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Table 1- The oxidic amount of main elements constituent studied minerals with XRF method

_‘-f"s &  sio2 ALO; MgO Fe,0; NaO K, 0 CaO MnO P,0, TiO, LOI" Total
Mineral type
(%)
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Feldspar
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Phlogopite
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Table 2- Kinetic equations that were used

5 )lows BEY Ay o 2y by po asly
Number Model Equation Unitofa Unitof b
1 o e (G~ o) = go - bt do=a= mg kg™ mg kg™ min’*
Zero order
2 ol e Ln (do- &) = Lngp -bt mg kg™ min’* (mg kg™
First order
3 P93 4dye 1/g, = a-bt mg kg™ mg kg™ min™t
Second order
4 Pl Lng,=Lna+b.Lnt mg kg™t mg kg™ min™*
Power function
045 ool @591” _ 1 11
5 =—a+b.Lnt mg k mg kg™ min
Simple Elovich qt 7 e
6 Sably (Saisy q=a+bh. %5 mg kg'1 mg kg'l min*?

Parabolic diffusion

23b o el cons p loj T g el colpo D g @ osds by sl i) iolojl slal y3 ol o 5> mawlis 0o & o 5 0d 5T wmolts o 10
g Amount of released potassium in time t, g,: potassium in balance time at the end of experiment (maximum released potassium), a
and b are constant coefficients, t is time (hr)
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Table 3- Analysis variance of potassium concentration and pH
Oyt il @33l 4y Ol o (ke
Source of variances Degree of freedom Mean of squares
K Ph
sSojkas g9 2 12477 6317
Extractant typ)
e 2 1857 365
Mineral type
S &9 X pSorlas 9 4 3527 0.448™
Extractant type* Mineral type
ol 9 9.34™ 107
Time
oleysosla g5 18 0.426™  0.509™"
Extractant type* Time
loix, SIS sas ook
RS &P 18 0.903 0.067™
Mineral type* Time
Yo ix, SIS £oix 1Soylac £ ek -
DRSS EFelas £ 36 0.409™  0.086
Extractant type* Mineral type* Time ' '
risle)] ol 180 0026  0.048
Experimental error
(1) &l <o po 17.97 4.14

Coefficient of variation

25l e 4l size AL 3gng pas odimd LS NS g /N 7/ Jlois] prdaws ;3 )l5 me BB ] 3955 odimd )Lis sk
s%% Show significant difference at 0.1% and ns show non-significant difference
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Table 4- Effects of extractant type, mineral type and time on potassium release amount

o 3131 by (Silee

roojlas £y OawlisSSl yloj Mean of released potassium (mg kg™)
Extractant Type Incubation time (hour) ; ;
S ey
Mineral Type
Sl S S gld
Feldspar llite Phlogopite
1 164, 5™ 96.92 X% ¢ 161.53 ™
2 145.3 °t 66.92%F 14256
4 139.4 61.31°¢ 134.02 %
SIS sl 8 1375 S'VVV 62.65"¢ 25070 '”I‘
(OA) 12 135.4 118.50"** 338.58 9
16 184.2™ 121.31%%% 368.97 9"
24 251.6 ° 129.96 Y 421.20 %
32 402.77 1 273.88" 609.53 °
48 4155 276.43 " 669.9 "
64 4158 % 288.18 703.74 2
1 96.92 ¥% ¥ 48.46°7 96.92 X% ¢
2 80.76 Y% ¢ 54.61°¢ 64.61%F
4 50.31 “*: 50.3161"1;' 104.48 > &
8 4523 45.82 231.71°
S 22,18 12 54.78 ¢ 48.94 <1 253.93 "
(CaCly) 16 50.31¢™ 5031 21829 ™
24 134.81  104.81 V%% 222224
32 221.14 % 205.55™ 447.21°
48 221.41 %" 212.41™ 432.83 %
64 216.93™* 223.13 1P 483.59 ¢
1 25517 25517 51.02 ¥
2 25.97" 25511 2551 "
4 25510 25510 51.02 ¢
8 25.51:1]'1, 34.82 g: 61.65 ""i
. 12 4355 F 27.57 75.36%
(Cont) sals 16 2551 " 34.01%  8503%¢ ¢
24 50.55 4 50.55 " 104.81 V%@
32 106.24 V> % 7944 ¥ ¥F 122.21 V2
48 109.41V%&b 7677 %%f 128.78 Y
64 106.81%7>%®  75.97%%f 138.30 9

