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Kinetic Study of Montmorillonite-humus Condensation Induced by Mixed
Electrolyte
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(College of Resources and Environment, Southwest University, Chongqing 400715, China)

Abstract: [ Objective ] Natural soil typically consists of a variety of colloids and multiple electrolytes coexisting simultaneously.
However, existing studies on soil colloid coagulation have mostly been conducted under conditions involving a single electrolyte
and a single colloid. In this study, the coagulation dynamics of a mixed colloid system comprising montmorillonite and humic
acid under mixed electrolyte conditions were systematically investigated attempting to explain the coagulation effect and
mechanism of mixed electrolyte on the mineral-organic mixture. [ Method ] Using dynamic laser scattering (DLS) technique, the
coagulation kinetics of montmorillonite colloids and montmorillonite-humic acid mixed colloids under the influence of mixed

electrolytes were studied by considering key parameters such as the average coagulation rate, critical coagulation concentration
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(CCC), and coagulation activation energy. [ Result ] The results revealed the following key findings: (1) Under mixed electrolyte
conditions, whether involving a single colloid or a mixed colloids, there was only one CCC. This indicates that under mixed
electrolyte conditions, both the two cations in the mixed electrolyte system play a cooperative role in the coagulation of the
colloid. Although both cations collaboratively influenced colloid coagulation, the analysis of colloid coagulation rate, CCC, and
coagulation activation energy revealed that the cation with stronger competitive adsorption ability played a decisive role. For
example, in the 99% Mont (Montmorillonite) + 1% HA(Humic acid)mixed colloids system, the CCC (97.41 mmol-L™") of the Na*
+ K" mixed system closely resembled the CCC (94.91 mmol-L™") of K* alone system, indicating that the role of Na' in the
coagulation of this mixed colloid was almost negligible. This implies that in the Na" + K mixed system, K* plays a decisive role
in colloid coagulation. (2) Increasing the content of humic acid significantly enhanced the stability of the mixed colloid, resulting
in the requirement of a higher electrolyte concentration to induce colloid coagulation. This effect can be attributed to the fact that
the addition of humic acid increased the surface charge density of the organic/inorganic composite colloidal particles, thereby
strengthening the electrostatic repulsion between particles. [ Conclusion ] The scientific findings of this study not only provide
guiding significance for further unraveling the formation mechanism of soil organic-inorganic complexes, but also shed light on
the cooperative role of cations in colloidal coagulation under mixed electrolyte conditions. The results underscore the decisive
role of the cation with stronger competitive adsorption ability in colloid coagulation. Furthermore, the study reveals that
increasing the content of humic acid significantly enhanced the stability of the mixed colloid, necessitating a higher electrolyte
concentration to induce colloid coagulation. These insights contribute to the understanding of the complex interplay between
organic and inorganic components in soil, paving the way for future research in this field.

Key words: Mixed electrolyte; Organic-inorganic hybrid colloid; Dynamic light scattering (DLS); lon competitive adsorption

TR MR AR S R G B OCE B
Hh &8 Z My B, WA . T YR
AP ERL . Hob, 1~1 000 nm A FOR I R
Je PR I R A A, 2 R R ALY
B0%F1 + HEFTHT LT (1) 85%!%1, i3k L UL I & 4%
PRy SR AARRIUREL , JHOAR EL AR R T 4 3 1 SR A4 1Y
R PR - B T B A B AR Pl (8T A
B

Derjaguin., Landau, Verwey . Overbeek ( DLVO )
P BRI T A O B MAORL T AR B AR R Y B s
filto ARAE XIS, BRI 7 2 8] A9 AH B AR ] 22
LR I AR REEAE AR | ) 5 K e LR,
LA BT R, MREERRAG, SEGERAE TR
TR TEFEAES] Ty, 5] K e R AR . 1
SEALBR BB E IR 2E . A, HYEAEAET] R T
FRITiE, SRR LR AR e et

