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Kinetic Study of Montmorillonite-humus Condensation Induced by Mixed Electrolyte

HE Aizhou, YU Lingiao, LI Hang"
( College of Resources and Environment, Southwest University, Chongging 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 (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%
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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
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1.1.1 Mont R B3 ) % S HEFIE  Mont AR 4 R KT IT R . BB B R (D
FREX 50 g Mont £ 54N 500 mL Ak, (2) AnA 0.5 mol-L™ i) KOH ¥ 10 mL, i #ialiK & %5 % 500
mL, #EEE5); (3) M HRE R A B b BRS (Scientz-IID, TG 2 AMRHETA R AT £ 20kHz T
SYEL 15 ming (4) KERFERE A 5 L Mot HBaUK e A 2% (5) EZfLRAREEE, Bl 25C
TR AT N E; (6) A4 Stokes YIFEA, 15 H/NTF 200 nm FUkbiJi ks 10 cm Fr % (I (], JEAETHE
I} 8] P B A s S HR BN T 200 nm AR (7) BRI AR BN 4 5 0.1 mol-L™ HCI i GEAT K
45, ZKVE=IK, ARIRORAF N H R AR (8) JEId VLR N 105°C)ill7E Mont fist 423 1) Fks %
FEN 24 g-LY (9) HUH —#5r HYMRI AR, FIEBAiK R RiEve B gn i it, B354 0.01 mol-L™ KOH
WA R pH & 6.5, B, SRR B ATRE, (10D FERAE B A I B Es (20 kHz) 2k
AR B 15 min, A 2R E O BORS TR ARSI 28 . Mont [ 1 FRLUHE 2 57 SR I 450 g 12
M5E o
T % DLS I AT 7 A Mont e B, #F 10.5 mL H™LF1 Mont E3 ] 489.5 mL # 4l /K Fkk,

SRJ5H1 0.01 mol-L™" KOH (21 4 mL)™5 pH £ 6.5. 285, # Mont Bk FHIREF A AL B fe 4
20 kHz F73#% 15 min, 531 HA R4 £ 0 50k 25 B > 500 mg-L™s
1.1.2 HA R B i & S me - HA IRARFIFEEZ B Pollo v 70 [E bR A BER 2= (\HSS) bR itk 77 1%
(22, (1) FKHL 600 g M THAEGE 1 mm FFRY), BT 5L AR, IAGEBAiK (KL 1:5) 378 0 hidk, 4
Ja3EE s, %, A 3L0.1mol-L™! NaOH Al Na,P,O; IR &AW, 1BAJGHHE 24 h, B E# BE(D
B4 A - (2)1 A 1.5 L 0.1 mol-L™ i) NaOH 5 Na,P,0, FiITR & 1A W, B I 3 70, B0 (%% 2 000 r-min™?,
BULFE] 10 min), FH HCHIEOH S B pH N 1.0~1.5, 7£ 60~70 ‘CIHIRIFIEM M 1~2 h, #HEER.

(3) R, [l FIULRAE G 2 MRS S g it 80T ) SRR 8 B 8 0o (53 3000 r-min™, B0
IFA] 15 min) )& AT AE B HA ITIE. (4) &= 0.1 mol-L™ KOH A1 0.3 mol-L™ KCI & & VAW 78 73 VA i HA
UUE, SRJE ] HCI ISR pH o 1.0, # & 12~16 h J5 B R E O (3 4 000 r min-1, 25008 10 min),
I 4 A ABEE HA UTIE. B, Wik E 2 HA K pH Z19 3.5, % HA IRIAR IR T 7~8°C %
T

BB HA BRI/ 0.01 mmol-L™ KOH FI2: 817K, 15 3 AR P IR BT T8 A i Ak
S /3 HL 15 min(20 kHz) J5 , (RN KRR IR AR (pH6.5) « S DLS il K™ oAl HA AR IR IR 42 (VK
3 /1% E4%)A 120£10 nm.

