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Abstract: A laboratory experiment was conducted to study zinc adsorption at eight
concentrations (0, 25, 50, 100, 150, 200, 250 and 300 mg.L™!") by using ZnSO4.7H,0. with
two replicates were used for each concentration, where 20 mL of zinc solution was added to
1 gram of natural zeolite, synthetic zeolite, soil 1, and soil 2. Langmuir equation was used
to describe the relationship between zinc adsorption and its concentration. Additionally, the
Freundlich equation was used to describe adsorption of ions. Freundlich equation was
found to be more important than Langmuir equation, as the values of k and b in Freundlich
equation and the R? values for natural and synthetic zeolites were higher in both soils. The
second experiment involved kinetics. Zeolite and soil were kept moist at field capacity
throughout the incubation period. Zinc was extracted using DTPA after each incubation
period, with two replicates to study the rate of zinc release from zeolite and soil over time
and its concentration in the solution. results showed a decrease in the availability of added
zinc with increasing incubation time. The highest concentration of available zinc was found
when zinc was added to synthetic zeolite, reaching 346 pg Zn2.ml! at the end of the
incubation period. The second-order equation was the most effective in describing the
behavior of zinc and its reaction rate during the incubation period, representing the period
of crop growth.
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Introduction

Adsorption is a physicochemical reaction

where particles, atoms, or ions of the
adsorbate substance accumulate or adhere to
the solid surfaces of the adsorbent materia
(Al-Mamoori et al., 2017). The presence of
active sites depends on the size and nature of
the adsorbent material, as well as the surface
area of the adsorbent material (LeVan et al.,
2012) Layers of particles, ions, or atoms are
formed and concentrated on the surface of the
adsorbent material (Petrovic et al., 2021)

Adsorption determines the quantity of plant
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nutrients and their movement in soil solution,
as well as the amount retained on the solid
phase(Campillo-Cora et al., 2020); for this
reason, adsorption is  considered a
fundamental process that controls the transfer
of different nutrients and compounds in the
soil (Dandanmozd & Hosseinpur, 2010).
Kausar et al. (2018) defined adsorption as the
accumulation of the adsorbate substance on
the

Adsorption can be classified into two types

surface of the adsorbent material.

based on the strength of attraction: the first
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type is chemical, resulting from electron
exchange, while the second type is physical,
resulting from physical forces such as polarity
and Vander Waals forces. Hamidpour et al.
(2019) explained that the adsorption of
nutrients, especially trace elements, occurs on
clay minerals or solid organic materials, thus
controlling their bioavailability, movement,
and fate in the soil. The adsorption of zinc
and essential trace elements occurs in two
stages: the first stage lasts for two hours,
during which the adsorption rate is high,
while the second stage shows a sharp decrease
over time (Rassaei et al., 2020). Adsorption is
considered one of the most important
reactions that occur in the soil because it
limits the movement of nutrients, organic
compounds, and minerals (Dandanmozd &
2010). Zinc
nutrient for plants, and its availability is often

Hosseinpur, is an essential
affected by factors such as soil pH, clay
mineral types, and cation exchange capacity
(Arias et al., 2005).

The presence of calcium carbonate
(CaCOs3) and gypsum (CaS04.2H>0) also
affects the availability of zinc and alters its
pathway in the soil through adsorption or
raising the pH of the soil solution (Zarga et
al., 2013). The phenomenon of adsorption
and nutrient release in the soil, as well as its
importance for plants, has been described by
Freundlich,
Temkin, Gunary, and Langmuir, and others
(Mam-Rasul, 2020). The study of the kinetics
of adsorption and release reactions serves as

various equations such as

an important entry point for understanding the
mechanisms and direction of chemical
reactions in adsorption and release processes
(Thajeel, 2013). The steps and mechanisms of
the adsorption process can be determined
through ~mathematical equations. It is
necessary to determine the rate of adsorption

or release of an element in order to predict the
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conditions that lead to its adsorption on the
the
equilibrium solution, and to assess its
availability to plants in the soil (Norde, 1986)
The processes of nutrient retention by soil

solid phase or its persistence in

involve ion exchange, adsorption, and
precipitation, so it is important to match the
obtained results with different kinetic and
equilibrium equations (Mukkanti et al., 1985).

Recently, zeolite has been used in various
industries due to its unique properties and the
its
the
resulting empty spaces can be occupied by

presence of water molecules within

structure. When water is removed,
other molecules. The occupation of these
spaces by molecules is called adsorption
(Pérez-Botella at al., 2022). The interest in
zeolite has been growing, especially in the ion
exchange process; Ion exchange is used in the
treatment of natural water, wastewater, and
has gained widespread attention in the
removal of salts, ammonia, treatment of
certain radioactive wastes, and the treatment
of wastewater containing heavy metals (Zanin
et al, 2017). Several recent studies have
confirmed the exceptional performance of
natural zeolite and its effectiveness in
reducing high concentrations of positive and
negative ions in drinking water, as well as
treating surface and groundwater and sewage
water, as it belongs to the group of positive
exchangers (Nakhli et al., 2017). Suleiman,
(2016) conducted a study on the removal of
heavy metals (zinc and lead) from industrial
water using Syrian natural zeolite. This study
demonstrated that the removal process is ion
exchange-based and natural zeolite exhibits
high efficiency in removing these elements. In
another study, the synthesis of zeolite from

alkaline-modified kaolin using NaOH and

hydrothermal treatment showed that the
prepared  zeolite  exhibited  excellent
adsorption properties for both single-
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component and multi-component solutions. It
was concluded that synthetic zeolite could be
used as a cost-effective and relatively
efficient adsorbent for removing heavy metals
from industrial wastewater containing them
(Meng et al., 2016).

