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ABSTRACT

Pure oxide powders of aluminum, beryllium, and magnesium
were formed into dense translucent compact bodies by hot

pressing. The densities of the bodies were found to be more
than 98 percent of the theoretical for the MgO, and more than
99. S‘percent for the A1203
was measured with a Leitz dilatometer. The data are in agree-

and the BeO. Thermal expansion

ment with previous published values. Thermal conductivity,
modulus of rupture, elastic properties, Young's modulus,
shear modulus, dielectric constants, and transmission spectra

measurements also are presented.
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I. INTRODUCTION

Recent advances in ceramic fabrication techniques have yielded translucent
bodies of alumina, beryllia, and magnesia. Hot pressing has been success-
fﬁlly used for all three materials (Refs. 13) while sintering has been used
successfully for alumina (Ref. 4,5). The term '"Translucent Oxides" has
come, in common parlance, to mean bodies the densities of which approach
that of a single crystal and which transmit visible light, The properties of
these translucent bodies can differ in several ways from those of lesser
density. The ability to transmit radiant energy will, of course, change
some of the optical properties such as transmittance and might also change
the thermal conductivity at high temperature due to a radiant heat transfer
mechanism. The lack of porosity, which can be considered as a second
phase, might also change the thermal conductivity and the dielectric constant,
Finally, those properties which are structure sensitive, particularly the
mechanical properties, could be expected to change quite dramatically.

The translucent oxides are new materials in the sense that complete
physical, thermal, and optical property data are not yet available; hence,
the applications for these materials have not yet been firmly established.
However, active interest in these materia's has been shown by companies
in the electronic, space-aeronautics, and nuclear fields. In the
electronic industry, potential applications are seen in klystron tubes, power
tubes, antennae windows, and other elements requiring power transmission
through an electrical insulator. The expected increases in dielectric
strength and resistivity as related to increased density adds to the interest
in translucent beryllia, magnesia, and alumina.

The optical properties of the oxides with high transparency in the ultra
violet, visible, and near infrared (0.4 to ~9u) are of interest for high
temperature instrumentation application because of the thermal stability
and oxidation resistance of those materials, Potentially, their economic
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value as a replacement for single crystal optical components (lenses, windows,

filters, etc.) is significant, especially in the far infrared beyond 50u.

There is great interest in ceramic oxides as materials for rocket nozzles
requiring stop-start capability. This application would take advantage of the
minimum oxidation characteristics and chemical lnertness of the oxides.
Erosion resistance should be improved by the high density of the translucent
materials., However, the development of special techniques, such as pre-
stressing, are required to provide adequate thermal shock resistance. Such
a development is also needed with the nosecap and leading edge application,
such as on Dynasoar, for which the general enhancement of mechanical
properties achieved through the development of high density oxides may be
useful. In those instances where a heat sink is needed, the expected higher
thermal conductivity combined with high heat capacity makes beryllia of

outstanding interest,

The resistance of beryllia to hot gases and liquid metals is another outstanding
property which should be enhanced by translucency because of high density and
- minimal grainboundary porosity. This combined with low thermal neutron
abaofption cross section makes beryllia particularly interesting for the
nuclear industry.

The high density, fine grain structure of the translucent oxides suggests also
general applications such as rotary bearing surfaces, laboratory devices,
chemical process windows, radiation windows, special purpose laboratory
ware, and vacuum or gas-tight ceramic seals.

The purpose of this report is to describe the fabrication techniques used in
preparing translucent oxides by hot pressing and to present available data on
microstructure and on thermal, mechanical, and optical properties of these
materials,




II. FABRICATION

A, EQUIPMENT

The hot press which was used to fabricate the specimens is shown in Fig. 1.
It consisted of a graphite susceptor tube, 8 in. OD, 6 in. ID, and 54 in.

in length, placed within a transite shell 16 in. in diameter. The annulus
between the susceptor tube and the shell was filled with lampblack which pro-
vided thermal insulation. The ends of this annulus were covered with
water-cooled brass plates. The susceptor was surrounded by a water-cooled
copper induction coil on the outside of the transite shell. Power was supplied
by a 3 kilocycle motor generator (Tocco Model G4-4570-01). The furnace
assembly was mounted in a steel frame 40 in. in height and 14 ft in length.
Two 5-in, hydraulic rams with a travel of 18 in. were placed at the ends

of this frame. Pressure as high as 3000 psi to the rams was supplied by
means of a hydraulic system. The pressure on the graphite plungers was
measured by a precision laboratory pressure gauge placed in the oil line to
the Hydraulic rams, The pressure system was calibrated in situ by means of
a load cell certified by the National Bureau of Stancards., Pressure readings
had an estimated experimental accuracy of 0, 5 percent.

