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How Compact Spectrometers are being used in Combustion

Research: Here Come the Fireworks!

StellarNet, Inc. Tampa, FI USA
Debra McCaffrey, PhD

Let’s be frank: the most exciting part about chemistry is the explosions! A popular demonstration
in general chemistry is the reaction between Al and Fe,O3, the thermite reaction. It needs a high
temperature to get going, but the resulting reaction is so hot that the iron generated as a product
is molten! In honor of Independence Day here in the US, here’s some examples of researchers
using StellarNet products while blowing things up.

Explosives as biocidal products

Speaking of thermite, the Dreizin s
group at the New Jersey Institute -
of Technology has combusted
guite a lot of material (thermites
included) using StellarNet
products. Two of their studies
looked at iodide compounds in
metal composites as a possible
biocidal product. The combustion
reactions release iodide gas,
which would neutralize any
biological threat present in the air.
The first study looked at Al- B- |,
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ignite, then examined the effects
of adding turbulence after ignition. A BLUE-Wave spectrometer was used to calibrate the
photomultiplier tubes used for detection. A second BLUE-Wave was used to collect the
emission spectra which were compared to a blackbody model to extract temperature. Adding
turbulence decreased the burn time for boron and decreased the temperature of all samples.
Measuring the intensity of the flame and the temperature over time suggested a two stage
combustion: first the boron boils, then a cloud of boron oxide forms that inhibits further
combustion. Adding turbulence removed the cloud, allowing for faster burn times.

The second study looked at Al- Ca(lOs), and B- Ca(lOs), (thermites!) [2]. They performed three
types of combustion experiments. First, they coated a wire with powder and heated it with a DC
current. Second, they measured the emission of individual particles in an air/acetylene flame.
Three, they laser heated compressed pellets. A BLUE-Wave was used to measure temperature
in this study, as well. The wire experiment revealed that boron’s ignition temperature (650K)
was actually below the temperature that the wire began glowing. Aluminum’s ignition
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temperature was 1100K, after the wire began
glowing. The flame experiment revealed that the
average temperature over the burn time was similar
for both metals, despite the different ignition
temperatures. In the pellet experiment, the
aluminum pellet ejected fragments that also
combusted, while the boron pellet gave off fine
streams of particles. The authors suggested that the
difference between the metals is due to the liquid
that boron oxide forms. This allows for movement of
fine particles producing streams and increasing the
burn rate. They also examined the chemical
composition of the combustion products. Notably,
they did not contain iodide, suggesting that it was
released into the air as intended.

Combustion properties of metal particles

By User:Nikthestunned (Wikipedia) - Own work - also

at Flickr, CC BY-SA 3.0, The Dreizin group has also studied how different
https://commons.wikimedia.org/w/index.php?curid=  environmental condition affect the combustion of
17277400 metal particles. For example, they studied how a

water vapor environment affected the combustion of
fine aluminum and magnesium particles [3]. Using water instead of natural gas in hydrogen
production would eliminate CO2 emissions, so combustion in water needs to be understood. In
this case, they found that water vapor led to longer burn times than previously found in the
literature. The experimental results were verified by computational fluid dynamics simulations.
These simulations were verified by a BLUE-Wave spectrometer by measuring the spacial
temperature profile of a ceramic filament in the flame and comparing to the simulations.

Another study looked at how the turbulence conditions from above affected the combustion of
aluminum and titanium [4]. A BLUE-Wave was again used to calibrate the photomultiplier tubes.
For aluminum, the vapor tends to burn, while titanium burns on the surface. This led to some
interesting differences. Both metals had shorter burn times with added turbulence, but aluminum
was the shortest. The intensity of the flame decreased for aluminum and it was also a lower
temperature. This is because the turbulence blew the burning vapor away.

Rockets!

Wilson, Jr. et. al. used StellarNet products to
measure the intensity and hydroxyl radical
generation of a hybrid rocket engine [5]. They
used a BLACK-Comet with a cosine receptor
to measure the overall intensity output of the
plume and a high resolution UV spectrometer
with a cosine receptor to quantify the hydroxyl
radical concentration. The experiment was
mostly a proof of concept that compact rugged
spectrometers could measure rocket plumes,
but they also generated some interesting
results. First, the plume was horizontal and the
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radical concentration was higher below the plume than above it, indicating gravity affected the
radical distribution. Second, a low oxygen flow rate led to more efficient combustion. Third, the
highest radical concentration was 55mm away radially from the plume, which was not the
brightest part of the flame.

Shock ignition of a high explosive

Bassett and Dlott studied how an explosive responded
to a high energy impact [6]. The explosive is called

HMX, or octogen. The origin of the acronym is lost, but
one speculative name is Her Majesty’s Explosive. To
generate the impact, the authors used a laser to punch
an aluminum disk out of a foil with enough force to ignite
the HMX. They used a StellarNet radiometric standard to
calibrate their radiometric measurements. Temperature
was estimated from the spectra with a graybody model.
On the nanosecond time scale, there was a spike in
radiance with a temperature of 6700K, followed by a
second, lower temperature spike on the microsecond
time scale. When the speed of the disk was increased,
the radiance for the nanosecond peak increased, but the temperature did not. This suggests
that the impact caused small hot spots within the material to form which spread until the material
exploded. Higher speed means more hot spots, but with similar temperatures.

While holidays like Independence Day only come once a year, science happens every day.
There doesn’t have to be a special occasion to cause a few explosions. StellarNet’s products
are more than rugged enough to handle the job of measuring them, too. Just remember, safety
is also a part of science.
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