This research aims to study adsorption
reaction and kinetics of Zn on natural and
synthetic zeolites and comparing with two
calcareous soils synthetic zeolite, compared to

two calcareous soils.
Materials & Method

Natural zeolite, which is of Jordanian origin,
and synthetic zeolite prepared from kaolin
were used. The kaolin clay was obtained from
the General Commission for Geological
Survey and is available in the Al-Dweikheleh
area in western Anbar.

Preparation of zeolite

Samples of kaolin were taken, crushed, and
ground into powder form, then sieved using a
laboratory sieve with a diameter of 75 pm.
The kaolin was subjected to thermal treatment
according to the method proposed by Breck
(1973), at a temperature of 600°C for 3 hours
to convert it to metakaolin. The metakaolin
was treated with a 4M sodium hydroxide
solution in a ratio of 5:1. After 24 hours, the
solution was stirred and heated using a
magnetic stirrer heater. The reaction mixture
was placed in a volumetric flask with a
thermometer to measure the temperature of
the solution and adjust it to 80°C for 2 hours
the
metakaolin. After heating, the mixture was

to prepare synthetic zeolite from
filtered using a Biichner funnel with a suction
pump and washed with distilled water to
remove excess alkali. The washing process
was repeated several times until reaching a
pH of 10.5. The product was then dried in an

electric oven at a temperature of 100°C for
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four hours, followed by grinding and sieving
through a sieve with a diameter of 63 um.

Adsorption experiment

Samples of natural zeolite, synthetic zeolite,
soil 1, and soil 2 and their characteristics are
shown in table (1) showed the characteristics
were taken, each weighing 1 g, and placed in
test tubes with a capacity of 50 ml. Eight
concentrations of zinc (0, 25, 50, 100, 150,
200, 250 and 300 mg.L!) were added to
each tube from its source, ZnSO4.7H>0. 20
mL of each prepared concentration was
added to each test tube, and they were
shaken for two hours using a shaker. The
samples were then filtered to separate the
solution using Whatman filter paper (type
42). The zinc content in the filtrate was
measured using atomic

an absorption

spectrophotometer. The amount of zinc
adsorbed was calculated by subtracting the
amount of zinc in the extract after zinc
shaking and filtration from the amount of

zinc added of the original solution. The

adsorption of zinc in natural zeolite,
synthetic zeolite, and two types of
calcareous soil for comparison was

determined using the Langmuir equation,
which describes the relationship between
adsorbed zinc and its concentration in the
equilibrium solution (C), and the Freundlich
equation, which describes ion adsorption on
solid
evaluated

surfaces. Zinc adsorption was

in natural zeolites, synthetic
zeolites and two types of calcareous soils for

comparison.

1-Langmuir equation

C/X/m = 1/Kb + 1/b.C
Where X/m is the amount of adsorbed
element (ug of Zn*2.g! of soil), C is the
concentration of the element at equilibrium
(ug of Zn"2 .ml"), K is the binding energy
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(ml'.ug of Zn*?), and b is the maximum
adsorption (pug of Zn*2.g™! of soil).

2- Freundlich equation

logX/m = logK + blogC

Where X/m is the amount of adsorbed
element at equilibrium (ug of Zn*? g! of
soil), K is the adsorbed quantity (ug of Zn*?
.g ™! of soil), and b is the binding energy (ml’!
. ug of Zn*?).

Table (1): Some properties of the soil and zeolite used in the experiment.

Unit Natural Zeolite Synthetic Zeolite Soil 1 Soil 2
EC1:1 dSm’! 2.53 7.21 1.2 1.9
pH - 8.1 11.2 8.2 8.3
Organic matter g. Kg'! 0.595 1.241 0.284 0.414
CaCO; g. Kg'! 12 35 22 32
Soluble Ions
Na 5.21 12.5 2.21 3.21
K 0.55 0.32 0.45 0.51
Ca 7.55 16.52 4.50 5.21
Mg 2.25 13.51 1.81 2.74
Mmol. I'!
Cr 5.21 15.35 3.12 4.55
HCO? 5.11 18.68 3.58 3.73
S04~ 7.62 17.20 3.23 5.61
COs~ - - - -
Sand - - 394 413
Silt g. Kg'! - - 465 346
Clay - - 141 241

Kinetics experiment

Samples of natural zeolite, synthetic zeolite,
soil 1, and soil 2 were taken with a weight of
40 grams. Zinc was added to them at
concentrations of 100 and 1000 mg.ml?,
prepared from ZnS04.7H>0. They were
placed in plastic containers for the following
periods:0 , 1, 5, 10, 20, 30, 40, 60, and 80
and moistened

days, to field capacity
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throughout the incubation period. Zinc was
extracted using DTPA after each incubation
period according to the method described by
Lindsay & Norvell (1978). The experiment
was repeated to study the rate of zinc release
from the soil as a function of time and its
The
experimental results were analyzed using

concentration in the soil solution.

kinetic equations, including those based on
principles of chemical kinetics, such as:
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Zero-order equation: Ct = CO - Kt
First-order equation: In Ct =1n CO - Kt
Second-order equation: 1/Ct = 1/C0 + Kt1

There are also equations that rely on

experimental physical principles, such as:
Elovich equation: Ct=C0-K In't
In the above equations:

CO represents the initial concentration, which

1s the concentration of zinc in the soil

solution at time zero.

Ct represents the concentration of zinc in the
solution at the specified time.

