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Phosphorus adsorption characteristics of soft rock modified sandy soil
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Abstract [Objectives JAppropriate amount of soft rock addition to sandy soil could improve water absorbing and
holding capacities but little information about the nutrient availability was published. The adsorption of phosphorus
after added into such soft rock modified sandy soil was studied aiming to understand phosphorus adsorption
characteristics and mechanism of soil improvement effect and to guide reasonable fertilization of phosphorus.
[Methods] Soft rock was mixed with sandy soil in seven ratios: 0:100( L) 10:90( LS1) 25:75(LS2) 50:

50( LS3) 75:25(LS4) 90:10( LS5) and 100:0( S) . The adsorption kinetic process and adsorption isotherms of

phosphorus were measured at 25°C  the adsorption kinetics and isothermal adsorption model was used to reveal
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phosphorus adsorption mechanism of improved soils. The relation between proportion of soft rock and maximum
amount of phosphorus adsorption in improved soil has been known. [Results] 1) Under the same initial
concentration the phosphorus adsorption capacity of improved soil showed a trend of increase with the extension of
reaction times and gradually achieved balance after 24 h. 2) In the case of adsorption time was determined the
phosphorus adsorption quantity ncreased gradually with initial concentration increased in improved soil and until to
close or reach the maximum amount of phosphorus adsorption. 3) Adsorption capacity of phosphorus was larger in
sandy soil than in soft rock. With the increase of the soft rock proportion phosphorus adsorption of improved soil
decreased. 4) The pseudo-second order kinetic modell was the best mode to fit phosphorus absorptive dynamics
processes. Within the concentration range in this study the phosphorus adsorption isotherms were well represented
by Langmuir isotherm model. 5) The studies on the kinetics and isothermal absorption showed that the phosphorus
adsorption of improved soil was homogeneous monolayer adsorption and both membrane diffusion and intra-particle
diffusion were the rate-controlling process in the adsorption system tested. The adsorption mechanism was mainly
ion exchange and chemical adsorption in the processes. 6) The maximum adsorption of phosphorus decreased about
linearly with the increased of soft rock proportion in improved soil. In the production practice we can estimate the
maximum adsorption of phosphorus in modified soil through measure the maximum adsorption of phosphorus in soft
rock and sandy soil and the proportion of soft rock. [Conclusions] Soft rock can significantly reduce the
phosphorus adsorption of sandy soil and increase the effectiveness of phosphorus fertilizer. So when re-vegetation
the more soft rock proportion in sandy soil the better effect of fertilizer. However as plants growth further
understanding of desorption and continuity of phosphorus in improved soil is needed.
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1
Table 1 Basic characteristic of materials
Particle composition( %) oM TP CEC . Fe Al Ca
Material 0.05 ~2mm 0.002 —~0.05mm  <0.002 mm (g/ke) (g/kg)  (cmol/kg) P (%) (%) (%)
87.54 5.27 7.18 1.73 0.24 4.63 8.50 1.81 5.04 2.25
Sandy soil
) 51.11 18. 66 30.22 1.58 0.71 54.95 9.22 4.82 8.40 1.16
Soft rock
2 (%)
Table 2 Mineral composition of materials
Material Quartz Kaolinite Montmorillonite Feldspar Calcite Dolomite Amphibole
Sandy soil 82 4 10 2 2
Soft rock 57 30 10 3
1.3 (g) o
1.3.1 N 1.4.2
2.500 g 100 mL 1) "
50 mL 31 mg/L KH, PO, In( Q.-0Q,) =InQ,_,—Kt
(0.01 mol/L KCI ) (2)
( THZ -92C) 25 £ 1C (200 r/ t 1 t
min) (0.5.1.2.4.6.8.10.12. 0. " ko o,
16.24.36 48 h) 3500 r/min In Q,=A+B Int (4)
10 min 0.45 um  WATERMAN 0, :Kimt% +C (5)
UV -2300
| e 0 o
’ ( mg /kg) ; QeA cal
’ mg/kg) ; t h); K
L3 \ ( mg/kg) (h); K,
K,
2.500 g 100 mL
/hkg/(mgh) K, mg /
0.15.5.31.77.5.155.232.5.310 L Cn
mg/L. KH,PO, (0.01 mol/L KCl (kg = min™) € A
) 25 £1C 24 h 3500 r/min B 012
10 min 0.45 pm  WATERMAN (2) '
1
( UV -2300 Freundlich Q.=K,Cr (6)
) . 3 . c. 1 C
Langumir = + (7)
0 ¢ 0. K0, 0.
1.4 Temkin Q.=A+Blog C, (8)
1.4.1 Dubinin-Radushkevich( D-R)
C,-C nQ, =InQ, - K&’ (9)
0 = (Cy ) x V. (1) 3
m Q. (mg/kg) ; C,
Q (mg/kg) ; €, (mg/L); Q, (mg/kg)
C VKK WKWALB i 1/n
(mg/L);V, KH, PO, (mL); m ;e Polanyi . &
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Fig.1 Kinetic process of phosphorus adsorbed under (R =0.95 P<0.01)
different mixing ratio of soft rock and sandy soil ; C
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3
Table 3 Kinetic parameters of phosphorus adsorption of improved soil
Pseudofirst order Pseudo-second order . Intra—particle
0, o o Bi-constant model o
‘ kinetic model kinetic model diffusion model
Treatment  ( mg/kg)
Qe K, 5 Qe cu K, K.,
R R’ A B R c R
(mg/kg)  (/h) (mg/kg)  kg/(mg+h kg/(mg b
L 63 45 0.091 0.9836 66 0. 0045 0.9921 3.26 0.236 0.9837 8.08 15.9 0.8870
LS1 61 43 0.084 0.9768 64 0. 0044 0.9907 3.20 0.242 0.9812 7.82 14.9 0.8913
LS2 59 40 0.072 0.9602 61 0. 0043 0.9879 3.13 0.244 0.9843 7.44 13.8 0.89%4
LS3 56 42 0.088 0.9842 60 0.0043 0.9887 3.04 0.265 0.9877 7.43 12.1 0.9146
LS4 54 43 0.094 0.9773 57 0.0041 0.9861 2.97 0.270 0.9850 7.16 11.1 0.9219
LS5 53 40 0.079 0.9771 56 0. 0040 0.9838 2.88 0.285 0.9805 7.00 9.9 0.9299
S 51 39 0.074 0.9804 54 0. 0038 0.9829 2.78 0.303 0.9739 6.82 8.8 0.9376
(Note) : (1, oo =0.708; L. LSI. 182, LS3. LS4, LS5 S— 0:100. 10:90. 25:75. 50:50. 75:25. 90"
10 100:0. The mixing ratio of soft rock and sandy soil in 0:100 10:90 25:75 50:50 75:25 90:10 and 100:0 respectively.
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Fig.2 Adsorption isotherms of phosphorus adsorbed
under different mixing ratio of soft rock and sandy soil
( Note) : L LS1.LS2.LS3.LS4.LS5 S—
0:100.10:90.25:75.50:50.75:25.90: 10 100 : 0. The °
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50 75:25 90:10 and 100:0 respectively. o
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4

