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1- Pseudo-zero order

2- Pseudo-first order

3- Pseudo-secend order

4- Pseudo-third order

5- Parabolic diffusion

6- Two constant rate or power function
7- Simple Elovich
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Table 1. Kinetic models used in this study.
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Table 3. Efficiency of organic matter removal with sodium hypochlorite (NaOCl) in studied soils.

() Lﬂ osle
(1) Gde oLkl Organic matter (%) Sk ojlad
Removal efficiency (%) bl ) Ay T R Soil No.
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Figure 1. P desorption with time for the 3 of studied soils, before (B) and after (A) SOM removal.
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Figure 2. Fit of parabolic diffusion equation to the P desorption data for soil No. 3, after (A) and before (B)

SOM removal.
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Figure 3. Fit of simple Elovich equation to the P desorption data for soil No. 3, after (A) and before (B) SOM

removal.
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Figure 4. Fit of two constant equation to the P desorption data for soil No. 3, after (A) and before (B) SOM

removal.

ST sl B 5l s 5 L5 andllae 5550 S a3 jhd Cldorly (St sladie ol i —f g
Table 4. Kinetic models coefficients for P desorption in the 3 of studied soils, before (B) and after (A) SOM

removal.
b 5 ol ool 55l SISk 0) sk
. . o . S ol
Two constant rate Simple Elovich Parabolic diffusion
Soil No
ab b a Bs Ineog 90 kp
6.22 0.161 38.65 0.054 6.61 74.74 1.25 2
Ol 3l J3
5.08 0.111 45.81 0.092 8.77 73.67 0.72 3
Before remove
5.64 0.073 77.27 0.111 13.69 105.32 0.64 4
oSk
5.64 0.115 53.91 0.086 9.69 84.57 0.87
(Mean)
542 0.123 44.09 0.010 7.00 73.74 0.85 2
Ol 3l e
5.10 0.124 41.14 0.085 7.99 69.36 0.79 3
After remove
6.38 0.110 58.04 0.075 9.18 92.63 0.91 4
oSk
5.63 0.119 47.75 0.057 8.05 78.57 0.85
(Mean)
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Figure 5. Plot of Z (invers desorption rate) versus time for soil Number3, before (B) and after (A) SOM

removal.

03,5 b me 5 adslas 1y O 5 i 5 4wl g
(Y0) el

ol (S o3Il uslie oy adaly £ S s
adslae 93 b wsh sl s o S g ol ls ald
st Ol Sl L b s s el osle gl
|

O PSS S0 sl mli e s L
,e,\_;;uu@_,yw;wﬁj“sméjg@
Clarly St cio 5 4 3B o 4l e
S 5 Jd asdllas o) 5 Jloj oo gidome 5o i
o dslee ol s Lal s STesle ol
aolde s L 508 SE YL ” Jsa e esles
o adslee Ol gisas ol i 5 (5 S el

338 g0 By

YY

3 ot e e Y (Sievas a5

odadlis sl u.,b-bfz.m.eu\ﬂ IR 61.;0)\.,\.:\
A 2 LA\ (O JJJ—?) J)\bjé.m.é Ls.:.l;-b d‘eb\bf
(I esle Gl 5l dn 5 b anlllas 5550 St
@)J_l\ sl BL 8 Y ;S_.fu,:m__:.) ol L5ﬁ°)\"b\
J:\M_zus,u\vﬁm;%f,;j@uﬁmm;vs
A_SJLLAU{‘JJLJ}e.S)J@UJJUJhAJM;g_ﬁfp)‘
JJJYH'/'\J_LASMJJ_M}‘oJuI_M;‘
Sl SLaS L 1 s Cdinls (Y4)Y) (55 puai

muﬂu,ﬁwat{;d_d,i»pg,.:ol?u_p)ﬂ



1120 (1) ol 1) s sy adgi 9 SI& Capprte g pul

Two Constant Equation Eq.8 3B.

