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ABSTRACT

Metallic "foams" were synthesized by means of a Self-propagating High-temperature
Synthesis (SHS) reaction. The product of this reaction is a highly porous solid metal alloy which
possesses characteristics with potential for use as an implant or scaffold material in biomedical
applicadons. Nano-scale aluminum (nAl), nano-scale titanium (nTi), and either nano-scale
aluminum passivated with a gasifying agent such as perfluorotetradecanoic acid (C13F27COOH)
or Teflon particles were mixed and pressed into pellets. These pellets were then ignited and the
reaction produced a new alloy that has a foam-like structure and retains all the strength and
corrosive characteristics of a macro-scale metallic alloy. Objectives of this study were to
understand the combustion dynamics associated with the synthesis of the foam stmcture and how
the product stmcture is dependent on parameters such as composition as well as type and amount
of gasifying agent present. Photographic data allowed interpretation of the combustion reaction
while microscopy of the final product was performed to understand porosity and morphology.
Results from this study have potential applications in the medical field where there is a need for
alloys with functionally graded porosity capable of withstanding physiological loads while
maintaining biocompatibility when utilized as implants or as scaffolds for tissue engineering.
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combustion synthesis, porous metallic alloys, Al-Ti, intermetallic foams, nanocomposites
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INTRODUCTION
The synthesis of porous metallic alloys—also known as metallic foams—has been shown
to be feasible via combustion synthesis [1]. Control over properties of the final product, such as
porosity, can be achieved by tailoring reactant composition and distribution. Hunt et al. used
combustion synthesis to form porous Nickel-Aluminum (NiAl) and showed that the porosity of
the final product is a function of the percentage of gasifying agent present in the reactant matrix
[1]. This work extends the findings from Hunt et al. [1] to examine the synthesis of a porous
aluminum-titanium (Al-Ti) alloy.
Titanium alloys serve many useful purposes, especially in biomedical applications.
Titanium alloys are most notably used in various forms of biomedical implants due to their
strength, light weight, corrosion resistance and biocompatibility. There is a need for new and
improved alloys of this nature for use as scaffolds for tissue engineering applications as well as
biomaterials for implant, bone replacement or skeletal repair applications. Al-Ti is bio-friendly,
while still maintaining the strength characterisfics of metallic alloys. The bio-friendliness of the
Al-Ti alloy is a virtue of the fact that both aluminum and titanium are corrosion-resistant, lightweight metals. A porous Al-Ti implant could be implemented in such a way that it would
promote the re-growing of strong and healthy bone in the aforementioned applications.
Specifically, the sample's porosity would aid in providing increased surface area for the
expedient and extensive attachment of new, growing, tissue.
The motivation for this project is to be able to incorporate the same sort of combustion
synthesis process (SHS) utilized by Hunt et al. toward experiments involving Al-Ti
biocompatible mixtures. These experiments involve determining whether the nano-aluminum
nano-titanium (nAl-nTi) mixture is capable of yielding a porous product when reacted in a

combustion process. Furthermore, specific qualities of the reactant mixture will be controlled in
an attempt to achieve a desirable volumetric porosity, and/or porosity gradient, in the final
product. In general, this study is a characterization of the reaction of nano-scale particles of
aluminum and titanium so as to take the first step in understanding the most successful way in
which to consistently synthesize a desirable product.
Many of the problems associated with the current technology of bone implants and
scaffolds could be quickly dispatched through the goals of this research. For instance, one
particular problem associated with current implants involves their dual-material nature. Most
implants are currently comprised of a base material (typically titanium) and a surface coating.
The first problem that arises from this setup is the discontinuity in the transition from the
typically soft, flexible surface coating and the rigid base material. A single implant alloy—free
of surface coatings—would eliminate this discontinuity and would subsequently enable a greater
degree of fixation. Furthermore, if these single implant materials (i.e. metallic foams) could be
synthesized such that there is a porosity gradient from a dense core to a porous exterior, progress
would be made toward increased bone ingrowth and fixation. The porosity gradient would be
achieved by controlling both the quantity and position of the gasifying agent in the reactant
mixture. A porosity gradient as described would also enable the implant to approximate more
closely the mechanical behavior, specifically stiffness, of real bone. This more natural stiffness
would help to mitigate troubles associated with stress shielding and subsequent implant
loosening. Stress shielding results from inconsistencies among the stiffness of natural bone and
the implant material—the implant is typically much stiffer relative to the surrounding bone [2,
3]. If the stiffness properties could be made more similar, the discontinuity of stress distribution
between the implant and bone would be reduced, thereby reducing the stress shielding problem.

