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Introduction

Ablative materials are critical for insulation applications 
in space and launch systems, protecting aerodynamic sur-
faces, propulsion structures, payloads and ground equip-
ment from the sever effects of very high temperatures and 
incident heating rates [1, 2]. Charring ablators are the most 
widely used thermal protection shields and are generally 
produced using phenolic [3–5], epoxy [6, 7], or silicon [8, 
9] reinforced resins. During ablation process, degradation
reaction produces a char layer with porous structure that 
provides an extra insulation layer [10]. Phenolic material 
undergoes a large number of cross-linking reactions, while 
ultimately yield a well bonded and intact carbon structure 
[11]. General speaking, by increasing the cross-linking 
density of ablative matrix, the percentage of residual char 
becomes higher and the efficiency of such system as abla-
tive insulator increases. In this group of ablative materials, 
the residual char at high temperature works as a barrier and 
protects substrate from more damaging [12].

In polymer-layered silicate nanocomposites, upon 
pyrolysis, the reinforcing organic–inorganic nanostructure 
in polymer can be converted into a uniform ceramic char, 
which may lead to significantly increase in resistance to 
oxidation and mechanical erosion in comparison with plain 
composite ablative materials [13].

Although a wide spectrum of layered silicates has been 
studied, organically modified montmorillonite (OMMT)/
polymer nanocomposites have been the main focus of 
numerous research works because of their low cost and 

Abstract The successful return of space vehicles to the 
Earth’s atmosphere depends largely on the provision made 
for reducing the aerodynamic heat transfer to its structure. 
Regarding this, using charring ablative composites is more 
effective and economic than other methods. Some limita-
tions are associated with the ablative composites, such as 
weakness of composite char structure which results in easy 
mechanical corrosion leading to faster surface erosion of 
insulator. Polymer nanocomposites, especially highly filled 
systems, show interesting mechanical and thermal prop-
erties. In this work, high-filled organoclay/asbestos/phe-
nolic nanocomposite samples were prepared as prototypes. 
The morphology, mechanical and ablation performance 
of these nanocomposites were investigated and compared 
with those of their composite counterparts. Furthermore, 
toughening mechanism of such highly filled nanocompos-
ite system was studied and its capability as ablative heat 
shield was discussed. The results showed that the ablation 
performance of the highly filled polymeric nanocompos-
ite, with exfoliated morphology, was higher than that of the 
composite counterpart; up to 35 % reduction in erosion rate 
and above 300 % decrease in temperature in depth. These 
nanocomposites preserved their strength and modulus in 
spite of high loading of clay and showed higher toughening 
in comparison with composite counterpart. The toughening 
mechanism of the highly filled polymeric nanocomposite 
was distinguished as crack branching due to flake shape 
and strength of organoclay platelets.
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