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Ionic Exchange Modification Mechanism Between Organic Modifier and Lou Soil

MENG Zhao-fu'» GONG Ning'» LI Rong-hua', ZHANG Zeng-qiang' » ZHANG Yi-ping’
(1.College of Sciences Northwest A&F University, Yangling Shaanxi 712100, China; 2.College of Natural Resource and Environment,
Northwest A&F University, Yangling Shaanxi 712100, China)

Abstract: The ionic exchange modification mechanism between cationic organic modifiers cetyltrimethylammonium bromide ( CTMAB), and two
layers of Lou soil» tillage layer (TLLS) and clay layer (CLLS), were studied. The results show that a simple and effective index> sum of
amounts of CTMAB and Ca’* /2 (Scc)» can be used to judge the essence of modification mechanism between CTMAB and Lou soil. S
demonstrates that the modification of CTMAB to two layers of Lou soil is the coexist of both ionic exchange and hydrophobic bond mechanism.
The hydrophobic bond modification appears in the range of modification ratio 20%-28% CEC and linearly increases with an increase of both
modification ratio and molar fraction of CTMAB; but its effects on the properties of soil become emergence just until 50% CEC modification
ratio, and the hydrophobic bond mode exceeds the ionic exchange mode at about 100% CEC modification ratio and becomes main modification
mechanism. The Vanselow selectivity coefficients show that the adsorption preference of Lou soil to CTMAB is stronger than that to calcium ion.
The results of thermodynamics indicate that with an increase of modification ratio» the modification reaction transform from exothermic and
entropy decrease to endothermic and entropy increase in the range of modification ratio 25%-100% CEC, while both pseudo enthalpy change
and pseudo entropy change display a decrease trend in the range of modification ratio 100%-200% CEC; and in total, the modification
reaction is a spontaneous reaction which controlled by entropy change in range of modification ratio 25%-100% CEC but controlled by enthalpy
change in range of modification ratio 100%-200% CEC. The rationality of modification mechanism could be demonstrated by the results of
thermodynamics .
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Table 1 Basic physical and chemical properties of soils used

by A
-+ 15 pH (<0.01 mm) , .(l)(M—l ; Cﬁi ; Ciicofl
/g'kg’l g*kg mmol * kg /g*kg
HAHZ 8.66  452.2 11.2 206.0 75.5
HARZ  8.24  530.4 8.8 280.9 3.20

| B B A 7R BH B - 2 )N e ik =

FEVRALE (CTMAB, ARD .
1.2 SEgiil
1.2.1  Ca** MR A %

Jeks B E R R A% 200 g BL 0.5
mol*L™" CaCl, ¥ 200 mL A1 6 X, iz Ca®* Ml
L AR LB T /KAMIE Ve 2T a1, BT R iE AT
LA K L R 5 Al KA, 60°C 16T 1 60 H T
#H.
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5E S CTMAB [P BE 7K 7344

X. = n(CTMAB)/[ n(Ca*/2) + n(CTMAB)]

X n I (mol) » 15 4 W T (1) JE AR H T
T 3% R CEC — @ Ll (BFHE VK2 2 2
K EHFERIBE 25%50% ~ 100% ~ 150% ~ 200% CEC 1&
T A8 T SR 4 5 - A8 HR v R S R BBE 1 IR JE
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WD, 7 — DR E T i — PR H CTMAB 5
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7 CTMAB + 1/2Ca>" 19 SV AR AR, CTMAB 1
IROTEL X, W 0.1.0.25.0.4-0.5-0.6-0.85-0.95.
SRS 20°C40°C 2 NIREE, BF 1 ARBRE S 2 K.
1.2.3 SERT5E

7 A 50 mL BS 0, H T 70 22— K1 & fETf
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1.4 Hds b
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HAE RIS 77 1k v 5 L 1 AT 3 e I PR -1
K, > Vanselow XML PN RE K, 53 18 %
I R R K, IR RN
InK, = JlanVdXS
FHIN AT 7 S v B
AG = - RT InkK,

