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General Description of Project

Nickel-base superalloys are used in the aerospace industry for high-temperature rotating
components. Superalloy powders are consolidated by “hot isostatic pressing, blind-die
compaction, hot extrusion, or a combination of such methods to produce a billet” [1]. The
processing parameters are created to ensure a two-phase microstructure which contains fine
gamma grains and precipitates. This microstructure leads to a superplastic behavior, low flow
stress and high strain-rate sensitivity [1].

This project’s main goal was to provide insight into the effect of standard and non-
standard forging parameters on grain structure development during the final supersolvus heat
treatment (SSHT). Two powder metallurgy samples, IN-100 and LSHR, were exposed to
isothermal hot compression testing over a wide range of strain rates and temperatures. The
materials were then imaged using backscatter-electron (BSE) imaging. Electron-backscatter
diffraction (EBSD) was used to establish the details of the gamma-grain and gamma-prime-
precipitate evolution. Both the BSE images and the EBSD data provided a basis for interpreting
the factors that could affect the grain-structure evolution when an alloy was SSHTed.

Description of Research

The focus of the research was the processing of metallic materials for thermal protection
systems (TPS) and aircraft engine disks. Research was conducted to establish the effects of
process variables on the evolution of microstructure and defects during wrought processing. Two
metallic alloys were examined, a gamma titanium aluminide (“TiAl”’) and a nickel-base
superalloy material. The various microstructures developed during processing were characterized
using optical and scanning electron microscopes (SEMSs). Specific features such as grain size,
phase proportions, and remnant lamellae (in TiAl), and grain size and recrystallized volume
fraction in Ni alloys were determined through quantitative analysis on electronic images. The
presence of defects such as cracks, cavities, residual porosity, etc. was also documented. These
results were used to define optimal processing windows for the aerospace alloys

Results

An example EBSD image is shown in Figure 1. The figure on the left shows the sample
prior to the de-twinning process while the right is the sample after it was detwinned.

2
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Figure 1. Example of EBSD images of nickel superalloy.

These images were used to determine the size of the gamma grains and precipitates.

BSE images were taken using a scanning electron microscope (SEM). The goal was to
capture the precipitates inside the gamma grains. The other method used to calculate precipitate
size utilized the FoveaPro add-on in Photoshop. The precipitates were “hand-painted” in
Photoshop, and the data were collected using Fovea pro. Typical before-and-after BSE images
can be seen in Figure 2. The percent of the particles inside of the grain and on the grain boundary
were calculated from the pictures. The total area fraction and the equivalent diameter were also
calculated.

Figure 2. Left: Prior to hand painting. Right: After hand painting.

Point counting was used to double check the results from Fovea. The number of grid
points was counted as were the number of particles fully on a grid intersection or partial on an
intersection. The total area fraction was then calculated from those numbers.
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It was found that for deformation temperatures of 1066°C and below, the sizes of both
the gamma grains and gamma-prime participate were similar. This suggests that the precipitates
were related to the gamma grain boundaries.

Finally, stress vs temperature curves were generated to analyze the plastic flow behavior
of superalloy disk alloys which gives rise to residual stress following SSHT. An example of this
is seen in Figure 3.
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Figure 3. True Stress vs Temperature
Conclusions

It was found that prior to SSHT the fraction of gamma-prime precipitates lying away
from the boundaries depended on the processing conditions. Certain processing conditions may
give rise to substantial coarsening of the gamma grain size during SSHT. The effect was
attributed to the uniformity of the dissolution of gamma-prime precipitates.
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General Description

This project was conducted to examine the effects of heat treatment on two nickel
superalloys, LSHR (Low-Solvus, High Refractory), and IN100 (a type of Inconel). These two
superalloys have similar composition and chemical composition, but their lattice structures
behave in different ways and their gamma prime precipitation concentrations differ, which
makes them good to compare to each other. The goal of this project is to see what kind of heat
treatment can be done on the material to make the microstructure the strongest for uses at high
temperatures, specifically in the turbine of a jet engine.

This specific set of samples were precipitation samples, so the thing mainly being studied
was the amount of gamma prime precipitation that came out at different temperatures during
cooling, and the sizes and shapes of the precipitation particles. These superalloys have two main
components to their microstructure, gamma matrix, and gamma prime precipitation. A majority
of the metal is made up of this gamma matrix, which has a base element of Nickel, but also
includes Chromium, Iron, Tungsten, Molybdenum, Titanium, and other nonmetal elements such
as Carbon and Silicon. Gamma prime, although still mainly comprised of nickel, has slightly
different concentrations of the different elements, making the composition of them different that
that of the surrounding gamma matrix. The difference in composition makes the density of the
gamma prime (as well as some other properties) different than that of the matrix around it, which
makes the electrons bounce off of it differently, thus causing the visual contrast in the SEM.

It is known that secondary precipitations (gamma prime that was not present in the
material above solvus temperature) are the most effective in the strengthening of the material, so
that was the focus of the research. It was noted that at certain temperature, both primary (gamma
prime that was there at solvus, and tertiary (gamma prime that precipitated out after the
secondary gamma prime) were present, but those were left out in the analysis of the particle size
and shape. By analyzing the secondary gamma prime precipitates formed at different times and
temperatures in the heat treating process, a model can be made to be shared with other scientists
and metals manufacturers telling them exactly what heat treatment they need to use to have the
desired microstructure. This way, people in the future will not have to do these tests all over
again to see what the results of this type of preparation would be, making the whole industry
much more efficient.
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Description of Research

For this project there were two metals tested: LSHR and IN100. Because a direct
comparison was being done between the two types of material, they were both subjected to
similar types of heat treatments. Some of the cooling rates differed slightly though due to
differing properties of the material. The samples were initially heated up to a temperature higher
than their solvus temperatures and held there so that all of the gamma prime is able to dissolve
into the gamma matrix. This made the metal supersaturated with gamma prime, so then when
they were cooled down, the gamma prime would tend to precipitate back out of the matrix. Then,
half of the samples were cooled at a fast cooling rate (250 or 300°F/min) and the other half were
cooled at a slow cooling rate (20°F/min). Within each of the different cooling rates, the each of
the samples were cooled down to a different temperature ranging from 1500°F to 2130°F. Once
the metals were cooled down to the desired temperature, they were water quenched. In other
words, they were dropped into very cold water in order to effectively freeze the microstructure.
Freezing the microstructure creates the ability to see what the microstructure resembled at the
moment it reached that quench temperature. Theoretically, water quenching is like cooling the
samples infinitely quickly, and therefore there would be no time for the microstructure to change
with temperature during that process. However, since it is impossible to cool something
infinitely quickly, there was still some evidence of the particle shapes and sizes changing with
respect to time and temperature during the quenching process. During this heat treatment
process, the temperature of the metal was monitored by using a thermocouple inserted radially
into the center of the metal billet in a hole drilled specifically for temperature measuring
purposes.

After the metal samples were heat treated, they were cut with a diamond blade saw to
down the center where the thermocouple well was located. Since that is the location where the
temperature was monitored, it was the most accurate location in the sample from which the
analysis could be done. The sample was then mounted in 1” diameter Polyfast mounting
compound, and polished to a mirror finish using diamond suspension. For the last polishing step,
there are several different solutions that can be used. The one most commonly used is a colloidal
silica solution called Mastermet, but on these samples in particular the silica bonded very easily
to the metal surface, making it impossible to clean off during the cleaning process, and covered
up all the data that we might have been able to get in the SEM. So because of that dilemma, a
focused ion beam (FIB) cleaning technique to remove all of the dirt and colloidal silica that was
left on the surface after the polishing and cleaning steps.

After the whole preparation process was completed, then the samples were imaged using
SEM techniques on an FEI Sirion microscope. The following imaging conditions were used: 3.0
kV Acceleration voltage; 3.0 mm working distance; spot size 4.0. Images were taken at several
different magnifications for each sample.

After acquiring the images, they were then analyzed using a combination of Adobe
Photoshop, the Fovea Pro Plug-in for Photoshop, Matlab, and Microsoft Excel. The gamma
prime particles, which were very visible after the FIB cleaning, were highlighted and shaded in
using Photoshop, and then Fovea Pro was used to calculate the area and equivalent diameter of
each of the particles. Then, the total area fraction of gamma prime particles was calculated by
summing up the areas of all of the particles and then dividing it by the total area of the sample
imaged. There was a sample size of at least 200 particles (sometimes there were thousands of
particles depending on the heat treatment) to make sure that there would not be any sample size
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error. The data calculated from the images was: the average size of the particle a reported by the
equivalent diameter (diameter of the particle assuming that its cross section is a circle); total area
fraction of gamma prime particles; and the particle density, or the number of gamma prime
particles per square meter. There was a derived theoretical maximum curve for the gamma prime
area fraction as a function of temperature, which the collected data was compared to as well (see
figure 1).

Results

It was found that at higher temperatures, the experimental data followed the theoretical
curve very closely, but then as the temperature decreased there was more and more deviation.
There were also some instances where an experimental data point fell above the theoretical
maximum area fraction curve (also see figure 1). This was explained by the fact that the cooling
during the water quench at the end of the heat treatment process was not instantaneous cooling,
and therefore there was time for the existing particles to grow, making the area fraction higher
than expected.

When looking at particle sizes, histograms were made showing approximately how many
particles there were in a given size range. These histograms were then directly compared to each
other to see how the populations of particles changed geometrically with quench temperature
(see figure 2).

It could be seen, though, not only were the samples with the same cooling rates compared
to each other, but the average particle size with respect to the two different cooling rates was also
compared (see figure 3). This showed that the size of the particles did not actually change all that
much with respect to quench temperature in the fast cooled samples compared to the slow cooled
samples. This makes sense though, because the gamma prime in the fast cooled samples did not
have as much time to grow as the slow cooled ones, since they underwent the same temperature
decrease in a shorter amount of time.

As figure 3 shows, there were still some points in the data that did not follow the
anticipated trends. As for this point in the 20°F/min distribution at around 1750°F, it was
believed that it was because there was another population of gamma prime that had been
generated at that temperature. These are tertiary gamma prime particles, which are very small
(since they had just been formed) and spherical in shape. Since the new gamma prime particles
were so small, counting them brought down the entire average particle size, which skewed the
data slightly.

When | left there, Dr. Tiley, Dr. Semiatin, and myself were still in the process of trying to
explain the points that did not make sense, like the one I just described. We were also trying to
figure out how to determine which particles were tertiary and how to take them out of our
analytical data without having to do that data analysis all over again. Also it was nearly
impossible to tell which particles were tertiary gamma prime at some temperatures because they
grew to the size of some of the secondary gamma prime particles. Due to these obstacles, the
project was not yet finished when | left, and therefore, final conclusions could not yet be made
by the researchers.
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Figure 1 — Gamma prime area fraction in LSHR as a function of quench temperature
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General Description of Project

Nickel-based superalloys are commonly used in the aerospace industry due to their
resistance to high temperatures. Two nickel-based superalloys, Waspaloy and “Low-Sovus, High
Refractory” (LSHR), are widely used in jet engines as disks because of their excellent creep and
crack-growth resistance (Pollock & Tin, 2006). Research was conducted to establish the effect
of thermo-mechanical processing variables on the microstructure of Waspaloy in order to predict
and control microstructural properties of the material in the future. Metallographic techniques
were used to analyze and quantify gathered data to obtain the average grain size and gamma
prime size distribution.

Description of Research

Bars of Waspaloy were cogged and hot-rolled, then cut into smaller rods as needed. The
rods were coated in glass to slow oxidation as the rods were treated to different temperatures for
different amounts of time. After the heat treatment was completed, the rods were quenched in a
container of water to freeze the state of the microstructure. A circular saw with a silicon carbide
blade was then used to cut an axial cross section of each rod, which was then mounted, ground,
and polished using traditional metallographic techniques. In the rough-grind phase, grit paper
and silicon carbide paper were used, followed by a finer polish with a water-based diamond
solution on low-nap pads. The polish was finalized by a colloidal silica and hydrogen peroxide
solution on a soft, low-nap pad. The colloidal silica and hydrogen peroxide solution provided as
an etchant on the surface to make gamma grains and gamma prime precipitates visible under an
SEM. Finally, sample surfaces were imaged and analyzed using the backscatter electron feature
on an FEI SIRION SEM.

Results

Image analysis of the samples found that different heat treatment temperatures and times
had an effect on the microstructure. The entire rod did not dissipate the heat evenly during the
heat treatment, meaning recrystallization was still visible from the hot-rolling process used to
form the bars. An average recrystallization zone was established to be about four millimeters in
from the surface of the rod.
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After analysis of each trial, it was observed that the grains grew in diameter and that the
gamma prime tended to dissolve at the higher temperatures. The samples heat treated at a higher
temperature for a set amount of time tended to have fewer gamma prime precipitates than
samples heat treated at a lower temperature for the same amount of time.

Table 1. The differing microstructures of heat treated samples of Waspaloy

Time (days) | Temperature (°F) | Primary gamma prime diameter (um) | Grain diameter (um)

8 1697 0.47 19.6

8 1796 0.49 17.9

As seen in Table 1, the Waspaloy sample that was heat treated for 8 days at 1697 degrees
Fahrenheit had a smaller grain diameter and a marginally smaller primary gamma prime
diameter compared to the Waspaloy sample treated for 8 days at 1796 degrees Fahrenheit.

Figure 1. SEM Image at 5000x of Waspaloy | Figure 2. SEM Image at 5000x of Waspaloy
gamma prime particles. The sample was heated | gamma prime particles. The sample was heated
for 8 days at 1697°F. for 8 days at 1796°F.

The results in Figures 1 and 2 showed that comparatively, the Waspaloy sample subjected to a
lower temperature showed an overall higher area fraction of gamma prime than the Waspaloy
sample subjected to a higher temperature. The tertiary gamma prime dissolved into the gamma
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grains in the sample heated at a higher temperature, accounting for the marginally larger grain
diameter. Heating the alloy at a lower temperature grows the grains to a smaller size and allows
for smaller, more concentrated gamma prime particles, which strengthen the alloy, making it
more useful for its applications.

Works Cited

Pollock, Tresa M., & Tin, Sammy. “Nickel-Based Superalloys for Advanced Turbine Engines:
Chemistry, Microstructure, and Properties.” Journal of Propulsion and Power Vol. 22,
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General Description of Project

The goal of this project is to create a model that can help predict the behavior of certain
metals during forging. The metals that the project is specifically working on are IN100 and
LSHR. These metals are superalloys and have special properties compared to other types of
metals. In order to create this model, different steps during the formation of the finished metal
were applied to the metal such as heat treatment, compression, and cooling. After the metal went
through one of these steps it was polished and imaged. The purpose of this was to take a
snapshot of the metal at each step so it could be analyzed and different properties of the metal
could be quantitatively and qualitatively measured. An example of the image and the typical
microstructure are shown in Figure 1. After varying each step and analyzing the results it is
possible to create a model of how the metal is behaving between each of these steps. If the
processes of forging these metals can be better understood a more efficient forging technique
could be developed and potentially more efficient metal to be used for engine parts. These engine
parts could save on fuel costs for airplanes which in the long run could save a great deal of
money for whoever uses these techniques. Specifically the project was focused on the metal used
in creating an engine disk. These disks are subject to a wide range of temperatures and forces and
therefore must be able to withstand extremes on both ends safely and reliably. Therefore the
project is also attempting to figure out the most efficient way of making an engine disk that can
withstand these conditions.

Figure 1. Scanning electron microscope image of the grain structure of an IN100 superalloy
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Description of Research

After each step of a given processing sequence, a metal sample was examined using
several different methods in order to get an accurate description of all of the useful properties of
the metal. The metals come out of the different processes in a rough condition and were cut,
polished, and cleaned before they can be analyzed. They were cut into different sections and
these sections were mounted and the flat surfaces were ground to 9 micron finish using
sandpaper of different grit and then polished to .5 micron finish using diamond paste and
eventually a polishing machine until they had virtually no scratches. The samples were then
cleaned using different methods depending on the composition of the metal, different metals
respond differently to different cleaning methods. Once the samples were cleaned they were
imaged using a scanning electron microscope at a high magnification. The metals also were
imaged by a back scatter detector to get the grain profile of the metal. These images were then
used to determine different properties of the metals. The images showed grain size and particle
distribution throughout the metal. Using a program on Photoshop it was possible to measure the
size of each of the particles based on a scale that the microscope places on each image. Then
using Excel the data were compiled and analyzed based on other data obtained from previous
tests. After this analysis, models were created that accurately described the way the metal
changed during processing.

Results

The project is still in progress on and it will be continuing for several months. Each step
of the forging process takes a long time and the analysis of the new material also takes a few
weeks. However some trends have already began to become apparent. The grain size grew
slowly while being heated. Once the metal reached the solvus temperature, the grains began to
grow rapidly to a much larger size. Combining these properties with compressing the metals and
cooling the metals creates a variety of microstructures. These different microstructures each
which have different strengths and weakness need to be applied to different parts of the engine in
different ways. An engine is subjected to a wide range of temperatures and forces and each part
of an engine needs to be able to withstand these effects. Different microstructures are better
suited for certain environments and a better understanding of how each of these microstructures
are formed will lead to a more efficient engine because more efficient parts can be manufactured.
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General Description of Project

Work involved the electronic/magnetic property measurements of materials used for
radio frequency field detection and electromagnetic interference shielding efforts for the
purposes of coaxial cables. The project has entailed the preparation of composite samples,
containing various organic and inorganic nanoparticles. Samples are tested for shielding
effectiveness as well as for mechanical fatigue and post fatigue shielding effectiveness.

