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LEGAL NOTICE

This report was prepared as an account of Government sponsored
work. Neither the United States, nor the Department of Defense,
nor any person acting on behalf of the Department of Defense:

A, Makes any warranty or representation, express
or implied with respect to the accuracy, completeness
or usefulness of the information contained in this
report, or that the use of any information, apparatus,
method, or process disclosed in this report may
not infringe privately owned rights; or

B, Assumes any liabilities with respect to the use of,
or the damages resulting from the use of any
information, apparatus, method, or process
disclosed in this report.

As used in the above, ''person acting on behalf of the Department

of Defense" includes any employee or contractor of the Department,
or employee of such contractor, to the extent that such emplovee
or contractor of the Department of Defense, or employee of such
contractor prepares, disseminates, or provides access to, any
information pursuant to this employment or contract with the
Department of Defense, or his employment with such contractor.
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INTRODUC TION

This is Volume II of the second semi-annual and final technical
summary report describing progress of the research and
development program on thermionic conversion of heat to

electricity under the Department of the Navy, Bureau of Ships

Contract NObs-90496. The work performed under this contract
is based upon and is a continuation of work initiated under !
contract NObs -88578. Both contracts were issued by the U.S. !
Navy, Bureau of Ships, and supported by the Advanced Research

Projects Agency.

The objective of this program is the development of a nuclear g
thermionic electrical generating system for the Department of 3
the Navy. Work under this contract is being performed to

develop the material capabilities which are essential for this

nuclear thermionic system. This work consists of three major

tasks. Only the work accomplished on Task C is included in q
this volume. The statement of work to be accomplished under

Tasks A and B is presented in Volume I.

Task C - Ceramic-to-Metal Seal Development

This task includes:

o A \ [
(1) The development of cesium-resistant metallizing

coatings for pure alumina ceramics;, — —
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(2) ,The development of molybdenum-alumina
cermet structures for use as emitter -collector

seal insulators,
)

(3) The evaluation and/or development of methods
of bonding the metallic surface of insulators to

structural metal numbers.

(4) Long-time testing of materials and seals at high
temperatures in both vacuum and cesium vapor
environments,

SN

The over-all project responsibility for contract NObs -90496 at the
General Electric Company is held by Dr, John E., VanHoomissen,

The technical contributors with primary responsibility for the

individual tasks are:

TASK A-1 - A, I, Kaznoff, Nucleonics Laboratory

TASK A-2 - R, A. Ekvall, A, I. Kaznoff, L., N, Grossman,

Nucleonics Laboratory
TASKB - L. N, Grossman and A, I, Kaznoff, Nucleonics
Laboratory

TASK C - R, H, Bristow, Tube Department

Sooa

o
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SUMMARY

Cesium resistant metallizing coatings for pure, polycrystalline,
alumina ceramics were developed and evaluated by testing at
1250 and 1500°C in cesium vapor and vacuum environments.
Molybdenum and tungsten based metallizing coatings containing
small additions of refractory such as MgO, BaO, CaO, Y O

273’
A1 O,, and mixtures of these oxides were investigated, Two

grazde38 of alumina were used in the investigation; a ultra high
purity alumina Lucalox and a high purity (approximately 0.1

w/o silica) A-976 alumina., Based on vacuum tightness, peal
strength, and microstructural appearances most of the coatings
applied to A-976 alumina were acceptable whereas only several
coatings were found acceptable for the Lucalox. In testing

these coatings in vacuum and 20-torr cesium vapor for 850 hours
at 1250°C, no changes in structure were detected, At 1500°C
after 250 'hours in vacuum, the coatings were still structurally

stable, However, some structural changes were observed after

testing for 230 hours at 1500°C in cesium vapor environment,

Graded cermets of molybdenum-alumina in which the structure
was graded uniformly from an alumina to a molybdenum were
developed and evaluated, The molybdenum-aiumina cermets were
fabricated with densities in excess of 98% theoretical density with
good mechanical strength and vacuum tightness. Small additions
(1 w/o) of yttria to the molybdenum-alumina cermeis enhanced
sintering and significantly improved the mechanical strength of
the sintered bodies. The cermet bodies become electrically

conducting where the molybdenum content is greater than 17 v/o.

