of determination obtained with first-ordeinétics. This
suggests that, second order kinetics gave betteinfidescribing Mg ion sorption in the studiedisdnan the first-
order kinetics. This is an indication that, Mdons were adsorbed onto the soil surface via cbanmteraction.
This is in line with the findings of [28]. By wayf €urther explanation, the adsorption of fM@nto the soil surfaces
is proportional to the square of the number of enpéed sites [29] meaning that, the sorption ofMgns in the
studied soils involves two species which includgnesium in soil solution and the soil surfaces.

The Mass Transfer mode!:
The mass transfer kinetic model was used to desctib adsorption mechanism of M@nto the studied soils.
According to Qadear and Akhtar, [30]

Co— G =D exp (Kt)

Where

C, is the initial magnesium ion concentration at titnteis the equilibrium time (min), D is the fitting ameter, K
is a constant relating to the mass transfer adsorpbefficient. A linearized form of the equatiisn

In (Cy-C) =In D + Kt

A plot of In (G-C) versust gave a linear relationship where In D anglwere determined from the intercept and
slope respectively.

Result (Table) shows that, D which is the fittingr@meter ranged from 68.65 to 80.88 in which saihgle
obtained from Akwa Ibom had the highest D valuee Ebrrelation coefficient (i ranged between 0.98 and 0.99
which suggests that, the sorption of Min onto the soil surfaces was controlled by niemssfer. Mass transfer is
the movement of a chemical species in a fluid mmxttaused by some forms of driving force. Theret@emain
mechanisms of mass transfer: diffusion and masspat by convection. However, the rate of diffusif ions
between soil solution and soil surfaces is genetaW due to molecular collisions that give riseetdremely strong
hindrance to the movement of molecules [31].

Elovich Kinetic model:

The adsorption kinetics of Mfjonto the studied soils was evaluated using thei€icequation. According to Chen
and Clayton [32], the equation is expressed as

S =aexp (B a)

Where

Qt is the sorption capacity at time t (mi§) gu is the initial adsorption rate (mg'@in™), B is the desorption constant
(gmgh) during any one experiment. For the purpose ofplfivation of Elovich equation, Chen and Clayton
assumed  t >>1 and by applying the boundary conditions @tat t = 0 and gt at t = t, the equation becomes

qtz%ln(aﬁ)+%:lnt
A plot of gt versus In t gave a linear relationsWiph slope (%) and interceptéo In (o B).

Result (Table 5) shows th#tranged from 0.12 to 0.39 Whilé)(ln (o B) ranged from 0.90 and 23.94. According to

Chen and Clayton, a decreasaiimdicates reduction in adsorption of the adsorbResult showed that, the rate of
adsorption was highest in soil obtained from Edd &west in Delta soil. However, due to the low retation
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coefficient (R) obtained by fitting data into the equation \Eth equation did not give good fit for describing
Mg?* adsorption.

Intra-particle diffusion model:
The Intra-particle model, according to [33] and}][B expressed as

R =Ky (Ha

A linearized form of the equation is

logg=logKg+0.5logt

Where

q: is the amount of Mg ions adsorbed at time t (mg)gt is the contact time (min)

The model is based on the assumption that, diffuisito the interior pores of the soil particlesnfréhe soil solution
controls the adsorption of Mgion onto the studied soils.

