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EXECUTIVE SUMMARY

Platinum has been recognized as a viable combustion catalyst for use in transportation
engines operating at fuel-lean conditions. Its change in electrical resistance with temperature
has been used to measure light-off temperatures and rates of heat generation for various fuel-
oxygen mixtures at the University of Idaho. In an attempt to maximize the surface area for
these reactions to occur, platinum-coated nanosprings have been manufactured. A reliable
method of determining an effective temperature-dependent temperature coefficient of
resistance (o(T)) for the nanosprings assembly has been developed and verified using pure
platinum. Measured values of a(T) for platinum were matched against literature data at 373
and 1100 K. A linear fit was assumed for the gap between these temperatures; measurements
made with platinum at intermediate temperatures were in good agreement. Using the same
methodology, a(T) for the nanosprings assembly will be determined, which will allow for

further research of the nanosprings in catalytic combustion.
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DESCRIPTION OF PROBLEM

Catalytic igniters allow for lower ignition temperatures of lean mixtures in homogeneous
charge, catalytically-assisted compression ignition engines. These systems have been the
subject of much research at the University of Idaho, including both real-world setups to
measure the power output and emissions of catalytic engines [Cherry, 1992; Cordon, 2002,
2006, 2008; Olberding, 2005], and laboratory setups to explore the catalytic effects of
platinum and platinum-rhodium wires with various fuels [Elgan, 2012; Gibson, 2009;
Leichliter, 2010; Lounsbury, 2007; McGary, 2011; Mehaffey, 2011]. Increasing the surface
area of the wire increases its effectiveness as a catalyst, as shown with previous experiments
in which the wire was coiled within the testing apparatus. For a greater increase in surface
area, platinum-coated nanospring wire created at the University of Idaho will be used in
coming research [Mcllroy, 2001, 2004; Morton, 1999; Timalsina, 2010; Wang, 2006; Zhang,
2003]. This research requires the ability to measure the temperature of the wire to find the
temperature at which surface reactions initiate, as well as the heat caused by these reactions.
Knowing the temperature-dependent coefficient of thermal resistance, a(T), allows for the

calculation of temperature from known voltage and current values.

To determine a(T) of the nanospring wire, a method had to be verified using known values.
Literature data was found for platinum at 273-373 K and 1100-1900 K, and a linear fit was
assumed for the gap. An experimental setup was constructed, and platinum wires were tested

to establish proper procedure.
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APPROACH AND METHODOLOGY
The relationship between temperature and electrical resistance can be described by
R(T) = Ra[l + a(T)(T - Ta)]

where R, is the resistance at ambient temperature T, [Scorzoni, 2004]. A single value for
o(T) for 273-373 K is given in the literature as 0.0039 K™ [Butler, 1957]. Glazkov [1985]
gives an equation for o(T) for 1100-1900K as follows:

(7)) = 4+ 87+ () e (- 7)
X | — ) = — [
Ry, \dT 72) P\ " kT

where A = 4.21E-3 K™, B =-1.08E-6 K2, C =3.78E7 K, H = 1.6 eV, and k is the Boltzmann
constant [Glazkov, 1985]. If a(T) was a constant, and if the reference resistance was taken at

a =273 K, the left hand side of the second equation would equal o(T) in the first equation.
This second definition of a(T) [a(T) = (1/R273)*(dR/dT)] was used. Between 1100 and 1200
K, Glazkov’s equation approaches linear. This linearity was extended to 273 K to serve as

the expected values for measurements.

For the heating element, a Thermolyne furnace (350 cubic inch, SSP, 120 V, Model F48025-
60) was chosen. Short lengths of 127 um-diameter platinum wire were tested in a four-wire
resistance test (Figure 1). The steady current connections were placed outside of the voltage-
measuring connections to eliminate contact resistance errors [Kreider, 2009]. The four wires
used to supply current and measure voltage were run through the vent on the top of the
furnace. The back wall of the furnace was modified with two steel plates to secure a propeller
shaft near the furnace’s thermocouple. Figure 2 shows this modification, as well as the 2.5”
model boat propeller that was run by a flex-cable motor to promote mixing within the
furnace. A metal propeller was chosen to withstand the heat of the furnace and did not off-
gas. Stainless steel foil was used as radiation shielding and stood between the exposed

furnace coils and both the tested wire and furnace’s thermocouple.
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A Labview program controlled the current output and measurement timing of a Keithley
2440 5A SourceMeter (Figure 3). Measurements were taken with 0.1 amp current, 0.5
seconds apart for ten seconds with a four-second current head-start to avoid spikes. The
reference temperature and resistance were taken before all other measurements; ambient
temperature was 293-295 K. To remain well within the various temperature limits of all
materials involved, a maximum temperature of 1000 K was chosen, and the oven was run to
993 K. To promote consistency and to reduce the effects of radiation, the oven was allowed
to cool to 973 K before the first measurement was taken. The oven was then reheated to 993
K and allowed to cool to 973 K five times to condition the wire such that the change in
resistance between successive measurements was less than 0.75%. No imaging or other
testing has been done to discover what physical changes occur during this conditioning
phase, but hypotheses include changing grain boundaries. After these five resistance
measurements at 973 K, the oven was allowed to cool without periods of reheating, and

further data points were taken approximately every 20 K down to 593 K.
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FINDINGS; CONCLUSIONS; RECOMMENDATIONS

It was found that the resistance of the wire changed with successive runs to 993 K. Table 1
shows a representative sample of 973 K measurements (taken March 10). Between each pair
of measurements, the oven was reheated to 993 K. Percent difference is calculated using the

last measurement as the true value.

The fifth measurement taken at 973 K showed a change of only 0.56% for this particular

wire, so the wire was deemed sufficiently conditioned and the oven was allowed to cool for

further testing.

Figure 1: Four-wire setup.
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Figure 3: SourceMeter to furnace.
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Table 1: Changes in Pt Resistance with Conditioning

% Difference in Successive Max Temp Runs
Temp (K) Resistance (L) % Difference
973 0.971032143 4.734943
973 0.991634524 2.713705
973 1.004665143 1.435310
973 1.013548143 0.563826

973 1.019295190

Figure 4 shows the o(T) of several runs versus the temperature compared to the linear
approximation and literature data. The literature data was taken with a reference temperature
of 273 K, which accounts for some of the difference shown. Figure 5 shows the a(T) of the
same runs calculated with an estimated reference resistance corresponding to 273 K. Figure 6
shows this same data condensed into an average value with error bars of 1.96 standard

deviations.

Using the estimated reference resistance, the data appears close to the assumed linear

approximation for the range 593-833 K. The data is somewhat more curved than the assumed
linear approximation. At higher temperatures, deviations from expected values may be due to
insufficient radiation shielding or conditioning. Too few data points at lower temperatures do

not allow definite conclusions to be made for that range.
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Alpha vs. Temperature, 295 K reference
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Figure 4: a as a function of temperature, 295 K reference.

Alpha vs. Temperature, 273 K reference
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Figure 5: a as a function of temperature, 273 K reference.
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Figure 6: Average a with error bars, 273 K reference.

In summary, for the range 593-833 K, the current method outputs a reasonable
approximation of o(T), within two standard deviations. At lower temperatures and higher
temperatures, however, the values deviate from the expected. Further testing is required to
address this issue before research on nanospring wires may begin. These conclusions are
based on an estimated reference resistance corresponding to 273 K; testing to determine this

value is required for accurate data.
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