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Concepts Covered:
Soil colloids and their types
Silicate clays

dBasic structure of silicate clays

dTypes of crystalline silicate clays



Soil colloids

JColloid — a two phase system where one finely divided phase is
dispersed in another phase

JExample: solid in liquid — clay in water

liquid in gas — clouds in atmosphere
Soil particles < 2um are called soil colloids
diIncludes the combined clay and humus fraction

JChemically active and greatly impact ecosystem functio




Properties of soil colloids

JExtremely small size

dVery high surface area

(JdHave charges (predominantly negative charge)
JAdsorption of cations and anions

colloids form an ionic double layer — an inner anionic(or cationic
layer with adsorbed outer cationic (or anionic) layer

(JAdsorption of water
causes ‘shrinking and swelling’ of clay



Types of soil colloids

Soil colloids

//

clays

(Kaolinite,
smectite)

Crystalline silicate

//

Noncrystalline
silicate clays

(Allophane,
imogolite)

Fe and Al oxides

(Gibbsite,
goethite)

Organic

(Humus)




Crystalline silicate clays

(JHas a layered structure with two to four sheets per layer
(JPredominantly ‘negative charged’

(JHave diverse properties

Kaolinite




Noncrystalline silicate clays

(Do not have an ordered, crystalline structure
(JHave high amounts of both positive and negative charge
(JHigh water holding capacities and low stickiness

A s

Allophane




Iron and aluminium oxides

(JFound usually in highly weathered soils
(JMay be crystalline or amorphous
JLow plasticity and stickiness

goethite gibbsite




Organic(humus)

dSmallest of all soil colloids
(dMade up of partially decomposed cell walls and biomolecules
dVery high water adsorbing capacity

(Net charge of humus is always negative



Silicate clays

Nesosilicates—Separate SiO, tetrahedra

Sorosilicates—Two or more linked
tetrahedra (Si,0,, Si:O,¢)

Inosilicates—Single or double chains of
tetrahedra (SiO;, Si;04,)

Cyclosilicates—Closed rings or double
rings of tetrahedra (SiO;, Si,O:)

Phyllosilicates—Sheets of tetrahedra
(Si,0x)

Tectosilicates—Framework of tetrahedra
(SiO,)
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A silicate clay crystal

External surfaces

External surfaces
NJ‘ 3+
o K*
HY s
Ca‘"*'
3+ H*
Al o
K* K*
1+
AP+ Internal surfaces Mg’ L.
AB+ H* Mg:+ K+ AR+ Cat
Cal+ - Ca?*
+ 3 1
K AR+ H* NO;
Cal+ H*
K+ N3+
Mg+ Mg+ '
AP*M@*Ca?* KF H* . " H™
Cation exchan -
Cal*  Cal* AB* Nal* ..o e ge a
+.‘_: Calt
’ Cal+
Mg+ 4
: Cl
M/

. N 3 4
Negatively Adsorbed Cations Anions and
charged cations in solution cations
colloid in solution

p- ==




Basic structure of silicate clays

Silica tetrahedron Tetrahedral sheet
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Basic structure of silicate clays

Alumina octahedron Octahedral sheet
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Octahedral-tetrahedral linkage

Talc (2:1 trioctahedral mineral

Shorthand notation
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Classification

T:0 trioctahedral dioctahedral
(class)
octahedra _ _
brucite gibbsite
L . oct | . oct |
serpentine kaolinite

pyrophyllite talc




Relationship between planes, sheets and layers
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Sources of charges

dlIsomorphous substitution
(JOne element fills the position of another element having similar

size
Si,0, SIAIO,  (OH),ALO, (OH),AIMgO,
Neutral +4, +3, -8 (-2%4) Neutral -2, +3, +2,-4

Tetrahedral Octahedral



Sources of charges

Radius, nm (107 m)

Found in

lon
st 0.042 )
AR 0.051
Fe" 0.064
g’ 0.066
Zn?t 0.074
Fe?* 0.076
Na* 0.095
Ca® 0.099
K* 0.133 J
0% 0.140 |
Trioctahedral Dioctahedral Dioctahedral OH" 0.135
(3 cations) (2 cations) with isomorphic
substitution
@ Oxygen @ Hydrogen @Aluminum @ Magnesium
or iron
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Mineralogical organization of silicate clays

JTwo main groups of crystalline clays
= 1:1 silicate clays
1 octahedral 1 tetrahedral
= 2:1 silicate clays
1 octahedral sandwiched between 2 tetrahedral
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