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Abstract: Reactive materials (RMs) or impact-initiated materials have received 
much attention as a class of energetic materials in recent years.  To assess the 
influence of processing techniques on mechanical properties and impact initiation 
behaviors of an Al-PTFE reactive material, quasi -static compression tests and 
drop-weight tests were performed.  Scanning electron microscopy (SEM) was 
used to identify the characteristics of the interior microstructures of the Al-PTFE 
samples.  A sintering process was found to transform Al-PTFE from a brittle to 
a ductile material with an increased elasticity modulus (from 108-160 MPa to 
256-336 MPa) and yield stress (from 12-16 MPa to 19-20 MPa).  Increasing the 
molding  pressure from 36 MPa to 182 MPa increased the elastic modulus of all 
Al-PTFE samples and also the yield stress of unsintered ones.  Unsintered samples 
in general required less energy to initiate than sintered ones.  As the molding 
pressure increased, the impact initiation energy for sintered Al-PTFE fell from 
96 J to 68 J, whereas the initiation energy for unsintered Al-PTFE rose from 68 J 
to 85 J.  PTFE nanofiber networks observed in sintered samples formed under the 
higher molding pressures could contribute to the opposite trends observed in the 
impact initiation energy of unsintered and sintered Al-PTFE samples.

Keywords: Al-PTFE, reactive materials, quasi-static compression, impact 
initiation

1	 Introduction

Reactive materials (RMs) or impact-initiated materials have received much 
attention as a class of energetic materials in recent years.  They offer higher 
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energy densities than the best existing monomolecular energetic materials by 
a  factor or two [1].  RMs can be combinations of thermites, intermetallics, 
metal/polymer mixtures, metastable intermolecular composites (MICs), matrix 
materials, as well as hydrides [2].  Of all the different types of RMs, mixtures of 
Al and PTFE (polytetrafluoroethylene) have been extensively studied, because 
of their large heat of reaction and the favorable combinations of properties of 
that PTFE exhibits such as low friction coefficient, high thermal stability, high 
electrical resistance, high chemical inertness, high melting point and easiness 
of forming [3].  Al-PTFE has many possible military and civilian uses such 
as structural reactives for damaging targets or as an additive to propellant/
explosive mixes, in which a certain degree of mechanical strength is needed.  
Thus a processing procedure which includes mixing of constituents, pressing 
the mixture to nearly theoretical maximum density (TMD) and sintering [4-6] 
is often adopted to enhance the integrity of Al-PTFE pellets, rods or charge 
liners during normal transport and also under launch acceleration.  Therefore, 
to understand the interaction between the mechanical properties of strengthened 
RMs and their reaction performance under compression is of great importance.

The taxonomy proposed by Thadhani [7] is often used to explain the reaction 
mechanisms of RMs [8-10].  This taxonomy classifies solid-state chemical 
reactions in power mixtures into shock-induced (mechanochemical process 
controlled) or shock-assisted (thermochemical process controlled) reactions.  
For impact initiation of strengthened Al-PTFE, the shock-induced reaction is 
unlikely to occur because of (i) the relatively long ignition time (usually on the 
order of tens of microseconds [11]) for strengthened Al-PTFE compared with 
that of shock-induced reaction (normally tens to hundreds of nanoseconds [12]), 
and (ii) the lack of a “crush-up” process of power mixtures which is assumed 
to be related to the mechanism of shock-induced reaction [12].  On the other 
hand, it is generally accepted that the initiation of pressed Al-PTFE is a strong 
function of heating rate.  When impacted at speeds ranging from 200 m/s to 
5000 m/s, the material first undergoes a plastic deformation and flow or a fracture 
process that causes intimate mixing of the constituents, then diffusion controlled 
ignition takes place at heating rates ranging from 104 K/s to 108 K/s [13].  It is 
also believed that large strain deformations, shear bands and fractures formed 
during the impact play a significant role in the initiation of Al-PTFE, which could 
be supported by the phenomenon observed by Ames [14] and Lee et al. [15] 
during two-step impact experiments where the majority of the reaction appeared 
to occur following material breakup and subsequent impact on a hardened steel 
anvil.  However, the mechanism of impact-initiated reaction of strengthened 
RM is still not fully understood, because complex processes such as chemical 
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reaction and plastic flow cannot be directly observed with current technology.  
However, it is still safe to say that the processing techniques of densely pressed 
RM solids could affect their mechanical response under compression, thereby 
influencing the impact initiation behavior.

