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Ceramic-Metal Seals of the Tungsten-lron Type

Introduction

The advantages of higher permissible temperatures and better

dielectric properties have made ceramic materials attractive for use in
high-power high-frequency vacuum tube construction and have been an in-
centive to the development of successful methods of sealing ceramic to
metal.
(T ' This bulletin describes a new method of preparing metal-ceramic
seals which is relatively simple and non-critical in processing. The area
to be sealed is brush-coated with a thin film of mixed tungsten and iron
powders and fired to a suitable temperature in a diluted reducing at-
mosphere. A homogeneous and dense thin metal film is produced which is
strongly adherent to the ceramic. Tests indicate that the bond may be
stronger than the ceramic body itself. For most applications this seal is
superior to previously-used types.

included in this bulletin are a short review of a few other

ceramic-metal seal processes, a general discussion of ceramics and sealing

( metals, and comprehensive tables of pertinent data on ceramics and metals.

General Discussion

The coating of ceramics for ornamental it. This metal coating should be of such char-
purposes goes back to ancient times. However, acter that brazing can be accomplished without
there is but little similarity between the the coating-to-ceramic bond being affected.

ornamental metal coating on a ceramic and the Because of #he amount oF work dehs on

type of coating required for a vacuum-tight ceramic-to-metal seals, a full reference list

electron tube envelope. Historically, the would be extensive. |t may be inorder, however,
development of hermetic seals between ceramic to refer briefly to a few of the more in-
teresting methods employed. All of these methods
have been given experimental consideration at
RCA Laboratories. All but three or four had
sufficient deficiencies to eliminate them, but
certain processing details of some are of

bodies and metals for electron tube use began
some fifteen years ago.

The prerequisite for the production of a
(eta1-ceramic tube envelope is the formation of
a permanent soldered joint between ceramic and

metal. The ceramic used must be impervious and dighinel ymteresis

strong, and itsphysical properties and chemical The short descriptions that follow indi-
composition must be such that it can combine cate the nature of some of the seals that were
adherently with the metal coating applied to studied.
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Ketallic Oxide Seal

When certain metallic oxides, notably
that of copper, are applied toa ceramic
and fired, a diffusion occurs to form a
physical-chemical union. By subjecting
this impregnated surface to the action
of a reducing atmosphere in a furnace,
a pure metal film is left which, al-
though very thin, is very adherent.

Pressed Powder Seal

The pressed powder method of combining
a ceramic and a metal consists in
applying under pressure a powdered
layer of nickel, iron, molybdenum,
etc., toa suitable ceramic raw material
and sintering to solidification. A
dense compact is possible if the raw
material isof a type to permit bonding,
and if the expansion properties are
compatible. Differences of thermal
expansion may be matched somewhat by
using adjusted layers of metal-ceramic
mixture.

The Hig¢h Pressure Seal

A bond can be formed between certain
metals and ceramics by the application
of pressure of the order of 3000 lbs/
in.?, at a temperature of around 1000
degrees C, in vacuum or pure nitrogen.

Hydride of an Active Metal Seal

The hydrides of such metals as zir-
conium, thorium, tantalum, columbium
and titanium have been successfully
used to form ceramic-to-metal seals.
A suitable solder must be present so
that the bond is formed simultaneously
with brazing. This method has been
extended experimentally to include
materials other than ceramics. |t has
also been made more practical by pro-
cessing in pure inert gases, such as
helium or argon, in addition to the
usual processing in vacuum.

Active Netal Seal

The presence of hydrogen, as in a
hydride, is not necessary in the for-
mation of a seal. An active metal, such
as titanium, zirconium, etc., preferably
alloyed with silver, will wet and bond
ceramics, or bond a ceramic to a metal.

Ceramic Glaze Seal

Much time and work have been devoted to
sealing ceramics to ceramics, and
ceramics tometals with glaze materials.
A seal between ceramic parts is simple
and effective. A glaze seal between a
ceramic and a metal is by no means as
easy to make or as certain, but it is
a useful, often—used method.

Gloze and Ketol Powder Seols

Firing a mixture of glaze and a metal
powder, such as 80 per cent of nickel

and 20 per cent of a suitable glaze,
by weight, in a reducing atmosphere
provides a metal layer on the ceramic
that can be electroplated and/or silver
brazed. Such a seal is not a3 strong as
the hydride or sintered type, but it
has useful applications.

8. Sintered Seals

Seals of the sintered type, made with
the refractory metals in powder form,

are most important. Molybdenum, rhenium
and tungsten have been used, generally
with additions such as nickel, iron, or

cobalt, to improve the properties of
the seal. The tungsten-iron seal, the
subject of this bulletin, is a seal of

this type, an important feature of
which is that a rigid schedule of pro-
cessing is not required to produce a

successful seal. Considerable variations
in metal powder composition, firing
rate, temperature and atmosphere can be
tolerated.