Table 4 Isothermal parameters of phosphorus adsorption of improved soil

Freundlich Langmuir Temkin D-R
Treatment 1/n K, R Qn K, R A B R K, Q. E 7
(mg/kg) © (mg/kg) (kJ/mol)
L 0.44 13.15 0.9898 175 0.018 0.9956 -61.21 85.14 0.9900 0.0052 116  -9.8 0.7699
ISI  0.40 15.40 0.9917 164 0.021 0.9949 -50.09 78.31 0.9870 0.0045 112 -10.5 0.7327
12 0.39 16.20 0.9914 154 0.022 0.9959 -42.51 72.35 0.9897 0.0044 108 -10.7 0.7425
1S3 0.37 16.52 0.9899 141 0.025 0.9964 -34.72 65.12 0.9917 0.0042 101 -10.9 0.7564
LS4  0.34 17.69 0.9837 123 0.030 0.9975 -23.41 55.66 0.9908 0.0040 94  -11.2 0.7728
LS5 0.31 18.44 0.9814 111 0.034 0.9981 -16.53 49.39 0.9874 0.0037 87 -11.6 0.7500
S 0.29 19.24 0.9685 99 0.041 0.9989 -8.05 41.73 0.9816 0.0035 80 -12.0 0.7963
(Note) : (6 0.01) =0.917; L.LS1.LS2.LS3.LS4.1S5 S— 0:100.10:90.25:75.50:50.75:25.90: 10

100:0. The mixing ratio of soft rock and sandy soil in 0:100 10:90 25:75 50:50 75:25 90:10 and 100:0 respectively.
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Fig.3 Comparison of simulated and measured maximum amount of phosphorus adsorption in improved soil
( Note) : 1:1 R? The dashed line represents the 1: 1 relationship.

The solid line represents fitting line whose intercept is zero. R? is coefficient of determination.



1379

99.03% ( R* = 0.9903)

0.04% . b
98. 56%
(R* = 0.9856) 0.47% o A
a b b
b
5
1)
6
2)
Langmuir
7
3) Al
° 8
4)
Q,=0,5xCs+0Q,, xCpo
9
1 J.
2000 15(3): 18-25.
Wang Z L. General situation of soil and water loss and integrated
control in China J . Journal of Catastrophology 2000 15(3):
18 -25. 10
2
J. 2006 22(6): 67-70.
Bai ZK Duan Y H Yang HY et al. Forecast of influence of 11
coal-mining subsidence on soil erosion and land use J
Transactions of the Chinese Society of Agricultural Engineering
2006 22(6): 67-70. 12
3

T 2012 26(8): 87

-94.
Han J C Liu Y S Luo L T. Research on the core technology of
remixing soil by soft rock and sand in the Maowusu sand land

region J . China Land Sciences 2012 26(8): 87 -94.

