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Summary

The ion exchange phenomenon of calcium, magnesium, sodium, and

potassium ionic species was studied for four soils that differed in their content of
clay and organic matter out of 33 soils from agricultural field sites in the
governorates of Duhok, Erbil, and Sulaymany in northern Iraq. A series of
laboratory experiments were conducted on these soils, including:

Identification of minerals that control solubility using solubility charts.
IdentificatioUsing the V.Minteq A, program to detect ionic species
expected to be formed in water extracts of soil samples Identification of
clay minerals using X-ray diffraction techniques of minerals that control
solubility using solubility charts.
Identification of clay minerals using X-ray diffraction techniques.
Conducting single and multiple exchange equilibrium for binary and multi
exchange systems using the two methods of batch equilibrium and miscible
displacement at a constant temperature of 298° K.
Calculation of ion exchange constants and calibrations using vanslow
coefficient (K,), Gapone (Kg), according to the chemical input of the linear
(K4) and non-linear (Kf) Langmuir- Freundlich equations.
Calculating the rate constant of Gapon and determining the adsorption site
and free adsorption energy according to the thermodynamic input.
Calculation of the adsorption velocity coefficient for the four ionic species
according to the kinetic input using zero-order, first-order, diffusion, Elovig
and multi-order kinetic equations.

The results indicated the following:

The dominance of Calcite, Dolomite, Ilite and Albite minerals that control
the dissolution of Calcium, Magnesium, Potassium and Sodium ions,
respectively.

The outputs of the V.Mineteq A, soil solution program showed the
deposition of the following salt minerals: (Anhydrite, Aragonite, Calcite,
regular and irregular Dolomite, Gypsum and Vaterite) in sites (8, 13, 33)
except for soil site No. (6) due to low degree react to (6.8).



X-ray diffraction revealed that the dominant clay minerals of the four soils
are arranged in the following order: Smectite. Chlorite, kaolinite, and
palycroscite.

A study of the ion exchange and its nature by the methods of (Batch
Technique) for the binary exchange system showed that the vanslow
coefficient (K,) for the four ionic types (Calcium, Magnesium, Potassium
and Sodium) is as follows: (Na-K) < (Na-Ca) < (Na-Mg) < (K-Na) < (K-Ca)
< (K-Mg) < (Ca-K) < (Mg-K) < (Ca-Na) < (Mg-Ca) < (Ca) -Mg) < (Mg-
Na).

The coefficient of preference for the ions in the miscible displacement as
the average values for calcium, magnesium, potassium and sodium ions in
the miscible displacement method were (5.02 - 9.15 - 14.18 - 22.09) Kg.L"!,
respectively, while the Batch method was (1.79). - 2.21 - 4.86 -9.42) Kg.L"!
had a preference for adsorption ions in the following order (K > Na > Mg >
Ca).

Distribution coefficient according to the Batch method (Kg) (Batch
Equilibrium). For all types of soils (calcium, magnesium, potassium and
sodium) as follows: ( Ca-Mg) (18.70) > (Mg-Na) (17.90) > (Mg-Ca) (17.69)
> (Ca-Na) (15.59) > (Mg-K) (14.31) > (Ca-K) (14.26) > (K-Na) (6.50) > (K-
Mg) (6.32) > (K-Ca) (5.83) > (Na-Mg) (4.09) > (Na-Ca) (4.01) > ( Na-K)
(3.38). The order of the distribution coefficient according to the method of
displacement of miscibility for all types of soils was as follows: (Ca — Mg)
(12.96) > (Mg — Na) (12.60) > (Mg — Ca) (12.44) > (Ca—Na) (11.26) > (Ca
—K) (10.66) > (Mg — K) (9.95) > (K — Ca) (4.43) > (K -Mg) (3.85) > (K —
Na) (2.74) > (Na—Ca) (3.29) > (Na—K) (2.68) > (Na—Mg) (2.48).

The adsorption maximum values (b) and the binding energy constant (KL)
of the linear Langmuir equation were lowest in calcium saturated soils and
highest in sodium saturated soils with low binding energy values.

The values of the preference coefficient for the modified Kg Gapone
increased with the increase in the regulatory capacity of the ion potential and
decreased with the increase in the ion exchange capacity and ranged in the
soil system saturated with potassium when adding calcium, magnesium, and
sodium ions (0.680), (0.630) and (0.080) either in the soil system saturated



with sodium. It ranged when adding calcium, magnesium, and potassium
ions (0.710), (0.720) and (0.200) 0.5 (moleL™).

The values of the adsorption velocity coefficient for the first-order equation
differed according to the different soil locations and the type of ionic
saturation. The highest adsorption velocity coefficient was in the Dohuk-
Atrosh soil min (0.0011), which was saturated with magnesium in the (Mg-
Ca) exchange soil system, and the lowest was in the Erbil-Girtik soil.
(0.0011) mint! and potassium-saturated in K-Na exchange soil system.
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