Description of Research

Work on this project has included an extensive review of the literature, reporting on the
initial design of experiments as shown in Table 1, determining a baseline cable type (RG-316),
designing a shielding test setup, fabricating and measuring the unfatigued baseline shielding
effectiveness of metal and Nanocomp’s carbon nanotube wrapped shields.

Table 1 Design of Experiments

Material Layers of Shielding Received

Aluminum 1 Yes
Silver coated copper 1 Yes
Silver coated copper 2 Yes
Nanocomp CNT 1 Yes
Nanocomp CNT 2 Yes
ASI CNT paper 1 No
ASI CNT paper 2 No

More recent efforts were focused primarily on manufacturing cables using the new
carbon nanotube paper from Applied Sciences Inc., ASI, with help from Minnesota Wire.
After collaborating and delegating the creation of these ASI shielded cables their reflection
loss, insertion loss, and voltage standing waving ratio were measured, which can be seen in
Figure 1.
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Figure 1: Air Force Research Labs testing to measure reflection loss, insertion
loss, and voltage standing wave ratio

In addition, a recently completed improved version of a previous cable set was
examined, including a single and double layer carbon nanotube shielded cables. The goal
was to improve the manufacturing capability, as well as the shielding effectiveness of this
updated set over the originally investigated cables. This group of cables was also measured
for reflection loss, insertions loss, and voltage standing wave ratio on the new network
analyzer at the Air Force Research Labs (see Figure 1).

Following the manufacturing of the cable sets and in house testing, cables were
examined to test their shielding capabilities. Research was conducted at the national
institute for aviation research in Wichita, Kansas.

The cables underwent two series of tests. The first method uses an unshielded coaxial
cable to determine the overall shielding effectiveness, the results of which can be seen in
Figure 4. This is done by using an injection probe and measuring induced current on an
unshielded cable in a reverberation chamber and subtracting the measurement taken on a
shielded cable. This yields the power that the cable effectively shields. The purpose of this
method is to more directly compare results with that of previously taken shielding data of
prior materials, especially within any literature. The downside of this method is that it does
not account for inherent different resonances within the test cables, compared to that of the
control unshielded cable. In addition the injection probe has limited power strength. This
set-up, method 1, can be seen in Figure 2.
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The other method, method 2, used was adjusting the forward power received on the
tested cable using a baseline antenna in the reverberation chamber. In addition a statistically
uniform field was created by using a large spinning paddlewheel to regulate the higher
frequency power output in the chamber. The shielding effectiveness was determined by
taking the power measured on the shielded cable and deducting the uniform power
measured from the antenna in the chamber. This method gives the benefits of eliminating
resonance data while creating a strong, randomly polarized, isotropic and uniform
electromagnetic field within the chamber. This allowed the peak power of which test cables
were subjected to, to easily be measured. The results of this method can be seen in

Figure 5.
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Figure 4: Lower Frequency, method 1, Shielding Effectiveness for second
generation cables (left) and ASI shielded cables (right)
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Figure 5: Higher frequency, method 2, Shielding Effectiveness for second generation cables
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Results

Carbon nanotube based shields show marketed improvement over traditional cable
shielding above the Gigahertz frequency range. The shielding supplied by Nanocomp Inc.
outperformed the Applied Science Inc. shield at a wider band of frequencies. This research will
continue to investigate shielding capabilities of nano-enabled materials. The next stage includes
investigating the effects of fatigue on cable conduction and cable shielding effectiveness.
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General Description of Project

The overarching project corresponding to the title of this report consists of
developing a technique to fabricate quantum dots (QDs) of precise sizes at specified
locations for quantum memory applications. In an attempt to bypass the random self-
assembly process normally used to grow QDs, a process is being tested which involves
nano-patterning samples (planar InAs grown on GaAs substrates) to adjust the surface
tension followed by annealing them under high arsenic overpressure with the goal of QDs
pulling up in specified locations. In order to nano-pattern a sample, it must be removed
from the ultra-high vacuum (UHV) molecular beam epitaxy (MBE) system; when it is
reintroduced to the MBE system, the oxides which formed from exposure to air must be
removed in order to view the sample morphology—in other words, it must be cleaned. At
this point, the dominant cleaning procedure involves heating the sample to nearly 400
degrees Celsius under arsenic overpressure while using hydrogen radicals to remove the
oxides. The hydrogen radicals are only effective when the sample is hot, yet this procedure
also simultaneously anneals the sample. Sample cleaning under this procedure takes about
an hour, so the first hour of annealing—which could include evaporation and morphology
changes—takes place without monitoring. Thus, it became desirable to develop a
technique to clean the samples without raising the temperature in order to better control
and understand the subsequent annealing process. This project attempts to do so by
cleaning samples with hydrogen plasmas assisted by ultra-violet light. The hope is that the
ultra-violet light will excite the oxides enough in order for the high-energy hydrogen
plasmas to react with them, forming water molecules which will then evaporate from the
sample surface.

Description of Research

The MBE system in this lab had an unused chamber built off to the side; in this
project, this chamber was repurposed for the new cleaning technique. First, a high-
intensity, long-wave ultra-violet lamp with a funnel was purchased. A metal shell was
drawn up and machined to attach the funnel of the UV lamp to the shield surrounding a
bombco window (Figure 1).
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Figure 1. Ultra-Violet Light Setup

Next, a system needed to be constructed to allow hydrogen to enter the chamber. A
lecture bottle of hydrogen was attached first to a regulator, then to a shut-off gas valve, and
finally to a mass flow controller. From there, the pipe continued to the chamber. The flow
of the hydrogen was controlled via a power supply/readout device. In order to light the
plasma, power had to be channeled to the flow via an external source. After discovering
the hydrogen would not light on its own, an argon bottle was substituted in place of
hydrogen; the argon lit without trouble, but without a separate pipeline, there was no way
to introduce the hydrogen in order to light it as well. Therefore, a second system identical
to the first was constructed to allow two gases to enter the chamber simultaneously. The
decision was made to make helium the ignition gas. Thus, the plan was for helium to enter
the system, be ignited to form a plasma, and then introduce hydrogen which would become
a plasma before finally shutting off the helium. The system is shown in Figure 2 below.
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Figure 2. Hydrogen (Top) and Helium (Bottom) Gas Control Systems

Results

As of now, the system has been fully constructed—the ultra-violet light source is in
place, and the two gas-flow systems are operational. During the first test run, the helium
plasma lit, but in an unfortunate coincidence, the water pump to the cooling system broke.
Since replacing the pump, attempts to light the helium plasma have been unsuccessful. As
of the writing of this report, the system is being investigated to examine the cause behind
the sudden inability to light the helium plasma. Once the helium plasma is lit, it will be
possible to run experiments testing the cleaning abilities of hydrogen plasma on ultra-violet
light-excited oxides. The chamber still has room to add a heating cell should we need to
warm the sample, although the temperature would be kept far below the annealing
temperature of 400 degrees Celsius.
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General Description of Project

Natural electronics is the area of research that investigates how natural occurring
biological materials (biomaterials) can be implemented in conventional organic devices, such as
the organic light emitting diodes (OLED) for display and lighting technologies, organic field-
effect transistors (OFET) for memory and computer logic, and organic photovoltaic (OPV) for
energy harvesting. Organic semiconducting molecules are typically synthesized molecules,
leading to expensive and often potentially toxic materials. Natural electronics, however, finds
materials in nature with excellent electronic properties. Many biomaterials, such as silk, proteins,
comestibles, vitamins, and DNA, have already been integrated into organic devices.

The primary advantages of biomaterials in electronic devices are renewability,
biodegradability, and low toxicity. Renewability will curb environmental by-products as is as
consumer electronics proliferate and material demand increases. Biodegradability will abate
environmental concerns of increasing landfills, much of it contributed by expired electronic
products. Natural electronics uses the same ingredients found in plants and animals that typically
have little to no toxicity. Furthermore, natural based materials are often less expensive due to
their abundance.

In addition to the minimal environmental impact, natural materials can often enhance
device performance. Nature has already finely-tuned many molecules for high performance.
DNA, for example, was integrated into OLEDs to increase the brightness (luminance) and the
efficiency nearly 300%. The astounding increase in performance was attributed to intrinsic
properties of the DNA that enhance the emission output. The remarkable properties of DNA
were also implemented in other devices, such as OFETs and OPVs. The advantages of DNA in
electronics sparked rapid interest. However, the disadvantages of DNA were also clear. DNA
required extensive processing, such as additional surfactants and purification, before it was
usable in thin film electronics. Furthermore, DNA has a limited range of electronic properties
for OLED. OLEDs are comprised of multiple layers of organic materials with various electronic
properties that serve different roles. Substituting the various components of the OLED with
natural materials will require a vast set of properties. There are many opportunities, especially
for OLEDs, to explore with other natural biomaterials.

Nucleic acid bases (nucleobases) are small constituent of the DNA polymer chain as
shown in Figure 1. There are five nucleobases: guanine, adenine, cytosine, thymine (found in
DNA) and uracil (only found in RNA). Nucleobases are smaller in molecular size than DNA and
easily thermal evaporate to form purified thin films (10 — 100 nm) in vacuum systems, which is
essential for OLED fabrication. Thermal evaporation is advantageous over DNA solution spin
coating because no additional purification or surfactants are necessary.

In this work, the optoelectronic properties of nucleobases were investigated and
integrated into a conventional OLED. It was found that nucleobases have a wide range of
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electronic properties that increase the freedom of OLED device design that also have
implications in other organic devices. In this work, nucleobases replaced two organic (non-
natural) layers in OLED. In addition, the efficiency of the OLED was increased a factor of 2 over
the conventional device without nucleobases.
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Figure 1. Nucleobases are part of the DNA nucleotide chains. Nucleotides comprise of

a sugar/phosphate backbone with a nucleobase attached. Adenine and guanine are part of the
purine family, while thymine, cytosine, and uracil (found in RNA) are pyrimidines.

Description of Research

OLEDs were fabricated by thermally evaporating organics, nucleobases, and electrodes in
a molecular beam deposition (MBD system, SVT Associates) onto a glass substrate. The
parameters of the OLED were deposited according to similar devices previously characterized
with each layer ranging in thickness from 10-40 nm. The OLED (consisting of 5 organic layers
~100 nm combined total thickness) was deposited on a glass substrate and had an active light
emitting area of 4 mm?. Glass substrates was received with pre-patterned commercially available
ITO, a transparent electrode for light emission out of the glass side of the device.

The substrates were cleaned with oxygen plasma for 10 minutes at 500 W (Plasma-Preen,
Terra Universal Inc.). A conductive polymer (PEDOT:PSS) was then spin-coated on top of the
glass/ITO at 2000 rpm for 20 s to produce a 40 nm layer. The PEDOT:PSS was baked at 120 °C
for 15 min to remove any solvent and leave behind the conductive PEDOT:PSS thin film. The
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device was then transferred to the MBD system for thermal evaporation of the remaining
organics.

The reference OLED (Device I) was created with the following materials and parameters:
ITO [90nm] / PEDOT:PSS[40nm] / NPB[17nm] / CBP:Ir(ppy)s (10wt%)[30nm] / BCP[12nm] /
Alg3[25nm] / LiF[<1nm] / Al[40nm]. As a voltage is applied to the ITO and Al electrodes,
electrons are injected from the Al into the organic layers, and holes (an electron void) are
injected from the ITO. Electrons and holes travel through the device to meet and recombine in
the emitting layer of the OLED shown in Figure 2a. The device emits green light as shown in
Figure 2b. If recombination occurs elsewhere, light emission does not occur, which reduces the
efficiency. Therefore, electron blocking layers (EBL) and hole blocking layers (HBL) are placed
between the emitters.
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Figure 2. (a) The energy levels of the reference device (Device 1) showing the electron

and holes recombining in the emitting layer CBP:Ir to emit light. (b) A working green
phosphorescent OLED device.

The energy level values (molecular orbital levels), intrinsic to every molecule, determines
how electrons and holes traverse from layer to layer. The two energy levels of concern in
OLEDs are ionization potential that affects hole transport, and electron affinity that affects
electron transport. For example in Figure 2a, the ionization potential of NPB is 5.4 eV (low
enough to permit hole transport) and its electron affinity is 2.4 eV (low enough to prohibit
electron transport. EBL are materials that have a low ionization potential that permit holes to
pass, but they have a low electron affinity that prevents electrons from entering the material.
Contrarily, HBL have a high electron affinity that allows electrons to pass through to the
emitting layer, but they have a high ionization potential and prohibit holes to enter. If an
emitting layer is placed between a HBL and EBL, holes and electrons are confined and
encouraged to recombine in the emitting layer, thus producing more light.
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Figure 3. The three types of devices to show the nucleobase properties for OLED. The
reference without nucleobases (Device 1), the nucleobases in the EBL
configuration (Device Il) and in the HBL configuration (Device 1I1).

The two layers that were substutited were NPB and BCP, the EBL and HBL,
respectively. In Device I, NPB was replaced with the nucleobases at 17 nm (the thickness of the
NPB in the reference device). Likewise, for Device 111, BCP was removed and replaced with
each nucleobase at 10 nm.

In each run a reference (Device I) was grown with a nucleobase OLED (either Device Il
or Device Il1). The completed OLED was then transferred to a nitrogen box for testing.
Characterization of the OLED was done with a power supply to record voltage and current, and
a CS-200 Minolta meter measured luminance. The voltage was increased from 0 to 20 V at
0.25 V intervals and the luminance was recorded at each step. Current efficiency was
calculated by dividing luminance by current.

Results

The results of the EBL device (Device Il) are given in Figures 4. The voltage and
current (1-V) plots are presented in Figure 4a and the luminance vs efficiency in Figure 4b. The
I-V plot shows an interesting trend for the bases. The bases decrease in current in the order of
G<A<C<T<U, with G just slightly lower than the reference device (Device I). The efficiency
plot also reveals a similar (but not identical) trend, such that A has the highest maximum
luminance (~80,000 cd/m?) and exceed the baseline maximum efficiency (58 cd/A). It was
closely followed by G, while C, T, and U display the lowest luminance and efficiency. Device
11 for U was barely visible in light emission at peak luminance of ~10 cd/m?.
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Figure 4. (a) Current density vs voltage for Device Il of the nucleobases. (b) Luminance
vs current efficiency for Device II.

The results of the HBL device (Device Ill) are given in Figure 5. The trend in efficiency
and luminance in the EBL case (Device I1) was reverse for the HBL case (Device I11). U had
the highest maximum luminance (~14,000 cd/m?) and efficiency (16 cd/A), while G was the

lowest in performance (maximum luminance and efficiency of 10 cd/m? and 1 cd/A,
respectively).
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Figure 5. Luminance vs current efficiency plots for Device II.

The ionization potential and electron affinity values provide insight into the results of
the nucleobase OLED experiments. Faber et al. have the energy levels of the nucleobases and
these values are shown in Figure 6. The nucleobases have stepwise energy levels ranging from
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EBL to HBL materials. G and A has the lowest ionization potential and electron affinity of all
the nucleobases, thus would allow holes to transport while blocking electrons and serve as a
good EBL. Conversely, C, T, and U have very high ionization potentials and electron affinities
and serve well as HBL. The results of the OLED experiments confirm this finding. Adenine is
the best performing EBL because the ionization potential matches well with the emitting layer
(6.0 eV) and good hole injection was facilitated, while still confining electrons. Uracil was a
poor EBL because it has a high ionization potential and prevents holes from entering the
emitting layer. Likewise, U has very similar electron affinities to its adjacent layers and serves
as a good electron injector while confining holes. But G is a very poor HBL because it has such
a low electron affinity and prevents holes from injecting from the adjacent layer. The findings
of the energy levels show that the nucleobases have stepwise energy levels that can serve as
EBL or HBL.
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Figure 6. Energy level diagrams for the reference device (left) and all the individual
energy levels for the nucleobases and DNA.

The final experiment shows how the EBL OLED can be optimized to achieve very high
efficiency. The OLED stack Device 11 (EBL) was used except that the thickness of the EBL
was decreased to 10 nm. It was found that using thymine as an EBL at 10nm significantly
increased the device efficiency and luminance over the baseline. The results are shown in
Figure 7. Thymine as an EBL obtained a maximum efficiency of 79 cd/A (nearly twice of that
of the baseline at 40 cd/A) and nearly 135,000 cd/m?, which was higher than the 112,000 cd/m?
of the baseline. Adenine, DNA, and NPB (reference) devices were also fabricated with the
same parameters to compare with the thymine. Adenine and DNA at 10 nm were slightly above
the baseline (~40-50 cd/A) with adenine slightly ahead of the DNA in efficiency. However, it is
apparent that the high efficiency is unique to the thymine.
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Figure 7. The results of the thymine in the Device Il configuration at 10 nm. The results
are also compared with similar device for adenine, DNA, and NPB (reference) at
10 nm showing a large improvement in efficiency for thymine.

The thymine results of high efficiency were suprising since previous experiments at 17
nm showed thymine to be an HBL and not an EBL. The cause of the high efficiency was
investigated by atomic force microscopy (AFM) to observe the thin film formation of the
emitting layer deposited on thymine. Thymine and NPB were deposited separately on a clean
Si wafer to a thickness of 10 nm and AFM was performed on these thin films. Afterwards, CBP
was deposited at 35 nm on top of the thymine and NPB, and the AFM was done. Figure 8 shows
the results of the AFM. It was shown that the thymine caused the CBP thin film to create deep
and wide craters in the film. These craters were not present in the reference NPB/CBP film. It
is believed that the craters are causing enhanced injection of holes from the thymine to the CBP,
which caused the increase in efficiency.
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Figure 2. AFM results (left) show the different thin layer formations for thymine, NPB,
and CBP on silicon, and also CBP on thymine and CBP on NPB.

