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REFRACTORY HARD MATERIAL-CARBON FIBER CATHODE COATINGS FOR
ALUMINUM REDUCTION CELLS

Background of the Invention

The manufacture of aluminum is conducted conventionally by the
Hall-Heroult electrolytic reduction process, whereby aluminum oxide
is dissolved in molten cryolite and electrolized at temberatures of
from 900°C to 1000°C. This process is conducted in a reduction
cell typically comprising a steel shell provided with an insulating
lining of suitable refractory material, which is in turn provided
with a liniﬁg of carbon which contacts the molten constituents. One
or more anodes, typically made of carbon, are connected to the posi-
tive pole of a direct current source, and suspended within the cell.
One or more conductor bars connected to the negative pole of the
direct current source are embedded in the cathode substrate comprising
the the floor of the cell, thus causing the cathode substrate to
become cathodic upon application of current. If the cathode substrate
comprises a carbon lining it typically is constructed from an
array of prebaked cathode blocks, rammed together with a mixture
typically of anthracite, graphite, coke, and coal tar pitch.

In this conventional design of the Hall-Heroult cell, the molten
aluminum pool or pad formed during electrolysis itself acts as part
of the cathode system. The 1ife span of the carbon lining or cathode
material may average three to eight years, but may be shorter under
adverse conditions. The deterioration of the carbon lining material
is due to erosion and penetration of electrolyte and liquid aluminum
as well as intercalation of metallic sodium, which causes swelling
and deformation of the carbon blocks and ramming mix.

Difficulties in cell operation have included surface effects on
the carbon cathode beneath the aluminum pool, such as the accumulation
of undissolved material (sludge or muck) which forms insulating re-
gions on the cell bottom. Penetration of cryolite through the carbon
body causes heaving of the cathode blocks. Aluminum penetration to
the iron cathode bars results in excessive iron content in the
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aluminum metal, or in more serious cases a tap-out. Another serious
drawback of the carbon cathode is its non-wetting by aluminum, neces-
sitating the maintenance of a substantial height of pool or pad of -
metal in order to ensure an effective molten aluminum contact over
the cathode surface. One problem of maintaining such an aluminum
pool is that electromagnetic forces create movements and standing
waves in the molten aluminum. To avoid shorting between the metal
and the anode, the anode-to-cathode distance {ACD) must be kept at

a safe 4 to 6 cms in most designs. For any given cell installation
there is a minimum ACD below which there is a serious loss of current
efficiency, due to shorting of the metal (aluminum) pad to the

anode, resulting from instability of the metal pad, combined with
increased back reaction under highly stirred conditions. The elec-
trical resistance of the inter-electrode distance traversed by the
current through the electrolyte causes a voltage drop in the range
of 1.4 to 2.7 volts, which represents from 30 to 60 percent of the
voitage drop in a cell, and is the largest single voltage drop in a
given cell,

To reduce ACD and associated voltage drop, extensive research
using Refractory Hard Materials (RHM), such as TiBj, as cathode
materials has been carried out since the 1950's. TiBo is only very
slightly soluble in aluminum, is highly conductive, and is wetted by
aluminum. This property of wettability allows an aluminum film to be
electrolytically deposited directly on an RHM cathode surface, and
avoids the necessity for an aluminum pad. Because titanium diboride
and similar Refractory Hard Materials are wetted by aluminum, resist
the corrosive enviromment of a reduction cell, and are excellent
electrical conductors, numerous cell designs utilizing Refractory
Hard Materials have been proposed in an attempt to save energy, in
part by reducing anode-to-cathode distance in drained cathode cells,
or by minimizing back reaction by stabilizing the aluminum pad in
conventional cells.

The use of titanium diboride current-conducting elements in
electrolytic cells for the production or refining of aluminum is
described in the following exemplary U. S. patents: U.S. 2,915,442,
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3,028,324, 3,215,615, 3,314,876, 3,330,756, 3,156,639, 3,274,093,

and 3,400,061. Despite the rather extensive effort eipended in the
past, as indicated by these and other patents, and the potential
advantages of the use of titanium diboride as a current-conducting
element, such compositions do not appear to have been commercially
adopted on any significant scale by the aluminum industry. Lack of
acceptance of TiBp or RHM current-conducting elements of the prior
art is related to their lack of stability in service in electrolytic
reduction cells. It has been reported that such current-conducting
elements fail after relatively short periods in service. Such failure
has been associated with the penetration of the current-conducting
element structures by the electrolyte, and/or aluminum, thereby
causing critical weakening of the self-bonded RHM structure with con-
sequent cracking and failure. It is well known that 1iquid phases
penetrating the grain boundaries of solids can have undesirable

~effects. For example, oxygen impurities segregate along grain boun-

daries between TiBy crystals, making them susceptible to rapid attack
by aluminum metal and/or cryolite bath. Prior art techniques to com-
bat TiBy tile disintegration in aluminum cells have been to use highly
refined TiBy powder to make the tile, containing less than 50 ppm oxy-
gen at 3 or 4 times the cost of commercially pure TiBp powder contain-
ing about 3000 ppm oxygen. Moreover, fabrication further increases
the cost of such tiles substantially. However, no cell utilizing TiB,
tiles is known to have operated successfully for extended periods
without loss of adhesion of the tiles to the cathode, or disintegra-
tion of the tiles. Other reasons probosed for failure of RHM tiles
and coatings have been the solubility of the composition in molten
aluminum or molten flux, or the lack of mechanical strength and
resistance to thermal shock. Additionally, different types of TiBp
coating materials, applied to carbon substrates, have failed due to
differential thermal expansion between the titanium diboride material
and the carbon cathode block. To our knowledge no prior RHM-containing
materials have been successfully applied as coatings to a commercially
employed cathode substrate because of thermal expansion mismatch,

