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Layered Double Hydroxides (LDH) and Their Applications 
 
Layered Double Hydroxides (LDH) are synthetic materials. These 
are also known as ‘Anionic Clays’ like naturally occurring 
‘Hydrotalcites’. These materials are derived from magnesium 
hydroxide, Mg (OH)2  similar to mineral brucite. The magnesium 
atom is situated at the centre of an octahedral structure and is 
linked to 6 hydroxyl groups located at the corners of the 
octahedron. One octahedron is attached to another octahedron by 
edge sharing and a sheet of octahedra is formed. These sheets 
are attached to one another through a stack formation via 
hydrogen bonds.  When some of the magnesium atoms are 
replaced by aluminium; there occurs an imbalance of charge 
making the layer positively charged due to the higher positive 
valency of aluminium. This charge imbalance requires some 
anions to be absorbed between the layers to obtain a net neutral 
charge. Some of the common anions are NO3

-, CO3
-- and OH-.   

These anions are amenable to anion exchange reactions. Further, 
some water of hydration is also associated with the layer structure. 
(See Figure: Layered Double Hydroxides Structure) 
 
 Thus generalized chemical formula of LDH can be expressed as 
MgxAly(OH)(2x+3y-2z)  (CO3)z, n H2O. 
 
These LDH possess the following structural characteristics: 

1. Interlayer distance is of the order of 1 nm. This enables 
nano structuration. 

2. The width of a platelet is about 100~300 nm 
3. Aspect ratio is of the of the order of 200 ~300. 
4. The anions residing in the interlayer gap can be 

exchanged with organic anions like fatty acids, rosin acids 
to bring about organic modification. This enables 
compatibility with the organic matrix like resins and 
polymers. 

5. LDH can be intercalated and exfoliated with a polymer to 
produce nanocomposites with special characteristics. 

 
Thus LDH are kind of anionic analog of Smectite clays that are 
cation exchangeable. The other difference is that Smectite are 
naturally occurring while LDH are synthetic materials. The unique 
structure and spatial configuration of LDH offers immense 
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opportunities for manipulating the nanostructure of the composites 
to produce materials with novel properties. 
The LDH are synthesized by a two stage process of co-
precipitation followed by hydrothermal treatment. In the co-
precipitation stage, aqueous solution of a mixture of a divalent 
(e.g. Mg) and a trivalent (e.g. Al) salts is added to a reactor 
containing water. Simultaneously, an alkaline solution is added to 
raise the  pH and cause precipitation. By proper monitoring of the 
process parameters, the desired crystal structure can be obtained. 
Further, this precipitate is subjected to a thermal treatment in 
presence of water vapor to develop the layered structure 
 

 
 
Figure: Layered Double Hydroxides Structure 
( www.tececo.com/technical.nanocomposites.php) 
 
. 

LDH- polymer composites 
 

Resins and polymers can be impregnated with the organically 
modified LDH where these act as the nanoscale reinforcement to 
the surrounding matrix. Films of such composites retain their 
transparency due nanosize of the LDH particles.  
Following properties of the polymer films can be enhanced:   

1. Mechanical: Unique combinations of superior elastic 
modulus, tensile strength, elongation, abrasion 
resistance, flexural resistance can be obtained. 

2. Barrier properties: Permeability of the polymer is 
significantly reduced due to high aspect ratio of the LDH 
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platelets. This reduces the ingress of water vapour, 
oxygen and other gaseous molecules.  

3. Fire retardancy: When exposed to fire, the ‘charring effect’ 
retards spread of fire. 

4. Thermal properties: Polymers re-enforced by LDH exhibit 
higher glass transition temperature Tg, melting point and 
heat distortion temperature (HDT) by 20~30O C. 

5. Electrical properties: There is a drop in the dielectric 
constant of the polymers impregnated with LDH and 
improvement in charge dissipation. 

 
With the above properties the LDH –polymer nanocomposites are 
used in 
 

• Chip resistant and impact resistant coatings 
• Barrier coatings 
• Fire retardant coatings 
• Packaging films 
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