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ABSTRACT OF THE DISCLOSURE

Electrolytic cells for the production of aluminum, hav-
ing a cathode contact element made essentially of about
25% to about 60% by weight of aluminum nitride and
an electrically conductive constituent such as titanium di-
boride or aluminum or both aluminum and refractory
hard metal.

This invention relates to novel cermets composed of
aluminum nitride and an electrically conductive constitu-
ent such as aluminum metal or a metallic refractory, or
both, and to processes for their manufacture. More par-
ticularly, the invention concerns aluminum nitride-alu-
minum, aluminum nitride-refractory hard metal and
aluminum nitride-aluminum-refractory hard metal cermets
employed as cathode collector bars in electrolytic cells
used for the production of aluminum.

Aluminum metal is customarily produced by the elec-
trolysis of alumina dissolved in molten cryolite in an
electrolytic cell or pot. One form of such cell comprises
a large tank lined with carbon which serves as the cathode
and which contains the molten bath. Large carbon blocks
inserted from the top act as the anode. Molten metallic
aluminum collects at the bottom of the cell and is drained
off periodically. The liberated oxygen combines with the
carbon at the anodes and passes off as carbon dioxide gas.

The life of the carbon cell linings is short, and fre-
quent shutdowns for repairs are necessary in commercial
operation. The carbon linings act as conducting layers
but the porous character of the carbon permits molten
cryolite and other bath constituents to penetrate the lin-
ing with subsequent damage to the cell casing. It is a de-
sirable practice to employ current collectors made of
materials which have good electrical conductivity but
which are resistant to attack by bath constituents, and
which extend into the molten aluminum layer on the
bottom of the cell so as to minimize the flow of elec-
tricity within the carbon layer. Materials which have been
proposed for such current collectors include the borides,
nitrides, and carbides of metals of Groups IV, V and VI
of the Periodic System, particularly compounds of tita-
nium and zirconium. However, solid bars of such ma-
terials (and especially those of sufficient size to be prac-
ticable) are expensive, brittle and tend to crack and swell
in use.

Experience has shown that among the prerequisites of
a satisfactory material for collector bars in electrolytic
reduction cells for aluminum production are: (a) the
material should be hard and dense, (b) it should be an
electrical conductor, (c) it should retain its dimensional
stability at temperatures around 1000° C., and (d) it
should be stable in contact with and resistant to attack
by cryolite-alumina melts and liquid aluminum.

In accordance with the present invention, there are
provided aluminum, nitride-aluminum and other cermet
materials which fully meet the aforesaid stringent require-
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ments. These comprise consclidated mixtures of alumi-
num nitride as the ceramic constituent, together with a
metal or metalloid constituent, or both, as the conductive
component, - Suitable metalloid constituents are the re-
fractory hard metals (RHM) such as titanium diboride.
The proportion of aluminum nitride in the composite
should be kept below about 60% by weight, since a great-
er amount produces a very hard dense product which can-
not be cut or abraded by ordinary metal working tools.
Moreover, a greater proportion of alumimum nitride in
the composite adversely affects its electrical conductivity,
and may eliminate it completely. In the case of AIN-Al
cermets, the preferred proportion of aluminum nitride
lies between about 50% and about 60% by weight. The
upper limit for aluminum content is set by the condition
that the cermet should not collapse at 1000° C. (by melt-
ing of the metal), and by the amount of free or void
space remaining in the aluminum nitride matrix after sin-
tering. A preferred composite contains about 57% AIN
and about 43% Al metal, by weight.

The composite of aluminum nitride and aluminum
powder may be prepared, according to the invention, by
any of the methods commonly employed in the prepara-
tion of cermets, including hot pressing and sintering, cold
pressing, and by impregnation of the aluminum nitride
with liquid aluminum metal. Of these, the preferred meth-
od is hot pressing and sintering, and the invention will
be described within the context of this method.