Ceramic-to-Metal Seals

Forming a bond between a ceramic and a

involves two fundamentally different
and physical
natures of such

metal
materials. The chemical as well
as the thermal

materials must be considered

and mechanical
in attempting to
join them together in the intimate relationship
necessary for a strong, permanent, and gas-
tight seal. |f silver or copper is heated until
in that
condition for a few minutes before cooling,

molten on a ceramic surface and kept
spheres of metal form like droplets of mercury.

These spheres neither wet nor stick to the

ceramic. |f the spheres are kept molten for a
much longer period of time, say an hour or
more, the spherical shape remains but the

spheres adhere to the ceramic. This phenomenon
may be explained by the fact that the molten
reacts with the ceramic at the

metal slowly

point of contact to form an interface which

facilitates bonding.

Several theories have been advanced to
explain why a firmly adhering layer of metal on
a ceramic can be obtained. The reactions that
itis believed that
is complete enough to

conditions encountered.

occur are complex, and none
of the explanations

satisfy the several

One plausible, revealing,

is that,

but not very

assumption in the case of a refractory

)

)

J

),»
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~tal powder, the bond consists of metal and
(;ramic particles which, by a chemical action
have caused the formation of a bonding material
at the interface. Another hypothesis holds that
the metal diffuses into the ceramic, and
possibly by apeculiar arrangement or rearrange-
ment of the crystals at the interface a bond is
created. Still another belief is that certain
constituents in the ceramic promote crystalli-
zation and prevent the separation of a glass
phase, and that, by a type of slag formation,
the metal is firmly and intimately joined to
(T‘e ceramic. It is also believed that solid
reactions take place because of loosening of
the atomic bonds by thermal agitation, per-
mitting mutual diffusion of the different atoms
into adjacent parts of the structure. In this
case it is possible that large crystals grow
from smaller ones, or a new type of crystal
grows from two dissimilar ones. Some knowledge
of the formation of the interface, its com-
position and its properties, is important to an
understanding of the bonding processes between
ceramics and metals.

C

Machining Ceramics

The ceramic parts used in metal-to-ceramic
seals must often be altered in size or shape by
machining. In production work, standard machines
equipped with diamond drills and cutting and
grinding wheels are used. Where such equipment
is not available, acceptable machining can be
done on shop tools. For example, holes have
been drilled through ceramic parts on a drill
press using carbide tipped drills, operating
wet or dry, preferably wet. The very hard high-
alumina porcelains are difficult to drill in
this manner but many forsterite parts were
successfully drilled. The use of a copper tube
in a drill press chuck, with 180 to 220 grit
silicon carbide with water, is more satis—
“actory. All types of ceramics were drilled

‘;airly accurately and as rapidly as would be
expected.

Some preliminary experimental work on
drilling holes in ceramics involves the use of
an air blast with an aluminum oxide abrasive.

(‘Wis equipment was recently introduced for
ental use, and is somewhat similar to that

used in sand blasting. There is an important
difference, however, in that a special nozzle
is used.

Cutting of ceramics is accomplished on a
glass cut-off machine. The abrasive wheel is an
Allison cutting disc, usually 120 grit, used
with water.

Grinding and shaping of ceramic parts have
been accomplished, for the most part, on
standard grinding machines, grinding either wet
or dry, with silicon carbide wheels. Dry
grinding has been used only where the machines
were not adapted to wet grinding.

Cleaning Ceramics

To form an adherent layer of metal, such
as tungsten and iron, on a ceramic surface,
the ceramic must be free of any contaminating
material. Since the contaminants are generally
unknown, a single, simple cleaning procedure
cannot be specified. Usually, suitable cleaning
may be obtained by firing the ceramic to 800-
1000 degrees C in air. A less time-consuming
operation is to degrease the ceramic in a
suitable alkaline cleaner and then wash it
thoroughly in water. It is then immersed in
dilute nitric acid for not over 5 minutes,
followed by water rinse and drying; alterna-
tively the usual glass cleaning operation will
often be satisfactory.

The Metal Powder Mixture

Assuming that the tungsten powder has a
particle size of the order of 1 to 4 microns
and that the iron has a similar particle size,
they are combined in the ratio of 90 per cent
tungsten and 10 per cent iron by weight. This
ratio appears to be suitable but is not at all
critical, and in actual practice seals have
been made to farsterite with tungsten or iron
alone. The mixture is the choice for superior
seals, however, and when so used the mixing
should be thorough.

| f thetungsten or iron powder is suspected
of consisting of mixed fine grains and coarse
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grains, the fine grains can be separated from design of such a furnace. Experimentally, thre
the coarse. They should be mixed thoroughly in furnaces, globar heated, but otherwise radicall,
alcohol, approximately 10 grams of metal powder different in construction, have been success-
in 50 cc of alcohol, then allowed to stand fully used.

