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ABSTRACT: Nanocomposites of Nanocor® L30E and natural rubber grade SVR 3L are
investigated. The mixing process is conducted by two-roll mill at different conditions. The structures of
clay in rubber matrix are characterized by XRD and SAXS. By premixing the material by two-roll mill
at room temperature following with treating at high temperature (about 100°C) the interlayers spacing

can reach to 5,17nm in case of surface heating in an oven and 4.73nm and more in case of internal

heating in microwave oven. In some cases an exfoliation can be attained.
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1. INTRODUCTION

Properties of clay/rubber nanocomposite
depend much more on structures of nanoclay in
rubber matrix. They may be intercalation,
exfoliation or disordered structures or a
mixture of them. In general, in natural-clay
filled polymers with favorable thermodynamics
for nanocomposite formation, the structure is
characterized by a coexistence of exfoliated,
intercalated and disordered layers. The mixed
exfoliated/intercalated structure is intrinsic in
MMT-based nanocomposites and originates
from the chemical and size inhomogeneities of
the MMT layers. This behavior is common for
most polymer/MMT nanocomposites, and
typically the larger — in lateral size — MMT
layers create intercalated tactoids, whereas the

smaller layers tend to exfoliate.

Three main factors that affect the
dispersing of nanoclay in melt polymer matrix

are thermodynamics, diffusion and stress'.

Thermodynamics is related to the
interactions of polymer and modifying agent in
organoclay. The change of free energy of

mixing process:
AG = AH - TAS.

In the intercalation process, the
conformation entropy of polymer chains
decreases when polymer molecules are forced
to be confined inside the narrow silicate
interlayer. So that high temperature is not
favorable to the intercalation. The intercalation
occurs when the polymer/clay interactions are
more favorable compared to the modifying
agent/clay interactions, i.e. AH is negative. On
the other hand, when nanoclay disperses in
polymer the entropy of the system increases

due to an improved configurational freedom of
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modifying agent, and a favorable enthalpic
contribution obtained when the polymer and
nanoclay are mixed. High temperature is more

favorable to the exfoliation.

Diffusion of polymer chains into interlayer
of nanoclay depends on the molecular weight,
temperature and resident time. The lower
molecular weight, the higher temperature and
the higher resident time, the higher efficiency

of diffusion is.

The higher stress, the easier dispersion is
but the more breaking down of polymer chains.
Stress in mixing process depends on
temperature, shear rate and viscosity of
polymer. To get a good result these factors

must be compromised.

Rubber chains are long, their diffusibility
are low. Most of nanoclays are prepared for
plastics, so modifiers are not suitable to rubber.
These are problems of dispersing nanoclay into

rubber matrix, especial in exfoliating.

2. EXPERIMENT

2.1. Materials.

Natural rubber grade SRV 3L is used in
this experiment. The nanoclay is Nanomer I
30E - the product of Nanocor®. This is
montmorillonite clay modified by
octadecylamine. The content of octadecylamine

is 25 — 30%. The compatilizer is SI 69 — the

product of Degussa. The chemical name is

Bis(triethoxysilylpropyl)polysulfide.

2.2. Experimental  Equipments and

Procedures.

To enhance the compatibility of clay and
rubber SI 69 is used. The weight ratios of SI 69
and clay are 10:100 and 20:100. Clay and SI 69
are blend in a mortar until homogeneous. To
facilitate the mixing ethanol can be used. In
this case the mixture must be dried after
mixing.

The modified clay then blended with
rubber. The contents of clay in rubber are 2, 4,
6, 8 and 10 phr. Two-roll mill is used for
blending. The time of blending is about 10

minutes.

The resulted compounds are treated by
heating in the oven at 80°C in 2 hours or in the
microwave oven in 10; 15 minutes.

The structures of nanocomposites are

characterized by XRD and SAXS.

3. RESULTS AND DISCUSSION

The XRD and SAXS spectra of rubber
nanocomposite using I 30E modified by SI 69
in Figure 1 and Figure 2 revealed the

disordered structure of nanocomposite.
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Figure 2. SAXS spe

When the ratio of SI 69:Clay increases to

20:100 the spectrum shows the peaks

equivalent to the interlayer spacing of 37.12;
35.40; 34.95 A compared with 22.59 A of the
original clay. This indicates that when the

content of SI 69 increases the interaction

ctra of nanocomposites

between SI 69 and rubber becomes remarkable
and benefits the rubber penetration. The results
also revealed the effect of nanoclay content in
nanocomposite. The higher content of
nanoclay, the higher interaction, the more

rubber penetration is.

