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Abstract: [Objective] The sedimentation characteristics of soil colloids are intricately linked to soil fertility and

erosion resistance, with the critical coagulation concentration serving as a pivotal parameter for evaluating particle
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aggregation and dispersion. The rapid and accurate determination of this critical coagulation concentration holds
significant importance in assessing soil quality. [ Method 1 This study evaluates the critical coagulation
concentrations of three types of particles: —montmorillonite, humic acid, and brown earth colloids, —by observing
the trend in zeta potential variation on their surfaces. Through piecewise linear fitting, the feasibility of determining
the critical coagulation concentration using the zeta potential method is verified in conjunction with dynamic laser
light scattering. [Result] The findings reveal that: (1) The absolute value of zeta potential in each system decreases
with increasing electrolyte concentration. This decline is rapid in the relatively low electrolyte concentration range
but slows down in the higher concentration range. (2) The critical coagulation concentration of montmorillonite and
brown earth colloids on the charged surface in potassium and calcium ion systems determined through piecewise
fitting with electrolyte concentration changes, aligns with measurements from dynamic laser light scattering. (3)
However, there was a significant difference between the critical coagulation concentration measured by the zeta
potential and dynamic laser light scattering methods for humic acid colloid with variable charged surface in
potassium and calcium systems. [ Conclusion JFor montmorillonite and brown earth colloidal particles with constant
charged surfaces, the zeta potential method can be used to rapidly and accurately determine their critical coagulation
concentrations. This method boasts simplicity, requires minimal sample volume, and offers high efficiency.
Conversely, for humic acid colloidal particles with variable charged surfaces, the zeta potential method fails to
accurately assess the critical coagulation concentration.
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Table 1 The electrolyte type and concentration used in the zeta potential method

i A2 Colloidal type K& K* concentration /(mmol-L ™) Ca>* [ Ca2* concentration /(mmol-L)
S A A 20. 40. 60. 80. 100. 120. 150. 200 05. 1. 1.5, 2. 25. 3. 4. 5
F3 10~ 15. 20. 30. 40. 50. 80. 100 03. 05. 0.7, 1. 1.5, 2. 3. 4
R 100, 150, 200. 300. 400. 500. 600 05, 1. 1.5, 2. 2.5. 3. 4. 5

(OMontmorillonite colloid, @Brown earth colloid, @Humic acid colloid.
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KT FESH O BURY (BI-200SM, Brookhaven, 5[ ) W i 44k 5 3ot A5 Aoz
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Table 2 The electrolyte type and concentration used in dynamic laser light scattering method

Je 442571 Colloidal type K% K* concentration /(mmol-L ™) Ca?" ¥ Ca®" concentration /(mmol-L™")
e /v ey g 1. 10, 20, 50. 80. 100. 120, 200 0.3, 0.5, 1. 1.5, 2, 25, 3. 5
R A 10~ 15, 20, 30. 40. 50. 80. 100 0.3 0.5, 0.7+ 1. 1.5, 2. 3. 4
BRI 100, 200. 300 400. 500. 600 0.5, 1. 2.5, 3. 35,5
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(OMontmorillonite colloid, @Brown earth colloid, @Humic acid colloid.
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Fig.1 Zeta potential fitting curves of montmorillonite (a), brown earth (b) and humic acid (c) colloidal particles in different
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Fig. 2 Zeta potential fitting curves of montmorillonite (a), brown earth (b) and humic acid (c) colloidal particles in different
concentrations of CaCl,
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VE: pH=7, E: 25°C, BRARBURIZE: 160 mg- L. Note: pH=7, temperature: 25 °C, colloid particle density: 160 mg-L".
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Fig. 3 Dynamic aggregation process of montmorillonite (a), brown earth (b), and humic acid (c) colloidal particles in

different concentrations of KCl
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Fig. 4 Dynamic aggregation process of montmorillonite (a), brown earth(b), and humic acid (c) colloidal particles in
different concentrations of CaCl,
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Fig. 5 The critical coagulation concentrations of montmorillonite (a), brown earth (b), and humic acid (c) colloidal particles

in different concentrations of KCl
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Fig. 6 The critical coagulation concentrations of montmorillonite (a), brown earth (b), and humic acid (c) colloidal particles

in different ccentrations of CaCl,
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Fig. 7 The DLVO force of montmorillonite (a), brown earth (b), and humic acid (c) colloidal particles in different

concentrations of KCI
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Fig. 8 The DLVO force of montmorillonite (a), brown earth (b), and humic acid (c) colloidal particles in different

concentrations of CaCl,
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R s ZSHOOECHUNE NS KR R IORE S zeta ALEINS IR S SEDTEREAT LLAL,
WA 3, TRRAAE K2 Cax AR, JHL PIM VRIS I SR A AR SR (e 57 3R I
WP, T BRI A S SRV BEAE A ZE R W] zeta FEALVETT LA HER S
00 7 i P A 2 T D S50 P A ATV SRR A AN [ FELARR 5 25 A1 T Bl S SRUCIR P, i vk s I 2
] A LA 2 T AT R M A 1 e S SR U OUR L
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Table 3 The critical coagulation concentrations measured by dynamic laser light scattering and zeta potential methods

HAL AR 1Y I A S TR E Critical coagulation concentration /(mmol-L)
JiiiA 2 Colloidal type Type of WO EHUSE Dynamic zeta HULI%
electrolyte laser light scattering method Zeta potential method
ST KCl 83.16 94.45
Montmorillonite colloid CaCl, 245 2.07
FRIEH i KCl 29.54 30.81
Brown earth colloid CaCl, 0.75 0.77
HRRER I P KCl 380.05 225.17
Humic acid colloid CaCl, 3.02 1.81
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€, MU zeta FELARLTT DLAER S TE LR R TDRORE A R AT FELART R DL SR 00 TP 00N
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