HA (1432 T F 1 128 5 SR PR Bk 00 9 23000 o
1.2 AHl-THRERARHF

B b IR 1] 45 47 (1) Mont IR AT HA FRABHEATIR &, il 2% oA [F] L9 FVR A s . Bk e B R : DLS
e, A HL-TON LIRS S 0k 25 B s A 50 mg- Lt pE B M- To N IR & 44 (10 7 35 200 1) 4 35 (DA
1 5 8 — WL B AR I TR 45 AT X EE) DA S HA FE E S B3 rh S i, AHIE FOR IR AR 1 L i) ¥
B 9<99%Mont + 1%HA”. “97%Mont + 3%HA”.

1.3 zhaSeaErss (DLS) ig

AU & — BRI DT A OGS R AR I 7%, et 4B e T B0k AR B IS 2 51 R I U G SRS
SRS, SRIFBURL R (KB F1 2 EAR)E S, S TRAA/NT 10 pum FIB0RL. AW, Sl
SEUS S A B BN A A O BURMY (BI-200SM, Brookhaven A, ZE[E) 1 BI-9000AT #7415 58,
BWOGM D& e N 15 mW, T8 E IR SRR FE R I7E 25°C, SRie b, B ARG e 90°, k4%
PR 200 pm, O Hy 532 nm.

IR A BRI N BUR R, SRS NN 2 B /KR 2 2H 73 W 5T ¥ W (LINO3 « NaNO3. KNOg,
CsNO3)(NOs A FE /K IE TR 58 MBS, 72k TR 256 P AT pH TG I S5 00 ) SR 8 LR T . 24l
Fif ST LA A AL DU A EL A B R4 S, 11 BRI o DL LiINOs+NaNO; 44 2 A7 Sk 15t B e B 3% (LD
A8 A% VBURE W F50 A B VI R 2 SR R AR, R B B A R E T F 15 81 P e B R R 5 P e . (2)
TRIN2 8 /KA1 1 mol- L™ 9 LINO; ¥ PA & 1 mol-L™ () NaNOg ¥ 78, LAY 5 B AR 2 1 FE R IR B,
15K R AR 10 mL, [ A 45 1) R 25 B 7E 50 mg-L™. (3) 7F 298+0.5 K HIIRJE T, {8/ DLS HiR%
30 s 0T — IR O A BURL (K 3 ) BLAR . AR Jia SRS ST O FRAG, AT  E R AA R  BR  FE
SRS 257 SR T e (TAA) SR T B R A B0k Iy S5 SR Wk B 4 (CCC):
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K, Vr(co) RARIBAARIURL Fk 5R 1L %I‘:PE/J&'%%ZIVJ/;% R, nm-min; ¥(t,co) FARM =0 I AR
e (¢ >0 FEERER, nm-min™:  D(&)F t B ZURARTRLE R AR TG B EAE, nms DeRRYI
BB 46 2 EAR, nm; coﬁ%ﬁﬁﬁﬁi&}ﬁ, mmol-L ™.

Vr(co) H o AR T PR 26 ELAAU G s B A0S BL T PRI AN [R] AR SR B ML o P AN AH SRL T~ 2 (R A7 7E 55
L2, whes R AR PR BIFER4E(RLCA): BEHE 210K, 7 HUZ IR IER R EDLCA) K AEP, #ig I,
RLCA #1 DLCA i AL i HL AR BRI FE Sy CCC, W H ke ERAERURL R e M. At IR AAREE ST RE A )
S A7k R R 5 A SR T 7 RS AR BE A (co) (3-mol ™) 2 T 26 R P9

Vr(co)
AE(¢cy) = —kTin 52(CCO) 2

A, ¥p(CCC) MHUMEIIREEHN CCC I FIPIIRERE AR, nm-min™; KATRHEG T AR,
298 K.

2 45 B

2.1 Mont 1 HA BOEL A4

DLS Wl & ) Mont 1 HA RAR (KB ) BAR) 40 A i 1a s . Mont 1 HA Fitks (17K 30 /) B4 43l
4 277.5+10 nm £l 120.3+10 nm. Mont Fl HA fIki 2 AR [H] 4810 (B 1b), 368 BV Efa e . qpfh
HAMIR A N“99%Mont + 1%HA” . “97%Mont + 3%HA”, & DLS MR & 2405 (R BE o0 A, 45 SR &
1b fIR 1 fion. JLAEH, BEHSHRARTE 30 min PAREEAAS, A AN FVR A 47 B0 8 B i

A7, IREH S BIFRRFRRRE

LW S VR 5E , Mont (1 LR T AA(S) A 677.0£23 m2-g™, 2 1H] L7 £ (c1) J9-67.30+£0.32 cmol -kg ™,
KM AT EE (0) 8 00959 C-m?; HA LRI F(S) A 25074232 mP-g™, 2 ihi Hifif & (cr) A-78445.5
cmol-kg™, T HLfT % () 4 0.3017 C-m%,
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Ve HA NHIEER, Mont N5 MiAT. FIA. Note: HA stands for humic acid, and Mont stands for montmorillonite. The same as below.