An understanding of adsorption mechanisms fad#dahe determination of the rate-limiting step. Derall rate
of adsorption can be described by the followinge¢hsteps: (1) film or surface diffusion, where gwebate is
transported from the bulk solution to the extersaiface of sorbent, (2) intra-particle or pore ukfon, where
sorbate molecules move into the interior siteshefgorbent particles, and (3) adsorption on therimt sites of the
sorbent [35]. Since the adsorption step is verydrapis assumed that it does not influence theral kinetics. The
overall rate of adsorption process, therefore, élicontrolled by either surface diffusion or iRpaticle diffusion.
The Weber-Moris intra-particle diffusion model haften been used to determine if intra-particle wdiibn is the
rate-limiting step [36, 37, 38]. According to thisodel, a plot of gt versus’a should be linear if intra-particle
diffusion is involved in the sorption process afhthe plot passes through the origin then, intretigle diffusion is
the sole rate-limiting step [39]. Result (Tablesfpws that, the intra-particle diffusion rate cansty ranged from
14.97 to 42.23. This suggest that, intra-parti¢fusion of Mg ions from the soil solution onto the soil surfaces
was highest in soil obtained from Edo and lowestaih from Akwa Ibom. The relatively high percentagf sand in
Edo soil may be responsible for higher diffusiortteé sorbate. The plot of the graph obtained instey did not
pass through the origin which suggests that, ipgmdicle diffusion was not the sole rate - limitisaggp. It has also
been suggested that in instances wherersus 2 gives multi-linear plots, it means two or morepstgovern the
adsorption process[40, 41]. Result (Figure 8) iattid multi-linear three steps in the plot pf/grsus ¥? for all the
studied soils. This is an indication that, threzpstwere involved in the sorption of K@nto the soil surfaces.

Table 1: Physicochemical properties of the studied soils

Cross Rive  Abia Edc  Akwa lbomr Delts
Ca (cmol/kg 2.1 1t 0.8t 1.2¢ 0.97
Mg (Cmol/kg) 0.31 0.36 0.06 0.18 0.09
Na (Cmol/kg) 0.52 0.78 0.46 0.92 0.45
K(Cmol/kg) 0.2¢ 1.1C 0.0t 0.0¢ 0.07
Al(mg/kg) 0.48 054 037 0.36 0.38
Fe (mg/kg) 2.4 6.00 4.80 2.40 4.90
Mn (mg/kg) 8.52 252 1.26 0.90 1.16
Cu (mg/kg) 0.78 0.36 0.18 0.36 0.24
Organic Carbon(%) 3.18 2.34 1.07 1.10 1.06
Sand (%) 23.80 60.20 82.20 79.80 61.20
CEC 3.19 3.74 1.42 2.44 1.58
Silt (%) 18.30 10.30 4.60 5.30 11.25
Clay (%) 57.90 29.50 13.20 14.90 27.55

Table 2: Values of I sotherm constants obtained from the sor ption experiment

Temkin Freundlich Flory- Huggins

Location b K+ R Kf n R K  Nen R AG
Cross River 8139 1458 0.76 6.36 1.80 099 1.72 1®.71 -1230
Abia 61.8: 45z 07¢ 7.6C 3.0¢ 0.9¢ 167 6.97 0.9¢ -116t
Edo 6850 349 086 6.67 257 099 159 966 0.82054
Akwa lbom 13833 128 054 3.06 143 098 155 30.40.79 -996
Delta 11386 151 0.65 3.68 155 0.99 158 14.03630.-1039
Mean 92,78 508 0.72 547 209 099 162 1142 04097
Stdev 3239 548 013 198 071 0.02 007 359 0.94.11
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The first sharper portion was the external surfac@m diffusion, the second was a gradual/linadsorption where
intra-particle or pore diffusion was rate limitirgnd the third portion was the final equilibrium ggavhere intra-
particle diffusion starts to slow down due to erisdy low adsorbate concentration in the solutios.tide plot did
not pass through the origin, intra-particle diffusiwas not the only rate-limiting step rather, ¢hevere three
processes controlling the adsorption rate but onky was rate limiting in any particular time rangecording to
[42], the deviation from origin may be due to véda of mass transfer in the initial and final stagf adsorption
while [43] stated that, the deviation of the plebrh origin was indicative of pore diffusion beinbet only
controlling step and not the film diffusion. Mohadnet al. [44] reported that, the adsorption of ahitom (VI) onto
cement kilm dust had three steps of adsorptiohénplot of g versus 't Hardiljeet et al., also reported three steps
for the adsorption of cadmium ions onto nanozemmairon particles. The intercept of the plot pd®s an
estimation of the thickness of the boundary layts].[ The larger the intercept, the greater the rimuion of
surface sorption in the rate-controlling step [48gsult (Table 5) showed that, soil sample obtafnech Edo had
the least value of intercept ‘a’ in the intra-peldi diffusion model which indicates the lowest Kmiess of the
boundary layer. This might be connected to thedtay content of the soil compared to the rest efgbil samples.