The temperature of the die body was meatuired by means of a disappearing
filament optical pyrometer. A graphite tube which extended through the
transite case, the lampblack, and the susce‘ptor tube provided access to the
die case, The enti.re temperature measurement system was checked by com-
paring the pyrometer readings at temperatures below 1500°C with those of a
platinum-rhodium thermocouple inserted in the center of a blank die. Excel-
lent agreement was found between the two readings when pyrometer and
window corrections were made. Temperature readings were estimated to
have a precision of +10°C,

The graphite die material was a premium quality, small grain, and relatively
flawless graphite designated ATJ Grade. This graphite was chosen primarily




because it could be machined to close tolerance and fine surface finish as
well as for its excellent high temperature strength. The dies were baked

at a temperature of 1800°C for 4 hr before use to prevent contamination of
the compact by outgassing impurities. After the bakeout period, the dies
were polished with a cotton flannel cloth to remove any baked-out impurities

that adhered to the surface as well as loose carbon.

B. STARTING MATERIALS

‘The powder used for the fabrication of the translucent beryllia, obtained from
the Beryllium Corporation, was High Purity Grade 1. This oxide was pre-
pared by means of a fluoride extraction process that yields a fluoride contami-
nation of approximately three quarters of one percent. The as-received
powder was blended and wet screened prior to hot pressing. The starting
material for alumina was Linde Type B polishing alumina. Purity of the
powder was stated to be greater than 99. 9 percent and the particle size was

of the order of 0. 05pu. The magnesia was fabricated from Baker's AR grade
MgO.

C. PRESSING TECHNIQUE

A sufficient quantity of powder was weighed to provide a finished sample that
measured 1/4 in. in thickness and 2 in. in diameter. This powder was
poured into a die which had one plunger partially inserted. Care was taken
to level the powder because small changes in powder level can produce |
large density variations in the finished compact sample. For normal speci-
mens such variations are virtually unnoticed because the cntire sample is
opaque. In translucent specimens, variations of only a fraction of one percent
will produce mottled specimens. The second plunger was then inserted into
the loaded die and the die assembly was placed in the center of the susceptor
tube, Carbon plungers were placed on each end which transmitted the pres-
sure from the rams to the die assembly. The use of carbon reduced heat
losses from the hot zone, A sustaining pressure of approximately 200 psi
was then applied to the die assembly,
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The pressing cycle used for beryllia was as follows: the temperature of the
sample was brought to 1750°C and held constant for 10 min to permit the
interior of the compact to reach equilibrium. Failure to do this produced a
lens-shaped region of non-translucency in the interior of the sample body.
The pressure on the sample was then slowly applied in increments of 300 psi
until the final pressure of 4000 psi was reached. Ram travel essentially
stopped during successive applications of pressure. The sample was held at

hot pressing temperature for 4 hr and then permitted to cool overnight.

The temperature-pressure cycle for both the magnesia and alumina differed
from that for the beryllia, These former powders began to sinter before the
optimum hot pressing temperature was reached. Hot pressing of this partially
densified body did not produce the high density bodies which were desired.

For this reason pressure was applied to the specimen during the heating cycle,
With alumina the restraining pressure of 100 psi was maintained until a
temperature of 1600°C was reached. The pressure was then increased
gradually until a pressure of 6000 psi and a temperature of 1500°C were
reached. For magnesia, the pressure was initially applied at 900°C. The
final pressure was 6000 psi and the temperature was 14v00°C. In both cases
the final pressure was held for 4 hr and the sample was permitted to cool
overnight.