Aside from improving the mechanical characteristics of the implant material, the high porosity
promotes bone ingrowth which directly impacts implant success [3].
Many studies [4, 5, 6, 7, 8, 9, 10] have been conducted to better understand the
relationship between an implant's physical characteristics and its ultimate success or failure.
One common finding among the referenced studies suggests that high surface area, and
specifically increased porosity, positively alters cell activity and, as a result, the successful
fixation of the implant. These studies provide the necessary inspiration for synthesizing highly
porous titanium alloys that will ultimately influence intimate contact between the implant's
surface and bone and will directly aid in the growth of bone cells as well as the biologic
anchorage of the implant.
This research is also novel in that it is the first time the nano-aluminum nano-titanium
reaction has been characterized. In previous research, only micron-aluminum micron-titanium
mixtures have been studied [11, 12] due to the fact that the advent of the production of nano
particles is a very recent occurrence. Most notably, these previous studies showed that the Al-Ti
reactants would not self-propagate without the aid of an external electric field [11, 12]. One
advantage of SHS over other synthesis techniques is that advancements in nanotechnology have
enabled the production of nano-scale particles with unique chemical and physical properties such
as reduced melting temperatures [13], higher surface energy [14] and distinctive absorption
properties when compared to traditional micron-scale particles [15]. With the heightened
ignition sensitivity of nano-particles [16], the Al-Ti nanocomposite reacfion will sustain selfpropagation because the energy released during combustion is great enough to continually ignite
subsequent neighboring material without additional energy input. It is noted that a mle of thumb
applied to micron-scale particles to achieve a self-propagating reaction is that the adiabatic flame

temperature is greater than 2000K [17]. This criterion may no longer be applicable to nano
particles given their increased ignition sensitivity. Some other characteristics that are unique to
nano particle reactions when compared to micron-size particle reactions are as follows: faster
bum rates, self-sustaining reactions, and more homogeneous reactant and product microstmcture [18, 19, 20]. These characteristics are helpful because they will allow more control
over the properties of the final product.
The hypothesis is that nAl-nTi mixtures will yield self-propagating reactions—reactions
that require only an initial energy input and then proceed by consuming the energy they release
until completion—and that the porosity of the product can be controlled by regulating the
amount of gas producing agent in the reaction. The first objective of this study was to prove by
experimentation that nAl-nTi pellets, when ignited, would exhibit a self-propagating reaction.
The second objective was experimentally to demonstrate that the porosity of the product of this
reaction could be controlled. In order to control the porosity of the product, small amounts (<1%
total mixture mass) of gasifying agent were added as additional reactants. Particles of Teflon or
particles of nano aluminum passivated with a gasifying agent (C13F27COOH, a.k.a. nAl-CFO)
were employed for the sole purpose of gas generation during the combustion of the pellets in
order to create a more porous product via the mechanism of outgassing.

EXPERIMENTAL

Sample Preparation and Experiment Setup
The initial mixtures were composed of a 1:1 molar ratio of 80 nm diameter Al particles
and 100 nm diameter Ti particles. The optimum density of the compressed Al-Ti pellets was
experimentally determined to be 60% of the theoretical maximum density (TMD)—the density
equal to a weighted average of the pure solid densities of each reactant. This TMD value was
chosen based on the results from a series of combustion tests of compressed pellets of Al and Ti
ranging in density from 30 to 70% TMD. More specifics related to the reason for choosing the
60% TMD mixture are presented in the discussion section of this paper. After deciding upon the
optimum TMD for the pellets, an additive of either Teflon particles or nano-scale aluminum
particles passivated with C13F27COOH—a gasifying agent—was implemented in the production
of subsequent pellets.
The addition of Teflon or nAl-CFO particles—both gas producers—in the reactant matrix
aided in the mechanism of outgassing which occurs during the combustion of the pellets. The
amount of Teflon or nano Al-CFO particles added to the mixtures was equal to 0.5% of the total
mixture mass. In an attempt to maintain constant stoichiometry—1:1 molar ratio—of the nAlnTi mixture, an amount of nano aluminum equal to 0.5% of the total mixture mass was removed
from the total mixture. The combined action of adding additional fuel and gasifying agent in the
form of nAl-CFO and simultaneously removing an equal amount of original fuel (nano
aluminum) is presumed to address the problem associated with adding extra fuel as an inherent
part of the gasifying agent. In the case of the addition of Teflon to the reactant matrix, removal
of original fuel was not necessary since Teflon has no aluminum content in its stmcture. It
should be noted that, at first, far too much gasifying agent was added to the reactant mixtures