FhAEHU (DLS ) HARU ™z b Tt +
SRR Z [ A BV E ] o BT R L Wy A
BEIR ( EEAISHIMER (HA) AR HER (FA)) U4
ST TR UG TR IR . LIRISAPLET (NOM )
WBEERET B, Wei IR IRALFZ NOM
SRR B RV VR T R S I A S L 5 Tan AU A

DLS i Affiit T Suwannee il NOM M¥EERTT N, &
PAFE 25 0 B PR SR s Li UM DLS
M HA BBER SR, & Mg™ B3 HA SRR
IIfs FLEER W E (CCC) {ERT Ca®; Zhang ZY)
W ZE R, FERWRE R T, HA R 0REE
HRCEME, X 0T AE 5 R R Y A R
fldeg| iAok ; HEERLARW, X ARG > BA
EEIREG WHIEG A5, REdaRE T IUEHR
—A~ CCC{E, HWAMRA RN CCC A MHAHE
A RATRN CCC EHZ I, =4l R A1kr ccc
H IR ZAE WA 53 TG R Y CCC {HZ TA] .

SR, HATAAFSY B v e s e ] 4y
JE AR SR 7 S — P AR R P AR BRI |, TSk
b+ ERE & A7 Z R AR R S, WA ST ZRORTRN
LRI . AN ) 2H 0 ) ks EL AT R[] 4 i el e 0 AT
RG]y, AN [R] LR B R LR 22 R 4 1Y E
FEAEZE PO PR AN [ 21 9 A Tk s 8 1) A 4
ER T RSB RRATE . AT UEE -0 Y5 WA
( Mont ) FIA HLIKEIK HA IR S RIEIKZR, L
LiNO;. NaNO;, KNO; Fil CsNO- P Fb e, fi7 J5 9 1 IR
A H R A AR, IRFIR A AR TN T -
FHIR G RNEER O S, i8R =2 42100 g

http://pedologica.issas.ac.cn



424 + o

62 4

=

PRI BT 2L AL 55T 1) B S A L BB SR A T
NRHEESE

1 bRk

1.1 RKESEHH &

Mont H H E N 52 PR 0 7 HIRA RA
FEHE, HA $2H A ERILAS (29.69°N, 106.38°E)
(RIS
1.1.1  Mont JEAARE A9 £ 5 1 o i 2 Mont
I A £ ] 5 2R R B K DR Ik ) LR AR IR AN
(1) FRHL 50 g Mont HESHTEUA 500 mL BEpRr; (2) Jin
A 0.5 mol'L™' i) KOH W 10 mL, 4K ERE
500 mL, #EFEIA); (3) ( HAGRE AL A ik A B R
( Scientz-1ID, T B ZAEMPHLARAHE ) 7E 20
kHz 4388 15 min; (4) BERFEEZE 5 L FEHIE
A K EREBZE,; (5) EL2LREHPE, &
WAE 25 CHHEAMTHEE,; (6) T Stokes UTF%
NE, TPEH/NT 200 nm PORIGTE 10 cm AT B A
6], FFAE TR E] P R AT W% 48 s &2 BBV T 200 nm
EARIBURL; (7) 4R A A B R I8 5 A 0.1 mol-L™!
HCLIB WG TSR , Sk =k, IRIRIRAEN HY iR
AR (8) Mt ik GRS 105°C ) ill45 Mont
AT B R R E S 24 gL' (9) BUR—#B5
H AR, AR 2k 2 bk, 55
ffiF 0.01 mol-L™' KOH J# 54 R K pH £ 6.5, ILAT,
ST A A AR AIRE ; (10) FE-UR {8 FH 4 74
Srids (20 kHz ) A0 HR B 15 min, (IR
JE ST HCIR A T AR (958 2R 9256 . Mont (14 3% 1 FL i
P I SR B A ) 2 9 2 2

o T il % DLS W i i) Mont BAR R, #4
10.5 mL H "/ 1 Mont £ FH 489.5 mL # 4li/K 7 B,
SRJG 1 0.01 mol-L™' KOH iAW (%74 mL) #4Y pH
& 6.5. 885 . ¥ Mont BV FHHE Al P ab 2 37
1£ 20 kHz F43HL 15 min, 53009 HA Ji AR 0 W0k
N 500 mgL ',

