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3,019,084
PRODUCTION OF REFRACTORY CARBIDES,
BORIDES AND THE LIKE .
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Claims priority, application Great Britain Mar. 5, 1954
15 Claims. (CI. 23—204)

This invention relates to the production of refractory
carbides, borides, boro-carbides and mixtures of refrac-
tory borides and carbides (all being compounds of the
transition elements, titanium, zirconium, niobium and
tantalum) or of boron carbide itself. The most important
of these refractory compounds, at the present day, is
titanium carbide and the following description will be
directed mainly to the features and details of this inven-
tion as they apply to the production of this compound,
although it is to be understood that such features and
details, with appropriate modification as hereinafter indi-
cated, are also applicable to the production of the other
compounds listed above and that the present invention is
accordingly mot restricted to the specific examples given
below,

For economic reasons the reaction almost universally
used for the production of titanium carbide on a com-
mercia] scale is the reduction of the dioxide TiO, with
carbon, according to the equation:

TiO3+3C=TiC+2C0O (i)

‘The process is normally carried out at temperatures
between 2000° and 3000° C. with the adoption of some
precautions designed to avoid the occurrence of the back-
reaction which would give rise to the presence of oxygen
and free carbon in the product, For instance, the re-
action has been carried out under reduced pressure or in
a vacuum, or the reaction has been carried out in a con-
tainer which was sealed after reaction was complete, or
the reaction has been carried out in a protective atmos-
phere, such as hydrogen. In spite of these precautions,
however, it is extremely difficult to obtain a commercial
product containing more than about 92.5% of titanium
carbide (i.e. about 18.55% combined carbon) or less
than about 1% of free carbon.

The present invention has for its maijn object to pro-
vide an improved and economical process requiring only
simple apparatus for its performance which, while utilis-
ing Reaction i, will vield a product containing less free
carbon than i5 usual in current commercial products, and
if desired, a higher titanium carbide content and lower
nitrogen content. A low free carbon content is very de-
sirable in almost every application of titanium carbide,
e.g. in hard metals, in cermets, and as cathodes or cur-
rent leads in electrolytic cells for the production of re-
fining of aluminium,

According to this invention, a process for the produc-
tion of titanium carbide according to Reaction i which
involves heating the reaction mass to a selected temper-
ature in the range 2000° to 3000° C., is characterized
by the step of rapidly cooling the mass as soon as pos-
sible after it has reached equilibrium at the selected tem-
perature.

It has been found that the reaction rates are such
that this rapid cooling will virtually eliminate back-
reaction.

Preferably, the process is operated as a continuons one,
the reaction mass or charge being passed at an appropri-
ate speed. successively through a zome of high temper-
ature (e.g. 2000°-2500° C.) and a zone of low temper-
ature {e.g. a water-cooled zone). Under these conditions
a good quality product is obtained without the trouble
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and expense of furnaces operating under vacuym or with
a controlled atmosphere and at the same time all the
commercial and economic advantages of a. continuous
process may be secured.

The purity of the product obtained may also be greatly
improved by reducing nitride formation, and by making
use of a suitably selected binder in preparing the charge
of titanium oxide and carbon, the binder containing con-
stituents which have purifying and possibly catalytic prop-
erties.

The process according to the invention may be carried
out by advancing the charge through a suitable furnace
followed by a chilling zone while contained in boats or
saggers made of some refractory materials such as graph-
ite. However, not only do the saggers reduce the output
of a given size of furnace proportionately to the space
occupied by them, but both the heating and the chilling
operations are delayed and their loading and unloading
entail added process costs and complications. It is pre-
ferred, therefore, to produce the charge in the. form of
self-supporting cylinders (or other convenient shapes)
which can be advanced (e.g. either positively or under
the action of gravity) as such through a fairly close-
fitting graphite tube which is disposed more or less hori-
zontally and is heated by passage of electric current
through a graphite resistance element, The exit end of
the tube is connected directly to a water-cooled copper
quench tube into which the cylinders or the like pass
while still at a high temperature. In this way a large
output can be obtained from a relatively small, and there-
fore economical, furnace. It should be noted that the
heated zone of the furnace tube is preferably surrounded
by heat-insulating material such as carbon black.

