MosSi;-B and MoSi , Deposits Fabricated by
Radio Frequency Induction Plasma Spraying
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Induction plasma-spray processing was used to produce free-standing parts of M-B composite and
MoSi, materials. The oxidation resistance, up to 1210 °C, of the M®i;-B composite was compared with
MoSi,, which is known to be resistant to high-temperature oxidation. The deposits were oxidized
isothermally in air at atmospheric pressure. The structural performance of these materials under high-
temperature oxidation conditions was found to depend on the boron content in the specimens. In particular,
the composite containing 2 wt.% boron exhibited excellent resistance to oxidation, as indicated by the
specimen mass change, which was found to be near zero after the 24 h oxidation test.

the silicon supply. Therefore, the scale ruptures and becomg
nonpassivating. The mechanism proposed for the higher te
perature passivation is that of temperature-dependent laters
flow of amorphous Si©to form a continuous, oxygen exclud-
. ing layer.
1. Introduction It has also been reported that the incorporation of small qua
) o ) tities of elemental boron (0.8 to 1.9 wt.%) into thesBipma-
Materials based on molybdenum disilicide (MgSiave trix improves the high-temperature oxidation behavior of$ito
been under active development over recent decades because gf ihe temperature range of 800 to 1300 °C, comparable to tha
their potential to function well in high-temperature environ- s MoSi,.2% The oxidation rate for M@i; was decreased by 5
ments A major obstacle impeding the attainment of full satis- 5 ders of magnitude at 1200 °C and the “pest” oxidation of
faction for MoSj performance in high-temperature structural NS, at 800 °C was also eliminated by “doping” with less than
applications is its questionable mechanical properties. High rates) \yt o4 poron. The mechanism for the improved oxidation resis
of creep at temperatures above 1200 °C make the application ofznce of boron-doped M8i; is believed to lie in the formation
MosSi, difficult where a reliable, high-temperature structural ma- of 5 |ow-viscosity borosilicate glass that closes the pores forme
terial is required. On the other hand, the low silicon-content sili- j,y, yolatilization of MoQ during the initial transient-oxidation
cide, MaSi; possesses high creep resistance, which isperiod and, subsequently, forms a coherent scale over the te
comparable to the current generation of nickel-based, smglespecimeﬁl_m
crystal superalloy&:* A creep rate for Me5i; of 4 X 1078 57 Until now, the previously reported boron-modified {8
was measured at 69 MPa and 1200 °C, this value being nearlyyaterials have been prepared mainly by sintering or hot isosta
5 times lower than that for Mo§mnder the same condﬂmns tic pressing (HIP) of powdefs2% However, plasma-spray pro-
(2.1_ X 1077 s*l).[“_l However, the h|gh_-t¢mperatu_re oxidation cessing has recently been demonstrated to be a viable techniq
resistance of MgSisis very poor, and this is the main reason that giso for the production of dense, monolithic, and compositel
this silicide has long been ignored for high-temperature struc-formsiiu In other applications, this process has evolved to pro
tural applications. If the oxidation resistance of the3ihase  \jige greater flexibility for the fabrication of shapes and to reducd
could be improved, while retaining its excellent creep resistance,the number of process steps compared to that required in co
this material would show strong promise as a candidate for suchentional methods. For intermetallics, plasma-spray technolog
high-temperature structural applications. _ provides further advantagesg.,the combined high tempera-
The oxidation behavior of M8i; specimens is characterized  yres and rapid solidification rates have reduced segregation a
by the formation of a porous surface scale and the oxidative l0sgesjdual stresses in intermetallics that typically limit the “forma-
of molybdenum (as Mog) at temperatures below about 1650 jjity” of such brittle materials, as well as improving the ductil-
°C, with transformation to a protective scale and passivating OX-jty and tensile strength of fabricated shapes.
idation at higher temperaturésSome experimental d&té has In the present investigation, induction plasma-spray process
indicated that during M¢i; oxidation at temperatures below ing was used to produce free-standing parts o{Si4® com-
1650 °C, the oxidation interface becomes silicon-depleted be'position, the boron and M8i; powders being blended to form
cause the silicon consumption rate exceeds the maximum rate ofe initial spray powders. The M®i;-B composites were pre-
pared in order to study the effects of the boron additions and th
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Fig. 1 The schematic view of the induction plasma-spraying installation

2. Experimental Procedure A water-cooled stainless steel probe, axially penetrating the
torch head, injected the reactant powders into the plasma. The
2.1 Induction Plasma Spraying Apparatus position of the probe was adjusted to place its tip at the center

