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Fig. 1 Adsoption isothemms of Cl- when accompanied by different cations
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Table 1 Regressin equation for adsorption of CI™ in relation toNa* or K*
Y= a+ bx Ye= a+ Ix
Soil a b r a b r
- 0.429 1. 45 0. 989 0. 470 1. 601 0. 988
-0.032 1. 605 0. 99 0.48 2. 026 0. 91
- 0.28% 1. 747 0. 95 1. 055 2. 068 0.978
- 0.216 4.534 0. 985 - 0.0 6. 534 0. %66
0.031 6. 731 0. 975 0.255 11.27 0. 97
0. 1% 4.011 0.976 0. 100 7. 046 0. %7
- 0.033 7. 796 0. A5 - 0.81 15.33 0. %0
:x —CI” (mmol kg™ '), ¥y, —Na* (mmol kg™ 1), ¥ —K* (mmol kg™ )5 n= 7, ry o= 0.874
2 pH
TaHle 2 pH of the equilibrium solution of red soil and red latersol in the presence of
different concentrations of CI'  accompanied by various cations
) Red earth Red latersol
Conc Na* K* NHj Mg Ba®* Al* Na* K* NH} Mgt Ba®* Al
0.1 5.32 507  5.07 5.10 5.08 506 6.04 6.0 6. 03 5.90 596  5.90
0.2 5.28 48  5.01 5.04 4.91 494 598 572 5.73 5.61 555  5.54
0.5 5.22 475  4.81 4.8 4.61 451 580 53 5.8 5.11 491  4.85
0.8 5.15 462 4.1 4.68 4.53 446 572 517 5.0 4.82 487  4.60
1.0 5.10 460 4.7 4.63 4.50 436 565 500 5.0 4.78 477  4.31
2.0 5.06 4.48  4.57 4.47 4.40 405 542 4.8 4.87 4.62 457  4.01
5.0 4.93 434 4.3 4.38 4.32 38 520 4.& 4.57 4.43 436  3.87
1) s CI" mmol L~ ( )



164 39
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[3]
S—OH+ M* =S—OM' + H" (1)
S—OM" + CI” =S—OM" ..CI' (2)
M+ ClT =Mcl’ (3)
S—OH+ MCI" =S —OMCl+ H" (4)
A (2 M7 cr (3 (4)
mcl oy . )
3 pH

Table 3 pH of the equilibrium solution of yelow brovn eath and dark brown earth in the

presence of diffeent wncentrations of CI~ accompanied by various cations

Yellov brown earth Dark brown earth
Conc. Na* K* NH Mg** Ba?* Al Na* K* NH Mg** Ba?* AP
1 4.5 448 453 443 425 4.3 433 437  4.26
2 4.64 439 4.2 4.3 437 427 437 4.2 43 423 403 4.14
5 4.43 435 4.0 4.2 400 397 435 410 421 413 402 412
.8 442 410 415 412 398 38 432 4.0 416 403 400 3.94
0 3
0 3
0 3

4.69 4.55 4.4

4.35 4.09 4.02 .98 3.88 3.76 4.30 4.02 4.15 4.02 3.95 3.91

2. 4.32 3.84 3.8 .8 3.74 361 4.29 3.8 3.95 3.90 3.84 3.61
5. 4.10 3.72 3.7 3.7 3.60 3.56 4.13 3.78 3.9 3.85 371 3.47
OH , pH

H, pH , CI (Q) I pH
[3.8]
1gQ(CT') = A— apH+ blgC(CT) (5
[31 7
Na" NH; K ,CI pH+ pCl ,
(4 NnHOK Ba® Mg" A",
cr pH+ pCl , Al cr
pH+ pCl
Ccl pH+ pCl
3 cl (1g0) pH+ pCl
Ba™ Mg" Al : 4 lgQ  pH

+ pCl ( 4
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lsQ  pH+ pCl , .
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(b) cr cr 7
CI , > > > > ,

ar [2.5,6] ’
[10]
4 a (lg@) pH+pQa (r)

Tahle 4  Correlation coefficient of 1gQ( Q, amount of CI~ adsorbed by soi) and pH+ pCl

Electrolyte Latersol Red earth Red Yellow brown Brovn Dark brown Black
lat ersol earth earth earth soil

KCI 0. 89 0.9 0.650 0. 9%7 0.956 0. 963 0. 965
NaCl 0.970 0. %86 0.975 0.93 0.982 0. 991 0. 936
NH,4Cl1 0.928 0.972 0.89%8 0. 956 0.974 0. 980 0. 969
MgCl, 0. 852 0. 906 0.175 0.91 0.983 0.975 0.992
Ba(l, 0. 8%4 0. 883 0.363 0. 993 0.974 0. 991 0. %4
AL 0.337 0. 865 0.105 0. %66 0.968 0.973 0.977