1.1.2 HA KAEERMH & SHRNE  HA K
KRB FEICS IR Pollo L MIEPREAGER YIS (THSS)

AIbRE T2 (1) FREL 600 ¢ KT 4 (i 1 mm
), BT S LR, ALK (LK1 :5)
A, REFELER. 5, WA 3 L
0.1 mol-L™' NaOH #il Na,P,0; IR A , 1515 &

24 h, W EMBFORRSAH. (2) A 1.5 L
0.1 mol'L™' 4 NaOH 5 Na,P,O, WIES R, BE
B 3 W, B (B4 2 000 rmin', EBLOETE]
10 min ), ] HCl W75 B pH  1.0~1.5, 7E
60~70 CHEEIE AR 1~2 h, FFEER. (3) 56
TR, TR )2 R RO, R
) HEAF B2 0 (F53 3 000 r-min", B0 i)
15 min )J5 AT WCEE F] HA YidE (4 )FHiE & 0.1 mol- L™
KOH A1 0.3 mol-L™" KCI {R&IEW I /A HA UL
UE, SRJEH HCL WA pH i 1.0, #% 12~16h
S FRUCGES O (T 4 000 1 min-1, B0 HFE] 10 min ),
WHE 4 WAEAWE HA Vg, ®Jh, #dkkEE
HA ¥ pH 294 3.5, 1% HA BARMGERGAET 7~8C
M.

BUDL B HA RS, in A 0.01 mmol-L™
KOH FIR B 17K, 15 2 18 R IR BT 188 7 ik Ak
PS5 20 15 min (20 kHz) &, AR7F 0 KA
R ( pH6.5 ). 2R FH DLS 58 KA HA Aok
HRiAE (K3 1% 542 ) A 120+10 nm,

HA 2% 1T H i 4 S R RG22 96 T 2
1.2 BH-ZWEESKEN T &

B AR H 45 4 A9 Mont BEAARFT HA BERIEI TR
G, Wl O A RS AR . BRI BT
DLS &, HAL-TCHLIR A PR B0k 2 B 1 i A
50 mg-L ' IR ENA HL-TCHLIR A 7R B - 355500 14t
FE CLMET 5 8 —TOHLA o B A () B SR 25 SR i A 7
P ) LAK HA 7EESCEHEOP &8, AR
A AR 5 R <99%Mont + 1%HA” . “97%Mont
+3%HA”,

1.3 haeEst (DLS ) 216

SACEURE — R A DG A OIS EOR 1) 7
B, BT i T EORL AR W12 35 R A EUE R
SRR g B, AT UR kA (KB TR EAR)
fF B, & A TRAR/NT 10 pm AE0RL, ABFIEH,
6 S S I R T AR BE Bl A R S OG HAY
( BI-200SM, Brookhaven /A #], [ ) 1 BI-9000AT
BOFROCHS, WOGM DRI E K 15 mW, @l H R
TR S IR BE R AE 25°C, 523 v, O A 3 i
SEN 900, BeBEESE T 200 pum, BOGH KN 532 nm.