To explore the mechanical property of strengthened Al-PTFE, numerous 
experiments have been conducted by different research groups.  Casem [16] used 
quasi-static compression and split Hopkinson bar (SHPB) tests to investigate the 
mechanical response of pressed and sintered Al-PTFE rod (Al: 26.5 wt.%, 44 μm; 
PTFE: 73.5 wt.%, 31 μm) over strain rates ranging from 0.001/s to 9000/s and 
temperatures ranging from 295 K to 351 K.  The data collected was applied to 
generate parameters for constitutive models including the Johnson/Cook (JC) 
model, the Modified Johnson/Cook (MJC) model, and the Zerilli/Armstrong 
(ZA) model for polymers.  Similar experiments were carried out on sintered 
Al-PTFE cylinders (Al: 26 wt.%, 9 μm; PTFE: 74 wt.%, 28 μm) by Raftenberg 
et al. [17] at a strain rate of 0.1/s and 2900/s.  On the basis of these data, a fit to 
the JC model was obtained with different parameters compared with Casem’s 
results.  To increase the density and the strength of the RM, tungsten (W) can 
be added into Al-PTFE mixtures.  Cai et al. [3, 18] made a detailed study of 
the mechanical properties of unsintered Al-PTFE/W rod by using quasi-static 
tests, SHPB and drop-weight experiments, while Xu et al. [19] tested the tensile 
strength and fracture energy of pressed and sintered Al-PTFE/W [20].  However, 
the studies mentioned above have been mainly focused on the mechanical 
properties of strengthened Al-PTFE, so the relation of these properties to impact 
initiation behavior was not well explained.  Furthermore, it is important to notice 
that intrinsic properties (such as density, sound speed and yield strength) and/or 
extrinsic properties (such as particle morphology and initial density) of RM 
constituents, as well as processing techniques, could be quite different in different 
laboratories, which would change the mechanical properties of strengthened 
RMs and alter their impact initiation behavior. 

The purpose of this study was to explore the interaction between mechanical 
properties and impact initiation behavior of Al-PTFE by altering steps in the 
processing technique such as pressing and sintering.  Although a considerable 
number of experiments have been focused on the influence of intrinsic properties 
and/or extrinsic properties of constituents on the impact initiation behavior of 
RMs [12, 13, 21-23], the pressing and sintering processes have not received as 
much research attention.  However, once the constituents of an RM mixture are 
chosen, pressing and sintering become major factors that influence the sample 
strength which in turn controls the plastic deformation and breaking up processes, 
both of which have a major effect on the impact initiation and reaction behavior.  
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That makes processing techniques crucial to the design and control of RMs 
in application.

2	 Experimental

2.1	 Sample preparation 
A preparation process was adopted similar to that of Nielson et al. [4] which 
included mixing, cold pressing and sintering.  The average diameters of the initial 
powders were: Al: 6-7 μm (JT-4, Hunan); PTFE: 25 μm (3M, Shanghai).  All 
samples were fabricated using the same batch of purchased powders.  Therefore 
the characteristic differences between different batches of materials provided by 
a given producer, which had been reported by Yarrington [24], were minimized.

Al and PTFE powders (26.5 wt.%/73.5 wt.%) were suspended in an ethanol 
solution and mixed using a motor-driven blender for 20 min.  The suspensions 
were then sonicated for a further 10 min to break up agglomerates.  After mixing 
and sonication, the wet mixtures were placed in a  vacuum drying oven for 
48 hours at 50 °C.  Then a screening stage was used in which the agglomerates 
were pressed through an 80 mesh screen by hand, to increase the homogeneity 
of the powders in the pressing stage. 

The size of the pressed cylinders was Ø10 mm × 15 mm for quasi-static 
tests (see Figure 2a) and Ø10 mm × 3 mm for drop-weight tests (see Figure 6a).

A sintering process under vacuum was performed to further strengthen the 
pressed Al-PTFE samples.  Detaileds of this process can be found in Nielson 
et al. [4].  The oven temperature was ramped up to 380 °C at a rate of about 
50 K/h.  The pressed fragments were held at about 380 °C for 6 h, then the 
temperature was reduced to 310 °C at a rate of about 50 K/h and held at this 
temperature for 4  h.  The fragments were subsequently cooled to ambient 
temperature at an average cooling rate of 50 K/h.  Half of the samples did 
not go through the sintering process in order to be able to make a comparison 
of the mechanical properties and impact initiation behavior of sintered and 
unsintered Al-PTFE. 