K is the rate constant of zinc release.
t is the time. Parabolic diffusion equation:
Ct=C0 - Kt”

Results & Discussion

Zinc adsorption

The
determining the fate of nutrients present in the

adsorption process is crucial for
soil and their bioavailability. The study of
thermally symmetrical adsorption of zinc was
conducted by adding different concentrations
of zinc to natural zeolite (Fig 1-A). It
the the

equilibrium zinc concentration in the solution

illustrates relationship  between
and the adsorbed quantity on the natural
zeolite minutes at a temperature of 298
Kelvin. When zinc was added in the form of
zinc sulfate heptahydrate (ZnSO4.7H20) at
different concentrations. It is observed that the
adsorption of zinc increases with an increase
in the added concentration, and the zinc
S-shaped
isotherm, according to the classification of

adsorption curve follows an

thermally symmetrical adsorption
1984).

characterized by a small initial slope that

curves

(Sposito, This type of curve is

increases with the adsorbate concentration,
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indicating a division of zinc ions between the
equilibrium solution at low concentrations and
the adsorption on the surface of natural zeolite
minutes. There is no high affinity for one
phase over the other. It is also noted that the
zinc ions exhibit a small initial slope that
increases with the zinc concentration in the
solution. This slope indicates that the surface
affinity of the zeolite (natural zeolite minutes)
for zinc ions at low concentrations is lower
than the affinity of the solution. As the zinc
concentration increases, the zinc ions start to
adsorb on the surface of the minutes in larger
quantities, and the affinity becomes stronger
than that of the solution due to the high
adsorption capacity of zeolite, facilitated by
the channels in its structure and its high cation
exchange capacity. The adsorption capacity is
significant from the beginning of adding zinc
at low concentrations and increases with the
added zinc concentration until the exchange
sites on the surface of natural zeolite (the
active surface) are saturated. After that point,
the adsorbed quantity from the solution starts
to decrease, resulting in a decreasing slope of
the curve with increasing concentration in the
solution

All adsorption sites on the surfaces of the
minutes are active at the beginning of adding
zinc. The adsorption capacity of natural

zeolite is large, and zinc adsorption is
significant at low concentrations of zinc. In
the case of zinc adsorption, the curve slope
continues from the lowest concentration to the
highest concentration added 300 micrograms
Zn"? ml', and the amount of adsorbed zinc
increases with the increase in the added zinc
concentration. This is primarily due to the fact
that higher zinc concentrations create a higher
for the dissolved

substance, providing the necessary driving

concentration gradient

force for zinc ions to replace exchangeable
cations on the surface and within the fine
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internal pores of natural zeolite (Du et al,
2019).

As (1-B), it the
relationship between the equilibrium zinc

for fig. illustrates

concentration in the solution, added in the
of different
concentrations, and the adsorbed quantity of

form zinc sulfate at
zinc on the surface of synthetic zeolite
minutes. It is observed that the adsorption
curve follows an S-shaped isotherm, similar to
the S-type classification by Sposito (1984).
This type indicates the division of zinc ions
between the equilibrium solution at low
concentrations and the adsorption on the
surface of zeolite minutes. There is no high
affinity for one phase over the other. It is also
noted that the zinc ions exhibit a small initial
that with  the

concentration in the solution. This slope

slope increases zinc
indicates that the surface affinity of the

mineral particles for zinc ions at low
concentrations is lower than the affinity of the
solution. As the zinc concentration increases,
the zinc ions start to adsorb on the surface of
the particles in larger quantities, and the
affinity becomes stronger than that of the
(1-C) which the

relationship between the zinc concentration in

solution. Fig. shows
the equilibrium solution added in the form of
zinc sulfate at different concentrations and the
amount of zinc adsorbed on the surface of soil
particles 1-D- as the adsorption curve is
similar to the type L (L-shaped isotherm)
according to the classification of adsorption
curves (Sposito, 1984) indicating the high
affinity of soil particles for zinc ion adsorption
of

adsorbed zinc increases with the concentration

at low concentrations. The amount
in the solution, as the solid phase affinity for
zinc adsorption is greater than that of the

solution, especially at low concentrations
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where most adsorption sites are empty. After
covering the adsorption sites with a layer of
zinc ions, the curve slope increases with the
concentration in the equilibrium solution, and
the affinity of zinc ions to the equilibrium
solution becomes greater than the solid phase
affinity for zinc adsorption.

sing the Langmuir equation to describe
zinc adsorption

To describe the process of zinc adsorption on
natural zeolite, synthetic zeolite, soil 1, and
soil 2, the Langmuir equation was used. The
relationship between (C/x/m) pg Zn™ g,
which represents the amount of adsorbed
zinc according to the Langmuir equation, and
(C) ug Zn™? ml!, the concentration of zinc in
the equilibrium solution, was plotted. Table
(2) and ig (2) shows that the synthetic zeolite
outperformed in providing the highest
determination  coefficient  (R?)
reaching 0.987. It was followed by natural
zeolite, which gave 0.985 for (R?), while soil
1 had an (R?) value of 0.983. Soil 2 had the
lowest (R?) value of 0.971. As for the
maximum adsorption capacity (b) of zinc,
the natural zeolite had the highest value at
1960.87 ng Zn™.g"! zeolite, and the highest
binding energy (k) at -0.00066 than synthetic
zeolite adsorption capacity (b) of zinc was -
1923.07 pg Zn"2.g"! and binding energy (k)
0.273 pg Zn*2. This exceeded both soil 1 and
soil 2, which gave values of (b) 1538.46 and
1388.88 pg Zn*2.g! (soil) respectively, and
binding energy (k) of 0.0464, and 0.0600 pg
Zn*? respectively. This is mainly due to the
fact that at high zinc concentrations, there is
a higher solute concentration gradient, and
this provides the necessary driving force for
zinc ions to replace the exchangeable cations
on the surface and from the internal
micropores of natural zeolite (Du et al.,
2019).

value,
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Fig. (1): The relationship between the concentration of zinc in the equilibrium solution (ng
Zn*"2.ml ') and the amount adsorbed (ug Zn *2.gm™ (A-natural zeolite,B-synthetic zeolite, C-
soil 1, D-soil 2).

