


SUMMARY AND CONCLUSIONS

Advanced materials with new applications and functions are of
vital importance to industry development. It is not easy to produce
advanced materials without introducing new synthesis processes. One of
the most recent and important techniques is known as combustion
synthesis or self-propagating high temperature synthesis (SHS) which
used mainly to produce advanced materials. Titanium carbide/aluminum
oxide TiC/Al,O; composites have become an important class of the
cutting tools materials and have a wide range of applications.

The present investigation aims to synthesize titanium
carbide/aluminum oxide TiC/Al,O; composites by self-propagating
combustion technique. The dependence of microstructure, composition
and density of products, as well as combustion temperature and the wave
velocity, on the Al grain size, Al content and initial temperature of the
reaction were studied. The work was extended to Study the
thermodynamics and kinetics of the different reactions occurring during
the combustion process. The adiabatic temperature and the activation
energy of the combustion reactions using the wave velocity

measurements method were calculated.
The thesis comprises of three parts as follows:

1-LITERATURE
The literature review covered the previous works applied for the
synthesis of TiC and its composites with Al,O; with special emphasis on

the synthesis with self-propagation combustion technique.
2-EXPERIMENTAL
This part consists of:

i- About raw materials, there types, sizes and purity.
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ii-  Synthesis procedure, which included mixing, briquetting,

combustion synthesis reactor and synthesis.

iii-  Characterization of the products using x-ray diffraction analysis
(X-ray), optical microscope (OM), scanning electron
microscope investigation (SEM), Archimedean method and

oxidation behavior.

3- RESULTS AND DISSCUSIONS
The results obtained from these studies are summarized as follows:

i. Thermodynamic clarifications for Combustion Synthesis of
TiC/ALO;

* The adiabatic temperature T,, of a combustion reaction was the
maximum achievable combustion temperature in case of
adiabatic conditions and increased linearly with increasing the
initial temperature of the reaction. The adiabatic temperature of
the reaction at 298 K was 2403 K which was higher than that of
the empirical value 1800 K which means that the reaction

between T10,, Aland C can proceed in a self-sustaining manner.

= The effect of the presence of excess Al, x, mol (per one mole of
TiC) on the T,y of the combustion reaction at 298 K was
calculated. Increasing vaiue of x to 0.159 reduces T, to the
melting point of Al,O3 (2323 K) and then T,4 becomes constant
at this value over a wide range of excess Al to x = 1.164. Further
Al additions beyond 1.164 mol lead to a stepwise decrease in the
value of T,y On the other hand, at x < 0.159, the calculations
show that 100 % of Al,O; is in the molten state. However, at x >
0.159, fraction of molten Al,O; decreases gradually and become

zero at x > 1.164,
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ii.

iii.

Combustion synthesis of TiC/ALO; composite at room

temperature

Combustion synthesis of TiC/Al,O; from its starting
materials at room temperature produced only TiC/Al,O; where no
raw materials were detected in the products by x-ray analysis. The
combustion wave propagated in non-steady state (pulsating mode)
and its combustion wave velocity was relatively low (1.56 mms”™).
The measured combustion temperature was 1857 °C and The
maximum heating rate during the combustion synthesis was 3464
°Cf/s. Optical microscopy (OM) of the microstructure for the
product (longitudinal section) showed the formation of laminated
structure of alternatively large pores and ceramic of different sizes.
The volume fraction of the pores was measured by Archimedean
method and equal to 43 %. Scanning electron microscopy (SEM)
showed the existence of two different phases, dark phase (Al,O;)

and colorless phase (TiC).

Synthesis of TiC/ALL,O; composites at different Al grain sizes

= Five different samples containing aluminum powder with
different grain sizes less than (20, 36, 53, 71, 93 um) were
successfully synthesized by SHS process except at < 93 um

where, the reaction failed to propagate.

* The combustion wave velocities were inversely proportional to
the aluminum grain sizes and propagated in pulsating mode. The
measured wave velocities for different grain sizes less than (20,
36, 53, 71, pm) were (1.63, 1.56, 1.44, 0.89 mm/s) respectively.
No significant change in the combustion temperature was

observed with increasing the grain size of Al
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iv.

iv.

Microscopic investigations of the combustion products showed
that at less than 20 um Al grain size, dark and colorless phases
formed more homogeneous structure with interpenetrating
phases, while, at higher grain sizes the produced microstructures
were composed of two separate phases (dark and coloriess),

where the dark phase form bigger grain than the colorless phase.
Effect of aluminum (Al) addition

Excess aluminum addition up to 15.83 wt % (4 mol) reduce the
combustion wave velocity to 1.1 mm/s, and the reaction fails to
propagated at excess aluminum of 21.38 wt % (6 mol). Where,
the relative density of the products increased to 66 %. XRD
analyses of the products revealed understandably the presence
of TiC/Al;O; as the main phase beside a moderate intensity
peaks corresponding to aluminum metal.

Microscopic investigation of these materials showed that the
structure of the products changes from separated phases to a

homogenous structure with increasing the aluminum addition.

Effect of preheating on the combustion synthesis of

TiC/ALO;

Combustion synthesis of TiC/Al,O3 composite was carried out
at different initial temperatures of (192, 299, 415, 501 and 597
°C).

The calculated adiabatic temperatures under these conditions
were 2260.27, 2339.38, 2440.93, 2511.95 and 2583.77 °C,
respectively.

The measured combustion temperatures of these reactions were

1887, 1917, 1967, 2002 and 2179 °C, respectively.
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The combustion wave velocities of these reactions were 1.88,

3.26, 3.84, 4.67 and 5.99 mm/s, respectively.

Generally, the rate of heating dT/dt increased with increasing
the initial temperature of the reactants and equaled 3616, 4210,
4860, 5227 and 5644 °C/s, respectively.

XRD of product carried out at 415 °C as preheating
temperature, showed, no difference between this product and
that one carried out at room temperature where, TiC and ALO;
peaks were present, and no peaks corresponding to the starting

materials were observed.

As the initial temperature increased, the microstrycture of the

products tended to form interpenetrating phases. Al,O3 seems to

be more sintered with increasing the initial temperature.
Activation energy calculations

Activation energy of the different combustion reactions was
calculated by wave velocity measurements and was found to be
316.34 kJ/mol for the combustion synthesis of TiQ; + 4/3A1+C

reaction.

The determined activation energy in case of adiabatic
conditions was 348.36 kJ/mol, which was higher than that in

case of non-adiabatic condition.
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