The samples as removed from the die were covered with a black coating of
carbon which could be removed either by machining or by air firing at 1100°C.
The magnesia specimens showed a much deeper penetration than the other
powders which indicated a much more severe reaction with the graphite and/or
the atmosphere. In some cases large areas of carbon contamination could be
seen in the translucent magnesia., This contamination could be explained by
reduction of carbon dioxide from the rhagnesia carbonate. This carbon

could be burned out at 1100°C in air leaving a white semitranslucent specimen,
The beryllia and alumina did not show such areas of carbon contamination and
heating these samples to 1100°C in air did not affect them in any visible
manner,

™




II1. PROPERTY DATA

A, DENSITY

When the oxides are hot pressed to high density, there is a tendency for

' This color has oftcn been taken to in-

them to become grey in color.
dicate the presence of colloidal graphite caused by diffusion from the
graphite dies at high temperatures, Petrographic examination of these
materials, however, shows thatthe grey areas are regions of transparency.
The grey color is probably due to the internal scattering of the incident
visible radiation and subsequent absorption within the mass of the sample.
It is this lack of reflected light rather than carbon contamination that is the
predominant cause of greyness, Dark opaque regions which are not trans‘-
lucent, however, do occur occasionally in the magnesia specimens. These
have been identified as areas of carbon contamination. In such specimens,
however, there is a marked contrast between the translucent and opaque

regions,

Translucency occurs only in regions of high density (above approximately
99. 6 percent of theoretical for BeO). The mottled appearance of many high-
density hot-pressed samples is often due *+n the presence of regions of
translucency in otherwise opaque material, A dramatic demonstration of
the sudden onset of translucency occurs when powder is inadvertently loaded
unevenly in the die, This load can result in one portion of the sample being
higher in density than the other and, hence, produce translucency. This
behavior is illustrated in Fig. 2 where three specimens are shown and where
the density in all regions is greater than 98 percent for MgO, and 99.5
percent for both A1203 and BeO. The non-translucent areas are only
fractionally lower in density.

Detailed studies of the effect of density on translucency of BeO were under-
taken using a heavy liquid displacement technique, Small cores approximately

-1- Preceding Page Blank




one in. in length and 1/8 in. in diameter were drilled from a block

which showed alternating areas of whiteness and translucency. The grey
samples were found to have a density greater than 99.6 percent, whereas the
densities of the white samples ranged from 98.9 to 99. 6 percent., These
measurements preclude the possibility that grecyness is due to graphite
impurities,

B. MICROSTRUCTURE

Samples of the translucent oxides as well as high density white oxides were
examined petrographically., The microstructure of all of these materials is
characterized by essentially equant grains of the respective oxide which are
unmodified by crystal edges. The only second phase observed was the
porosity., Preferred orientation as a result of hot pressing was observed
for the anisotropic oxides, A1203 and BeO.

A thin section was cut from a sample containing a lens-shaped region of
opacity so that adjacent opaque and translucent areas could be studied. No
sharp boundary existed between these zones at a magnification of 100X or
greater, that is, the concentration of pores decreased gradually from the
opaque area to the translucent area, Photomicrographs of these two regions
are shown in Fig. 3. The translucent region is characterized by a relative
lack of porosity as compared with the opaque material. The small amount of
porosity that is present is almost entirely intragranular, that is, within the
grain, The porosity in the case of the opaque sample was both intergranular
and intragranular, Grain size was almost identical, ranging from about
30-60p. The preponderance of intragranular porosity in all specimens
studies suggests that hot pressing is an effective means of removing grain
boundary porosity.

Photomicrographs of translucent alumina and magnesia are shown in Fig. 4.
The small amount of porosity which is seen in alumina is almost wholly

intragranular, No pores were observed in magnesia which indicates that
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any porosity which does exist is in the form of micropores. Grain sizes
were 10-30p for alumina and below 10p for magnesia. The grain size of the
translucent oxides, however, can be varied over a reasonably large range.
Data reported by Richa.rdson6 indicate that translucency is not affected

by either the grain size or pore location in the finished sample.

C. THERMAL EXPANSION

The thermal expansion of the translucent oxides was measured in an air
atmosphere to a temperature of 1000°C with the use of a Leitz dilatometer.

The experimental data for the coefficient of expansion are given in Table 1.