T, T ) K. T
AH = R( T, - T, ln( Kd,Tl

K

- 0.31)

AS - (AH}AG)

2 ERE5SH

2.1 CTMAB &1 AW fft——S . i 2622 4L
AT e A A O 1 S R A
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Table 2 Results of linear regression

e WIE UL R Sz Ax X B A=CxReD e
/C (CEC)/% A B r c D r w!
Y Aa=0
25 0.0048 0.0628 0.5321
50 0.0420 0.0415 0.9293" *
20 100 0.1149 0.0358 0.9908" "  0.1893 -0.0534  0.9958" " 28.22
150 0.2321 0.0109 0.9885° "
o 200 0.3329 0.003 8 0.9945" *
HEE
25 0.0087 0.0760 0.460 3
50 0.0543 0.0605 0.9218" "
40 100 0.1627 0.0409 0.9796"*  0.2093 —0.0471 0.998"* 22.49
150 0.2636 0.0307 0.9839" *
200 0.3742 0.0208 0.9827" "
25 0.0196 0.0776 0.9228" "
50 0.0751 0.0722 0.9957"*
20 100 0.1910 0.063 8 0.9930"*  0.2870 ~0.0606  0.9954" 24.26
150 0.3485 0.048 2 0.9937" "
. 200 0.5244 0.0174 0.9987" *
25 0.0175 0.089 4 0.5587
50 0.0810 0.0705 0.9890" *
40 100 0.1715 0.0830 0.9712°*  0.2379 ~0.0490  0.9936" " 20.61
150 0.2846 0.0791 0.9806"
200 0.449 1 0.0526 0.9988" *

SRR R 7 ZH

DL Vanselow & F AL 1.4, DIFE LR R
ACH LR AR B IR PR R K, B REAE
CTMAB 5 Ca™* 8§ 1 A4 ik i vh o) — % 22 [a) 1) ae
P, BRI 3. 41 R R WIBEE VK2 L4 InK, 1
HUE YA 3 ~ 16 A1 5 ~ 16 Z (8], 1t W34 4 - B X
T CTMAB 11 WS B s 47 570 328 KT8 Ca™* B8 - WR A
) O 2.

3 Vanselow BTFIiEEMRE

Table 3 Vanselow ionic selectivity coefficients

InK,
Bz itk 2
20°C 40°C 20°C 40°C
25 7.40~9.61 3.02~8.54 6.68~10.67 5.10~9.10
50 8.49~9.41 9.09~9.70 9.87~11.53 9.95~13.25
100 8.01~11.62 8.38~10.9910.42~12.05 9.96 ~ 14.89
150 9.21~12.08 10.16 ~12.3811.73 ~14.06 10.07 ~ 14.60
200 9.06~16.86 9.79~13.1512.51~16.36 9.61 ~ 14.41

B4 el
(CEC)/%

2.3 CTMAB "R Fff (1) #0 ) 22 e 1

F1.4.2 LB FIERE REGEUHH DTS CTMAB
W B () RN ) 22 SRS B3R 4.

S5 ZR W, CTMAB X 2 J2 Ik S8 A5 1 S N 1 3
M B /NT 0, R T B RV JE T 3 K

BN, A HRERE — AG HEA _E B (I bt
91 (1 8 o i 4840, 28 P R S8 8 o o8 7 A 45 MR R 114
FRNERE K . 25 SR A AN A2 (224K, W] WL

R4 EFEMRECETES CTMAB AN ZESH
Table 4 CTMAB adsorption thermodynamic parameters

calculated by selectivity coefficients

W Bt AG AH AS

L= /1C (CEC)/% /kJ*mol™" /kJemol™' /J*(mol*K) !