bonding problems, etc.
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For example, U.S. Patent 3,400,061, of Lewis et al, assigned to
Kaiser Aluminum, teaches a cell construction with a drained and
wetted cathode, wherein the Refractory Hard Material cathode surface
consists of a mixture of Refractory Hard Material, at least 5 percent
5 carbon, and generally 10 to 20% by weight pitch binder, baked at
900°C or more. According to the patent, such a. composite cathode
has a higher degree of dimensional stability than previously available.
The composite cathode coating material of this reference may be
rammed into place in the cell bottom. This technique has not been
10 widely adopted, however, due to susceptibility to attack by the
electrolytic bath, as taught by a later Kaiser Aluminum U.S. Patent,
Number 4,093,524 of Payne.
Said U.S. Patent 4,093,524, of Payne, claims an improved method
of bonding titanium diboride, and other Refractory Hard Materials, to
15 a coﬁductive substrate such as graphite, or to silicon carbide. The
cathode surface is made from titanium diboride tiles, 0.3 to 2.5 cm
thick. However, the large differences in thermal expansion coeffi-
cients between such Refractory Hard Material tiles and carbon precludes
the formation of a bond which will be effective both at room tempera-
20 ture and at operating temperatures of the cell. The bonding is
accordingly formed in-situ at the interface between the Refractory
Hard Material tile and the carbon by a reaction between aluminum and
carbon to form aluminum carbide near the cell operating temperature.
However, since the bond is not formed until hich temperatures are
25 reached, tiles are easily displaced during startup procedures. The
bonding is accelerated by passing electrical current across the
surface, resulting in a very thin aluminum carbide bond. However,
aluminum and/or eleczrolyte attack upon the bond results if the
tiles are installed oo far apart, and if the plates are installed
30 too close together, they bulge at operating temperature, resulting
in rapid deterioration of the cell lining and in disturbance of cell
operations. Accordingly, this concept has not been extensively
utilized.
Holliday, in U.S. Patent 3,661,736, claims a cheap and dimension-
35 ally stable composite cathode for a drained and wetted cell, compris-
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ing particles or chunks of arc-melted "RHM alloy" embedded in an
electrically conductive matrix. The matrix consists of carbon or
graphite and a powdered filler such as aluminum carbide, titanium
carbide or titanium nitride. However, in operation of such a cell,
electrolyte and/or aluminum attack grain boundaries in the chunks of
arc-melted Refractory Hard Material alloy, as well as the large
areas of carbon or graphite matrix, at the rate of about one centi-
meter per annum, leading to early destruction of the cathodic surface.
~ U.S. Patent 4,308,114, of Das et al, discloses a cathode surface
comprised of Refractory Hard Material in a graphitic matrix. In
this case, the Refractory Hard Material is composited with a pitch
binder, and_subjected to graphitization at 2350°C, or above. Such
cathodes are subject to early failure due to rapid ablation, and
possible intercalation and erosion of the graphite matrix.

In addition to the above patents, a number of other references
relate to the use of titanium diboride in tile form. Titanium diboride
tiles of high purity and density have been tested, but they generally
exhibit poor thermal shock resistance and are difficult to bond to
carbon substrates employed in conventional cells. Mechanisms of
de-bonding are believed to involve high stresses generated by the
thermal expansion mismatch between the titanium diboride and carbon,
as well as aluminum penetration along the interface between the
tiles and the adhesive holding the tiles in place, due to wetting of
the bottom surface of the tile by aluminum. 1In addition to debonding,
disintegration of even high purity tiles may occur due to aluminum
penetration of grain boundaries. These problems, coupled with the
high cost of the titanium diboride tiles, have discouraged extensive
commercial use of titanium diboride in conventional electrolytic
cells, and limited its use in new cell design. It is a purpose of
the present invention to overcome the deficiencies of past attempts
to utilize Refractory Hard Materials as a surface coating for carbon
cathode blocks, and for monolithic rammed cathode surfaces.

Summary of the Invention
The present invention reiates to a cocating composition comprising
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a carbon cement, intimately mixed with carbonaceous additive and
Refractory Hard Material. The principal components of this coating
composition are phenolic resin, furane resin precursor, curihg agents,
carbonaceous filler, carbonaceous additives, and RHM. This coating
composition may be applied to a cathode substrate and cured and carbon-
ized to a relatively hard, tough, surface consisting of Refractory Hard
Material in a largely non-graphitizing matrix. A preferred coating
composition of this invention incorporates carbon fibers, which act

as crack arrestors as the coating material undergoes shrinkage during
curing and carbonization. Sufficient RHM is incorporated in the
coating composition to ensure continuous aluminum wetting of the
surface. Thus, the coating composition provides an economic and
effective means to obtain the advantages of RHM in cathodes, and
eliminates the need for more costly titanium diboride tiles.

Description of the Preferred Embodiments

According to the present invention, it has been found that
cathode structures may be coated with Refractory Hard Material com-
bined with specified bonding agents to improve the conventional
carbon lining of an aluminum reduction cell. Such coated cathodes
combine the advantages of conventional carbon linings, such as struc-
tural integrity and low cost, with desired properties attained by
use of the Refractory Hard Materials. Such improvements include ~
wettability by molten altuminum, 1ow solubility in the molten aluminum-
cryolite environment, and good electrical conductivity. In addi-
tion, the present invention is applicable to existing reduction
cells without the cost and time of a complete cell redesign, or the
high cost of production of pure TiB, tiles or TiBy alloy tiles
suggested by the prior art. The coating composition of the present
invention may also be used in cell designs which utilize sioped
anodes and cathodes.

In understanding the concept of the present invention, it is
important that certain distinctions and definitions be observed.
Accordingly, the following definitions shall be applied with respect
to this invention. _
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The "coating composition" of the present invention is comprised
of Refractory Hard Material, carbon cement, and carbonaceous addi-
tive. As used herein, the terms "coating composition" or "coating

- material" shall be intended to encompass the uncured combination of

all of these materials. The temm "coating", on the other hand, may
comprise less, depending on state of drying, cure, or carboniza-

tion, since for example, mix liquid may be evaporated, and/or polymer-
ized, during cure and carbonization.

The "Refractory Hard Materials" are in general defined as the
borides, carbides, silicides, and nitrides of the transition metals
in the fourth to sixth group of the periodic system, often referred
to as Refractory Hard Metals, and alloys thereof.

“Carbon cement" shall be taken to mean a commercially available
carbonaceous cement or adhesive, generally comprising a phenolic
resin binder and/or a furane resin precursor, mix liquid, carbonaceous
filler and curing agents, the solid and 1liquid portions of which may
be packaged separately to increase shelf life, or as a premixed
cement, Gas release agents, and/or modifying agents may be present
in such systems, or may be added thereto for use in the present
invention. Carbonaceous additives are generally added to carbon
cements for use in the present invention if not present in the commer-
cially available formulation.

The term "carbon cement system" shall encompass carbon cement-
plus carbonaceous additive, or, coating composition minus RHM.