In conclusion, nucleobases show great potential as a biomaterial for OLEDs and other
future natural electronics devices. Nucleobases are renewable materials that are inexpensive
and replace more difficult fabrication procedures of DNA. In addition, their diverse electronic
properties have the potential to advance other natural electronic devices. The nucleobases have
energy level properties ranging from an EBL to HBL, which increases the freedom of device
design for other OLED, OPV, or OFET devices. Additionally, it was shown thymine as an EBL
at 10 nm doubled the efficiency of OLEDs due to its unique thin film morphology with the
emitting layer CBP. Nucleobases contribute to the growing list of materials available for natural
electronics and will be an important contribution to future electronic devices.
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General Description of Project

Optical properties of nonlinear chromophores were analyzed using various steady-state
and time-resolved spectroscopic techniques. Standard analytical solutions of these chromophores
were prepared and used to determine their photophysical properties with proper instrumentation,
including UV-Vis and fluorescence spectrophotometers, time-correlated single photon counting
(TCSPC), and laser flash photolysis (LFP). Molar absorptivities, singlet and triplet-state
lifetimes, and absorption and fluorescence spectra were obtained, and were important for
determining the photophysical properties of the different chromophores. These properties were
used to determine whether chromophores are suitable for different applications, depending on
their absorption and kinetic capabilities.

Description of Research

Standard analytical solutions were prepared by dissolving weighed amounts of solid
chromophores into various solvents. Data extrapolated from the UV-Vis spectrophotometer was
used to analyze the linear correlation between the concentration of the chromophore in solution
and its absorbance. This correlation is known as the extinction coefficient or molar absorptivity.
Spectra from the fluorescence spectrophotometer were used in conjunction with TCSPC.
Fluorescence spectra were used to determine the maximum wavelength of emission for each
chromophore, which was then used in TCSPC to determine the singlet-state lifetime. LFP was
used to analyze the triplet-state lifetime and gather triplet-state absorption spectra.

Results

An understanding of the basic principles of quantum mechanics was gained during the
project, which helped greatly in an academic setting. Professional experience and laboratory
experience outside of academia was gained as well, which will help to broaden upcoming career
opportunities. Many chromophores proved to be excellent candidates for nonlinear applications
while others did not.
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In April 2013, I was invited to attend the 245th American Chemical Society National

Meeting and Exposition in New Orleans, LA. It was an unforgettable experience and one that
most SOCHE students do not get to encounter. | presented in the physical science poster session
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and Solid Matrices,” where | studied the effect of the host matrix on photophysical properties. |
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General Description of Project

Project Objective: Explore the optical properties of a variety of nonlinear organic and
organometallic chromophores and develop structure property relationships within synthetic
families. This objective is part of the overall goal of RXA as it allows materials developed here
to be characterized for their optical properties. Materials with desirable properties are then
examined in various morphologies to determine if they will be useful for potential applications
within the Air Force.

Description of Research

The research required characterization of the photophysical properties of several
absorbing dyes. This characterization was completed mainly using an ultraviolet-visible
spectrometer (UV-vis) to measure absorbance, a fluorometer to measure emission and excitation,
and a time-correlated single photon counting (TCSPC) to measure lifetimes and determine the
rate of decay. The dyes were also characterized using laser flash photolysis (LFP).

The UV-vis was used to measure the absorption spectra for each dye in a variety of
solvents. Extinction coefficients were determined using Origin software by calculating the
slopes of lines fit to plots of absorbance as a function of concentration at a particular wavelength.

The fluorometer gives the steady-state emission spectra of the dyes, which can be used to
determine the energy of the emitting excited state and also the relative amount of charge-transfer
in this state. Purity can be confirmed by measuring excitation spectra and ensuring they match
the absorbance. The TCSPC measures the emission decay as a function of time at a specific
wavelength. The instrument software can be used to fit the resulting curve either alone or by
reconvolution with instrument response function to determine the lifetime of the emitting
species. All data obtained can be inserted into Origin to graph and convey it in an organized
manner.

Results

There were two different focuses of the research. One of the focuses was a molecule
containing a fluorene with a thiol group on one side and a nitrogen with two phenyl groups
(Compound A, Figure 1). The other focus was a symmetrical, bidentate ligand where the
nitrogens can chelate to a metal (Compound B, Figure 1). The primary focus of Compound A
was the characterization of the dye and eight derivatives.

Q000 OrO-O-GIA0

Figure 1. Compound A is pictured on the left and Compound B is pictured on the left.
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The same data was collected for each dye: absorbance, emission, excitation, and lifetime
in five different solvents ranging from nonpolar to polar. Each of the derivative dyes had a slight
modification to the structure to allow for examination of the steric dependence on the
photophysical properties. Four of the derivatives added bulky groups to the diphenylamino side
in order to create steric hindrance with the fluorene backbone in order to see if that would
prevent rotation and cause a certain conformation to be locked. The variations in the derivatives
allowed observations to be made concerning the amount of charge-transfer character, donating
abilities of the groups, and the resulting relations in the radiative rate constant. Figure 2 shows
absorption spectra of both Compound A and one of its derivatives. Both show broadening with
increasing solvent polarity, indicating some ground-state charge-transfer character.
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Figure 2. Compound A Derivative absorption has broader absorption than Compound A.

The results obtained from the study of these sterically hindered derivatives of Compound
A support a twisted-intramolecular-charge-transfer (TICT) state being present in Compound A.
Other derivatives were also synthesized that linked the present phenyl groups. Variations in the
lifetimes and quantum yields indicate that there are changing vibrational modes due to the
linkage of the phenyl groups.
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Figure 3. Emission spectra is measured for the dye in both room temperature and at 77K.
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When the emission is more localized, the compound may decay faster due to more
deactivating pathways because of the linked phenyl groups. There was also a temperature
dependent study done on the dyes in nonpolar and polar solutions, as illustrated in Figure 3. The
results from the graph allude to the conformation of the dye being locked once frozen.

Compound B is being analyzed to determine if a metal will bind to the nitrogens present
and quench the emission of the dye. So far Cul, CuPFs, and Zn(OTf)2 have been used to
accomplish this goal. The Cul had solubility issues with the dye and the solvents it was soluble
in, so research with that was ceased. CuPFs and Zn(OTf). both showed results that were not
expected where the emission of the dye actually became more exaggerated with the more metal
present (Figure 4). This is due to the formation of a complex with the metal and dye which has
its own distinct emission.

Compound B in MeCN
Zn(OTf), Quenching Emission

395ex —— 0 mM Zn(OT)2
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2 mM Zn(OTf)2
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Intensity (a.u.)
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Figure 4. Emission of Compound B increasing with increasing Zn(OTf)a.

Data for Compound A and it’s derivatives with Laser Flash Photolysis still needs to be
obtained, and further studies on metal quenching of Compound B will be conducted. On top of
these two main projects, some research was done for other groups in the same organization
where absorption and emission data was collected for both dye-modified polymer gold nanorods
in water and liquid crystal monomers in THF and n-hexane. Any follow up studies will be
pursued by the respective groups.
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General Description of Project

Many high temperature material characteristics in nickel superalloys are influenced by
the morphology, size, and distribution of precipitate particles in the matrix of the material. These
precipitates are named y’. The characteristics of these precipitates change with different cooling
rates and quench temperatures. Therefore, when modeling material behavior, it is often important
to accurately measure volume fractions, sizes, and morphologies of y” at different conditions.
The research presented here focused on two different methods of characterizing nickel
superalloys: etching and focused ion beam (FIB) milling. The benefits and drawbacks of each
method were analyzed in order to determine the most appropriate method to use when
characterizing nickel superalloys for various other uses such as creep modeling.

Description of Research

Samples from two nickel superalloys (IN100 and LSHR) were removed from the billet by
wire electrical discharge machining (EDM). They formed 0.4 in diameter by 3.5 in long radial
bars. The bars were then solutionized in an induction furnace at 2175°F in order to dissolve the
remaining y’. The bars were then cooled at either 20 or 250°F/min with a type K thermocouple
after which they were water quenched. Samples were cut from the bar center near the
thermocouple, mounted, and polished with standard metallographic techniques. They were
finished with 0.05 pum colloidal silica. The samples were cleaned in an ultrasonic bath with 1%
Microclean solution, rinsed with ethanol, and dried with nitrogen gas.

After polishing, one of two possible methods was used to finish the sample and prepare it
for imaging. The first and most commonly used method was to etch the sample, or preferentially
dissolve away either the precipitates or the matrix. For this research, an etchant solution of 80 ml
HCI, 80 ml HNOgz, 80 ml H20, and 2.4 grams of molybdic acid was used for 10 seconds after
which the sample was immediately removed and submerged in a sodium bicarbonate solution in
order to neutralize the acid. Images were taken in the area near the thermocouple, as seen in
Figure 1. The samples were imaged using a FEI Sirion scanning electron microscope (SEM) in
ultra-high resolution (UHR) mode with the through-the-lens (SEI) detector at a working distance
of 5Smm. The beam operated at 12kV and a spot size 4.0. Calibration standards were also imaged
at each magnification. A sample images is shown in Figure 2.
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(Type K)
Area of image
analysis

Figure 1: Illustration of sample highlighting the area of image analysis.

Figure 2: LSHR sample, taken on an FEI Sirion SEM at 20K X, Secondary Electron Image,
12kV, working distance 5 mm, etched.

The second method used is to FIB mill the sample. As shown in Figure 3, the sample was
first cut in half to create a new surface perpendicular to the original. This surface was also
polished using standard metallographic techniques and was finished at 1 um with diamond
slurry. The sample was then positioned in the FEI DB235 focused ion beam (FIB) microscope at
a working distance of 5mm. The ion current started at 5nA and progressed to 500pA. With this
technique, the beam cleaned parallel to the original polished surface and therefore created a
minimum of damage to the sample. Progress between each run of cleaning was checked using a
FEI Sirion SEM in UHR mode with the SEI detector at 2-5 kV with spot size 6.0. After cleaning,

images were taken using the same SEM at a working distance of 2mm. A sample image is shown
in Figure 4.
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Thermocouple

(Type K)

Area of image
analysis

Figure 3: Illustration of sample prepared for FIB milling which highlights the area of analysis.

Figure 4: LSHR sample, taken on an FEI Sirion SEM at 20K X, Secondary Electron Image, 5kV,
working distance 5 mm, FIB Milled.

Segmentation techniques were then performed for both methods. Precipitates were
sectioned using the lasso tool in Photoshop v 11.0.2 and highlighted by color according to their
morphology (primary, secondary, tertiary). A sample image is shown in Figure 5. Filters
provided by Fovea Pro then segmented each type of precipitate and output a text file with size
and shape information. These files were opened in Microsoft Office Excel and used to calculate
area fraction and histograms for equivalent diameter.
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Figure 5: IN100 sample, taken on an FEI Sirion SEM at 10K X, Secondary Electron Image, 10
kV, working distance 5 mm, FIB Milled.

Results
For each sample, the equivalent diameter and area fraction were determined using both

methods for the fast cooled and slow cooled samples. The graphs for area fraction are shown
below in Figure 6. The graphs for equivalent diameter are shown below in Figure 7.
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Figure 6: Comparison of area fraction found using etching versus FIB milling for both slow
cooled and fast cooled samples.
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Figure 7: Comparison of equivalent diameter found using etching versus FIB milling for both
slow cooled and fast cooled samples.

As seen in Figure 6, the etchant method found a consistently lower area fraction when
compared to the FIB milling method. The curve for the FIB milling method is also far smoother
and tracks closer to the equilibrium points found for the fast cooled samples. The opposite true is
found for equivalent diameter with etching giving consistently higher values for both the slow
cooled and the fast cooled samples. When observing the comparison of images for the two
different methods shown in Figure 8, these values make sense. It appears that the etchant method
preserves a far fewer number of small diameter precipitates which would simultaneously lower
the area fraction and drive the statistics for equivalent diameter higher.
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Figure 8: Comparison of images for two samples which were both etched and FIB milled.

Conclusions

Although the etchant method is far cheaper and easier than the FIB milling method,
accuracy is compromised in the form of a larger equivalent diameter and a smaller area fraction
than in reality.
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General Description of Project

The project was to provide direct support to the Nonmetallic Materials Division senior
leadership. Tasks involved data entry, compilation and graphing of ongoing research and
development efforts within the Division in order to develop a comprehensive and focused
assessment of those programs to the leadership. Another aspect of the project was to monitor
supplies and equipment purchases as well as assist in laboratory management processes, i.e.
Logistics.

A significant duty completed during the project was the implementation of a visual basic
enhanced Access database to contain, manage, and analyze all Government Purchase Card
(GPC) transactions within RXA. This database replaced manual paper process for over 500
personnel and is used to capture over 5000 annual transactions. Responsibilities included: Use
Case and Test Case development, User Acceptance testing, requirements gathering, wireframe
development, graphic design, and GPC compliance testing.

Description of Research

The Access database created was named Order Management and Efficient GPC
Accounting (OMEGA). There was a need to improve upon the old method of tracking GPC
purchases. This process starting by filling out an Excel order form; then emailing the order form
to a project leader who would then email the order form to an Approving Official (AO) and
finally emailing the order form to a GPC Card Holder. Once received by the Card Holder, the
order would be completed and the form would be printed out and handed to another employee to
input into a larger Excel tracking database. The new process would have a user input the
information onto a form in Access which would populate the database and allow the project
leader, AO, and Card Holder the ability to view and approve the order without email
correspondence. This new process also reduces the number of times the information is input into
a table or form.

The first step to implementing the Access database was to meet with the User base and
gather requirements. Through several meetings the business rules were detailed and the entire
process was outlined. This enabled the creation of Use Cases which are a tedium step-by-step
break down of a current process which allows a smoother transition into a development scheme.
After many several Use Cases were written, a new set of Use Cases were developed which
translated the current process into a formulaic process which would be used within the focus of
the development team. Wire frames were also completed to give the developers a better
understanding of the visual expectations.

Once the Use Cases were completed, the development began. Throughout the
development process there was constant communication between the developers, the
requirements liaison, and the end users. This ensured an end product that would meet the
expectations and requirements.
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Upon completion of the database Test Cases were completed to determine the
thoroughness of the database as well as check for any bugs or defects. As the database was
launched and became the official tool to request a purchase, several training meetings were
conducted to ensure end users were fluent in the new process.

Results

Once production began on the database and a name was chosen, a design scheme was
established and a logo was created, Figure 9.

LIM=6O

Figure 9: OMEGA Logo

Form construction and design was paramount to ensure a smooth flow and transitions
throughout the database. Several examples of form design include Figure 9: OMEGA Logo,
Figure 11: OMEGA Main Page, Figure 12: New Order Form, and Figure 13: Order Status.

Welcome to OMEGA. Your account has not yet been configured in the system.

To get started, please choose your name from the drop-down list and click the
Next button.

If you do not see your name, click the button that says as much.

Yourname: || E [ Next ][ I don't see my name

Figure 10: Account Configuration
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Figure 11: OMEGA Main Page

A core structure of OMEGA is the use of Role Based Access (RBAC). RBAC
accompanied with the accounts allows for different permissions levels in OMEGA, e.g. Research
Area Managers, Approving Officials, Card Holders, and Super Admins. OMEGA is tailored to
each permission level and will display menu options accordingly.

The New Order form, Figure 12, features auto populated fields dependent upon
selections made on the form. It also features a comments section which is a complete dialog
between a basic user and approvers.
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Figure 12: New Order Form

Another great feature of OMEGA is that a user can view real time statuses of the orders
requested. In Figure 13, the goal was to provide the user with a simple graphical interface that

clearly displays the status of an order.
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Figure 13: Order Status
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General Description of Project

Research is being done on Ultra High Temperature Ceramics (UHTC) to be used for
hypersonic leading edges and other UHTC applications. In conducting research, there are several
different processing techniques used in creating the UHTC materials. Alloyed powders are made
by Arc Melting (AM) commercial grade powder mixtures in order to get the alloy chemistry
uniform throughout the powders. The powder is then cold compacted in to pellets using Cool
Isostatic Press (CIP) and then the compacted powers are consolidated using Spark Plasma
Sintering (SPS). The consolidated material is then cut, grounded, mounted, and polished for
microstructural analysis and mechanical property testing. Characterization of these UHTC
samples included light microscopy, Scanning Electron Microscopy, and X-Ray analysis.

Description of Research

In this project, research was being done on UHTC alloys based on Tantalum Carbide
(TaC) system, which is one of the highest melting point materials known to man but they are
usually not thermal shock resistant due to their high CTEs and have low thermal conductivities.
Since it is very difficult to change the thermal properties of a material to a high value, the
approach taken here was to use processing and chemistry to conduct microstructural control and
improve the strength and toughness of the materials so that it could withstand higher thermal
stress loading without cracking. In depth research is being done on the different ceramic alloy
system, to see how different chemistries, processing techniques, consolidation techniques, affect
thermal-mechanical properties and oxidation behavior. Based on how the samples are affected,
the “best” alloys are being screened for uses as leading edges for hypersonic vehicles or other
UHTC applications.