. ) plane of the induction coil (Fig. 1).
The complete experimental apparatus employed for this work

consisted of an induction plasma torch and matching radio-fre-
guency power supply equipment, a hermetically sealed cylindri-
cal spray chamber, and a powder feeding system. The inductior The powder blends were prepared by mechanical mixing of
plasma torch (Model PL-50, TEKNA Plasma Systems. Inc., MosSi; powders (Nihon New Metals, Inc., Toyonaka, Osaka,
Sherbrooke, QC, Canada) used a water-cooled ceramic-plasmJapan) and boron powders (Cerac, Inc., Milwaukee, WI) in cer-
confinement tube incorporating a 3-turn induction coil; as illus- tain mass ratios in a ball-milling jar for 24 h. The screen size gra-
trated in Fig. 1. The coil was connected to the radio-frequencydation of the MgSi; particles was—38 + 20 um, while the
power supply (2 MHz, Nihon Koshuha Co., Ltd., Yokohama, average particle diameter of the boron powders wasOml.9
Japan) through the tank circuit. The assayed chemical composition of the;Bipparticles was

The cylindrical spray chamber (80 cm internal diameter and Si-14.52, C-0.01, 0-0.28, and Fe-0.04 (wt.%). TheS#g@ow-
100 cm height) was made as a water-cooled stainless steel struder proved to be of very pure phase and close to stoichiometric
ture. The induction plasma torch was fixed at the center of thecomposition (theoretical Si wt.% in the compoundsBigis
upper port of the chambeia the bolted flange. An inspection  14.95 wt.%). The x-ray diffractometry (XRD) pattern of the
window on the front port and another two at positions in the side MosSi; powder corresponded well with that of the JCPDS card
the chamber (not shown in the schema of Fig. 1) permitted vi-34-0371 for M@Sis. The purity of the initial boron powder was
sual supervision of the deposition procedure. Oil-filled rotary claimed to be>9.9+%, with Ca and Mg content each at less
pumps were interfaced at the bottom of the spray chamber tcthan 0.001%. The boron powder was amorphous; the only XRD
maintain the necessary condition of reduced pressure. The statipeak for a crystalline phase belongs to the oxid@;Bndicat-
low pressure in the spray chamber was maintained below 1 toriing that some oxygen uptake had occurred during boron powder
by the pumping system (1 torr equals 0.133 kPa). Exhaust gaseproduction. Molybdenum disilicide powder was also supplied by
extracted from the chamber were initially passed through a filter Japan New Metals, Inc. The screen size gradationv@8s+
to collect particles carried off by the gas stream before the latter20 um. These powders contain tetragonal pladéoSi, exclu-
entered the extraction line for further wet scrubbing treatmentsively, along with traces of free residual silicon. The assayed
and eventual discharge to the atmosphere. chemical composition was Si-36.83, C-0.02, O-0.26, and Fe-

2.2 Spraying Procedure
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0.09 (wt.%), where the powder has little deviation from stoi- Table 1 Summary of the experimental conditions

: . X ; gy T
chiometry. The theoretical Si wt.% in the compound MdSi ] (90
36.93 Wt % Plasma gas Ar 30 L/min ;D

) U Sheath gas Ar 85 L/misr H, 5L/min

The premixed powders were fed to the torch by means of acyier gas Ar5 L/min (.:EJ
Hi-T Drive Servo actuator powder feeder (Plasma Giken Co., induction power level 25 kW s,
Ltd., Toda, Saitama, Japan) in which powders are agitated bySpraying distance 130 mm %
mechanical stirring and then conveyed by the drive disk to the Chamber pressure 26 t0 53 kPa ®

. - . Powder feed rate 14 g/min Q.
metering orifice. The process-carrier gas transports the powdeg oo oo o Length 10 mm
through a narrow pipeline to the torch injector probe. The mean Velocity 21 mm/min

powder feed rate was determined mainly by the rotation speec
of the drive disk. Thus, at 3 rpm and 5 L/min Ar carrier gas flow,
the powder delivery rate was 1.6 to 1.72knin, corresponding

to ~14 g/min (standard deviatien= 0.4) for MaSi; and other
MosSis-B blending powders, and10 g/min ¢= 0.2) for MoS}
powder.

