FUNDAMENTALS OF SOIL SCIENCE

15. CATION EXCHANGE CAPACITY
A. DEFINITION

Is the interchange between a cation in a solution and another cation on the surface of any surface-active material. The units used to describe are cmol(+)/kg Soil.

Organic matter has an amount of 200 cmol(+)/kg and clays 40 cmol(+)/kg.

B. CATION EXCHANGE CAPACITY

Cation exchange capacity
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Molarity= 6.023x1023 
Centimole=6.023x1021
	Element
	Mole wt
	Valence
	Mole wt/valence
	Cmole
	Cmole(+)

	K
	39 g
	+1
	39 g
	0.39 g
	0.39 g

	Na
	23 g
	+1
	23 g
	0.23 g
	0.23 g

	H
	1 g
	+1
	1 g
	0.01 g
	0.01 g

	Ca
	40 g
	+2
	20 g
	0.40 g
	0.20 g

	Mg
	24 g
	+2
	12 g
	0.24 g
	0.12 g

	Al
	27 g
	+3
	9 g
	0.27 g
	0.09g


Percent base and hydrogen saturation

· Basic cations.

Ca, Mg, K and Na.

· Acidic cations.

H and Al.

· % Base saturation, is the proportion of CEC that are Ca, Mg, K and Na.
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· % Hydrogen saturation.


[image: image4.wmf]100

CEC

H

%HS

Saturation

 

%Hydrogen

´

+

å

=

=


Important notes
· Aluminium produces 3 hydrogens.

· Very important is that reserve acidity is bigger than active acidity.

c. ion exchange capacity in soils

Source of charge

The two main sources of cation exchange capacity in soils are located at the surface of clay and humus particles, called micelles.
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The negative charges on the micelles are neutralized by adsorbed or exchangeable cations which come from the soil's ion pool or soil solution.
As soils become more acid and become dominated by oxidic clay with very low exchange capacity, the CEC decreases and the AEC increases.
Soils in humid tropical regions, such as Oxisols, which are dominated by oxidic clay, may have an AEC equal to the CEC.
The ion pool

Cations are attracted to the negative sites on the surfaces of the clay and humus, while the anions are repelled.
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Lab analysis

The cation exchange capacity of a soil is equal to the amount of positive charged ions (cations) that a given quantity of soil can adsorb.
For every cation with a valence of +1 (monovalent) that the soil adsorbs, the CEC is increased by 1 cmol/kg.
For every cation with a valence of +2 (divalent) that the soil adsorbs, the CEC is increased by 2 cmol/kg.
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A centimole

1 cmol/kg of cation exchange capacity is equal to 6.02 x 1021 positive charges.

That's equal to 6,020,000,000,000,000,000,000 positive charges!

Exchange reaction

The adsorption of cations on a micelle is importantly related to the valence of the cation.

However, the greater the concentration of any cation in solution, the greater the likelihood of exchange with an adsorbed ion of any valence.
Plant

As a plant takes up an ion, an ion of similar charge is excreted from the plant root.
Calculations
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cmol(+)/1000 g soil x cmol(+)table(g/cmol(+)=g/1000 g soil
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