Processing of Alloyed Powders

In order to make alloyed carbide material between pure Ta.C to pure TaC (see Figure 1)
we mixed different percentages of commercial grade tantalum metal powders with TaC powders
in an ethanol carrier fluid and then blended them together using a Thinky Mixer that operated
between 1000-2000 rpm. Once these powders are uniformly blended, we then dry the resultant
slurry using a vacuum oven. This produced a dried powder cake, which we then brock up and
sieved back into a powder form, which contained a uniform mixture of the Ta and TaC powders.
These mixed powders were then placed into a molding bag and Cool Isostatic Pressed (CIP) into
a semi solid form that could either be placed into an arc melt machine (AM) for alloying via
solidification or into the spark plasma sintering machine SPS for alloying by solid state
diffusion. In this study we use the arc melting (melt-rapid solidification approach) to make the
alloyed powders with the desired chemistry and contained a very fine microstructures. The arc
melting process uses an argon plasma torch (that similar to an electric welder set-up), which
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produces a high energy arc from a tungsten stinger to the grounded sample container. The molten
pool produced by the arc allows for complete mixing of the chemistry on an atomic level. Then
as the arc is moved away from the molten pool, the melt solidifies rapidly producing an alloy that
is a cigar shaped bulk material, which contains a very fine nano-scaled microstructure.
Unfortunately, it is very hard to produce a part shape using arc melting so usually these alloyed
pucks are then broken up into alloyed powder form using a shatter box and sieving to the desired
mesh size. The alloyed powders still contain the nano sized microstructure and then are re-
consolidated into a shape part by another process such as SPS, extrusion, hot pressing, Hipping
or pressure less sintering (note these are diffusion controlled processes). The size of the resulting
microstructure of the consolidated part and its mechanical properties are then controlled by grain
growth caused by the amount of heating times and temperature required to get full density for the
chosen process. These diffusion controlled consolidation processes are list in the order of
shortest heating time required for full density verses the longest heating time (i.e. finer
microstructure to largest microstructure).

In this research we used Spark Plasma Sintering (SPS) to consolidate the alloyed
powders, keeping the microstructure fine. SPS is like hot pressing but where DC current is ran
through the graphite die (Joule Heating) that holds the sample instead of heating by an external
heating source like induction or resistance heaters. This process allow the sample to be heated
and consolidated very fast before much grain growth occurs. This allows the material to retain its
very fine microstructure and hence it usually shows very good mechanical properties compared
to the other consolidation methods, which take longer times at temperature to consolidate a
materials.

Characterization of the powders and bulk alloyed materials

As previous mention in this work we made alloyed powders by arc melting pucks and
then pulverizing them in a Shatter box back to alloyed powders. A small portion of the sieved
powders was used for X-Ray analysis using a Bruker D2 Phaser X-Ray Diffractometer to get an
idea of if the phases content. SEM was used to get an idea of the phase sizes, microstructure
features and distributions. The rest of the alloyed powder was SPSed in a graphite dies at various
temperatures to identify the condition where 100% dense material could be formed. The SPS
creates a 1 inch puck that is covered with graphite, which is then ground off using a diamond
wheel (74-45um), polished down to 1um using a Gold Label cloth, and fine polished to 0.05um
using a Chemomet cloth. Microstructural characterization is then done on this polished sample
by light microscopy and SEM to study the microstructural features and distributions, SEM/EDX
to identify the elemental analysis chemistries of the phases present and then X-Ray analysis to
identify the phases present. The data from each of these characterization methods is essential in
showing how the microstructure is affected when heated up to different temperatures and
pressures in the consolidation study of Ta-Carbide alloys.

The polished 1 inch puck is then cut into rectangular shaped bars of the same size. These
bars are then polished to eliminate any crack or scratches on the sample. Once polished, the bars
are placed in the Synergie 400, a machine that applies a bending force to the bar at a certain rate
until the bar is broken. The room temperature load-deflection data collected is used to calculate
the bend strength Ta-Carbide samples. Some of the bars are notched with a diamond saw and
bend tested to determine the toughness of the material. This test shows how the phase type size
and distribution in the sample correlates to the strength and toughness of the alloys. Some tests
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are performed at elevated temperature to see how the bend strength and toughness behave as a
function of test temperature.

Oxidation testing is performed using numerous methods including static furnaces, torch
testing and the exhaust port of a scramjet engine; however these tests are conducted by a
different group of scientist. The data from these tests, along with the information from the
thermal mechanical property evaluation is used to down select the Ta-Carbide alloy for the
desired application, such as is hypersonic leading edge.

Results
This research shows that there are different phases in the Tantalum Carbide system

[Ta2C, TasCs and TaC] (Figure 1) and alloys which contain different amounts of these phases
affect the thermal mechanical properties of the material.
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Figure 1. Phase Diagram

The peaks that are obtained from the X-Ray analysis of the different chemistries studied in this
research are shown in (Figure 2). Note: composition CO formed single phase Ta,C while C6
formed single phased TaC. The composition inbetween CO and C6 form multi phased alloys.

Figure 2. X-Ray Diffraction peaks for Tantalum Carbide
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According to the mechanical testing done in this study both the processing and chemistry affects
the microstructures of the material, as well as the strength and toughness (Figure 3 and Figure 4).
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Carbide by Composition Composition

From Figure 3 and 4, one can see that composition C3, which contain high aspect ratio grains of
Ta>C and TasCz phases has the best strength and toughness of the alloys studied in this work. It
is important to note that the toughness is one of the highest ever seen in a ceramic materal.

Conclusions

The results of this work showed that Ta-C based alloys could be made very strong and
tough by alloying powders on the atomic level through a rapid solidtication process called arc
melting and rapid consilidation of the alloyed powders by the process called Spark Plasma
Sintering. The composition with the highest strength and toughness was the C3 composition
which contained accular, high aspect ratio grains of Ta>C and TasCs phases.

The equipment used in the study was: Arc Melter, shatter box, sieves, light microscopy,
Scanning Electron Microscopy/EDS, X-Ray Diffractometer, Cool Isostatic Press (CIP), Spark
Plasma Sintering (SPS) and a mechanical testing machine.
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General Description of Project

Transmission Electron Microscopy (TEM) is a microscopic process which utilizes the
wave property of diffraction in order to view the diffraction pattern produced when a beam of
electrons passes through a material. This diffraction pattern allows for visualization of the
objects in question on an atomic scale, thus illuminating the crystalline structure of these
materials, and providing information on their physical and electrical properties and allowing
feedback on growth methods’ effects.

Description of Research

The purpose of the project at Wright-Patterson Air Force Base is to determine the best
procedures of sample preparation for Transmission Electron Microscopy (TEM) in order to
discover the structural properties of grown materials including Erbium Arsenide (ErAs) metal
nano-particles and Indium Arsenide (InAs) Quantum Dot structures, and InAs/InGaAsSb
superlattice structures. Viewing a material's crystalline structure with TEM requires a very thin
(~100nm) film of the sample and obtaining this can be a highly complex task. Different
materials/analyses require different procedures. This project has led to effective processes for the
materials listed above. lon beam milling was used to prepare both the cross-sectional and plane-
view ErAs metal nano-particles and InAs Quantum Dot material, and Focused lon Beam (FIB)
Milling was used to prepare both superlattice and oxide materials. Reiteration has proved these
methods to be highly effective at producing excellent TEM films.

Transmission Electron Microscopy (TEM) is a microscopic process which utilizes the
wave property of diffraction in order to view the diffraction pattern produced. This diffraction
pattern allows for visualization of the objects, which in this case are Erbium Arsenide metal
nano-particles, Indium Arsenide quantum dot structures, InAs/InGaAsSb superlattices, and Iron
oxides. TEM lets the operator view the crystalline structure of these materials, giving
information on their physical and electrical properties and allowing feedback on growth
methods’ effects.
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Figure 1: Titan Transmission Electron Microscope

Figure 2: HRTEM image of an InAs epitaxial layer grown on GaAs showing formation of Lomer
dislocations
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Metal nanoparticles demonstrate the property of optical field enhancement. That is, when
light shines upon a surface with metal nanoparticles, the light is enhanced near the metal nano-
particle. When a quantum dot is located within this field enhancement, increased absorption,
emission, and optical non-linearites may be expected.

When InAs is grown in a metal rich environment, it grows in a planar configuration. In
typical self-assembled quantum dot formation, as the layer thickens, the strain becomes too high
and a quantum dot nucleates, relieving the strain and lowering the energy. But here, as the layer
becomes thicker, dislocations are formed which prevent 3D growth. By nano-patterning this
film, small regions of InAs are formed which have more material than needed to form a critical
nuclei formed during self-assembly. Then by annealing with As, Quantum Dots develop from the
nano-patterned regions.

A superlattice is a material made by the stacking layers of varying materials, and this
project worked with primarily InAs/InGaAsSh. When the materials used are semiconductors, as
these are, new unique semiconductor properties are exhibited by the superlattice.

Results

lon beam milling is the method most commonly employed for TEM sample preparation.
It involves shooting ionized argon at a prepared sample, until enough of the sample is milled to
be electron-transparent. The preparation is a labor intensive process, turning a sample into a
50um thick slice made of four bars, similar to fingers of a flat palm, glued to a molybdenum grid.

Figure 3: A slice of a cross-sectional stack next to a millimeter ruler.

Focused lon Beam Milling (FIB), unlike ion beam milling, is a much less labor intensive
process, but rather completely computer operated. The special thing about FIB is that it allows
for highly selective positioning of the TEM foil, as its motors and ion guns are much finer than
the hand. In the FIB, there are three major components: an ion gun, an electron gun, and a probe.
Each of the guns has two purposes, milling/depositing and viewing, that is, each can fire at the
sample and each can give sight as to what is happening with the sample. FIB’s technique is as
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such: The operator starts by putting in the sample, just as received, with the film side up. The
operator then selects the region from which the film is desired and deposits platinum on top to
protect the film. Material is then trenched out on both sides of the platinum cap, creating a wall
that will become the foil. The operator then mills away the base and a side of the film, and
attaches the probe to the sample by depositing platinum on both, positioned next to each other.
The last remaining side of the film still attached to the sample is then cut, and the probe is lifted
out, with the sample bonded. The sample is then attached to a holder, all still within the FIB, and
final thinning is done, until the thickness measures to around 100 nm.

Figure 4: Focused lon Beam (FIB) Milling’s sequence

Platinum deposition and ion
beam aperture. “Trenching” to create the film.

Pre lift out cuts rotated. Pre lift out cuts.

The project has demonstrated and expounded upon the effective methods for preparing
samples for Transmission Electron Microscopy, allowing a more complete understanding of the
physical and electrical properties of the materials other researchers are growing.
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General Description of Project
From Project Description

AFRL/RXCC requires an undergraduate/graduate chemist or materials engineer to
support developing technologies to produce smaller, lighter and more sensitive antennas. To
meet these goals nanocomposite materials with low electrical losses & independently tailoring
permeability & permittivity are desired. Obtaining such systems is key to enhancing conformal
antenna gain, reducing antenna aperture size & improving bandwidth control. In this effort the
student will produce high aspect ratio magnetic oxide nanoparticles which will be subsequently
aligned. These materials will be produced using microwave synthesis techniques.

Magnetic oxide nanoparticles were synthesized using solvothermal decomposition via
microwave techniques. Once the particles were synthesized, they were characterized using a
variety of techniques, included X-ray diffraction, transmission electron microscopy, scanning
electron microscopy, and superconducting quantum interference device. The particles were then
utilized in a composite for further testing.

Description of Research

It has recently been found that the magnetic properties, crystallinity and chemical
behavior of magenetic iron oxide nanoparticles can be very useful in a variety of fields, including
some medical applications, frequency-focused devices and antenna substrates. Currently, there
are a variety of different methods through which these particles can be synthesized, the newest
and most uninvestigated being microwave synthesis. This study aims to discover a potential
trend between microwave synthesis time and particle size and crystallinity of both iron ferrite
and cobalt ferrite magnetic nanoparticles, with initial thoughts being that increased microwave
time would increase both particle size and crystallinity. Results of the study show that while both
types of particles do increase in size over time, the maximum size is seen for iron ferrite
nanoparticles at 10 and 30 minutes and 120 minutes for cobalt ferrite nanoparticles. These results
correspond with the crystallography data, namely that the most ideal crystallinity is achieved at
these times.

In recent years, magnetic iron oxide nanoparticles have shown to be of interest in a
variety of fields due to their unique behavior, crystallinity and magnetic properties. Currently,

68
Distribution Statement A. Approved for public release: distribution unlimited.



these nanoparticles have shown to be useful in electronics, namely frequency-focused devices,
biosensors, medical diagnostics and drug delivery, as well as antenna substrates. The specific
application of the nanoparticles depends on the type of metal incorporated in the crystal structure
of MFe20s, as the “M” metal affects the magnetic properties of the particles, namely
permeability, permittivity and resistivity [2,273]. Magnetic nanoparticles are also of interest
because of their low cost of production as well as their relatively simple synthetic means in some
cases [1,1].

At present, there are several different methods through which magnetic nanoparticles can
be synthesized. The first is through co-precipitation methods [1,1], typically involving aqueous
metal salt solutions followed by the addition of a base [3, 1228]. The second is through
solvothermal decomposition, usually involving an organometallic compound or compounds
dissolved in a high boiling point organic solvent and reacted at high temperature and pressure for
a given time [3, 1228].

Solvothermal decomposition is unique in that there are many different vessels that can be
used in order to generate the high temperature and pressure needed to create nanoparticles. A
Parr reactor is the most common vessel for synthesis, and while the particles are well-behaved,
the reaction time needed is much too long. The use of microwave techniques in order to create
the necessary thermal conditions is currently being investigated, as it serves as a quicker and
simpler way to synthesize nanoparticles. This paper focuses on the synthesis of ferrite and cobalt
ferrite nanoparticles using fixed precursor properties and microwave methods over varying
times.

Fe304/y-Fe,03 and CoFe,O4 nanoparticles were synthesized by microwave assisted
solvothermal decomposition of iron (111) acetylacetonate (Fe(acac)s, Sigma Aldrich, 97%) and
cobalt (I1) acetylacetonate (Co(acac)2, Sigma Aldrich) in benzyl alcohol (Sigma Aldrich, > 99.0).
All chemicals were used as received without additional purification. Fe3Oas/y-Fe>O3 (CoFe20a)
nanoparticles were produced by placing 1.00 gram of Fe(acac)s (0.2667g Co(acac). and 0.7332g
Fe(acac)s) to 20mL of benzyl alcohol under mild stirring and allowed to stir continuously for
four hours. Aliquots of 5mL were removed from each solution and placed in 10mL glass
microwave vials with a magnetic stir bars. The resulting solutions were microwave heated at
175 °C for varying times with max power and pressures of 300 Watts and 250 psi, respectively.
The resulting nanoparticles were washed three times with ethanol via centrifugation at
8,000 RPM, then allowed to dry under ambient conditions.

The crystal structure and Scherrer size were determined by powder X-ray diffraction
(XRD) using Rigaku D/Max 2500 (50 kV, 300 mA) equipped with a graphite monochromator,
selecting Cu Kau 2 radiation (A = 1.54178 A) with a step size of 0.05° and a scan rate of 2°/min.
Particle size and morphology were analyzed by transmission electron microscopy (TEM)
performed with a Philips CM200 equipped with a LaBe cathode operated at 200 kV. TEM
samples were prepared by adding a small amount of material to heptanes with a small addition of
decanoic acid then sonicated for 5 min. A few drops of the resulting suspension were then
placed on an ultrathin carbon film on holey carbon support film copper TEM grids. Magnetic
measurements were performed via a Quantum Design MPMS-XL7 Superconducting Quantum
Interference Device (SQUID).
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Results

As one can see in Figure 14, the crystal structure for the FesO4 and CoFe2O4 crystallites
is Spinel for nearly all reaction times. However, Figure 14a shows that while a five minute
reaction time does yield Fe3Oa, the product has not yet reached a Spinel crystallinity structure.
Comparing the five-minute reaction in Figure 14ato that in 14b, it is noticed that CoFe204
reaches a completely Spinel structure even after such a short reaction time, while Fe3O4
crystallites need a minimum of ten-minutes of heating in order to form Spinel crystallinity. In
Figure 14a, the sharpest and thinnest peak is at both the 10 minute and 30 minute reaction mark,
indicating that crystallites at this time will be the largest. After this time, the peaks in Figure 14a
begin to broaden again, indicating that the crystallites are becoming smaller while still
maintaining the same crystal structure. In Figure 14b, the patterns indicate that the largest
crystallites for CoFe2O4 system will be seen at the 120 minute mark, as referenced by the peak
sharpness. Figure 14b also indicates that the crystallites are steadily growing larger as reaction
time increases, as seen by the subtle change in peak breadth from sample to sample.

The XRD data in Figure 14 can be well-tied into the TEM images seen in Figure 15. The
particles in Figure 15a are that of a five minute reaction yielding FesO4. The relatively
uncontrolled size and shape of these particles is reflected in the corresponding XRD pattern in
Figure 14a. More specifically, the particles have not yet reached a consistent crystal structure,
resulting in very small (see Figure 14) particles with some agglomerations. The five-minute
reaction yielding CoFe>Og, as seen in Figure 15d, results in rounder and more well-defined
particles as referenced by the respective XRD pattern in Figure 14b. The remaining pictures in
Figure 15 are consistent with their corresponding XRD patterns, namely that the two systems
have formed Spinel crystalline particles. Also, the particles in Figure 15b are smaller than those
in 2c, as the XRD beak breadth supports. The same relationship holds for the Figures 15e
and 15f, with the particles in image 15f being slightly larger than those in Figure 15e, as
illustrated by the major XRD peak size and shape in Figure 14b.

