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Summary: The paper is focused on the influence of some organic modifiers on the thermal stability 
of the clay-organic intercalates. The organic modifiers used were rubber, coal, thermosetting plastic, 
polystyrene and polyvinyl chloride Melt intercalation procedure was used. Modification with organic 
modifiers was performed at 400 oC. TG-DTA study was performed to evaluate the thermal stability 
of the resultant intercalates. Thermal properties were improved significantly in case of organically 
modified clay samples. Among the modifiers used, poly styrene proved very effective in case of 
crude clay while in case of pre baked clay, intercalation with rubber caused significant improvement 
in thermal stability. Thus, such intercalations are suggested to be effective if the clays under study 
are to be used at elevated temperature.  
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Introduction 
 

Various clay based hybrid nano-composites 
are researched due to their diverse applications [1-5]. 
One of the properties of such new and highly 
demanding material is the thermal stability. Particle 
coalescence, and  formation of agglomerates resulting 
due to collapses, sintering, and cementation as a 
consequence of  thermal shock to which such 
materials are exposed at high temperature is one of 
the shortcomings hindering their large scale 
applications [6]. 

 
Clays are enjoying popularity as catalysts 

and carriers for catalysts due to their abundance and 
low cost [7-10]. However, due to the presence of a 
variety of inorganics in the matrix, they do not prove 
effective at elevated temperatures due to poor 
sintering resistance [11-12]. Research is underway to 
improve the sintering resistance of clay based catalyst 
carriers [13-15]. 

 
Thermal stability of clay and clay based 

materials can be increased by modification with a 
variety of organic and inorganic compounds. Clay-
organic hybrids/composites are reported to have 
excellent thermal stability and other properties 
derived from the two partners [14-16]. A variety of 
methods like grafting, melt intercalation [17], one pot 
synthesis [18], and direct intercalation [19] have been 
reported in the literature. Similarly, clay-inorganic 
composites/intercalates/templates are researched 
presently to yield product of superior thermal 
properties [20-22] desired in high temperature 
applications. Guest- host inclusion i.e. exfoliation–
adsorption method is usually adopted for their 
synthesis [23, 24]. 

We report on the use of some organic 
modifiers like rubber, coal and various plastics to 

improve thermal stability of crude and pre baked clay 
samples 
 
Results and discussion 

 

Importance of modified clays in material 
science is well established particularly their use as 
adsorbents and as carrier for catalysts. The EDX 
signatures of both crude as well as pre-baked clay are 
given in Figs. 1(a) and 1(b), respectively. In the 
present study, clay samples were modified with some 
organic intercalating agents to view their impact on 
the thermal stability of the clay samples. The results 
are presented here. 

 
Effect of Organic Modifiers on Thermal Stability of 
Crude Clay 

 
Clay with excellent thermal properties is the 

main focus of today’s research. In order to study the 
effect of organic intercalation on the thermal stability 
of the crude clay, the clay samples were intercalated 
with various organic modifiers. The intercalated 
samples were analyzed using thermogravemetric & 
differential thermal analyzer to check their stability. 
TG-DTA curves of the original clay (crude) are given 
in Fig. 2. The TG curve shows a consistent mass loss 
from 100 to 1000 oC. In case of original clay sample, 
an endothermic peak having a shoulder at about 750 
oC, is observed in the DTA curve. This shows 
decarboxylation. After 750 oC, the DTA curve shows 
a rise. This can be ascribed to decomposition of 
carbonates presents in the clay. The results show that 
the mass loss in the TG curve is due to the removal of 
water and some decomposition reactions of 
carbonates present in the clay matrix. 
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Fig. 1(a): EDS signature of original clay sample 

 

 
 

 
 
Fig. 1(b): EDS signature of pre-baked clay sample 

 
The TG-DTA curves of the various 

organically modified crude clay samples are provided 
in Figs. 2-4. The data collected as mass losses using a 
computer soft ware is given in Table-1. The data 
shows that the total mass loss in case of original 
crude clay was 11.14 %. After intercalation of crude 
clay sample with rubber, the mass loss reduced to 
1.30 %. The mass loss calculated in case of clay-coal 
intercalate was 1.81%. The clay intercalated with 
thermosetting plastic shows a mass loss of 1.56 %. In 

case of polystyrene modification of crude clay, the 
mass loss was significantly reduced to 1.24% as 
compared to the other intercalates. The mass loss in 
case of clay-PVC intercalate was 1.50 %. 