The "mix 1iquid" of the present invention constitutes the Tiquid
phase or 1iquid component of the carbon cement, and functions in a
variety of manners in the coating composition of the present invention,
depending upon specific composition. It may be present to allow easy
and uniform mixing of the solid components of the coating composition
and to provide an easily spreadable mass. Certain mix Tiquids, such as
furfural, may also permit an increase in the amount of carbonaceous
filler which may be incorporated in the coating composition. The mix
1iquid may also enhance internal bonding and bonding between the
coating and the carbon substrate, if it is a solvent containing the
resin, and/or constitutes a polymerizable or cross-linking resin
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component of the carbon cement. This is because a dissolved or
1iquid resin may more easily penetrate and impregnate permeable
constituents of the coating, as well as the carbon substrate. The
mix liquid also permits wicking of the resin into interstitial

voids between particles of the coating composition by capillary
act%on. The mix liquid may act solely as a solvent for the resin
(already present in the solids portion of the carbon cement), such
as methyl ethyl ketone (which could dissolve a novolac if present in
the solids), and be evaporated during cure and carbonization opera-
tions. If, on the other hand, the mix liquid is present simply as
an inert carrier liquid, then it too may be evaporated during cure
and carbonization. Otherwise, the mix 1iquid may function as a
combined solvent and resin former, such as furfuryl alcohol and
furfural, part of which volatilizes during heating while the remainder
becomes incorporated into the cured resin of the carbon cement. In
another instance, the mix 1iquid may be the carbon cement resin per
se, such as where the carbon cement is a liquid such as furfural
(generally employed in combination with phenol), furfuryl alcohol,
or low polymers of these, or a resole. The mix liquid may also
comprise the resin component of the carbon cement in the case of a
solid resin, such as a novolac, dissolved in a solvent (the solvent
portion of which may volatilize during heat up), or a high viscosity
resin such as a partially polymerized resole thinned by a solvent,
or it may be a curing agent for the resin.

“Curing agents" shall be taken to mean agents required to either
copolymerize with the resin or to activate the resin to a state in
which the resin may polymerize or copolymerize. Cross-linking or
activating agents fall into this category, as do catalysts required
for most polymerization and cross-linking reactions.

"Gas releasa agent" shall be taken to mean agents optionally
present which form 1iquid phases which seep through the coating and
then evaporate, to create small channels within the coating to per-
mit release of volatiles.

“Carbonaceous filier" shall be interpreted to mean those carbo-
naceous materials present having a C:H ratio greater than 2:1, and
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which are -100 mesh in size. Carbonaceous filler is essentially
insoluble in commonly used solvents such as methyl ethyl ketone or
quinoline, while the phenolic resin and/or furane (in their incom-
pletely cured state) are usually soluble therein.

“Carbonaceous additives" shall be those carbonaceous materials
present having a C:H ratio greater than 2:1, which comprise parti-
culate carbon aggregate having a particle size range between -4 mesh

and +100 mesh, and/or carbon fibers.
Pitch may be present as part of the carbon cement, as a modify-

ing material, but requires the presence of a suitable curing agent,
such as hexamethylenetetramine. Such a curing agent may be already
present as the curing agent component of the carbon cement, or may

be added thereto to facilitate cross-linkage between the resin and
pitch, or linkage between the pitch and carbonaceous filler, or self-
linkage between the polynuclear aromatics which comprise the bulk of
pitch. Pitch may seep through the coating to provide gas release
channels, and may, in the presence of appropriate curing agents,
cross link with the resin and/or the carbonaceous filler.

While discussion of the present invention will focus on the use
of TiBy as the preferred RHM, it is contemplated that any suitable
RHM or alloys thereof may be utilized. TiBp is the preferred RHM
due to its relatively low cost and high resistance to oxy-fluoride
melts and molten aluminum. Other RHM materials may be substituted
for TiBy in the coatings disclosed herein with success when appro-
priate changes in the carbon cement system are made to account for
differences in wettability, surface area, particle size and porosity,
etc. The TiBp, or other selected RHM, should constitute
from about 10 percent to about 90 percent by weight of the coating
composition, preferably from about 20 percent to about 70 percent.

It has been observed that aluminum wettability starts at about 20
percent TiBp content, and about 35 to 60 percent TiBp appears
optimal.

The coating composition utilized to coat the cathode of an
aluminum cell may be appiied as single or two layers, with a multiple
layer coating system evidencing a strong bond, due to greater
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penetration of the pore structure of the carbon cathode by a first
bonding layer which does not incorporate RHM. The RHM is then incor-
porated in a surface layer to obtain the benefit thereof, which
surface layer adheres tightly to the bonding layer. Further, the

use of multiple layers also reduces the size and number of shrinkage
cracks in the TiBp-containing top layer. The carbon cement that is
applied to the carbon substrate as a bonding layer prior to appli-
cation of the coating composition may contain up to 40 percent carbo-
naceous filler and additive. The carbonaceous filler and additive
help prevent cracking of the substrate due to stress forces encount-
ered during curing and carbonization of the coating, by modifying
the strength of the bond between the substrate and the bonding layer.
In still another preferred embodiment, the carbon cement sy§tem

may comprise up to about 10 percent by weight of carbon fiber, which
acts to inhibit large crack formation.

This invention comprises a cathode coating composition which com-
prises a Refractory Hard Material, mix 1iquid, phenolic resin and/or
furane resin precursor, curing agents, carbonaceous filler and carbo-
naceous additive, which may be made and applied in the following
manner. The carbon cement of the coating composition generally
comprises a mixture of carbonaceous filler, phenolic and/or furane
resin, and a mix 1iquid. The furane resin monomer or precursor
component, such as furfuryl alcohol, is frequently present as the mix
1iquid of the carbon cement, or as a component thereof. To this car-
bon cement are added an RHM such as TiBy, and additional carbonaceous
additive or aggregate, if desired. Generally, the powder components
are mixed in a dry state, and the mix liquid is subsequently added
while blending to form a composition suitable for coating cathode sur-
faces. For some cathode substrates, it may be desirable to apply a
thin initial layer of carbon cement, with appropriate additives, after
which the cathode coating composition may be applied and smoothed to
a 1/8 inch to 3/4 inch (or thicker) layer. Such an initial layer of
carbon cement may be omitted, depending upon coating composition and
cathode substrate properties. Such coatings may be applied to cathode
substrates, such as carbon cathode b]ocks; either in the cell itself
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or external to the cell. The coating may then be cured, for example,
by bringing it to a temperature of about 100°C over a 1 hour period
and holding for a period of 4 hours, followed by an increase to
about 130°C to 160°C over a 1 hour period and holding for 16 or more

5 hours. At this point, the coating will have cured to a relatively
hard surface, and the cell may be charged with electrolyte and brought
to operating temperature to complete the coating cure and carboniza-
tion in-situ. Alternatively, the cured coating may be partially or
completely carbonized in a furnace external to the cell, or in the

10 cell prior to electrolyte addition. Curing temperatures and time
spans during the solvent and gaseous product removal stage are of
course dependent upon mix liquid concentration, coating thickness,
and other factors. Accordingly, this present invention is not to be
limited by the exemplary time and temperature conditions recited.

15 It is also contemplated that the coating composition of this
invention may be applied as a single layer or as a plurality of
layers, which layers may be individually cured between applications.
In accordance with this concept, it is possible to produce a sub-
stantial coating thickness (e.g. 2 inches or more) by successively

20 applying thin layers of coating composition and curing such layers
individually. For greatest bonding strength, it may be desirable to
treat the surface of each cured layer, by scuffing or wire brushing,
for example, prior to application of the next layer. It is also
possible, by this technique, to obtain a graduated RHM content within

25 the coating, by changing the RHM concentration in successive layers
of coating composition.