Bl 1 HA F1 Mont [ A B IR -G IBAR /K 3 7 BLAR 4547 (a) LA & /K 3 71 BAR AN 8] 1122 46 (b)
Fig. Distribution of hydrodynamic diameters of HA and Mont colloids and their mixed colloids (a), and changes in

hydrodynamic diameter over time (b)
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Table 1 Particle sizes of various component colloids

[z #4214y Colloidal component  $i4% 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

22 B—ASRAEFRARBRARPHIEREH N

2.2.1 B2 5 AR TR AE B — R R IR P IR B 1% SN T R AR OK B 1 AR R A ]
Z AL R, AREMRHE R(L) T Mont 1 HA 72 PUR AR [H] AR R 7 (LINO3. KNOsz. CsNOs. NaNOs,
TED FEFEEERER, 2R 2 . Mont ZEAFE MR P EMHEEL, —&RFRRAWE
LEARFE RLCA B3R, 71—k EHZ&MEK DLCA B3R, Wisk BLRIELAT AT BITx oL IR Ha fft o ok 52 B A e S 2R
WREE(CCC), B 5 W, ANl 151 R AR B 1) CCC 2 I Y 2 1 B8 T4 S M 0N o AR AR S B v, LT
Na'. K", Cs'gl KR ESE I CCC M4 28.65. 20.44. 8.25. 6.27 mmol-L™, 44E LA T HAE:
Li'>Na"™>K">Cs". {EATf AR AT IR N, HA TP ERERY N 0, £H Cs'. K. Na'. Lit¥xE
A S HA 5.

o+

140 tH 140 [Na"

120} 120}

100p 100 y = 0.310 Ox + 84.07
o 8y y =0.050 Ox + 56.72 80r }
E 6ot 601 }
E w ;
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% 100 y = 1.640x + 57.27 100 ;
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@ 80f 8o} ;
7 |
= 60} 60} 3

a0l m 'y =19.96x - 10.29

20 20} i
ol o oL 16.270 e
4 6 8 10 12 14 16 18 20 2 4 6 8 10 12 14 16 18 20

FHLf# R < Electrolyte concentration/(mmol-L™)

2 AR FEAA TR R Mot J A~ 45 1t 558 1o 2 [ P AR O A JEE 1) R A
Fig. 2 Coagulation rate of montmorillonite colloid in different electrolyte solutions as a function of electrolyte

concentration
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2.2.2 F—2H 0 IR AARRORLAE VR & HL AR DI U I B ER B 0% AE Mont JRAR TR In S FhAS [ 20 23 R &
FEAAR (LINO; +NaNOsy LINO; +KNOj3, LINO;z; +CsNO;zy NaNO3;+KNO;, NaNOs+ CsNO3z. KNO3+CsNOs,
NED JE, WE Mont BAREERARIK S ) BARBE SR R AR, AR5 AR =0(1) 1 545 2] Mont JRABAETR

A R R R P S B I AR DL & CCCfE, HE R WA 3 for.
140 140

[Lit+Na* (Lit+K*
120 | 120 |
100 | 100 |
| =0.182 5x + 68.17 |
8 / 80 y = 0.761 7x + 54.24
60 |- 60 |
40 - 40 -
1
20 20k y=7.251x-13.98
| |
S0 0 1 LY 10.51 1 1 |
g 0 5 10 15 20 25
€140 . 140 -
£ Li*+Cs* Na*+K*
=y
T 120+ 120+
e y = 1.987x + 68.642
c
g100r y = 1.937x + 63.99 100
g 80 80
5 |
o 60F [ 60
=4 |
5 |
- 40
z 4 Y = 11.42x1- 7.512
M |
'%J 20 + | 20
X u !
?{% O 1 1 1 ; 7540 1 1 1 1 0
oy 2 4 6 8 10 12 14 16
en 140
120 |
100 | |y =3.895x + 81.63
|
80 - |
m 1
1
60 - |
|
1
X 40 - y = 19.25x - 14.97,
| |
! 20+ !
0 1 1 1 ; 6600 1 1 | 1 ! ! ! 1 ;62|90 1 1 |
2 4 6 8 10 12 14 2 3 4 5 6 7 8 9 10

