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Heat treatment effect on the distribution of organic clay
in polymer nanocomposites

Jie Tian1 Yan Li1 Yuming Zhao1 Qing Ding1 Jinwen Ai1 Shouding Li2 Qi Cheng2∗

Abstract: In this paper, the effects of heat treatment temperature on the degree of exfoliation of organic
clay under different compatibilizers were tested by using organic clay 93A, high density polyethylene (HDPE)
and compatibilizer (PE-g-MA), polyethylene maleic anhydride copolymer (PEMA), maleic anhydride and
polyethylene blend (MA/PE). The proportion of organic clay is 5 wt%, HDPE is 90 wt% and compatibilizer is
5 wt%. Temperature ranged from 210oC to 250oC, the position of [001] peak in the sample was determined,
FESEM, TGA, FTIR and XRD was used to analyze the influence of temperature on the distribution behavior of
clay in polymer system. The results are very significant for the industrial production of clay composite materials.
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1 Introduction

Clay is silicoaluminate with very small particles, its
structure is composed of silica tetrahedron and alumina
octahedron. Clay is an important mineral material, due to
the large specific surface, perfect physical adsorption and
surface chemical activity, it is widely used as polymer ad-
ditives, which can facilitate intercalation and expansion[1].
Clay/polymer nanocomposites are widely used in insula-
tion materials, oxygen resistant sealing materials, drug
slow-release carriers, organic-inorganic composite fluo-
rescent materials and other fields with the characteristics
of economy, simplicity and environmental friendliness[2].

These excellent properties of clay materials are related
to the degree of peeling and dispersion of clay in poly-
mer[3]. For example, the increase of the specific surface
area of the clay after peeling can cause the increase of
Young’s modulus. In more cases, the ultimate goal of
the material treatment process is to completely peel the
clay into a single sheet, because the majority of properties
can only be reflected in the case of full peeling, such as
light transmittance, water oxygen barrier performance[4, 5].
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However, this kind of ideal stripping is not easy to achieve.
There are different degrees of clay particles dispersed in
the polymer system as aggregation state. Therefore, in
practical application, different strategies can be adopted
according to the compatibility between clay and polymer.
Due to the interaction between the hydrophilic polymer
molecules and the silicate surface of clay, the bipolar
polymer molecules are easy to adsorb and disperse the
peeled clay flakes. However, a large proportion of poly-
mers are hydrophobic polymer molecules, which are not
compatible with the surface of clay[6]. In this case, it is
very necessary to pre-treat the clay or polymer system.
The usual way is to add compatibilizer in the treatment.
This method has a very good effect on polymers without
any polar functional groups, such as PP, PE[7].

Many methods can be used to prepare nanocomposites
based on clay. In practical application, melting method
is widely used to prepare clay composite because of its
high efficiency, flexibility and mature technology. Be-
cause of the difference of thermal behavior and physical
properties of different compatibilizers, the comparative
test is very necessary. The melting temperature in the
process of heat treatment, such as screw extrusion and
casting grinding, is the main factor affecting the distribu-
tion of organic clay. Therefore, the common organic clay
93A and high-density polyethylene (HDPE) were used
to study the effect of heat treatment temperature on the
degree of stripping of organic clay under the action of
different compatibilizers. The results have an important
guiding role in the industrial production of clay composite
materials[8–10].
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2 Experimental

2.1 Materials

The 93A organoclay (Organic modifier: methyl di-
hydrogenated tallow ammonium; X-Ray Diffraction d-
Spacing (001) = 2.36 nm), high density polyethylene
(HDPE), compatibilizer polyethylene maleic anhydride
copolymer (PEMA), maleic anhydrite grafted polyethy-
lene (PE-g-MA), MAH/PE copolymer.

2.2 Thermal treatment

The degradation process was carried out in the Muffle
furnace for 2 minutes at different temperature (200◦C,
250◦C and 300◦C).

2.3 Extrusion experiment

Samples for exfoliation were prepared by extrusion
using a 16mm twin screw extruder (length/diameter =
24/1) with a screw speed of 200 r/min.

2.4 Characterizations

All the samples for XRD were determined by powder
X-ray diffraction (XRD) analyses with X-ray diffractome-
ter Philips X’Pert Pro (PANalytical, USA) with Cu Kα (λ
= 1.5418 Å) at 40 kV and 40 mA. Crystal structure and
morphology were measured by scanning electron micro-
scope (Hitachi). The infrared absorption characteristics
of samples were investigated by MAGNA-IR750 infrared
spectrometer. Thermogravimetric (TGA) experiment was
conducted by using TGA-2950 thermal analyzer with a
heating rate of 20oC/min.

3 Results and Discussion

The degradation results of organic clay in muffle fur-
nace are shown in Figure 1. Temperature range from
200oC to 220oC, no obvious color change of the organic
clay was observed in the treatment. However, from 250oC
to 300oC, the color of the organic clay reflected darker,
which indicated that the organic clay has degraded. These
results showed that the temperature of screw extrusion
and mold forming should not exceed 250oC when using
organic clay to prepare composite materials. The results
verified the organic clay start to degrade at high tempera-
ture, influence have an impact on physical and chemical
properties of the final product[11].