120 120 Elovich Eq.83B.
.
. s
g 100 Z100
z R?=0/8579 % R? = 0/8909
= g 8
2 80 T *
- o
& . &~
50 60
60 80 100 120 &0 80 100 120
Measured gt Measuared gt.
120 . z
Elovich Eq.S 3A. 120 Two Constant Equation Eq.5 3A.
: *
2 S
Em{} i
£ 2= o) €100
g AN = R? = 0/8844
% 50 g
- = 80
= ®
60 &
60 80 100 120 60
60 30 100 120
Measured gt. Measured gt.

Sl el g3 9 edd oslu @‘9‘5.“ dslea g5 3l oslaal b ool yk‘gﬁiaﬂ ‘}Jﬁ&‘géﬂfaﬂ.ﬁ‘ ﬁ’wd}ﬁ‘h‘.‘J_-\ JS.&
S esle Bl 51 (A) das 5 B) J3 ¥ o led S

Figure 6. Relationship between measured and predicted values of desorbed P ,by Elovich and exponential
equations for soil Number3, before (B) and after (A) SOM removal.
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Table 5. Means values of coefficient of determination (r”) and standard error of estimate (SE) for the seven
kinetic equations used in this study, before (B) and after (A) SOM removal.

(Mean) (A) Sl (Mean) B) - Sle St S
SE R’ SE R? Kinetic model
8.69 0.67 8.77 0.70° Pseudo — zero order g
0.09 0.62° 0.06 0.65 Pseudo — first order Jsl a5 0
9.50x10° 0.58 1.02x10° 0.60° Pseudo — secend order £33 45
2.35x107° 0.53™ 2.33x107° 0.56™ Pseudo — third order P
6.30 082" 6.23 083" Parabolic — diffusion Ssbl Sy
4.12 093" 435 094" Simple Elovich o o3l o5
5.06 092" 5.25 092" Two constant rate &l 5

.J‘}L;.JJJ:.;) MJ)O o 3 \ CE../J) )‘QL;.JJ g/.__vj.vA.vns 9 ‘
** % and ™ Significant in level 1, 5 percent and Non-significant, respectively.
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Figure 7. Fit of Langmuir equation to the P retention data for soil No. 3 at 30 °C, before (B) and after (A) SOM

removal.
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Figure 8. Plot of P retention data versus equilibrium concentration for soil Number 3 at two different
temperatures, before (B) and after (A) SOM removal.
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Figure 9. Plot of Ln (K ) values of versus inverse temperature (T™) for soil number 3, before (B) and after (A)
SOM removal.
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Table 6. Langmuir equation coefficients (b, k) for the fit of P retention data, at different temperature, before
(B) and after (A) SOM removal.

K (L mg™) b mgkg™) Skt oyleds
40°C  30°C 20°C  10°C 40°C 30°C 20°C 10°C Soil No
1.99 1.28 0.93 0.61 436.23 422.49 412.44 349.18 1
Gl J,.a
6.11 3.09 1.84 1.19 709.28 629.99 601.96 551.06 3
Before remove
8.72 7.05 2.50 1.99 692.65 534.61 516.43 496.81 4
5.60 3.80 1.75 1.26 612.72 529.03 510.27 465.68 (Mean) -, Sika
5.18 4.18 1.92 137 443.98 436.98 42434 373.30 1
ENE
6.83 438 2.07 1.34 732.77 679.92 646.66 567.17 3
After remove
13.63 8.26 3.51 2.02 724.24 682.98 605.96 554.71 4
8.54 5.60 2.50 1.57 633.66 599.96 558.98 498.39 (Mean) Sl

Slales 55 jiud Co 30 glaosls 4 p o8 dslas ot b 5505 (R) s a2 5 (SE) s gl polie -V Jyus
S esle Bl 51 (A) day 5 (B) b e

Table 7. Values of coefficient of determination (R?) and standard error of estimate (SE) for the fit of nonlinear
Langmuir equation to the P retention data at different temperature, before (B) and after (A) SOM removal.