about 4 or 5 minutes. The coarse particles Thin or fragile ceramic parts, even of
settle to the bottom and the fine particle forsterite, require suitable support in the
powder is decanted off with the liquid. After furnace to avoid the possibility of warping
standing 1 to 3 hours, the alcohol is poured out of shape. Two materials that have served
off and the deposited fine powder is dried at very well to support the powder coated ceramics
about 150 degrees C. are molybdenum and the porous type of alumina

used for power—-tube insulators. A cylindrical
ceramic part, metal powder coated on both ends,
may be kept ina vertical position by supportin )
it upon three or more tapered pieces of the
alumina. These pieces are positioned so that
little or none of the coating touches the
alumina. The whole rests on a molybdenum plate.

Application of Powder to Ceramic

The mixed powders are made into a thin
paste or paint by stirring them into collodion
diluted with ethyl acetate. An excess of col-
lodion will produce a somewhat less fluid paint
that is slower drying. This is desirable since
more time, can elapse without thinning and a

Since unusual things can happen at tem-
peratures above 1000 degrees, care must be
exercised in the loading of the furnace, the
selection of materials, and the placement of

. ) h i :
smoother coating can be applied to the ceramic. the parts fo be fired

This may be done with a camel hair brush. A The time and temperature must be adjusted
thickness of about 13 mils has been found for optimum sintering for the particular
satisfactory, although not critical. A gram of ceramic. There appears to be a range of tem-
powder should cover 10 to 15 square centimeters peratures suitable for firing the variou )ﬁ\
of ceramic, depending on the ceramic surface ceramics, but in general, it can be said that
and the manner of application. the alumina and porcelain bodies require, for
For spray gun use, thismixture is suitably good sintering, temperature and time beyond
diluted. The adjustment of the gun nozzle, the those for forsterites and steatites.
pressure, and best distance between nozzle and In experimental metalizing the usual
the work will be determined by experiment. The practice has been to load the furnace cold and
several ceramic types suitable for metalizing then to increase the temperature slowly, the
are coated with the metal powders in a similar rate of increase being limited by the possible
way, assuming proper surface conditions. rate of heating the furnace rather than by the
Grinding the surface of the ceramic where the thermal properties of the work being fired and
metal is to be applied is desirable not only to sintered. Cooling is slow also, the limit being
secure accurate dimensions but to provide a the rate of heat loss by the furnace. |f power
smooth surface for metalizing and brazing. Many were turned off at the time maximum temperature
of the ceramics used were not ground, however, is reached, the work would be subjected to the
and in practice very rough surfaces have been max imum temperature for a period of possibly
successfully treated. 5 minutes, depending on the furnace. This

together with the period at near maximum tem-
perature, has been found to be sufficient in
several tests, although a maximum of terW
minutes or more for the porcelains or alumin)/

Sinterin
. should give improved adherence.

. L. Suggested approximate sintering tempera-
The operation of firing metal powder .
i . X tures for the most used ceramics are:

coated ceramic bodies requires a hydrogen

furnace that will run at 1350-1400 degrees C. Steatites 1240-1250 degrees C J’
Considerable latitude can be exercised in the Forsterite 1350-1360 7
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‘ Zircon
(r Alumina

More specifically:

1350-1360
1390-1420

B.N. 2532 (steatite) 1250 degrees C

Alsimag 243 (forsterite) 1360
RCA-102351-2 (forsterite) 1360
Alsimag 475 (zircon) 1360
Almanox 4462 (high alumina) 1420

As a precaution, no metal other than the
metal powder layer and the molybdenum supports
hould be permitted to touch the ceramic in the
sintering operation. Most particularly, none
should touch the metal powder layer, except
such metal as may be applied intentionally to
serve as a solder. As an example of what might
occur, an alumel-chromel thermocouple ac—-
cidentally came in contact with an iron-
tungsten-on-ceramic piece in sintering. A
eutectic of unknown composition was formed and
flowed over part of the metal coating as though
it were a solder. An indication of the dur-
a5i1ity of the bond to the ceramic was that no
loss of adherence occurred.

Sintering Atmospheres

The atmosphere in which sintering occurs
has an influence on the quality of the bond.
Protection against excessive oxidation is
necessary, but there is evidence indicating
that a small percentage of oxygen improves the
bond. This small amount of oxygen is probably
present in tank nitrogen as an impurity, hence
in average use this consideration does not
arise.

Fortunately, the type of sintering under
discussion is not critically dependent on an
exact atmosphere composition. Sintering has
been carried out in tank hydrogen, but the
oxides in ceramics are often subject to in-
(;'urious reduction in pure hydrogen. Hydrogen

and nitrogen mixtures ("forming gas") have
been found to cause superior bonding in the
sintering operation. Furthermore, the danger of
explosion is much reduced by the use of forming
gas. Thirty per cent forming gas (30% hydrogen,

70% nitrogen) has been successfully used, and
(;,ven 10 per cent forming gas permits sintering.