In the spray chamber, a reciprocating substrate-translation
system activated by a programmable electric-drive mechanism
provided traversing deposition motion. The length of each pass
and the velocity of the traverse were both continuously ad-
justable, the spray distance being varied by simply changing the
fixing position of the substrate support rod in the fixture. The de-
posits were prepared by spraying plasma-melted powders ontc
100 mm diameter steel substrates, pretreated with BN releaser t
provide a single surface layer of BN, facilitating deposit separa-
tion from the substrate as a free-standing part.

The induction plasma-spraying parameters employed in this
work are summarized in Table 1. The inductive power level was
fixed at 25 kW, though the TEKNA PL-50 torch can be operated
up to 60 kW. The employment of a relatively low plasma-power

: . e 3. Results
level was aimed at suppressing molybdenum silicide decompo-
sition by the hlgh-tempe_rature plas#%]'h_e spray Q|stance,sz 3.1 Phase Content and Porosity
was set at 130 mm, having been determined during several runs
of preliminary experiments. Itis a compromise betweentwocon-  Figure 2 shows x-ray diffraction patterns of induction
flicting circumstances. (1) At relatively close spraying distances, plasma-sprayed deposits of Mg3#0sSi;, and M@Sis-B com-
droplets retain their molten state at the time of impact on the sub- posites. The sprayed MgS®onsisted o&-MoSi, and a trace of
strate so that dense coatings and high deposition efficiencies catMosSiz. In the case of M&i; spraying, the deposit was com-
be achieved. (2) The risk of melting the substrate material must posed of pure Msis. The major phase in the as-sprayed$e
be avoided, and the refusion of the deposit is equally undesirable.B 2 wt.% deposit was M8is; however, the molybdenum boride

Because of capacity limitations in the chamber pumping sys-phase, MoB, was detected and identified by reference to JCPD
tem, the spray processing in this investigation was not performeccard 6-0644. The peaks of MoB are marked in Fig. 2(c); all re
at constant pressure. A relatively low pressure was desired ttmaining unmarked peaks represent the$ighase (Fig. 2b).
give the particles higher substrate-impingement momentum ancThe formation of MoB was due to reaction between reactan
to retain lower melt particle-surface temperature (the plasma respowders under the high-temperature plasma condiibivioB
idence time for particles was short at the lower pressure condi-was also found in the as-sprayed deposits ofS4d 1.5 wt.%
tion) to avoid decomposition. Unfortunately, the fine particles but not in the deposits of the nominal }8a-B 1 wt.% and
resulting from material vaporization in the course of spraying MosSi;-B 0.5 wt.% compositions. This is not surprising when
tended to block the filter, making the maintenance of low pres- the sensitivity of the XRD technique b vol.%) is taken into ac-
sure difficult and raising the pressure in the spray chamber. Typ-count. The 0.5 and 1 wt.% levels of input boron are equivalen
ically, spraying began at 200 torr and ended at 400 torr, anto 1.6 and 3.2 vol.% in the initial reagent powders, respectively
operation occupying about 6 min. With the substrate “pass” Therefore, even if all boron reacts with molybdenum silicide and
length of 10 mm, sprayed deposits took on the appearance ois converted into MoB, it would still be difficult to detect this
conical hills but with flat tops, the heights of the deposits rang- product by the XRD technique.
ing from 10 to 13 mm. Deposition efficiencies (the ratio of the ~ The porosities of the as-sprayed deposits were measured b,
mass of spray deposit to the mass of the material sprayed) oMIP,andtheresultsare summarizedin Table 2, togetherwitheac
about 84% were achieved. sample’s phase contents, as detected by the XRD test. Because
therelatively “cool”induction plasma-spray conditions employed
in this investigation, the porosity of the deposits was a little high,
on average-9.2 %, with pore radii ranging between 0.1 and 0.7

After plasma spray preparation, the deposits were cut into pmand bulk densities of only 90.4% of theoretical. Nevertheless,
square slices of 1& 10 X 3 mm for various tests. The poros- the relatively cool spray conditions used effectively suppressea

ity of the deposits was measured by mercury intrusion
porosimetry (MIP) (Model AutoPore Il 9220, Micrometrics In-
strument Corp., Norcross, GA). Fractured specimens were ex
amined by scanning electron microscopy (SEM) (Model
ISI-DS130, Akashi Co., Tokyo) to observe their fractographs.
Polished samples were examined by XRD to determine the
phases present. Polished cross sections were also examined
SEM and energy dispersion spectrum to reveal the microstruc
ture of deposits and the distribution of elemental boron in the
composite. For the assessment of oxidation resistance, slice
samples were further cut into>8 3 X 2 mm cubes, placed in
platinum crucibles (5 mm in diameter and 2.5 mm in height),
and subjected to high-temperature oxidation testing in a ther
mogravimetric analyzer (TG-DTA) (Model TG-8120, Rigaku
Co., Akishima, Tokyo).