Techniques for fabricating multilayered ‘hollow cermet cylinders
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were developed, These multilayered cermet cylinders of various
composition gradients remained vacuum tight after nine thermal

cycles to 900°C followed by 327 hours at 1250°C,

Metal-to-metal joining of unalloyed molybdenum and tungsten to
themselves, in combination, and to unalloyed niobium or tantalum
were developed for joining metallized ceramics or cermets to

the structural metal members of the seals. For this phase of

the development program,tungsten-metallized ceramics were used
because of their superior strength. Braze-diffusion-bonding, flow-
type brazing and electron beam welding techniques of joining were
investigated. Nickel was selected for braze-diffusion-bonding and
the metals selected for flow-type brazing were chronium, iron,
nickel, niobium, and palladium,. Electron beam welding of
molybdenum to a 25 v/o alumina-molybdenum cermet was successful
however, the molybdenum cracked in the weld region, This
cracking was believed to be caused by the resultant thermal stresses
in the recrystallized molybdenum. Nickel braze-diffusion-bonding
provided excellent bonds between niobium and molybdenum, tantalum
and molybdenum, molybdenum and molybdenum, molybdenum and
tungsten, and tungsten and tungsten. Excellent bonds between
molybdenum and molybdenum, molybdenum and tungsten, and tungsten
and tungsten were obtained by flow brazing with brazes of following
compositions: 38 Cr-62 w/o Pd, 50 Nb-30 Pd-20 w/o Ni, and

67 Nb-33 w/o Fe. The 67 Nb-33 w/o Fe braze composition resulted
in excellent bonding between niobium and molybdenum and tantalum

and molybdenum,
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High temperature (to 1500°C) tests were performed on metal-
to-metal, metal-to-ceramic, and metal and ceramics in cesium
vapor and vacuum environment to determine the resistant to
cesium vapor and high temperature life capabilities. Nickel

braze diffusion bond have a useful service temperature approaching

1500°C for the following material combinations:

1. Niobium-to-molybdenum or molybdenum-based

metalized coating

2., Tantalum-to-molybdenum or to molybdenum or

tungsten based metallized coatings,

3. Molybdenum-to-molybdenum based metallized

coating,
4., Tungsten-to-tungsten based metallized coating.

5. Molybdenum-to-molybdenum-alumina cermets.

The 67 Nb-33 w/o Fe flow braze has a useful service temperature

approaching 1500°C for the following materials:

l. Niobium=-to-unmetallized alumina and to tungsten

based metallized coatings.,
2. Niobium-to-tantalum and molybdenum-to-molybdenum,

3. Tantalum-and molybdenum-to-tungsten based

metallized coatings,

Bonds between molybdenum or tungsten and tungsten based metallizing
produced by flow braze compositions 38 Cr-62 w/o Pd and

50 Nb-30 Pd-20 w/o Ni have a useful service temperature in range

|
}
i
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of 1200 to 1500°C. The materials niobium, tantalum, molybdenum,

and tungsten are compatible with cesium vapor up to at least 1500°C,
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TECHNICAL PROGRESS
TASK C - Ceramic-to-Metal Seal Development :
Introduction

Ceramic-to-metal seals that will have useful lives of many thou-
sands of hours in a high-temperature, alkali-metal vapor atmo-
sphere are needed for application as emitter-collector seal
insulators in several designs of nuclear thermionic converters.
The present effort seeks to further develop and test the several
very promising sealing systems which were initially investigated

under Contract NObs-88578.

The deficiencies of prior-art seals have been discussed in detail
in a previous report.(l) These seals have been found lacking in
two major characteristics; (1) chemical stability in the presence
of high-temperature cesium vapor, and {2) thermal stability
and/or compatibility of the component materials. Thus, efforts
to provide the thermionic converter design engineer with useful
sealing systems have centered around identification of materials
possessing the required thermal and chemical stability and
methods for joining them without introducing instability. The

following sub-tasks comprised this effort:

C-1 - Cesium-Resistant Metallizing
C-2 - Graded Cermets
C-3 - Metal-to-Metal Joining

C-4 - Cesium and Vacuum Life Testing

ste

"References appear on page 103

[
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Sub-task C-1 - Cesium-Resistant Metallizing

Introduction

This sub-task comprised further development and evaluation of
the cesium-resistant metallizing coatings for pure, polycrystal-
line alumina ceramics which were initially investigated under

Contract NObs-88578.

The objective was the development of a material and method for
applying a strongly adherent, metallic coating to the surface of
a pure alumina ceramic, to which metallic memkers could be
subsequently joined. The desired metailizing coating would be
stable and resistant to cesium-vapor attack at temperatures up
to 1500°C, would have a low sublimation rate, be pore-free,

and would exhibit similar adhesive and cohesive strengths.