 
 

 
 

Fig. 2: TG-DTA curves of original (crude) clay 
sample 

 

 
 
Fig. 3: TG curves of different organically modified 

clay samples ( S1: clay + rubber, S2: clay + 
coal, S3: clay + polystyrene, S4: clay + 
thermosetting plastic, S5: clay + poly vinyl 
chloride). 

 

Table-1: Mass loss in crude and variously organically 
modified crude clay samples  

Sample Mass Loss (%) 
Original 11.2 

Modified with    rubber 1.30 
Modified with   coal 1.81 

Modified with thermosetting plastic 1.56 
Modified with polystyrene 1.24 

Modified with    PVC 1.50 
Intercalation Temperature: 400 oC, Mixing ratio: 10%, Holding time: 2h 
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Fig. 4: DTA curves of different organically 

modified clay samples ( S1: clay + rubber, 
S2: clay + coal, S3: clay + polystyrene, S4: 
clay + thermosetting plastics, S5: clay + 
poly vinyl chloride) 
 
It is evident from the data that all the 

organic modifiers caused a meaningful effect on the 
thermal properties of the clay sample understudy. 
The effect of different modifiers used is not the same. 
This is due to the fact that intercalation strongly 
depends on the degree of ordering, type of guest 
molecules, method of intercalation, and presence and 
types of impurities [25]. As a large number of 
impurities are present in coal, hence the degree of 
ordering using such heterogeneous material is 
different. The presence of inorganic elements in coal 
produces a different type of nanotube distribution. 
Coal also produces other products such as 
microfilaments and polycyclic hydrocarbons when 
heated and thus imparts superior properties to the 
host material [26]. Similarly, rubber contains sulphur 
which is added to it as vulcanizing agent. The role of 
heteroatoms in nanostructure formation and their 
thermal stability is well established [27]. The effect 
of various polymeric additives like thermosetting 
plastic, polystyrene and polyvinyl chloride on the 
thermal properties of the resultant intercalates was 
also significant. The reason behind is the formation 
of pyrolytic carbon [28]. Among the polymeric 
materials used, polystyrene showed comparatively 
very pronounced effect on the thermal stability. Clay 
has layered structure with gallery spacing [29], these 
galleries or spacing offer sites for accumulation of 
condensed aromatic rings. As polystyrene 
(syndiotectic) has benzene ring in its structure exists 
in a layered crystalline to amorphous form which 
upon melt blending can induce strong effects on final 
crystallinity of the clay [30] and can add in the 
formation of pillars hence, leading to significant 

thermal stability. Higher thermal decomposition 
temperature of intercalated polystyrene–clay 
nanocomposites with organoclay containing benzyl 
unit has been reported previously [31] 

 
Endothermic peaks are also observable in all 

the DTA curves which show heat requirements. This 
heat is utilized in the softening or cracking of the 
carbonaceous materials, occluded in the clay galleries 
during intercalation.  
 
Effect of Organic Modifiers on Thermal Stability of 
Pre Baked Clay 

 
Various organically modified pre baked clay 

samples were tested to decide about the effect of 
organic modifiers on the thermal resistance. The TG-
DTA curves of the pre –baked and various modified 
pre-baked clay samples are given in Figs. 5-7. The 
data of total mass loss calculated in each case is 
given in Table-2. The data shows that the mass loss 
in case of original clay was 3.94 %. The mass loss in 
case of clay-rubber intercalate was 1.1 %. In case of 
clay-coal intercalate, the mass loss was 2.1 %. The 
intercalation of clay with thermosetting plastic 
showed a mass loss of 1.24 % while in case of clay-
polystyrene and clay-PVC intercalates, the mass 
losses calculated were 1.30 & 1.21 %, respectively. 