In the fabrication of aluminum nitride-aluminom bars
by hot pressing and sintering, the calculated proportions
of atomized aluminum powder and aluminum nitride
powder are mixed by shaking with glass or ceramic balls
in a rotary mixer. The resulting dry, free flowing mixture
is introduced into a conventional type of hot pressing die
mounted in a press and surrounded by insulation and in-
duction heating coils. The die is made of graphite, and
the mixture is initially compressed to a compact at about
1000 pounds per square inch, using a’ graphite plunger,
but this pressure is exemplary only, and not critical.
Where several compacts are to be simultaneously pre-
pared, thin graphite spacing discs may be inserted be-
tween each charge. The pressure is applied to the charge
until the temperature, monitored by an iridium, iridium-
rhodium thermocouple, reaches 1200° C. The pressure
is then increased to about 1600 pounds per square inch
and the temperature maintained at about 1750° C.=50°
C. for about 30 minutes. The system is then allowed
to cool under pressure at 600° C., below the melting
point of aluminum,

An additional class of cermets produced in accordance
with the present invention are composites of aluminum
nitride and a refractory hard metal such as fitanjum di-
boride; and composites of aluminum nitride, titaninm
diboride (or other RHM) and aluminum. The ceramic
component is the aluminum nitride, and the electrically
conducting phases are the titanium diboride and alumi-
num. The proportion of aluminum nitride in the com-
posite should be between about 60% and about 25% by
weight, preferably 3545 percent. The upper limit for
the aluminum nitride is set by the number of randomly
contignous and interlocking titanium diboride particles
and the lower limit by the strength imparted to the com-
posite by reason of the sintering and bonding between
contigaous aluminum nitride particles. The proportion
of aluminum is determined by the free space or voids be-
tween the interlocking and sintered particles of aluminum
nitride and titanium diboride. Characteristically, the pro-
portion of aluminum is 0 to 15 weight percent aluminum.
The entrapped and electrically conducting aluminum
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serves to improve and increase the random contacts be-
tween titanjum diboride - particles and hence, the total
electrical conductivity of the composite. The aluminum
occupies the free space (approximately 15% of the
total volume) due. to- the microscopic voids between
interlocking aluminum nitride and titanium diboride par-
ticles. Furthermore, the presence of aluminum in the
composite improves the mechanical strength and the re-
sistance to thermal shock.

A preferred composite contains about 42% aluminum
nitride and 58% titanium diboride, while a preferred
composition for an electrically conducting aluminum ni-
tride-titanium diboride-aluminum cermet is about 10.8%
Al, 37.4% AIN by weight, and the balance, TiB.

The composites of aluminum nitride-titanium diboride
and aluminum nitride-titanium diboride-aluminum may
be prepared according to the invention by any of the
methods commonly used in the preparation of cermets
including cold pressing and  subsequent sintering .and
hot pressing and sintering. Of these, the preferred method
is hot pressing and sintering.

The aluminum nitride-containing cermets thus pro-
duced withstand cryolite attack and provide material
suitable for aluminum reduction cell collector bars.
The bars are electrically conductive, hard, dense, and
stable at 1000° C. Conductances in the order of five
times that of graphite are obtained, and the compacts have
good resistance to thermal shock. The bars conduct cur-
rent effectively at the temperatures of operation. of
aluminnm reduction cells, and they have expansivities
compatible with the graphite and cryolite-alumina cath-
ode linings. A strong bond between the cermet and graph-
ite can be made which remains stable at 1000° C. This
bond can be used in fabricating a carbon-cermet bar or
in coating graphite.

The practice of the invention is illustrated by the
following examples, which are not, however, to be re-
garded as limiting:

Example 1

A mixture of about 57.2% by weight of —200 mesh
aluminum nitride and 42.8% aluminum powder (Grade
120 plus 17, atomized) was prepared and thoroughly
blended by shaking in a container with glass balls. The
dry, free-flowing mixture was charged into a cylindrical
graphite: die surrounded by insulation and induction heat-
ing coils, which unit was then mounted in a press with
a graphite plunger so that the plunger and die pro-
vided an: enclosed cavity containing the mixture. Pres-
sure of .1000 p.s.i. was applied to the charge until the
temperature (monitored by a thermocouple in the die
wall) reached about 1200° C. The pressure was then
raised to 1600 p.s.i., after which the temperature was in-
creased :to 1750° C., and these conditions were main-
tained for approximately 30 minutes.