Results and Discussion

a. Effect of composition and temperature

The refractory-metal metallizing coatings which have
been investigated contain small additions of refractory
oxides to promote bonding to the alumina ceramic sub-
strate. In most of these coatings, a liquid phase is
formed which fills the interstices in the sintered
metal layer and then solidifies (during cooiling or
through continued reaction with the alumina at the
sintering temperature) to form a high-temperature-
stable, solid phase. Oxides which have been investi-
gated include MgO, BaO, CaO, Y,03. Al,05 and

mixtures of these materials. Most effort, however,
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has centered around the last three oxides.

Significant differences in structure of sintered coat-
ings have been found to result from relatively small
changes in composition {and thus melting behavior) of
the oxide additions, from differences in the sinter-
ability of the metallic phase and, as has been recently
determined, by trace impurities in the alumina

ceramic,

The first coatings which were studied were molybdenum-
based and contained oxides which formed a ternary
MgO-CaO-A1203 eutectic liquid at the sintering tem-
perature. The ternary eutectic was initially chosen

to provide a liquid phase at a low temperature (1345°C)
in order to enhance -- at least not impede -- densific-
ation of the molybdenum coating. Later, it was deter-
mined that coatings containing binary mixtures of CaO
and Al,03 possessed structures and properties very
similar to coatings containing ternary oxide composi-
tions. Furthermore, it was found that at the sintering
temperature, which was required to form the desired
oxide phase at the interface, extensive densification

of the molybdenum coating occurred, regardless of
whether a binary or ternary oxide comgposition was

used.

Adherence tests of such coatings, as well as occasional

failure at the metallizing-ceramic interface after high-
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temperature testing, indicated that less than optimum
bonding was obtained with coatings in which the
metallic phase sintered so dense that mechanical
interlocking of the oxide phase with the metal phase
was reduced. Although chemical bonding may play

a role in achieving vacuum-tight structures, mechan-
ical bonding is believed to contribute a major portion

of the adhesive strength of a metallizing coating.

Several methods for controlling the dens:ity of the
sintered metallic layer were then investigated, includ-
ing the use of tungsten instead of molybdenum to re-
duce the sintering rate, and control of the meiting
behavior of the bonding oxide addition through chemi-

cal composition and precalcination.

Figure 1 shows the effect of sintering temperature on
the structure of a molybdenum-based metallizing coat-
ing (No. 36 of Table 1 ; which contaired an uncalcined
bonding oxide composition correspond:ing to the calci-

um dialuminate - calcium hexaluminate (C'Az'CA(,:'

eutectic (80 w/o AlZO 20 w/o Ca0O!. The equilibrium

3)
diagram for this system indicates that, at a metalliz-
ing temperature between 1720°C and 1850°C, CAg
should exist in equilibrium with a liquid (transitory)
and, upon cooling, CA2 would crystailize out of the
melt. The proportions of CA, and CA in the inter-

face layer at room temperature would be a function of

the reaction temperature and the length of time it is

16
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TABLE I
Metallizing Compositions (Weight Percent)
Alumina
Composition Molybdenum Tungsten Tungsten Alumina A-14 Calcium Yttrium
. No. M&R, Type P 5 u 2u Linde A 325 Mesh Carbonate Oxide
36 80,0 13.8 6.2
60 98.0 2.0
: 7 94.2 4.0 1.8
114 85.9 14.1
115 95,2
: 117 50.6 49.4
L 118 95,2
1 154 94.3 4.0 1.8
}i 155 95,2
: 163 98. 1 1.9
3 169 95, 1 4.9
4 175 95.8 .1 0.1
| 176 95,2 .7 0.1
k. 190 100.0
_ 191 100.0
! 192 97.9 2.05 0.05
- 193 97.6 2.35 0.05
194 33.9 63,33 2.7 0.07
195 33.9 62.93 3.1 0.07
] NOTE: All calcines heated 2 hours at 1200°C, plus 2 hours at 1400°C
£ '

e

T s
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Calcine
No.,
114 117

12
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held at this temperature. In the coating of Figure 1 -

C, a relatively thick second phase layer exists at the

interface. Only isolated patches of this phase are

found at the interface of the coating after sintering at

5 a slightly higher temperature, Figure 1-B. In
Figure 1 -A, no distinct interfacial phase layer exists, y
but a phase which is microscopically different from
corundum appears in the interstices of the sintered

metal layer.

