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Figure 1- XRD pattern of Goethite (in this study)
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Figure 2-Kinetic of phosphate adsorption (0.4 mM) on goethite (3g L™) as a function of pH and equilibration time in 0.1 M
NaCl background electrolyte a) in single ion system and b) in the presence of magnesium (0.2 mM)
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Figure 3- Description of phosphate adsorption experimental data by pseudo-second order and parabolic diffusion kinetic
models in a&c) single ion systems and b&d) in the presence of Mg
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Figure 4-Kinetic of magnesium adsorption (0.2 mM) on goethite (3 g L") as function of pH and equilibration time in 0.1 M
NaCl background electrolyte, a) in single ion system and b) in the presence of phosphate (0.4 mM)
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models in a&c) single ion systems and b&d) the presence of phosphate
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Table 2- Model parameters derived from fitting the pseudo-second order model on experimental data

. . . i Codyb
] s K iisly g5 ol ho 51y adgl £ 5 fda: sl ,
Experimental system pH Reaction rate Initial rate of Eauli .e . SE R
constant reaction qulibrium a.(tlsorptlon
capacity
6.5 425.797 769.231 1.344 0.99 7.0%10°°
olind 7.5 212.041 384.615 1.347 0.99 6.9%10™
(g <S5) 8.5 13.854 24.814 1.338 0.99 1.8%1072
Phosphate 9.5 10.938 17.606 1.269 0.99 2.5%1072
(Single ion) 10.5 9.178 12.151 1.151 0.99 1.3*10
11.5 9.896 9.149 0.962 0.99 1.8%10
5.5 488.178 909.091 1.365 0.99 1.0%10-4
oliwd 6.5 414.541 769.231 1.362 0.99 1.7*%10-4
(Ss 9) 7.5 217.858 400.000 1.355 0.99 8.0%10-6
Phosphate 8.5 31.743 58.140 1.353 0.99 1.4*10-2
(binary) 9.5 28.516 48.309 1.302 0.99 6.9%10-3
10.5 19.785 30.960 1.251 0.99 6.8%10-3
5.5 0.499 0.002 0.065 0.98 5.3*10-3
o e 6.5 0.475 0.003 0.081 0.90 1.4*10-2
(S S5) 7.5 6.275 0.252 0.201 0.99 2.6%10-2
Magnesium 8.5 12.618 2.130 0.411 0.90 1.7%10-2
(Single ion) 9.5 23.987 9.775 0.639 0.99 9.3*10-3
10.5 22.277 10.235 0.678 0.90 1.5%10-2
5.5 4.837 0.057 0.109 0.99 2.2%¥10-2
o2 e 6.5 5.265 0.074 0.118 0.99 2.1*¥10-2
(F929%) 7.5 20.191 1.806 0.299 0.90 1.0¥10-2
Magnesium 8.5 34.728 8.897 0.506 0.99 8.0%10-3
(Bionary) 9.5 35.470 15.649 0.664 0.90 7.5%10-3
10.5 39.810 18.519 0.682 0.99 8.3*%10-3

15l o Jao 35l 51 5,0kl olizil 5 Cpassd i il i 4SE 4R
R? and SE refer to determination coefficient and standard error of the estimate, respectively
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Table 3- Model parameters derived from fitting the Elovich and parabolic diffusion equations on experimental data