This procedure was found to produce a very satis-
factory cermet material which was hard, uniformly sin-
tered and conducting, and did not stick to the graphite
die. The material maintained its structure at 1000° C.
well above the operating temperature of ‘an aluminum
reduction -cell and, indeed, above the melting point of
aluminum.

The density was found to be 2.38 (or about 81% of
theoretical), and the conductance was approximately
600 mho-cm.—1, The weight loss in conductivity tests
carried on at 700° C. for 75 hours was 1.33 weight per-
cent.

In a thermal expansivity test determined over the

temperature interval 25°-950°. C., based on vitreous .

silica rod standard, the expamsivity (cm. ¢m.~1° C.-1)
was 17X 10—6 over the entire range.

The aluminum nitride-aluminum cermets suffer no
damage on exposure to the atmosphere and do not appear

to hydrolyze in cold water. Thus, bars and other shapes

can be safely stored and shipped without stringent pro-
tection from the atmosphere.
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Example 2

In the fabrication of an aluminum nitride-titanium
diboride cermet, the .calculated proportions of particles
in the range of 200 to 5 micron size were mixed in a
rotary mixer or ball mixer. The: dry free-flowing pow-
der was placed in a conventional type of hot pressing
die mounted in a press and surrounded by a susceptor,
insulation and induction- heating coils. The die was con-
structed of graphite. Pressure was applied to about
1000 p.s.i. and maintained while the temperature of the
preparation was increased to about 1200° C. Then the
pressure was increased to about 1800-2000 p.s.i. and the
temperature (monitored by an iridium-rhodium alloy
thermocouple) raised to 1850° C. The temperature and
pressure conditions were maintained for .about thirty
minutes. The system was allowed to cool under a pressure
of 1000 p.s.i. to Toom temperature. The hard, dense rod
can be extruded with the graphite plunger since there
is no adhesion to the die walls.

The resulting rod produced from a mixture of about
429 AIN-58% titanium diboride had a specific electri-
cal resistivity of 1.42X10—* ohm-cm., density 3.35 gm.-
cm.~3 and withstood molten aluminum and cryolite.

Example 3

Other ‘bars were prepared by cold pressing the de-
sired mixtures of aluminum  nitride-titanium diboride, .
aluminum nitride-titanium diboride-aluminum in a tool
steel die at 208,000 p.s.i. The cold pressed bars were
then sintered in a graphite die inductively heated at
1850° C. for 25 minutes. The hard, dense and electrically
conducting bars had deunsities in the range 2.9 to 3.1.

Example 4

Following the same: general procedures as those for
Examples 1 and 2, a mixture was prepared having about
37.6% by weight of —200 mesh aluminum nitride pow-:
der, about 10.7% aluminum powder (Grade 40, atom-
ized), and about 51.7% of nominally 5-micron titanium
diboride powder. This mixture was charged into the
graphite die and a pressure of approximately 2000 p.s.i.
was applied while the mixture was heated to about 1850°
C. and held at such conditions for about 20 minutes.
The pressure. also was maintained during subsequent
cooling.

The resulting cermet material was readily extruded out
of the die, since it did not adhere to the graphite walls. -
Its density was found to be 3.50 (or about 90% of :
theoretical) and its resistivity was 1.1 X 10~ ohm-cm.. .

While present preferred embodiments of the inven-
tion have been described, it will be apparent that the
invention may be otherwise variously embodied and prac-
ticed within the scope of the following claims.

What is claimed-is:

1. An electrolytic cell for the production of alumi-
num, having a cathode comprising a solid contact- ele-
ment consisting essentially of a compressed mixture of
from about 25% to about 60% by weight of aluminum
nitride, from about 40% to about 60% of titanium di-
boride, and up to about 15% aluminum.

2. An electrolytic cell according to. claim 1, in which
said contact- element consists essentially: of about 42%
aluminum nitride and about 58% titanium diboride.

3. An electrolytic cell for the production of aluminum,
having a cathode collector bar comprising a solid contact
element consisting essentially of a compressed and in-
tegrally bonded mixture of about 35-45% by weight of
aluminum nitride, about 10% aluminum, the balance
substantially titanium diboride.

4. An electrolytic cell for the production of aluminum,
having a cathode collector: bar comprising a solid con-
tact element consisting essentially of a compressed and
sintered mixture of about 50% to about 60% by weight
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