X-ray diffraction analyses were made of the interface

region between several different types of metallizing

coatings on alumina; the coatings had been sintered at |
two temperatures -- 1835°C and 1875°C. Since the ]
( molybdenum or tungsten coating was too thick to be '

penetrated by the x-ray beam and the substrate was a
thick alumina disc, the specimens were prepared by
etching away the metal surface to expose the interface
compounds, Table 2 summarizes the results obtained.
Components are listed in order of their estimated

. abundance as they appear in the diffraction pattern.

Coating No. 36 was found to contain a large amount of

CA in the interface region of the specimen that was §
sintered at 1835°C, while only a trace of CA, was |
found after sintering to 1775°C. No CAZ was detected 2

in either coating. Although it has been previously
postulatedz that the interfacial phase layer of Figure

1 -C should contain a large proportion of CA,, the

R

13
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x-ray data shows that this is not the case, at least not
at 1835°C, CA,
in the lower part of the 1720°C to 1850°C range (ca,

probably does exist in coatings sintered

was previously found by x-ray to be predominant in
coatings sintered at 1750°C) and is responsible for the
observed interfacial phase cracking (Figure 1-C) and
consistent failure to obtain vacuum-tight seals with such
coatings, The equilibrium diagram for the system indic-
ates that, at a metallizing temperature between 1720°C
1850°C, CA6 could exist in equilibrium with a liquid,

and, upon cooling, CA_ would crystallize out of the

melt, It appears, howzever, that in the presence of the
"infinite' supply of alumina (the substrate), reaction

is sufficiently rapid that the melt disappears by reaction
with alumina to form CA6. Although the same amount
of melt would initially be formed in the coating that
was sintered at 1840°C (Figure 1-B), considerably
less second phase (CA6) is visible at the interface.
This may result from flow of the superheated melt out
of the coating onto the surrounding ceramic surface be-
fore it can react to form CA6’ by diffusion onto the
alumina, or by volatilization of CaO. In the coating of
¥igure 1-A, sintered 20°C above the CA6 melting
temperature (1850°C), no second phase can be seen at
the interface, although the oxide on the interstices of
the coating appears different from the substrate,
Furthermore, x-ray diffraction showed only a trace of

CA At this temperature, the liquid should exist in

6.
equilibrium with A1203 and, upon cooling, should

15
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crystallize to A103 and CAy. Since the amount of
CaO present in the coating is capable of forming a
sizable quantity of melt {(more than is formed at the
CAZ-CA6 eutectic), but since little CAé> is found at the

interface, loss of CaO must be occurring.

It will be noted that the interface between the metal
phase and the substrate is rough -- the alumina has
been eroded by the melts which form -- and the alumina
appears to be growing out into and interlocking with the
sintered metal ""sponge''. This interpenetration is be-
lieved to be the mechanism by which such coatings
develop adherence. If the metal phase becomes too
dense, the number of "fingers'" of alumina interpenetrat-
ing the coating is reduced and the strength of adhesion
decreases. Since the tensile strength of recrystallized
molybdenum or tungsten is two to three times that of
alumina, it would appear that maximum adhesion should
be obtained when the coating at the interface contains
approximately 2/3 alumina (by volume) and 1/3 metal.
This structure, however, is difficult to achieve and it

would probably be difficult to make a braze to it.

Figure 2 shows sections through specimens which had
been metallized with a tungsten-based coating (No. 73}
containing 25 v/o of an uncalcined oxide mixture having
the 80 w/o A1203, 20 w/o CaO composition of the bin-

ary eutectic. This is the same oxide composition used

in the molybdenum-based coating (No. 36} in Figure 1.

16
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The specimen in Figure 2-A was heated for one hour
at a temperature of 187OOC, while the specimen of
Figure 2 -B was heated for one hour at 1865°C. In
the former case, no interfacial phase layer is visible,
while the expected layer is found in the latter specimen.
Although the tungsten in Figure 2 -A is adequately
densified, providing near-optimum mechanical inter-
locking of the coating to the substrate, some unfilled
pores and large voids exist near the midpoint of the
coating, Near the interface, the pores are filled with
oxide, while near the surface the pores are filled with

braze alloy.

