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—  Epoxy polymer (EP) In this work a hybrid composite materials were prepared containing
-~ Volume ratio (&) matrix of polymer blend (Novolac 70% + Epoxy 30%) reinforced by different
—  Gain Weight (AW) reinforcing materials (Alumina Powder + Moissanite Powder (SiC) +

Asbestos short  fiber ) with values of volume ratio (35) %. The hybrid
composite materials prepared are:

C1 = Blend + Al,O; + As (35) %, C2 = Blend + SiC + As (35) % and

C3 = Blend + Al,O; + SiC + As (35) %. All samples related to thermal tests
were prepared by hand lay-up process. Thermal tests: thermogravimatric
analysis (TGA). Thermal experimentations results were in favor of the samples
(C3) with an obvious weakness of the samples (C1) and a decrease of these
properties with a rise in temperature. These thermal properties of the samples
which contain the mixture (Alumina Powder + Moissanite Powder + Asbestos
short fiber) (C3) were of lower residue weight which is good heat isolation and
fire resistance. For the (C1) samples there was high tendency to lose weight
with high temperature and less as to the samples (C3).

The aim of the research is to know the resistance of the material to the amount
of loss of weight with high temperatures and in any industrial application can
be used. DOI: http://dx.doi.org/10.31257/2018/JKP/100213
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1. Introduction

Composites are quite common today and
are used in nearly every segment of civilian and
military industry. The idea of reinforcement is
not new. Over the centuries, natural fibers, such
as grass or animal hair, have been used to
improve the strength and to lessen shrinking of
pottery prior to firing and increase the strength
in mud houses. This idea in the present form has
been exploited with the development of glass,
carbon and later of aramid fibers [1].

Thermal Effect (Ablation test)

Thermal degradation is the scission of
molecular chain at elevated temperatures, so
some rubbers undergoes chemical reactions in
which gaseous species are produced. These
reactions are evidenced by a weight loss of
material, polymers thermal stability is a
measure of its resilience to this decomposition.
Thermal stability is related primarily to the
magnitude of the bonding energies between the
various atomic constituents of the polymer.

Plastics can be protected from thermal
degradation by incorporating stabilizers into
them.

Fire  performance characteristics of
polymeric composites are dependent on the
chemical nature and amount of the resin matrix
used (resin) however needs extra attention. In
general, resins are made fire retardant, by the
use of additives and fillers like for example
aluminum nitride. Fig. (1) explains the concepts
of the theory for polymeric material and its
composites after exposure to high temperature,
which is classified into three regimes [2]:

1. Carbonized zone.
2. Pyrolyzed zone.

3. Virgin base material
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Fig (1): the ablation for elastic polymer
reinforced with the particles [3].

The fire resistance of a polymer can be
increased by adding fire retardant fillers. The
degree of flammability of a polymer is a
function of [3]:

1-Matrix type and amount (dominant)

2- Quantity of fire-retardant additives. (It is
common practice to add this to hard polymers)

3-Type and amount of reinforcement
(if any). (e.g. adding a lot of particles helps to
improve fire resistance in hard polymers such as
resin and polyester).

Fillers (particulate) improve thermal and
thermal-oxidative stability of polymers by the
formation of thermally stable chemical bonds
between polymer and the filler. It is believed
that formation of cross-linking bonds and of a
three dimensional polymer-filler network at
elevated temperatures increases the thermal
stability of the polymer. Besides, chemically
active filler may promote the decomposition of
thermally unstable groups present in the
polymer to form more thermally stable bonds or
these filler may play an important role in
retarding the kinetics of radical decomposition.
Also, relatively higher thermal conductivity and
heat capacity of filler is supposed to dissipate
the heat energy, and improve the thermal
stability of the polymer-filler composite [4].

The degree of the thermal erosion rate is
determined by the following relation: [3]
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E, =x/t,

Where, E; is erosion rate (mm/sec), X is
specimen’s thickness; t; is the burning time
(sec).

2. Materials
2.1 Phenol Formaldehyde polymer (novolac
type)

Phenol Formaldehyde (novolac type) is
most widely utilized since it is cheap polymer
resin. This matrix material is used primarily
with carbon fiber, glass fiber composites, and
alumina, silica powder.

Commercial phenolic resins provided from
Iran novolac type , mixed with weight fraction
of (12-14) % hexametheltitramine (H.M.T.A) of
yellow color powder of density 0.921g/cm? are
used.

2.2 Epoxy polymer (EP)

Epoxy resin (type Conbextra EP10) was
used in this research; it is a liquid with moderate
viscosity and capable to be converted to solid
state by adding the solution (Metaphenylene
Diamine, MPDA) as hardener. This hardener is
a light liquid with yellowish color, the ratio of
this hardener to the epoxy is about (1:3). This
resin also has applicable technical specification
such as, high adhesion to fibers and low
shrinkage during solidification.

2.3 Asbestos short fibers

Chrysotile known as white asbestos was
used, Chrysotile is hydrated silicates are found
in certain types of rocks, known for its snake-
like, curly appearance, soft, flexible, strong,
durable, and resistant to heat and fire, its density
is 2.4 g/lem®[5] .