Nitrogen is not a necessary component of the
atmosphere; other inert gases, such as helium
or argon, are acceptable but more expensive.

The volume of gas flowing into the furnace
cannot be specified unless all the conditions
involved in the firing operation are known. It
is believed that no more than enough to carry
off the contaminating gases or vapors from the
heated work at a suitable rate is necessary
for adherent bonding of the metal to the
ceramic.

Depending on the conditions of sintering,
the metal surface may be found to be discolored,
or it may be clean and ready for brazing. It
has been found that a 1 per cent to 5 per cent
addition of fine nickel powder to the mixed
tungsten and iron may give a surface that
requires but little cleaning. The nickel,

however, has no bonding action, and may even

retard it slightly. In any event, the metal
layer may be cleaned with a fine wire brush
and lightly plated with nickel to promote
soldering.

Experience with many metal coated ceramic
pieces shows that oxidation or discoloration of
the metal will occur if it is exposed to the
air over a period of time. An important use of
the nickel plate mentioned previously is the
protection afforded against contamination.
Another use, as in soldering, will be mentioned
later.

While not necessary, a very thin plate of
bright copper, which is readily cleaned, may be
used with or without the nickel. A more im-
portant use of a thin copper plate on the
tungsten-iron layer is that it may disclose,
by inspection, small defects in the metal
layer on the ceramic which, otherwise, are
difficult to detect.

Soldering

A metal part is joined to a metalized
ceramic by soldering. The "solder" refers to
any metal used to complete an assembly, and
may include suitable pure metals or alloys for
brazing as well as soft solders. Wherever a
solder may be present inside an electron tube,
it should have no high vapor pressure con-
stituents.
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Table |
Properties of Solders
Solder Composition Melt °C | Flow °C | Furnace brazing,
°C, about
Pure tin Sn 100 230 - -
"BT" silver solder Ag 72 Cu 28 779 779 800
Coin silver Ag 90 Cu 10 890 890 905
Pure silver Ag 100 960 960 990
Gold solder No. 1376 (brittle)| Au 37.5 Cu 62.5 998 1020 1025
Pure gold Au 100 1063 1063 1070 (7)
Copper Cu 100 1083 1083 1100
Coin Nickel Cu 75 Ni 25 1205 1205 1225 (7)
Nickel-moly Ni 51 Mo 49 1305 - =
The properties of some solders that may In all brazing operations the ceramic

in ceramic—to-metal
in Table |I.

find useful applications

radio tube structures are summarized

Furnace brazing is usually done in tank

hydrogen. |t can generally be done in vacuum,
helium, or forming gas (30% H,, 70% N,) if the
metal parts are sufficiently clean. Chromium-

bearing alloys cannot be brazed satisfactorily
unless dry hydrogen is used. The chromium
trioxide that formson chromium alloys
hydrogen firing
it is removed only with difficulty.
possible the brazing of such metals

in "line"
is generally so adherent that
To make
in tank
hydroggn, a protecting plate of nickel is
used. The protection afforded

the firing time, temperature,

is a function of
dew-point of the

hydrogen, and the composition of the metal.
To "BT" braze such alloys, a nickel plate some
0.2 to 0.3 mil thick is useful. To copper braze

a chromium—bearing metal, a much heavier nickel
plate is ordinarily necessary.
A thin-edge copper seal to a ceramic part
is readily obtained if certain precautions are
observed. Copper so readily alloys with silver
solders that failure to complete a proper seal
will occur unless time and temperature are
carefully controlled. A light nickel
the thin-edge of copper, together with furnace
control, will assure good seals. It has been
found possible to braze to the tungsten-iron
layer on ceramic at high temperature. Copper
It is possible
to do sintering and brazing simultaneously,
since all that is required is the cqrrect metal

part and a suitable solder.

plate on

has been used as abrazing metal.

parts should be preheated to avoid stresses,
the heating depending on the
shock properties of the particular ceramic

rate thermal
body.

Metals of various thicknesses have been
brazed to ceramics. Depending on the metal and
the type of seal, a thickness of 5 to 10 mils
may be most safely soldered, but heavier metals

have on occasion given good seals. The metal
part should snugly fit the ceramic to which it
is to be brazed. |f the expansion match is not

good and the metal at the intended sealing area
expands too fast, a gap may develop so that at
the melting of the solder some of

it collect there.

of solder may cause failure of the bond by

it may run

out, or too much of An excess

fracture of the ceramic or stripping. Too
little solder may cause a weak joint, and a

leaky one. Too high a temperature in brazing

may cause loss of solder, or alloying, or

intergranular penetration, depending on the
metals
particularly susceptible to attack by silver

and

involved, since certain metals are

its alloys.