The Freundlich equation was used to
describe and evaluate zinc adsorption at a
temperature of 298 Kelvin. The relationship
between Log X/m and Log C values was
plotted to obtain the constants of the
Freundlich which K
representing the intercept that indicates the

equation, are
adsorbed quantity in ug Zn*?.g"! of soil, and
b representing the binding energy in ug Zn*?
aml!. Table (2) and fig. (2) show the
adsorption equations, determination
coefficient values, and Freundlich equation
constants for zinc added to zeolite and soil at

a temperature of 298 Kelvin.
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Between table (1) and fig. (3) for zinc, the
highest determination coefficient value (R?)
was 0.995 in soil 2, closely followed by the
determination coefficient of natural zeolite,
which was 0.994. Synthetic zeolite and soil 1
had values of 0.988 and 0.983, respectively.
As for the value of b, which represents the
adsorbed quantity of zinc on natural zeolite,
it recorded 7.634 g Zn*2.g"! soil and 4.348
ng Zn*2.g! for synthetic zeolite, and 10.92
and 14.81ug Zn'.g! for soil 1 and soil 2,
respectively.
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Fig. (2): The relationship between the concentration of the equilibrium solution (¢) and the
amount adsorbed (c/x/m) according to the Lancgmeyer equation.Using the Freundlich
equation to describe zinc adsorption.

the (k),
according to table (2), the highest binding

Regarding binding energy
energy value for zinc was 7.706 pg Zn'? in
natural zeolite, followed by 1.59 pug Zn*? in
synthetic zeolite. The lowest value was 0.232
ug Zn'? in soil2, and the lowest value
was0.311 in soil 1. An increase in the initial
concentration of zinc resulted in an increase
in the adsorbed quantity of zinc per gram of
zeolite. This is mainly attributed to the high
concentrations of zinc, which create a

gradient in the solution concentration,
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providing the necessary driving force for
zinc ions to replace exchangeable cations on
the surface and within the internal pores of
the zeolite (Abadzic & Ryan, 2001; Du et al.,
2005). who demonstrated that it is possible to
describe adsorption with a high degree of
accuracy using the Freundlich equation.
Additionally, several researchers have used
the Freundlich
adsorption  experiments (Alvarez-Ayuso,
2003; Cincotti et al., 2006; Gunay et al.,
2007).

equation to describe
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Table (2): Equations and indices for zinc adsorption according to Freundlich at 298 K.

Fertilizer source Langmuir equations R? . dsﬁ;ﬁi?ﬁg?ﬁ?g_l enggzgzzg‘zggg_ |
Natural zeolite ~ y =-0.00051x + 0.077 0.985 1960.78 0.00066
Synthetic zeolite  y =-0.00052x + 0.019  0.987 1923.07 0.0273
Soil 1 y =0.00065x + 0.014  0.983 1538.46 0.0464
soil 2 y=0.0072x + 0.012 0.971 1388.88 0.0600
Freundlich equations
Natural zeolite y=1.353x +1.041 0.994 7.634 7.706
Synthetic zeolite y=1.700x +0.718 0.988 4.348 1.59
Soil 1 y =0.810x + 1.968 0.983 10.92 0.311
Soil 2 y =0.856x + 1.950 0.995 14.81 0.232

207
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Kinetics experiment

Effect of incubation period on extracted
zinc concentration

Fig. (4) explained that the extracted zinc
from natural zeolite, synthetic zeolite, soil 1,
and soil 2 with DTPA extractant decreases
with increasing incubation period. When
added the highest
concentration of extracted zinc was 32.84 ug

to natural zeolite,
Zn*? ml! at an incubation period of 0 days.
The concentration gradually decreased with
longer incubation periods, reaching 26.10,
20.71, 15.27, 14.59, 12.15, 9.89, 8.75 g
Zn*? ml"! respectively until the end of the 80-
the
concentration became 7.64 pg Zn'? ml™.

day incubation period, where
This represents a percentage decrease of
67.16%, 73.90%, 79.29%, 84.73%, 85.41%,
87.85%, 90.11%, 91.25%, and 92.36%,
respectively, compared to the initial
concentration of 100 mg L

Similarly, a decrease in the concentration
of extracted zinc added to synthetic zeolite is
observed from the same figure. The initial
concentration of extracted zinc at an
incubation period of 0 days was 49.2 pg Zn*?

ml™!, with a percentage decrease of 50.80%.
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The concentration continued to decrease
with longer incubation periods until the end
of the 80-day period, reaching 10.03 pg Zn*
ml!, representing a percentage decrease of
89.79%. The highest
extracted zinc added to soil 1 was 10.21 ug

concentration of

Zn™? ml! at an incubation period of 0 days,
with a percentage decrease of 89.97%
compared to the initial concentration of 100
mg. L!. The concentration continued to
decrease with longer incubation periods,
reaching 3.895 pg Zn"? ml™! after 80 days of
incubation, corresponding to a percentage
decrease of 96.11%.

Regarding soil 2, the highest decrease in
extracted zinc concentration was observed
after 80 days, where it reached 2.57 ug Zn"
ml!, representing a percentage decrease of
97.43%. The highest
extracted zinc at an incubation period of 0

concentration of

days was 1127 pg Zn™? ml!, with a
percentage decrease of 88.73%. This is due
to the high soil reaction pH, which has an
the
solubility of calcareous soils, as Taalab et al.

important and influential role in
(2019) confirmed increasing the soil reaction
from 5.5 to 7 reduced the readiness of zinc

by approximately 30-40 times.
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Fig. (4): The relationship between available zinc (100 pg Zn*? ml!) with time (day) in natural
zeolite, synthetic zeolite, soil 1 and soil 2

Fig (5) shows that the extracted zinc in
DTPA solution decreases with increasing
incubation period. When added to natural
zeolite, the lowest concentration of extracted
zinc was 282 pg Zn2.ml!, representing a
percentage decrease of 97.18% at the end of
the incubation period (80 days). The highest
concentration of extracted zinc was 237.3 ug
Zn™.ml!, with a percentage decrease of
76.27% compared to the initial concentration
of 1000 mg. L.

