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ABSTRACT

With the incorporation of more high strength ceramic components into
the gas turbine engine, there is a subsequent increase in efficiency and thrust-
to-weight ratio since operating temperatures can be be significantly increased.
Surface mount technology represents the best alternative to accurately
measure the surface temperature of these ceramic components. Therefore, a
thin film thermocouple system was developed and tested for hot isostatically
pressed (HIP’ed) Si;N, ceramic substrates.

Oxidation studies were performed on the hot isostatically pressed SizN,
substrates to determine the stability of these ceramics in a variety of oxidizing
ambients at high temperature. These studies indicated that the growth kinetics
of the oxide scale were strongly dependent on the oxygen partial pressure and
the oxidation temperature. Parabolic growth kinetics were observed at
temperatures >1300°C and oxygen partial pressures >0.02 atm, while
logarithmic kinetics were observed below 1300°C and an oxygen partial
pressures of 0.20 atm. An activation energy of 297 kJ/mol was determined for

samples oxidized at temperatures in the range 1200°-1400°C in dry oxygen.
The oxide scale generally conéisted of amorphous SiO; and (101) a-cristobalite
with small amounts of yttrium silicate incorporated into the growing scale.
Scanning electron microscopy show a cracked oxide scale due to the B to a-

cristobalite transformation at 273°C. This as-oxidized surface was not suitable
for sputter-deposited sensor elements. Therefore, a surface treatment was
employed to improve stability and adhesion, which consisted of thermal and
sputtered oxide interlayers to act as a diffusion barrier to high temperature
oxidation. Formation of a stable surface prior to sensor element deposition was

a critical step in the fabrication of a reliable, accurate sensor.
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Thin film thermocouples consisted of 1 um thick type S thermocouple

sensor elements sputter-deposited onto the specially prepared substrates.
Lead wires were bonded to the films using parallel gap welding and an Al,O,
overcoat was sputtered over the entire sensor pattern to prevent high
temperature oxidation of the sensor elements. The thin film sensors were tested
in a high temperature furnace where they were exposed to a variety of oxidizing
conditions. Scanning electron microscopy of failed sensors revealed that emf
drift and sensor failure was due to the oxidation of platinum and rhodium along
with thermal sintering of the metal films. Aluminum oxide overcoats minimized

the effects of both of these degradation mechanisms.
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PREFACE

This thesis is written in the manuscript plan approved by the University of
Rhode Island Graduate School. Both manuscripts were prepared according to
the format of scholarly publications in the field. Manuscript 1l has been
accepted, and will appear in the proceedings of the International Conference on
Metallurgical Coatings and Thin Films 94’. Manuscript 1 will be submitted to the

Journal of the American Ceramic Society.














































































































































































































































































































































Burner rig testing of a type S thin film thermocouple

A thin film thermocouple was sputter-deposited onto a 1/4” x 1/2” x 4” bar
of NT154 that was designed to fit in the high temperature burner rig located at

AlliedSignal Engines, Phoenix AZ. The fabrication of this sensor was identical
to that previously described in manuscript II. This sensor had a 2.2 um

sputtered Al,O; overcoat and was affixed to the burner rig apparatus shown in

Figure 1.

Results and Discussion

Figure 2 shows a strip chart recording of the thin film thermocouple tested
in the burner rig at AlliedSignal Engines. The first cycle of the test employed a
rapid ramp rate from ambient temperature to 1800°F (982°C) at which point it
was held for 30 minutes. The hot gas flame was shut off after 30 min and the
bar was allowed to cool to ambient temperature. The sensor film survived the
first heating cycle and thus, the sample was heated to 2100°F (1149°C) in a
subsequent cycle. Again the sensor survived this excursion and the sample
was heated yet again to 2100.°F in a subseqdent cycle. Approximately 15
minutes after attaining a temperature of 2100°F for the second time, the sensor
failed. The sensor failed due to an open circuit (break in the line). The site of
the failure was located on the platinum leg of the sensor, approximately one
eighth inch from the metal clamping jig, as shown in Figure 3. The failure was
located at the edge of the hot zone of the flame, as indicated by the bluing of the
SisN, bar. The area adjacent to the break (on the bond pad side) had been
covered by the clamping fixture and thus, was not directly exposed to the flame.
Since this area was not exposed to the high temperature exhaust gases from

the burner nozzle, the region was significantly cooler than the area exposed to

106




the flame. Unfortunately, there was no wire thermocouple to monitor the
temperature at this location. It was believed that this very large temperature
gradient accelerated the failure of the device in this region, due to the
differential expansion of the metal/ceramic couple. Since the covered region of
the bar restricted expansion of the metal film in this direction, the film buckled
and was removed from the bar by the flame. Earlier furnace tests of sensors
showed a similar type of failure associated with an imposed temperature
gradient but the consequences were not nearly as rapid as those observed in
this case.

SEM micrographs of the failed region (Figure 4) show a complete
delamination of the metal film. In addition, microcracking of the Al,O; overcoat
along the edge of the metal pattern was observed. This observation seems to
suppott the hypothesis that that expansion of the metal film was restricted by the
sputtered Al,O; overcoat. In order to relieve this stress, the metal film expanded
along its length and thus, produced cracks along the edge. This buckling of the
thin film is apparent in the micrograph in Figure 5.

With the exception of some slight cracking of the oxide overcoat, the films
were continuous on and around the area where the flame was directed. Little

crystallization of the Al,O, overcoat was observed (Figure 6).

107




FIGURE CAPTIONS

Figure 1a. Burner rig testing apparatus.

Figure 1b. HIP’ed Si;N, with sputtered type S thermocouple affixed in the
burner rig setup.

Figure 2. Strip chart recording of the thin film thermocouple temperature.

Figure 3a. Low magnification photograph of the thin film thermocouple after
testing.

Figure 3b. High magnification photograph of the thin film thermocouple after
testing. Note the break in the platinum leg and the bluing of the bar as a result
of the flame test.

Figure 4.SEM micrograph of the failed region on the platinum thermoelement.

Figure 5. SEM micrograph showing a section of the platinum thermoelement
that had buckled off the substrate.

Figure 6. SEM high magnification micrograph of the Al,O; overcoat.
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