(i.e. greater than 1% of the total mixture mass). Pellets containing a range from 1% to 5%
gasifying agent were tested and were ultimately unsuccessful at producing cohesive products due
to the overwhelmingly large amount of gas production during the reaction events. These results
proved there would be a tradeoff between the highest porosity attainable and the stmctural
integrity of the product foam; it was therefore necessary to pursue the production of reactant
mixtures containing less than 1% gasifying agent with respect to the total mixture mass.
After mixing all dry reactant constituents, the particles were suspended in a liquid solvent
of hexanes. In order to obtain successfully and adequately a homogenous mixture of reactant
particles and to break up existing macro-scale agglomerates, a sonic probe (MZSOMA'Sonicator
3000) emitting ultrasonic waves was utilized. Once mixed, the mixture was allowed to dry and
the resulting powder was reclaimed and cold-pressed in a uniaxial die to 4 metric tons using a
Carver Model 3925 laboratory press. This operation resulted in the production of cylindrical
pellets of approximately 6.45 mm in length and 6.45 mm in diameter—a length-to-diameter ratio
equal to 1.
A sample set of each of the three different sample compositions (nAl-nTi, nAl-nTi-nAlCFO, and nAl-nTi-Teflon) consisted of four pellets of each mixture. Individual pellets were
ignited using a laser, allowed to self propagate and were examined for combustion velocity, axial
elongation and porosity. Each reaction was initiated using a 50 W CO2 laser {Universal Laser
Systems Inc, Scottsdale, AZ). A power meter located at the laser output was used to monitor the
laser power. Associated optics were used to align the laser beam path perpendicular to the round
cross-sectional face of each cylindrical pellet (Figure 1 on p. 7). Combustion velocity (zdot)
measurements were recorded with respect to the axial direction (z) of the pellet. A laser was
used to initiate the reaction due to its advantages over other ignition sources such as an electric

match or nichrome wire. The advantage possessed by the laser is its precise and uniform
application of energy. In all reactions, the laser was used to initiate the reaction and was then
tumed off as soon as the reaction began.
z, zdot
<

€

Laser

Camera

Figure 1: Schematic depicting alignment of laser and camera relative to pellet

Combustion velocity measurements were calculated based on images obtained during
the reaction using a Phantom VII {Vision Research, Wayne, NJ) high-speed digital camera which
captured images at 5000 frames per second. Flame propagation was observed using the f-stop
adjustment on the camera lens (f-stop setting 32) to eliminate image saturation due to the relative
brightness of the reaction event. The combustion velocity was calculated using the "measure speed" feature from the Vision Research image processing and analysis software compatible with
the Phantom VII. In all tests, the combustion reaction was recorded by the camera which was
configured to view perpendicular to the direction of flame propagation (Figure 2 on p. 8).

Power Meter with
Digital LCD Display
Ambient Combustion Chamber
Shutter
Pressed Sample
50 W CO2 Laser
10.6 ^im wavelength
PC with
imaging Software
Triggering Device

Figure 2: Schematic depicting approximate arrangement of experimental setup

The product microstructure was examined with a scanning electron microscope (SEMHitachi S-4300SE/N) using an accelerating voltage of 15 kV. The relative macrostmcture was
examined at a magnification of 1500 (1.5k) while the microstmcture was studied at a
magnification equal to 25k. The axial elongation of the reacted pellets was determined using
stillfi-ameimages—collected using the Phantom VII—of pre and post reaction in combination
with the "measure - distance" Vision Research software feature. The porosity of the products
was measured by Porous Materials, Inc. (PMI) (Ithaca, NY) with a heliimi pycnometer—a
device used to measure the tme volume or density of a sample. The porosity of any given pellet
is related to the difference between the bulk volume and tme volume of the pellet. The bulk
volume measurement does not account for voids in the material, whereas the tme volume
measurement does; therefore, the tme volume is always greater dian or equal to the bulk volume.
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Although not a major contribution to this particular characterization of the nAl-nTi
reaction, ignition delay-time data was also obtained for several samples in the early stages of
research, namely the plain nAl-nTi mixtures of various densities. Ignition delay-time data
provided information related to the heating rate of the pellets and allowed for any inconsistencies
among the heating rates of pellets of various densities to be realized. Ignition delay time was
measured using a photo diode {THORLABS DET210) which was connected to an oscilloscope—
the oscilloscope was also connected to the laser. In this setup, the firing of the laser
corresponded to time zero on the oscilloscope, so that the first spike on the photo diode curve
represented the "first light," or time of illumination of the pellet due to ignition. This setup is
analogous to a "first light" approach involving a laser and high-speed camera tandem in which
the laser and camera begin firing and recording, respectively, at the same time. The camera
images are then replayed to determine the time at which the first light from the ignition of the
pellet is apparent.
This experiment contributes to the hypothesis being tested in that it allows for the
production of pressed pellets which can then be ignited by a laser which provides only an initial
energy input to the reaction of the pellets. The reaction then proceeds until completion, all the
while the high-speed digital camera records the reaction event. The video data allows the
researcher to determine whether or not the reaction was self-sustaining and the manner in which
it reacted to completion, i.e. fast or slow. In order to realize whether the porosity has been
controlled successfully, the products are sent to a company which performs porosity tests and
relays the data back to the researcher.