Unfilled pores probably exist in this coating because:

(1) the pore size in the sintered tungsten layer is quite
large (the tungsten was 5-micron average); (2) the melt
which is formed within the coating. being of 1750°C
eutectic composition, would be expected to flow to the
interface or out of the coating where it could react with
alumina to form a stable phase, CA6; and (3) the coating
only contained approximately 25 volume per cent of

oxide.

Figure 3 shows the structure of coating No. 115, a
5-micron tungsten coating containing a prereacted bond-
ing oxide composition (No. 114, Table 1) correspond-
ing to calcium hexaluminate, CA()’ Although x-ray
diffraction analysis (Table 2 ) showed only CA; and

Al,03 in the calcined powder (calcined 2 hours at

18
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e

14000(3), CA¢ must form rapidly during heating to the ]
metallizing temperature since a pressed pellet of the
powder sintered, but did not melt, at a temperature

just below the melting point of CA6'

Thus, if a bonding oxide composition corresponding to
CAy were used, no significant amount of liquid would
form until a temperature of 1850°C was reached, the
incongruent melting temperature of CA,. At this tem-
perature, the melt which i8 formed (approximately 70
w/o) would exist in equilibrium with alumina crystals
(approximately 30 w/o) in the coating. A reduced tend-
ency to flow out of the coating would be expected. Coat-
ing 115 of Figure 3 , shows a large volume fraction of

oxide in the sintered coating.

’ Coating No. 155 of Figure 4 was similar to 115 but
contained 2-micron tungsten. It can be seen to be well
densified, with the interstices completely filled with

an oxide phase. Vacuum-tight brazes were easily and

reliably made to such coatings and peel testing of a
strip of nickel, which had been gold-copper brazed to
the surface of the coating, showed excellent adherence.
Fracture occurred predominately through the alumina
ceramic but partly through the coating, suggesting ap-
proximately equal cohesive and adhesive strengths. ﬁ
The use of 2-micron tungsten appears to provide a coat-
ing having the desired sinterability, a pore size which

retains the oxide melt, and a sintered structure which
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FIGURE 3 Coating No. 115 Sintered at 1870°C (500X)
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FIGURE 4 Coating No. 155 Sintered at 1870°C  (500X)
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provides nearly optimum mechanical interlocking with

the substrate.

Effect of impurities on metallizing structure

At this point, it was observed that marked differences
in structure occurred when many of the previously dis-
cussed coatings were sintered onto two polycrystalline
alumina ceramics of near theoretical density but having
different impurity levels. Figures 5 through 12 show
the structure of many of the coatings of Table ! , when
applied to these two alumina ceramics and sintered for
one hour at 1870°C. One ceramic was General Elec-
tric's Lucalox>:< alumina, a polycrystalline alumina of
near theoretical density prepared from an ultrapure
grade of alpha alumina. The other ceramic was a com-
position designated A-976, a polycrystalline alumina of
near theoretical density but prepared from a Bayer
process alumina containing a fraction of one per cent
total impurities. Silica analyses of these compositions
were attempted but proved inconclusive. Unfortunately,
the unreliability of the silica analyses was not deter-
mined until near the end of the program. Several dif-
ferent specimens of A-976 analyzed to contain between
0.05 and 0. 11 w/o silica. The very pure Lucalox, on
the other hand analyzed to contain 0,08 w/o silica. Al-
though some silica may have been picked up during

processing, an increase of this magnitude over the few

"General Electric trade mark for a high-purity alumina
ceramic
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parts per million present in the raw alumina seems
unlikely. The raw material from which body A-976 is
prepared contains less than 0.2 w/o total, Na,O, SiOZ,
and Fe203. A fractional percentage of MgO is purpose-
fully added as a grain growth inhibitor. Microscopic
examination of A-976 often shows small isolated
pockets of a second, apparently glassy, phase at grain
boundaries. X-ray microprobe analysis has shown this

phase to contain silicon. No such particles have been

seen in Lucalox alumina,

Thus, it appears that the small amount of impurities in
A-976 influence the structure of a metallizing coating --
probably through their effect on the viscosity of the
liquid phase which is formed at the sintering temper-
ature. This effect willnowbe examined for coatings

with and without oxide additions.

Figure 5 shows the structure of a pure 2-micron tung-
sten coating sintered onto body A-976 as well as the

same coating on Lucalox. Both are completely perme-

ated by the gold-copper braze (each specimen was brazed

to a nickel strip with a 35-per cent gold - 65-per cent
copper alloy for peel testing) and show negligible bond-
ing to the ceramic. This is the structure which would
be expected, since no reaction occurs between pure
tungsten and aluminum oxide at this temperature. The
scattered particles of oxide in the coating on Lucalox

probably results from impurities in the tungsten as well
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as alumina particles derived from ball milling in a pure
alumina mill. A slightly higher level of oxide content

is seen in the coating on A-976.