Seals between ceramics and metals and
between ceramics and ceramics may take many
shapes. Some are simple cylindrical seals, some
are disc or butt seals,
involved that they are
metalizing techniques as by the jigs required

in brazing.

limited not so much by

less typical
be
easily understood from the drawing of Fig. 1.

The features of a more or
ceramic and metal composite structure will

)

)

while others may be s« g/
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CERAMIC

CERAMIC-TO-METAL SEAL
COPPER FERRULE .006-.008"
CERAMIC-TO-METAL SEAL

CERAMIC

7
Z

f=— CERAMIC

CERAMIC-TO-CERA™IC SEAL

CERAMIC-TO-METAL SEAL

N

- View of

NN

0.005" NICKEL CYLINDER
(COPPER, #4,#14 #52)

METAL-TO-METAL BRAZE

COLD ROLLED STEEL

CIRCLE OF TAPPED HOLES
a ceramic and metal

assembly.

Fig. 3 — Ceramic—-metal triode.
metal brazed seals. All the brazing is done in
one operation.
The lower section of the assembly is a

having a circle of
withasimilar stem section,
A

cold rolled steel annulus,
tapped holes which,

forms a copper ring type compression seal.

short, 5-mil thick nickel cylinder joins the
Fig. 2 — Cross section views of several ceramic-— annulus to the ceramic cylinder.
metal assemblies. The metalized and brazed regions .
are shown by the heavy lines. Several forms that ceramic-metal seals may
. . . take are illustrated in Fig. 2.
It is a cross—-sectional view of part of an g

assembly consisti

reas tungsten-and-iron coated,
ceramic brazed seal,

C

ng of three parts having five Fig. 3 is a photograph of a ceramic-and-

metal triode, in which there are six metal-to-

ceramic seals and one gold diffusion seal.

one ceramic—to-
and three ceramic—-to-
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Detailed Procedure for Tungsten-lron Method of Metalizing Ceramics

The following guide to the steps to be
undertaken to give good metalizing was designed
specifically to apply to forsterite and a

particular furnace. |t
other ceramics

is, however, useful for

if due consideration is given to

sintering temperature and other conditions.

I. Ceramic
A.

B.

Inspection

1. For overall shape and dimensions.
For imperfections, particularly of
the surface to be coated, such as
pits, fissures, extreme roughness,
and fractures.

Cleaning

1. Wash in clean acetone, or other
suitable solvent or degreaser.

2. Wash in clean water.

3. Immerse for 2 minutes in 25 per cent
nitric acid.

4. Wash well in water and dry in warm

air blast.

II. Netal Powders

A.

Tungsten

1.

Use pure, dry tungsten powder of
about 2 micron particle size.

2. Probably obtainable from General
Electric, Westinghouse, Fansteel,
Hardy, or Philips.

| ron

1. Use pure dry iron powder of about 2
micron particle size.

2. Carbonyl iron powder may be obtained
from the General Analine and Film
Corp., Charles Hardy, etc.

Note:

Metal powders of an exact particle

Mixture of metal

size are not available. Those listed
as about 1-4 micron particle size
are considered useful.

powders

1. By weight, 9 parts of tungsten and 1
part of iron.

2. Mix the powders thoroughly.

3. Mix only enough powders for the job
on hand.

Note:

Fine particle size metal powders
have a tendency to agglomerate,
hence thorough mixing is desirable
for uniformity in material and to
reduce likelihood of lumps in the
coating operation.

10

)

III. Coating Ceramic

Iv.

A. By brush

1. Mix metal powders with ethyl acetate
and nitrocellulose binder, using the
binder inexcess to cause slow drying
and to promote adherence to the
ceramic.

2. Stir the mixture exceedingly well
to break up the clusters of powders
to get a smooth-flowing paint. Roll
if convenient.

3. Rotate the ceramic part, if possibley
and apply the paint with a came )
hair brush of such size that one dip
will complete coating. '

B. By spray gun

1. For quantity production of metalized
ceramic parts and for special parts
where some form of masking may be
employed, the use of a spray gun to
apply the metal powders may have
advantages.

2. The same composition as used for
brush coating the ceramic with metal
powders would be used for spray gun
use, except thinning to a suitable
consistency would be required.

3. Explicit instructions for a spraying
method cannot be given witi1ou:)m
knowing and specifying all the
conditions. Coating by spray gun
depends on the peculiarities of each
application with respect to such
considerations as the gun type, the
nozzle and its adjustments for
volume and spray pattern, the dis-
tance between gun and work, the
shape of the part to be sprayed,
whether or not the work must be
rotated or given some other motion
and if masking is necessary.

