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SUMHARY

Thermal expansion ceoefficients of some tungsten-molybdenum alloys have
been determined by X~-ray diffraction methods over tle temperature range
2500 - 120000. Within experimental errcr the cecefficients are independent
of temperature cver the range studied, P-silicen carbide has also been

investigated, Values of the mean expansion coefficient @ are as follows,
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1 INTRODUCTICN

The refractory metals, tungsten, molybdenum etc require a protective
coating before they can be used at high temperatures in an oxidising atmos=-
vhere, It is ccnsidered that one of the requirements for a successful coating
is that the mismatch between the thermal expansion of the ccating and that
of the base metal be small, R. Moreton1 suggeated that B-silicon carbide
would function best as an cxidation-resistant coating vwhen applied to a
tungsten-molybdenum alloy with & thermal expansion matching that of the
coating. The results quoted in the 1:lterat'.u.re2’3 for the macroscopic thermal
expansion coefficient of P-silicen carbide show ccnsiderable scatter but
practically all lie between the values quoted for tungsten and molybdenum
which form a continuous series of solid solutions., The present work was
underteken (a) to detexrmine the form of the curve relating coefficient of
thermal expansion and compesition in the binary tungsten-melybdenum system
(b) tec redetermine the coefficient of thermal cxpansion of B-silicen carbide,

The lattice parameters of two tungsten-molybdenum alloys and B-silicon
carbide were determined by X-ray diffraction methods at various temperatures
between room temperature and 1200°C, The substances studied all have cubic
symmetry and hence

1. da
aK-ray T a ar

where g is the side of the cubic unit cell, In gencral good agrecment is
obtained between a detcrmined by X-ray methods and macrcoscopic measurements
Coe Wilscnl". Discrepancies can arise in anisotrepic materials if there are
suitably criented macroscepic imperfecticns in the bulk structure c.g. in the
case of graphit05 , but the question dees nect arisc in the present instance
since all the materials arc isotropic. Small discrepancies may also arise at

temperatures aporeaching the melting peint T., due to the thermel generation

i
of vacancies, but agein the questicn does not arise in the present study
since the maximum temperature reached, 1200°C is only of the order Tb/z for

ell matcrials investigated.

2 LARIMENIAL DETAILS

The alloys used were made by Murex Itd using powder metallurgy techniques.
Their homegencity was checked and the nominal compoesitions confirmed by
chemical analysis,



50;> Mo (nominal) | 75/% Mo (nominal)
Mo 49.9 wt % The 8 wt 55
W 5004 2.9
o 0.03 0,03
s, 0.2 0,2

Conventional techniques were employed to determine lattice parameters as
a function of temperature (sec for example X-ray diffraction by polycrystalline
materials - Institute of Physics 1955 - Chapter 9 - High temperature methods;
Chapter 15 = Detemmination of accurate lattice parameters). A Unicam high
temperature X-ray powder camecra, Type S-150 was used, The molybdenum-tungsten
specimens were in the form of flat discs approximately 5/16" across end " thick.
One face was ground flat and mounted in the camcra with this face perpendicular
to the X-ray beam. The tempcrature of the specimen was measured by a Pt/Pt-Rh
thermocouple in closc proximity to the back of the specimen. The furnace
- chamber was continucusly cvacuétcd to a pressure 2 - ) x 10"1F torr, The film
ring is mounted externally tc the vacuum chamber so that the specimen and
vacuum chamber were not disturbed until the study of that particular spccimen
was concluded, Ileasurcments of the lattice paramecter at rocm temperature were
made at the beginning and end of each serics of measurcments as a check against

movement of the specimen and contamination,

The latticc paramcters of the tungsten-melybdenum allcys were calculated
from the 222, 321, 400, rcflections which cccur in the range of Bragg angle
60-80° in Cuk radiation (Ka,l 1.540 50A Ka2 1o 54 WA Kﬁ1 14392 17A)s The
results were corrected for crrors in specimen meunting, penctration of X-ray
beam into the specimen etc using the extrapelation function of Nelson and
Rileyé. In the casc of the spceimen of P-silicon carbide, a cylindrical

powder specimen, 0.3 nm diameter, was uscd,

Lattice parameters werc calculated from reflectians 422, 333, 44O which
occur in a similar angular range, 60° - 80°, using Ni K radiation (Ka ] 14657 834
Ke, 1,661 634 KB, 1,500 08A).

3 RESULTS

The results for the tungsten~-molybdenum alloys ar¢ shown graphically in
Fig.1 in which lattice parameter is plotted ageinst specimen temperaturc.

Rocm temperature lattice paramcters detcrmined at the beginning and end of



each series of experiments arc virtually identical from which it is deduced
that no significant contamination of the spccimens has cccurred, Within the
limits of experimontal crror, the latticc parameters are a linear function
of tempecrature over the limited tomperature range studied, The present
results for the two elements are in good agrecment with the results of

7,8 which arc plotted on the same graph. From these

previous investigations

curves the nean coefficients of thermal expansion betwecen room temperaturc
o, -

and 1200°C, «a 1200

alloy composition (in atomic per cent), There is no evidence that '&1200 is

was calculated and thesc are shown in Fig.2 plotted against

other than a lincar function of composition, It was unfortunate that an

alloy of composition around 40-50 atomic “% Mo was not available to establish
this point with greater certainty, I'ig.3 is a plot of rocm-temperaturce lattice
parameter against compeosition. There is geod agreement with the carly results
of Van Arkel9 and there is ne cvidence of any departurc from Vegard's Law

that lattice paramcter is a linear function of atomic compesition.

The results for P-silicon carbide are summariscd in Pig.h leading to
a valuc '&1 000 = Leb5 x 10:§. Also shovn are the results of a previous X-ray
study by Tayler and Jones =~ and a very recent macroscepic determination by
Popper and 1\.(c~113,ruddin11 on a sample of pyrolytic silicon carbide. The agreement
is satisfactory and there is no doubt that R over this temperature range is

lower than generally quoted in the litcrature,

The lattice parameters are accurate to about 1 part in 10000, The
temperature of the furnace was manually controlled during an exposure within
limits +10°C at the highest temperatures., Measurcments by cther workers of
tempcrature gradients in the furnace of this type of camera suggest that the
temperature gradient in the spccimen is considerably less than tSOC. It is
therefore censidered that the maximum source of error in specimen temperature
is that imposed by manual control of the furnace tempcrature, An crror of
20°%C at the maximum temperaturcs reached corresponds te a spacing erreor of
abeut 1 in 10000 which is the samc as the uncertainty in the lattice parameter
itself, The cembined uncertainty in specimen temperaturc and lattice

paramcter lead tc an estimated error in 51200 of one or two pcr cent,
N CCNCLUSICONS

It has been shown that the mean cocfficicnt of thermal cxpansion in the
range room-tcmperature to 1200%C of alloys in the binary tungstcen=-molybdenum
system, can be predicted with considerable accuracy by assuming a lincar

rclation between and atomic composition.

1200



At the same time it has been shown that '&1200 for B-silicon carbide is
455 x 10"'6 which is much lower than most values quoted in the literature
although in good agreement with a very recent macroscopic determination and
& previous X-ray value, This value, 4.55 x 1076 lies ocutside the range of
values encountered in the binary tungsten-molybdenum system,
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