BRI E Electrolyte concentration/(mmol-Lt)

P 3 Mont i A1~ 15 Sk 2 B T A PR Bk FZ AR A2 Ak
Fig. 3 Coagulation rate of montmorillonite colloid as a function of mixed electrolyte concentration

ST 5 WA, AR S R TR AR R T AR AE— A CCC 1A, JF HIB-& r i B2 1 Mont Ji {4
BETEIY CCC HM7E Hofmeister FE%1: Li*+Na*(22.23 mmol-L™1)>Li*+K*(10.51mmol-L*)>Na*+K*(10.28
mmo-L™) >Li*+Cs*(7.540 mmol-L*) >Na*+Cs*(6.600 mmol-L™) >K*+Cs*(6.290 mmol-L™). BT W e 2
oE4s, PANEH S TR TAER, BRRUR A F A B BE U A7 AE — PP 08, AR — b 5 —FBH B 1 5
RIEEETE

U FRAIREH, NFR S R SUA R CCC fEIA CCC {E /MR R — 5. H1T Mont
JEARTE LINOs ¥ ) CCC {0y 28.62 mmol-L™, 7£ CsNO, & H ) CCC A 6.270 mmol-L™*(& 2), ifi
{E CsNO; 1 LiNO; IR & 14 & 1y 7.540 mmol- L. %45 FEERFE 7645 1 (1 Mont JRIA 44+ T, CsNO, Al
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LiNO; (MR & IR R, Cs™hFlkI A e = SEM . Bk, XJ T Lit+Cs™ R & F i VA M A& 1 T
(1) Mont i 4 SUHLZ IR IR IA: Lit+LI>LI™+Cs™>Cs™+Cs™s &5 Rkt th, &F Cs IR G g
AR R IR BRI CCC &A%, . Li*(28.62 mmol-L™Y)>Li*+Na*(22.23 mmol-L™") >>Li*+Cs*(7.540
mmol-L?)>Na*+Cs*(6.600 mmol-L™)>K*+Cs*(6.290 mmol-L™*)~Cs"(6.270 mmol-L ). FiR&EHE B T, 7E
L1 RGBT AR, BIRRA AR B BR B & X T AR R A sm, (R = SAER RN
BRSBTS R B S T

I AR R CCC AN (2) o, AT RA [FIR R AR A BARTUER T, Mont BAREER I
TE A BERE H AR TR AR LT AR, BRMIES R 4 feon. W 4 FrTLUE H, 78 HAR TR FE AR [F] 1)
ZAET AR R R G HLAR TR Mont [ A4 EE S TS AL RE AU SR 2 < LiT+Na” > Lit+K" > Na™+K" > Li*+Cs" >
Na'+Cs" > K*+Cs".

257 : J '; —=— Li*+Na"
— 6 b\ —e— Lit+K*
3 20087 ) —4— Li*+Cs"
=) 3¢\
S 0 —v— Na*+K*
o 15F & Na*+Cs*
% '. K*+Cs*
=2 -
g 10} L}
2
= 05}
et

00 L L L |

0 5 20 25

10 15
FL R R AR
Electrolyte concentration/(mmol-L1)
4 AN[EVRA AR BT T Mont JRA R S 10 R 8 AR IR B I AR 1L
Fig. 4 Variation of coagulation activation energy of montmorillonite colloid in different mixed electrolyte solutions as a
function of electrolyte concentration