Table 1, Coefficient of Expansion of the Translucent Oxides

Temperature, °c Beryllia Magnesia Alumina Sapphire
200  4.39x 10 9.65x107% 5.61x107¢  5.25x107C
400 6.35% 107 11.65x 107® 6.64x 1076 6. 63x 1078
600 7.45% 10°%  12.28x 107® 7.32x 107®  7.35%x 107%
800 8.01x10°° 12.78x 107® 7.72x 107  7.64x 1078
1000 8.57x 10°% 13,26 x 10°® 8. 09x 106 8 03x 107°

A sample of sapphire cut such that the expansion measured was in the "c¢"
direction was also measured for comparison., An experimental error was
estimated to be = 0,2 X 10-6. Within this error there is excellent agreement
between the measurements of the translucent alumina and those of the sap-
phire, The experimental data are in good agreement with values reported in
the literature, 78 No effect of high density was noted when these data were
compared with expansion data taken on non-transluscent bodies of slightly

lower density,
D, THERMAL CONDUCTIVITY

At room temperature, heat is transmitted through ceramic bodies by con-
duction. Because the tharmal conductivity of the gases in the pores is much




less than that of the bulk material, the thermal conductivity of a highly
densified body, such as the translucent oxid.e, can be expected to be greater
than that for less dense oxides. The effect of porosity on the thermal conduc-
tivity of alumina is shown in Fig. 5. ? The data, although preliminary,
suggest that the dependence of the conductivity ~was greater than the theoreti-
caily predicted data, if the pores were assumed to be spherical,

The thermal conductivity of the hot pressed oxides measured at 100°C gave

values of 0. 48 for translucent beryllia, 10

9

0. 06 for translucent magnesia,
and 0, 06 for alumina’ near theoretical density, All values are given in
cal/em-°C-sec. Uncertainty in the experimental data reported in the liter-
ature prevents any reasonable comparison of these translucent oxides with
other high density bodies, Of particular difficulty is beryllia whose erratic
behavior prevented its inclusion in the porosity study previously reférenced. 9
Some preliminary data suggest that this may be due to a 'strong dependence

of the conductivity on the crystallite orientation. In this case, the con-
ductivity of the body would be a function of the degree of orientation intro-

duced during fabrication,

At higher temperatures, thermal radiation through translucent bodies might
be expectéd to make a significant contribut’on to the thermal conductivity
predicted by Kingery and his co-workers. la>14 Such a contribution would
result in the thermal conductivity reaching a minimum value and then exhibit-
ing an increase., This behavior has been noted by several observers for
opaque bodies, althoughthe operative mechanism has been suggested to be
non-radiative in nature, 15" 16

The thermal conductivity of translucent beryllia has been measured up to
2200°C, 1 The techniques which were used were similar to those previously
reported, 17,18 The data were found to follow up to 1300°C the same curve
previously reported for 99 percent dense beryllia: 1/K = 0,01875¢t - 4,1,
where K is in cal/cm-sec-°C, and t is in °C, 15 At temperatures above

1300°C, however, a departure from linearity was observed, In the case of
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opaque beryllia of density about 99 percent of theoretical, this departure
from linearity was observed only above 1800°C. At 1900°C, the thermal
conductivity for the transluscent material is 0. 048 cal/cm-sec-OC, while for
the opaque beryllia it was 0. 036 cal/cm-sec-oc. The translucent sample,
when heated to ZZOOOC. was found to lose its translucency. When re-
measured, the data did not show the departure from linearity at 1300°c.
This behavior strongly suggests that radiative heat transfer does make a
significant contribution to the thermal conductivity of translucent materials

at elevated temperatures.
E, MECHANICAL STRENGTH

It is well known that the strength of ceramic materials increases with in-

19

In particular, the exponential relationship suggested

creasing density, 3
20,21

by Ryshkewitch has found wide acceptance. Knudsen examined much
experimental and theoretical work and suggested that the strength is also
dependent on grain size; that is, the strength increases with decreasing

grain size,

The high density oxides, therefore, should exhibit higher strength than lower
density materials provided that the grain size remained constant. For
transluscent materials, the degree of porority is so low that the strength is,
in all probability, dependent primarily on the grain size. Careful control of
the pressure-temperature cycle during fabrication can control grain size to
a certain extent in the translucent oxides.