RESULTS

Effect of Bulk Density
The SHS process was implemented to first determine the optimal TMD for nAl-nTi
pellets. A range of pellet densities—30% to 70% in 10% increments—was evaluated
experimentally, and the optimal density was selected as 60% TMD. Figure 5 on page 11 shows
the results of velocity data acquired during the testing of these samples of various densities. The
60% TMD pellet was chosen as the foundation for fiirther experimentation based on three
superior characteristics relative to the other four sample densities. First, the combustion velocity
was constant over the length of the pellet as evidenced by the planar reaction wave progression
seen in Figure 3, below.

Frame #: 9173

9168

9046

9137

8948

Figure 3: Still images of the reaction of a 60% TMD pellet exhibiting planar reaction wave

The significance of the planar reaction wave is that it results in a product with increased
stmctural integrity. Stmctural integrity is a desired trait since a product which cmmbles at the
slightest touch is certainly not suited to be inserted in the body as an implant. The planar
reaction wave is contrasted by the scintillating reaction progression of Figure 4.

Frame #: 3513

3314

1914

1830

1639

570

Figure 4: Still images of the reaction of a 30% TMD pellet exhibiting a scintillating reaction
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A scintillating reaction results in a product that is oftentimes not cohesive and instead is literally
blown apart during the reaction event. The planar and scintillating reaction series presented
above were both captured at a rate of 5000fi-amesper second. Second, the 60% TMD pellet was
much easier to press, as compared with both the 70% pellet (which required considerably more
force) and the 30% pellet (which was oftentimes veryfi-agileafter being pressed and removed
from the die). Finally, the 60% TMD pellet displayed the best post-reaction form. It remained
intact and possessed sound stmctural integrity, while others, such as the 30% and 40% TMD
pellets, were typically blown apart by convective forces invoked due to the scintillating reaction
of the low-TMD pellets.

30

40

50

60

70

TMD (%)

Figure 5: Combustion velocity as a function of TMD (for pure nAl-nTi pellets)

Combustion Velocity
The combustion velocities of the pellets with additives are presented in Figure 6 on page
12 as afiinctionof weight percent gasifying agent. The velocities range in magnitude from an
average of 4.2±0.3 min/s for the 0.5 % nAl-CFO samples to an average of 5.5±0.3 mm/s for the
0.5% Teflon samples. The uncertainty associated with the above values is estimated to be equal

11

to the average standard deviation of the values obtained for all velocity measurements. It is
interesting to note that the average velocity for the 60% TMD samples (corresponding to 0%
gasifying agent) lies almost exactly between the average velocities of the other two studied
mixtures. Combustion velocity is useful because a correlation can be made between the speed of
the reaction event and both porosity and elongation of the final product.

Average Velocity (mm/s)

1

U

T
-.

•

1

None

1

0.5% nAl-CFO

1

0.5% Teflon

Additive

Figure 6: Average combustion velocity as a function of additive

Elongation and Porosity
The elongation values of the reacted pellets are presented in Figure 8 on page 13 as
percentage increase with respect to each pellet's initial length. The values show that, on average,
the nAl-CFO and Teflon pellets grow in length considerably more than the 0% additive pellets.
The nAl-CFO additive did cause the most expansion; however, the product lacked stmctural
integrity and was sometimes blown apart by the dominant convective forces typical of this
combustion reaction. Three characteristic images of the nAl-CFO pellet before, during, and after
the reaction event can be seen m Figure 7 on page 13. The Teflon additive, conversely, produced
consistent resuhs, maintained stmctural integrity throughout the reaction and, on average,
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elongated to double the percentage increase of the nAl-nTi pellets. Elongation data typically
points toward the porosity of the product, i.e. greater elongation equals greater porosity.