Preferred examples of carbon cements are commercially available
cements provided as separate powder and mix 1iquid phases. The cement
solids should comprise from about 5 percent to about 70 percent by

30 weight of the total coating composition, preferably from about 20
to about 45 percent. The mix liquid may vary from about 2 percent
to about 40 percent by weight of the coating composition, for reason-
able evaporation and curing rates, with from about 5 percent to
about 25 percent being preferred to obtain a workable consistency.
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A suitable, and preferred carbon cement is that which is commer-
cially designated as UCAR® C-34, marketed by Union Carbide. The
composition of UCAR® C-34 is believed to comprise a mixture of an
oil, a soap, finely-divided carbonaceous particles, furfuryl alcohol,

a phenolic resin of the novolac type, and a hardening agent for the

phenolic resin. The mixture of the oil, finely-divided carbonaceous
particles, phenolic resin, and phenolic resin hardener can be pre-
pared by blending the carbonaceous particles, phenolic resin and
phenolic resin hardener together in any conventional manner, e.g. in
a tumbling barrel, spraying the oil into the resulting mixture, and
further blending the mixture until the oil has been incorporated
therein and a substantially homogeneous blend formed. The mixture
of soap and furfuryl alcohol can be prepared by heating the soap up
to a temperature of about 100°C to 1iquify it, and then dissolving
the molten soap in the furfuryl alcohol. Upon cooling, the soap
remains dissolved in the furfuryl alcohol as a stable solution which
can be stored until it is ready to be mixed with the mixture of oil,
finely-divided carbonaceous particles, phenolic resin, and phenolic
resin hardener. The two mixtures, one liquid and the other essen-
tially solid, can be readily mixed at room temperature, either manual-
ly or mechanically.

Many phenolic resins of the novolac type can be employed in the
UCAR® C-34 cement. Such resins are produced by condensing pheno]si
such as phenol itself, m-cresol, p-cresol, o-cresol, 3,5-xylenol,
3,4-xylenol, 2,5-xylenol, p-ethylphenol, p-tert-butylphenol, p-amyl-
phenol, p-tert-octylphenol, p-phenylphenol, 2,3,5-trimethylphencl,
resorcinol, and the like, with aldehydes such as formaldehyde, fur-
furaldehyde, acetaldehyde, and like. 1In practice, an unsubstituted
Phenol-formaldehyde resin may be employed for cost considerations.
Curing of the novolac resin to the thermoset state can be effected by
means of any hardening agent conventionally employed to cure such re-
sins. Such hardening agents are conventionally materials such as para-
formaldehyde, furfural, or hexamethylenetetramine, with appropriate cat-
alysts when necessary, which upon tha application of heat causes it to
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cross-link. The novolac resin is suitably employed in the UCAR®
C-34 cement in an amount of from about 0.5 percent by weight of the
coating composition to about 15 percent by weight, most preferably
from about 2.5 percent by weight to about 8 percent by weight. In
other carbon cements, novolac need not be present. The hardener for
the resin is employed in an amount sufficient to cure such resin to
the thermoset state, i.e., in an amount which will provide at least
sufficient formaldehyde to react with and cross-link the resin, and
provide sufficient alkaline catalyst for the reaction.

Many forms of finely-divided carbon or graphite can be employed
as components of the UCAR® C-34 carbonaceous cement. Suitable carbo-
naceous materials include graphite flour, petroleum coke flour,
pitch coke flour, calcined Tampblack flour, thermatomic black (made
by the passage of natural gas over hot refractories), and the like.
Amounts of the carbonaceous flour of from about 1 percent by weight
of the coating composition to about 60 percent by weight, preferably
from about 10 percent by weight to about 40 percent by weight, are
suitable. Most preferably, the carbonaceous flour is a mixture of
graphite and thermatomic black, with the graphite flour being present
in an amount of from about 2 percent by weight to about 50 percent by
weight and the thermatomic black being present in an amount of from
about 0.5 percent by weight to about 25 percent by weight.

Suitably, furfuryl alcohol is employed in UCAR®-34 cement, and
may be present in an amount of from about 2 percent by weight of the
coating composition to about 40 percent by weight, most preferably
from about 4.5 percent by weight to about 20 percent by weight.

The UCAR® C-34 solids typically comprise about 80 percent by
weight carbonaceous filler, about 10 to 20 percent phenolic resin,
curing agent, and up to about 10 percent pitch. Additional materials
such as silica and petroleum based oils may also be present. The
mix 1iquid of UCAR® C-34 typically comprises about 85 percent by
weight furfuryl alcohol and about 15 percent soap.

Frequently, pitch is present in the coating composition, as a
modifying agent, or as an additional binding agent. Pitch may be
present in concentrations up to about 10 percent by weight of the

coating composition.




WO 83/00338 PCT/US82/00994

10

15

20

25

30

35

-14-

Gas release agents are appropriately included in the coating
composition to avoid blisters and/or excessively large cracks.
Suitable gas release agents include combustible oils, soaps, and
waxes.

A combustible oil can be employed as the gas release agent in
the carbon cement. In order to avoid volatilizing the oil while
curing the phenolic resin, it is desirable that the oil have a boiling
point higher than the curing temperature of the resin. For this
reason, oils having a boiling point above about 150°C, preferably
above about 200°C, are most useful, with oils having a boiling point
above about 250°C being particularly preferred. While petroleum-
base 0ils, such as paraffin oils, aromatic oils, anthracene oil, and
asphaltic oils, are preferred, other oils, such as animal and vegetable
oils, can also be employed. Among the petroleum-base oils, the
paraffin oils are preferred. Illustrative of the animal and vegetable
0ils which can be employed are palm kernal oil, olive 0il, peanut
oil, beef tallow oil, cottonseed oil, corn 0il, soybean o0il, and the
like. Amounts of 0il of from about O percent by weight of the coating
composition to about 3.5 percent by weight, preferably from about 0.4
percent by weight to about 2.0 percent by weight, are suitable.

Soaps may also be used as gas release agents. while the soap
employed can be any of the metallic or quaternary ammonium salts of
the fatty acids, cements prepared with either the neutral or acid -
quaternary ammonium soaps are more resistant to oxidation than cements
prepared with the more common metallic soaps, so that the use of the
non-metallic soaps is preferred. Such non-metallic soap is produced
by the reaction of a fatty acid with triethanolamine. The fatty
acids employed, 1ike the fatty acids employed to produce metallic
soaps, generally contain from about 10 to about 24 carbon atoms, and
can be either séturated or unsaturated. Among the saturated fatty
acids which can be employed are capric, lauric, myristic, palmitic,
stearic, arachidic, behenic, tetracosanoic, and the like. Typical
unsaturated fatty acids include palmitoleic, oleic, 1inoleic, arachi-
donic, cetoleic, erucic, selacholeic, and the 1ike. Amounts of soap
of from about O percent by weight to about 27 percent by weight
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of the coating composition preferably from about 0.4 percent by
weight to about 5.0 percent by weight, are suitable.

