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1
Table 1 Some basic properties of the soils tesed

< 2Hm

. , pH
. Depth < 2 Bm Chy oM CEC Fex O3
Soil . : (H0)
(am) (%) (ske™ " (anol kg™ 1) (skg )
50~ 100 159 54 16 61 16.9 6. 46
Yel ow- brown soil
40~ 70 230 7.0 14 41 24.0 6. 40
Brown soil
80~ 100 19 6 136 24 97 1.4 6. 86
Black soil

> f
0 (AR Attt Xt 3,
[ —o— 15 Yellow-brown soil*
~ 5L ~=— F 151 Yellow-brown soil” 1%
I_?“’ [ —A— 473 Brown soil*
3 r —¢— §Z 38 Brown soil” ’ ?
E -10 ¢ —%— & 1 Black soil” s s
z [ —e— B 1 Black soil”
§ 15 F
3 Wien [27, 8]
& -2 f
2 . 3
B 5 [
i 25 !
2t
-30 ¢ 31
o b I eesse ()
3 4 5.8 7 8 2 )
P NHi <K' <
1 o Cd* < ca™,
| (<2 y w 0.5~ 2.4 kJ mol '
Fig. 1 Negative and positive charge densities of the clay fractions
(< 2Hm) of the three soik tested as function of pH < < s
< <
45 min 1h, 7~ 10 d (pH 5. 33) K ’
Wien K* 7.25 kJ mol™ 1[3]
(ECo)  pH 2 (6.71 kJ mol ')
2.3 Wien 32
- Wien NHX K+ Ca2+ Cd2+
’ (10g L") 1.5kVem™'
, 30 kV; (2
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500 Q~ 20 kQ(SHP-2 25° . . . "
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2 (10gL™") pH (ECo) pH (CEC) (N

( fo) ( AG}Ji)
Table 2 pH, electrical conductivity under a weak electiical field (EG)), cdibn exchange capacity( CEC) at a given pH, equivalent ionic conductivity (A,

active fraction of catiors under a weak electrical field (f,), Gibbs mean free binding energy (AG,;) in various soil suspensions (10 g L7 1)

Yellow brown soil Brown soil Black soil

K+ NH;  Ca2*  Cd¥ K+ NHI  Ca2*  Cd¥ K+ NH; Car ¥

pH 535 529 497 460 652 6% 58 55 64 639 574 53
CEC (mol kg™ 1) 0199 0192 015% 0103 021 023 024 0205 033 033% 0311 028
AMmS em™ 'mol” 'L ) 7.52 735 59.50 5400 7.5 735 59.50 5400 7352 7355 59.50 5400
FCo( X 10~ 2mS em= 1) 1L95 22 069 061 18§ 200 0927 0715 29% 291 0828 0796
£,x 102 668 80 373 5% 577 613 365 322 5% 591 224 255
AG,{kJ mol™ 1) 671 62 816 716 707 6% 821 852 701 701 942 910
2 (A) (B) (0 (10gL7h)

Fig. 2 Variation with eledric field strength of electrical conductivity of suspersions (10 g L™ !) of yellov- brown soil (A), brown sl (B),

and black soil (C) different in cation sauration s in deionized water

3.3 (1
, 3
( AGad) (8) 3 (100,150 200 kV cm™ ') AGad
, ¥l 3 K" NHi
(15~ 80kV em™') AGad , 10kVem™"  0.4klmol”™' 200
, 100kV an™ ', NGaa  kV em™! 1. 4 kJ mol '; , NHj
K* 0.1 kJ mol™ " Ca®*
, ; < < , Cd* <
NGad K" < NHj < Cd** < Ca* ; < Cd*
,K* NHi ,
o ’ [ 31~ 33] , Ca?*
Ca2t Cd* cd* 0.3 0.6kJ mol !, ,

2~ 2.5
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Fig. 3 Mean Ghbbs free adsorption energy as function of field strength of suspensions (10 gL™!) of yelbw- brovn soil (A),
brown soil (B), and black soil (C) clay particles different in cation saturation

3 3 AGad
Table 3 Mean Gbbs free adsorption energies, AG,, of different catons adsorbed on the surfaces of yellow brown soil, brown soil, and black soil
clay particles under given field strengths, figured out by following Fig. 3(kJ mol™ ')

Y ellow- brown soil Brown soil Black soil

100 kVan™ ! 150 kVem™ ' 200 kVem™ ! 100 kVem™ ' 150 kVem™! 200 kVem™! 100 kVem™ ! 150 kVan™! 200 kVan™!

