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Abstract
Surfactants modified organoclays are known to undergo degradation during the melt process. In this work nitrogen 

absorption/desorption and X-ray diffraction were applied to study the mechanic of the degradation by employing 
the thermal treated commercial organoclay 93A. The 93A powder samples were heated in the Muffle furnace for 2 
minutes at temperature ranged from 200 Celsius from 600 Celsius (200°C, 250°C, 300°C, 350°C and 600°C). The N2 
absorption/desorption results showed the BET surface area is 10.402 m2/g, 9.455 m2/g, 14.169 m2/g, 8.860 m2/g 
and 9.198 m2/g respectively. The XRD results showed the d-space [001] 2θ=3.8 for all the samples (200°C -350°C) 
which did not change compared with the original 93A while the 600°C this unique reflection disappeared. The results 
indicate that the silicate clay skeletons thermal resistant ability can protect the surfactant molecules from degradation 
in the test temperature range low 350°C and the surfactant (which intercalated in the galleries) at the edge part of the 
galleries is first to degrade. High heating temperature can accelerates the vapour of the surfactants in the degradation 
process.

Keywords: Organoclay; Degradation; Surface area; Clay porosity;
X-Ray diffraction

Introduction
The exploration of layered materials such as clay related polymer 

nanocomposites are one of the most attractive research fields for the 
novel materials designers which merged with the development of 
nanoscience and nanotechnology during the recent decades [1-5]. 
And the organoclay based polymer fillers, which composed of sodium 
montmorillonite (MMT) cationically exchanged with alkyl ammonium 
surfactants which expand the interlayer distance of the clay, have 
attracted considerable interest in many properties, such as mechanic 
properties, gas barrier properties, fire retardancy, conductivity, 
thermal stability, and degradability [1-14]. And with the incorporation 
of nanofillers/nano-reinforcements into polymer matrices, the clay 
based nanofillers are considered to be the most promising area which 
could lead to a significant enhancement compared to conventional 
composites [1]. These improvements can be realized without 
significantly increasing the density of the polymer or changing its 
optical properties at very low loading level. All these advantages make 
this kind of materials loads of interesting prospects for a wide range 
of applications in microbiology, nanotechnology, electronics, food 
packaging and so on [2-4].

Generally, the clay surface is hydrophilic and the surfactants such 
as tertiary or quaternary alkyl ammonium salts are bipolar molecules 
with hydrophobic tails [1,3,7]. For the clay nanocomposites, the 
significant property enhancements are rely on the affinity which to 
some extent is determined by the polarity of the polymer matrix and 
the type of organic modifier. And the affinity of the polymer with 
the surface of the clay and organoclay is essential for the favorable 
interactions within these materials. And the intercalated surfactant 
in the organoclay galleries is the bridge for the affinity of the clay 
layers and the polymer matrix and in some cases it also provides the 
resultant materials additional property such as antibacterial ability 
[7]. And also research reports that the compatibility of the polymer 
matrix and the organoclays can be greatly improved by the modifying 
the surfactant alky tails (branched or chain) which can provide more or 
less coverage during the exfoliation [2-4,12]. Thus, to obtain high levels 

of exfoliation is the key approach to achieve the high aspect ratio and 
surface area which is essential for the affinity. Therefore, the dispersion, 
or exfoliation of the individual organoclay layers within the polymer 
matrix is very important in the significant property enhancements. 

Even the raw clay such as montmorillonite is not thermally stable 
at high temperatures, the organoclays filled with the surfactants may 
undergo degradation reactions at temperatures below the typical melt 
processing temperatures for the matrix polymers [3-6]. The instability 
of the surfactants in the clay galleries might be the first to degradation 
during the melt exfoliation process which will be resulted in the failure 
of the effective affinity function for each individual layer in the polymer 
matrix [11-13]. And the lack of thermally stable organoclays is one of 
the difficulties in the clay/polymer nanocomposites development. Thus, 
organoclay degradation becomes an issue that must be considered 
when forming polymer nanocomposites by melt processing. Although 
there are loads of the reports about the organoclay degradations during 
the melt process [8-21], the details about the mechanic of degradation 
are still unclear which is of prime importance to the understanding of 
organoclay degradation. 