The processing is shown in Figure 2. HDPE, compatibi-
lizer and organic clay were mixed before screw extrusion,
with the proportion of 90%, 5% and 5%. The extrusion
temperature of the twin-screw extruder is set at 220oc
to facilitate the stripping and dispersion of clay. The

Figure 1. The degradation of the orgnoclay under different
temperatures (a: 200oC; b: 210oC; c: 220oC; d: 250oC; e:300oC)

material is granulated and dried after being extruded by
twin-screw to reduce the moisture content. The temper-
ature is set to 250oC or 210oC in the mold. The size of
sample is 25mm×25mm×1mm, which is used for XRD
testing[12, 13].

Figure 2. An illustration of the sample process

Figure 3 shows the IR spectra of 93A clay at differ-
ent temperature. As we can see, The -OH expansion
vibration peak at 3640-3600 cm−1 are the reflection of
the crystal water in the montmorillonite lattice, indicat-
ing that water on the organic surface is basically lost,
while the crystal water in the lattice remains. Peaks at
2920-2845 cm−1attribute to -CH stretching vibration ab-
sorption peak (two kind of vibration of symmetric and
asymmetric), it indicates organic quaternary loose salt
on groups of absorption peak. The internal vibration of
silicon-oxygen tetrahedron and aluminium-oxygen octa-
hedron is between 400-800 cm−1, and the strong absorp-
tion peak at 1050 cm−1 is skeleton vibration of Si-O-Si.
No obvious differences in Figure 3 complains the suitable
temperature of stripping ranges from 200oC to 300oC.

The SEM images of 93A clay at different temperature
are shown in Figure 4. The results displays 93A clay is
evenly dispersed and has the same particle size, which
is associated with the result of IR spectra in Figure 3.
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Figure 3. The IR spectra of 93A at different temperature

This result further illustrates the suitable temperature of
stripping ranges from 200oC to 300oC.

Figure 4. The SEM images of 93A clay at different temperature
(a: 25oC; b: 200oC; c: 250oC; d: 300oC)

To illustrate the compatibilizer’s decomposition temper-
ature, TG analysis was conducted. The results in Figure
5 show the decomposition temperature of PE-g-MA is
higher than PEMA and MA/PE, about 350oC. the de-
composition temperature of PEMA and MA/PE is about
250oC.

The results of X-ray spectra of various clay compos-
ite samples at 250oC are shown in Figure 6. It can be
concluded that no obvious characteristic in [001] peak of
pristine material range from 1o to 9o, as well as HDPE
(b), which did not add compatibilizer. However, obvi-
ous characteristic peak at the position of 3.5o occurred in
HDPE+93A(5%) system, indicating that unavailable of
distribution for clay. When 5% of compatibilizer PEMA
(d) was added, there was an obvious characteristic peak

Figure 5. TGA curves of PE-g-MA, PEMA and MA/PE

at 3.3o, similarly, the compatibilizer was MA-g-PE (e)
and MA/PE (f), an obvious characteristic peak appear at
the position of 3.3o. These results implicated clay are
partially degraded under condition of high temperature,
which have an impact on layered structure of clay, as well
as distribution in the polymer system[14].

Figure 6. XRD curves for samples at 250◦C. (a: 93A; b: Raw
HDPE; c: HDPE + 93A(5%); d: HDPE + 93A(5%) + PEMA(5%);
e: HDPE + 93A(5%) + PE-g-MA(5%); f: HDPE + 93A(5%) +
MA/PE(5%) copolymer)

XRD curves of different clay composite samples at
210◦C are shown in Figure 7. Seen from the figure that,
the [001] peak of the pristine clay (a) was at 3.75o, no
obvious characteristic peak of HDPE (b) sample can be
found at the range of 0.9-10o, as well as HDPE+93A(5%),
indicating that the perfect distribution of the organic clay.
When adding 5% compatibilizer PEMA (d), obvious char-
acteristic peak occured at 3.3o, which certified that PEMA
is not useful to the distribution of clay/HDPE system.
When the compatibilizer is replaced by PE-g-MA (e) and
MA/PE (f), no obvious peak can be observed, which il-
lustrated that the clay can completely distribute in the
polymer. These results verified that the appropriate treat-
ment temperature is an important factor in the distribution
of clay[15, 16].
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Figure 7. XRD curves for samples at 210◦C. (a: 93A; b: Raw
HDPE; c: HDPE + 93A(5%); d: HDPE + 93A(5%) + PEMA(5%);
e: HDPE + 93A(5%) + PE-g-MA(5%); f: HDPE + 93A(5%) +
MA/PE(5%) copolymer)

4 Conclusions

The temperature is very important to synthesis of or-
ganic clay composite. If temperature exceeds normal
criterion, clay will begin to degrade in the process of
treatment, affecting the physicochemical properties. At
high temperature, the organic molecules in the clay par-
tially degrade, which leads to side-effect in layer structure
of the clay, influence have an impact on the distribution
of clay in the polymer. However, at suitable temperature,
clay can be completely distributed in the polymer sys-
tem. Therefore, appropriate treatment temperature is an
important factor in the research.
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