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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 aggregation and
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dispersion. The rapid and accurate determination of this critical coagulation concentration holds significant importance in
assessing soil quality. [ Method ] This study evaluated 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 was verified in conjunction with dynamic laser light scattering. [ Result ] The findings reveal that: (1) The absolute value
of zeta potential in each system decreased with increasing electrolyte concentration. This decline was rapid in the relatively low
electrolyte concentration range but slowed 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, aligned 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 ] For montmorillonite and brown earth colloidal particles with constant charged surfaces, the zeta
potential method could be used to rapidly and accurately determine their critical coagulation concentrations. This method boasted

simplicity, required minimal sample volume, and offered high efficiency. Conversely, for humic acid colloidal particles with

variable charged surfaces, the zeta potential method failed to accurately assess the critical coagulation concentration.

Key words: Soil colloids; Zeta potential; Critical coagulation concentration; Dynamic laser light scattering
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Table 1 The electrolyte type and concentration used in the zeta
potential method

K+mr§ K+ Ca2+%(»,—§,: Ca2+
JRE AR A

concentration / concentration /
Colloidal type

(mmol-L™") ( mmol-L™")

SWABAR 20, 40, 60, 80, 100, 0.5, 1. 1.5, 2, 2.5,
Montmorillonite 120, 150, 200 3.4.5
colloid
(R ZEN 10, 15, 20, 30, 40, 03, 05,07, 1, 1.5,

Brown earth 50, 80, 100 2,3, 4
colloid

R IER 100, 150, 200, 300, 0.5, 1, 1.5, 2, 2.5,

Humic acid 400, 500, 600 3.4,5

colloid
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Table 2 The electrolyte type and concentration used in dynamic
laser light scattering method

K+m’—§‘— K+ Ca2+ml—tx‘,: Ca2+
JRe A Y
concentration / concentration /
Colloidal type
(mmol-L™") (mmol-L™")
S AT A

1,10, 20, 50, 80, 0.3, 0.5, 1, 1.5, 2,
Montmorillonite

100, 120, 200 25.3.5

colloid

TR A
10, 15.20. 30,40, 0.3.0.5,0.7. 1,15,
Brown earth

50, 80, 100 2.3.4
colloid
R I 4
100, 200, 300,400, 0.5, 1, 2.5, 3. 3.5,
Humic acid
500. 600 5
colloid
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J B PR A A O o A9 R FHI A0 i 3 1) 7 73K
15 = AR FE K H () Hamaker %81
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RAT R R SR NP 3 Fis . KCL 5% T =FPig
R A R R B BESR . (1) FERAR A MO T,
SRR R A BN, 24 KA 10 mmol-L

c)

y=0.0029x-4.61
\ R'=0.4177

225.17 mmol-L™"

y=0.0101x-13.57

\

25k
y=0.1999x-34.39 Yf0-3137x*22.92 _
30 R*=0.9846 R*=0.7708 161 y:0.0899x—24.20
' —241 R=0.9978
0 40 80 120 160 200 0 20 60 80 100 100 200 300 400 500 600

BT Ton concentration/mmol-L™

. pH=7, IRE: 25 C, KPR % . 160 mg-L ', Note: pH=7, temperature: 25 °C, colloid particle density: 160 mg-L".

K1 S (a), Bt (b) FIBIBR () BRI AR BE KCLE W P Y zeta RLALUG HER
Fig. 1 Zeta potential fitting curves of montmorillonite (a ), brown earth (b) and humic acid ( ¢ ) colloidal particles in different concentrations
of KC1
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. E R*=0.7578 —14+ p=1 q]
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R & : '
= -1 -20+ v
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-12 . . . . . . . . . . . . . .
0 1 2 3 4 5 0 1 2 3 4 0 1 2 3 4 5
BT Ton concentration/(mmol-L™")
. pH=7, RJE. 25 C, BEKRPR%E: 160 mg L', Note: pH=7, temperature: 25 °C, colloid particle density: 160 mg-L™".

K2 i (a), B (b) FISIBUR (o) BHBURTEARIRIMRE CaCly I Y zeta HUAZIDLE 2k
Fig. 2 Zeta potential fitting curves of montmorillonite (a ), brown earth (b) and humic acid ( ¢ ) colloidal particles in different concentrations
of CaCl,
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5 3 P 3 T T (R BE R 1~100 mmol-L ',
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RO P A2 2k 3 85 1 1952 ) pR R B/ MU A R
e BRI . S A AR
23 ARABFHRT=MEREFHEREERIG

ARMIRE

AR AR KCL R A T 349 8 SR R i B
RUCH WL 5, fEMRIME R KCL SRR
AR 118 ST 359 58 R oK e L 37 /N T M R AR 52 AT i

(g @ I mmol'L™" = @ 10mmol-L7}  2000r b ® 10mmolL" @ I5mmol-L™ 5,01 ) m100 mmol-L™" @ 200 mmol-L"!

4500F@ A 20 mmolL” v 50 mmol-L™" 1 800k ) A 20 mmol-L™" v 30 mmol-L™ ¢ A 300 mmol'L”" ¢ 400 mmol-L™"

4000 ¢ 80 mmol'L™" ' 100 mmol-L", @ 40 mmol'L”! < 50 mmol-L™" 2000 500 mmol-L™" < 600 mmol-L™
c » 150 mmol-L™" @ 200 mmol:-L™" 1 600} » 80 mmol-L™"' @ 100 mmol-L™ 1800k
£ 3500 1400} S8ES5 | 600
@33000 1200f 1400F
& 52500 oo™ » 1000} 1200}
ﬁ}:, “ _ 800 o8 1000}
§ FRRFIRAAN 600' Y 800_
& ’ 40078 600¢
2001 400

5 2
0 5 10 15 20 25 30
[5fE] Time/min

. pH=7, M. 25 C, WIRPUKIZEE . 160 mg- L', Note: pH=7, temperature: 25 °C, colloid particle density: 160 mg-L™".

B3 Sbifr (a). ARSE (b)) FIBIEIR (o) MRMARURIAE AR B KCLIRH Hh i BESR 2 2 id 7
Fig.3 Dynamic aggregation process of montmorillonite( a ), brown earth( b ), and humic acid( ¢ ) colloidal particles in different concentrations
of KCI
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H: pH=7, JE: 25 C, BEAEPRZEE. 160 mg L™, Note: pH=7, temperature: 25 °C, colloid particle density: 160 mg-L™".
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Table 3 The critical coagulation concentrations measured by dynamic laser light scattering and zeta potential methods

Il S B ILHEJE Critical coagulation concentration / ( mmol-L™")

Jge A2 P fife ST S A
SO B zeta HL 7
Colloidal type Type of electrolyte
Dynamic laser light scattering method Zeta potential method

SA A KCl 83.16 94.45
Montmorillonite colloid CaCl, 2.45 2.07
R ILEN KCl 29.54 30.81
Brown earth colloid CaCl, 0.75 0.77
R I A KCl 380.05 225.17
Humic acid colloid CaCl, 3.02 1.81
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