In the case of synthetic zeolite, the highest
concentration of extracted zinc was 346 ug
Zn™? ml!, with a percentage decrease of
65.4%. The
decrease with longer

concentration continued to
incubation periods,
reaching the lowest concentration of 30.56 pg
Zn? ml! and a percentage decrease of
96.94% at an incubation period of 0 day. The
highest

concentration was observed when added to

percentage  decrease in  zinc

209

soil 1, reaching 98.28%. The highest
concentration of extracted zinc in soil 1 was
1725 pg Zn™ml!, with a percentage
of 98.28%. The

continued to decrease, reaching the lowest

decrease concentration
concentration of 4.44 pg Zn™Z.ml' and a
of 99.56% at
incubation period of 0 day. When added to
the highest
concentration was observed, reaching 3.745

percentage decrease an

soil 2, decrease in zinc
pg Zn™? ml!, with a percentage decrease of
99.63%. The highest concentration was 15.8
pg Zn™? ml! at an incubation period of 0 days,
with a percentage decrease of 98.42%. This
may be due to the role of calcium carbonate in
calcareous soil conditions and its effect on the
precipitation and stabilization of zinc, as zinc
can be exchanged with calcium ions easily if it
is abundant in the soil solution (Xing et al.,

2023).
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zeolite, synthetic zeolite, and soil 1 soil 2.

Zinc release kinetics

Determining the relationship between zinc
behavior and its reaction rates in natural
zeolite, synthetic zeolite, soil 1, and soil 2
during an incubation period representative of
crop growth in the field is accomplished
using five mathematical equations. Some of
these equations rely on the principles of
chemical kinetics, such as zero-order
kinetics, first-order kinetics, and second-
order kinetics, while others are based on
natural principles like the diffusion equation.
Experimental equations, such as the Elovich
equation, are also used. Table (3) displayed
that the second-order kinetics equation is the
most effective equation among the studied
equations in describing the nature of the

relationship between the releases of available
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zinc over time. It yielded the highest
determination coefficient of 0.96 and the
lowest standard error (SEe) of 0.008875.
This means that the second-order Kkinetics
1/CO + Kt is the most
the

between zinc behavior and its reactions over

equation I/Ct =
suitable for describing relationship
time when sourced from (ZnSO4.7H20) in
the release kinetics of zinc from natural
zeolite, synthetic zeolite, soil 1, and soil 2.
This finding is consistent with Behroozi et
al. (2020), who found the superiority of the
second-order kinetics equation in describing
the release kinetics of zinc associated with
cation elements in smectite clay in Tunisia.
Similarly, Mhamdi et al. (2013) found that
the second-order kinetics equation outper
formed all other equations used in the study
to describe zinc release in Syrian soil.
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Table (3): Indicators of the Kinetic equations for the release of zinc added at two different

concentrations.

Treatment index Zero- Order 18- Order 2" Order Diffusion Elovich
Natural zeolite R? 0.673 0.836 0.949 0.890 0.949
C1=100 SE 5.217 0.215 0.008 3.016 2.043

T -3.797 -5.973 11.449 -7.557 -11.520
Soil (1) R? 0.676 0.871 0.968 0.871 0.875
C1=100 SE 1.599 0.170 0.017 1.009 0.994
T -3.827 -6.894 14.638 -6.885 -7.005
Synthetic zeolite R? 0.796 0.917 0.981 0.957 0.975
C1=100 SE 6.979 0.178 0.004 3.186 2.410

T -5.241 -8.807 19.502 -12.586 -16.795
Soil (2) R? 0.894 0.937 0.923 0.957 0.899
C1=1000 SE 0.680 0.078 0.014 0.430 0.665
T -7.720 -10.263 9.181 -12.620 -7.920
Natural zeolite R? 0.833 0.919 0.955 0.934 0.893
C2=1000 SE 38.536 0.267 0.002 24.154 30.872
T -5.930 -8.936 12.210 -10.016 -7.661
Soil (1) R? 0.478 0.245 0.968 0.695 0.803
C2=1000 SE 3.641 0.732 0.012 2.780 2.235
T -2.532 -1.511 14.779 -4.000 -5.346
Synthetic zeolite R? 0.679 0.929 0.988 0.889 0.904
C2=1000 SE 61.963 0.226 0.001 36.420 33.746
T -3.851 -9.612 24.062 -7.496 -8.161
Soil (2) R? 0.928 0.979 0.948 0.988 0.915
C2=1000 SE 1.280 0.069 0.013 0.516 1.389
T -9.523 -18.371 11.341 -24.385 8.720

R? 0.744625 0.829125 0.96 0.897625 0.901625

Mean SE 14.98688 0.241875 0.008875 8.938875 9.29425
T -5.302625 -8.795875 14.64525 -10.69313 -9.141

As for figs. (6 and 7), they illustrate the
relationship between the reciprocal of zinc
concentration and the incubation time in
days. According to the second-order kinetics
equation, I/Ct 1/CO0 + Kt, for natural
zeolite, synthetic zeolite, soil 1, and soil 2

successively, when applying this equation in
fig (6) specifically for zinc and during a 40-
day incubation period, the extracted zinc
amounts are 9.88, 15.52, 6.33, and 4.08
By
applying it to fig. (6) for natural zeolite,
synthetic zeolite, soil 1, and soil 2, the

micrograms Zn'? gram’!, respectively.
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extracted zinc amounts after the same
incubation period are 0.187, 0.119, 0.292,
and 0454 pg Zng!  respectively.
According to the half-life (t1/2) for natural
zeolite, synthetic zeolite, soil 1, and soil 2,
calculated using the equation t1/2 = 1/K
[A]0, where (K) represents the rate constant
of release and [A]O the initial
concentration, the values obtained are 8.33,
10, 3.33, and 5.26 mg. g’!, respectively

is
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natural zeolite, synthetic zeolite, soil 1 and soil 2, and incubation time per day.

