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Pembentukan koloid lempung silikat
(Genesis of colloid silicate clay)

• Weathering /pelapukan
• Physical  and chemical alteration
•Alteration:

–Perubahan ukuran partikel, patahan mineral 
.Changes of particle size, and broken edges. g p , g
Weathered 2:1

• Chemical decomposition‐recrystallization
•Recrystallization:

–Pembentukan struktur baru (rekristalisasi) dr 
struktur mineral yang telah hancur sempurna. 1;1 
from 2:1

Silicate Clay Minerals

Aluminosilicates have a definite 
crystalline structure.   Formed by the 
alteration of existing minerals or by 
synthesis from elementssynthesis from elements.
< .002 mm in size (only seen with aid of 
electron microscope)
Two basic kinds of clay minerals  

1 : 1 and  2 : 1

Basic Building Blocks for Clay Minerals

Silicon - Oxygen Tetrahedron (Si2O5
-2)

Basic Building Blocks  - 2

Aluminum Octahedral (Gibsite Sheet)
Al(OH)6-3

Types of Clay Minerals

1) Kaolinite a 1: 1 clay mineral
1 silica sheet and 1 gibsite sheet
.0072 cm thick

Properties:  
1) LARGE PARTICLES  LOW CEC - 3-15 MEQ/100G
2) RIGIDLY FIXED- LOW SHRINK SWELL
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2 : 1 CLAY MINERALS 

1. Hydrous Mica or Illite
replacement of Si4+ with Al+3 in 25% of tetrahedrals, 
each substitution leaves 1 neg charge site   also K+ ions 
are a bridge between layers and hold them tightly 
t thtogether

K Space

Properties
1) non-expanding
2) Low CEC 30 meq/100

2. Vermiculite

Same as Illite with all the K ions 
removed

PropertiesProperties
1) expanding - large
shrink swell
2) High 
CEC=150meq/100g

3. Smectite or Montmorillonite

Mg++ replaces Al+++ in Octahedral layer 
Properties: 1) expanding (common clay 
found in Minnesota’s soils.  
2) CEC  = 80-150 meq/100g

• The octahedral sheet
is brucite.

• The basal spacing is
from 10 Å to 14 Å.

• It contains
exchangeable cations
such as Ca2+ andsuch as Ca2+ and
Mg2+ and two layers
of water within
interlayers.

• It can be an excellent
insulation material
after dehydrated.

Illite Vermiculite
Mitchell, 1993

ANGGOTA TERPENTING ADALAH KLORIT

TERDIRI DARI 2 LEMBAR TETRAHEDRAL SILIKA 
DAN 2 LEMBAR OKTAHEDRAL MAGNESIUM
LEMPENG MAGNESIUM DISEBUT BRUSIT 
[Mg(OH) ]

TIPE MINERAL 2:2TIPE MINERAL 2:2

[Mg(OH)2]
SUBSTITUSI ISOMORFIK TERJADI DALAM

LAPISAN TETRAHEDRAL MAUPUN OKTAHEDRAL
DITEMUKAN DALAM TANAH : ARIDISOL, 
MOLLISOL, ULTISOL
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2:1:1 Minerals‐Chlorite 

The basal spacing is fixed at 14 Å.

Gibbsite or
brucite

KOLOID NONSILIKAT
(NON SILICATE COLLOIDS)

•Modifikasi dr structurekristal, umumnya tdk 
mempunyai lapisan  tetrahedral atauoctahedral dalam  
compositinya.
• Substitusi isomorfik sedikit.
• Muatan berasal dari pengurangan/penambahan ion 
H+ ke permukaan  kelompok oxy‐hydroxyl

MINERAL NON SILIKAT AMORPHOUS

Iron and Aluminum Oxides
Gibbsite [Al(OH)3] Oxisols and Ultisols
Goethite (FeOOH) yellow brown soils 
H i  (F O )  d  ilHematite (Fe2O3) red soils

Allophane and Imogolite –Volcanic
Si(OH)x and Al(OH)x 
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Clay mineral‐Clay humus
Sources of negative charge on Organic Colloid

1. Soil Humus 

R-CO      +     <---> R-CO-O- + H+

OH-

This charge is pH dependent or as the pH 
increases more OH- is available and therefore 
more CEC and conversely acid soils have a lower 
CEC from OM.

or
O- Ca++ or K+

source of negative charge on Clay

1)  broken bonds at 
edge of clay mineral

2) internal charge not 
satisfied because of 
ionic substitution -
called Isomorphous 
Substitution

Al 3+  for Si 4+ or     
Mg2+ for Al 3+ or 

No substitution               Zn++ for Al+++

Mg  for   or 
Zn2+  for Al3+

Neutral                    -1 charge

Isomorphic substitution in 2:1 mineral clay crystal

sheet 
charges

sheet 
charges

No 
substitution

With 
isomorphic 
substitution
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Sources of pH-dependent charges on silicate clay (kaolinite)

More acid More acid

--33 -- 11 +1+1
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