While detailed studies on the mechanical properties have not been made to
date, preliminary measurements on translucent beryllia of approximately
35-p average grain size have repeatedly yielded values for the modulus of
rupture from 35,000 to 37, 000 psi. Consistent sets of specimens have not
yet been measured at higher temperatures, and sample-to-sample variations
in microstructure prevent a complete and unambiguous interpretation of
results which have been ol:.t:a.ined.1




One preliminary series of modulus-of-rupture measurements, however,
indicated that the tensile strength remained constant with temperature over
the range 1000° to 1600°C, which was the highest temperature of measure-
ment. The data are plotted in Fig. 6. Eight or more points were taken at
each temperature, The average, plus and minus one standard deviation of
the modulus of rupture, is shown. The data at 1400° to 1600°C were con-
firmed by a second series of samples, the strength of which in this tempera-
ture region fell within the same band,

It is probable that the entire set of measurements is too low by approximately
10, 000 psi, most likely owing to large grain size and to inadequate care during
machining. However, the achievement of transverse strengths of BeO in the
region of 15,000 to 19, 000 psi at temperatures above 1400°C is certain and

is in marked contrast to earlier data. 23 In particular, the absence of a
"knee' in the strength-temperature curve to 1600°C is noteworthy and

parallels data on aluminum oxide at full density reported by Crandall, 24

F. ELASTIC PROPERTIES

The elastic properties of translucent hot pressed beryllia has been measured
by Bentle using a Sperry Ultrasonic Attenuation Comparator. 25 The experi-
mental dé.ta._a.re givenin Table 2. Values are alo shown for samples of lower
density as well as for magnesia-doped material, The addition of the magnesia
did not significantly change the elastic properties, The Young's Modulus and
shear modulus were found to decrease with decreasing density. These

values were lower than those reported by Ryshkewitch using a static test. 26

12-
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Table 2, Elastic Properties of Beryllia

Young's Shear
Modulus Modulus . '
. . ) -6 ) -6 Poisson's
Material Density (psi X 10 ) (psi X 10 ) Ratio
BeO
(translucent) 3.00 52.1 22.3 0.167
'BeO
(translucent) 3.00 53.6 22.8 0.177
BeO 2,93 51.4 21.9 0.173
BeO 2,93 51.4 21.6 0.190
' BeO 2,82 49.2 20,7 0.188
BeO 2,82 49,1 20,6 : 0.193
BeO-MgO 2,98 53,4 22.9 0.165
BeO-MgO 2.98 53.3 22.3 0.195

G. DIELECTRIC PROPERTIES

The dielectric constant of the translucent oxides can be expected to be higher
than that of less dense material, This ph.-tomenon can best be explained by
considering the ceramic to be a two-phase system, one of the phases being
air with a dielectric constant of one. This system has been treated theo-

27,28,29 gome recent experimental data

retically by several investigators.,
on the effect of porosity on the dielectric constant of alumina are shown in
Fig., 7. 30 The experimental data are best described by the expression

28 At high densities the expression often attributed

suggested by Bottcher,
29, 31

to Maxwell was also found to be applicable.

The dielectric constant of the three translucent oxides has been measured at
1l mc with a Boston Research Company 260-A Q meter using a General
Electric Hartshorn type 1690-A dielectric sample holder. The samples were
in the form of discs, 2 in. in diameter and 0.25 in. thick. The dielectric
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constant was found to be 10.5 for alumina, 10.4 for magnesia, and 7.2 for
beryllia, The values for alumina and beryllia are in agreement with those
of Newlan taken at 215 mcs, for a sintered translucent body, alumina

(Lucalox), and a hot pressed translucent beryllia body prepared by the

authors, 32

and are shown in Table 3,

Table 3.

Dielectric Properties of

Translucent Beryllia (BeO-MgO)

These data were taken as a funciion of temperature up to 1200°C

Loss Tangent Dielectric Constant
o
F 220 mc | 9375 mc 220 mc 9375 mc | 2711 mc
RT 0.00025 0.00050 7.1 7.3 6.28
500 0.00030 0.00060 7.2 7.4
1000 0.00025 0.00060 7.6 7.6
1500 0.00060 0.00050 8.2 8.1
2000 0.00055 0.00050 8.9 8.6
2500 0.00550 0.00130 9.1 9.7

H. OPTICAL PROPERTIES

The optical properties of the translucent oxides are of interest because of

their potential use as high temperature irdomes.

The infrared transmission

is of special interest and has been measured between 1 and 200u. The

samples that were studied were platelets, 0.75-in. square and 0.030 in. in

thickness.,

Surfaces were machined using a 100-grit diamond surfacing

wheel. The transmittance in the near infrared was measured using a

Beckman Model IR4 infrared spectrometer.

The experimental data are given

in Fig. 8. In the visible range all of the samples were relatively transparent,

They became opaque at longer wavelengths: about 5u for beryllia, 6u for

alumina, and 9.5p for magnesia.

