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Abstract: [ Objective ] Soil colloid is the material foundation of soil fertility and soil ecological function. Agglomeration and
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dispersion of soil colloids influences a series of microscopic processes and macroscopic phenomena in soil. The purpose of this
paper was to compare Hofmeister effects of 2 : 1-typed montmorillonite and 1 : 1-typed kaolinite mineral colloids in
agglomeration triggered by alkali cations (Li", Na* and K*), and analyze sources of the Hofimeister effects. [ Method ]JTo that end,
ultrasonic dispersion and centrifugation of soil samples was performed to extract montmorillonite and kaolinite colloids, and
dynamic light scattering was to determine separately,effects of Li*, Na" and K" on agglomeration of the mineral colloidal particles.
And then comparison was made between agglomerations of the mineral colloids in three different alkali solutions in kinetic
process and activation energy. [ Result] Results show that the agglomeration varied sharply in rate, critical coagulation
concentration and activation energy as affected by Li*, Na" or K*, demonstrating strong Hofmeister effects. In solutions with
electrolyte concentration being 20 mmol-L™", the aggregation of montmorillonite colloid triggered by K" reached 66.61 nm'min™"
in rate, much higher than that triggered by Na' (5.93 nm'min™") and by Li* (4.41 nm'min™"). And in solutions with electrolyte
concentration being 30 mmol-L™', the agglomeration of kaolinite colloid activated by K" reached 32.43 nm'min" in rate, which
was far too much higher than that triggered by Na* (7.28 nm'min™") and by Li*(1.90 nm'min™"). The effect of Hofmeister effects
on aggregation rate of montmorillonite and kaolinite colloids varied with the cation in the solution in an order of Li" < Na" < K",
its effect on critical coagulation concentration did in an order of K* (montmorillonite 21.8 mmol-L ™, kaolinite 34.6 mmol-L™")<
Na"(montmorillonite 57.6 mmol-L™", kaolinite 85.8 mmol-L™")< Li" (montmorillonite 81.8 mmol-L™", kaolinite 113.9 mmol-L™),
which could be reasonably explained by activation energy needed in agglomeration of colloids. In solutions, 25 mmol-L™" in
electrolyte concentration for montmorillonite agglomeration activation energy varied with the cation in the solution in an order of
Li*(1.97 kT)> Na'(1.43 kT)> K'(0 kT), while for kaolinite it did in the same order (2.94 kT, 1.71 kT and 0.49 kT). All
demonstrated that the Hofmeister effects in agglomeration of montmorillonite and kaolinite did vary with the cation in the
solution in the order of Li* < Na" < K*. A strong external electric field could greatly amplify the difference in deflection of ion
outer layer electron cloud, thus producing strong polarization, i.e. non-classical polarization effect. With the ion radius of Li’, Na*
and K" increasing the power of the central atom binding the outer electron cloud decreased step by step. The deflection of the
electron cloud configuration varied in magnitude with the ion in the solution in an order of Li' < Na' < K'. Additionally, in the
solutions with a given concentration of a given ion, montmorillonite needed lower activation energy than kaolinite for
agglomeration. Montmorillonite (0.122 7 C-m?) was higher than kaolinite (0.058 3 C-m™?) in surface charge density, and
significantly higher too in surface electric field strength in the same system. Therefore, the strong polarizing capability of Li*, Na*
and K" was more obvious in the montmorillonite colloidal system, and the stronger the polarizing action, the more significantly
the surface potential lowered, which led to higher agglomerability of montmorillonite colloids than that of kaolinite colloids.

Conclusion All the findings described above demonstrate that the nonclassical polarization of ions in the strong external electric
field is the fundamental cause of the Hofmeister effects in agglomeration of charged colloidal particles.

Key words: Colloid agglomeration; Light scattering; Activation energy; Hofmeister effects
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Table 1 Expressions of activation energy AE (fp) for agglomeration of montmorillonite and kaolinite colloids relative to electrolyte solution

R LiES

Type of mineral

R A

Electrolyte solution

Critical coagulation concentration / ( mmol-L™")

ARV E (CCC)

AE (fy)
(fo<CCC)

v

Montmorillonite

e

Kaolinite

Li
Na*

K+

81.8

57.6

21.8

113.9

85.8

34.6

—KTIn(0.015 f; — 0.236)
—KTIn(0.023 f, — 0.366)
—KTlIn(0.080 f; — 0.746)
—KTIn(0.011f; —0.222)
—KTIn(0.013 f, — 0.145)

—KTIn(0.041f, — 0.412)
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Fig. 4 Variation of activation energy with electrolyte concentration in agglomeration of montmorillonite and kaolinite colloids
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