Table 1 summarizes the relationship between TEM and XRD characterization through
the use of X-fit analysis and particle sizing. The XRD patterns of FesO4 and CoFe2O4 in
Figure 14 show that the largest particles should be seen at the 10/30minutes and 120 minute
reaction marks respectively. X-fit analyses of these patterns indicate that the largest particles are
seen at these times, as referenced in Table 1. This idea is supported by TEM image particle
sizing, as the largest particle sizes are recorded at the above mentioned times, also referenced by
Table 1. Lastly, the size trend of FesO4 and CoFe>O4 nanoparticles as reaction time increases is
also supported by the data in Table 1. More specifically, as time increases, FesO4 nanoparticles
start at their smallest size at 5 minutes, increase to the largest size at 10 and 30 minutes, and then
decrease in size at later times. For the CoFe,O4 system, particles gradually increase in size as
time increases, with the largest particles being seen at 120 minutes. Though the relative size
measurements of the particles for XRD and TEM analysis do appear to vary from one another,
the nature of the two respective sizing processes allow for this variance and deviation.
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Fig. 14: XRD results for FezO4 (a) and CoFe204 (b)
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Fig. 15: TEM images for Fe3Os4 (a, b, ¢) and CoFe204 (d, €, f) at 5 minutes (a,d) , 30 minutes
(b,e) and 120 minutes (c,f)
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Table 1: Yield, XRD, TEM and Magnetic Analysis Values for for FesO4 and CoFe204
Fe304 COF6204
Yield XRD TEM M Hc Yield XRD TEM M Hc
Time (g/vial) a(A) [0) [0) emu/g Oe (g/vial) a(A) [0} @ (nm) emu/g Oe
(nm) (nm) (300K) (nm) (300K)
Smin | 0.0462 | 834(6) | 2.9(7) | 5(1) | 217(5) | 0.2(5) | 0.0267 | 83(1) | 2.4(6) | 57(7) 54(1) 0.8(5)
10min | 0.0410 | 8.359(5) | 9.8(4) | 12(3) | 57.1(6) | 0.4(5) | 0.0435 | 839(1) | 5.6(3) | 53(9) [ 485(9) 0.8(5)
30min | 0.0287 | 8.366(3) | 9.7(4) | 11(3) | 57.4(7) 0.5(5) | 0.0173 | 8.395(6) | 5.9(2) | 5.7(7) 51(2) 0.9(5)
60min | 0.0402 | 8.355(5) | 7.4(3) | 8(2) | 50.9(9) | 0.4(5) | 0.0097 | 8.393(5) | 7.43) | 7.0(9) 62(1) 2.8(5)
120min | 0.0494 | 8.360(5) | 85(3) | 9(2) | 54.2(5) | 0.5(5) | 0.0186 | 8.396(4) | 7.5(2) | 6.5(9) 67(1) 4.1(5)
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General Description of Project

During this project the main object was to research and find new combinations of
materials that can be used to produce magnets that will have characteristics comparable to that of
current rare earth magnets. This is an important goal because of the wide use of these types of
magnets in most all power systems and electronics in use today. The current supply of rare earth
magnets comes almost exclusively from China and is subject to unexpected changes in price and
supply numbers. To combat this, it is essential to find a way to get away from this dependence
on rare earth magnets by developing suitable replacement materials, something that is being
researched at WPAFB.

Description of Research

To complete this research several different subset projects were worked on. One of these
projects was the analysis of treating iron oxide powders to try to produce a fairly strong magnetic
material. The main goal of this project was to infuse the iron powder with nitrogen, which is
believed to improve the magnetic properties. This was done by taking ordinary iron oxide
powder and treating it in a several step process to see what different properties would result. The
powder was first heated in a tube furnace while running hydrogen over it for a set length of time
and then further treating this powder in the tube furnace while running ammonia, which contains
nitrogen, over it. After this the material was then milled in a mixer/mill for a total of 2 hours in
order to see how this would affect the grain size. All of this was done in an environment that
was free of oxygen, in order to prevent oxidation of the iron. To complete this project, a tube
furnace was needed for the heat treatment, a glove box to prepare samples after treatment, a
mixer/mill to mill the samples, and an x-ray diffraction machine (XRD) and scanning electron
microscope (SEM) to analyze the results. After preparing the samples in the tube furnace and
mill they were analyzed using XRD to see the elements present and the SEM to see the structure
of the powder.

Another project worked on during this summer was preparing a pulse magnetizer system
to magnetize any powders that needed their magnetic domains aligned. The pulse magnetizer
was created from an already existing bank of high voltage capacitors that were capable of
delivering high voltage and current pulses that are in the micro second range. To modify the
system to magnetize materials, calculations first had to be done to see what type of solenoid and
level of current would be necessary to create the correct magnetic field needed of approximately
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5-10 Teslas. After the calculations were finished and the solenoid made, the current bank was
fired to assure that it was in working order. Then a sample coil was used with two rare earth
magnets placed inside and a pulse was sent through it to see if it would realign the magnets as it
was supposed to. The pulse itself was monitored using fiber optics and an oscilloscope.

The last project worked on over the summer was the preparation of more powders to
develop magnetic materials. This project consisted of combining iron and nickel powders and
then combining that mixture with a samarium and cobalt mixture. To combine the iron and
nickel, they were first measured out to the correct atomic ration and then placed in an arc melter,
an instrument that melts materials together using high currents. This formed a button of metal
which was then placed in a rolling mill and flattened. Then the flat ribbon was cut into small
pieces and run in a mixer/miller machine. To mill this material it was mixed with liquid
chemicals, to aid in the milling process, and a ratio of small milling balls, this was then put into
the mixer/miller which vibrates the sample for a set amount of time. Samples of the material
were taken out for analysis at set intervals of 4, 8, 12, and 16 hours. After the material was
milled each of the samples taken out at different times was then prepared for analysis by both the
SEM and XRD. The material was then analyzed using these two methods. The mixture of this
material with the samarium cobalt is ongoing currently.

Results

From the first project worked it was found that the treatment did not result in a significant
change in the elements of the iron oxide. The flakes that were seen under SEM were not the size
and shape that was desired, and from the XRD results shown in figures 1, 2, and 3 it can be seen
that there are no additional peaks showing any presence of nitrogen. All three of the figures have
peaks at the same places, while if there was nitrogen present then in figure 3 there would be
additional peaks. The conclusions from this are that the method of preparing the samples
resulted in no detectable nitrogen, and therefore a different treatment method will have to be
tried. A different treatment method of heat treating at different temperatures and replacing the
milling with sonication to break up the samples is currently being tried, but no results are yet
available.

For the pulse magnetizer the test results showed that the solenoid made would align the
magnetic poles of some samples magnets. The solenoid made was not insulated well enough
though and there was dielectric breakdown of the insulation between the windings. This
solenoid was rewrapped with two layers of insulation and is currently being tested. Whether or
not it will work for some of the powders needed to be aligned remains to be seen, as the project
is still being completed.

For the last project with the iron nickel and samarium cobalt, figures 4 and 5 showed
what ball milling time was optimum for the production of the correct flake sizes, and the XRD
showed what ball milling time produced the correct sized flakes for the application they would
be used for. It was found that the ball milling time of 8 hours, the results of which are seen in
figures 4 and 5, produced the most optimum flake size and structure, and is being used to
combine with the samarium cobalt powders. This powder is smooth and small enough so it will
bond well with the samarium cobalt. The project is still ongoing at the present time.
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Figure 1. XRD results of iron oxide powder after first heat treatment with hydrogen.
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Figure 2. XRD results of iron oxide powder after first heat treatment and milling for 2 hours.
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Figure 3. XRD results of iron oxide powder after second heat treatment with ammonia.
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Figure 4. SEM results of iron nickel powder after ball milling treatments.
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Figure 5. XRD results of iron nickel powders at different ball milling times.
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a good engineer. | must also thank Brittany Edwards for all her hard work and dedication as she
has painstakingly monitored all my times and paperwork needed to keep this a seemingly easy
job to have. In many ways thank you seems to be an easy way out as | believe | owe all these
individuals much more than a thank you.

General Description of Project

Lab equipment was moved, rebuild, and reorganized to better assist materials testing.
Test machines were serviced and positioned in a way that help the lab’s technician’s complete
day to day activities in a timely and organized manner.

Description of Research

Once the lab was rearranged and set up was complete testing of various materials was
performed using screw driven mechanical test machines as well as servo hydraulic machines.
Materials were tested in a number of ways according to ASTM test standards. Each and every
material tested, in one way or another, directly impacted the safety and sustainability of the Air
Force and its airmen. Each test had its own set of required data and outcomes to complete the
testing. The data from the test was compiled and analyzed with the help of Microsoft Excel.
Some test and programs required additional analysis and graphs which were used to better
understand the physical properties of the material. A standalone software program entitled
Grapher was used for graphing needs. Mechanical screw driven machines were used in testing
the tensile strength of the materials. The tensile test is normally the first test run on a material. It
helps determine the static strength which is used in calculating the stresses needed in component
design. Servo hydraulic test machines were utilized in fatigue testing due to their ability to run at
high cyclic frequencies. Fatigue testing is used to determine the length of time a certain material
can withstand a certain load prior to failure. It helps in making calculated decisions on how long
an aircraft can be used before maintenance and repairs will need to be made.
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Results

Due to the nature of the contract one specific project wasn’t seen from start to finish. A
number of different materials were tested and observed for a number of different applications.
One such material tested was a two ply composite. The composite was blasted with Wheat Starch
to remove paint. There were different pressures used to determine the optimal pressure that had
the most effect while causing the least amount of damage. This was proven by putting new
composite material through a tensile test and then placing composite that had been blasted
through the same process of testing. The results showed very similar ultimate strengths with
minimal variance. Figure 1 shows the results of the tensile test of three un-blasted test specimens
and three blasted specimens with Wheat Starch. The first three (1-3) specimens are the un-
blasted and the last three (4-6) are blasted. The lines are very hard to tell apart proving a very
similar strength. Stress is on the Y-axis and the strain is on the X-axis.

Figure 1: results of the tensile test
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General Description of Project

The ultimate goal of this project was to produce flexible composite materials that had
both high and tailorable permiabilities and permattivities based on sample thickness, particle
loading fraction, and particle size. These composite materials hold many possible applications,
including the miniaturization of antennas, and incorporation into other microwave devices. By
modifying the permittivities and permeabilities of a composite, it is possible to improve the
signal gain, reduce reflective losses, decrease antenna size, and increase the bandwidth.
Composite samples were first manufactured by loading Polydimethylsiloxane (PDMS) with iron
oxide (FesO4) from Sigma Aldrich, and once the technique was perfected, composites were
manufactured using cobalt iron oxide (CoFe2O4) particles synthesized in house. These particles
had been produced via solvothermal decomposition techniques by another group member.

Description of Research

The production of PDMS composites loaded with FesO4 were carried out using a Thinky
centrifugal mixer. The PDMS contained two parts, a base and a curing agent. To prevent early
curing (due to the heat produced while mixing in the Thinky), the Fes04 powder was added and
mixed into the base prior to adding the curing agent. The base and Fe3O4 particles were mixed in
the Thinky for five minutes at 1500 rpm, then defoamed for five minutes at 1500 rpm. Curing
agent was added to the base and FesO4 mixture, and mixed in the Thinky for five minutes at
1500 rpm, then defoamed for another five minutes at 1500rpm. This procedure was carried out
with Fe30a particles that were <5um and <50nm in size. The amount of FezO4 added to each
composite was calculated by volume percent loading fraction. The composites loaded with in
house particles were prepared with a different method. Upon production of the CoFe204, the
particles were coated in decanoic acid, and volumetrically separated into heptanes. This mixture
was then added to the PDMS base, mixed and defoamed in the Thinky for five minutes each, at
1500 rpm. This mixture was then left in an oven at 50°C to cure.

Results
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Upon curing of the composites loaded with FezOa, it was determined that the method of
production best fits composites with an Fe3O4 volume loading fraction of 10 percent or less, due
to the amount of bubbles produced with loading fractions above this. These composites were
produced at thicknesses of 3mm and 8mm, and their permittivity and permeability were
measured in a Network Analyzer. Pictures were also taken with an optical microscope. It was
found that diluting the PDMS with heptane resulted in a composite with no bubbles, if not over
diluted (PDMS does not cure if diluted too much), but presented a problem with particles
gravitationally separating to the bottom. Dry particles were attempted to be coated with decanoic
acid in order to better suspend the particles, but was relatively unsuccessful. The in house
CoFe;04 particles were coated in decanoic acid immediately after production, in the yielding
solution. This method was very successful in providing particles that were coated in decanoic
acid, most likely due to the fact that the particles were not dried. The composites produced with
these decanoic acid coated CoFe»O4 particles were of fairly decent quality, and the particles were
fairly evenly dispersed. Again, it was important to not use excessive amounts of heptane in the
mixture, since this produces composites that don’t cure, and were most likely to have settled
particles. Excess heptane containing the CoFe2O4 was allowed to evaporate off so the PDMS was
not excessively diluted. The composites produced with the in house particles were free of
bubbles, and the particles were mostly evenly dispersed. These samples have the potential to be
tested for permattivity and permeability measurements in the future.
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General Description of Project

The purpose of the project was to construct 2D and 3D representations of single-crystal
microstructures from turbine blade specimens and perform statistical analysis on their attributes.
The surfaces of multiple single crystal nickel alloy turbine blades were examined in order to
create the 2D representations. These representations were then then used to identify micro-crack
data. Particular focus was on the largest of the cracks found as well as the area fraction of the
micro cracks compared to the total surface area of the sample. In order to obtain the 3D
representations an automated system was used to collect layers of 2D representations that could
then be stacked together to create the 3D model.

Description of Research

In order to achieve the desired representations, the blade samples were first cut into
twelve one centimeter slices and mounted using an epoxy resin. Once mounted the samples were
polished using a method developed over the course of the project with help from Bob Lewis.
This method of polishing began with 600 grit paper on a polishing wheel at 400 rpm followed by
1200 grit paper at the same speed. These steps were followed by using 3 micron diamond
suspension polish on a texmet pad at 200 rpm, and finally a 1 micron diamond suspension was
used on a texmet pad. In between each of these steps the samples were cleaned using distilled
water and soap to ensure the finer polishes were not contaminated with leftover material from
previous polishing steps. After the hand polishing had been completed the sample was placed in
a vibratory polisher with 1 micron diamond solution for approximately 24 hours. Once polished
the samples were cleaned with micro soap followed by ethanol in an ultrasonic machine. After
cleaning the sample was imaged using an optical microscope at 160. The process of imaging
involved using a program called Axiovision. This program allowed for the large samples to be
imaged swiftly and accurately. The program collects images across the entire sample using pre-
set dimensions and auto focus. Upon completion the program produces between 50 and 1000
individual images of the sample. The grayscale of these images often varies between images so
to correct for this the images are leveled using a program developed in Matlab. Once all the
images are uniform they are stitched together into 1 large image using the Fiji software. Once
the large image has been created it is possible to isolate the micro-cracks. This is done in Matlab
using both a high and low threshold value selected upon inspection of the image. The low value
ensures that only micro-cracks are segmented while the high value ensures the entire crack is
segmented. Using this method it is possible to accurately identify both the total area and area
fraction of the micro-cracks. In addition to this it is possible to find the largest crack and the
average distance between cracks.
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Figure 17: Data set collected from blade 42C images as well as miniaturized 42C stitched images.
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Figure 16: Stitched image of slice number 2 of blade 42C.
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Results

The table below shows the data set for one of the blades collected during the project.
There are a few trends that can be seen in this data as well as a few outliers. The outliers in the
chart are shown by the gray numbers, as opposed to the standard black. The outliers are all have
much higher values when compared to the rest of the samples. This suggests that the sample was
not polished and or cleaned well enough before imaging, therefore these samples were taking
back through the polishing and cleaning process referenced above. In addition to the data
collected the table also include miniaturized version of the stitched and segmented samples. By
observing these smaller images it is possible to get a view of what the full blade looks like.
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General Description of the Project

Work is being done in direct support of the Materials and Manufacturing Directorate
Researchers. Tasks involved include assisting with the design of new networks to meet
requirements for research projects and assistance in the installation of network switches, fiber,
cabling and network cards. Installation, repair and removal of Cat5e copper, VF45 and also LC
network drops takes up a very large portion of work time. Tasks also involve troubleshooting
network issues relating to research and performing the repairs. A large portion of work being
done includes consultation with researchers. There is also monitoring of network supplies and
network equipment to ensure availability to guarantee support of the Directorate research
projects.

Description of Research

Research being done includes the design and implementation of research network
demands. Function involves working directly with researchers as well as with construction crews
to determine networking needs and possible options available to the researcher. Direct
consultation with researchers about their networking needs translates to the direct installation and
application of network equipment which can be in the form of Cat5e copper, VF45 or LC fiber
network drops. Equipment used includes network analyzers, network technologies (switches and
other nodes) and also construction tools for installation.

Results

The Materials and Manufacturing Directorate produces world class research in a large
variety of materials science. In the growing technological world top tier research demands top
tier technology. Network implementations must continue to evolve and progress with the level of
higher research being conducted in order to continue to facilitate AFRL’s ongoing goal of
remaining a leader in materials design and research.
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I have had the pleasure of working in the Materials & Manufacturing Directorate for
almost two and a half years and | must say that it has been a very fortunate opportunity through
SOCHE. Everyone has been great to work with and | am grateful for the work opportunities |
have had. | want to thank all my supervisors (Brian Stucke and SOCHE), and formal/informal
mentors (Brittany Edwards, Brian Kesson, Steve Mahurin, and Josh Morrow), for seeing
opportunities they thought | was suitable for and encouraging me to go for them. I am thoroughly
impressed by my tenure here as | am always supported in any venture | wanted to take. It was my
support system here at RX that gave me the tools to be able to do it ALL in work and school. |
want to thank SOCHE for giving me this opportunity and experience. I'd especially like to thank
the RXOC Family for your time, support, and the opportunity to learn and succeed.