2.3 Characterization of Deposits
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Fig. 2 The XRD patterns of deposits @) (MoSk, (b) MosSi;, and €)
MosSiz-B 2 wt.% " .
up” of particles on the substrate, the splats, formed by melt par-

ticles impacting and solidifying on the substrate, are the funda-

Table 2 Porosity and phase content of MgSi;-B composite mental units in the structur.e qf deposits or coatings. The
deposits fracture morphology shown in Fig. 3(a) represents a fracture
surface parallel to the substrate surface, the rupture occurred

Nominal Porosity ~Phase Content XRD mainly between splats, leaving a smooth fracture surface. This

Specimen  composition (%)  MgSi; MOSi, MoB is a prominent characteristic of plasma-sprayed deposits and

A MoSi, 10.3 v coating microstructures, according to McPher&@nwhere

B MosSk 8.5 v there is limited real contact between the rapidly solidifying par-

C 0.5 wt.% B-MgSis 9.9 J/ . )

D 1 Wt.% B-MoS; 107 ¥, ticles, the actual area of contact has been estimated at only

E 1.5 wt.% B-M@Si, 8.3 / / around 20%. Therefore, the fracture was likely to be effected by

F 2 wt.% B-MaSi; 7.7 Vv v “shearing” those weak “joints” between splats. However, the

fractograph along the deposit building direction (normal to the
substrate surface) displays a trans-splat morphology because
the decomposition of molybdenum silicides. Deposits of MoSi  splats formed in the induction plasma-spray process usually
and MaSi; materials, to be used as controls for the oxidation possess a relatively high ratio of their thickness with respect to
resistance test, were prepared using the same spray-processing ptheir spari*® The stress applied along the normal direction has

rameters. to “break” individual splats so that the crack front forms and
propagates to create the fracture surface. The laminate mi-
3.2 Microstructure crostructure of the as-sprayed deposit is, thus, clearly seen in
' Fig. 3(b).
Figure 3 presents fractographs of ¥a-2 wt.% B compos- The polished cross section was subjected to SEM examina-

ite deposits. As the production of deposits or coatings of vari- tion. The EDS spectrum was taken on a dark round part. The
ous materials by plasma spraying process is essentially a “piling boronK, peak (0.18 keV) is recognized in the EDS result in Fig.

614—Volume 10(4) December 2001 Journal of Thermal Spray Technology



é

KMOSiZ

-
[= B -]

_“\ MOssi3'B 2.0%

'

Jry

o
T

] / M055i3

&
S
T

MosSis-B 2.0% . MosSi;

Adblo=nwas

Mass change / mg-cm™

Mass change / mg-cm2
A )
o (=]
T

0 200 400 600 800 1000 1200
Temperature / °C
1 1

5 10 15 20 25
Time/h

Fig. 5 Mass change of MogiMosSi;, and M@Si;-B specimens as a
function of time on oxidation in air at 1210 °C. Plots include initial heat-
ing at 20 °C/min, and the transition behavior of mass change is show|
as an inset small figure
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deposits of MoSj MosSi;, and M@Sis-2 wt.% B composites in
oxidation at 1210 °C in air. These plots include the initial “ramp-
ing up” of temperature at 20 °C/min. During the initial stage of
these tests, all specimens (except Mp8emonstrated rapid
mass gain up to a certain value, which was then followed by 4
drastic mass loss. This initial transient behavior of the specimen
is displayed in a small inset figure.

It could also be observed with the unaided eye that th&iMo
\ , specimen had become a chalky white mass after 24 h of oxid4g
tion at 1210 °C, while only small quantities of such white prod-