Various waxes may also be employed as gas release agents.
Suitable waxes include various grades of petroleum wax inc]uding
such usual paraffin waxes as refined slack, sweat, scale, block, and
microcrystalline wax.

Additional suitable carbon cements are commercially available,
such as UCAR® C-38, (Union Carbide), a composition very similar to
UCAR® (C-34 but containing an oxidation inhibitor; Stebbins AR 25 HT,

a furane resin composition comprised of furfuryl alcchol, partially
polymerized furfuryl alcohol in forms such as difurfuryl ether, and

a latent catalyst which could be phthalic anhydride or a derivative
thereof; Stebbins AR 20 C, comprising a partially polymerized furane
resin in forms such as difurfuryl ether, together with furfuraldehyde,
and a latent catalyst which could be phthalic anhydride or a derivative
thereof; and Atlas Carbo Korez, a phenolic resin composition comprising
a phenolic novolac or resole resin in a solvent as mix liquid, cured

by combination with a phenolic novolac in the solids. The solvent is
probably an aliphatic alcohol such as butyl alcohol. Other suitable
carbon cements include Atlas Carbo Alkor, comprising furfuryl alcohol
monomer and partially polymerized forms such as difurfuryl ether and

a latent catalyst which could be phthalic anhydride or a derivative
thereof; Dylon GC, comprising furfuryl alcohol as solvent and monomer
which cures together with a phenol formaldehyde and hexamethylenete-
tramine hardener; and Aremco 551 R, comprising furfuryl alcohol and

a latent catalyst. Preferred carbon cements are based upon a phenol
formaldehyde resin of the novolac family, although resoles are

effective.
Furfuryl alcohol may be employed as the mix liquid in phenolic

carbon cements, and is believed to react with the phenolic resin as
it cures, and serves as a modifying agent for the resin. The use of
furfuryl alcohol is preferred as it has been found that bonds having
the high strength obtainable through the use of this mix liquid

cannot be produced when other mix liquids are substituted for furfuryl
alcohol. Thus, for example, when furfuraldehyde is employed in
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place of furfuryl alcohol in otherwise identical compositions, bonds
are produced having only about half the strengh of the bonds produced
using the furfuryl alcohol.

It is desired that the coating composition be workable and
easily spread and smoothed, as by a trowel. Insufficient mix liquid
will make the mix dry and unspreadable, while excessive mix liquid
may weaken the final coating and cause blistering. The coating
composition is cured, by polymerizing and/or cross-linking, and
loéing volatiles, to form a relatively solid mass. Carbonization
then converts this coating to a rigid matrix consisting essentially
of non-graphitized and non-graphitizing carbon with RHM therein.

When a phenolic resin is utilized in a coating composition,
such resin may constitute up to about 15 percent by weight of the
coating composition. Although higher phenolic resin concentrations
are possible, 1ittle advantage is gained, and prolonged curing and
carbonization cycles are required.

Since the net final effect desired is to achieve a surface layer
composed essentially of REM and carbon, those materials other than
the RHM which are present, e.g. the carbon cement and carbonaceous
additive, should be readily decomposable to a carbon residue, Such
components as phenolic resin, furane resin, mix liquid, curing agent,
carbon filler and carbon additive should comprise from about 10 to
about 90 percent of the camposition. Preferably, the carbon cement
system should comprise about 30 percent to about 80 percent of the
coating composition.

In addition to the RHM and carbon cement which itself generally
includes a carbonaceous filler material, it is desirable to provide
additional particulate carbon. Some particulate carbon, either
amorphous or graphitic, is frequently present in the commercially
available cements mentioned heretofors. Further particulate carbon
may be added, as either fine powder or coarse aggregate, or mixtures
thereof, in the form of anorphous carbon or graphitic carbon.

Carbonaceous filler, which is generally present in commercially
available carbon cements, is -100 mesh, preferably -325 mesh, and
may comprise fine carbonaceous flour, grzphite flour, crushed coke,
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crushed graphite, carbon black, and the like. The presence of such
fine flours yields improved packing density for the Qranu]ometny
used, that wicks up resin containing 1iquids to form a dense, highly
bonded carbon matrix upon carbonization. Carbonaceous filler, as
fine flour, should comprise from about 1 percent to about 60 percent
of the coating composition, with about 10 percent to about 40 percent
being preferred. '

The carbonaceous additive, or aggregate material, may run from
-4 mesh to +100 mesh, and is preferably between -8 mesh and +20
mesh, Such coarse aggregate apparently permits fine cracking, thus
relieving stress and allowing volatile emission, reduces shrinkage,
and contributes to high carbon yield. Carbonaceous additive may
comprise from about 0 to about 80 percent by weight of the coating
composition, with about 5 to about 15 percent being preferred. An
exemplary carbonaceous additive for use in the present invention is
UCAR® BB-6 Electric Furnace Graphite Powder, having a size range from
-8 to +65 mesh,

As previously set forth, it is preferred that carbon fiber be
added to the coating composition as a crack arrestor. When such fiber
is used, some variations in composition ranges have been found. When
carbon fibers are used, they may preferably be made from pitch precur-
sors, organic fiber precursors such as polyacrylonitrile, or rayon.
Pitch fibers are considerably cheaper, and. accordingly preferred. -
Fiber weight may range from zero percent to about 10 percent by weight
of the coating composition, preferably from about 0.05 to about 3.0
percent, However, concentrations greater than about 10 percent be-
come comparatively expensive, and less workable, with 1ittle apparent
added benefit. Carbon fibers with iengths varying from 1 micron
upward may be used, with 1/16 inch to 1/2 inch length being preferred.
Short fibers pefmit easier mixing and application, and may be used
in higher concentration. Sized fibers consisting of parallel fiber
strands bonded together by a material soluble in the mix liquid, are
particularly preferred, since they blend most easily with the binder
system. Fiber orientation may vary, and the fibers can be mixed as
an integral part of the coating composition to facilitate the appli-
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cation procedure, or a layered structure may be created. Fiber mat
rather than strands can also be used as layering material. Such a
layered structure would obviously have a higher carbon fiber content
than specified above.

