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Table 1 Nonequivalent exchange and noneledrostatic adsoption of aluminium, manganous and potassium ions i Ca / K olid phases

/

) Added Adsorbed/ Noneledr. adsomption Percentage
Solid phase Electrolyte Average
(1/z" cmol kg™ 1 Displaced (1 z emol kg™ 1) (%)
2) ALCl3 6.45~ 103 2 121~ 1.88 1 49 1.05~ 5. 74 17. 5~ 46 6
Ca laterite Mn(l, 5.25~ 84.0 1. 30~ 2.79 1 94 0.93~ 7. 28 23. 4~ 63 8
KCl 25 8~ 51.6 091~ 0.98 096 - 0.33,-0.09 -9.8,-22
2 Al 6.45~ 103 2 117~ 1.39 125 0.71~ 2. 06 13.8~ 219
Ca red soil Mn(l, 5.25~ 84.0 L 15~ 217 1. 57 0.36~ 4. 32 3.1~ 54 0
Kl 25 8~ 51.6 093~ 0.95 0 94 - 0.29,-0.24 -7.9,- 52
3) AXCl 27. 9~ 446 1 24~ 1.28 1. 20 4.40~ 17.8 16. 8~ 21. 2
Ca bentoniate Mn(l, 2. 9 367 L 14~ 1.13 1 14 2.20~ 6. 70 2.2~ 122
KCl 223 0.95 095 -22 -56
4 ALCly 8. 0~ 134 098 1.03 1 03 - 3.0~ 43 -20-106
Car resin MnCl, 80. 5~ 1288 L 0l~ 1.09 102 1. 0~ 77 13169
KCl 671~ 1 342 095~ 1.03 099 -920~7.0 - 5427
4 CaCl, 567~ 1 134 099~ 1.02 1. 01 -40~80 -1 1~ 21
K- resin
1) z 2) 6 45,12.9,25 8,51. 6, 103 2 anol kg ; 5.25,10 5,21 0, 4.0,
84.0 cmol kg™ ! 3) 27.9, 55. 8, 112, 224, 446 cmol kg™ !; 2.9,45.8,91 8,183 6,367 cmol kg™ & 23 anol kg !
4) 84 0,168, 336, 672, 1 344 cmol kg™ % 80. 5,161, 322, 644,1 288 cmol kg™ ' 671, 1342 anol kg™ !; 567,

1 134 cmol kg™ ' 1) z: Tonic valence mimber. 2) Amount added of AIC1,0r KCI i laterite and red soil was 6. 45, 12.9, 25 8,51. 6, 103 2 cmol kg™ ! and MnCl,
was 5.25,10.5,21.0, 42.0, 8.0 cmol kg™ ! respectively. 3) Amount of AICl; in betonite was 27.9, 55.8, 112, 224, 446 cmol kg™ !; MnCl, was 2.9, 45. 8,
183. 6,367 anol kg™ ! and KCl was 223 cmol kg™ ! repectively. 4 Amount of AICl; in resin was 84 0, 168, 336, 672,1 344 anol kg™ '; MuCl, 80. 5, 161, 322,
644, 1288 cmol kg™ '; KCI 671, 1 342 anol kg™ ' and CaCl, 567,1 134 cmol kg™ ' resped ively

10. 6%, / 1.21~ 402 7.18  13.6 anol kg ',
1.88 1. 17~ 1.39 1.24~ 1.28 0.98~ 1.03, 0.11 0.14  0.02 anol kg™ ', ,
> > > 2.3
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[4,5,12]
(M-OH), ; , )
Van der waals )
( )
[4,6,12] ’ 1~ 6.12.13
, 2.2 k
, 40 m’ Gap
50 m’ 700 m’ pon ,

5.6  55.8 cmol kg ', et 2 ,



66 42
0. 16~ 0. 27 Gappon ,
k , k
) )
ko 3.9, 0.92 k
0. 16, > k
0.11 0.028" 2
.k ) )
) k
[1,3,12]
) )
2
Table 2 Equilibrium constanis of exchange adsorption between calcium and aluminium/manganous/ potassium ions in Cer solid phas es
Equilibrium constant
Solid phase Electrolyte Concentration (mol 171 Range Average
AlCl; 0.004~ 0.016 3.90~ 4. 38 3.97
Car laterite MrCl, 0.004~ 0.016 1.61~ 0. 51 0.92
KCl 0 01~ 0.02 0.12~ 0. 20 0.16
AlCl 0.004~ 0.016 2.36~ 6. 88 4.71
Car red soil MnCl, 0.004~ 0.016 0.94~ 0. 47 0.72
KCl 0 01~ 0.02 0.18~ 0. 13 0.16
AlCl; 0.018~ 0.068 1. 66~ 5. 44 2.93
Ca bentonite MnCl, 0.018~ 0.068 1.29~ 0. 76 0.99
KCl 0 08 0.27 0.27
AlCl, 0 04~ 0.16 1.43~ 1. 57 1. 49
Car resin MnCl, 0 04~ 0.16 1.48~ 1. 11 1.25
KCl 0.1~ 0.2 0.26~ 0. 27 0.27
0. 004, 0.008, 0 016 mol L.~ !; 0.01,0.02mol L™ !;
0 018,0 034,0 068 mol L™ '; 0.08 mol L~ 0 04,0.08,0.16 mol L™ 1; 0.1,0.2
mol L= ! Notes: Concentration of AICl;, MnCl, Solution in laterite and red soil was 0. 004,0. 008, 0. 016 mol L™ !, and KCI was 0. 01,0. 02 mol L™ ! respectively;