General Description of Project

Direct support is being provided to the Information Operation Branch Technical, in
support of a broad array of tasks to support research and development efforts of the Materials &
Manufacturing Directorate. Work provides support to a broad array of tasks and projects needed
to accommodate the vast amounts of Directorate-wide research occurring in the RX complex.
Tasks and projects primarily provided support for the RX Software Assurance Custodian and the
RX Cybersecurity Office, together with the RX Computer Support Helpdesk team. These include
1) records and database management, 2) processing, distribution, and filing of scientific
software, 3) patching of Malware scanning stations, 4) execute remanence security procedures of
unclassified media, and 5) preparation cybersecurity training and presentation material. Through
the management of these tasks and completion of projects, appropriate procedures and applied
skills are learned to succeed in a government research-oriented directorate.

Description of Research

Work provided is in direct support of the Information Operations Branch Technical
supporting Directorate-wide research in the Materials & Manufacturing Directorate. Tasks and
continuous projects are provided by the RX Software Assurance Custodian, the RX Computer
Support Helpdesk team, and the RX Cybersecurity Office.

Assistants is provided to the RX Software Assurance Custodian through continuous
support in records and database management, in conjunction with processing, distributing, and
filing of scientific software for insulation on research and development computers for to the RX
Computer Support Helpdesk team. In the RX Cybersecurity Office, projects provide support to
network vulnerabilities through the patching of Malware scanning stations and analyzing of
related processes to achieve optimum efficiency. Projects similarly include the proper inventory
and execution of remanence security procedures in the disposal of unclassified media (i.e. hard
drives, tapes, CDs, etc.). Under leadership review, cyber security training and presentation
material are also developed for presenting cyber security highlights, safe computer use tips,
information technology current events, and guidance for the directorate researchers to facilitate a
secure computing environment for Directorate-wide research systems.

Tasks and continuous projects provide direct support in records and database
management, software distribution, network vulnerabilities, and remanence media inventory and
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destruction. Enhancements and alterations are applied to current processes and procedures based
on team discussions and feedback, in addition to re-organization and filing maintenance.
Through the completion of projects and the management of tasks, practical application of learned
skills and procedures are demonstrated, to support of the Information Operations Technical
Support Branch.

Results

Procedures and skills learned are applied in a government office and technical research
directorate settings. Based on team discussions and feedback, enhancements and modifications
are implemented in current processes and procedures to achieve optimum productivity.

Projects and tasks provide a variety support to the RX Cyber Security Office including
file maintenance, updating, and re-organization. Government records and data management
procedures are well-educated and performed, along with an introduction to professional and
research software, including processing, distributing, and filing of these computer software
programs. Continuous projects assisted in an understanding for the need of weekly patching of
network vulnerabilities through antivirus updates of Malware stations, regular inventory and
execution of remanence security procedures of unclassified media of media (i.e. hard drives,
tapes, CDs, etc.), and the monthly updating of the Cybersecurity Office computer tips,
regulations, and current events board. Projects also include the completion of the Computer
Incident Reporting Procedures; a quick reference documentation cards that was updated for the
organization and distributed to all RX office computers across the directorate.

While providing the necessary skills and proper procedures to succeed in a government
technical research-oriented work environment, these tasks and projects help to demonstrate an
applied understanding of the necessity of this work, which assists the RX Software Assurance
Custodian, the RX Help Desk team, and the RX Cybersecurity Office.
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Working at AFRL has been tremendous. | could not have picked a better training
environment for a materials science student. I never could have imagined how much | would
learn. | would like to thank all of the researchers who I’ve had the pleasure to serve during my
time with SOCHE; Mike Kinsella, Geoff Fair, Mike Cinibulk, Matt O’Malley, Kristi Keller,
Carmen Carney, Thomas Key, Pavel Mogilevsky, and Sheena Winder.

General Description of Project

Assigned tasks included sample preparation of ceramic and composite samples, electron
microscopy, characterization of high strength ceramic fibers and matrices, particle size analysis,
X-ray diffractometry, as well as data and image analysis.

The primary goal of the project was to assist in basic scientific research on composite
fibers and matrices in support of structural material advancement and is presented as two major
research efforts. The first effort was a proof of concept exploration of amorphous content
quantification by X-ray Diffraction (XRD) using the spike-in method. The second experiment
was a demonstration of the spike-in method quantifying the effect of loading a preceramic
polymer with seed powder. The results of this research may lead to improved processing and
performance of ceramic matrix composites.

Description of Research

The goal of the first effort was to prove that by mixing a known crystalline standard
powder, the spike-in agent, with another experimental powder the crystalline content and
amorphous content of the experimental powder could be determined by phase fraction analysis
via Rietveld refinement. A test matrix was developed to compare a series of powder mixtures
containing three components; the experimental powder silicon carbide (SiC), the spike-in agent
(National Institute of Standards and Technology 676a Alumina or aluminum oxide Al>O3), and
amorphous glass powder. Two experiment types were outlined in the test matrix. In the first
experiment the amount of glass was held fixed while the relative amounts of Alumina and SiC
were varied. Four different ratios were tested. The 50/50 SiC/Alumina ratio proved the most
promising candidate, so during the second experiment the ratio of SiC to alumina was fixed at
50/50 and the amount of glass was varied.

The individual powder ratios were mixed with an alumina mortar and pestle. Once fully
mixed, the powder mixtures were scanned on the Bruker D2 Phaser X-ray Diffractometer. The
resulting X ray diffraction (XRD) patterns are presented below in Figure 1. Topas, a Rietveld
refinement software package, was used to analyze the set of experimental scans. By
mathematically approximating the effect of the crystalline structure the software generates a
simulated XRD pattern. The Rietveld refinement process uses a series of numerical
approximations, based on the predicted crystal structure and composition, to converge on the
most probable ratio of crystalline content within sample. The crystalline information input into
Topas was based on crystal structure (lattice parameters, atomic positions, thermal parameters,
etc.) for the compositions being studied, specifically silicon carbide and the known crystalline
standard alumina. Once Topas has refined the crystalline values it outputs the quantified
fractions of crystalline and amorphous components.
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The goal of the second research effort was to measure the change in crystal
growth of SiC seeded SMP-10 (a preceramic polymer which decomposes to crystalline SiC at
high temperature) as a function of time, temperature, and solids loading. Beta-SiC (<1pm) was
used as a seed powder. A test matrix was designed using five different solids loadings, 5%, 15%,
25%, 35% and 50%, the time at pyrolysis temperature was fixed at one hour, and the pyrolysis
temperatures were varied in increments of 100°C from 1100°C to 1800°C. This effort also used
the Rietveld spike-in method with alumina as a spike-in agent

After mixing SMP-10 with beta-SiC, and curing at 250°C overnight, the resulting
mixtures were ground with alumina powder using a Boron Carbide mortar and pestle. The
powders were then scanned on the Rigaku Ultima IV X-ray Diffractometer. MAUD, a Rietveld
refinement software was used to analyze the resulting diffraction patterns. The first round of
analysis required a secondary XRD scan of SMP-10 pyrolized without seeding. This was
compared to the scan of the SiC-seeded SMP-10 to quantify how much SiC crystallized due to
the presence of the seed powder versus how much SiC grew natively from SMP-10 as it
solidified. At higher temperatures SiC begins to form two polymorphs, alpha and beta SiC. So
the second round of MAUD analysis required two SiC models to find the total sample
crystallinity.

Results

Effort 1: The crystalline values found during the spike-in validation were compared to the
known mass values. Error values were then calculated, using primarily Microsoft Excel. The
measurement error was found to be comparatively low, on the order of 1%. This result shows
that the spike-in method for Rietveld refinement could be used to find small amounts of
amorphous content in a crystalline Silicon Carbide based material.

Effort 2: The effect of solids loading and pyrolysis temperature on SMP-10 varied both
with solids loading and temperature within the 1-hour test group. Beginning at 1100°C the solids
loading is the driving force for nucleated growth, but this effect peaks at 25%. As shown in
Figure 2 the effect of solids loading on seeded crystal nucleation for 25%, 35% and 50% is
effectively identical until 1400°C. All solids loadings peaked at around 50% nucleated growth,
regardless of temperature. These quantified trends can be used to maximize reduction of porosity
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Figure 1, X-ray diffractions patterns for Amorphous Content Analysis Experimental

when infiltrating ceramic matrix composites with SiC seeded SMP-10. Quantification of

nucleated SiC yielded similar total crystallinity to commercially available fibers.
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Crystallization of Seeded SMP-10
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Figure 2, Effect of 5%, 15%, 25%, 35% and 50% Solids Loading on Seeded Crystal
Nucleation

Related Activities

I am scheduled to present at MS&T 2014 on the Experiment 2 listed above. The title of
the talk is “Quantifying Amorphous Content of SiC Loaded Pre-ceramic Polymers”.

A large portion of my time in RXCC has been devoted to sample preparation for
scientists in the research group who needed my assistance. | also worked with Major Sheena
Winder of AFIT in a training/consulting capacity regarding her PhD work specifically with
regard to sample preparation. She has since moved to RXAN and | continue to work with her on
XRD setup and calibration. | have also provided XRD support for Matt Edge, a fellow student in
RXCM.
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Jeremy Knopp for introducing me to the project | have been working on for three years as well as
Dr. John Aldrin from Computational Tools that proposed my research problem and has given me
guidance on experimental procedures even all the way from Illinois. I would also like to thank
Dr. Eric Lindgren for giving me guidance on the direction of experimentation as well as teaching
me engineering and networking concepts. My close mentors include Matthew Cherry, Dr.
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their contributions to my work and my development as a researcher.

General Description of Project
Model Validation for Impedance Spectroscopy
Description of Research

Nondestructive evaluation (NDE) and inspection (NDI) are the processes of inspecting
materials without the need for disassembling aircraft and evaluating the structural integrity of the
material and the lifespan of the part. However, the wings and fuselage incorporate complex
geometries such as multiple layers of metals linked together with bolts. To effectively test for
defects in such complicated conditions, the effects of added geometric complexities must be
characterized in terms of their effects on eddy current (EC) testing. In this study, numerical
models such as COMSOL and VIC-3D were used to predict the effects of the interface
conditions between layers of metals much like the wings and hull of aircraft.

Results

VIC-3D was used to model the differences in EC signal due to a notch between a case with a
floating notch inside a solid aluminum block and a notch in the surface of the bottom layer in a
layered aluminum specimen (Figure 1). The model predicted approximately a 50 percent change
in signal between the two cases and was validated by the experimental data taken from the first
study. Furthermore the model predicted a slight linear change in impedance signal due to changing

the gap with “g”. This relationship was evident in the reactance data taken experimentally;
however, there was too much variability in the resistance data to make a clear comparison.

Figure 1. Diagram of the geometry of this study (grey area is an EDM notch).
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By polishing the plates and applying pressure to push them together, electrical contact was
achieved between the plates. Despite the extra precautions, the experimental data seemed to
compare well with the simulation incorporating a 0.06mm gap. It can be concluded that because
of practical reasons such as the oxide layers surrounding the metals as well as yet more surface
roughness even at a mirror polish, the contact between the two plates is still not ideal enough to
behave as one plate in terms of ECT. Furthermore, it can be said that a gap or interface condition
should be incorporated or kept in mind when taking EC scans of or modeling layered media.

Works Cited

A.J. Cherry, J. Knopp, J. C. Aldrin, H. A. Sabbagh, T. Boehnlein, and R. Mooers, "Role of
Varying Interface Conditions on the Eddy Current Response From Cracks in Multilayer
Structures,” Review of Progress in Quantification of Nondestructive Evaluation,32, pp. 456-463,
(2012)

Aaron J. Cherry, Matthew R. Cherry, John C. Aldrin, Eric Lindgren, Harold A. Sabbagh,
Thomas Boehnlein, Ryan Mooers, Jeremy Knopp, “Role of Interface Conditions in Low
Frequency Electromagnetic Testing of Multilayer Structures,” Review of Progress in
Quantification of Nondestructive Evaluation, in progress (2015).

Related Activities

For the first summer of my internship in RXCA, | made a poster for the AFRL Summer
Symposium and presented in front of our division figure heads. Also in the time | worked at
RXCA, | had the pleasure of attending two international conferences: Review of Progress in
Quantitative Nondestructive Evaluation 2012/2014. The manuscripts can be found in the work
cited section. In the first conference that I attended in 2012, I had made and presented a poster in
the student poster competition. | had the pleasure of making a power point and presented it in the
2014 conference that | attended.
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General Description of Project

The algae program at UDRI was initiated with support from APTO to harness the high
photosynthetic efficiency of algae as a way to capture CO3, reducing emissions, as well as
generate an energy feedstock suitable for green diesel generation or as a biomass source. During
the start of the program, two horizontal photobioreactor systems were provided to UDRI’s
Kettering Laboratory for testing and evaluation. UDRI quickly observed the horizontal systems
limitations. UDRI designed a new algae system utilizing vertical photobioreactors that were
implemented at the UDRI River Campus.

Figure 1. UDRI Kettering Laboratory Horizontal Algae System.

Description of Research

Algae are among Earth’s oldest living organisms, they are diverse photosynthetic
organisms that are readily available in most environments. Algae vary in size and shape and can
be classified as single-celled or complex multicellular forms. Algae shows rapid growth and can
store energy in forms of oils and carbohydrates, making it among the most promising long-term
sustainable sources of biomass and oils for fuel. Variables affecting the growth of the system are
gas/liquid exchange between CO consumed and O released, light intensity, water pH,
temperature, and algae species. UDRI defined three algae strains that survive the Ohio climate
along with an optimized system that is functional 24/7, 365 days a year. The closed system feeds
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all the essential nutrients and CO: into the tubes for the algae to grow. The new algae system
developed operates at 4 tons/year of biomass with 80 reactor tubes.

Figure 2. UDRI River Campus New Vertical Algae System.

The algae is harvested and the extracted product is biocrude. The biocrude is then refined
to be converted into a green diesel. The lipid extraction method developed allows for high value
compounds such as fats, oils, sugars and functional bioactive compounds to be separated from
the algae extract to make algae green diesel cost competitive with commercial fuels, and allows
recycling of nutrients from the lipid extracted algae. Algae-based green diesel decreases fuel
costs approximately 60% per gallon used, and decreases the carbon footprint 22.3 Ib of CO> per
gallon of diesel used.

If utilized, the algae biomass technology will enable the United States Air Force (USAF)
to meet the USAF Energy Strategic Plan 2013, Priority Three, Goal 2 to increase facility use of
alternative and renewable energy and Goal 3 to increase the use of alternative fuels in ground
vehicles and equipment. Specifically, it is anticipated that use of the algae based carbon capture
technology will enable an increase in facility consumption of renewable/alternative energy to
25% of total electricity use well ahead of schedule (by 2025). It will allow on-site generated
renewable energy, and will make alternative fuels readily available at a cost competitive price.
Also, algae biomass could potentially be an energy source suitable for expeditionary use (Priority
Three, Goal 4) if combined with other technology such as onsite mobile liquid fuel
generation/gasification by providing a safer alternative to transporting liquid fuel.

Results

Therefore the vertical photobioreactors proved overall to be a more successful system.
The new system was not space limited (10 times higher volume), lower-energy (75 times lower
operating cost), and had a 20 times higher areal productivity (biomass yield / m? of land area,
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and hence higher CO2 capturing efficiency). UDRI also designed an energy efficient harvesting
system and an energy efficient lipid extraction process yet to be tested.

In order to determine if this leading edge technology can support an Air Force Base, the
path forward is to produce a large scale algae system that will be installed by a heat plant located
on Wright-Patterson Air Force Base (WPAFB) to capture CO. and other Green House Gases
(GHG) emitted from natural gas (NG) boilers. This algae system will produce 165 tons/ year of
biomass and consist of 3,000 reactor tubes. This system will grow the amount of algae required
to create enough biocrude that will then be refined into a green diesel. Pre-qualification testing of
the green diesel will be done to determine characteristics of the fuel as an ideal drop-in biofuel
for ground vehicles. If pre-qualification tests results are promising, more fuel qualification test
will be performed to evaluate other aspects of the green diesel.

Works Cited

Juniewicz, Debbie. "Agile Algae." University of Dayton Magazine Summer 2014: 37-41. Print.
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Project Description

Advanced ceramic composites are currently being studied as alternatives to metal alloys
for hot components in turbine engines. Current limitations are due to low strengths of ceramics
compared with alloys. This has led to the development of ceramic matrix composite materials
(CMC). CMCs are composed of a ceramic or carbon fiber surrounded by a ceramic matrix.
Analyzing and understanding the microstructure is key in finding weak points in the material.
This project primarily focuses on the processing and analysis of images taken on several CMCs.
The goal is to use this information to create models of crack formation and propagation.

Research Description

Images analyzed in this project were acquired primarily using a UES RoboMet.3D.
RoboMet automatically completes serial sections by grinding off the top layer of the sample by a
depth of approximately 1 micron. Each layer is then imaged with a Zeiss Observer.Z1M optical
microscope. This produces a mosaic of images as shown in figure 1. The images that make up
the mosaic have an overlap region with the images around them. These regions are compared
and aligned using the weighted sum of square intensities. The vector shifts calculated for each
image are used to produce a single large image. Each large image is aligned with the image
below it in the stack using the same method. After aligning the images, the different classes are
segmented using the expectation maximization and maximization of posterior marginals
algorithm. Segmentation is necessary to be able to tell different parts of the image like fibers and
matrix apart before extracting specific features.