4. A suitable technique can be readily
worked out based chiefly on tests.

C. Note:
| f suitably mixed, applied, and
dried, the coating will be durable
enough to stand reasonable handling.
| f the paint is of proper con-
sistency, and maintained in that
condition by adding ethyl acetate,
a smooth coating about 0.002 inch
thick can be obtained.

Firing )‘)‘

A. Placement of ceramic pieces

1.

Place parts in a molybdenum boat or
on porous alumina plates so that
there is no contact between metal
powder coating and the boat or
plates. Place them so there i%y
separation of parts. ))))
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Place in muffle in furnace.

‘:‘ N D

Firing on metal film

1. Raise temperature in furnace to
1360 degrees C during a period of
40 to 60 minutes. Hold temperature
to about 1360 degrees for 5 minutes,
then reduce power to about 50 per
cent for 10 minutes. Turn off power.

2. Depending on size or type of furnace
and muffle, maintain a flow of
forming gas (70% N + 30% H,) of
about 12 liters per minute.

3. Note: The above schedule applies to
a certain globar furnace with heavy
alumina muffle of about 4 liters
capacity. Any suitable furnace
arrangement with sufficient supply
of gas will serve equally well, with
the heating and cooling cycle suited
to the furnace.

V. Treatment of KHetal Surface
A. Polishing and cleaning

1. Polish the metal film with a fine

wire brush (Dixon No. C3434 or
equivalent).

2. Immerse in acetone for about 3
minute.

3. Immerse in pennsalt for about 3
minute. (Pennsalt is a proprietary

11

B.

cleaning or degreasing agent). Any
equivalent cleaner may be used.

4. Wash well

5. Electroclean the metal surface in a
saturated solution of sodium car-—
bonate at about 3 to 5 volts for not
over 5 seconds. Connection to be one
(work negative) that gives most
reaction.

in water.

6. Wash in water.
Electronlating

1. Pickle in 15 per cent HCl for not

over 3 to 5 seconds.

2. Wash in water.

3. Nickel strike at 23 to 3 volts for
5 seconds.

4. Nickel plate to about 0.0001 inch -

0.0002 inch.
5. Wash and dry.

(o]

Note: Ordinarily, the tungsten-iron
surface appears dark to bluish when
removed from the furnace. Brushing
with a moderately stiff steel wire
brush (wires 0.003" - 0.004", and
about 3" long) leaves a fairly
bright metal surface. The brush
should be new and clean and used for
no other purpose.

PHA Lol

D. G.

Burnside
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Appendix | )\w

Ceramic Materials

Several ceramic materials produced by and zircon bodies have failed when put under
numerous manufacturers are available for use stress by the metal on cooling because the
in electron tube construction. The most im- metal-ceramic bond was stronger than the body
portant properties of ceramics for tube envelope of the ceramic. Some zircon bodies have been
applications are porosity or vacuum tightness rated equal to or higher than forsterite in
and thermal expansion. Other important con- physical strength, but the experience at RCA
siderations are physical strength, thermal Laboratories, using practical tests, seems tew,
conduction, thermal shock resistance, softening indicate the contrary, as far as seals ar\)")
temperature, and radio-frequency losses. For concerned. Mechanical strength of ceramics is
the creation of a strong bond between a ceramic most usefully indicated by the modulus of
and a metal, the chemical composition and rupture, a measure of cross breaking. This
physical structure of the ceramic body must test simulates the type of stress the ceramics
also receive consideration. The properties of in tube structures receive in service. Both in
ceramic bodies are entirely functions of the processing and as a completed tube in service,
materials used and their processing into the ceramic may be subjected to high thermal
ceramics. Very often relatively small varia-— stresses. The ceramics that have low expansion
tions in either composition or processing at properties have high thermal shock resistance
any stage of the ceramic making may cause un- and, conversely, the high expansion ceramics
desirable characteristics. have, in general, poor thermal shock properties.

High mechanical strength and good thermal
conductivity may, however, act as compensatin')y
factors to improve the resistance to therma &’

For tube envelope use, dense, impervious
bodies are required to assure vacuum tightness,

which must be retained at temperatures up to
shock of some ceramics.

600 degrees C or more. In ceramic tables,
porosity is usually classified in terms of The softening temperature of ceramics is
moisture absorption wherein an impervious of importance only in certain processing
ceramic rated at 0 to 0.02 per cent is con- techniques used in metalizing. The methods of
sidered vacuum tight. applying adherent layers of tungsten, moly-
Strong and stable ceramic compositions bdenum, manganese, iron, cobalt, vanadinum,
have approximately straight thermal expansion etc., to ceramic bodies employ relatively high
curves. The expansion characteristics of both temperatures. Some criticism has been leveled
metal and ceramic should match sufficiently at such methods because of the possibility of
well to prevent excessive strain at the inter-— céusing deformation of ceramics. Some cases of
faces or in one of the components. |t is also distortion have occurred which may justify the
desirable to have a solder or brazing material criticism, but often such failures were due to
whose expansion does not vary too greatly from improper use of the technique.