Thus, this study is focused on the thermal process effects on the 
organoclays during the melt process by monitoring the external surface 
areas and the interlayer spaces. These results provide the insights into 
the understanding of the organoclay degradation and the direction for 
stable organoclay designing and also provide the clue to improve the 
quality of organoclay based polymer nanocomposites in the thermal 
process.
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Experimental
Materials

The 93A organoclay (Organic Modifier: methyl dihydrogenated 
tallow ammonium; X-Ray Diffraction d-Spacing (001)=2.36 nm) was 
purchased form Southern Clay Products (USA). All other chemicals 
used in this experiment were used as received and the water used in this 
work was distilled water.

Samples thermal degradation

The organoclay degradation process was carried out by heating the 
93A in the Muffle furnace for 2 minutes at different temperature ranged 
from 200 Celsius from 600 Celsius (200°C, 250°C, 300°C, 350°C and 
600°C). And during the experiment the sample weight was recorded 
before and after the heating at each temperature. 

Absorption/Desorption

The surface area, isotherm, and pore size distribution were 
measured by nitrogen adsorption and desorption at liquid nitrogen 
temperature (77 K) on a Quantachrome Autoabsorb. The tubes used 
in this experiment were 9 mm and 12 mm in diameter which were 
completely cleaned before each measurement using acetone and 
water in turn and dried in the oven at 70°C over-night. Prior to the 
determination of the adsorption isotherm, the samples (approximately 
0.45 g) were outgassed for 12 h at 25°C. The samples are in powder 
format and load as they are. The compressed sample was compressed 
by the FT-IR sample compressor.

X-Ray diffraction

All the samples for XRD were determined by powder X-ray 
diffraction (XRD) analyses with X-ray diffractometer (Cu Kα, 
λ=1.5418Å) and generated at 30 kV, 30 mA. Scattering angles were 
ranged from 1° to 50°.

Results and Discussion
Melt process is considered the most efficient and flexible way 

for the polymer/organoclay nanocomposites fabrication and the 
organoclay dispersion i.e. exfoliation is determined by several 
aspects such as the extruder and screw configurations and residence 
times during the process. The shortcoming of this process is the 
degradation of the organoclay which is mainly affected by the process 
temperature. The melt temperature for the polymer matrix can be 
as high as several hundred Celsius while the tolerant temperature 
for the organoclay surfactants normally much lower than that value. 
And thus the degradation happens. Though the whole degradation is 
much complicated in the real exfoliation melt process, here we used 
the commercial organoclay 93A as an example to simplify this process 
by heating the organoclay in the furnace at different temperature to 
module the melt exfoliation process and then characterise the surface 
area and gallery distance to see the mechanic of clay degradation. The 
93A samples that heated under different temperatures for 2 minutes 
is showed in Figure 1 and from the picture we can see that organoclay 
colour changed from white to grey from the range of room temperature 
25°C to 350°C (Figures 1a-1f) and the colour become darker when 
the temperature increase. The 93A sample treated with 600°C for 2 
minutes became black (Figure 1g). And this colour change indicates 
the degradation occurred during this heating process.

Weight difference of the samples during this thermal heating 
process was also recorded and the result is showed in Figure 2. From the 

curve we can clearly see that the sample resident weight remained from 
96% to 70% when heated from 200°C to 350°C and at the temperature 
600°C only 61% left. And these results indicate that during this thermal 
degradation process, the surfactant in the organoclay was released 
which contributed to the weight loss of the clay samples. Though 
in the test condition, the situations that the organoclay undergo are 
different from the real melt extrusion where the organoclay is in the 
melt polymer and lack of oxygen environment, the thermal treatments 
are similar as far as the effects on the organoclay are concerned.

As we know 93A organoclay is made from the cations exchange and 
the inter-gallery surfactant is quaternary alkyl ammonium salts and the 
microstructure of the clay is showed in Figure 3a and we hypothesize 
there are four possibilities for the degradation of organoclay 93A which 
is showed in the Figure 3b (1-4). In the first situation (Figure 3b-1), the 
clay platelet breaks down into smaller ones while the gallery distance 
keeps the same. This process is associated with weight loss and surface 
area increase significantly; in the second situation (Figure 3b-2), the 
clay platelets change the arrangements and the inter platelet distances 
and angels changes, and there is slightly changes in surface area and 
the no change in gallery distance; in the third situation (Figure 3b-3), 
the platelet half break and the damaged layers form inter-platelet pores 
and this associated with the weight loss and surface area increase, while 
gallery distance keep the same; in the forth situation (Figure 3b-4), the 
platelets break down into smaller ones and the deformation occur at 
the edge part of the layers which is associated with weight loss. In order 
to further confirm these possibilities, the surface area and pore size 
distribution were calculated through nitrogen absorption/desorption 
and the gallery distances (d-space, [001]) were monitored by X-ray 
diffraction. 