25 -20.65 -75.97 - 188.72

50 -23.31 -7.31 54.59

20 100 -22.82 22.16 153.44

150 -24.26 42.23 226.84

200 -25.99 32.57 199.75

Bz

25 -16.87 -75.97 - 188.72

50 —24.40 -7.31 54.59

40 100 -25.89 22.16 153.44

150 -28.80 42.23 226.84

200 -29.98 32.57 199.75

25 -21.68 -47.03 - 86.47

50 -26.90 42.37 236.30

20 100 -27.79 51.67 271.04

150 -31.23 21.65 180.38

T2 200 -33.99 -52.65 - 63.68
25 -19.95 —-47.03 - 86.47

50 -31.62 42.37 236.30

40 100 -33.21 51.67 271.04

150 -34.83 21.65 180.38

200 -32.71 -52.65 -63.68




1416 7N 58

F} 2% 29 &

Bl SR BE S N, BFEAE 25% ~ 150% CEC LG X ],
FALELE 25% ~ 100% CEC LLA) X (7], Bk JE 18 K,
FTAIE A A7 1E, FEZRHTIE N, R 20008 28 4 e
G TE 328 T4 K, WS B 2 I R TS0 A e I 2 A
h IR 18 5 I, W B B I PR R R A s i e
Ay SR AR 45 I T 38 7E 100% ~ 2009% CEC X [8], Fifi
SR BERIIE I, 2 2 AR R I WL AR SR
PR R E R AN EE

3 Wit

T2 MR, L 2 RIREFER, fE R
N 25% CEC I CTMAB 5 - 338 2 THI % i o5 1 DA 1
LA F, MBI E 509% CEC 46, B CTMAB +
(Ca®* /2D RV FE I 36 K, DL 7K B 3 & 4 31 13
Fif b CTMAB (1) b A7) B 76 A R 39 In . o 7 #E sk
CTMAB & 438 - - AF I, 57K BAE 16 73X T 46 IR
I S L), R 2 TR RlLG I H IR A XY
BB L] RCEP IR B FRRET A RIH A = ¢ x
R+ D), [FIHPIEE R FRES) T3R8 2. 85 R R 2 i &
FEFE 2 ANIRLRE T (0[] U5 4 SRR 32 b B I 325 A G
WAL UL, HE MR A RE S A LG CRIR B
(114 00 T 206 P 38 . e TR A AL B ) 43 A T
H, A B - BRI AR A A A, )
Sec5 X, Z I HLMRPRNN 0, Bk A =0 B 1)1&
ikt R, fE VT LAE R CTMAB & 138 1 4%, #iK
BB LI LA L IR S LL ) B A = € x R
+ D HERIG R, EME BB TR 29 w0 R, 1H
B8 2 ORI BE ) AN [R] T AT AN | AR 209% ~
28% CEC 2 [A], 3% — IIfi #t L3 3 A% T X 25020 %)
KR Y P4 1) 759% CEC, 248 5 P -3 i 1k
A K.

CTMAB-Ca’* A8 #0565 1) 45 AL [A] IF 2 B, it 7K e
(T 1 A2 BEEL T 3R 10 A M UAH I T B, E AR i R
HALETE R CTMAB A ALAHIA 21— 2 F2 I, i 7K 84
FRUAAFAE, X TR 4 Rk U, IX NP2 R s A 18
i Lb 5 209% ~ 28% CEC ZeA7 s (B 5 A5 LA /K 8 7 5K
WG S 118 2 TR A 4 570 1 2 08 1) s R I, DA /K
FE AR B 1) CTMAB X = 38 5 (1 52 i A g 2 0 H
K AEAHIA R CTMAB JBE R 73 0], S 2K, T
) CTMAB A1 HLAH 8 2, W) DL i 7K B 8 X 45 & 1
CTMAB FI K, S~ X, HHER b Fh b i Sk
/N, CTMAB A HUARJE Js /b, BL 7K 8 2 20 45 & 1
CTMAB I3 /b, 3 (1 | W 32 22 DL 1 A8 4 1 X
AT See- X, M & B FE /N AR T3+