Figure 6 shows a coating, No. 169, consisting of tung-
sten plus 20 v/o Linde A alumina. On both ceramics the
coating is well sintered, but contains a few unfilled

pores.

Coating No. 163, comprising tungsten with approximately
1 w/o calcium oxide (added as calcium carbonate) is
shown in Figure 7 . This is sufficient calcium oxide to
form approximately 20 v/o melt by reaction with alumina
upon heating to the sintering temperature. Since the re-
action must occur at the interface, it might be expected
that the interstices in the sintered tungsten coating would
be unfilled by oxide. Such is the case on Lucalox, as
shown in Figure 7 . When sintered onto A-976, however,
most of the interstices of the coating are filled with oxide
and an excellent coating, showing good adhesion, results.
This is probably due to the effect of the trace impurities
in the ceramic upon the viscosity and crystallization

characteristics of the melt.

Coating No. 60, Figure 8, is similar to coating No. 163
but contains Y,0, instead of CaO. The 2 w/o Y,0,
would form approximately 19 v/o liquid at 1760°C through
reaction with alumina at the interface. Again, the coat-
ing on Lucalox is completely permeated by braze and
shows very poor adherence to the ceramic. On A-976,

however, an excellent coating is obtained. Coatings
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L FIGURE 8 Coating No. 160 on Lucalox and A-976 Alumina (500X)
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Nos. 154 and 155 on Lucalox and A-976 are shown in

Figures 9 and 10,

Several coatings were prepared which contained tungsten
and alumina (like No. 169}, but with the further addition
of a very small amount of either CaO or Y;03. The
objective was to form a thin film of liquid on the sur-

face of the alumina particles in the coatirng during sinter-

ing, thereby aiding densification of the coating and bond-
ing to the substrate, yet retaining an oxide phase within
the coating. Whereas coating No. 169 formed no liquid
phase, coating No, 155 (bonding oxide composition was
CA6) theoretically formed mostly liquid at 1850°C, and \

coating No. 163 (only CaO) formed a series of liquids

at the interface during heating to the sintering temperature,

these new coatings would form a small amount of each
succeeding eutectic liquid on the surface of the alumina
particles in the coating during heating, and the oxide

additives would never be totally liquified.

Coating No. 175 contains apptoximately 20 v/o oxide
and, at the sintering temperature the oxide additions

(Al,0, and CaOj, theoretically woald be approximately

3
20 per cent liquified. Coating No. 176 contains approxi-
mately the same total amount of oxide (Al,0; plus Y, 3),
but would be approximately 25-per cent 11quid. The

structures of these coatings after sintering one hour at

1870°C are shown in Figures 11 and 12.
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LUCALOX

FIGURE 9 Coating No. 154 on Lucalox and A-976 Alumina (500X)

LUCALOX A-976

K

FIGURE 10 Coating No. 155 on Lucalox and A-976 Alumina (500X)
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LUCALOX A-976

FIGURE 11 Coating No. 175 on Lucalox and A-976 Alumina (500X)

L Hcar Nx

3 FIGURE 12 Coating No. 176 on Lucalox and A-976 Alumina (500X)
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Compositions Nos. 192 and 193 were similar to Nos.
175 and 176, respectively, but the total oxide content
was reduced approximately 50 per cent. Figure 13

shows the structure of coating No. 192.

Composition No. 194 was similar to No. 192, except

that molybdenum had been substituted for part of the
tungsten. The molybdenum content of each coating was
approximately 35 w/o. The effect of molybderum on
sintering of the metallic phase is readily apparent by

comparing Figures 14 and 13,

Although the photomicrographs adequately show the gross
differences in structure which exist in these many coat-
ings, careful microscopic examination, at several dif-
ferent magnifications, is required to distinguish the
subtle differences in density, porosity, metal-oxide
ratio, and permeation by braze alloy, which augment

test data in selecting a preferred composition.

Gold-copper alloy is unsuited for use in high-temperature
seals; however, it is eminently suited to the preparation
of test specimens for the evaluation of vacuum tightness
and mechanical strength, since the reliability of such
brazes to conventional metallizing coatings is well ’
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