2.2	 Quasi-static compression tests
Quasi-static compression tests were performed using a  DSN100 universal 
testing machine.  The load was applied at the speed of 2 mm/min (equivalent to 
a nominal strain rate of 0.002/s) for all tested samples and terminated when the 
sample was fractured.  The fracture criterion was determined by when the test 
machine detected that the compression force had decreased to less than 50% 
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of the maximum force experienced.  The bottom and top of the samples were 
lubricated with oil to alleviate the buckling phenomenon. 

Sintered and unsintered samples prepared under molding pressures ranging 
from 36 MPa to 182 MPa were divided into 10 groups.  For each group 5 samples 
were tested and stress-strain curves were recorded.

2.3	 Drop-weight tests 
Drop-weight tests were performed using a fall hammer impact sensitivity tester 
with a drop mass of 10 kg and a maximum drop height of 1.5 m.  Each test was 
conducted with the sample placed on the center of an anvil without constraint and 
directly impacted by the drop mass.  The anvil is composed of two cylindrical 
segments, the lower segment having a diameter of 50 mm and the upper segment 
having a diameter of 30 mm (see Figure 6a).  The whole anvil is made of hardened 
steel to minimize the possible influence of anvil deformation on experimental 
results.  The lower part of the drop hammer is a cylinder with the same diameter 
as the upper segment of the anvil.  A standard Bruceton method was adopted 
to calculate the drop height that would trigger chemical reactions with a 50% 
possibility.  The ignition energy can then be approximated as the potential 
energy of the drop weight.  High-speed photography with a frame rate of up to 
6,000 frames/s was used to observe the impact process.  During each test, if the 
camera had captured any flame, the sample was considered reacted, and vice 
versa.  The impact initiation energy was estimated by the potential energy of the 
drop mass as in Equation 1

Ead ≈ Ep = mgh� (1) 

where Ead is the estimated impact initiation energy, Ep is the potential energy 
of the drop mass, m is the mass of the drop hammer and h is the drop height.

A total of 250 samples were prepared according to different processing 
techniques and then split into 10 groups.  For each group, 25 samples were tested 
to determine the impact initiation energy. 

2.4	 Scanning electron microscopy
Samples prepared according to different processing procedures were examined 
and analyzed using a Hitachi S-3400N II scanning electron microscope (SEM).  
To identify the characteristics of the interior microstructures of the samples, 
brittle fracture must be introduced to generate clear cross-sectional surfaces for 
observation.  Because of the great ductility of sintered Al-PTFE, sintered samples 
were immersed in liquid nitrogen for 5 min before being fractured using pliers.
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3	 Results and Discussion 

3.1	 Effect of processing techniques on mechanical properties 
Samples that were cold pressed under molding pressures ranging from 36 MPa to 
182 MPa (with or without sintering) were subjected to quasi-static compression 
testing.  For each type of sample produced using a specific processing procedure, 
the elasticity modulus and the yield stress were calculated and averaged from 
5 samples.  Because of the great ductility of sintered samples compared with 
unsintered samples, their yield stresses cannot be calculated in the same manner 
as can be seen from the following analysis.  For sintered samples, the yield stress 
was calculated as the offset yield stress at 2% strain.  For unsintered samples, it 
was calculated as the upper yield stress.  All these results and standard deviations 
are listed in Table 1.

Sintering is a process in which multiple physical changes take place, such as 
melting, phase transformations and molecular chain realignment.  After pressing, 
many of the PTFE powder particles touch one another, while pores and voids 
still exist between them.  As sintering progresses, when the temperature rises 
above 588 K, PTFE particles gradually transform from a crystal to an amorphous 
phase and melt together into a continuous matrix.  When cooling through the 
melting temperature, recrystallization sets in and the strength and toughness of 
the PTFE matrix are enhanced.  The driving force for sintering is the reduction 
in the total particle surface area as surface energies are larger in magnitude than 
grain boundary energies [25]. 