2.3 T-BIUR SR ERBFARTRRRNF
2.3.1 99%Mont +1%HA VB & RARTE 5 — Bl SIS MR H (e SR 2l 1% 7E pH 6.5 %%+, Mont 5 HA &
T 34047 A G P A s OR8] (1) 75 L R 875 Mont+HA YR A I AR T (R R FaE « 75 99%Mont +1%HA B4 ik
(B Mont F1 HA) HFIn N PO A fig iR 13 5, DLS Wl s B SR A b A (/K 30 0 ELAR ) BE I 8] PR B0 06 2R
SRJE R 30(1)THEE 99%Mont +1%HA VB & AR LEAN [F] FLAA BTIE MR P - S kS 2, 45 RN 181 5 .
MBS A&,  Li's Na's K'. Cs*5]%& 99%Mont +1%HA i & ki ik 5t 3R (1) CCC fE.43 %A 297.4. 188.4.
94.91,53.11 mmol-L™, LI A: Li'>Na">K">Cs". L5 51— Mont i {45t 1) CCC {H 1L, 99%Mont +1%HA
VBB R AARAE DU A AS [5] A J5R VAW (LINO3.NaNO3 KNO3 CsNO3) 4548 T #t 5K 1) CCCAE 7 B4 in T 268.8.
168.0. 86.66. 46.84 mmol-L™, 435y — Mont R A%t CCC {51 10.39 fif. 9.217 fif. 11.50 fi%. 8.470
fire Z5REH], HA BN, i CCCIEZEHIN.
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Fig. 5 Coagulation rate of 99% montmorillonite + 1% HA mixed colloid as a function of single electrolyte concentration
2.3.2 99%Mont +1%HA VB & RARFETR & FRMBUA R T REER BN 715 1£ 99%Mont +1%HA VR & K A i
TNZS A [F) 212 TR & FELARE I i » 52 99%Mont +1%HA VR & I Ak 58 A 7K 51 7 L A% I ik SR e 1] /) 28 A
SRIE AR () THEAS BNR SRR VR & A BT 1P 3 B SR 2 DA . CCC 1, HA5 RunlEl 6 s, 45
RRWY, F—MRE BB RPOAEE—A CCC 14, JHIRA BRI ER A RARE RN CCC
6 ¥ 1% Hofmeister F¢ %] : Li*+Na’(197.6 mmol-L™")>Li*+K*(125.3 mmol-L™")>Na*+K*(97.41
mmol-L™1)>Li*+Cs"*(75.84 mmol-L™)>Na*+Cs"(68.62 mmol-L™")>K*+Cs*(55.24 mmol-L™").

L #— Mont AR &ER ) CCC AL, 99%Mont +1%HA YR A A 78 TR A F AR 5 7 W it SR 1) CCC
53T 175.3. 114.8. 68.30. 87.13. 62.02. 48.95 mmol-L™, 435 — Mont fiRikitH 1 CCC
% 8.889 fi5. 11.92 5. 10.06 5. 9.476 fi5. 10.40 fi%. 8.782 fif. LIAZRERW, fEIRA MM+ HA
PIMAAE CCC {H & &3 .

KRG BRAREER 1) CCC AN (2), 7T LAF AN [RIR SRR & FLd B R 99%Mont +1%HA VR & i
PAREE SR 15 AL RE B LA IR B2 10784k, HEE RN 7 From. AR R AR R B 25 1 N AN R R TR A FL AR
1218 Mont R AKRBE R IFIE AL BEI%HE: Lit+Na™>Li'+K™>Na'+K*>Li*+Cs"*>Na*+Cs*>K*+Cs*. 5#.— Mont /i
PREER IS REIA R 1 kTH RS AR UK EEARLL, 99%Mont +1%HA JR-A I AR TE TR G FMA o0 15 Vi
M AAS] 1 kTH (IR A IR /> I3 N T 85.74. 55,58, 37.42. 41.74. 33.89. 29.05 mmol-L™,
435 B — Mont RBESR Y 10.50 £, 12.01 fi5. 12.92 f%. 10.27 f%. 12.65 f%. 11.45 f5. Lik4EiH%
B, 55— Mont BERIITEILEEM LL, JR-E AT HA B SRER TS 10 e B2 10
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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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Fig. 7 Variation of coagulation activation energy of 99% montmorillonite + 1% HA mixed colloid in different mixed