K+ 048 0 88 1.31 0.40 0.79 1. 21 0.40 0.73 1. 11
NH} 052 0 90 1.36 0.39 0.81 126 0.49 0. 84 1. 26
Ca* 1. 46 224 3.20 0.84 1.53 232 1.22 1.99 2. 98
cd* 1 18 1. 93 2.92 0.97 1. 67 253 0.75 1. 41 2.26
(100, 150 200 kV em™ ') AGad KT
4 NHj ,
10kVan™ " 0.4kJ mol™' 200 kV em™ !
1) K NH; 1.4 k] mol™ 1; , NHi K*
AGbi 6.3~ 7. 1kJmol” ', K 0.1k mol™ ' 2
NHi  ;Ca” cd” 7.2~ 9.4 K < < P < <
mol™'; AGy : Ca® cd*
< < 0.3 0.6 kJ mol™"
2)  NHi K' Ca® cd* 2~ 2.5
NH: 2 K' > [ 1] Mashal C E Baber S A. The calciunr potassium relat onships of

Cd2+ > Ca2+ : clay mimerals as revealed by adivity measuwrements. Soil Sci. Soc.
Am. Proc., 1949, 14: 86~ 88

’ ’ 1 [ 2] Mamshall C E. The electrochemistry of the clay minerals in relation to
3) 100 kV em R o .
pedology. Trams. 4th Intern. Congr. Soil Sci. Vol. 1. Hoiteema
AGad 5 Brothers, Groningen. 1950. 71~ &
’ [31] , , . V.
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ENERGY RELATIONSHIP BETWEEN CATIONS AND SOIL CLAY PARTICLES AS
INFERRED FROM THE WIEN EFFECT IN DILUTE SUSPENSIONS

Wang Wei?  Wang Yujun® Li Chengbao®  Zhu Haowen'-?
Zhou Dongmei* Xu Renkow® Zhou Lixiang'
(1 College of Resources and Emwironmental Science, N ayjing Agricultural Unwersity, Narjing 210095, China)
(2 State Key Laboratory f Soil and Sustainable Agriculture, Institute f Soil Science, Chinese Academy ¢ Sciences, Namjing 210008, China)

Abstract Interactions between charged soil clay particles and cations in the field of energy has long been a subject attrad-
ing all soil dhemists. Efforts are made to introduce equations for calculating mean free binding energy and mean free adsorption
energy beween cations and charged soil clay particles and the application of Wien effed in dilute suspensions, to the study on
energy relationships between cations of K*, i, Ca*, and C#* and clay particles of yellow-brown soil, brown soil, and
black soil. Results show that 1) mean free binding eneigies between cations of K, and NHZ and the clay partides are in the
range of 6. 3~ 7. 1 kJ mol™ ', and slightly higher with K* than with NH} ; 2) mean free binding energies between ions of Ca* |
and C* are in the range of 7. 2~ 9. 4kJ mol™ . With the same cation, the soils follow the order of yellow- brown soil< brown
soil< black soil in binding energy. The mean free adsorption energies, AG,, of the four cations with the three soils under the
same high field strengh, e.g., 150 kV an™ ', show that the values of K* and NH} are quite close in yellow-brown soil and
brown soil, being 0.9 and 0. 8 kJ mol™ ! respedively; but in black soil, the value of NHj is higher than that of K" by 0.1 kJ
mol™ !. The adsorption enegies of Ca®* in yellow-brown soil and black soil are 0.3 and 0. 6 kJ mol™ " higher respectively, than
that of Cd** . The adsorption energies of divalent cations are 1~ 1.5 times higher than that of monovalent cations.

Key words Wien effed in suspension; Cation; Soil clay particle; Mean free binding energy; Mean free adsorption energy