Certain requirements must be fulfilled in regard to the
gas outlet from this furnace. The charge in passing
through the furnace loses about half its weight in .the
form of carbon monoxide and at temperatures between
about 500° and 1000° C. this gas can decompose accord-
ing to the equation:

2C0=C0,+C (ii)

I.f therefore the carbon monoxide formed in the re-
action were to be allowed to escape at the ends of the
furnace tube it wonld deposit carbon both on the charge
Eantering the furnace and on the finished carbide leav-
ing the furnace. Both these deposits would lead to an in-
crease in the amount of free carbon in the product.
It has been found that this effect can be eliminated by
sealing the ends of the furnace and providing a gas ont-
let near the high temperature zone of the furnace. For
example, the inlet or charging end of the furnace may be
fitted with a gas-tight diaphragm which will permit the
Dbassage of the charge and the delivery end of the quench
tube may open into a gas-tight chamber in which the
product is collected. The gas outlet may open into the
furnace tube at a zone where the temperature is above
approximately 1500° C. and preferably about 2000°° C.
A further advantage of this arrangement is that any
volatile impurities evolved at these high temperatures are
carried out of the furnace in the high temperature gas
stream and do not give rise to difficulties by condensing
in the cooler inlet' and outlet sections of the furnace.
The carbon monoxide evolved can be disposed of by
being burnt at the gas outlet, or it may be removed and
stored for use as a fuel gas.

In order that the reactions may be carried out in this
way, certain precautions must be taken when preparing
the cylinders (or other bodies) which, compose the
charge. Thus in spite of the fact that these cylinders are
to be quickly heated up to 2000° C. or more and then
rapidly cooled, losing half their weight in the. process,
they must not at any time change their shape, break, or
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disintegrate, in such a manner as to make it difficult to
maintain the smooth passage of the charge through the
furnace. ‘The preparation of a satisfactery charge de-
pends largely on the binder used and on the particle size
-of the constituents.

. In the production of titanium carbide according to this
invention the preferred raw materials are a pure grade of
"mineral rutile, a pure coke, and a carbonaceous binder.
‘Current commercial practice usually requires the use of
pure percipitated titanjum dioxide and carbon black, with
-or without a binder. These materials can also be used in
-the present process but the preferred raw materials are
‘much cheaper and the process makes it possible, never-
theless, to obtain a product which has a lower free car-
bon content than, and contains as much combined car-
bon as, the commercial product available at the present
time.

The first step in the preparation of the charge is to
grind the appropriate quantities of carbon (in the form
of coke) and rutile, either together or separately, im,
“for example, ball mills. When steels balls are used iron
-contamination of the product may be considerably re-
duced by lining the mill with rubber. Iron contamina-
tion may be still further reduced by using a rubber-lined
mill and carbide balls. The finer the particles of the
“charge, the stronger will be the cylinders or other shaped
-elements produced therefrom, both during and after the
‘reaction. A strong cylinder is desirable as being un-
-likely to break in the furnace but, on the other hand,
a friable product is desirable when it is to be crushed and
ground to produce a carbide powder suitable for any
- sintering process, including hot pressing, in the manufac-
- ture of hard metals, etc. It is possible, by suitably con-
trolling the grinding of the raw materials, to produce
carbide cylinders of about optimum strength, i.e. strong
enough to feed satisfactorily through the furnace but at
-the same time sufficiently friable to grind down easily.

The next step is to agglomerate the ground raw ma-
terial with the aid of a suitable binder, for example,
pitch or cane sugar molasses. In the case of pitch, the
appropriate quantity (generally 20-25%) is added as a
coarse powder to the partly ground rutile-coke mixture
“in the ball mill, and milling is then continued for about 2
hours. The resultant power can be extruded, to give the
desired cylindrical form of charge, provided it is heated
to about 200° C. The extruded rod is broken up into

" appropriate lengths and is now in its final form, except
that the volatiles in the pitch must be removed by heat-
ing to about 1000° C. in a non-oxidising atmosphere.