electrolyte solutions as a function of electrolyte concentration

2.3.3 97%Mont +3%HA VA AR B — LR VAT P IR 8 1% 7E 97%Mont +3%HA VR A A+
AN VYR AR AW G, B DLS Wl Bt AR KR (K 3 J1 B4R ) BE I 8] () 284 o0 &, AR e AR R (1) TH 5
97%Mont +3%HA VA ARTEAS 7] FAf S R ()P 3 B R, S5 R K] 8 e TEARSZEGH, Li's
Na*. K*. Cs*5| & 97%Mont +3%HA Ji&& A EE S i) CCC 184 )4 478.5. 285.7. 259.6. 103.1 mmol-L™,
KILH: Li™>Na™>K"™>Cs". 5 99%Mont +1%HA VR A& iR AEER 1) CCC {EM L, 97%Mont +3%HA R & ik
ARAE DU RS ] R AR R T4 1F R R SR 1) CCC B B4 n 7 181.1. 97.3. 164.7. 49.99 mmol-L™*, 4351
99%Mont +1%HA V& AR &L 1 CCC {E 1) 1.609 % 1.516 f%. 2.735 f%. 1.941 f%. LiRZERKH, £
L HLAER T HA DN 2 38 i/l CCC {E &3 .
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Fig. 8 Coagulation rate of 97% montmorillonite + 3% HA mixed colloid as a function of single electrolyte concentration
2.3.4 97%Mont +3%HA A IRARTEIR & M IS H &R Zh 71%% 18 97%Mont +3%HA A Rk i
ISR ZH 43 BVR A FELAR TR S , 1521 99%Mont +3%HA i & IR AR Bt SR 1R 7K 5 71 BLAZ Bk 5 It Ta) i 224k,
SR JE iR (1) TH 1S BR S R 7E TR & FE AR VAR TR BRI S DL & CCC 1, HE5RwE 9 . &
Mo, B—MEE BRI R P IAFE—A CCC 1H, I HIRA MR R AR CCC
B4 Hofmeister 7%1: Li*+Na*(359.6 mmol-L™") > Li*+K*(333.5 mmol-L™") > Na*+K*(267.3 mmol-L™") >
Li*+Cs*(217.8 mmol-L™")>Na*+Cs*(165.1 mmol-L™)>K*+Cs*(119.7 mmol-LY). [FI#EH, 78— CiR & Hff
& R BH B 0 R 0 3k ) BE ik BR 0 Bk 5R VR & e ik BRI 00 {H Bk /) - LiT(4785
mmol-L™)>Li*+Na*(359.6 mmol-L")>>Li*+Cs*(217.8 mmol-L™")>Na*+Cs*(165.1 mmol-L™")>K*+Cs"(119.7
mmol-L™)~Cs*(103.1 mmol-L™Y). AL, = Jrik & i A 2 1 bk SR B 77 bl 19 b B 35 1 o Pl 3 ) 3 ) i
AE JTHRIE

5 99%Mont +1%HA VR A I AREESR 1) CCC {EAM L, 97%Mont +3%HA VA RARTE /S TR A R
W EEER 1) CCC B 2> BN 1 162.0.208.2.141.9.169.9.96.47.64.47 mmol-L™, 7354 99%Mont +1%HA

TRERAREESE ) CCC 1Y) 1.820 fi5. 2.663 fif. 2.872 5. 2.744 fi%. 2.406 fif. 2.167 fif. LLECEREM,
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Fig. 9 Coagulation rate of 97% montmorillonite + 3% HA mixed colloid as a function of mixed electrolyte concentration
KRG IREIRK CCC RN (2) o, WIS RIE AR VR & M BUE AR R, B 97%Mont
+3%HA TR AR EE R 103 {0 e bl AR R FE AR A AR Ak, A R CAER 10 hyEARf 4y . TEAH F) F Al
RO L S AE R TR R H AR BT R R TR S IR A RE R B S AL RE R 1 DL T R AR
Li*+Na">Li*+K">Na"+K">Li"+Cs">Na"+Cs">K"+Cs". 1 99%Mont +1%HA & & iz Akt Rk 2 1 kT
I VR R AR PTIR FE AR B, 99%Mont +3%HA i & B A LE 7S TR & HUMR B VA P SR RS AL e AL 31 1 kT
i TR A B I 43 I3 n 7 105.5. 130.4. 66.60. 97.14. 52.97. 48.24 mmol-L™, 43’4 99%Mont
+1%HA R G R B K 2.113 %, 3.151 fif. 2.242 % 3.101 fif. 2.439 fi%. 2.521 f%. 5 99%Mont +1%HA
TRE AR BER S RE LLBLEE R, TRE FBME BT HA B AE RESR s AL e 2 2 G
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Fig. 10 Variation of coagulation activation energy of 97% montmorillonite + 3% HA mixed colloid in different mixed