P BRI AU, SRJE A LB oK
2 24 5 HU i A W ( LINO; . NaNO; ., KNO;,
CsNO; ) ( NOFIFE/KIE W T o Ml 85, TERER L5

http://pedologica.issas.ac.cn



2 3

TSNS IR RS R ST -EIR T BER A B ST 425

HXAT pH JCHA R REm ) SRR . 24l
Sy LRI ELAB R DL L DU AR A SRR R AL A, 12 1 L
BIAA . EL LiNOs+NaNOs {4 5 A il 15 B i o 25
BE: (1) o FHAS WAE H He A B R T B 22 AT v
WG B 114 YRR AR RS P A I 15 380 11 T A VR T 2
HWE . (2) WINEBEF KM 1 mol- L' ) LiINO; Il
P 1 mol- L ) NaNO; %, LAJE ST ik R Ay
fife e B, (AR R SR BUR 10 mL,  [R] R4 il it
R ETE 50 mg L', (3) 1F 298+0.5 K MITRJE T,
f#i F DLS £ AR 4 30 s e sk — IR A AR FURL ¥ K 3
T EA . WRE Jia FEPVES NS, R R AL
PR BURLEE R of A8 o A B A S B R R (TAA) ok
THE I A ORI 8 SRR BEH (CCC )

S T 1 (1 D(6)-D,
VT(co)_gj0 B(t, co)dt—g_fo ——tdi

(1)
K, Vp(co) Fmm I A R B 2 o A v ) B AT 2
BERHMAE, nmmin'; $(t,¢)) FmM =0 i EIEE
mE] ¢ (¢>0) BHYEERE R, nmmin'; D(r) Fw
t B ZI AR UL SRR P A 30548, nm; Dy 3R
INVIE AR OB YA AL EAR , nm; ¢ 4 HLSF TR
B, mmol-L7'.

Vr(co) T co MZRALTT PS5 PG5 EATX
T PR A [R] G SR AEHLH o P AH SRR T Z (R AF
TEF 20, gias kA OV BRI R4 (RLCA ); Fifi

[ a) A HA
® Mont

m 99%Mont+1%HA
) \ 97%Mont+3%HA

b

100

S} EE Intensity of distribution

50 *‘ﬂ
-
)
L,
3
%
[ 1>}
[ 2>
P
0 . \ \ I \ I \ I
0 200 400 600 800 1000

7K 112 14% Hydrodynamic diameter/nm

ERL2IHEK, VHEZROERESE (DLCA) &
AP B |, RLCA FI DLCA 3o 3 Ab A v fire S5 e
FER CCC, W HIR & RAEWRL R e . o,
U2 A e 2R o v ) Y- B4 R R I AR SR P T 1Y
THALHE AE(cy) (Tmol™) Z [ A KRN .

v (¢y)
¥ (CCC)

AE(cy) =—kTIn (2)

A, $,(CCC) MHLMEME N CCC HR T
B, nmemin ' kONSRE R T 4R,
298 K.,

2 4 R

2.1 Mont 1 HA I E X4

DLS il & i Mont Fl HA FRAR( KB EHE)
AN 1a fis . Mont Fl HA FURL A 7K 3 11 542
A3 277.5£10 nm 1 120.3+10 nm. Mont Fl HA
Bk AR ANBER A8 4k (E 1b), 6B E I R R e
B BBFHSRE R “99%Mont + 1%HA” |
“97%Mont + 3%HA”, R DLS K IR A 241 53 () kL
JEor A, Z5 A 1b MR 1 s, WA, R’
AT BRIARAE 30 min NARFFAAE, BB TRNTR
G 25 B ORLAE BT T A TR A A B R
FefRE -

£ 1000 -

E b) —a HA

o I —e— Mont

£ so0f —=— 99%Mont+1%HA

b —o— 97%Mont+3%HA

E

g 600 -

)

=

<

5

£ 400 -

el o

200

R

=

% 0 1 1 L 1 L 1 L 1 L 1
0 5 10 15 20 25 30

B[] Time/min

7 HA A8 , Mont 5241 . T[] . Note: HA stands for humic acid, and Mont stands for montmorillonite. The same as below.

K1 HA I Mont AR K HARG MK 3 1 B2 A (a) RAEOK S ) EARBEI E] 122 4E (b)

