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Evaluation of Analytical Tools for Exploring Mechanisms of Flame Propagation
and/or Ignition in Materials Synthesis by Combustion

— Application to Ti-Al System _—

Atsushi MAKINO™!

Abstract

In order to elucidate combustion mechanisms, such as those for flame propagation and/or ignition of compacted mixture of
particles, so as to obtain optimum conditions relevant to materials synthesis by combustion, an attempt has been made to
construct analytical, computer codes, based on the latest heterogeneous theory for the SHS (Self-propagating High-temperature
Synthesis) flame propagation. Since the SHS process has been well recognized to be a rapid and economical way for
synthesizing novel materials, establishment of the computer codes, as analytical tools for exploring combustion mechanisms, and
further evaluation of validity of theories have strongly been anticipated, in order for extensive uses of the SHS process in
practical applications. In the present study, to meet these requirements, a series of examinations has been conducted with the
Ti-Al system taken as the research object. The subjects examined are (1) SHS flame propagation in a compacted mixture, (2)
that in a multi-layer foil, and (3) spontaneous ignition of a compacted mixture. Evaluation of thermophysical and/or
physicochemical properties has first been conducted, because their selections are indispensable in obtaining appropriate,
numerical results. By using a single set of thermophysical and/or physicochemical properties selected, numerical results have
been obtained for three different modes of the combustion synthesis. Experimental comparisons have also been conducted and
a fair degree of agreement has been demonstrated between theoretical and experimental results, as far as the trend and the
approximate magnitude are concerned. Since fair agreement has been obtained, it is considered that theories are valid and that

their application to the Ti-Al system is reasonable.
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Fig. 1 Schematic drawing of the SHS flame propagation

process in a multi-layer foil.
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Fig.2

Data from Makino,
Shibata, and Araki (1994).

T=750 K
680 K p=
—

0 20 40 60

2R, pm
Burning velocity u, as a function of the particle
diameter 2R, with the initial temperature 7, taken as a
parameter, for the stoichiometric mixture without
dilution. Solid curves are theoretical and data points

are experimental in the literature.
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Fig.3 SHS rate-constant uyR, as a function of the
normalized mixture ratio 2p/(1+p), with the initial
temperature 7, taken as a parameter. Solid curves
are theoretical and data points are experimental in the
literature.
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Fig.4

Degree of dilution «

SHS rate-constant uyR, as a function of the degree of
dilution k, with the initial temperature 7, taken as a
parameter.  Solid curves are theoretical and data

points are experimental in the literature.
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Fig.5 SHS rate-constant uyR, as a function of the initial
temperature 7, with the mixture ratio p taken as a
parameter.  Solid curves are theoretical and data

points are experimental in the literature for p=1.75.
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Fig.6 SHS rate-constant u# R, as a function of 2r/Ry?, with
Solid

curves are theoretical and data points are experimental

the initial temperature 7, taken as a parameter.

in the literature.
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Fig.7 Critical value of [Ry*/(2r)]ex as a function of the
normalized mixture ratio 2p/(1+p), with the initial
temperature 7, taken as a parameter. Solid curves

are theoretical and data points are experimental in the

literature.
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Fig.8 Range of flammability with respect to the normalized
mixture ratio 2p/(1+p) and the initial temperature 7,
with the heat-loss index [Ry%/(2r)]ex taken as a
parameter.  Solid curves are theoretical and data
points are experimental with R,%/(2r)>5 pum?*/mm.
Experimental data at 7,=680 K or less are in the
literature; those higher than 7,=750 K are obtained in
an experiment for the spontanecous ignition in JAXA

research in FY2007.
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Fig.9 Range of flammability with respect to the degree of
and T,, with [R¢*/(2r)] taken as a

Solid curves are theoretical and data

dilution x
parameter.
points are experimental.

Ty=660 K or less are in the literature with Ry*/(2r)~1

Experimental data at

um?mm; those higher than 7,=750 K are with
Ro*(2r)~5 pm*/mm, obtained in an experiment for the

spontaneous ignition in JAXA research in FY2007.
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A O Rogachev et al. (2004).
15 05 mm A Gachon, et al. (2005).
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Fig.10 Burning velocity u, for the stoichiometric Ti-Al
system as a function of the Ti layer thickness 2R,
with the intermixed region thickness 2a taken as a
parameter.  Solid curves are theoretical and data

points are experimental in the literature.
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= Analytical results
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15 o0 Rogachev et al. (2004). 600 K
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Fig.11 Burning velocity u, as a function of the Ti layer
thickness 2R, with the initial temperature T taken as
a parameter. Solid curves are theoretical and data

points are experimental in the literature.
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Fig.12 Burning velocity u, as a function of the initial
temperature 7,. The Ti layer thickness 2R;=9.27 nm.
Solid curve is theoretical and data points are

experimental in the literature.
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Solid

curve is theoretical; data points are experimental,

obtained in the JAXA research in FY2007.
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Fig. 15 Spontaneous ignition temperature 7 as a function of

the normalized mixture ratio 2up/(1+p) with /Ry
taken as a parameter. Solid curves are theoretical;
data points are experimental, obtained in the JAXA

research in FY2007.
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Fig. 16 Spontaneous ignition temperature 7 as a function of

the degree of dilution k with rJ/R, taken as a
parameter. Solid curves are theoretical; data points
are experimental, obtained in the JAXA research in

FY2007.
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Fig.17 Burning velocity u, observed after the spontaneous

ignition as a function of the size ratio ry/R,, with the
Solid
curves are theoretical; data points are experimental,
obtained in the JAXA research in FY2007. Dashed

compact diameter 27, taken as a parameter.

curve is the extinction limit.
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Fig.18 Burning velocity u, as a function of the normalized
mixture ratio 2p/(1+p) when r/Ry=1000. Solid curve
is theoretical; data points are experimental, obtained
in the JAXA research in FY2007. Dashed curve is the

extinction limit.
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Fig.19 Burning velocity u, as a function of the degree of dilution
« when r/Ry=1000. Solid curve is theoretical; data points
are experimental, obtained in the JAXA research in
FY2007. Dashed curve is the extinction limit.
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