35,15 (P<+/+0) s )b me GBI LSD (y9051 ol s ailite g y> b (sl puSilio

A..ﬁa.\L&.'.’.w\( ‘) Mﬁw)&sbol)&bﬁﬁdsfﬂz Jpj‘w&éafraulk):bd;’
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Table 5- Coefficients of determination (r®) and standard error of estimate (SE) for selected kinetic equations
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Figure 4- Relationship of measured and predicted released potassium amount by selected kinetic models

OA, CC and CO show extracting with oxalic acid, calcium chloride and control (H,0), respectively
F, I and P show feldspar, illite and phlogopite presence
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Introduction: Potassium is one of essential nutrients for plants and its importance in agriculture is well
known. Non-exchangeable potassium that is mainly placed with in layers of K-bearing minerals, such as K-
feldspar and mica, is considered as an important source of potassium for plant growth in most soils. Regarding
that low molecular weight acids (LMW) play an important role in improving the bioavailability of soil nutrients
such as non-exchangeable K (NEK), and the release rate of NEK plays a significant role in supplying necessary
K for plants, the purpose of this study was comparison of potassium release kinetic from K-bearing including
feldspar, illite as well as phlogopite minerals and choose the best kinetic equation describing potassium release
process, influenced by organic as well as mineral extractants.

Material and Methods: The experiment carried out in a completely randomized design with three
replications. Experiment factors were including extractant type (0.01 mol 1™ oxalic acid, 0.01 mol I'* calcium
chloride, control (deionized water)), potassium mineral type (feldspar, illite and phlogopite) and incubation time
(1, 2, 4, 8, 12, 16, 24, 32, 48, and 64 hours). Elemental composition of minerals identified by Fluorescence
spectroscopy device (S4 Pioneer). Used minerals in the experiment including feldspar, phlogopite and illite were
ground and filtered through a 230 mesh sieve. In order to remove exchangeable K, samples were saturated by
calcium chloride solution (with a ratio of 2:1), after washing with HCI, samples were dried at 105 C for 48
hours. 100 mg of washed minerals, was weighed carefully and transferred to centrifuge tubes. Then 20 ml of
each of extractants (oxalic acid and calcium chloride 0.01M) was added to the tubes. After 15 minutes shaking,
tubes containing a mixture of minerals-extractants was carried out in a controlled incubation chamber for periods
of 1, 2, 4, 8, 12, 16, 24, 32, 48 and 64 hours at 25 C. After each period, samples were centrifuged at 3000 rpm
for 10 minutes and filtered using Whatman paper (No. 41). pH and potassium concentration of samples were
measured by pH meter and flame photometer, respectively. Data related to potassium release was fitted by zero
order, first order, second order, power function, parabolic diffusion and ellovich equations.

Results and Discussion: Results showed that the effect of extractant type was significant on kinetic of
potassium release, so that potassium release amount in samples extracted with oxalic acid was 1.48 and 2.35
times higher than samples extracted with calcium chloride and control (deionized water), respectively. Also,
different minerals released various amounts of potassium. K release from phlogopite was 1.99 and 2.95 times
higher than feldspar and illite, respectively. The maximum potassium concentration (440 mg kg™) was seen in
phlogopite which was extracted with oxalic acid. So that, amount of potassium in this treatment was 3.15 times
higher than control one. Furthermore, the effect of extraction time on K release was significant. So that, at the
beginning of incubation period the release of potassium by different extractants was more, but its amount
decreased over time and finally continued with a constant speed. Kinetic equation fitting showed that zero order,
first order, power function, parabolic diffusion and ellovich equations are able to describe potassium release but
second order model cannot justify it. Among these five equation, the power function and parabolic diffusion
equations with the maximum coefficient of determination (R?) and the least standard error of estimate (SE),
could reasonably describe the K release kinetics, so they are introduced as the best models for data fitting. The slope
(b) and interception (a) of ellovich equation indicate interlayer and initial K release, respectively. Oxalic acid
and phlogopite had the most amount of interception, it means that the impact of oxalic acid on initial and
interlayer release rate of K in phlogopite, is more effective than calcium chloride.

Conclusions: It is concluded that different factors like mineral and extractant type influence Kinetic of
potassium release and organic extractant have more ability in extracting non-exchangeable potassium from
minerals structure. Also, the adjustment of the results of this study with first order, parabolic diffusion and power
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function equations suggest that nonexchangeable potassium release from minerals can be affected by diffusion
process from the surface of the study minerals, indicating that NEK release rate is controlled by K diffusion out
of the mineral interlayer.

Keywords: Kinetic equations, Mineral salt, Organic acid, Phlogopite, Potassium release