Ion= 77 ro.o1= 0.874

5 a- a- (y= a+ bx)"
Table 5 Linear regression equation between Cl~ adsorption and CI”  concentration i equilibrium

solution of different electolyte solutions

NH, Cl Mg(l, AlCl,
Soil a b r a b r a b r
1. 60 2.26 0.918 2.05 3.4 0. 948 1.8 8.89 0. 96
0.99 1.8 0.950 1.08 2.3 0. 960 0. 88 4.10 0. 989
0.42 1.6 0.974 0.72 2. 12 0. 980 1.15 2.96 0. 936
0.23 0. 87 0.978 0.39 0.97 0. 965 0.23 1.29 0. 99
015 0.43 0.979 0.21 0.57 0. 968 0.03 1.33 0. 9%
0.23 0. 49 0.968 0.38 0. 4 0.953 0. 06 1.26 0. 9%
0.20 0.38 0.958 0.27 0.5 0.981 0. 16 0.86 0.9%
) y—CI- (mmol kg™ '), x — cl- (mmol L™ 1y ; ol 0.1~ Smmol L™, n= 7, ro o= 0. 874
Langmuir ,3 cl

(Xu) AICL> MgCl:  BaCL> NH:Cl  KCI> NaCl( 6), ar
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(K) 3 , 6
) ) cl )
[6, 10] ’ cr
6 cr Langmuir
Table 6 Paraneters of Langmuir equation of CI” adsorption by variable charge soils
Latersol Red soil Red lat ersol
Electrolyte r X K r X K r X K
NaCl 0.977 10.7 0.41 0.976 9.6 0.23 0. 956 8.3 0.23
KCl1 0. 99 14.4 0.63 0.9% 11.1 0. 41 0. 9%7 10.1 0.33
NH,Cl 0.992 13.8 0.65 0.991 12.9 0.40 0. %66 12.2 0.28
MgCl, 0.997 19.6 0.72 0.987 18.1 0.35 0. %4 17.1 0.27
BaCl, 0. 998 19.4 0.83 0. 98 17.1 0.39 0.972 16.4 0.31
ALCl; 0.977 46.2 0.43 0.964 33.7 0.22 0. 950 19.7 0. 40
Cl~ 0.5~ Smmol L™ ! X — (mmol kg™ '), K — (ml

mol~ ]); n=135, ro.o= 095, rgos= 0. 878
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Fig. 2 Adsorption isotherms of Cl- of variable charge soils in the presence of different concentrations of Na,SO,
, SO:i 2 mmol L' 0.5 mmol L' 0.1 mmol L'
0.05mmol L™ ', cr SO; 12% ~ 19% 24% ~
4% T4%~ 84% 90% SO NoR

SOi 1.01 .02 0.95 0.9% ( 7 8) ,
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pH  30i , pH ( )
2 _
, SO; Cl ,
7 SO‘Z,' Cr (y= a+ bx)
Table 7 Regression equation of (I~ adsorption by variable charge soils in the presence of different concentrations of SO3-
05~ Latersol Red latersol
Added (mmol L~ 1) a b r(n="17) a b r(n=17)
0.0 0111 0. 80 0. 98 - 0.68 0. 96 0. 981
0.10 - 0265 0. 844 0. 99 - 0.587 0.742 0. 988
0. 50 - 0.675 0. 408 0. 980 - 0.3%2 0.242 0.93
2.0 - 0.4 0. 117 0. H5 - 0445 0. 191 0. 926
ix— 0i-  d- (mmol kg™ 1), y — S0y CI (mmol kg™ 1) ( )
8 so; Cr (y= a+ bx)
Table8 Regression equation of (I~ adsorption by constant charge soils in the presence of different concentratiors of SO3-
Added Yelbw brown earth Dark brown earth
SO3™ (mmol L™ 1) a b r(n=17) a b r(n=17)
0.05 - 005 1. 005 0. 99 - 003 1.012 0. 993
0.10 - 0074 1. 059 0. 99 0.019 0.973 0. 97
0.5 - 0.061 0.951 0. 99 - 0027 0. H6 0. 998
2.0 - 0.047 0. %9 0. 994 - 0.05%6 0. A9 0. 999
2—- - 2— _
SO, cl , SOy , Cl
- 2- 11 -
: CI ;SO S OH
s pH , s Cl
p
,  S0: , pH ,
_ 2 _
Cl ,  SOs , Cl , ,
2- 2- - ..
SO: , SO: Cl Kinjo
(2] > - - -
Pratt SO4 NOs Cl NOs