Table 3: Correlation between I sotherms constants and soil properties

Temkin Flory-Huggins Freundlich
br Kr Ken Nen Kf n

Ca -0.204  0.873 0.848 0.846 0.326  -0.03
Mg -0.353  0.563 0.78 0.438 0491 0.354
Na 0.369  -0.287 -0.19 -0.299 -0.213 0.010
K -0.57 0.117 0.544 -0.096 0.648 0.750
Al -0.653  0.537 0.858 0.350 0.733  0.613
Fe -0.557  -0.419 -0.12 -0.596 0.469 0.738
Mn -0.336  0.992** 0.880* 0.974* 0.397 -0.058
Cu -0.097 0.914* 0.781 0.936* 0.20C -0.21:
C 0.496  0.904* 0.973**  0.806 0.587 0.235
CEC -0.324 0.498 0.725 0.370 0471 0.369
Sanc 0.262 -0.894" -0.86: -0.90C -0.29¢ 0.11f
Silt -0.224  0.831 0.824 0.850 0.243 -0.144
Clay -0.273  0.910* 0.875 0.913* 312  -0.105

Key: *= dignificant at P < 0.05
** = Ggnificant at P < 0.01

Table 4: Constants of Pseudo-first order, Pseudo-second or der kinetics and Intra-particle diffusion models

Pseudo First order kinetic

Mass transfer kinetic®seudo second order kinetics

Location q K, R? D Ko R? K ge

Cross River 1.20 5856 0.93 75.19 -0.001 0.99 26.5%.0013 0.98
Abia 1.1t 56.08 0.9z 71.9% -0.001 0.9¢ 28.5i 0.001% 0.9¢
Edo 1.10 4456 087 68.65 -0.001 0.99 31.45 0.00250.90
Akwa Ibom 1.26 66.85 0.99 80.88 -0.001 0.99 21.83 .083 0.99
Delts 1.2¢ 55.5¢ 0.9t 75.17 -0.001 0.9¢ 27.0% 0.011 0.97
Mean 1.194 56.32 093 7435 -0.001 0.99 27.08 0.0190.96
Stdev 0.069 7.982 0.05 453 0 0.01 3.506 0.035 50.03

Table5: Constants of Elovich and Intra-particle diffusion models

Elovich Equation Intra-particle diffusion

B 1LUBInwp) R a K

Akwa Ibom  0.12 6.00 096 0.27 14.97 0.98
Edo 0.39 23.95 0.63 0.07 42.23 0.72
Abia 0.22 12.74 0.93 0.13 31.00 0.93
Cross River  0.17 6.63 0.98 0.18 24.88 0.99
Delta 0.13 0.90 0.97 0.23 20.98 0.99
Mear 0.21 10.0¢ 0.8¢ 0.17¢ 26.81: 0.92:
Stdev 0.11 8.84 0.15 0.079 10407 0.115
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Figure 3: Temkin Isotherm
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Figure 6: Masstransfer kinetics
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Figure8: Intra-particle diffusion model
CONCLUSION

The study showed that, magnesium was favorablyrbddoby all the studied soils. Soils obtained frikmm in
Cross River State had the highest adsorption cgpémi magnesium adsorption among all the studieis.
Freundlich model best described ¥gdsorption while the rate of adsorption was maitiytrolled by mass
transfer and intra-particle diffusion of Kfgfrom soil solution to adsorption sites. Clay amdamic matter were the
main soil properties that influenced the adsorptibmagnesium.
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