Feature extraction is an important step in analysis. The composites analyzed in this
project are composed of three to four features: Fibers, fiber coatings, matrix phases, and pores.
Fibers were chosen for study because they are perhaps the simplest to model. Fibers are
ellipsoidal when imaged, move semi-linearly through the sample, and are very important to the
structure of the composite. Fibers are identified in Matlab using a Hough transform, and their
centers and axes recorded. Using the found fiber positions and the shifts calculated for each
image and layer, a 3D model of the fibers is constructed. Each layer of known fiber positions is
compared with the next, searching for the fiber in the next layer that most closely matches its
known position. When a match is found it is added as a continuation of the fiber. When a match
is not found, the algorithm searches through a specified number of layers for a match and, upon
finding one, interpolates the fiber positions between the found position and the last known
position. After all the layers have been searched each fiber is fitted to a third order curve using a
least squares approach. A 3D visual plot is shown from two perspectives in figure 2. Viewing
from above makes the fiber paths apparent, while viewing from the side shows that they are
moving in opposite directions.
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Visualization of the fiber behavior is accomplished by adding a false color-scheme to the
segmented images. Fibers are colored based on direction of movement and assigned color
saturation based on magnitude of movement. Figure 2 shows two groups of fibers moving in
opposite directions. Figure 3 shows how group boundaries are immediately apparent when fibers
are colored by velocity. Coloring is done by the HSV color-model shown in figure 4.

Separating the different groups or tows of fibers mathematically is done using the following
equation.
Vx,j-Vx,i Vx k- Vx,i] - [a b] . Xj- Xi Xk-Xi
Vy,j-Vy,i Vyk-Vy,i c d Yj-Yi Yk-Yi

V represents the fiber “velocity’ for each fiber found by subtracting fiber positions in one layer
from the next. Velocity here refers with movement in the x-y plane with respect to depth in the
sample (z). X and Y are the fiber positions, and the unknown matrix represents some velocity
gradient. The velocity gradient is computed for each set of three neighboring fibers and the
eigenvectors and values are calculated for the matrix. These values represent the expansion,
shear, or rotation present between neighboring fibers. For fibers moving together the magnitude
is small, but at boundaries between fiber groups moving in opposite directions shear becomes
apparent.

Results

Fiber tracking techniques were developed and improved through the course of this project
as well as visualization techniques for serial section CMCs. While the research is not yet to the
stage where fiber group behavior can be used to model weak points in the material, the
development of fiber velocity gradient and fiber coloring make identification of anomalies
simple. Collecting data on these anomalies and how they affect the material is an important next
step in creating more effective materials.
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Figures

Figure 1: Each tile represents one image taken on the Zeiss optical microscope

Fihare st an R sasl epmes

E=aR BT e " .
= e T e R e
E AN _'.'..':-'- .—-—,:m— e _-:'_-
" R - D
e e
Erl] —— T T T _-rP':...p-—’—""_ﬂHr_,q,:_n_ﬂ—
——_',—:_'___:._-—"' — N
I e
e _..-.pc-""'_"_F . _7..-:'?-"_':. -'—E""'"-m
'
&ﬂil:l:l o L] 200 307 411 s00 [=en)
e -
. Fibers cted in 30 -eal spacs
13, ]
=l
-1,
= (i rf;
z
5 - (]
2 i “r‘- ':‘ri'
== N
a
Py
=30,
A,
-,
1 1 | T T
500 arm o i
w [icrans)
w (sl * i

Figure 2: Fiber tracking as seen from the top and side. Color is determined by fiber direction
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Figure 3: Fibers in this image belong to separate tows. Red moving right and blue moving left

Figure 4: The white center represents no shift. Color represents direction and magnitude of fiber shift
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General Description of Research

The objective of this work is to investigate the photophysical properties of the two photon
dye (TPA) AF455. AF455 is a chromophore that can absorb two photons instead of a single
photon when excited. There are several areas of application: Bio-LEDs, Field Effect Transistors,
and nonlinear optical coatings are three examples. Previous research has discovered increased
absorption when AF455 is bound to DNA-CTMA (deoxyribonucleic acid- cetyltrimethyl
ammonium). The work described here will focus on the binding studies between DNA-CTMA
and AF455. Additional work was conducted under this project, the details can be found the
thesis in the Related Activities section.

Description of Research

The materials used in this study are AF455, the TPA chromophore, DNA-CTMA,
toluene, and dimethylsulfoxide (DMSQO). DNA must be electrostatically bound to CTMA in
order to get it to dissolve in some organic solvents. The AF455 dye will dissolve easily in
toluene, but not DMSO and the DNA-CTMA dissolves in DMSO, but not toluene. Both of these
solvents must be used for that reason and ratios of them are studied to see which ratio has the
best results.

The binding study samples were prepared in the following manner. A stock of AF455
with a concentration of 0.1264 mg/mL was prepared. A mass of 3.16 mg of AF455 was weighed
on a sensitive balance on a weigh paper. This mass was then transferred into a volumetric flask
of 25 mL volume. The weigh paper was held over the flask and toluene was poured over the
paper into the flask. The flask was filled until the bottom of the meniscus was at the line. Then
0.3 mL of the AF455 stock was pipetted into cleaned 15 mL vials. Toluene and DMSO were
added to the vials to get the appropriate ratio of toluene to DMSO creating the "ratio” stocks, see
Table 1.

Table 2: Binding Studies Stock Solutions Volumes

Toluene | DMSO Total Volume AF455 Stock Toluene DMSO
% % (mL) Volume (mL) Volume (mL) | Volume (mL)
70 30 15.0 0.3 10.2 45
60 40 15.0 0.3 8.7 6.0
50 50 15.0 0.3 7.2 7.5
40 60 15.0 0.3 5.7 9.0
30 70 15.0 0.3 4.2 10.5
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The concentration of the "ratio" stocks is 0.002 mg/mL. A new set of vials was cleaned
to create the DNA stocks. The DNA-CTMA was weighed using the same balance as the AF455
and put directly into the vials. (The balance has a max mass of 22 g, the volumetric flask
exceeds this, and the vials do not.) After the DNA-CTMA was added, the "ratio” stocks were
pipetted into the vials, see Table 2.

Table 3. DNA-CTMA Stock Mass

Toluene % | Mass of DNA-CTMA (mg) | Total Volume (mL)
70 55.23 1.0
60 152.45 15
50 143.33 1.5
40 154.88 15
30 164.89 1.5

After the stocks were prepared, the "ratio™ stock was pipetted into a cuvette at a volume
of 2.5 mL. The absorbance of each of the "ratio” stocks was measured using the Cary 5000.
After the initial measurement, a 100 pL aliquot was added from the DNA-CTMA stock and a stir
bar was inserted into the cuvette. This was then stirred for 10 minutes to allow for binding
before being run in the Cary 5000. This process repeated until the 1.5 mL DNA-CTMA stock
was completely used. Additional DNA-CTMA stocks were prepared in the same method
described to continue the testing. When the testing was completed the data was processed using
Microsoft Excel.

Results

The complete results for the binding studies were only obtained for the 70% toluene
sample. Figure 1 displays the results of absorbance vs. concentration.

70% Toluene Absorbance vs. Concentration

Absorbance (a.u.
o
w
=

0 2 4 6 8 10 12 14 16

Concentration (mg/mL)

Figure 18. 70% Toluene Absorbance v. Concentration Results
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Evidence of complete binding is seen. The curve does not increase in absorbance with
increasing concentration after about 10 mg/mL. The results for the final testing of both 50% and
30% toluene are displayed in Figures 2 and 3.

In Figures 2-3, there is evidence of binding, but the point of being completely bound has
yet to be reached. There is much higher absorbance for the 30% toluene sample compared to the
two other samples. The testing must be altered to reach the point of complete binding for these
two samples. Instead of starting the concentration at 0 mg/mL, the initial concentration should
be increased to 60 mg/mL. The same process described in the Description of Research section
should be continued with only the change in initial concentration.

50% Toluene Absorbance vs. Concentration
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Figure 19. 50% Toluene Absorbance v. Concentration Results
30% Toluene Absorbance vs. Concentration
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Figure 20. 30% Toluene Absorbance v. Concentration Results
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Related Activities

Additional work was conducted under this project that lead to a Master's Thesis in
physics. The details of this work can be found in the author's Master's Thesis at Wright State
University. The abstract follows:

This work studies the electromagnetic properties of AF455, a two photon dye, DNA bound with
cetyltrimethyl ammonium (CTMA), in liquid solvent blends for use in thin film optical filters. The liquid
properties of the materials are believed to be transferred to the films. The solvent blends used are ratios
of toluene (T) and dimethyl sulfoxide (DMSQO). The complex permittivity and permeability of the
samples are measured using the short open coaxial line technique in the frequency range of 1.0 x 107 Hz
to 2.0 x 10° Hz. In this frequency range, AF455 does not act as a two photon absorber. The results show
there is an interaction between AF455 and DNA-CTMA that increases the real permittivity for two
solvent blends (50-50, and 60-40, T-DMSO). There is also a clear conformation change in the samples
with the solvents and DNA-CTMA only that is observed in the real permittivity. In the 70-30 blend, the
conformation of the DNA-CTMA is a clear helix. In the samples with less toluene the conformation of
the DNA-CTMA is a coil structure. The imaginary permittivity increases with the addition DNA-CTMA.
The real and imaginary permeability are constant across all samples.
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General Description of Project

An Atomic Force Microscopy (AFM) was used to characterize the general morphology,
electrical properties, and material properties for a variety of samples and growths. Materials
analyzed included MBE grown Quantum Dots (QDs), Planer InAs used for nano-scribing and
formation of QDs, graphene grown with MBE, CVD and Oxigon, 2D materials (MoS;) and
Piezoelectric materials. Superlattice (SL) structures comprised of GaSh, InAsSh, InAs/GaSh,
InAsSb/GaSh, and InAs/InGaSh . All of these samples were analyzed for general morphology
but many also were analyzed using one or more of Electric Field Microscopy (EFM),
Conductive AFM (C-AFM), Kelvin Force Microscopy (KFM) and Piezoresponse Force
Microscopy (PFM).

The AFM consists of a cantilever with a sharp tip or probe attached to the end which is
used to scan the surface of the sample. When the tip is brought into proximity of a sample
surface, forces, such as Van Der Waals and static electrical charges, between the tip and the
sample begin to interact, either pulling the tip into the sample or repelling it away. The AFM
electronics are set to maintain the force on the tip at a constant value and to keep the tip a fixed
height above the sample surface to prevent damage. As the tip moves across the surface, either
in contact with the surface or oscillating above the surface, the force between the tip and surface
may be adjusted to keep a constant distance between tip and surface. When the tip moves across
the surface it generates information about the sample such as, topography, electrical properties or
mechanical properties about the material. This data can then be processed and provide
information about growth conditions or sample processing and guide changes in future growth or
processing procedures. Figure 1 shows the basic components of an AFM.
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Figure 21 Block Diagram of the Components Comprising an AFM

General Description of Research

The physical characterization of nanoscale structures used in quantum confined
structures, such as quantum dots, carbon based materials, and other two-dimensional structures
and nanostructures (e.g.,nanodiamonds) are highly dependent on growth conditions, such as
sample temperatures, growth rate, flux ratios, doping,and physical dimensions (e.g., size of the
structure and material thickness). The growth conditions, sample preparation/handling before or
after growth, and theoretical design of the structure directly affects the surface morphology,
interface abruptness, and layer thickness, thereby influencing the electrical (electron and hole
mobility), optical (photoresponse, photoluminescence line width and amplitude) characteristics,
material properties such as, hardness/flexibility and magnetic properties. For understanding these
properties, theoretical models are necessary to interpret the results of characterization techniques
and sample processing procedures and to guide the growth of these materials. Theoretical
models can be usefully employed to study how changes in processing and growth conditions
affect electrical, magnetic, mechanical and optical characteristics. As a specific example, QD
structures are typically formed via self-assembly; however, patterning the surface before growth
at the sub-micron scale has been shown to influence the morphology and size distribution of the
QD arrays. Device characteristics are directly related to the distribution, size, and shape of the
QDs, as well as the surface morphology obtained for other epitaxially-grown structures. One of
the many instruments used for characterizing various properties of electronic and optical
materials is the Atomic Force Microscope (AFM).

Understanding the cause and effect of the many growth parameters consumes many
sample growths and much time. One set of experiments focused on adjusting the cracking
temperature of the Sb source during growth and finding if there is a correlation between the
morphology and photo response. In general, as the cracking temperature was increased the
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quality of the surface morphology decreased and the photo response decreased. As the cracking
temperature increased pits formed and the RMS surface roughness increased. Figure 2 are
50pum images of samples grown at different cracking temperatures and the associated RMS
roughness values. The images indicate as the temperature increases more pits form and the RMS
roughness increases. The photo response also tended to decrease as the cracking temperature
increased. The RMS roughness increased dramatically from a low of .15nm at the lowest
temperature to a high of 8.29nm for the highest cracker temperature. Although this experiment
was adjusting only the Sb cracker temperature and in this case the outcome was evident, many
times there is interplay between the system parameters and the particular SL design.

Lowest cracking temperature. RMS roughness =.15nm Higher cracking temperature. RMS roughness =.24nm

Next highest cracking temperature. RMS roughness = 6.12nm

-

11730

2 Tapm 5078

Highest cracking temperature. RMS roughness = 8.29nm

00 lapm 0

Figure 2. Comparison of Superlattice Grown with Different Sb Cracker Temperatures

Many semiconductor materials are grown with atomic layers in a process known as step
flow growth. These surfaces will have the appearance of a set of stairs. The structure of these
surfaces can provide useful information about the quality of the growth process and provide
information on how to adjust the growth parameters to achieve a more uniform growth. Some
examples of different types of step flow growth are shown in Figure 3.
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Figure 3 Different Types of Step Flow Growth

Results

AFM images can give a researcher a better understanding how of their semiconductor
materials interacted when variables were adjusted. Depending on the materials, atomic layers and
flat samples are ideal, while others grow large features or holes in the sample. These growths and
samples are used by researchers to develop semiconductor materials for their projects. Atomic
force microscopy is one of many useful analyses for semiconductor materials.
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General Description of Project

The single most common cause for failure in metals is via the failure mechanism of
fatigue. Fatigue is the weakening of materials that occurs in structures that undergo repeated
cyclic stresses. Fatigue failure typically happens suddenly and at stresses much lower than the
yield strength of the material. Due to the abrupt and widespread nature of fatigue failure, it is
necessary to develop and refine a methodology to predict fatigue behavior as a function of
material microstructure and texture. More recently, however, it has become evident that clusters
of similarly oriented grains can lead to early fatigue failure. This occurs by long-range faceted
fatigue crack growth, which is more rapid that the more classic mechanism of fatigue crack
growth, viz. striation growth. In this study, these groups of similarly hard-oriented have been
termed microtextured regions (MTRS).

et &

Figure 22: Electron Back Scatter Diffraction (EBSD) map of sample with Low Microtexture

Figure 23: Electron Back Scatter Diffraction (EBSD) map of sample with High Microtexture
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MTRs are a life affecting feature that is neither tracked nor accounted for in current design
practices. By accounting for MTRs in fatigue lifetime predictions, an improved estimate of the
number of cycles in post-initiation lifetimes can be found and the maximum allowable stress
limitations on particular materials can be raised. Up to this point, no reliable model has existed
for MTRs in cyclic or dwell fatigue. This research has sought to develop and validate a model to
accurately predict fatigue lifetimes while maintaining continuity with existing design schema.

Description of Research

Dr. Pat Golden, an AFRL researcher, wrote a MATLAB code to solve the relevant linear
elastic fracture mechanics equations in ~2004 . This code enabled deterministic prediction of
fatigue lifetimes resulting from a starter flaw of a given, known, geometry and long crack growth
data. In the spring of 2013 this project was picked back up and the existing fatigue prediction
code modified to account for sensitivity to MTRs. The code was also extended to introduce the
effects of small cracks and dwell cycles on fatigue life. The original code relied on standard
linear elastic fracture mechanics, but the changes made the crack growth rates dependent upon
whether the crack occurred within a microtextured region. A variety of different parameters and
inputs were used in the predictive model including grain size, grain morphology, MTR sizes,
crack growth rates, initial crack size, initial crack location, materials constants, and stress
intensity solution using semi-elliptical flaws. All of these inputs were then run through an
iterative lifetime equation to determine the number of cycles to failure for a sample under fatigue
loading.(Equation 1) The model is of an infinitesimally small slice through the gauge section of
an axially loaded fatigue specimen that is subjected to either cyclic or dwell fatigue loading. For
example, a cyclic loading cycle may oscillate in a triangle wave form between a minimum and
maximum load of 700 MPa at a frequency of 0.5 Hz while in dwell loading holds a constant
stress at the peak load of each interval for a 120 seconds. The number of cycles to failure is

calculated as:

1
Ny = [ ada &

dN

Where da/dN is the crack growth rate and ai and af are initiation and final crack sizes
respectively. An elliptic crack was then initiated on the thin slice of material with a variable size
and location and an elliptical MTR was defined around the crack. Within this MTR the crack
propagated with small crack rates consistent with faceted growth and propagated as a long crack
outside of the defined elliptic MTR. The location of each crack trip was tracked along its
expansion and as each tip breached the MTR the growth rate of that tip changed. The driving
forces of the crack growth and lifetime prediction followed traditional continuum mechanics.
(Equation 2, 3, 4)

K = Fovma (2)

AK = Kpmax — Knin (3)
@ _ cAK™ (4)
dN

Where K is the stress intensity factor, ¢ is the remote stress, a is the crack length, F is the
shape factor, da/dN is the crack growth rate, and where C and m are constants dependent upon
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the microstructure. The crack growth rate was pulled from experimental data borrowed from
accepted literature. Different crack rates for dwell and cyclic fatigue loading were used as
displayed in past research. Small dwell cracks were shown to consume the entire MTR
incredibly quickly before propagating outside of the MTR. On the other hand, small cyclic
cracks were shown to only accelerate moderately within the MTR. Different initiation locations
were also used for cyclic and dwell cracks. Experimental results show that dwell cracks typically
initiation below the surface while cyclic cracks typically begin on the surface of the component.
The stress intensity factor was then calculated at each tip of crack to determine whether it had
exceeded the fracture toughness, and Equation 1 integrated to determine the lifetime of the crack.
(Equation 2, 3, 4) The stress intensity solution changed dependent on whether the crack was
surface initiated, subsurface, or corner connected. The mathematical formulas for these solutions
were pulled from literature from Newman, Raju, and Forman. 2

After the model was developed, the sensitivity of crack lifetimes to various parameters
was determined. By automating a variety of values for the initial crack size, initiation location,
and micro textured region size and aspect ratio, the sensitivity of fatigue crack growth was
inspected at each possible combination of inputs. These lifetime results were then plotted using
Origin and analyzed.