The coating composition can be applied to each cathode block;
cured, carbonized and then set into position. Alternatively, the
cathode can be assembled and rammed, the coating applied and then
cured. The carbonization process would occur in the cell in this
case, Curing may be accomplished in stages, whereby the coated
substrate is gradually raised to the desired curing temperature at
which a relatively hard surface is obtained, followed by carboniza-
tion at temperatures up to 1100°C. In the initial stages of such
curing, volatile components, such as the mix 1iquid volatiles and
reaction products are removed, while at higher temperatures, e.g.
250°C to 1100°C, carbonaceous materials, such as cross-linked phenolic
resin, are decomposed to leave a non-graphitizing carbonaceous matrix
containing RHM. This carbonization step may be carried out directly
after the initial cure by heating the coated carbon substrates to the
desired temperature, or subsequent to said cathode substrate being
placed in the electrolytic celi. Alternatively, the carbon cathode
blocks may be placed in position in the cell after coating and initial
curing, followed by "baking-in" of the coated cathode by cell start-up
and operation. -

The coating composition and application procedures must be
varied as different types of cathode materials are employed (e.qg.
carbon blocks made by various manufacturers). Examples of changes
in coating composition are given below. These examples illustrate
the relevance of the carbon cathode's physical properties, and also
how the use of carbon additive and/or fibers improve coating proper-
ties. These examples are not intended to in any way limit the use
of the coating composition.

Two types of coating systems may be considered: a one coat or
a two coat system.

The one coat system is preferably used for cathode blocks which
have high mechanical strengths {i.e. compressive strengths of 2200-3000
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psi). These cathode blocks generally have smaller mean pore and
grain sizes, and are more graphitic than other types:of cathode
material. An example of a type of cathode block material suitable
for use with the single coat system is Sumitomo SK block. The single
layer of coating composition may utilize carbon fibers or aggregate
carbonaceous additive, and examples of each will be given.

The two coat system may be used with cathode block materials
which have relatively low mechanical strengths (compressive strengths
about 1500 psi). An example of this type of block material is Union
Carbide grade CFN block. It is more difficult to create a good
coated substrate structure when a single coating is used on this
type of substrate, due to the substrate's mechanical weakness, and
bonding problems. A single coating undergoes shrinkage when cured
and carbonized, and ﬁay cause fracturing of the substrate, or may
not bond firmly to the substrate, thus separating therefrom.

To avoid substrate or bond failure, an intermediate carbon cement
layer may be added between the coating composition and the cathode
substrate. The carbon cement (e.g. Union Carbide UCAR® C-34) develops
a good bond to the substrate and, in turn, the coating composition
bonds well to the carbon cement layer. The former bond is modified by
adding carbonaceous additive to the intermediate layer, resulting in o
accommodation of stresses developed during curing and carbonization.

Example 1

A coating composition was made by combining and mixing the
following components (percentages are by weight): 36 percent TiBs,
=325 mesh; 34,2 percent Union Carbide UCAR® C-34 carbon cement solids,
19.7 percent UCAR® (C-34 mix liquid; 10.1 percent Union Carbide calcined
petroleun coke particles, grade 6-03.

The resulting coating composition was applied to a Sumitomo SK
block substrate. Enouch material to make a layer approximately 1/16
inch deep was applied and worked into the block surface. Additional
material to make a layer approximately 5/8 inch thick was added,

smoothed and levelled.
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The coating was cured by heating at 25°C/hour to 100°C, holding
5 hours, heating at 25°C/hour to 140°C, holding 24 hours, and air
cooling to room temperature.

After curing, several small cracks were evident but the coating-
to-substrate bond was intact.

Example 2
~ A coating composition was made by combining and mixing the
following components: 36 percent TiBp, -325 mesh; 29.4 percent
UCAR® C-34 cement solids; 32.4 percent UCAR® C-34 mix liquid; 2.2
percent Great Lakes FORTAFIL® 1/4 inch fiber.

The resulting coating composition was applied to a Sumitomo SK
block substrate and cured in a manner similar to that described in
Example 1.

After curing, the coating exhibited no cracks such as were
evident in the coating with the carbon aggregate used in Examplie 1.
The carbon fibers appear to act as crack arrestors in the cathode
coating, and so should result in a longer cathode life.

Example 3

A piece of Sumitomo SK Block was utilized as a substrate for a
coating composition consisting of 37.5 percent TiBy, 30.6 percent
UCAR® C-34 cement solids, 29.6 percent UCAR® C-34 mix liquid, and 2.3
percent FORTAFIL® carbon fiber. This material was applied in a
manner similar to that of Example 1, to a final thickness of 3/8
inch.

The coated substrate was then cured in accordance with the fol-
lowing cycle: The coated block was heated to 100°C at a rate of 25°C
per hour, and held at this temperature for 3 hours. Heating was
continued at 25°C per hour to 140°C, at which temperature the block
was held for 16 hours. The coated block was then removed and allowed
to air cool to room temperature. No surface blisters, cracks, or
bond defects were visible upon inspection.

The cured block was then carbonized by heating to 1C02°C over a
24 hour period, in an argon atmospnere to avoid oxidation. The
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block was then permitted to cool to below 200°C under an Argon atmos-
phere, removed and cooled to room temperature. After cooling, ex-
amination revealed no defects. Integrity and substrate bond remained

unaffected by carbonization.

Examgle 4

A bonding layer material was made by mixing the following com-
ponents: 52 percent UCAR® C-34 carbon cement solids; 13 pércent
Asbury graphite grade A-99; and 35 percent UCAR® C-34 mix liquid.

This composition was applied to a Union Carbide CFN cathode
block substrate to a thickness of approximately 1/16 inch. A 1/2
inch thick layer of coating composition as described -in Example 1
was then applied, cured, and carbonized.

After curing and carbonization, the surface exhibited much the
same appearance and properties as that of the coated surface of
Example 1 (i.e. some cracking but a good bond).

Example 5

A Union Carbide CFN block substrate was coated with a coating
composition comprising 25 percent -325 mesh TiBp; 31.2 percent UCAR®
C-34 solids; 25 percent UCAR® C-34 mix liquid; 16.8 percent Asbury
Grade 4234 graphite flour, and 2 percent Varcum 24-655 resin.

The coated substrate was cured by heating to 100°C over a one
hour period, holding at 100°C for 4 hours, then heating to 135°C and
holding for 16 hours, then allowing to cool to room temperature. A
satisfactory bond and surface were observed. '

The coated substrate was then carbonized by heating under Argon
to 1000°C over a 24 hour period, and allowed to cool. The substrate
remained intact, but the coating debonded from the substrate.

Example 6
A two coat application to a Union Carbide CFN cathode block
substrate was made, utilizing Union Carbide UCAR® C-34 carbon cement

for the bonding layer, with no carbonaceous additives.
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A coating composition was applied over the bonding layer, which
composition comprised 28.2 percent ~325 mesh TiBp; 26.8 percent
UCAR® C-34 solids; 19.4 percent UCAR® C-34 mix liquid; 11.3 percent
Asbury Grade 4234 graphite flour; 4.2 percent Varcum 24-655 resin;

5 and 10.1 percent carbonaceous additive having a size range from -8
to +20 mesh.

This coated substrate was cured by heating to 100°C over a one
hour period, holding at 100°C for 19 hours, and cooling to room
temperature. A satisfactory bond and surface were observed.

