Clay mineral

 Clay minerals are mainly formed due to alterations or decomposition 

( break down) of the pre existing silicate minerals.

Ex: Kaolinite clay mineral is formed by the break down of feldspar (silicate mineral) by the action of water & Co2.Clay are also formed by hydrothermal activity.

Varieties of clay minerals and their chemical compositions

· All the clay minerals are basically hydrous silicates.

· Some may have little potassium magnesium, sodium, Iron etc.

Chemical composition:

1.Kaolinite=Al4Si4O10(OH)8
2.Halloysite=Al4Si4O10(OH)8.4H2O

3.Montmorillonite= Al4Si8O20(OH)4.H2O

4.Beidellite= Al4(Al Si)8O20(OH)2
5.Pyrophyllite=Al2Si4O10(OH)2
6.Allophane=Al4Si4O10(OH)8
7.I llite=KAl4 Alsi7 O20(OH)4
8.Chlovite=(Mg,Fe)5(Al Al Si3)O10(OH)8
Atomic structure in clay minerals 

· The clay minerals do possess sheet structure & crystallize under the monoclinic crystal system

· The basic structural units of most of the clay minerals consists of silica tetrahedron

· Various clay mineral are formed by stacking of combination of the basic sheet structures with different forms of loading between the combined sheets

· Before joining the basic units (ie.silica &alumina) occurs to form a clay mineral, silica & aluminum may sometime the partially replaced by other elements such as magnesium, potassium, Iron etc & this reaction known as isomorphism substitution. 

· In kaolinite clay mineral, limited isomorphism substitution take place & the combined silica alumina sheets are held together fairly tightly by (hydrogen)(H)bonding.

· A kaolinite particle consists of 100 stacks of silica & alumina sheet

· In an Illite clay mineral, one alumina sheet is combined with two silica sheet.

· In the alumina sheet, aluminum is partially substituted by magnesium & iron. While in silica sheet, there occurs a partial substitution of silicon by ammonium.

· The combined sheet fairly became weak bond due to non-exchangeability potassium irons held between them.

· In the montmorillonite clay the basic structure is some as illite liest alumina sheet is partial substitution of aluminum by magnesium. The spare between the combined sheets is occupied by water.

· Swelling of montmorillonite occurs.

· The surfaces of clay particles carry residual negative charges. The negative charges result in cat ions present in the water in the void space being attracted to the particles .If nature of water changes the cat ion is replaced by other cat ions known as cat ion exchange.

· Different structures are formed on the basic of orientation of particles.

· Clay structure forming due to interaction between single clay(ie)face to face is dispersed structure and edge to face or edge to edge is flocculated structure.

· This is due to force to attraction (i.e.) vander Waals force.

· When the interaction occurs between the various clay mineral particles complex structure take place.
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(a) Kaolinite particle  (b) Illite particle  (c) Montmorillonite particle
Fig. 3.29. Clay Minerals-Bonding sheets, called gibbsite sheets.
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Fig. 3.31. Clay structures forming due to interaction
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Physical properties of clay minerals

Common clay mineral in use 

(i)Bentonite clay

                              It is formed by the alteration of volcanic ash. It is mainly composed montmorillonite and beidellite.

Bentonite clay is generally of two types

(a) Sodium bentonite

It is mainly of swelling type

(b) Calcium bentonite

                             It does not depend upon swelling type.

Uses:

a) Drilling wells

b) Decolorized of oils and fats

c) Foundry sand

d) Tooth paste & cosmetic preparation 

e) Brining agent in palletizing iron are fines

(ii)China clay(Kaoline)

It is a variety of Kaoline clay and it does not swell with the addition of water. It is white in colour.

Uses:

1. In manufacture of crockery

2. Industries producing textiles papers, rubber, paints, cosmetic etc

(iii)Ball clay:

· It is large in silica content 

· It contain small quantity of montmorillonite mineral

· It has a high plasticity

Uses :

  Used in different ceramics

(iv)Fire clay:

· It has impurities of oxides of calcium, iron titanium, magnesium& alkalis

· It is white,grey,or black in colour

· It possesses good plasticity 

Uses :

               Used in the manufacture of acid refractory bricks

(v)Fuller’s earth:

a) It is greenish brown, bluish or grayish clay which becomes powdery in water, but does not become pasty.

b) It  is mainly composed of montmorillonite clay.

Uses:

· Used in refining oil 

· Used for cleaning fabrics

(vi)Lithomarge:

        It is white, yellowish or reddish clay made up of kaolinite & halloysite clay.

   It adheres strongly to the tong and has a greasy feel

Occurrence of clay minerals:

· Clay being the products of weathering remain in same place formed as residua clay

· Sometimes undergoes transport by genocidal agencies like river, wind etc.and get deposited as beds in seas, lakes.

· Fire clay is often found beneath the coal seams.