Applying the half-life equation to fig (7) to
find the half-life for natural zeolite, synthetic
zeolite, soil 1, and soil 2 yielded the following
values in mg. g, respectively: 3.33, 2.5, 0.42,
and 0.5. This difference in the extracted zinc
quantity can be attributed to the fact that zinc
released from zeolite remains for a long
period, reaching up to 1176 hours, while zinc
released from ZnSO4 stays for duration of 216

hours. Therefore, zeolite is capable of

retaining and slowly releasing zinc into the
solution (Yuvaraj et al., 2018).

Conclusion

The Lanckmayer and Freundlich equations

were suitable for studying and evaluating the

adsorption process of zinc on natural zeolites,

synthetic zeolites, and calcareous soils. 3- The

kinetic equations are efficient in describing

the speed and path of zinc liberation on
212
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natural zeolite, synthetic zeolite, and two
calcareous soils of different textures, and that
the second-order equation was the most
efficient of all equations.The adsorption
capacity of natural zeolite and synthetic
zeolite is higher than the adsorption capacity
of traditional zinc sources.

Acknowledgements

We are so grateful to the head of the
Department of Soil Sciences and Water
Resources, and the deanery of our college for
providing all laboratory equipment and
chemicals.

Contributions of authors

M.A.R::
methodology, and writing the manuscript.

Sample collection, Laboratory

A.A.H.:
graphs, and statistical analysis.

ORCID

Suggest a title of the research,

M.A.R: https://orcid.org/0000-0001-7303-3629

A.A.H: https://orcid.org/0000-0002-2963-8417
Conflicts of interest

The authors declare that they have no conflict
of interests.

References

Abadzic, S. D., & Ryan, J. N. (2001). Particle release
and permeability reduction in a natural zeolite
(clinoptilolite) and sand porous

medium. Environmental Science & Technology,

35(22), 4502-4508. https://doi.org/10.1021/es001868s

Al-Mamoori, A., Krishnamurthy, A., Rownaghi, A. A.,
& Rezaei, F. (2017).
utilization update. Energy Technology, 5(6), 834-
849. https://doi.org/10.1002/ente.201600747

Carbon capture and

Alvarez-Ayuso, E., Garcia-Sanchez, A., & Querol, X.
(2003). Purification of metal electroplating waste
waters using zeolites. Water Research, 37, 4855-
4862.
https://www.sciencedirect.com/science/article/pii/S
0043135403004676

213

Arias, M., Perez—Novo, C., Osorio, F., & Lopez, E.
(2005). Adsorption and desorption of copper and
zinc in the surface layer of acid soil. Journal of
Colloid and Interface Science, 288, 21-29.
https://www.sciencedirect.com/science/article/pii/S
0021979705001980

Behroozi, A., Arora, M., Fletcher, T. D., & Western, A.
W. (2020). Sorption and transport behavior of zinc
in the soil; Implications for stormwater

management. Geoderma, 367, 114243.

https://www.sciencedirect.com/science/article/abs/

pii/S0016706119318889

Breck, D. W. (1973). Zeolite Molecular Sieves:
Structure, Chemistry, and Use. John Wiley &
Sons, Inc. 771pp.

Campillo-Cora, C., Conde-Cid, M., Arias-Estévez, M.,
Fernandez-Calvifio, D., & Alonso-Vega, F. (2020).
Specific adsorption of heavy metals in soils:
individual and competitive
Agronomy, 10(8), 1113.
https://doi.org/10.3390/agronomy 10081113

experiments.

Cincotti, A., Mameli, A., Locci, M. A., Orru, R., &
Cao, G. (2006). Heavy metal uptake by Sardinian
natural zeolites: experiment and modelling.

Industrial and Engineering Chemistry Research,

45, 1074-1084.

https://pubs.acs.org/doi/10.1021/ie050375z

Dandanmozd, F., & Hosseinpur, A. R. (2010).
Thermodynamic parameters of zinc sorption in
some calcareous soils. Journal of American

Science, 6(7), 298-304.

Du, Q., Liu, S., Cao, Z., & Wang, Y. (2005). Ammonia
removal from aqueous solution using natural
Chinese clinoptilolite. Separation and Purification
Technology, 44(3), 229-234.
https://www.sciencedirect.com/science/article/pii/S
1383586605000493

Du, W., Yang, J., Peng, Q., Liang, X., & Mao, H.
(2019). Comparison study of Zinc nanoparticles
and Zinc sulphate on wheat growth: From toxicity
and zinc biofortification. Chemosphere, 227, 109-
116. https://pubmed.ncbi.nlm.nih.gov/30986592/

Falatah, A. M., Sheta, A. S., Sallam, A. Sh., & Al-
Sewailem, M. (2005). Characteristics of K+ and
NH4+ adsorption and desorption by natural
bentonite and zeolite minerals. Journal of

Agricultural Sciences, Mansoura University, 30(3),

1739-1754.

https://journals.ekb.eg/article 226354 0.html



Al-Mashhdany & Al-Hadethi / Basrah J. Agric. Sci., 36(2), 199-214, 2023

Gunay, A., Arslankaya, E., & Tosun, 1. (2007). Lead
removal from aqueous solution by natural and
pretreated clinoptilolite: Adsorption equilibrium
and kinetics. Journal of Hazardous Materials, 146,
362-371.
https://www.sciencedirect.com/science/article/pii/S
0304389406014890

Hamidpour, M., Karamooz, M., Akhgar, A,
Tajabadipour, A., & Furrer, G. (2019). Adsorption
of Cd and Zn on to micaceous minerals -Effect of
siderophore desferrioxamine B. Pedosphere, 29(5),
590-597.
https://www.sciencedirect.com/science/article/abs/
pii/S1002016017603849
https://link.springer.com/article/10.1007/s11270-
017-3649-1