electrolyte solutions as a function of electrolyte concentration
3 Wit

3.1 REHBRN AR RSN & EALH

FEZ RTHIBE A, D W BB — 1 &8 B8 T X044 WLIR & e f st SR A7 1 85 3% (1) Hofmeister 20w,
TEAREFEH, SLE— 20 5] N TSP R 2 TR & AR, BFFL T EA41% Mont ik . 99%Mont+1%HA
TRA AL K 97%Mont+3%HA V& BAREER IR . 2550 RIL, Toi & TN YIRS &0 Y- 6 HLR
M, TRV FR TR A R UM S ] — NI T R H(CCC) (K3, K6, K9, Z4RERIE
A BT R T R B B TR RE A TR A e R R

EANFNR G AR R, IRIEEER M) CCC E 5 iH 1k REIEIE R & MR A & 1 Hofmeister /751, 4n:
Li*+Na"™>Li"+K"™>Na"™+K">Li"+Cs">Na'+Cs™>K"+Cs", X R MAEIR & HM IR R, A3 75 B kR
DRI 5 8 — B TR IS ASE, Bilin7E 97%Mont +3%HA VR & A B, A 42 8 LR
7o B — B 7 W K HY Hofmeister % N CCC F¢ %1l Li'>Na™>K'>Cs"®, jij & Na'+K'(267.3
mmol-L™)>Li*+Cs*(217.8 mmol-L™") (& 9), Li*fEAERT ) CCC /N T174E Na'8 K& & ) CCC. % K&
R 2 T3 4 IR B T BB 2 St SR R A SR G R R A B AR R

PTG, BT3Py Cs*>K >Na* >Li'1, |1 T-BH & 135 9 W Bk oR, %85 155 2 10 %
P BEBR =, B AR S HL I I RE TR, P DAES T BRI I RE 1 5 B AT 91 R R AR R 1 RE TN
Cs*>K*'>Na'>Li'P8, xR & RRER A+B, WH B Brklmfe /158 T A, B4 A+B Rl K iz
fReimT AR T Bo SCI WS LREH WI AL &0 W-AHLRE Bk, H CCCEMKT A M —
HLAR BT e T B I — R AR (B 3, 6, B 9). [N, W B HLARFAW Rl EIA AL J1iT
T A, AR ES CCCE B4 B 5 — MR IR M P Rk B 1Y) CCC . (&l 3. & 6.
9 fivn, & Cs'HIVR A FMARIT 1A R ¥ CCC iR 3 — CS" I HMIVARD, M4 B MTER AR bl
veEEER