0 0.5 1.0 L5 2.0 2.5 ucts had been seen in the {8@-B composites with boron
Energy (k GV) content of 0.5 and 1 wt.%. For composite deposits with boro
) content greater than 1 wt.%, the surface of the specimens aft

oxidation exhibited a dark blue color. The MpSpecimen
. . ) appeared to keep the same luster as was evident prior to t
Fig. 4 The cross section of the sample of J8ig-B 2 wt.%: @) boron

spheres in the M&i; matrix and b) the EDS on a dark round part oxidation.
shown in &)
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4. Discussion
4(b), although the signal also includes one from the electron-

penetrated area. It is seen that the boron phase predominatel As far as the authors’ present knowledge goes, no report ha
takes the spherical form inside the {8 matrix (Fig. 4a). The been made on the preparation ofs8ig-B composite materials
dimensions of these spheres range from 0.luto . Despite the  viathe plasma-spray route. The primary motivation of the pres
fact that input boron powders had been well dispersed and meent investigation has been the validation of the induction plasma
chanically stuck to the surfaces of coarse®gpowders dur- spray process for the preparation of free-standing parts o
ing the prespray blending, the microstructure revealed in Fig. MosSi;-B composite materials; the investigation of the oxidation
4(a) indicates that coagulation of the boron occurred when themechanism will be the subject of a further study. Here, a brie
blended powders passed through the high-temperature plasmedescription only is given of the M8i;-B composite material
This suggests that there was a lack of good wetting behavior beperformance under high-temperature oxidation conditions.
tween molten boron and molybdenum silicide materials, result-
ing from their physical properties. Agglomerated boron spheres,
formed during the spray process, could also be observed on th
deposit surfaces.

4.1 Improvement of Oxidation Resistance of Mo  5Sis
by Boron Addition

The oxidation behavior of M8i; at elevated temperatures
3.3 High-Temperature Oxidation Resistance can be described as catastrophic. In fact, it was observed duri
this investigation, that the mass loss sustained by th&iMo
Oxidation resistance of the specimens was evaluated througtspecimen was 169 m/értequivalent to 70% material loss) in
the TG tests. After mounting the specimen-loaded crucible in the2.2 h. After this period, no further specimen weight loss was ob
TG instrument, the specimen temperature was then increased served up to the end of the oxidation test (not shown in Fig. 5)
20 °C/min to the preset temperature, 1210 °C, and held for 24 hOn the basis of the mass loss and morphology of the post oxid
during which time the mass changes and temperature of thetion specimen, it is believed that the 8@ had been totally con-
specimens were continuously recorded. Figure 5 shows plots overted to the cristobalite form of silica. This phenomena has
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been also reported in previous studiésThe oxidation rate of 1.2
the MagSi; specimen, after an initial transient period, can be con-
sidered as linear and approximately equal-t6.2 X 10!
mg/cnt - h. Meyeret al®! have reported the average linear rate
constant for their powder processedsBligspecimens at 1200

°C (for a 3 h run in a flow of compressed breathing air at 100
mL/min) as high as-1.3 X 103 mg/cn? - h. Their test speci-
men was a pellet of sintered Mg, powder; the bulk density of
which was reported to be 99% of theoretical.

The addition of boron to M&i; provides a clear improve-
ment in oxidation resistance. The specimens with boron contents
of 1.5 and 2 wt.% demonstrated very encouraging results: the 200 400 600 800 1000 1200
mass change of the M®;-B 1.5 wt.% composite was 1%, Temperature (°C)
while for the M@Si:-B 2 wt.%, the mass change was near zero. gy g  amount of the vapor species in equilibrium with 1 mole MoO
In fact, after an initial transient period, the mass change of thissglid
specimen was slightly variable but did not exceed the range
(—=0.97,+0.31) mg/cri, and the mass of the specimen was es-
sentially the same at the end of the 24 h oxidation as that prior tcrapid mass gain occurs first, due to the formation of molybde-
the test. The MoSideposit, prepared under the same induction num oxide and Si@on the silicide surface. As the oxidation
plasma-spraying condition, was employed here as a referencetemperature rises above 750 °C, a rapid mass loss occurs, indi-
its oxidation behavior exhibiting a mass gain feature amounting cating the presence of molybdenum oxide volatilization. This
to a 2% mass increment following high-temperature oxidation. behavior of a Mgbi; specimen was also observed in the present

investigation, as illustrated in the small inset figure of Fig. 5. Ac-

Gas phase species in equilibrium
with 1 mole MoOj solid at 1 atm.

Mole number
o O O O

o v d o ®

4.2 Oxidation Behavior of Mo ;Si; and MoSi , cording to the Scientific Group Thermodata Europe (GTT mbH,
o _ Herzogenrath, Germany) thermochemical databases, the equi-
There have been many publicatiBris®-24on the topic of |iprium species in the vapor phase with Ma@lid phase are

MoSi, oxidation behavior, in addition to the low silicides of (Mo0,),, (M0O,);, (MoO,)s, and (MoQ),.