Nitrogen absorption/desorption tests were carried out for the 
above mentioned samples. And isotherm curves showed that all the 
samples have low BET surface areas which mean that the samples 
have the similar low microspore surface area (Table 1) but have large 
portion of macrospore and mesopore characteristic. And the results 
show these samples don’t have too much different in the BET surface 
area which range from lower 8.860 to higher 14.169 m2/g, as the N2 
cannot get into the galleries of the clay [15-18], this surface area is 
mainly contributed by the external platelet macrospores/mesopores. 
These results indicate during the degradation process the clay did not 
break down into smaller platelets.

In order to further characterise the heat treated samples of 93A, 
X-ray diffraction experiments were carried out and results are showed 
in Figure 4. From results we can see that the [001] reflection appeared 
at 2θ=3.8 for all the samples (200°C-350°C) and did not change in 
all these samples compared with the original 93A at 25°C (Figure 4), 
but for the sample treated at 600°C, the [001] reflection disappeared. 
All other peaks kept the same in all these samples include the 600°C 
treated. These results showed that during the degradation process, the 
gallery distance does not change when the heat temperature is lower 
than 350°C (for 2 minutes). However, if the temperature increased to 
600°C, the organoclay is no longer in stacking order which characterises 
layered platelets and this structure is suppressed and replace by the 
edge to edge or edge to face assemblies (no 001 reflection). These results 
indicate that upon the thermal treatment, the interlayered surfactant 
is transformed into oxide pillars which stabilize the gallery spacing 
between the adjacent clay layers [16].

SEM observation in Figure 5 showed that the clay sample at 
room temperature has the typical flask layered structure (Figure 5A) 
but when the samples treated with high temperature from 250°C, the 
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structure began to change and the crashed surface morphology was 
observed (Figure 5B); and when the temperature continue to increase 
to 350°C and 600°C (Figures 5C and 5D), the clay particles completely 
lose their layered structure. SEM morphology showed that during the 
thermal degradation, the organic molecular inside the galleries is first 
undergoing the degradation and the surfactant molecules are the key 
issue when the orgnoclays are treated at high temperatures.

From the above analysis, it is clearly indicate that in these 4 
hypothesis, only the second and the forth situation are possible. And 
one reasonable explanation for the degradation during the thermal 
treatment process is that at the relatively lower temperature, due to the 
silicate clay skeletons thermal resistant ability, the surfactant (which 
intercalated in the galleries) at the edge part of the galleries is first to 
degrade while the far deep into the galleries surfactant molecules can 
still hold in the position and this process is showed in the Figure 6. To 
this point, the higher heating temperature just accelerates the vapour of 
the surfactants in the degradation process.

Figure 1: The images of 93A organoclay heated at different temperature 25°C 
(a); 150°C (b); 200°C (c);  250°C (d); 300°C (e); 350°C (f) and 600°C (g). 

 

99.9
96

90

78

70

61

50

60

70

80

90

100

110

0 100 200 300 400 500 600 700

Temperature (°C)

W
eig

ht 
(%

)

Figure 2: The sample resident weight curve in the thermal heating process.

Figure 3: The illustration of organoclay microstructure (a) and the possibili-
ties of the degradation process (b)
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Figure 3: XRD spectra of the 93A organoclay 25°C (a); 200°C (b);  250°C 
(c); 300°C (d); 350°C (e) and 600°C (f). Figure 6: The illustration of organoclay platelet degradation process

Figure 5: Typical morphology of clay samples in SEM. (A) 25°C; (B) 250°C; 
(C) 350°C; (D) 600°C.
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Conclusions
The organoclay degradation is not always associated with the 

surface area and interlayer distance changes. The nitrogen absorption/
desorption surface area is mainly contributed by the inter-particle 
pores. The surface area and the gallery distance do not change during 
the degradation process. And the degradation process starts at the edge 
part of galleries in the organoclay platelets which is associated with the 
weight loss. This study might be useful for the guide of designing the 
target organoclay for the different purposes. And also it might be useful 
for the reference of the thermal based polymer process regarding the 
degradations.
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