10 The coated substrate was then carbonized by heating in Argon to
1000°C over a 36 hour period, and allowed to cool to room temperature.
The substrate block fractured approximately 1/4 inch below the inter-
face of the bonding layer and the substrate during the.carbonization
step.

15 Exampie 7

A bonding layer comprising 38.7 percent UCAR® C-34 solids; 35.5
percent UCAR® C-34 mix 1iquid; and 25.8 percent Asbury Grate A-99
graphite, was applied to a Union Carbide grade CFN block substrate.

Over this was applied a coating composition comprising 27.5

20 percent -325 mesh TiBy; 26.1 percent UCAR® C-34 solids; 21.4 percent
UCAR® C-34 mix liquid; 11 percent Asbury Grade 4234 graphite flour;
4.1 percent Varcum 24-655 resin; and 9.9 percent carbonaceous additive
having a size range from -8 to +20 mesh.

This coated substrate was cured by heating to 100°C over a one

25 hour period, holding at 100°C for 3 hours, heating to 135°C and hold-
ing for 36 hours, and cooling to room temperature. A satisfactory
bond and surface were observed.

The coated substrate was then carbonized by heating in Argon to
1000°C over a 24 hour period, and allowed to cool. A satistactory

30 bond and surface resul ted.

These examples illustrate that variations in bonding layer
composition and coating composition mzy be necessary to obtain satis-
factory results. Example 5 illustrates bond failure, while Example 6
illustrates substrate failure resulting from too strong a bonding
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layer. Example 7, on the other hand, illustrates a successful two
coat system application to a relatively weak cathode substrate,
through modification of the bond layer.

It is understood that the above description of the present
invention is susceptible to various modifications, changes and adapta-
tions by those skilled in the art, and the same are intended to be
considered within the scope of the present invention, which is set

forth by the appended claims.
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What we claim is:

1. A coating composition comprising a Refractory Hard Material,
and a carbon cement. :
2. A coating composition as set forth in claim 1, further comprising
a carbonaceous additive wherein said carbon cement comprises a resin
selected from the group consisting of phenolic resins, furane resin
precursors, and mixtures thereof, mix liquid, a curing agent, and
carbonaceous filler.

3. A coating composition as set forth in claim 2, wherein said
Refractory Hard Material is titanium diboride.

4. A coating composition as set forth in claim 3, wherein said
titanium diboride comprises from about 10 to about 90 percent by
weight of the coating composition.

5. A coating composition as set forth in claim 3, wherein said
titanium diboride comprises from about 20 to about 70 percent of

the composition.

6. A coating composition as set forth in claim 3, wherein said
titanium diboride comprises from about 35 to about 60 percent of the
composition,

7. A coating composition as set forth in ciaim 3, wherein said
carbon cement and carbonaceous additive together comprise from about
10 to about 90 percent of the composition.

8. A coating composition as set forth in claim 2, wherein said
furane resin precursor comprises from about 2 to about 40 percent of
the coating composition and is furfuryl alcohol.

9. A coating composition as set forth in claim 2, wherein said
Refractory Hard Material comprises titanium diboride and said
carbonaceous additive comprises carbon fiber.

10. A coating composition as set forth in claim 9, wherein said
carbon fiber comprises up to about 10 percent by weight of the com-
position.

11. A coating composition as set forth in claim 10, wherain said
carbon fiber is prepared from a meterial selected from the group
consisting of pitch, rayon, and polyacrylonitrile, and is from

about 1 micron to about 1/2 inch in length. '

)
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12. A coating composition as set forth in claim 11, wherein said
carbon fibers comprise from about 0.05 percent to about 3.0 percent
by weight of the composition.

13. A coating composition as set forth in claim 2, wherein said
phenolic resin is a phenol formaldehyde.

14. A coating composition as set forth in claim 2, wherein said
furane resin precursor comprises furfuryl alcohol.

15. A coating composition as set forth in claim 14, wherein said
furfuryl alcohol comprises from about 4.5 to about 20 percent by weight
of the coating composition.

16. A coating composition as set forth in claim 1, wherein said
Refractory Hard Material is titanium diboride, and comprises from
about 10 to about 90 percent by weight of the coating composition.
17. A coating composition as set forth in claim 16, further com-
prising up to about 10 percent pitch.

18. A coating composition as set forth in claim 16, wherein

novolac phenolic resin comprises up to about 15 percent by weight of
the coating composition.

19. A coating composition as set forth in claim 18, wherein furane
resin precursor comprises fram about 2 to about 40 percent by weight
of the composition.

20. A coating composition comprising Refractory Hard Material, a
resin selected from the group consisting of phenolic resins, furane
resin precursors, and mixtures thereof, mix liquid, curing agent,
carbonaceous filler, and carbonaceous additive.

21. A coating composition as set forth in claim 20, wherein a resin
selected from the group consisting of phenolic resins, furane resin
precursors, and mixtures thereof, mix liquid, curing agent, and
carbonaceous filler are provided as a carbon cement.

22. A coating composition as set forth in claim 20, wherein said
phenolic resin comprises a phenol formaldehyde resin.

23. A coating composition as set forth in claim 22, wherein said
phenol formaldehyde is a novolac.

24, A coating.composition as set forth in claim 22, wherein said resin
comprises from about 0.5 percent to about 15 percent of the coating

composition.
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25. A coating composition as set forth in claim 20, wherein said
furane resin precursor comprises furfuryl alcohol.

26. A coating composition as set forth in claim 25, wherein said
furfuryl alcohol comprises the mix liquid.

27. A coating composition as set forth in claim 26, wherein said
mix 1iquid comprises from about 2 percent to about 40 percent by
weight of the coating composition.

28. A coating composition as set forth in claim 20, wherein said
carbonaceous filler comprises carbonaceous material which is =100
mesh in size.

29. A coating composition as set forth in claim 28, wherein said
carbonaceous filler has a C:H ratio greater than 2:1.

30. A coating composition as set forth in claim 28, wherein said
carbonaceous filler comprises from about 1 percent to about 60
percent by weight of the coating composition.

31. A coating composition as set forth in claim 28, wherein said
carbonaceous filler comprises from about 10 percent to about 40
percent by weight of the coating composition.

32. A coating composition as set forth in claim 20, wherein said
carbonaceous additive is selected from the group consisting of
carbon aggregate having a particle size between about -4 mesh and
+100 mesh, carbon fiber, and mixtures thereof.

33. A coating composition as set forth in claim 32, wherein said’
carbonaceous additive has a C:H ratio greater than 2:1.

34, A coating composition as set forth in claim 33, wherein said
carbonaceous additive comprises from about O percent to about

80 percent by weight of the coating composition.

35. A coating composition as set forth in claim 33, wherein said
carbonaceous additive comprises from about 5 percent to about

15 percent by ﬁeight of the coating composition.

36. A coating composition as set forth in claim 35, wherein carbon
fiber comprises from about 0.05 percent to about 3.0 percent by
weight of the coating composition.

