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Experimental Investigation of the Dynamic Elastic
Modulus and Vibration Damping in MoSi  ,-30%SIi5N,
as a Function of Temperature

G.T. Olsen, A. Wolfenden, and M.G. Hebsur

(Submitted 21 May 1999; in revised form 8 September 1999)

The dynamic elastic modulusE, and vibration damping of molybdenum disilicide (MoS}) with 30% volume
addition of silicon nitride (SisN,) were measured at varying temperatures using the piezoelectric ultrasonic
composite oscillator technique (PUCOT). The value of the elastic modulus of the composite was observed to
decrease as temperaturel, was increased. The value afE/dT of MoSi, was determined to be-0.03 GPa/K.
The vibration damping of MoSi,—30%Si;N, increased as temperature was increased, with an effective
activation energy of 0.076 eV/atom. This was an average over the entire temperature range, but two distinct
slopes were observed in the plot of damping versus inverse temperature.
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3.1 Young’s Modulus and Vibration Damping at Elevated

1. Introduction Temperature

Dynamic elastic modulug, and vibration dampin@, were
1.1 Interest in MoSi ,~30%Si;N, and Applications measured at 162 kHz using the PUCOT. The PUCOT assembly
s . . , (Fig. 1) consisted of twa-quartz piezoelectric crystals designed
l\/_lolybde_nl_Jm disilicide (Mo3) is an intermetallic compognd_ to vibrate in the longitudinal mode by application of an alternat-

that is promising as a structural material for aerospace appllcatlon$ng voltage to the drive crystd, A fused quartz spacer rod

due to a high melting point (2030), excellent high-temperature 55 attached to the bottom of the gauge crystal, and this arrange-
oxidation resistance, relatively low densif(2 g/cr), high a5t \was used to tune the rod for use at a specific temperature. The
thgrma] conduct|y|ty, and good machlna.\bllllty. ) Silicon nitride free end of the rod was placed into a furnace, and the temperature
(SisNJ) is a ceramic that, when added to MaSparticulate form, 4 increased until the period of the drive-gauge rod system was
significantly increases the low-temperature oxidation resistance Ofthe same as that for the drive-gauge only arrangement. By placing

the materiak-2 the specimers,on the end of the tuned rod, the effect of the spec-
o imen on the resonant period of the system was similar to that upon
1.2 Objective the drive-gauge only. The resonant period and the output voltage

This study was concerned with the measurement of Young'’sWere measuredathe voltage produced by the gauge crystal. Due
modulus and the vibration damping characteristics of MoSi o thermal expansion effects, the lendthof the specimen was
30%SiN, with increasing temperature. Young’s modulus and reduced as needed with increasing temperature until the drive-
vibration damping were measured using the piezoelectric ultra-92uge-rod-specimen periothees Was within 5% of the drive-
sonic composite oscillator technique (PUCOT). Elastic modulus 92Uge periodToe, meaning conditions were close to ideal

and vibration damping are both important design parameters forésonance. The elastic modulus of the specimen was calculated
applications of materials. using the following equation:

E= (425) (Eq 1)

2. Materials

A0 C . wherep is the density and, is the period of the specimen. Vari-
W rSampIgs_IE)rl: Ml\asgsooﬁjssh"\ll\? Tveasur:mg 2 (lj)y 5tb)i/t25r) mln: ation of the value of the gauge voltalyg, provided a range of
€ etusle ’ ¢ € Ot 0 !(31 ‘; asf oie ue to St' essc strain amplitudes. This allowed the investigation of the vibration
ggﬁgagoﬁvg; arg[?\;le(r%;rne doé(ilNapl)?)r\:\; di?gwggvt\;gr?es g;\sla'r;%hmon'damping@‘l, characteristics of the specimen as a function of
4 . . ) . ;
hot pressing. Full density was then achieved by hot isostaticStraln amplitude. The damping was obtained using

g
pressing? 2 NTS)sz

2Ny
Q= e, (Eq2)

G.T. Olsenand A. Wolfenden, Mechanical Engineering Department, ) . ) )
Texas A&M University, College Station, TX 77843; adG. Hebsr, whereN is the transformer ratio for quartzy is the specimen
John H. Glenn Research Center, NASA Lewis Field, Cleveland, OH 44135.massC,, is the capacitance of the gauge circdits the voltage
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of the drive crystal, andly is the voltage of the gauge crystal.
Other details of the PUCQOT are given elsewlf€ra.