MosSi; and M@Si. In fact, the outstanding oxidation resistance S|mp|e calculation suggests that the sublimation of MoO

of MoSk, ascribed to the formation of a self-healing, high silica- solid phase becomes significant once the temperature is greater
content glass coating, has been an important factor impelling re-than 700 °C. (Simple thermodynamic calculations can be per-
search and development activities on high-temperatureformedvia the Internet where free software is available. Our es-
structural applications over several decades. On the other hantiimation of the equilibrium vapor phase of MgpQs

no fully protective layer forms on a specimen of8igat an accomplished by the program EQUILIB-Web at the website
oxygen pressure of 1 atm over the temperature range, 484 thttp://www.crct.polymtl.ca/fact/websites.htprovided by the
1600 °C® Large mass losses are characteristic of the oxidationcentre for Research in Computational Thermochemistry

behavior of MSi; materials. _ ~ (CRCT), Université de Montréal, Canada.) The equilibrium
‘The widely accepted oxidation mechanism for MoiSi quantities (sum of mole numbers) of these vapor species versus
briefly summarized as temperature are shown in Fig. 6. This reasonably explains the
. . . transient behavior of M&i; materials in the initial temperature-
5M0Si, + 70, » MosSis + 7SO, B9 rising atage, M, P

The early oxidation behavior of a Mgi;-B composite in the
transient temperature region is similar to that of undopegho
i.e.,an initial mass gain, followed by a mass loss. The inflection

i S ; . points in the mass-change plots were found to lie over a wide
during oxidation, corresponds to the small mass gain of MoSi temperature range (from 500 to 700 °C). It is still not clear

i i i ] - . . . . . .
g;;fr(';l;' Z%;Mﬁ?[ r::;t;ri'c?rl;’ tr;?(\i/\r/]e\/érég:ae;iﬁrze ttlplr:icﬁ?;e O'whether this shift in the inflection point has any relation to the
peting 9p 9 boron content of the specimen. The /8ig-B composite mass

the oxidation: loss is also due to sublimation of Mg@s discussed previoiusly

Further, many people prefer to consider the oxidation product at
the right-hand side of reaction 1 as a ternary Mo-Si-O gfass.
The thin, continuous layer of protective oxide (§idormed

. . for the M@Si; material. However, the loss as volatilgBmust
2M0osSi5 + 210, - 10M°O3(T) + 630, (Eq 2) also be taken into account. Meyatral®! have mentioned this
possibility for MgSis-B composites involved in long-time oxi-
3M05Si; + 40, - 5M0;Si + 4SO, (Eq 3) dation tests.
The influence of the boron addition on the oxidation resis-
MosSi; + 30, - 5Mo + 350, (Eq 4) tance of M@Si; material is obvious, as is clearly demonstrated

in Fig. 5. However, the composition modification seems insuffi-
The volatilization of Mo@formed in reaction 2 accounts for the cient for effective improvement of material performance if the
mass loss sustained by M, materials; while the formation of ~ composite boron content is less than 1 wt.%. The occurrence of
SiO, in reactions 3 and 4 results in the oxidation mass gain. such a “lower limit” to the useful boron content has also been
Meyer et al®® have described the transient behavior of noted for M@Si;-B composites, prepared by powder processing,
MosSi; specimens in the initial oxidation stages. Therefore, a this being somewhere between 0.14 and 0.91 ##.%.
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4.3 Advan[ages of Induction Plasma Spraying 3. M.K. Meyer, M.J. Kramer, and M. Akintntermetallics,1996, vol. 4,
pp. 273-81.

It is appropriate to mention here the advantages of induction 4. D.L. Anton and D.M. Shalater. Res. Soc. Symp. Prot991, vol.
plasma processing for the preparation of molybdenum silicides 213, pp. 733-39.
and other intermetallic materials. Previous research work on the 5. E. Fitzer: inCeramic Transactionsyol. 10, Corrosive and Erosive
carburizatiof® and nitridatioff® reactions of MoSipowders pegradatiop of Ce_ramicﬁ.B. Tr_essler and M. McNallan, eds., Amer-
has shown the benefits of the induction plasma process for the _ ican Ceramic Society, Westerville, OH, 1989, pp. 19-41.
production ofin situcomposite powders. In the present investi- & fg'\é\g 5;”';5’(;1'\)/\/' M%%i”;%”t' and P.R. GageAm. Ceram. Soc.,
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