J. 2014 30(14): 115-123.
She X Y Zhang X C Wei X R. Improvement of water absorbing
and holding capacities of sandy soil by appropriate amount of soft
rock J . Transactions of the Chinese Society of Agricultural

Engineering 2014 30( 14) : 115-123.

I 2014 34(2): 203
-209.
LiJ Han]J C Li X M. Effect of remixed soil with soft rock and
sand on photosynthetic characteristics and yield of winter wheat

J . Journal of Triticeae Crops 2014 34(2); 203 -209.

I 2013 27(4): 58 -
61 66.
Luo L T Cheng J] Wang H Y et al. Nitrogen leaching
characteristics in the compound soil of feldspathic sandstone and
sand under corn conditions J . Journal of Soil and Water

Conservation 2013 27(4): 58 -61 66.

N I
2005 11(1): 33-39.
Guo S L Dang T H Liu S Z Hao M D. Changes in
characterization of phosphorus sorption in relation to its forms and
soil organic carbon J . Plant Nutrition and Fertilizer Science

2005 11(1): 33-39.

- I 2009 15
(6): 1303-1310.
Xia H 'Y Wang K R. Effects of soil organic matter on
characteristics of phosphorus adsorption and desorption in
calcareous yellow fluvo-aquic soil and lime concretion black soil
J . Plant Nutrition and Fertilizer Science 2009 15(6): 1303
-1310.

1980.

Institute of Soil Science Chinese Academy of Sciences. Soil
physical and chemical analysis M . Shanghai: Shanghai Science
and Technology Press 1980.

M . : 2000.
Bao S D. Soil agricultural chemistry analysis M . Beijing:
China Agriculture Press 2000.
Ho Y S Mckay G. Kinetic models for the sorption of dye from
aqueous solution by wood J . Process Safety and Environmental
Protection 1998 76(2): 183 -191.
Glies C H Smith D Huison A. A general treatment and class—
ification of the solute sorption isotherms. I. Theoretical J .

Journal of Colloid and Interface Science 1974 47(3): 755



1380 21
-765. 19 Pb( 1I)

13 Maguire R O Sims J T Foy R H. Long term kinetics for phosp— J. 2014 34(10) : 2491 -2499.
horus sorption desorption by high phosphorus soils from Ireland Wen J ZhuYJ Yin X Q Zhang X C. Study on the property of
and the Delmarva penin sula J . Soil Science 2001 166(8) : Pisha sandstone absorbing Pb ( 1I) J Acta Scientiae
557 -565. Circumstantiae 2014 34( 10) : 2491 -2499.

14 20 - Pb

I 1998 7(1): 72-76. (1) I 2014 36
Xu M G Sun B H. Kinetic and thermodynamic characteristics of (7): 1185-1194.
phosphate adsorption by soil J . Acta Agriculturae Boreali- Chen Y M Wang Y Z Xie H]J Jiang Y S. Adsorption
occidentalis Sinica 1998 7(1): 72 -76. characteristic of loess modified natural silt towards Pb ( II):
15 Ph( 1I) J . equilibrium and kinetic tests ] Chinese Journal of
2012 34(9): 1586 -1587. Geotechnical Engineering 2014 36(7) @ 1185-1194.
Zhang ] L Zhang L L. Adsorption behaviors of heavy metal Pb 21
(M) on clay J . Chinese Journal of Geotechnical Engineering J. 2008
2012 34(9): 1586-1587. 40(3): 79-82.
16 Zhang JM Li W X Sang M P Liu S T. Efect of long term
J. 2013 33(3): 7-12. located fertilization on phosphorous adsorption and desorption in
SuK He YL Yang L Z. Study of using modified smectite to non-calcareous fluvo-aquic soil ] Shandong Agricultural
adsorb and degrade nitrate ] . Journal of Mineralogy and Sciences 2008 40(3): 79 -82.
Petrology 2013 33(3): 7-12. 22 Vijayaraghavan K Padmesh T V Palanivelu K Velan M. Bios—

17 M . : 2001. orption of nickel( II) ions onto Sargassum wightii: application of
Li X Y. Soil chemistry M . Beijing: High Education Press two-parameter and three-parameter isotherm models J . Journal
2001. of Hazardous Materials 2006 133: 304 -308.

18 M . : 2006. 23 Do D D. Adsorption analysis: equilibrium and kinetics M .

Li F H. Physical chemistry of soil M .
Industry Press 2006.

Beijing: Chemical

1998.

London: Imperial College Press