37. A composition comprising from about 10 to about 90 percent by
weight Refractory Hard Mzterial, from about 0.5 to about 15 percent
by weight phenolic resin, from about 2 to about 40 percent by weight
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furane resin precursor, from about 1 to about 60 percent by weight
carbonaceous filler, from about 0 to about 80 percent by weight
carbonaceous additive, and effective amounts of curing agent and gas
release agent.

38. A composition as set forth in claim 37, further comprising

up to about 10 percent by weight pitch.

39. A composition as set forth in claim 37, wherein said Refrac-

tory Hard Material is titanium diboride.

40. A composition as set forth in claim 39, wherein said phenolic
resin is a phenol formaldehyde.

41, A composition as set forth in claim 40, wherein said furane

resin precursor is furfuryl alcohol,

42. A composition as set forth in claim 41, wherein said carbonaceous
filler comprises carbonaceous material -100 mesh in size,

43, A composition as set forth in claim 42, wherein said carbonaceous
additive comprises carbon aggregate having a particle size between

-4 mesh and +100 mesh,

44, A composition as set forth in claim 42, wherein said carbonaceous
additive comprises carbon fiber.

45, A composition as set forth in claim 42, wherein said carbonaceous
additive comprises a mixture of carbon aggregate and carbon fiber.

46. A composition comprising from about 35 percent to about 60
percent by weignt titanium diboride, fram about 2.5 percent to about 8
percent novolac resin, from about 4.5 percent to about 20 percent
furfuryl alcohol, from about 10 percent to about 40 percent carbonaceous
filler having a particle size -100 mesh, from about 5 percent to

about 15 percent carbonaceous additive having a particle size from

-4 to +100 mesh, from about 0.05 percent to about 3.0 percent carbon
fiber, and effective amounts of curing agent and gas release agent.

47. A method for producing an aluminum wettable cathode surface for

an aluminum reduction cell, which method comprises applying to a

cathode substrate a coating composition comprised of Refractory

Hard Material, and a carbon cement, curing said coating composition

to produce a relatively hard, adherent surface layer, and carbonizing
said layer to ‘produce an adherent aluminum wettable surface layer

- =
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consisting of Refractory Hard Material in a largely non-graphitic
carbon matrix.

48. A method as set forth in claim 47, wherein said coating com-
position comprises from about 10 to about 90 percent Refractory Hard
Material, from about 0.5 to about 15 percent phenolic resin, from
about 2 to about 40 percent mix liquid, from about 1 to about 60
percent carbonaceous filler, from about O to about 80 percent carbo-
naceous additive, and effective amounts of curing agent and gas
release agent.

49. A method as set forth in claim 48, wherein said mix liquid
comprises a furane resin precursor,

50. A method as set forth in claim 48, wherein said coating com-
position is applied to carbon cathode blocks external to the cell,
and cured prior to placement in the electrolytic cell.

51. A method as set forth in claim 50, wherein said coating com-
position is carbonized prior to placement in the cell.

52. A method as set forth in claim 50, wherein said coating composi-
tion is carbonized in the cell.

53. A method as set forth in claim 48, wherein said coating composi-
tion is applied to carbon cathode blocks external to the cell, and
then cured and carbonized in the cell.

54. A method as set forth in claim 48, wherein said coating composi-
tion is applied to the cathode substrate within the cell, and then
cured and carbonized. -

55. A method as set forth in claim 49, wherein said coating
composition is applied to a bonding layer.

56. A method as set forth in claim 55, wherein said bonding layer
contains carbon fibers.

57. A method as set forth in claim 56, wherein said coating com-
position further comprises carbon fiber.

58. A method as set forth in claim 57, wherein said carbon fiber
comprises up to about 10 percent by weight of the coating composition.
59. A method as set forth in claim 57, wherein said carbon fiber is
prepared from a material selected from the group consisting of pitch,
rayon, and polyacrylonitrile, and is from about 1/16 inch to about
1/2 inch in length.
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60. A method as set forth in claim 59, wherein said carbon fibers
comprise from about 0.05 percent to about 3.0 percent by weight of
the composition.

61. A method as set forth in claim 47, wherein said coating material
comprises from about 35 to about 60 percent titanium diboride, from
about 2.5 to about 8 percent phenol formaldehyde, from about 4.5 to
about 20 percent furfuryl alcohol, from about 0 to about 40 percent
carbonaceous filler, about 5 to about 15 percent carbonaceous additive,
and effective amounts of curing agent and gas release agent.

62. A method as set forth in claim 61, wherein said carbonaceous
additive includes carbon fiber.

63. A method as set forth in claim 62, wherein said carbon fibers
comprise from about 0.05 percent to about 3.0 percent by weight

of the coating composition.

64. A method as set forth in claim 61, wherein said coating composi-
tion is applied in a plurality of layers.

65. A method as set forth in claim 64, wherein titanium diboride
content changes in successive layer,

66. A method as set forth in claim 61, wherein said coating com-
position is applied to an intermediate bonding layer.

67. A method as set forth in claim 66, wherein said bonding layer
comprises a carbon cement.

68. A method as set forth in claim 67, wherein said bonding layer
further comprises carbonaceous additive.

69. An aluminum-wettable cathode structure for an aluminum

reduction cell comprising a cathode substrate bearing a surface
layer comprising Refractory Hard Material in a largely non-graphitiz-
ing carbon matrix. '

70. A cathode structure as set forth in claim 69, wherein said
Refractory Hard.Material is titanium diboride.

71. A cathode structure as set forth in claim 69, wherein said
structure further comprises a bonding layer of carbon cement

between said cathode substrate and said surface layer.

72. A cathode structure as set forth in claim 71, wherein said
bonding layer also contains carbon fiber.
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73. An aluminum-wettable cathode for an aluminum cell, com-
prising a cathode substrate, a largely non-graphitic carbon sur-
face, and Refractory Hard Material, said Refractory Hard Material
being encompassed within the matrix of said carbon surface, said
carbon surface resulting from the carbonization of a coating
comprised o% Refractory Hard Material, a resin selected from the
group'consisting of phenolic resins, furane resin precursors, and
mixtures thereof, mix 1iquid, curing agent, carbonaceous filler, and
carbonaceous additive.

74. A cathode as set forth in claim 73, wherein said Refractory
Hard Material is titanium diboride.

75. A cathode as set forth in claim 74, wherein said titanium diboride
comprises from 35 to 60 percent by weight of the coating as applied
to the substrate.

76. An aluminum-wettable cathode as set forth in claim 23, further
comprising a carbonaceous bonding Tayer between said cathode
substrate and said carbon surfaces.

77. An aluminum reduction cell comprising the cathode set forth in
claim 73. 7

78. An aluminum reduction cell as set forth in claim 77, wherein
said cathode is sloped from the horizontal.
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