3.2 Metallographic Examination

types of phases seen in Fig. 2 are listed in Table 1. The mean
hardness values for the dark, ceramic dominant areas were
higher than those for the lighter, intermetallic regions. It is also
apparent that the dark regions had a higher standard deviation
than the light regions. This was due to the dispersion of fine

Small sections were taken from two different specimens. Oneosj, particles within the $N,. The light regions were consol-
section represented the material as it was received, and the othgfjated phases of intermetallic, while the dark regions were a
specimen represented the material after experiencing 30 min of,ariable combination of intermetallic and ceramic particles. Par-

exposure to a temperature of 86 Figure 2 shows the optical

ticle sizes varied from 1 to greater than.20.

images taken of specimens at a high magnification. The white  Tgple 2 summarizes Young’s modulus measurements with

particles are composed of intermetallic Mo&nd the black area
is the ceramic GN,.

4. Results and Discussion

respect to temperature. These data are also plotted in Fig. 3.
Table 3 lists the measured values of mechanical damping over
the same temperature range, and Fig. 4 is a plot of the damping
Versus inverse temperature.

At room temperature, Mogi30%SiN, displayed an elastic
modulus of 290 GPa, which did not correspond with the value

Microhardness measurements were performed using a Vick-f 360 GPa estimated from the rule of mixtures using values for
ers hardness machine. The Vickers hardness numbers for the tweot jsostatically pressedsSi,. Porosity was not accounted for

“
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Fig. 1 High-temperature PUCOT setup
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in the estimations and may help to explain some of the differ-
ence. From Fig. 3, (Eb)(dE/dT) =-1.01x 104 KL, For ce-
ramics, this value is neax110-* K1, while for metals, it ranges
between 4 10* K-tand 14x 10*K-.[6.7]

The slope of the curve in Fig. 4 is notably different for the room
temperature to 241 temperature range than it is for temperatures

Table 1 Vickers microhardness 200 g/10s

Specimen

As-received HV Heat-treated HV

Light phase Dark phase Light phase Dark phase

766.2 941.2 732.6 873.9
719.7 1083.6 745.8 869.7
759.3 1011.3 806.0 995.6
769.7 845.0 853.1 980.3
759.3 817.4 759.3 904.4
Mean 754.8 939.7 779.4 924.8
Standard deviation 20.15 111.5 49.7 59.4

(b)

Fig. 2 Microstructure of the specime(®) as received anb) heated to 863C
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Table 2 Dynamic Young’'s modulus versus temperature

Table 3 Damping versus temperature

Temperature, °C E, MoSi,—30%Si;N,, GPa

Temperature, °C AverageQ, MoSi,~30SEN,

21 289.8 21 2.63x10*
240 291.3 240 4.08x 104
340 288.1 340 7.87x 10°
450 285.8 450 2.11x 10*
595 287.0 595 4.56x 10
800 262.4 800 6.33x 10
865 264.2 865 8.44x 10+
970 269.8 970 4.61x 102

Overall changedE/dT -0.030
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Fig. 4 Damping vs inverse temperature
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Fig. 5 Damping vs strain amplitude

between 340 and 97C. The first two data points resulted in an ized modulusE,™ x dE/dT,was found to be-1.01x 104 K1,
activation energy of 0.0275 eV/atom, which is close to value for This was in excellent agreement with the approximate value of
background thermal enerdyl,wherekis Boltzmann’s constant. =~ normalized modulus for ceramics, which-lsx 104 K2,

The remaining data indicate an activation energy on the order of Damping in MoSi—-30%SiN, was observed to increase
0.289 eV/atom—over ten times higher. Taken all together, thewith increasing temperature. Average damping at room tem-
effective activation energy was 0.0762 eV/atom. Diffusion data perature was 2.8 104, while at 970°C, it was 4.6x 1073,

on MoSj are scarce, so it is difficult to check the validity of the While two distinct regimes were noted in the plot of damping
measured activation energies. In general, though, these activaversus inverse temperature, the overall average effective acti-
tion energies were low for ceramics. For example, the activationvation energy was found to be 0.0762 eV/atom.

energy for the diffusion of carbon in SiC is near 8 eV/afbm.

Mechanical damping values were approximately independent of

strain amplitude in Mo$+30%SiN,, as seen in Fig. 5. References
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