Figure 7: Still images of a nAl-CFO additive pellet before, during and after the reaction event
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Figure 8: Percentage length increase as a function of additive

Results from porosity tests of reacted samples are summarized in Figure 9 on page 14.
The values presented are percent porosity of each sample with respect to the total bulk volume of
each reacted sample. The values indicate that both nAl-CFO and Teflon were successfiil in
generating porosity from the baseline sample composed of only nAl and nTi particles. This
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resuh confirms the hypothesis—^porosity can be controlled, i.e. increased with the addition of
gasifying agents such as nAl-CFO and Teflon.
70

65

•5 60 ^

o
a.
55

50
None

0.5% nAl-CFO

0.5% Teflon

Additive

Figure 9: Percent porosity as a function of additive

Ignition Delay Time
Figure 10 on page 15 shows the approximate values of average ignition delay time as a
function of percent TMD of the pellets. It is important to note that the ignition delay data was
only captured during initial testing of different TMD's of the nAl-nTi mixture with 0% gasifying
agent additives present for reasons explained earlier and since the ignition delay data was not
necessary to evaluate the hypothesis. The data obtained suggests that ignition delay time does
not vary as a fimction of the density of the pellets. The average delay time was approximately
230 ^s with a standard deviation of approximately 30 ^s for all samples tested. The conclusion
that can be drawn from the knowledge that the ignition delay time did not vary significantly as a
function of the density of the pellets is that the heating rate of the pellets is constant and roughly
10^ K/s. This value is approximated from the adiabatic flame temperature and an estimate of the
flame thickness.

14

300

Figure 10: Ignition delay-time as a function of TMD (for pure nAl-nTi pellets)
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DISCUSSION
Additives
After arriving at a decision of the optimal TMD with which to press the nAl-nTi pellets,
the decision was made to study the effects of two different gasifying agent additives on the
product stmcture. The most noticeable difference between the two chosen additives—particles
of nAl-CFO and Teflon—is the fact that, with the nAl-CFO particles, the gasifying agent is an
intrinsic part of the nano-scale particle rather than a discrete additive in the form of a powder or
granular material as is the case when Teflon is added to the reactant matrix. A more detailed
discussion of this difference will be presented later.
Figure 6 on page 12 shows that the pellets containing a gas-generating additive exhibited
combustion velocities on the same order of magnitude with each other and with the pure nAl-nTi
pellet mixture. The interesting point is that the nAl-CFO additive appeared to cause a reduction
of approximately 15% in combustion velocity relative to the pure nAl-nTi pellets while the
Teflon additive was responsible for the exact opposite result—an 11 % increase. This realization
makes the resulting average porosities—Figure 9 on page 14—of the pellets all the more
interesting. Although the pellets containing an additive had a 26% variation in combustion
velocity relative to the pure nAl-nTi pellets, the average porosity of both was similar, a variation
of only 2% relative to the pure nAl-nTi pellets. This implies that combustion velocity may have
very little to do with the resulting porosity among additive pellets.
Figure 8 on page 13 shows the resulting elongation data for all samples was predictable:
both sets of additive pellets elongated more than the baseline elongation of the pure nAl-nTi
pellets. What is interesting is that the Teflon additive pellets' expansion was greater than that of
the pure, 0% additive pellets despite having a faster bum rate. This is interesting because, in
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general, a slower bum rate relates to greater expansion. In the case of the Teflon additive pellets,
the gas production of the Teflon made up the difference between the increased velocity such that
the result was a more elongated pellet. Another pertinent observation is that there is a tradeoff
between elongation and pellet integrity: all the while, porosity remains relatively constant. This
is to say that both additive pellets possessed very nearly the same porosity, but that which the
nAl-CFO pellets gained in percent length increase, they subsequently lost in lack of stmctural
integrity. It is for this reason that, when comparing additive pellets, the Teflon additive is
optimal.

17

Porosity of Microstructure

Figure 11: SEM micrographs of A: nAl-nTi, B: nAl-CFO additive, C: Teflon additive products (xL5k)

Figure 11 illustrates the product macrostmcture of the three samples investigated. The
most interesting observation from these images is the improved homogeneity associated with the
Al-Teflon mixture (Figure 11-C). The granular nature within the matrix appears at least 1-2
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orders of magnitude smaller than for the samples not containing Teflon. These images imply
that the sample with the highest porosity also corresponds with the finest granular sttaicture. This
is important because the finer granular stmcture will provide even more surface area, i.e.
attachment points for greater fixation as an implant.