Table 1. Interlayer spacing in chemical treatment

Interlayer spacing A
Nanoclay content (phr
S169:130E Y (pho)
2 4 6 8 10
10:100 - NA - NA -
20:100 - 37.12 35.40 34.95 NA

After heat treatments, structures of nanocomposite change remarkably. They become intercalated structures. The

interlayer spacing increases with time of treatment. The

existence of two peaks in the XRD spectrum indicates the

heterogeneity of the structure
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Figure 3. XRD spectra of nanocomposite after treating in microwave oven

By heating in microwave oven, at high

content of nanoclay the structure becomes
intercalated structure. The interlayer spacing
increases with the increasing in time of
treatment and the content of nanoclay. The

higher content of nanoclay and/or the longer

heat treatment the larger interlayer spacing of

nanoclay is.

Heat generation in microwave heating is
proportional to the content of nanoclay. The
higher content of nanoclay the higher heat

generation is.

Table 2. Interlayer spacing in heat treatment Microwave oven — SI69:Clay = 10:100

Nanoclay content (phr)

Interlayer spacing 6 10
5 min 15 min 5 min 15 min 5 min 15 min
D1 (A) - - - 47.34 33.95 77.21
D2 (A) - - - 33.62 - -
Table 3. Heat generation in heat treatment Microwave oven — S169:Clay = 10:100
Nanoclay content (phr)
6 10
5 min 15 min 5 min 15 min 5 min 15 min
Tini("C) 30 30 30 30 30 30
Tin(°C) 72 127 86 118 96 122
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By treatment in the hot air oven in 2 hours

at 80°C the structure of nanoccomposite

changes in the same manner as the one treated

in microwave oven, but the changes are clearer.
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Figure 4. XRD spectra of nanocoposites after treating in hot air oven.

The  structures of nanoclay are

heterogeneous. The longer treatment and/or

the higher content of nanoclay the larger

interlayer gallery is.

Table 4. Interlayer spacing in heat treatment Hot air oven — S169:Clay = 20:100

Nanoclay content (phr)

Interlayer spacing 2 4 6 8
Oh 2h Oh 2h Oh 2h Oh 2h
D1 (A) - 42.02 | 37.12 | 48.34 3540 | 51.76 | 34.95 -
D2 (A) - 36.02 - 36.09 - 36.62 - 36.55

The effect of heat treatment indicates that
at the first stage by mixing in two-roll mill the
of
disordered. The shear and peeling distort the

structure nanocomposite  mainly is
structure and the compatibilizer benefits the
rubber penetration. In the second stage high
temperature is favorable to intercalation and

exfoliation.

4. CONCLUSION

When mixing in two roll mill the peeling
and intercalating process are promoted by shear
rates at low temperature. The existence of a

compatibilizer promotes the intercalation.

the
of

Heat treatment process promotes

intercalation and exfoliation because

increasing in entropy of the system. High

temperature is favorable to the gallery

expanding and exfoliating process.
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He

at treatment can be used to promote the

dispersion of nanoclay in rubber matrix. The

process can be conducted in microwave oven

or hot air oven. Because of heat degradation of

rubber an antioxidant must be added to rubber

before treating.

ANH HUONG CUA QUA TRINH XU LY NHIET
PEN SU PHAN TAN CUA NANOCLAY TRONG CAO SU THIEN NHIEN

D4 Thanh Thanh Son
Truong Dai hoc Bach Khoa, PHQG-HCM

TOM TAT: Nanocomposit ciia Nanomer®I30E va cao su thién nhién dwoc ché tao va nghién ciru

cau tric. Qua trinh tron dwoc tién hanh trén mdy tron 2 truc o cac diéu kién khac nhau. Cau truc cua

clay trong nén cao su dwoc khdo sat bang phé XRD va SAXS. Bang cdch trén so bg trén mdy tron 2

truc, sau d6 hon hop duwoe xiv Iy nhiét & nhiét dé cao (khodng 100°C) khoang cdch giita cdc I0p c¢é thé

dat dén 5,17 nm khi xit Iy trong ti sdy va dat dén trén 4,73 nm khi xit Iy trong 16 vi séng. Trong mét sé

truong

(1]

[2].

hop ¢é thé ¢6 cau triic tach 16p.

Tir khoa: Nanocomposit, cao su thién nhién, XRD, SAXS.
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