“This can be done in any comnvenient type of muffle
furnace, and the resulting charge fulfills all the re-
guirements of the high temperature furnace for produc-
ing the carbide.

. The principal difficulty in this step of the process when
_pitch is used lies in the “calcination” stage (heating to
1000° C.). If the batch size is large, volatiles from the

“outer hot zones condense in the centre and cooler por-
tion of the batch during heating. This condensate de-
stroys the shape of the cylinders and renders the centre
of the batch useless. This difficulty becomes more serious
“as the scale of the process increases.

It is preferred, therefore, to employ cane sugar mo-
lasses as the binder because this is very satisfactory and
is found to have quite unexpected effects on the purity of

_ the product. In using this binder, an appropriate quan-
tity (generally 20-25%) is mixed with the ground rutile
and coke in a suitable mixer, such as one having sigma
blades, and the product is extruded cold. It is dried in
an air oven (at say 100-110° C.) and then has an ex-
cellent “green” strength. It is then loaded directly, while
still hot, into the calcination furnace. No difficulties are
experienced due to condemsation in the centre of the

" charge when the temperature in the furnace is raised to

~ about 1000° C. in about 6 hours. Itis also possible when
using the molasses binder, to calcine the cylinders, with
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or without pre-drying, in a continuous operation, the
cylinders being passed down a heat-resisting tube which
is fitted with gas outlets and is heated by gas or electricity
so that in the course of the travel of a cylinder down the
tube (during as short a time as 30 minutes) its tempera-
ture will be raised from room temperature to 1000° C.

The final step in the production of titanjum carbide is
to feed the charge continuously, prepared as above, by
way of the airtight diaphragm into the high temperature
reaction furnace where it passes successively through the
high temperature zone and the zone of low temperature
into a hermetically sealed receiver from which it can be
removed as required. It is preferred to feed the charge
to the furnace at a temperature of 50-100° C. since it
has been found that by so doing the corrosion due to
water vapour on the furnace tube is minimised. This
is particularly mecessary if the charge has been standing
for a period at room temperature after the calcination step
at 1000° C. since a small amount of water vapour is
adsorbed by the charge and subsequent heating to 100° C.
has been found to remove this water vapour.

As already mentioned, the use of molasses as the bin-
der also confers quite unexpected benefits in yielding a
much purer product than do other binders. This in-
crease in purity is thought to be due to some form of
catalytic action exercised by the inorganic content of the
molasses. An average molasses sample containls about
$9% of inorganic material; the principal metallic con-
stituents being potassium, sodium, calcium, iron, silicon,
and magnesium, with chloride, phosphate, and sulphate
ag the acid radicals. These constituents are largely or
entirely volatilised during passage through the high tem-
perature furnace and it is quite possible that their catalytic
activity is exerted in part in the vapour phase. T he effect
of these inorganic salts is all the more surprising in that
Hiittig (Z. anorg. u. allgem. Chem., 1952, 270, 33) has
reported that the chlorides of some of the alkali metals
and alkaline earths do not have any beneficial effect on
the reaction between TiO, and carbon. It is possible,
however, that this difference is due to the continuous na-
ture of the process according to this invention, which
enables these compounds, whether in the state of solid or
vapour, to remain in contact with the charge at 21l stages
of the reaction.

The enhanced purity of the titanium carbide product
prepared from a charge bound with molasses is illustrated
by the following figures:

TiC, G, TiN, Fe,
percent| percent| percent percent

Commercial TiC (prepared by the .
KDOWI PrOCesSes) - - owvwomumvaawocam 92.5 1.5 8.5 0.2
TiC prepared by the present process
(piteh binder) oo 93 0.5 1 0.9
TiC prepared by the present process
(molasses binder) - .occcumcammasanan 95.5 0.3 1 0.2

Tt will be seen that the titanium carbide content i
notably high and the free carbon content notably low.
In addition, the iron content of the material is reduced
as compared with the product from a pitch-bound charge
using the same rutile, coke, and preparative procedure.

- The lowering of the iron content may be explained by
_assuming that some of it is lost as a volatile compound

formed from the inorganic components of the molasses.