Figure 1.	 Typical stress-strain curves of unsintered and sintered Al-PTFE.
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Table 1.	 Results of quasi-static compression tests and drop-weight tests, 
each number was averaged from 5 tested samples for quasi-static 
compression test and 25 tested samples for drop-weight tests 
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36 YES 2.26 0.06 256 25 19.4 1.2 96.34 1.22
72 YES 2.29 0.06 269 18 19.2 0.9 91.43 1.28
108 YES 2.30 0.04 324 17 19.1 1.0 89.37 1.23
144 YES 2.34 0.04 333 16 20.2 0.4 83.24 1.15
182 YES 2.31 0.05 336 17 19.3 0.5 77.81 1.07
36 NO 2.09 0.05 108 10 12.3 1.0 68.75 1.20
72 NO 2.25 0.04 135 8 13.1 0.8 70.95 1.19
108 NO 2.28 0.05 146 6 15.8 0.7 75.36 1.21
144 NO 2.29 0.03 153 8 16.1 0.5 79.51 1.20
182 NO 2.30 0.03 160 7 17.1 0.6 85.36 1.21

a	For sintered samples, the yield stress was calculated as offset yield stress at 2% strain.  For 
unsintered samples, the yield stress was calculated as the upper yield stress.

b	Estimated by the potential energy of the drop mass at the drop height that would trigger chemical 
reactions with 50% possibility.

Sintering introduced remarkable changes to the mechanical properties of Al-
PTFE, as can be seen from Figure 1.  During compression, the unsintered sample 
showed clear evidence of brittleness.  The sample first underwent elastic deformation 
until the yield stress was reached (12-17 MPa); then the stress diminished quickly as 
the strain increased.  The maximum strain that can be borne by the sample before the 
appearance of axial and shear cracks was between 0.10 and 0.12 (see Figure 2e and 
2f).  By contrast, sintered samples showed great ductility.  A short elastic region was 
followed by a very long plastic region until the strain reached 0.72 at which point 
axial cracks appeared caused by the circumferential tensile stress due to the large 
plastic deformations along the periphery of the cylinder (see Figures 2b-2d).  As 
shown in Figure 3, the elastic moduli of Al-PTFE samples were in general doubled 
after sintering (increasing from 108-160 MPa to 256-336 MPa).  The yield stresses 
were also increased by sintering, although by a smaller amount (see Figure 4 where 
the yield stress can be seen to increase from 12-16 MPa to 19-20 MPa).
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Figure 2.	 Sintered and unsintered Al-PTFE before and after quasi-static 
compression: (a)  before compression; (b)  sintered Al-PTFE at 
a strain of 0.12; (c) sintered Al-PTFE at a strain of 0.5; (d) sintered 
Al-PTFE at a strain of 0.72, axial cracks can be seen; (e) unsintered 
Al-PTFE at a strain of 0.12, axial cracks can be seen; (f) unsintered 
Al-PTFE at a strain of 0.12, axial and shear cracks can be seen.

Figure 3.	 Plot of the elasticity modulus of sintered and unsintered Al-PTFE 
against molding pressure (data points are average values from 5 
independent tests ± the standard deviation).

The molding pressure affects the elasticity modulus and the yield stress of 
Al-PTFE in different ways.  The elasticity modulus increased with increasing 
molding pressure for both sintered and unsintered samples (see Figure 3).  On 
the other hand, a higher molding pressure caused higher yield stress in unsintered 



997Influence of Processing Techniques on Mechanical Properties and Impact ...

Copyright © 2016 Institute of Industrial Organic Chemistry, Poland

samples, but the yield stress for sintered samples stabilized at 19-20 MPa which 
approximates the upper limit of yield stress for PTFE [25] (see Figure 4). 

Figure 4.	 Plot of yield stress of sintered and unsintered Al-PTFE against 
molding pressure (data points are average values from 5 independent 
tests ± the standard deviation).

The reasons behind the phenomena described above can be explained by the 
strength of the PTFE matrix and the interaction between the PTFE matrix and 
Al particles, as can be observed using scanning electron microscopy.  Figure 5 
shows the interior microstructures of sintered and unsintered Al-PTFE pressed 
separately under pressures of 36 MPa and 182 MPa.  It can be seen clearly from 
all the SEM images that spherical Al particles are surrounded by PTFE.  PTFE 
forms the continuous matrix in which the Al particles are discretely distributed. 

Figure 5a shows the interior microstructures of unsintered Al-PTFE pressed 
at 36 MPa, in which the PTFE matrix has the lowest integrity because of the 
lower molding pressure.  The many microcracks in the PTFE matrix indicate 
weak adhesion between PTFE particles.  Multiple PTFE fibers were generated 
during the compression, but most of the fibers hang loosely and provide little 
support for the matrix or the Al particles.  The interfaces between Al particles 
and the PTFE matrix are also the weakest in Figure 5a, as can be seen by the 
obvious crevices between Al particles and the PTFE matrix wrapped around them. 