2.4 Alumina particles

A white powder Al,O3 of density (3.89)
glem® and of particle size less than 250 # was
used .1t is useful at high temperature and has a
high dielectric strength, excellent electrical
resistance [5].

2.5 Silica carbide particles

After carbide, silicon is the most
plentiful element on the earth's cust. It occurs as
its carbide either free or combined with metallic
oxides as silicates.

Silica crystallizes in different forms at
different temperatures, but as the changes are
slow, the unstable form occurs naturally, as well
as the farmore common stable from which is y—

phase [5].

Silica carbide materials are basic
fundamental materials for much of the ceramic
application. Silica carbide is a raw materials,
which provide strength to the dried and fired
wares [5]. It is widely used because it is
inexpensive, hard, chemically stable and
relatively infusible.

2.6 Preparation steps for composites materials

1 - The novolac was mixed with methanol
(1/2 weight of solvent to novolac) [5].

2 — The novolac liquid mixed with
(H.M.T.A) hardener (12-14) % powder [5].

3 - Epoxy resin mixed with (33) %
hardener.

4 — The mixture in the step (2) mixed with
the mixture in the step (3).

(70% Novolac + 30% Epoxy) in order to
prepare the polymer blend (Inter pentrating
polymer network) [5].

5 — The polymer blend in the step (4)
reinforced by different types of particles (Al,O3,
SiC) and asbestos fibers with values of volume
fraction (35) %.

6 — Three hybrids composites materials
prepared:

C1 =Blend + Al,O3 + As (35) %
C2 =Blend + SiC + As (35) %
C3 =Blend + Al,03 + SiC + As (35) %

7 — For all cases, this was calculated by
applying the relationship [5] :
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1+ ((1- w)/ v) * (pt/ pm)

Where @, y are the volume and weight
ratio of the reinforcements respectively.

ps , pm are the density of reinforcements
and matrix respectively.

The density of the prepared hybrids was
determined from the equation:

Pm=X1p1 + Xop2  ....... ( rule of mixtures) [5]

Where pnm
(polymer blend).

the density of the matrix

p1, p2 : the density of the first polymer and
the second respectively.

X1, X2 : the percentages of the first polymer
and the second respectively.

Themogravimetric Analysis (TGA)

This analysis shows how the prepared
hybrid behaves as temperature increases from
low to high temperature gradually. The thermal
oxidative degradation pathways are studied
using computerized digital oven Model
(Gallenhamp  Program Rapid), and the
specimens (of weight 100 gm)were put in a
porcelain vessel and placed in oven at heating
rate 50°C/min in air to various temperature from
25 up to 500 °C. The temperature was measured
with a sensitive ballistic system Model (four
digits), as the temperature increased the weight,
loss occurred.

3. Thermo gravimetric Analysis (TGA)
Test

Figures (2) and represent the
relationship between increasing the temperature
and the residue weight for hybrids composites
materials and from this figure one can conclude
the following results:

1 — C1 has high ability to residue weight
with increasing temperature while C3 has low

ability to residue weight with increasing
temperature.

2— Specimens that contain only (SiC) give
(Residue weight) lower than the (Residue
weight) of the Specimens that contain only (
Al,O3).

Cl >C2.

3 — Specimens that contain both ( Al,O3 +
SiC) give (Residue weight) lower than the
Specimens that contain only ( Al,O3) or
Specimens that contain only (SiC) .

Cl1>C3,C2>C3.

The polymeric material undergoes many
changes when it is heated gradually from low to
high temperature at constant rate, during which
the material emits gases and liquid, changes
occur in shape, color and molecular weight. The
ability of polymer to resist these changes at high
temperature is called thermal stability [6].

Therefore TGA measurement is employed
to study the thermal- oxidative degradation of
prepared hybrids in air. Fig. (2) and Table (1)
represent the TGA curves for all samples. These
figures show three stages for pyrolysis
degradation.

1 — First stage is at temperature range from
room temperature up to 300 °C during this
interval  hybrids releases little  gaseous
components, therefore the loss in weight in this
stage is very small [7].

2 — Second stage is at temperature range
from (200-350) °C, heating causes the release
vapors of water, CO, phenol. And weight loss
increases at rate more than that at first stage, in
this stage thermal degradation occurs with less
degradation in density with out shrinkage [8].
This stage also includes broken of molecular
chain of polymer.

3 - Third stage is at temperature range from
350 °C and so on, in this stage there is shrinkage
with large decrease in weight, heating in this
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stage causes the release of phenol, H,O, CHy,
CO,, Benzene [9].

Results also show that the thermal
stability increases in (C3) compared with other
samples, depending on the type and loading
ratio of the reinforcements in the hybrids
composites. As the loading ratio of (Al O3 +
SiC) increases the hybrids become more stable
compared with hybrids as loading ratio of (SiC)
or Al,O3) increases as shown in Fig (2) .

4. Conclusions

This work has reached to the following
conclusions: Specimens that contain both (
Al,O3 + SiC) give (Residue weight) lower than
the Specimens that contain only ( Al,O3) or
Specimens that contain only (SiC) . Specimens
that contain only (SiC) give (Residue weight)
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