Concentration of AlCl;, MnCl, solution in betonite was 0 018,0. 034,0. 068 mol L.~ " and KC1 was 0. 08 mol L.~ ! respectively; Concentration of AlCl;, MnCl, soluw

tion in resin was 0. 04,0. 08, 0 016 mol L~ ' and KCl was 0.01,0. 02 mol L™ ' respectively

2.3 r K 6.45 cmol
(1/n) 5.98 3.97  2.36 cmol, K
Freundlish L1~3] K
( ,
2 ) ; r K I/n K Un o,
1/ nt? 3, : K , 7
, T 0. 86 /n K ,
K [1~ 3]’
K 2.350.72 0.53, 1/n , ,K /n
0.22 0.20 0. 24, , ,
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Table 3 r, K and I/ n of exchange adsorption for aluminium and manganous potassium ions in Car solid phases
. K 1/n r(s=5)
Solid phase Electiolyte
AlCI3 235 0.22 0.98
Ca laterite MnCl 072 0.20 0.86
KCI 053 0.24 0.84
AICl, Q99 0.23 0.71
Ca red soil MnCl, 0 49 0.54 0.99
KCI 026 0.86 0.95
AlCI3 218 0.29 0.95
Ca bentonite MnCl, Q73 0.36 0.86
KCl 026 0.69 —
2.4 ( AF) )
1
4 , k - 170 J mol -, - 3350
: - 3240 J mol ! : 1 000
i (1 J mol” 1, 5 440
0.004 mol L™ : 4090 7020 ] mol ',
k 3.90 1.61, R
_1 13,12
~3370 - 1180 mol ', b :
2 2 2
, - 3550 - 3300 ,
1 -
J mol — 1480 J mol ( )
- 960 J mol™ ', ;
k kK 1n
k ;
, ( )
[1,312]
4
Table 4 Changes in sandard free energy of exchange adsorption for aluminum/manganous ions in Ca /K- solid phases
Concent ration Standard free energy
Solid phase Electiolyte Equilibrium consgant Average
(mol L™ 1) (J mol™ 1
AlCI3 0.004 39 -3 370 - 3350
Car laterite 0.008 431 -3 620
0.016 4 38 -3 660
MnClL, 0.004 1 61 -1 180 - 170
0.008 0% 110
0.016 0 & 570
AICL, 0.004 2 41 -2 180 - 3300
Car red soil 0.008 4 12 -3 510
0.016 6 8 -4 200
MnClL, 0.004 08 480 1 000
0.008 (] 630
0.016 0 47 1 80
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Concent ration Standard free energy

Solid phase Electiolyte Equilibrium congant Average
(mol 171 (J mol™ 1

AlCl, 0.018 124 - 530 - 1480
Ca bentonite 0.034 200 -1 80
0.068 231 - 2070

MnCl, 0.018 129 - 630 - 170
0.034 1 18 - 420
0. 068 08 550

AlCl; 0.04 — — - 960
Ca resin 0.08 L 46 - %0
0.16 1L 8 - 970

MnCl, 0.04 12 - 490 - 620
0.08 1488 - 970
0.16 117 - 390

AlCI, 0. 004 6 18 -4 520 - 3240
K- laterite 0.008 329 -2 590
0.016 2 47 -2 240

MnCl, 0. 004 254 -2 240 - 1360
0.008 129 - 630
0.016 L 63 -1210
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EXCHANGE ADSORPTION CHARACTERISTICS OF ALUMINIUM AND
MANGANOUS IONS BY RED SOILS
IV. CHEMICAL PHENOMENON FOR EXCHANGE OF CALCIUM/ POTASSIUM ION BY
ALUMINIUM/ MANGANOUS IONS

Ding Changpu Pan Yinghua
(Institute ¢ Soil Science, Chinese Academy o Sciences, Naging 210008, China)

Nonequivalent exchange and noneledrostatic adsorption also appeared during exchange adsorption between

Ca /K-solid phase and aluminium/ manganous ions, while exchange readion for calcium and potassium ion pair was electrostatic

adsorption. Amount of nonelectorsta ic adsorption was controlled both by field intensity of solid surface and hytrolysis nature of
ion and its valence number, in which aluminium had the largest value in laterite. The relation between k, K, 1/ n and AF was

comprehensively explained from enengy concept, exchange-adrorption of aluminium with the lagest £, K and the smallest 1/ n,

hence with negative AF. The mechanism for basic ions to aluminium transforation in red soil, namely acidification, which was

an irreversible and continuously spontaneous proccesses under natural conditions, was proved in themodynamics.
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