Analyses of commercial samples of titanium carbide
show the presence of combined mitrogen equivalent to as
much as 4% TiN. This contamination is not always de-
sirable and if its formation is not allowed for in making
up the furnace charge, then free carbon equivalent to it
will be found in the product. This nitrogen contamina-

" tion can arise either from residual air in the furnace or
from the charge itself,

Nitrogen from the furnace cau
be minimised by having a reasomably gas-tight furn? e
container, and by sweeping it cut with an inert gas, €8
carbon dioxide, before heating the furmace. Nitrogen



8,019,084

5

in the charge can be present as gas adsorbed on the fine
powders used. In the process of this invention this gas
is largely if not entirely removed during the preliminary
calcination step. Some forms of carbon, e.g. coke, also
contain small amounts of nilrogen which cannot be re-
moved by heating to 1000° C. and which appear as nitride
in the titanium carbide produced from them. The remedy
here is to choose a coke with a low nitrogen content.
By taking all appropriate precautions it has been found
possible to reduce the nitride content of the titanjum car-
bide to as little as 0.5%, and a content as low as 1% is
easily achieved.

When desired, a further control over the free carbon
content of the product, whether produced with the aid of
pitch or molasses as the binder, can be achieved by in-
corporating a small quantity, e.g. about 1%, of alumina
into the charge prior to the heating thereof, The alumina
can be convenjently incorporated during the milling of
the constituents of the charge. Under the conditions ob-
taining in the process according to this invention, alumina
reacts selectively with free carbon contained in the ti-
tanium carbide formed, but not with the titaninm carbide,
according to the equation:

Al;03+3C=3CO12A1

It should be noted moreover, that the alumina does not
appear to react with carbon in the charge during the
process of carbide formation. It is thus possible to re-
duce materially the free carbon content of the product
by adding to the charge an amount of alumina which is
equivalent to the free carbon content that would other-
wise be expected to appear in the product, i.e. in the
absence of this alumina.

It should perhaps be emphasised that the relatively
pure products described were obtained from the com-
paratively impure raw material-—unrefined mineral rutile.
It has been found, however, that the vanadium and zir-
conium which are present as impurities in the mineral
.-rutile are not removed even when using molasses as a
binder. The product from mineral rutile therefore con-
tains about 0.5% of both vanadium and zirconium. If
in any particular application the presence of these ele-
ments is harmful, they can be eliminated by the use of
pure precipitated titanium dioxide in place of mineral
rutile. In this case the titanium dioxide is mixed with
ground coke in the mixer at the point in the process
where the molasses is added. Thereafter the process is
carried out as when using mineral rutile. The combined
carbon content of the product remains unaffected at
about 19.2% carbon.

There is given below one practical example of the way
in which this invention may be practised in producing
titanium carbide, reference being made to the accom-
panying drawings, wherein:

FIG. 1 is a flowsheet diagram showing the steps in the
process,

FIG. 2 is a side view, partly in longitudinal section
and with parts broken away, showing 2 high temperature
furnace suitable for use in carrying out the process, and

FIG. 3 is a section taken on the line TII—III of FIG. 2.

3620 g. of rutile and 1430 g. of coke (low in ash and
nitrogen) are ball-milled together for 10 hours in a 10”
rubber-lined mill with a charge of %" steel balls. The
resuitant powder is mixed with 1470 g. of cane molasses
in a sigma-bladed mixer for 20 minutes and then ex-
truded to give cylinders 53’ in diameter and about 114"
long. These cylinders are dried for 12-14 hours at a
temperature of 100-110° C. and then fired during 6-7
hours up to about 1000° C. in a nen-oxidising atmos-
phere. After they have cooled, the cylinders are fed
through a high temperature furnace of the character re-
ferred to above. The centre tube of this furnace is 34"
in diameter and is heated electrically for about 12" of
its' length by means of a graphite resistance element.
Over this portion of the length of the furnace there-is a
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temperature gradient rising from 1000° C. at the inlet
end to 2200° C. at the end nearer the water-cooled
quench section. The cylinders are fed through this fur-
nace at a rate such that 1000 g. (2.2 1bs.) of titanium
carbide will be produced per hour. The furnace tube is
lagged with carbon black and its power input is 8 kw.
The yield is quantitative (based on titanium) and the
product contains 96.5% TiC, 0.3% free carbon, 2% TiN
and 0.2% Fe.