Figure 12: SEM micrographs of A: nAl-nTi, B: nAl-CFO additive, C: Teflon additive products (x25k)
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Figure 12 on page 19 probes more microscopic resolution for the samples shown in
Figure 11 on page 18. Figure 12-C (p. 19) cleariy indicates the homogenous nature of the
microstmcture resulting from the combustion synthesis of Al-Teflon. In fact, the uniform
porosity and grain size distribution in Figure 12-C imply a more appropriate match to bone
material for biomedical implant applications. In this way, controlling the dispersion of Teflon
within the reactant matrix may lead to functionalizing the porosity distribution throughout the
synthesized stmcture. Tailoring the pore size distribution could have significant impacts on
implant development. For example, a more porous surface layer will improve osteointegration
and cell growth at the interface between the implant and bone while maintaining a less-porous
and stronger core consistent with the metallic properties will improve the implant's response to
stress and strain loading.

Lower Velocity & Increased Elongation
The combustion events of the nAl-CFO pellets presented the slowest average velocity
measurements along with the largest average percent increases in pellet length. The explanation
of this particular relation can be summarized as follows: the lower velocity allows for more
material to be heated and liquefied. The molten flow conforms to the outgassing such that the
stmcture becomes elongated. A somewhat analogous example can be readily identified with the
art and science of glass blowing. In order to produce a successfully large glass bubble out of a
glass cylinder, for instance, one must slowly heat a large portion of the glass tube. Once the
required length of tube is sufficiently heated, the glass material will flow readily when a stream
of air is supplied to the glass tube. As for the comparison, a slow combustion velocity allows
more material ahead of the reaction to be heated; thus, more expansion is feasible due to the
increased amount of molten metallic material present during outgassing.
20

Homogeneity of Reactant Matrix
Although both additives—nAl-CFO and Teflon—were gas producers, their individual
stmctures created notable differences in the overall configuration of the reactant matrix. The
nAl-CFO particles allowed for the presence of more uniform gas pockets in the pellets; these
uniform gas pockets in turn, promoted consistent and relatively large elongation. The uniformity
of the gas pockets derives directly from the fact that the gas producing elements are an inherent
part of the aluminum particle and, therefore, the reactant mixture. This situation is contrasted by
the Teflon particles which introduce gas producing elements as a discrete additive to the reactant
matrix. Although uniformity is sacrificed with the Teflon particles, average porosity is preserved
and stmctural integrity is improved—relative to the nAl-CFO additive. A pictorial
representation of a portion of the reactant matrix containing both additives is shown in Figure 13
and 14 (p. 22). The figures illustrate the idea that nAl-CFO particles (Figure 13) are less
susceptible to develop a lack of homogeneity due to clumping compared to the Teflon additive
(Figure 14 on page 22).

reactant
matrix

CFO shell
Figure 13: Pictorial representation of the nAl-nTi-nAl-CFO reactant mixture
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reactant
matrix
nAl

Teflon

Figure 14: Pictorial representation of the nAl-nTi-Teflon reactant mixture
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CONCLUSION

The combustion of the nAl-nTi matrix was self-propagating and that this behavior was
not aftinctionof the density of the pellets. Furthermore, ignition delay time was not a function
of density, and therefore the heating rate is constant and roughly 10^ K/s. Also, the combustion
velocity of the pellets proved to have a significant impact on the elongation of the final stmcture,
but minimal impact on the porosity. In terms of elongation, the additive pellets increased in
length more than pure nAl-nTi pellets, as expected. The nAl-CFO pellets created the largest
average percent length increases (37.6%) of all pellets tested but at a sacrifice of the product's
stmctural integrity. Instead, incorporating Teflon as an additive in the nAl-nTi reaction lead to
improved porosity—15%) more porosity relative to pure nAl-nTi pellets and 2% relative to the
nAl-CFO pellets—and the product maintained stmctural integrity. Finally, it was discovered that
the porosity of the product of the nAl-nTi reaction was controllable through the implementation
of various amounts of additional reactants such as nAl-Ci3F27COOH and Teflon. Both gasproducing additives used in the pellets were found to be capable of creating approximately 15%
more porosity in the final product than the pellets lacking an additive. The outcome of this study
could have a significant impact on the development of metallic alloys withftinctionallygraded
porosity for various applications including the bioengineering field.
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