FECUL, 18 7K B 1 5T T 4 S L 1% %% 7 Rt 7 50%
CEC ZiAx AE & LRI 9T TR il CEC. LR i
2452 T % TR T B A 1 LU A9 98 K AE 50% CEC 26 A+
1B LA Ak 357 HH B2 BT A, A B T o S AR R A Sk
J5T R 2R TG 05 70 s K B (A, IR A RN SR 2 TR
Sec MEAE 50% CEC HEVKREE T RE X, 193G K I UG
LB B TR N KT T A B TR
B AR D, B K B T X5 i AN B &, 1K
WAL 25% CEC I S T T VAT T BE R 73 30 X,
By A

TIER X T CTMAB B A8 KRS Ty, % 3
B I BEPE R B B AR S T3 — 05 X F
f1 T CTMAB 5 - FF R 100 14& i S Y. 32 22 0 BH 25 7
ACHAE S BTN T BH B 7 20 3 T R 770 ) DL 46
HH A5 P A s PR JELBH B8, R IF E TAHL & 1 2
(A7 AEAG B K A R S 2 IR Y A A, LR £ 2
(G LRH B 1R 25 2 e A HLRH 85 1 AR, L TR) kAR
(158 7 A4 N B AT ORI ) 1, 5 350 R i
XIT CTMAB H AT BOKHISE A g, [R] I H T CTMAB
Xof b AP B A 5 S A A5 T TR AT LA, AT L
AR EE K AE AT ca?r HAHE R, h 2L B
K, TFER T CTMAB BB R BN 445
SR PR IS R R A

4 ] W, Ty 2= S B0 S5 FAR b v SR B AR
ANTR] RN 2 A L RE 1R BOIRAS AN [ AR AL 34, TR
I I A SO S 259% ~ 100% CEC F1 100% ~
200% CEC X 8] A [F] i) 44 ) 27 AR A0 R AIE, 11 1K L8 4Ry
fIEL R B A 77 55 - 198 3% 10 19 e I8 AL i) 2% DDA O
1E 25% ~ 100% CEC G X 1], 75 s ik B A (1) 18 0
N CTMAB W& A7 LE B /K A7 A LAH ()W B BEL D, 25 7
A S Ny T REAT DR SR TR R B R A
HUOK S TE B AT HUAR S 348 46 5 2 (R BEL T 386K, 75 2
B 22 [ B e LA 5 H R B P BHL 5 3R A4 3 A AR
) 1E ELIE N A 5 ) AR A, [R) B T4 B A I s
K MURRI AN K 75 100% ~200% CEC X [H],
W A A S PR, 2 LS A R 2 LI A R B 6% L 095
& TN WARIXIE T 100% ~ 200% CEC
DX ) 5 8. = Bt DA 7K B T 200 2 (0 &6 2R, A i 22
12 1 fig B ok v IR K K TR0 T CTMAB 5485 25 1
A B (R BEL 7 5 70 B 98 Je R v 2 T D i 7K P %
T UK TG AR A2 5 Tk A, R
1B oL i 0 7 A ) 1 SR IO S N R AE S R I T
B A i Rk, DA B N i L
CTMAB 7 A% 11 (1) W5 B[R] 15 487 75 CTMAB 117



53 o FERR A5 « LB VAR 00 8 1 1 8 5 A 3 AB i 5

1417

L B ARG, DR T b 30 ) S22 UL ok P A g 22 R A

IR TR W, 100 9% 7 A7 1B L A9 T B
& CTMAB S 38 1= 2 T8 i A DL 25 7~ A #4885 3=
7 B DL 7K SR A8 A S 3 T ) A A e, IX R
DLUAT BF 5% T2 CTMAB 18 M 38 £ 76 15 1 bk 61 4
1109 2 A7 I G SR T 4R 1 5 A2 e A AH 6 B, — 35 AH
HAEAE .

4 ZEig

CTAMB X3+ 2 2R B FE B 7E 2 AT
N, 7E 20% ~28% CEC o[ A TF46 t Bl /K 318 i
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