[2.6]

1. Black A S, Waring S A. Adsorption of nirate, chloride by some highly weathered soils from Southwest Queensland. Aust. J.
Soil Res., 1979, 17:271~ 282

2. Gebhardt H, Coleman N T. Anion adsorption by allbphanic tropical soils: I. Chloride adsorption. Soil Sci. Soc. Am. Proc. ,
1974, 38:255~ 259

3. Nakahara O, Wada S1. CI” adsoption on Andisols from CaCl, and MgCl, solutions. Soil Sci. Plant Nutr., 1993, 39(4):
645~ 652

4. Mekaru T, Uekara G. Anibn adsomption in fermiginous tropical soils. Soil Sei. Soc. Am. Proc., 1972, 36:296~ 300

5. Pamar KH, Uriyo AP, Singh B R. Adsorption of nirate and chloride in some Tanzaniain Andept soils. Agrochimica, 1980,



168 39

24: 492~ 500

6. Wang P G, JiGL, YuT R. Adsomption of chloride and nitrate by variable charge soils in relation to the electric charge of the
soils. Z. Pflanzenemahr. Bodenk., 1987, 150: 17~ 23

7. s . L NO3

, 2001, 38(2): 204~ 211

8. Wada S. Medanism of apparent salt absoption i ando soils. Soil Sci. Plant Nutr., 1984, 30(1): 77~ 83

9. LiHY, Ji GL. Adsomption of potassium and sodium ions by variable charge soils. Pedosphere, 192, 2(3): 245~ 254

10. , . . ,1988,1252) : 164~ 174

11. Zhang GY, Zhang XN, YuT R. Adsorption of sulfate and fluoride by varable chage soils. J. Soil Sci., 1987, 38 29~ 38

12.  Kinjo F, Pratt P E. Nirate adsorption: 1. In some acid soils of Mexico and South America. Soil Sci. Soc. Am. Pwoc., 1971,
35: 22~ 25

STUDIES ON THE INTERACTION OF IONS WITH CONSTANT
CHARGE SOILS AND VARIABLE CHARGE SOILS
II. CHARACTERISTICS OF CI- ADSORPTION IN SYSTI'EM
CO-EXISTING CATIONS AND ANIONS

Xu Ming gang  Ji Gue-liang
(Institwe of Sol Science, Chinese Academy ¢ Sdences, Narjing 210008)

Summary

The adsorption of chloride ions by three variable charge soils and four constant charge soils of
China were ddemined in different concentrations of ce-existing SO; and accompanying Na' , K" ,
NH; , Mg2+ s Ba™ and AT , respectively. The results indicated that the amount of CI adsorbed
by soils in different electrolyte solutions decreased in the order AICl;> BaCl, and MgClL> KCl and
NH4Cl> NaCl. However, the difference of CI" adsorption among electrolyte solutions was more sig-
nificant in variable charge soils. In the same elecirolyte solution, the amount of Cl adsorbed by
different soils decreased in the order latersol> red earth> red latersol> yellow brown earth> brown
earth, dark brown earth and black soil, which agreed with the order of positive surface charge of
these soils. For variable charge soils, within the range of 0. 5 to 5 mmol L ' of CI added, the ad
sorption can be described by the Langmuir equation satisfactorily, and the adsorption energy parame-
ter (K) calculated from the equation was similar in magnitude when different cations co-existed.
The pH of the equilibrium solution increased and the amount of ClI” adsorbed by variable charge
soils decreased significantly with increasing concentration of SOi co-existed. However, there was
some difference in CI' adsorption by constant charge soils in the presence of SO when compared
with CI" adsorption by variable charge soils in the same condition. It suggested that the negative
surface charge of variable charge soils increased with increasing concentration of SO: co-existed,

2 . . . . .
but the SO; co-existed did not influence the negative surface charges of constant charge soils re-
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markably. The results obtained in this work imply that for variable charge soils, ce-adsorption ( s+
multaneously adsorption) and ion- pair adsorption of CI with cations might be involved except elec-
trostatic adsorption when accompanied by univalent cations and bivalent or trivalent cations respec-
tively. For constant charge soils, only co-adsorption of CI” with cations might occur except electro-
static adsorption.

Key words Adsorption of chloride ions, A ccompanying caions, Ce-existing SOi , Vari
able charge soil, Constant charge soil