Kausar, A., Igbal, M., Javed, A., Aftab, K., Nazli, Z.-
H., Bhatti, H. N., & Nouren, S. (2018). Dyes
adsorption using clay and modified clay: A review.
Journal of Molecular Liquids, 256, 395-407.
https://www.sciencedirect.com/science/article/pii/S
0167732217346366

LeVan, M. D. (Ed.). (2012).
adsorption: proceedings of the Fifth International

Fundamentals of

Conference on Fundamentals of Adsorption, Vol.
356. Springer Science & Business Media.
https://www.sciencedirect.com/science/article/abs/
pii/B9780128188057000011

Lindsay, W. L., & Norvell, W. A. (1978). Development
of a DTPA soil test for Zinc, Iron, Manganese, and
Copper. Soil Science Society of America Journal,
42, 421-428.
https://doi.org/10.2136/sss2j1978.03615995004200
030009x

Mam-Rasul, G. A. (2020). Potassium adsorption in
calcareous soils of Kurdistan region of Iraq. lraqi
Journal of Agricultural Sciences, 51(Special), 42-
52. https://doi.org/10.36103/ijas.v51iSpecial.881

Meng, Q., Chen, H., Lin, J., Lin, Z., & Sun, J. (2016).
Zeolite A synthesized from alkaline assisted pre-
activated halloysite for efficient heavy metal
removal in polluted river water and industrial
wastewater. Journal of Environmental Sciences,
50, 86-94.
https://www.sciencedirect.com/science/article/pii/S
1001074216310075

Mhamdi, M., Elaloui, E., & Trabelsi-Ayadi, M. (2013).
Adsorption of zinc by a Tunisian Smectite through

a filtration membrane. Industrial Crops and

214

Products, 47,204-211.
https://doi.org/10.1016/j.indcrop.2013.03.003

Mukkanti, K., Pandeya, K. B., & Singh, R. P. (1985).

Synthesis and Characterization of cobalt (III)
with
thiosemicarbazone. Synthesis and Reactivity in

complexes thiophene-2-carboxylaldehyde
Inorganic and Metal-Organic Chemistry, 15(5),
613-625.
https://www.tandfonline.com/doi/abs/10.1080/009
45718508061427

Nakhli, S. A. A., Delkash, M., Bakhshayesh, B. E., &
Kszemian, H. (2017). Application of zeolites for
sustainable agriculture: A review on water and
nutrient retention. Journal of Water, Air, and Soil
Pollution, 228(12), 464-498.
https://doi.org/10.1007/s11270-017-3649-1

Norde, W. (1986). Adsorption of proteins from solution
at the solid-liquid interface. Advances in Colloid
and Interface Science, 25, 267-340.
https://doi.org/10.1016/0001-8686(86)80012-4

Pérez-Botella, E., Valencia, S., & Rey, F. (2022).
Zeolites in adsorption processes: State of the art
and future prospects. Chemical Reviews, 122(24),
17647-17695.
https://pubs.acs.org/doi/10.1021/acs.chemrev.2¢00
140

Petrovic, B., Gorbounov, M., & Soltani, S. M. (2021).
Influence of surface modification on selective CO2
adsorption: A technical review on mechanisms and
methods. Microporous and mesoporous materials,
312,110751.
https://doi.org/10.1016/j.micromeso.2020.110751

Rassaei, F., Hoodaji, M., & Abtahi, S. A. (2020).
Cadmium speciation as influenced by soil water
content and zinc and the studies of kinetic
modeling in two soils textural

classes. International Soil and Water Conservation

Research, 8(3), 286-294.

https://doi.org/10.1016/j.iswcr.2020.05.003

Sposito, G. (1984). The surface chemistry of soils.
Oxford University Press. 234pp.

Suleiman, A. M. (2016). Removal of zinc ions from
aqueous solutions using natural Syrian zeolite.
Tishreen University Journal for Research and

Scientific Studies, 38(3), 63-79. (In Arabic).

Taalab, A. S., Ageeb, G. W., Siam, H. S., & Mahmoud,
S. A. (2019). Some characteristics of calcareous



Al-Mashhdany & Al-Hadethi / Basrah J. Agric. Sci., 36(2), 199-214, 2023

soils. A review. Middle FEast Journal of Nutrition, 41(3), 311-320.
Agriculture Research, 8(1), 96-105. https://www.tandfonline.com/doi/full/10.1080/019

Thajeel, A. S. (2013). Isotherm, kinetic and 04167.2017.1381729

thermodynamic of adsorption of heavy metal ions Zanin, E., Scapinello, J., de Oliveira, M., Rambo, C. L.,
onto local activated carbon. Aquatic Science and Franscescon, F., Freitas, L., de Mello, JM.M,,
Technology, 1(2), 53-717. Fiori, M.A., Oliveira, J. V., & Dal Magro, J.
https://doi.org/10.5296/ast.v1i2.3763 (2017). Adsorption of heavy metals from

Xing, W., Zhou, F., Zhu, R., Wang, X., & Chen, T. wastewater graphic industry using clinoptilolite

(2023). Performance and mechanism of Zn- zeolite as adsorbent. Process Safety and

Environmental Protection, 105, 194-200.

contaminated soil through microbe-induced ) )
https://doi.org/10.1016/j.psep.2016.11.008

calcium carbonate precipitation. Buildings, 13(8),
1974. https://doi.org/10.3390/buildings13081974 Zarga, Y., Boubaker, H. B., Ghaffour, N., & Elfil, H.