Figure 5b shows unsintered Al-PTFE pressed at 182 MPa, in which PTFE 
particles were pressed densely and microcracks previously observed in the PTFE 
matrix disappeared.  It is very likely that stronger PTFE fibers were generated 
and stretched, which means these fibers could bear forces and play a supportive 
role in the structure.  No obvious crevices between Al particles and the PTFE 
matrix can be observed. 
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Figure  5c shows sintered Al-PTFE pressed at 36  MPa, in which PTFE 
particles were fully integrated into one matrix after melting and recrystallization, 
and Al particles are firmly embedded into the PTFE matrix.  Under this low 
molding pressure, no PTFE fibers can be observed, which may be because loose 
fibers (seen, for example, in Figure 5a) were fused together into the matrix during 
the sintering process.  Spherical holes observed in the image were created by Al 
particles that had been pulled out during the fracture. 

Interestingly, for sintered Al-PTFE pressed under a higher molding pressure 
(see Figure 5d), a dense network of PTFE fibers can be observed.  Such fibers 
were also observed by Cai at al. [18].  Tens of PTFE nanofibers (diameters as low 
as 60-200 nm) were attached to each Al particle.  These fibers could effectively 
protect Al particles from being pulled out from the PTFE matrix as happened at 
the lower molding pressure. 

Figure 5.	 SEM images of the interior microstructures of Al-PTFE produced 
by different processing procedures: (a) unsintered Al-PTFE pressed 
under 36 MPa; (b) unsintered Al-PTFE pressed under 182 MPa; 
(c) sintered Al-PTFE pressed under 36 MPa; (d) sintered Al-PTFE 
pressed under 182 MPa.

As a composite material, the deformation and failure process of Al-PTFE 
is controlled by two factors: (i) the interface strength between Al particles and 
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the PTFE matrix and (ii) the strength of the PTFE matrix itself.  The interfacial 
strength between Al particles and the PTFE matrix could be improved by sintering 
and/or by increasing the molding pressure.  On the question of the PTFE matrix, 
although increasing the molding pressure could improve the integrity of the 
PTFE matrix for unsintered PTFE, sintering could improve the integrity more 
effectively.  This statement can be confirmed by making a comparison between 
Figure 5a and Figure 5c.  Notice that the PTFE matrices in Figure 5a and Figure 5c 
were pressed under the same molding pressure (36 MPa), but after sintering, 
all microcracks in the PTFE matrix and crevices between Al particles and the 
PTFE matrix that appeared in Figure 5a disappeared and fused together firmly.  
During the elastic deformation stage, both the strength of the PTFE matrix and the 
strength of interfaces between Al particles and PTFE contribute to the elasticity 
modulus.  Therefore, the increase of elasticity modulus could be attributed to 
the sintering process as well as the higher molding pressure.  When the material 
begins to yield, since the yield stress for aluminum is much higher than that of 
PTFE (80-100 MPa as compared to 19-20 MPa), the yield process of Al-PTFE 
mainly occurs in the PTFE matrix.  Therefore, the yield stress of an Al-PTFE 
composite is dominated by the yield stress of the PTFE matrix.  After sintering, 
the yield stress of PTFE reached its upper limit, regardless of changes in the 
molding pressure.  Therefore a higher molding pressure could cause a higher 
yield stress in unsintered Al-PTFE, whereas the yield stress for sintered Al-PTFE 
stabilized at 19-20 MPa.  

3.2	 Effect of processing techniques on impact-initiated reaction 
behaviors

As shown in Figure 6b, when an Al-PTFE sample was impacted by the drop mass, 
intense light was produced which was captured by high speed photography.  The 
light is a sign of deflagration or explosion.  It can be seen from the recovered 
sample (see Figure 6c) that the start of reaction was near the edge of the sample 
where shear deformation concentrates most intensely (a  similar reaction 
pattern reaction has been observed by Ames [14] and Lee et al. [15]).  Then the 
reaction propagated from the edge to the center of the sample and quenched.  
We attribute the quenching to the rapid densification caused by the drop mass, 
since constrained space would limit further shear deformation in the central 
region of the sample. 

Impact initiation energy and standard deviations derived from drop-weight 
tests for Al-PTFE prepared by different processing techniques are listed in Table 1 
and plotted in Figure 7.  It can be seen from Figure 7 that unsintered samples 
in general required less energy to initiate than sintered samples, except samples 
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pressed at 182 MPa.  Interestingly, the initiation energy for sintered Al-PTFE 
fell from 96 J to 68 J, whereas the initiation energy for unsintered Al-PTFE rose 
from 68 J to 85 J.