Fig. 1 Distribution of hydrodynamic diameters of HA and Mont colloids and their mixed colloids ( a ), and changes in hydrodynamic diameter

over time (b)

http://pedologica.issas.ac.cn



426 + %

T 62%

SRS E VI AE , Mont YL R (S) N
677.0£23 m>g ', F i (cr ) H-67.30+
0.32 cmolkg !, REHLMEE (o) 4 0.0959 C:m;
HA B R (S) K 25074232 m>g™', ZE1H HL T
H# (cr) H-784+5.5 cmol'kg ™', FIMHMMHE (o)
9 0.3017 C'm 2,

x1 FHSKRKRRE

Table 1 Particle sizes of various component colloids

R4 4> Colloidal component #if% Particle size/nm

HA 120.3 £ 10
Mont 277.5+10
99%Mont+1%HA 292.6+10
97%Mont+3%HA 287.0+10

2.2 B—HASKEBRERBRRARPHEREED
hE

2.2 Ay RV U A B — FL SRR A R

B Z B OC R, SRR AR =C (1) 31538 Mont A1 HA
TE VU RS [F] L %5 ( LINO; . KNO;, CsNOs
NaNO;, N g FayieREE, 4550 2 o
/N o Mont EAS [F] HLAR TP 4 S P 25 2k, — %4
RIFRIELMFE RLCA BEER, B FHANE
DLCA HE5R, W% ELA M FEAT m Bk I (%) F, figk o vk
FEED i LR U (cce) B B S W, A
BT RIEEERR CCC R B3 T4 5+
PERON . FEARSER Y, LiT, Na'. K. Cs™g| ZRefk
BER M CCC A 7l 2l 28.65. 2044 . 8.25.
6.27 mmol-L™", BEfELLFALE: Li>Na™>K™>Cs",
FEATAT B AR R AT R, HA ARER SRR
0, &M Cs". K'. Na'. Li'¥ikifsS HA MEER .
2.2.2 2] oy AR IO AR TR A H AR IO 1
R fi¢  FF Mont AKPEINSFAE 51
R4 HLf# B ( LINO; +NaNO; ., LiNO; +KNO5 ., LiNO;
+CsNO;. NaNO;+KNO;3;, NaNO;+ CsNO;.
KNO;+CsNO;, FIAl) J&, M5 Mont 1A %E R M4k

Rl i+ SCEI A T R OK B ) HAR SRR Bl 1 BARREEE R B ARk, SRJEARIE (1) 115
140} L 140} Na’
120} 120}
ooy 100F 1=0.310 0x+84.07
g 80 7=0.050 0x+56.72 80T !
g 60t 60t :
~ ]
3 . |
RCIL SRR 40t | 74931029
£ 20}g ! 20} l
2 | | ] !
-“§ 0 *28.‘62 1 1 1 1 1 0 .:20'44 1 1 1 1
S 0 50 100 150 200 250 300 0 20 40 60 80 100
[P)
£ 140 K 140f- ©3
>
z °
s 1201 120 3=2.020x+102.2
= 100 :
g 1007 1=1.640x+57.27 100} |
ey |
{'_\7 80+ 80+ I
B |
60+ | 60 :
40} | mi 'y =19.96x-10.29
2] 37123153079 ol
ol 48250 ol 46270 e
4 6 8 10 12 14 16 18 20 2 4 6 8 10 12 14 16 18 20

FRLf# ST Electrolyte concentration/(mmol-L™)

B2 ANTa] LA B P Mont JBE A 153 B 2R 5 5 i P i i o 2 ) A8 A

Fig.2 Coagulation rate of montmorillonite colloid in different electrolyte solutions as a function of electrolyte concentration
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Fig.3 Coagulation rate of montmorillonite colloid as a function of mixed electrolyte concentration
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Fig. 4 Variation of coagulation activation energy of

montmorillonite colloid in different mixed electrolyte solutions as a
function of electrolyte concentration
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Fig. 5 Coagulation rate of 99% montmorillonite + 1% HA mixed colloid as a function of single electrolyte concentration
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Fig. 6 Coagulation rate of 99% montmorillonite + 1% HA mixed colloid as a function of mixed electrolyte concentration
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