RZ

SE Sk oslas
40°C 30°C 20°C 10°C 40°C 30°C 20°C 10°C Soil No
0.87 0.89 0.93 0.84 19.91 21.83 20.14 27.98 1
ENE
0.91 0.86 0.94 0.93 11.93 19.03 13.98 18.24 3
Before remove
0.93 0.84 0.79 0.76 18.52 43.23 27.12 28.45 4
0.90 0.86 0.88 0.84 16.78 28.03 20.41 24.89 (Mean) .5l
0.74 0.75 0.85 0.78 2537 24.50 21.89 21.10 1
Gl J’"
0.88 0.96 0.97 0.71 13.73 11.20 11.85 29.86 3
After remove
0.68 0.93 0.87 0.73 23.10 9.50 15.11 27.91 4
0.76 0.88 0.89 0.74 20.73 15.06 16.28 26.29 (Mean) . 5la

s g ls gme v/0) CEMJ>UR2 plas

el Gl 51(A) dng 5 (B) Jd andllan 340 s S LS )3 jhd Cudlag (Sl o 5 (gl jal b —A J g
Table 8. Thermodynamical parameters of P retention data in the studied soils, before (B) and after (A) SOM

removal.
AG’ (KJmol™) AH" AS° Sk o e
40°C 30°C 20°C 10°C (kJmol™) (kJmol'K™) Soil No
-39.17 -36.80 -34.81 -32.63 28.47 0.21 1
ENE
4291 -39.02 -36.47 -34.20 39.84 0.26 3
Before remove
43.01 -41.08 37.22 -35.41 40.29 0.27 4
-41.69 -38.96 -36.16 -34.08 36.20 0.24 (Mean) . 5la
-41.66 -39.79 -36.58 -34.53 35.17 0.24 1
Gl J’"
4238 -39.90 -36.76 -34.48 41.50 0.27 3
After remove
44.18 -41.50 -38.05 -35.45 48.52 0.29 4
-42.74 -40.39 -37.13 -34.82 41.73 0.26 (Mean) .5l
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Abstract

Background and objectives: The phosphorus is second limiting nutrient in soil for crop
production after nitrogen. Mobility and availability of phosphorus (P) in soils is affected by
phosphorus desorption characteristics. Information about the effect of organic matter on kinetics
and thermodynamics of P desorption in calcareous soils of East Azerbaijan province is limited.
The objective of this study was to evaluate the effect of organic matter on phosphorus
desorption kinetics and thermodynamics parameters. P desorption kinetics and thermodynamic
was studied in 4 soil samples (0-30 cm) collected from East Azerbaijan province before and
after organic matter removal by NaOCL.

Materials and Methods: To study general characteristics, 4 soil composite samples (0-30)
were selected so that as much as possible had a wide range of SOM, available P and sand and
clay content. Soil samples were air dried, to pass a 2 mm sieve and some physical and chemical
properties analysed. Desorption kinetics of P was studied at 100 mg P L solution as initial
concentration with CaCl, 0.01 M solution before and after SOM removal. Statistical analysis
using SPSS software and fitting nonlinear kinetics equations were performed by using Data fit
software.

Results: The P desorption kinetics were best described by a simple Elovich equation (1*>0.94).
The mean values of constant “Ina, “was 9.69 before organic matter removal and 8.05 was after

organic matter. According to the results, P desorption pattern based on the simple Elovich
equation revealed that the rate of P desorption was higher in the first 2 hours followed by a
slower release rate, which may suggest two different mechanisms are involved. To evaluate
temperature effects, desorption thermodynamics of P was studied at various temperatures of 10,
20, 30 and 40 °C. Results suggested that the P desorption, before and after SOM removal, was a
spontaneous and endothermic process. The positive values of enthalpy for the retention of P,
indicated that the retention process was endothermic. The mean values of AG’ ranged from
-32.12 t0 -39.3 KJmol™ in NaOC]l untreated soils, while it ranged from -33.05 to -40.21 KJmol™ in
NaOCl treated soils when temperature increased from 10 °C to 40 °C.

Conclusion: Regarding the rate of P retention by soil and decreasing P desorption after SOM
removal, application of organic matter, or at least prevent its loss can increase efficiency and
rate of P release to soil solution.

Keywords: Enthalpy, Entropy, Hydrogen peroxide (H,0O,), Phosphorus retention, Sodium
hypochlorite (NaOCl)
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