SE LR R, ERMHEFRGERT, BARXWMIEE FILEERTRAER, (HAR &R
WA KR CCC BB LR v R I, sa 5+ Pt e 1o i A MBS FAEBE S h e o YR (11 3,
6, & 9). L CCC MM, GnifHMME TILA7H 1) CCCA+B)H S EATRAMAF/ER¥] CCC 2 E M4
XHE, SR IR A B 1A R R PR B 1 X RS SR AR T KN, I %o Z2 A /N R I o 25 %o PR Ak
R AE A R . il dn, ARAEIR 5 AT 6, 7F 99%Mont+1%HA Ji & iRk R, Li+Na /B4 & 71k
A CCC(Li+Na)y 197.6 mmol-L™", ‘EA1HIMAFELER ) CCC 43 %A CCC(Li)= 297.4 Fl CCC(Na)=188.4
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mmol-L*. 48 CCC(Li)5 CCC(Li+Na)Z Z i4axt{t Ay 99.8, 1l CCC(Na)5 CCC(Li+Na)Z % s {E1X
9.2, Jaim/NTHT#E H CCC(Li+Na)dE# #2ir Na s /£ 7E ) CCC(Na). Alitt, 7 Li+Na iRA& 4 &,
Na* X R R AL v s PEVE T« Na+K IR A5 71k R 1) CCC(Na+K) A 97.41 mmol-L™, "EATT A SAEAE T )
CCC(Na)=188.4 1 CCC(K)=94.91 mmol-L™*. CCC(Na)5 CCC(Na+K)z Z I 4ux$ 1 9 90.99, ifij CCC(K)
5 CCC(Na+K)Z Z S HEAN AN 2.50, Ja#&im/hFarsE H Na+K B &K R CCC JEH #lr KM AAAE
1] CCC. KM, 7E Na+K IREHEFRT, KR RMAEREIEEER . K+Cs IRE & T4 &1 CCC(K+Cs)
4 55.24 mmol-L?, EATTEAMAEAE ) CCC(K)=94.91. CCC(Cs)=53.11 mmol-L™*. CCC(K)‘5 CCC(K+Cs)
2 ZEMLa XA 39.67, T CCC(Cs)5 CCC(K+Cs)Z ZI4axt{E R 2.13, Ja&im/MFi# H K+Cs &k
Z 1) CCC W #:ilr Cs" M A7/E /) CCCo Mk, 7F K+CsiRAMR R, Cs Wbt Rkt tiER . &
100%Mont+0%HA H1 97%Mont+3%HA [ AAA Z dh Frfg 4t R 2 . Bk i 45 33— 3k,
PRI G BH B T 5 R AR B B I, 56 W B i 0 v B RS TR IR AR B SR il e YRR o el ] DASEDN,
TEZFMBE G PR TR R A, 0 T3 A8 51 S v e MR AR FH 40 00 A2 JHC 5 4 W PR /e 10 56 P 80 A B 2 o
3.2 BHE EFEBEEE X R IAFEE MR R

ME 3. Bl 6. B 9 M Rk, fEREBMERAERY, BEE HA INAEREIN0%. 1%. 3%),
RETARER X 5 TR B AR, B HA SRR, R4 CCC R, Hwang %415 Liu
LRI e I 2RI S . 5 0%HA SN ELEL, 1% 3%[K HA & &, JRIAEESR 1 CCC {4
BFYIE R T 9.921 {5 A1 24.48 5. IXFEH], N HA & BEER S TIRAREK G, FHFEE
e R FEL R DR P A RE R AR 3R o AT 9 v VR 5 R AR UKL R T P12 LA 85 B2 B HA S B an sk 2 Jir
e MR 2TTLUEH, BEE HA MRG0, T8 R RO 2 [ 1)~ 35 Ffiy 85 BB N . X328 HA
G T8 A T VAR SR 2 1T AT WS P18 0 AR P 2 T e Ay s PR 3OS 98 2 T Pl T 3 0 T A A
BRI, AERAARERAE LKA . X AT ARSI HA & 22 S5 CCC EIG I, PRy EE 5 m i) i
F AR B 4 R v RO PR 0T 91 BB o DR TT DAAS HH — AN, TR RO R ST 2 e AT 2 R IR
1 I B 5RO 2 [R] R LR e ) S BUR AR ER 1K) CCCE 3G N

%z 2 AR Mont 5 HA SR AR RE B T E
Table 2 Surface charge density of montmorillonite-humic acid mixed colloids in this experiment

pH=6.5 R TH FEL AT 2
Surface charge density/(C-m?)

HA 0.3017
Mont 0.0959
99%Mont+1%HA  0.1034
97%Mont+3%HA  0.1170

4 ZE n

AW T Mont-HA 8 & AR LEA R & FRAR ST AT T ISR 3N 0 2ad R, 6 BT 1 R I &
Al - BE S LA (CCC),  LARIE FTIR A R ST R (AR 5 AH ELAF T RS2 o BF T 45 SRR WIVR 45 FELARR S P )
PR BH 5 - SE R AR T 3 e MU A4 B HLITEHLIR & A B SR, HL 38 IR RE 0 9 ) FH 2 - E B3R h
KA EEAE . BRAN, EINRIBOR(HA) & B EE 5w T AVENR SRR RN, &EE RN
PR R FEA RE I AR, X VABE HA BN In 1 UKL i iy 5 B2, R T 5 17 0k 2 ] f) e L
JF 73
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