 

 
 
Fig. 5: TG-DTA curves of pre-baked clay sample. 
 
Table-2: Mass loss in pre-baked and variously 
organically modified pre-baked clay samples 

 Intercalation Temperature: 400 oC, Mixing ratio: 10%, Holding Time: 2hr 
 

Samples Mass Loss (%) 
Original 3.94 

Modified with    rubber 1.10 
Modified with   coal 2.10 

Modified with thermosetting plastic 1.24 
Modified with polystyrene 1.30 

Modified with    PVC 1.21 
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Comparing the results with the crude clay, 
the effect seems to be the same in case of all the 
organic modifiers used.  The only difference is, in 
case of crude clay, polystyrene caused significant 
improvement in thermal satiability while in case of 
pre baked clay, rubber caused improvement in 
thermal stability of the host clay. Rubber 
intercalation in to clay can results in the form of 
insertion of macromolecules in to the interspacing 
[32].The introduction of such macromolecules 
imparts thermal stability to the resultant intercalate 
[33]. 
 

 
 

Fig. 6: TG curves of pre-baked clay intercalated 
with organic modifiers. S1:clay- PVC, S2: 
Clay-rubber, S3: clay-coal, S4: clay- 
thermosetting plastic, S5: clay-polystyrene 

 

Another reason can be thought is the 
compatibilizer effect of organic compounds inside 
the clay resulting improvement in thermal stability 
and this compmatitibility is due to the presence of 
organophillic sites present with in the pre baked-clay 
matrix. 
 

DTA curves are also provided in Fig.7. No 
heat release could be observed. This means that heat 
is consumed not only in the dewatering of the host 
clay but also in the fragmentation of the 
carbonaceous materials leading to effective 
incorporation of the large sized thermally stable 
aromatics with in the clay interlayer. 

 
Experimental 
 

Collection of Samples 
 

Original as well as pre-baked clay samples 
were collected from brick kiln (Bahadir Kelly, 
Peshawar, Pakistan), ground, and dried in an oven at 
105 oC. The analysis of clay samples used are 
provided in Figs.1a, 1 b. 

 

 
 

Fig.7: TG curves of pre-baked clay intercalated 
with organic modifiers. S1:clay- PVC, S2: 
clay-rubber, S3: clay-coal, S4: clay- 
thermosetting plastic, S5: clay-polystyrene 
 

 

Melt Intercalation 
 

Organic modifiers like rubber (Gentipak), 
coal (Degari coal mine, Quetta, Pakistan) 
thermosetting plastic (Westmoreland Plastics 
Company), polystyrene(GPPS Polystyrene) and 
polyvinyl chloride (Lucky Plastic Industries) were 
intercalated to the clay. A known amount of the 
organic modifier (1 %) was peeled in to fine pieces 
and mixed with a known amount of clay. The mix 
was poured in a porcelain tray and heated in a tube 
furnace maintained at 900 oC for a period of 5 
minutes. The tray was removed & cooled in a 
dissicator. The resultant intercalate was scrapped 
with a spatula and stored for thermal analysis.  

 
Following the above method, both crude and 

pre baked clay samples were intercalated with the 
specified organic phases. 
 

Thermogravemetric and Differential Thermal 
Analysis  

 

For thermogravemetric analysis, the samples 
were analyzed using Thermogravemetric and 
Differential Thermal Analyzer (TG-DTA) to decide 
about mass loss in a particular temperature range and 
to evaluate their thermal resistance. The analysis 
conditions were  between 25 and 400 ° C and a 
heating rate of 10 ° C / min in nitrogen atmosphere 
with flow rate of 10 cm3 min-1 
 
Conclusion 

 

Thermal properties of the clay samples were 
improved significantly in case of organic modifiers 
particularly with polystyrene in case of crude clay 
and with rubber in case of pre baked clay. Thus, such 
intercalations are suggested to be effective if the 
clays understudy is to be used at elevated 
temperature. 
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