Yuvaraj, M. & Subramanmian, K. S. (2018). (2013). Study of calcium carbonate and sulfate co-

Development of slow-release Zn fertilizer using precipitation. Chemical  Engineering  Science, 96,

. . -41.
nano-zeolite as a carrier. Journal of Plant 33

OuflanalS (i gn AblRally g3l Gara Ao dijl) aliSag )

2erpal) G ciphalllne Sl 1 Alagdial) 2d) 3l 2 aisa
Ghall LY daala cely 3l LS AL lsally Ll pgle o'
Ghall QLY dnals (il M) ags daat 5S60
5250 5200 5150 5100550 525 50 S5 ol il yemic Shia) Ll yida dujad Canal 1 oaliiual)
Gl Jolae e do 20 Capal 3 385 U0 0y Se sy ZnS04.7H20 &bl clijll ey e 17 51 aale 300
Chasl juleSY Aalae Clasialy Syiaal) daaSll cyay 2 dujig 1 dugip oo liall Cullpilly oandall Coouill (e o2 1
calSy aliall mhaadl e SlgV1 Il Caaag) flaig b Alsles Cueadind LS (Jslaall 8 03555 Fiaall Gl oy 280a])
= lially anlal) Cu¥oll R? oy slvig b Alilae b gk afl o 3 leSY dlslen b lgie daaal JS) &l b Alalae
e lall SVl 5 ks ¥l e z3les i), lSall A e Ll Lpanl Wl ol 8 Lgie BaeS el
Ciniagy ZnS04.7TH20 (e yumad) (17l aale 10004100 ) 3855 sl L) Caval a2 40 Cisr 2 g 1 4jis
5ié All Alaall ded) ) dslly Vsl il L (Lass 80 5 60640:30:20¢1045¢1¢0) il A8adly clge
O il ) a8 Aoy Aahaly op) Sa adlgrg Gacanall @l e 558 JS JWES) 20 DTPA & i)l Galiiong . acasl)
Oy (paall (1) 8ol ae iliaal) clijll dijala (aleas) bl cajelils. Jolaal) (& 0S5 Gl ae dusilly Vo3l
Geanl) 58 Al vie e ZnTT Ao Sl 346 eliall el ) el dilia) ve Salall @l 55 el
0 5l Al (paal) 8 Jlsh aDlels dejuy Gl Ssle Crmy 3 SV Abled) As) 45y Ablee cuils,
Jyandl

T sl AanlS G e L lidal) clall

215



	Table (1): Some properties of the soil and zeolite used in the experiment.
	Adsorption experiment
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	1-Langmuir equation
	𝑪 /𝑿/𝒎 = 𝟏/𝑲𝒃 + 𝟏/𝒃.𝑪
	Where X/m is the amount of adsorbed element (µg of Zn+2.g-1 of soil), C is the concentration of the element at equilibrium (µg of Zn+2 .ml-1), K is the binding energy (ml-1.µg of Zn+2), and b is the maximum adsorption (µg of Zn+2.g-1 of soil).
	2- Freundlich equation
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	Elovich equation: Ct = C0 - K ln t
	In the above equations:
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	K is the rate constant of zinc release.
	t is the time. Parabolic diffusion equation:
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	Results & Discussion
	Zinc adsorption
	The adsorption process is crucial for determining the fate of nutrients present in the soil and their bioavailability. The study of thermally symmetrical adsorption of zinc was conducted by adding different concentrations of zinc to natural zeolite (F...
	All adsorption sites on the surfaces of the minutes are active at the beginning of adding zinc. The adsorption capacity of natural zeolite is large, and zinc adsorption is significant at low concentrations of zinc. In the case of zinc adsorption, the ...
	As for fig. (1-B), it illustrates the relationship between the equilibrium zinc concentration in the solution, added in the form of zinc sulfate at different concentrations, and the adsorbed quantity of zinc on the surface of synthetic zeolite minutes...
	sing the Langmuir equation to describe zinc adsorption
	To describe the process of zinc adsorption on natural zeolite, synthetic zeolite, soil 1, and soil 2, the Langmuir equation was used. The relationship between (C/x/m) µg Zn+2 .g-1, which represents the amount of adsorbed zinc according to the Langmuir...
	The Freundlich equation was used to describe and evaluate zinc adsorption at a temperature of 298 Kelvin. The relationship between Log X/m and Log C values was plotted to obtain the constants of the Freundlich equation, which are K representing the in...
	Between table (1) and fig. (3) for zinc, the highest determination coefficient value (R2) was 0.995 in soil 2, closely followed by the determination coefficient of natural zeolite, which was 0.994. Synthetic zeolite and soil 1 had values of 0.988 and ...
	Fig. (2): The relationship between the concentration of the equilibrium solution (c) and the amount adsorbed (c/x/m) according to the Lancgmeyer equation.Using the Freundlich equation to describe zinc adsorption.
	Regarding the binding energy (k), according to table (2), the highest binding energy value for zinc was 7.706 µg Zn+2 in natural zeolite, followed by 1.59 µg Zn+2 in synthetic zeolite. The lowest value was 0.232 µg Zn+2 in soil2, and the lowest va...
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	Effect of incubation period on extracted zinc concentration
	Fig. (4) explained that the extracted zinc from natural zeolite, synthetic zeolite, soil 1, and soil 2 with DTPA extractant decreases with increasing incubation period. When added to natural zeolite, the highest concentration of extracted zinc was 32....
	Similarly, a decrease in the concentration of extracted zinc added to synthetic zeolite is observed from the same figure. The initial concentration of extracted zinc at an incubation period of 0 days was 49.2 µg Zn+2 ml-1, with a percentage decrease o...
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	Zinc release kinetics
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	Table (3): Indicators of the kinetic equations for the release of zinc added at two different concentrations.
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	Applying the half-life equation to fig (7) to find the half-life for natural zeolite, synthetic zeolite, soil 1, and soil 2 yielded the following values in mg. g-1, respectively: 3.33, 2.5, 0.42, and 0.5. This difference in the extracted zinc quan...
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