that of the ceramic body, since an excess of a
high expansion solder sets up strains in the
seal. Unfortunately, suitable low expansion
solders are not obtainable. Care is therefore
required in choosing the amount of solder for
a seal. Exceptions to the requirement for close
matching of expansion between metals and

The rated safe temperatures for ceramic
bodies are very conservative and are based on
operation at continuous heat, which is always
much below the ceramic firing temperatures and
in some cases below the recommended metalizin »
temperatures. However, the temperatures re-
quired to sinter metal to ceramic are main-

ceramics are mentioned in Appendix II. tained for relatively short periods of time,
Tensile and compressive strength of and in consequence no damage should occur to
ceramics are important since the ceramic can the ceramics. |t should be remembered, however,
be subjected to considerable strain if the that the properties of a given ceramic tYD%)»
ceramic-metal bond is strong. Some forsterite made by one manufacturer may vary greatly fronf

12
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Fig. 4 — Thermal expansion curves of RCA ceramic

bodies.

that type made by another. For example, one
steatite sample withstood the metalizing tem-
perature employed forforsterite whereas another

steatite became plastic enough to flow.

That the properties of ceramic parts are
often difficult to control is indicated by the
fact that in the process of firing ceramic
products a complete equilibrium,
the phase diagram, is seldom,
Usually certain crystal formations, traceable
to the raw materials, remain unchanged in the
fired article and have a pronounced effect on
the properties and crystal structure of the
fired product. Chemically pure raw materials
are not used in commercial ceramic production;
hence, the impurities may affect the color, and
act as fluxes to lower the firing temperature

according to

if ever, obtained.

of the ceramic material. It is understandable,
then, that ceramic bodies of a similar type but
made by different manufacturers have dissimilar
properties.

Data on the physical and electrical pro-
oerties, as supplied by the manufacturers, of a
number of ceramic products are given in Table

13
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Fig. 5 — Thermal expansion curves of American Lava Co.

ceramics.
|I. These ceramic bodies are selected as some
that might be most useful, from the standpoint
of being gas tight andcapable of being metalized
This list can be
investigating the

for metal-to-ceramic seals.

lengthened, of course, by

nroducts of other manufacturers. In Figs. 4 and
5 the expansion characteristics of a few
ceramics are shown. The RCA ceramics listed in

bodies and all of

their properties have not be determined.

the table are experimental

The electrical properties of ceramic

hodies are of extreme importance for use in
electron tubes, as well as in circuit com-
nonents. This is particularly true in tubes

where temperatures might rise in operation to
losses at radio frequencies
become excessive. |t known that glasses
become very lossy at only moderately high
temperatures and that tube failures can,
do, On the other hand, certain ceramic

bodies can be operated at near red heat and

such an extent that
is well

and
occur.

still haveperhaps acceptable electrical losses.

The electrical characteristics of ceramics

shown in Table || give Te values. (The Te value
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Fig. 6 — Power factgr curves of ceramics: No. 4é62
(Frenchtown) at 25°C; No. 228 (Alsimag) at 25 C;
No. 243 (Alsimag) at 22°C.

is tne temperature at which the
is one megohm.) Usually this
What may be of more

of a ceramic
volume resistivity
is not of great importance.

importance in a radio tube is that in the
processing operation evaporated metal may
deposit on the ceramic surface and so lower

In the tungsten—iron
not

the surface resistivity.
method of metalizing,
troublesome. In subsequent brazing operations,
particularly with silver or its alloys,
is greater possibilityof surface contamination,
although care in brazing will minimize this
trouble. Should contamination occur,

evaporation is

it can be

there.

20

most part by painting or
layer of alumina on the
Later this alumina car

avoided for the
spraying a light
ceramic before brazing.
be removed easily.

Operation of tubes in high-frequency
circuits involves dielectric as well
as losses due to conduction by the metal parts
that carry currents. The latter includes areas
of contact (ceramic-to-metal seals) between
insulator and metal. Losses in seals are of

but a satisfactory method

losses,

particular concern,
for making measurements isnot so far available.

The power factor values shown in the table
indicate what may be expected of a ceramic that
is exposed to high-frequency electric fields.
Unfortunately, the data do not include power
factors of ceramics at elevated temperatures.

Curves showing the power factor of three

ceramic bodies over a range of 100 cycles to-

10*° cycles are shown by Fig. 6. Measurements
on dielectric loss for ceramics Alsimag 243,
and Alsimag 228,
"Tables of Dielectric Materials",
Laboratory forlnsulation Research, Massachusetts
Institute of Technology. Data for the curve for
ceramic No. 4462 were prepared by M. I|.T. and

supplied by the Frenchtown Porcelain Co.

as shown by Fig. 6, are from

issued by the

)
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Appendix |1

Metals for Ceramic Seals
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Fig. 7 — Linear thermal expansion curves of some

metals.

