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Abstract: [ Objective ]Soil nanoparticles are organic-mineral complexes. It is of great practical significance to study stability of
the suspension of natural soil nanoparticles. However, so far little attention has been paid to effect of organic-mineral complexes

on stability of soil nanoparticles, and let alone its mechanism. [ Method] In this study soil nanoparticles were extracted,
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separately, from soil samples of Lou soil and cinnamon soil before and after soil organic matter was removed with the aid of
the ultrasonic dispersion method and the Stokes’ law based high-speed centrifugation method for analysis of particle size
distribution, zeta potential, critical coagulation concentration(CCC) in NaCl and CaCl, solutions and characterized with the
dynamic light scattering technique. Furthermore, Hamaker constants of and interaction energies between the soil nanoparticles
were calcuated in line with the DLVO(Derjauin-Landau-Verwey-Overbeek) theory, mechanism of organic matter removal
affecting stability of soil nanoparticle suspensions explored and role of organic-mineral complexation in stabilizing soil
aggregates explained. [ Result] Results show that the Lou and cinnamon soil nanoparticles were 94.00 nm and 88.20 nm,
respectively, in average diameter and the OMR(organic matter removed) loess nanoparticles slightly higher than 100 nm; the
obtained loess nanoparticles were all of the polydisperse system and quite approximate to each other in ploydispersity. The
nanoparticles in the all the four types of loess soil samples carried negative charge on the surface and their zeta potential
increased with rising pH of the solution in absolute value due to deprotonation of the functional groups on the surface of the
organic matter. Compared with the nanoparticles in the Lou and cinnamon soils, those in the OMR Lou and cinnamon were
lower in absolute value of the zeta potential as they were lower in organic organic matter. The nanoparticles in the Lou and
cinamon soils were 1.70 mmol-L™" and 1.51 mmol-L™', respectively, in CCC while those in the OMR Lou and cinnamon soils
were 10.58 mmol-L™" and 11.69 mmol-L™"; Obviously, removal of organic matter enhanced stability of the nanoparticle
suspension. Based on DLVO-based simulation, the nanoparticles in the Lou and cinnamon soils in vacuum were 6.86 x 102" J
and 9.73 x 1072° J, in Hamaker constant and those in the OMR Lou and cinnamon soils were only 3.14 x 1072° J and 3.40 x
107%° J. Apparently, the Hamaker constants of the latters were lower than the formers and so were their van der Waals attractive
potential energies. Lower absolute values of the zeta potentials of the nanoparticles in the OMR loess soils resulted in reduced
electrostatic repulsive potential energies. Therefore, the removal of organic matter reduced both the van der Waals attractive
potential energies and electrostatic repulsive potential energies of the nanoparticles in the loess soils. But the decrements in
van der Waals attractive potential energy were higher in magnitue than those in electrostatic repulsive potential energy. Further
calculations demonstrate that the nanoparticles in the OMR loess soils were higher in total potential energy than those in the
Lou and cinnamon soils, which resulted in higher CCCs and higher dispersion stability of the suspensions. [ Conclusion] The
presence of organic matter affects stability of the nanoparticles in loess soils through adjusting both attractive and repulsive
potential energies. The complexation of organic-mineral alters soil nanoparticle composition, which in turn determined their
Hamaker constant. Removal of organic matter reduces Hamaker constants of the nanoparticles in loess, leading to low
attractive potential energy between nanoparticles in OMR Lou and cinnamon soil. Therefore, it is concluded that
organic-mineral complexation may enhance stability of soil aggregates through increasing Hamaker constant.
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o o R
o PR TACHA®  CaCOy SR WIRRABLR®  AbSMS A HLR®
TR pH /gkg! /gkg! /gkg!
/emol-kg™! /g-kg™! /g-kg™ /g-kg™!
<2 um <2 um <2 pum
o 8.34 25.93 51.67 12.53 7.01 440 190 210
wt" 8.32 22.16 82.5 15.86 9.27 270 300 270

DSoil type, @Cation exchange capacity, ©&CaCO;, @Initial organic matter content, ®Final organic matter content, ®Illite, @

Kaolinite, ®Chlorite, @Lou soil, @Cinnamon soil
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JE e B AL R 4 4K BRA 0.8~ 10 mmol-L7',
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256 BT 1 40 oK B0 B9 S X5 AR ) 4 B A
116.1 nm M1 135.5 nm, J5#& W EARIEK TRIE . M
Pk Wik e T 2ok R, HE2080E R
0.264~0.282, SrHFEEER N —3 .
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Table 2 Particle size and distribution of the nanoparticles in loess

WR RS HESEC

RERR AR Lo g
/nm /nm
W+ AR TR 94.00  25.54~360.9  0.282
FAHTIE AR BOR  116.1 33.57~418.0  0.264
A8 T AR IORL” 8820  23.69~3152  0.279

FAHUFE L ARBOR® 1355

DSoil sample, @Particle size, @ Size distribution, @
Polydispersity, (®Nanoparticles in Lou soil, @Nanoparticles in

39.19~507.8 0.279

organic matter-removed Lou soil, @Nanoparticles in cinnamon

soil, @Nanoparticles in organic matter-removed cinnamon soil.
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Fig. 1 Effect of organic matter on zeta potentials of the

nanoparticles in Lou (a)) and cinnamon (b)) soils relative to soil pH
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FH S - BB, 33X B i1 FH B o A T P
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T |8 MLk ) A - AR R
S = Nanoparticles in Lou soil _s51  Nanoparticles in cinnamonDsoiI
~ .= -
2E 5 @
ER :}1 9 = E}
S S, 1
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-15} 4 T MR
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-20 s L ) ol s )
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Fig. 2 Effect of organic matter on zeta potentials of the
nanoparticles in Lou (a)) and cinnamon (b)) soils in CaCl, solutions
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Fig.3 Aggregation curves of the nanoparticles in Lou (a)), cinnamon (b))soils, organic matter-removed Lou soil (¢)) and organic

matter-removed cinnamon soil (d)) in NaCl solutions
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Fig. 4 Aggregation curves of the nanoparticle in Lou soil (a)), cinnamon soil (b)), organic matter-removed Lou soil (c)) and organic

matter-removed cinnamon soil (d)) in CaCl, solutions
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Fig. 5 Critical coagulation concentrations (CCCs) of the nanoparticles in the four loess soils in NaCl or CaCl, solution
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Fig. 6 Van der Waals potential energy (V4), electrostatic repulsive potential energy (¥r) and total potential energy (¥r) between nanoparticles in

the four types of loess soils in 4 mmol-L™" CaCl, solution (a) Nanoparticles in Lou soil and organic matter-removed Lou soil; b) Nanoparticles in

cinnamon soil and organic matter-removed cinnamon soil)
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