Results

The two plots in Figure 3 show that the lifetime of a cyclically loaded component
decreased as the initial flaw size increases, but the impact the original flaw size decreased as the
applied load decreased. By contrast, the initial crack size had a minimal effect of the dwell
fatigue lifetime at all stress levels. This was because the accelerated crack growth rate in the
MTR for cyclic cracks overshadowed the small increase in stress intensity and the slightly faster
initial crack growth rate. At lower applied stresses, the lifetime was more dependent upon the
size of the MTR than on the size of the initial crack size. Finally, these two plots show the
relative importance of initial flaw size increased as applied stress increases while the dependence
on the MTR size decreased slightly.

0000 ' T SO0 T
0.5 mm MTR Jmm MTE
@ N0 - T o do000]
2 3
e 0 W 0] -
= — =} ~
@ @ -
% 20000 & 20000
= - = —
a — ) —
10000 10000
(a) %o e e 80 0 b} W 40 e 80 10
\E Initial Crack Size (pm) ! Initial Crack Size (pm)

cyclic

— = = el

Figure 24: Plots of Lifetimes vs. Initial Crack Size

The following figure shows the correlation between the crack initiation site and the
lifetime of the component. (Figure 4) There was up to a 33% difference in the lifetime of the
sample depending on the location of the initiation site. The lowest lifetimes occurred when the
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cracks initiate on the edges of the sample and the center initiated cracks have the displayed the
longest lifetimes.
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Figure 25: Contour Plot of Lifetime at Various crack initiation points

This project is still in progress and more results are forth coming. The model is currently
under the process of being validated by comparing the predicted lifetimes to experimental
results. It is also being expanded to predict lifetimes beyond the inclusion of MTRs and to
continue to improve upon current fatigue models and simulations.
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General Description of Project

Optical characterization of semiconductor nanostructured materials was conducted
utilizing the non-destructive spectroscopic technique of Photoluminescence (PL). The
nanostructured materials that were studied included InAs/InAsSb superlattices (SL) and
ErAs/InAs quantum dot structures. This research was performed in order to determine the
energy, the full width at half maximum (FWHM), and the integrated intensity of the peak
emission from the sample over a varying range of intensities and temperatures. The goal of the
research involving the InAs/InAsSh SLs was to determine the impact of varying beryllium
doping levels and also the effect of annealing on the optical properties of the samples. The goal
in studying the ErAs/InAs quantum dots was to determine the result of varying InAs spacing and
ErAs deposition time within the structure.

Description of Research

PL is a spectroscopic technique in which a sample is illuminated with light causing
excitation of electrons in the valence band to the conduction band. The research conducted
utilized a laser with excitation wavelength of 532nm. When the electrons of the sample are
excited into the conduction band, they leave behind a pseudo particle called a hole. As the
electrons come down from the conduction band and reenter the valence band they can recombine
with the hole in a process known as radiative recombination. Radiative recombination leads to
the emission of a photon. The light of the photons emitted from the sample are then sent through
Fourier Transform Infrared (FTIR) spectrometer (an interferometer which consists of a series of
mirrors and apertures). A Fourier Transform is then performed and the final product is an
emission spectrum which can be analyzed in order to determine the emission intensity, the
energy, the FWHM, and the integrated intensity of the peak. The research conducted varied
either the input power of the laser (intensity dependence) or the temperature of the sample
(temperature dependence).

Following the Fourier Transform the data can be viewed using a program called GRAMS
which plots the emission intensity (a.u.) as a function of wavenumber (cm™) and allows for
visual comparison of multiple PL spectra. Intensity dependence data consists of increasing the
input power of the laser from 10 mW to 1990 mW in varying increments at a constant
temperature (between 4-10 K) while temperature dependence data consists of increasing the
temperature of the cryostat from ~10 K to ~300 K in varying increments at a constant input
power. A PL spectrum is generated for each intensity or temperature point.

The PL spectra were analyzed utilizing a computing program called OriginPro. The PL
measurements were imported into an Origin file and the emission intensity as a function of
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energy (eV) was plotted with both axes on linear scales and also with the emission intensity on a
logarithmic scale as a function of energy on a linear scale. Each PL spectrum was fit with a
Gaussian curve fit to determine the peak energy location, the integrated intensity and the FWHM
of the PL peak. Lorentzian curve fits were also conducted on each PL spectrum; however
Gaussian fits gave more consistent results. After curve fitting was completed, the peak position,
FWHM, and integrated intensity were tabulated and used to conduct a series of plots. These plots
included integrated intensity as a function of input intensity (of the laser, in W/cm?), the input
power (of the laser, mW) as a function of integrated intensity, the FWHM as a function of input
intensity, and the peak location as a function of input intensity.

The PL system consisted of a BOMEM FTIR, a closed-cycle cryostat with Csl window, a
laser with excitation wavelength of 532 nm, and a lock-in amplifier.

Results

The Be-doping study of the InAs/InAsSb SLs involved six samples; sample A was
undoped, and samples B-F that were doped with beryllium concentrations of 0.5, 1, 3, 5, and 7
(x10%® cm3) respectively. The results of the effect of beryllium doping levels on the InAs/InAsSb
SLs showed that the Be-doped SLs had lower energy PL peaks than the undoped SL. For the
doped SLs, with an excitation intensity of 1.3 W/cm? and a temperature of 4 K, as the Be-doping
concentration increased, the PL peak energy increased. The PL peak intensity increased until the
Be-doping concentration was 3x10'® cm™ after which the PL peak intensity decreased. These PL
spectra are shown in Figure 1.
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Figure 1. PL spectra for Be-doping samples taken at 4 K with excitation intensity of 1.3 W/cm?
(Steenbergen, 2013).

The initial results of the ErAs/InAs quantum dot study were evaluated and it was found
that there was a need to refit the PL spectra utilizing a multi-peak Gaussian curve fit in order to
obtain more accurate results. Final conclusions were not yet made, as the multi-peak fit had not
been conducted.
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Related Activities

In addition to conducting optical characterization of nanostructured semiconductor
materials, | also completed a number of tasks involving lab organization. | updated a standard
operating procedure (SOP) for the use of the lasers in the laboratory and proofread a paper to be
published by Dr. Steenbergen. | updated the list of equipment assigned to the laboratory and
placed rubber lining throughout the shelving and cabinets of the laboratory, underneath electrical
devices. | also assembled a storage cabinet and labeled various storage units throughout the
laboratory.

In conjunction with a course at the University of Dayton, | presented a portion of my
research in poster format at the Ohio Regional American Physical Society meeting at
Youngstown State University and also at the Stander Symposium at the University of Dayton.
The research presented was on the effect of annealing on the optical, structural, and electrical
properties of InAs/InAsSb SL. One sample, of Be-doping concentration of 5 x 10'® cm™ was
successfully annealed at 460°C for 1 minute utilizing Rapid Thermal Annealing. PL, X-Ray
diffraction (XRD), and Hall-effect measurements were taken on the sample prior to annealing
and XRD was taken on the sample after the annealing was completed. X-Ray diffraction is a
technique in which incident x-rays hit a sample and are diffracted into a detector. The angle at
which the x-rays are diffracted depends on the structure of the sample and allows for structural
characterization. Hall-effect measurements included determination of the Van der Pauw voltages,
sheet resistivity, carrier concentration and mobility, and sample type (n or p).
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General Description of Project

This project uses photoluminescence measurements in the characterization of
semiconductor nanostructured materials at varying excitation intensities as well as temperatures.
These measurements are closely related to research done on life time of semiconductor materials.
This is important in order to know how these materials can be used in devices as well as which
ones can be used for specific devices.

Due to lab renovations the experimental set up had to be taken down and stored for safe
keeping. The process of getting the lab ready for renovations was long and arduous. Due to the
current state of the lab data acquisition has been postponed until the renovations are completed.

Description of Research

The process for each sample was as follows, samples were mounted on the cold finger of
the closed system cryostat. Then the alignment of the laser was checked to ensure that the laser
was on the sample. The cryostat then had a vacuum pulled on it. Once the cryostat was under
sufficient vacuum the compressor was turned on and the cooling process began. Once the
cryostat was cooled to four degrees Kelvin or eight degrees Kelvin (depending on the cryostat in
use) intensity dependent data was taken. Data was obtained using a Fourier transform infrared
spectrometer (FTIR). The intensity dependent data ranged from 10 miliwatt (mW) excitation
intensity to 1990 mW. After intensity dependent data was taken it was used to determine a
suitable intensity for temperature dependent data. Once the temperature dependent data has been
taken all data taken on the sample is placed on a CD in order to transfer the files from the stand
alone computers that run the FTIR’s and take the data, to the secure view computer in order to
perform data analysis. Each sample takes a minimum of one day for data collection. This
summer there was data taken for approximately 30 samples. Data analysis is done using
software called Origin. Origin was used for plotting graphs, curve fitting, as well as table
making, calculations, and organization of data.

Results
The results of the data taken this summer have yet to be determined. The meaning of the

results will be discussed when Dr. Steenbergen returns from maternity leave. Till then data
analysis in Origin will be performed on data already taken.
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General Description of Project

The objective of this project was to combined fabrics and electronics as a whole by making a
radio conductive fabric by getting nanometer sized graphene sheets small enough to settle inside
fabric. This objective would be carried out by using the layer by layer process or layer by layer
assembly. Layer by layer assembly is when a substrate is soaked in oppositely charged polymers
to create bilayers onto the substrate. The reason for using graphene to make this radio
conductive fabric is because of the good characteristics graphene has to carry out this objective.
Graphene is a good RF conductor (radio frequency). The flexibility of graphene is a good
characteristic because this way the graphene will be flexible enough to settle inside fabric with it
being stiff. Also it can withstand a high amount of temperature, which is beneficial so the when
the graphene is settled in the fabric it will not heat up quick.

Description of Research

The graphene was prepared out the substance graphite. To prepare the graphene 22mg of
CTAB the approach that was taken was peeling the graphite sheets using an ultrasound. The
ultrasound uses high frequency sounds that vibrate the graphene and peel them into single sheets.
The sheets were then separated using a machine called a centrifuge. Vials are placed inside of
the centrifuge and spun at high speeds for whatever the set time is and separates the layers from
the excess clumps of graphene. The graphene was then dialyzed for 1 hour. After the graphene
was dialyzed a negatively charged polymer called polyethylenenimine (PEI) was used to bind to
the proteins in the positively charged graphene. There was no measured amount of PEI to inside
the graphene. The goal at this stage was to add drops of PEI inside of the graphene until the pH
was stable at 9. When the pH stabilized the graphene was then dialyzed for a final time for 24
hours.

After the graphene was made the layer by layer assembly was then preformed. PAA (poly
acrylic acid) being the negatively charged polymer and graphene being positively charged layers
can be built. Instead of wasting fabric to run test, glass slides were cleaned and used to soak
inside of the polymers. There were six vials. One vile was filled with graphene and the other
vile was filled with PAA. The other four vials were filled with water to rinse off the glass slides.

The glass slides in the layer by layer process started off being soaked in each polymer for 5
min. The glass slide is negatively charged, so it was first soaked in the graphene which is
positively charged. Then it is soaked in the water for five minutes to wash off the excess
graphene to make one thin layer on the glass slide. After being soaked in the first vile of water
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the glass slide was dried with nitrogen and put inside the spectrometer. The spectrometer was set
measure absorbance. Light is sent from one side of the sample and comes out the other side and
the amount of light that is absorbed is recorded and put in a graph. The more light that is
absorbed shows that there is more and more polymer on the glass slide. After measuring the
graphene then the glass slide is then soaked inside the negatively charged PAA for five minutes
and this process is repeated back and forth until a decent amount of layers is formed. After
successfully creating bilayers of graphene oxide onto the glass slides, fabrics were then used to
begin to create the Radio conductive fabric.

The same procedure that was used with the glass slides are used with the fabric. The fabric
that was used was a pure white cotton fabric. The fabric was cut into 8 strips. These 8 strips are
to monitor the build graphene oxide build up on the fabrics. To further clean the fabric they are
soaked in bleach for five minutes and dried.

The all the strips of fabric was soaked in the PAA for 5 minutes, then soaked inside 4 beakers of
water sitting inside a sonication bath for 5min each.

The first strip will be run with nothing deposited onto it to view the fabric as a clean white stip.
The second strip will show one layer of PAA. The second strip will show one layer of PAA and
one layer of graphene oxide. The third strip will have one layer of PAA, 1 layer of graphene
oxide, and one layer of PAA and etc.

Results

After running numerous trials there were no layers of graphene. So the soak time in the
polymer was changed. In figure one it shows the results given from the spectrum after the first
few trials. Instead of soaking the glass slides in the polymer for five minutes each, the slides
were soaked for an hour each. The soak time was increased because the polymer probably
wasn’t soaking long enough for it to adhere to the slide.

Fig.1

Increasing the soak time shows that the time had little effect on the slide. There were no
uniform layers that showed on the graph. The factors that could be giving these uniformed
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layers could be the graphene could be breaking down too fast. An observation was made when
the graphene is sitting for a couple days it begins to aggregate.

A commercial graphene oxide was purchased and used instead of the regular graphene.
Graphene oxide is not as good as regular graphene because of the oxygen that’s inside the
graphene will make the fabric heat up faster but, it still can be used for this experiment. After
replacing the regular graphene with the commercial graphene oxide, multiple bilayers were able
to be seen building up on the glass slide when read through the spectrometer.
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After repeating these bilayers, to show that the graphene indeed needed the PAA to Build these
layers and that the PEI would not be suitable to create these graphene bilayers.
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To show that the Graphene oxide will not be able to build multiple bilayers when soaked with
PEI, test was run with both the PAA and the PEI.
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When the graphene oxide is deposited on the fabric and read through the spectrometer, bilayers
were seen on the built up on the fabric. Currently the experiment is in the event of taking these
fabrics and measuring the conductivity for future results.
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General Description of Project

Transition metal dichalcogenides (TMCs) are important in scalability for electronic
devices. They are scalable down to the atomic level, creating essentially two dimensional
structures. These structures can be used in transparent, flexible, In house equipment used in
growing the thin films include: pulsed laser deposition (PLD), magnetron sputtering, chemical
vapor deposition (CVD), and molecular beam epitaxy (MBE).

Description of Research

The first approach toward building thin film devices involved the creation of shadow
masks in coordination with magnetron sputtering of material. Shadow masks allow deposition of
material in a specific region on the substrate. Once the mask is removed, coverage is restricted to
the area of the mask, acting as a stencil. Additional material, with masks of various design, were
used to build up the layers in a vertical stack.

Results
The technical details of developing the mask in terms of high resolution laser etching

were worked out with the laser engineer. Devices made from masks are currently being tested for
Field Effect Transistor properties.
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General Description of Project

The degradation of commercially processed Gallium Nitride (GaN) High Electron
Mobility Transistors (HEMTS) was studied during constant voltage, long duration electrical
stress tests. Previous literature has suggested that the reliability of GaN HEMTS is questionable
due to degradation during hot electron stress, among other factors. This project sought to study
the effects of hot electron conditions on these devices. From current-voltage (IV) measurements
made before, during, and after stress, changes in drain current (Id) and gate leakage current (1g)
could be seen immediately following stress. With rest and exposure to light, however, recovery
is observed with no permanent degradation on the device, even after undergoing stress testing
with drain voltages up to 200V. It is deduced that there is little permanent degradation due to hot
electron stressing and limited reliability concerns in the GaN HEMTSs that were tested at typical
operating conditions.

Description of Research

The devices tested were commercially made GaN HEMT structures. Figure 1 shows a
basic form of HEMT structure. Two lots of transistors were tested, one with, and one without a
source connected field plate. All transistors tested were cut from the same wafer. The devices
were grown on a Silicon Carbide (SiC) substrate with an Aluminum Gallium Nitride (AlGaN)
barrier, and a GaN buffer. Each device was mounted in the standard method, in an LPA
package, using silver bearing epoxy, and wire bonded with 0.0007” gold wire.
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Figure 26 A Generic GaN HEMT structure

Samples were tested utilizing a Keithley 2612A Source Measurement Unit (SMU).
Shielded coaxial cables were used to connect the SMU to the custom copper test block, where
the devices were operated. Light exposure was done with an AmScope HL-250-A white light
source and measurements were recorded using custom test code written in the Keithley TSP
software. The code was adjustable and automated to allow long duration stressing at any gate
and drain voltages. Characterization could be programmed at set intervals, and could be adjusted
to collect several families of measurements.

The hot electron stress testing was conducted at drain biases (\Vd) ranging from 30V to
200V. Gate bias (\Vg) was selected to be the voltage that induces hot electron effects, and varied
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