=9 Jso 155 0952 41 (S amliSy Jae
] Elovich model Parabolic diffusion model
il g
Experimental T ‘; Sy
system g (B SE R’ Diffusion R’ SE
Adsorption coefficient
constant
1.342 0.0004 0.000  0.70 0.003 0.70 1.554
e 1.343 0.0009 0.001  0.77 0.007 0.77 0.390
(s &)UW 1317 0.0047 0.004  0.83 0.0036 0.83 0.407
Phophate (Single 1.186 0.0205 0023 0.70 0.0168 0.70 0.382
fon) 1.086 0.0158 0012 0.83 0.0168 0.70 0.250
0.878 0.0209 0.020 0.7 0.0142 0.82 0.127
1.363 0.0003 0.000 0.73 0.0002 0.77 0.427
. L 1.360 0.0004 0.000  0.78 0.0003 0.86 0.427
(gt 93) laund 1.351 0.0008 0.001  0.71 0.0035 0.80 0.426
Phosphate 1.308 0.0110 0.010  0.79 0.0046 0.82 0.426
(Binary ion) 1.280 0.0050 0.004  0.82 0.0036 0.65 0.403
1.210 0.0099 0.009  0.81 0.0099 0.87 0.386
-0.0009 0.0123 0.008  0.89 0.4256 0.91 0.023
-0.0056 0.0160 0.015  0.80 0.5617 0.72 0.039
(g S5) o juio 0.1723 0.0058 0.002  0.95 0.0315 0.94 0.106
Magnesium 0.3851 0.0058 0.003 091 0.0146 0.91 0.224
(Single ion) 0.6234 0.0036 0.002  0.88 0.0057 0.88 0.353
0.6687 0.0018 0.001  0.84 0.0027 0.84 0.375
0.0833 0.0047 0.003  0.88 0.0488 0.90 0.054
0.0908 0.0053 0.002  0.94 0.0504 0.97 0.059
(92 33) o jaic 0.2819 0.0039 0.002  0.90 0.0135 0.90 0.163
Magnesium 0.4975 0.0019 0.001  0.90 0.0038 0.90 0.280
(Binary ion) 0.6555 0.002 0.001  0.90 0.003 0.88 0.368
0.6773 0.001 0.801  0.84 0.001 0.73 0.382
2bse Jdo 3ysl skl obidl 5 s oy S5l cui i 4 SE o R?
R? and SE refer to determination coefficient and standard error of the estimate, respectively
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Introduction: Natural environments, including soils and sediments, are open and complex systems in which
physico-chemical reactions are in semi equilibrium state. In these systems, bioavailability of plant nutrients, like
phosphate, is influenced by environmental conditions and concentrations of other ions such as calcium and
magnesium. Magnesium is a dominant cation in irrigation water and in the soil solution of calcareous soils.
Recent evidences show relative increase in the concentration of magnesium in irrigation water. Because of the
importance of chemical kinetics in controlling concentrations of these ions in the soil solution and for
understanding their effects of adsorption kinetics of magnesium and phosphate ions, in this research, adsorption
kinetics of these two ions on goethite is investigated as function of time and pH in single ion and binary ion
systems. The experimental data are described by using the adsorption kinetics equations. These data are of the
great importance in better understanding adsorption interactions and ion adsorption mechanism.With respect to
the importance of these interactions from both economical and environmental point of view, in this research, the
kinetics and thermodynamics of phosphate and Mgadsorption interactions were investigated as function of pH
on soil model mineral goethite in both single and binary ion systems.

Materials and Methods: Kinetics experiments were performed in the presence of 0.2 mM magnesium and
0.4 mM phosphate in 0.1 M NaCl background solution and 3 g L™ goethite concentration as function of pH and
time (1, 5, 14, 24, 48. 72 and 168 h) in single ion and binary ion systems. After reaction time, the suspensions
were centrifuged and a sample of supernatant was taken for measuring ions equilibrium
concentrations.Phosphate concentration was measured calorimetrically with the ammonium molybdate blue
method by spectrophotometer (Jenway-6505 UV/Vis). Magnesium concentration was determined by atomic
absorption spectrophotometer (AA-670Shimadzu AA/FE). The amounts of adsorbed ions were calculated from
the difference of the initial and the equilibrium concentrations. The experimental data were described by using
the several widely-used kinetic models. Models performance was evaluated based on their ability to describe
experimental data and obtained values for coefficient of determination (R?) and standard error of the estimate
(SE).

Results and Discussion: The results demonstrate that phosphate and magnesium adsorption on goethite
reached equilibrium within the 24 h equilibration time. The equilibration time is, however, pH-dependent. No
systematic differences are observed among time-dependent adsorption isotherms for phosphate at pH<pHp;c and
for magnesium at pH>pHp;c. It seems that the effect of pH on kinetics of phosphate and magnesium adsorption
is related to the mineral surface charge, which influences electrostatic interactions between the ions and the
surface charges.thus electrostatic attractive and repulsive forces dominantly control the reaction. The
equilibration time for phosphate and magnesium adsorption on goethite was calculated to be <1 h when
electrostatic forces are attractive and approximately 24 h when electrostatic forces are repulsive. In binary ion
systems, phosphate and magnesium enhanced the amount and accelerated the adsorption rate of each other.
Adsorption of phosphate could reverse electrostatic forces from repulsive to attractive for the adsorption of
magnesium and vice versa. Also, because of the smaller ionic radius of magnesium (0.065 nm) in comparison
with phosphate (0.22 nm), reduction in equilibration time of magnesium adsorption in the presence of phosphate
could be partly diffusion-controlled. Fitting different kinetic models on experimental data showed that pseudo-
second order model can successfully describe phosphate and magnesium adsorption data in both single and
binary ion systems with highest determination coefficient (R>~0.99) and lowest standard error of the estimate
(SE<0.01). The experimental data could also be described reasonabley well by diffusion-controlled kinetics
models, i.e. Elovich and parabolic diffusion models. The latter equations had less agreement with the data, i.e.
their coefficient of determination was in the range of 0.7-0.9. This might suggest that adsorption of phosphate
and magnesium on goethite, at least in diluted suspensions, is chemical-controlled and diffusion is not the
dominant rate-limiting factor.

Conclusions: Equilibration time for phosphate and magnesium adsorption on goethite is pH-dependent.
Adsorption of magnesium is significantly faster in the presence of an oxyanion like phosphate, and vice versa.
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This effect is related to the change in electrostatic potential at the mineral surface upon phosphate
adsorption.Description of experimental data by various kinetic models indicated that the pseudo-second order
model can successfully describe phosphate and magnesium adsorption data in both single and binary ion
systems.
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