Figure 6.	 Impact initiated reaction of Al-PTFE in drop-weight test: (a) Al-PTFE 
sample placed on the anvil before the drop-weight test, (b) flame 
captured by high speed photography in the drop-weight test, 
(c) reacted Al-PTFE after a drop-weight test, (d) unreacted Al-PTFE 
after a drop-weight test.

Figure 7.	 Plot of impact initiation energy of sintered and unsintered Al-PTFE 
against molding pressure (data points are average values from 25 
independent tests ± the standard deviation).
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The influence of sintering is consistent with the reaction mechanism 
of Al-PTFE.  Ignition of impact-initiated reactions is triggered by the large 
deformation that occurs at high stress and high-strain rates.  A key parameter to 
consider is the ability of the constituents to mix and strain simultaneously [21].  
As reported in section 3.1, unsintered Al-PTFE samples are in general easier to 
deform and yield than sintered ones, which means unsintered Al-PTFE is more 
susceptible to plastic strain and fracture, and thus easier to initiate under impact.  
Furthermore, unsintered Al-PTFE shows clear evidence of brittleness while 
sintered Al-PTFE exhibits great ductility.  The high ductility of sintered PTFE 
may therefore help cushion the Al particles from mechanical impact, thereby 
increasing the overall ignition energy required.

The same explanation could be applied to the inf﻿﻿luence of the molding 
pressure on unsintered Al-PTFE.  As the molding pressure increases, the elasticity 
modulus and the yield stress of unsintered Al-PTFE also increase, making the 
constituents more difficult to strain and mix, and thus harder to initiate.  This can 
also be confirmed by comparing the SEM images in Figures 5a and 5b, where the 
unsintered PTFE matrix that had been subjected to the higher molding pressure 
had better integrity than the one subjected to the lower molding pressure.  For 
sintered Al-PTFE the yield stress reaches its upper limit with increasing molding 
pressure.  Also the increased elasticity modulus has much less influence on the 
deformation process due to the very short elastic region compared with unsintered 
Al-PTFE (see Figure 1).  Therefore, the impact initiation energy should either 
stay unchanged or be only slightly increased with increase of molding pressure.  
However, the initiation energy actually decreased, which indicates the existence 
of other influencing factors introduced by increasing the molding pressure.  The 
most reasonable explanation could be attributed to the PTFE nanofiber networks 
observed in Figure 5d.  It can be seen that nanofiber networks introduce many 
microvoids and gaps into the microstructure which are absent in Figure  5c.  
These microvoids and gaps could promote localized “hot-spots” with higher 
temperature under impact and hence accelerate the initiation.  The existence of 
microvoids and gaps could be confirmed by the fact that PTFE nanofibers are 
evidence of crazing [3], which is a phenomenon that often occurs in polymers 
under pressure.  Crazing generates microscopic gaps and microvoids because 
there is sufficient local stress to overcome the van der Waals force. 
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4	 Conclusions

Quasi-static tests and drop-weight tests were performed on Al-PTFE materials.  
The influence of the sintering process and the molding pressure on mechanical 
properties and the impact initiation behavior was assessed.  The conclusions 
derived were supported by SEM images of the microstructures of the samples 
discussed. 
(a)	 The sintering process transforms Al-PTFE from a  brittle material to 

a ductile material.  The fracture strain increased from around 0.1 to above 
0.7.  The elastic moduli of Al-PTFE samples doubled from 108-160 MPa to 
256-336 MPa and the yield stress increased from 12-16 MPa to 19-20 MPa 
(the upper limit of the yield stress of PTFE).

(b)	 Increasing the molding pressure was found to increase the elastic modulus 
of all the Al-PTFE samples and the yield stress of unsintered ones, because 
of the better integrity of the PTFE matrix and stronger interfaces between 
Al particles and the PTFE matrix.  The sintering process makes the yield 
stress of PTFE approximate its upper limit regardless of changes in the 
molding pressure.

(c)	 Unsintered samples, except samples pressed under 182 MPa, required less 
energy to initiate than sintered samples, because the brittleness and the lower 
yield stress of unsintered Al-PTFE samples made them more susceptible to 
plastic strain and fracture.

(d)	 As the molding pressure was increased from 36  MPa to 182  MPa, the 
initiation energy for sintered Al-PTFE fell from 96 J to 68 J, whereas the 
initiation energy for unsintered Al-PTFE rose from 68 J to 85 J.  Nanofiber 
networks that were observed in sintered samples produced under higher 
molding pressures could contribute to the opposite trends of the impact 
initiation energy of unsintered and sintered Al-PTFE samples.
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