~l4da




Measurements in the far infrared, above 25u, were made using a Perkin-
Elmer Model 301 double-pass instrument equipped with NaCl and KBr
prisms. The experimental data are shown in Fig. 9. The beryllia began to
transmit at about 30u, the magnesia at about 40, and the alumina at

about 50p.

This behavior can be adequately explained by classical electromagnetic
theory. 33 Most of the absorption in dielectrics, such as the oxides, is due to
fundamental absorption since free electron absorption is negligible. The loss
in transmission in the near Infrared and the reappearance of transmission at
longer wavéléngths result from this fundamental absorption that is centered
around the restrahlen frequency. Measurements that have been made of the
infrared transmission and reflectivity of a single crystal of beryllia and a
translucent beryllia sample supplied by the authors indicate that the main
restrahlen frequency was about 730 cm ™~ (14p) with a subsidiary maximum
on the high frequency side at about 1050 cm'l (10p). 34 No significant
difference was noted between the single crystal and polycrystalline values.

The transmittance of the oxides should be quite sensitive to the porosity.
Pores in a ceramic act as scattering centers. Since their size is large
compared to the wavelength, such scattering is nonselective. Hence, the
body appears white due to the scattered lighi. As the number of pores
decrease the amount of light which is scattered also decreases until finally
the material begins to transmiit.

None of the translucent oxides appear to be completely transparent, In the
case of alumina and beryllia, this transparency is reduced by reflection and
subsequent scattering of light at grain boundaries, This arises from the

fact that the index of refraction of the individual crystallites is dependent on
the crystal orientation; in other words, the crystals exhibit birefringence.

35 Although
the amount of light which is reflected is quite small, the number of grain

The birefringence value of berylliais 0, 014 and for alumina, 0,009,

boundaiies is quite large, The result is that the ceramic has a '""milky"

-15-




appearance. Due to its greater birefingence, beryllia should not be as transg=
lucent as alumina provided that the grain size is constant. Translucency
should also increase with increasing grain size and become completely
transparent when the grain size approaches the thickness of the test specimen.
Magnesia, since it is cubic, does not exhibit bircfringence and, hence, should

be transparent, The absence of complete transparency of the magnesia is

attributed to the presence of micropores,

"'l()-




IVv. SUMMARY

Pure oxide powders of aluminum, beryllium, and magnesium were formed

into dense translucent compact bodies by hot pressing.

The fabrication equipment consisted of double-action graphite dies inductively
heated in a graphite tube furnace with pressure applied via two opposed uni-
axial hydraulic cylinders. Temperature-pressure parameters for the A1203
were 1500°C at 6000 psi; for the BeO, 1750°C at 4000 psi; for the MgO,
1400°C at 6000 psi.

The densities of the translucent bodies were found to be more than 98 percent
of theoretical for the MgO and more than 99. 5 percent for the AlZO3 and

the BeO. The color is a function of the density and neither of the grain size nor of
the pore location. Translucent oxides are characterized by an extremely low

porosity.

Thermal expansion was measured with a Leitz dilatometer. The data are in |
agreement with previously published values.

Data are presented on the high temperature thermal conductivity of BeO which
indicate that there is a component of radic=at heat transfer in dense oxides

operative above 1300°C which increases with increasing transparency.

A series of modulus of rupture measurements are presented which indicate a
straight line function of tensile strength with respect to temperature from
1000° to 1600°C. |

The elastic properties of beryllia, including "opaque'" material were meas-
ured at room temperature, Young's Modulus and the shear modulus decrease
with decreasing density,

The dielectric constant for Ale3 increases linearly with increasing density,
The dielectric constant for translucent specimens of A1203. BeO, and MgO
were measured at 1 mc and found to be, respectively, 10.5, 7.2, and 10. 4,

«17-




Transmission spectra in the near and far infrared region to 200u have been
measured for a 0.03 in. specimen of three translucent oxides. The approxi-
mate cutoff points in the shorter wavelength region is, respectively, 6u, 5y,
and 9. for A1203, BeO, and MgO. Transmission begins again at about 50u,
30, and 40p for the specimens in the same order. The reflectance maxima

(restrahlen {requency) for BeO are at 10 and 14p.
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Fig. 3. Photomicrograph of Hot Pressed BeO:
(a) Opaque;.(b) Translucent

-22-

-




TRANSLUCENT MgO

Fig. 4. Photomicrograph of Translucent Oxides: (a) A1203;
(b) MgO
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