Where two materials of widely different
properties are rigidly attached to each other
it is evident that one or the other or both
must be ductile, or have "give" enough to avoid
stress that would cause failure. Ceramics are
by their naturerelatively unyielding materials.
should
ceramic and a metal
that the metal
dimensional

a permanent bond between a
be desired, it
be capable of yielding to any

Hence,
is necessary

changes imposed by the ceramic.

There are but few metals to match the
range of expansion coefficients of the few
ceramic bodies useful in tube structures. None
of the pure metals has practical value for
sealing to a ceramic unless they have high
ductility,
thin edges are formed on them to which a seal
is adapted. are valuable in

through heat treatment, and unless

Copper and nickel

21

~

NILVAR //

[
AN
N
N
\

[¢ ]

v DRIVER HARRIS
| 42

THERMAL EXPANSION (MILS/INCH)

N
N

t KOVAR

INVAR 36

/
; ol
/.

CARPENTER 42

/
Z

"
O_/
o] 100

200 600 700

300 400 500
TEMPERATURE °C

Fig.
having pronounced

8 — Expansion-temperature curves of some alloys
inflection temperature regions.

this respect. titanium, molybdenum,

and a few other metals have expansion properties

Tungsten,
not far removed from those of some ceramics,
chiefly that of not being
subject to satisfactory annealing.

but have drawbacks,
Platinum and
properties, but there
is the obvious objection of cost to their use.

palladium have more ideal

Expansion curves of several pure metals

and of kovar are shown by Fiag. 7.

Several alloys specially developed for
sealing purposes are available. None has perfect
properties for ceramic seals but some are
limits. Nearly all of these
base alloys, the dilation
is a function of the nickel-

although some of these are

within practical
are iron-nickel
behavior of which
to-iron content,

modified by additions such as cobalt, chromium
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sealing alloys.

Beginning at 36 per cent nickel
iron-nickel alloy
is low and fairly constant
temperature (200°C).
inversion or Curie temperature occurs and a

and manganese.

in an (invar), the expansion
up to a moderate

In this region a magnetic

change to ahigher expansion coefficient
Sealing alloys having inflection points are
shown by Fig. 8. This occurrence should be

recognized in applying these alloys.

The properties of metals are given in
Table |11l and additional curves of expansion
are shown 9 and 10.

"outside seal"

in Figs.

A metal for an is one that
has a slightly higher expansion than that of
When the metal

the joint remains under compres-—

the ceramic. part embraces the
ceramic part,
sion and dangerous tensile stresses areavoided.
Thin metal, of the order of 5, 10,
thickness, at or near the seal, depending on
factors, should be used whenever
The thin parts should be

sufficiently elastic so that the tensions

or 15 mils

several
possible. metal

caused by rapid temperature changes do not

damage the seals.

begins.
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Linear thermal expansion curves of some
sealing alloys.

Fig. 10 -

D.H. 46 and

D.H. The match in
expansion but the
graph indicates the variations that must be
considered. Fig. 12 compares No. 4 and No. 49
alloys with forsterite No. 102351-2, and also
In connection with the pro-
the data
interpretation and consideration.

Fig. 11 compares alloys

42 with the ceramic No. 4462.
is not as good as desired,

kovar with zircon.
perties of pure metals and alloys,
require
Variations in composition, structure, and
manufacturing practices produce corresponding

variations in the properties of the metals.

As stated elsewhere, not only reasonable

expansion match between the metal and ceramic,
but also ductility of the metal, is required
to produce asafe seal. Ductility comespartially
In the

metals are generally hard.

from annealing. "as supplied" condition,
The plastic defor-
mation that results from cold working alters
the properties of a metal

by hardening. Relying

on an average condition, the heat-treatment
temperatures given in the table are based on

experience.

)
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Fig. Il — Linear thermal expansion curves of No. 4462 Fig. 12 — Thermal expansion curves to indicate matct

Porcelain;

Driver Harris alloy No.

4 alloy and Forsterite;
Forsterite;

No. 49 alloy and
Kovar and Zircon.

in

46; Driver Harris between No.
alloy No. 42.
Data on materials are often given
different units, there being no universal
system. In a single technical report one may

find more than one system of units used.

As a

matter of convenience these conversion factors

are here given:

Cal/(sec) (cm?)(°C/cm) = 4.183 watts/cm?(°C/cm)
Btu/ (hr) (ft?)(°F/in) =

mil/in/°C = 1.8 mil/in/°F

Expansion:

Electrical resistivity: ohms/cir mil/ft =

23

3.445 x 10™* cal/(sec)(cm?)(°C/cm)

6.015 microhm—cm
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