It is also a feature of the present invention to employ
the methods and apparatus described above in the prep-
aration of the refractory carbides of the transitional ele-
ments such as Zr, Nb and Ta, from the oxides of these
elements and carbon.

In these cases, the grinding of the oxide and carbon,
and the percentage of binder used in making the furnace
charge, are modified as required to yield a material that
can be satisfactorily extruded or otherwise compacted,
calcined, and fed through the high temperature furnace,
and both the higher temperature and the temperature
gradient within this furnace, and the time of passage of
the charge through the hot zone of the furnace, are suit-
ably chosen to yield a product of optimum purity., The
time of passage of the charge through the hot zomne of
the furnace may be modified, within lmits, by changing
the linear rate of passage of the charge through the fur-
nace and by changing the length of the hot zone of the
furnace.

The methods and apparatus described above may also,
as another feature of this invention, be employed in the
preparation of the refractory borides and boro-carbides,
and in the preparation of mixtures of the refractory
borides and carbides, of titanium and the transitional
elements listed above, using reactions of the type ex-
emplified in the following equation:

TiOy4-2C+-2B=TiB,-}-2C0O (iif)

and reactions of the type exemplified by Equation i, the
composition of the product being predetermined by con-
trolling the composition of the charge.

Again, as yet another feature of the invention, the
methods and apparatus described above may also be em-
ployed in the preparation of refractory borides and
boro-carbides, and in the preparation of mixtures of the
refractory borides and carbides, of titanium and the
transitional elements listed above, using reactions of the
type exemplified in the following equation:

TiOy4-5C+-By03=TiB;+}5C0O (iv)

and reactions of the type exemplified by Equation i, the
composition of the product being predetermined by con-
trolling the composition of the charge. When utilising
reactions of type illustrated by Equation iv, the use of
these methods and apparatus ensures that the relatively
volatile boric oxide is economically used whilst still
maintaining the conditions of a continuous process and
the rapid cooling of the product which inhibits back-re-
action with carbon monoxide.

It will be noted that in reactions of the type exempli-
fied by Equation iv a considerable proportion of the
weight of the reactants is lost as carbon monoxide. In
consegquence if precalcined cylinders are fed to the re-
action furnace in the normal way they do not retain their
shape during passage through the furnace, and at the
same time suffer considerable disintegration. It is there-
fore preferred to use saggers or boats to contain the
charge when using reactions of this type. A further'dif-
ficulty of this type of reaction (iv) lies in the volatility
of the boric oxide, which has already been mentioned,
which necessitates the use of quantities of the oxide in
excess of the stoichiometric requirement, but still more
economical use of boric ‘oxide can be achieved by in-
corporating in the charge of a quantity of an oxide which
combines with or dissolves in the boric oxide. Thus the
incorporation of an amount of magnesia equal in weight
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to the boric oxide results in a smooth reaction and a
substantially complete conversion of the boric oxide to
boride. When the final reaction temperature is in excess
of 2000° C. the magnesia can be removed from the
charge by incorporating an amount of carbon sufficient to
react with the magnesia, according to the equation:

MgO+-C=Mg+4-CO

the magnesium being volatile at these temperatures.

When utilising Reaction iii, Reaction iii combined with
Reaction i, Reaction iv, or Reacton iv combined with
Reaction i, it is not possible invariably to prepare a
boride entirely free from carbide even when this is de-
sirable. Although the composition of the product can
be to a large extent controlled by the composition of ithe
charge, limitations are sometimes imposed by the relative
stabilities of the boride and carbide, and of the boro-
carbide when it exists, of each particular transitional
element. Preliminary experiments will, however, serve {0
establish both the limitations and the optimum conditions
in each particular case where prior knowledge is inade-
quate. For example, 964 g. of rutile and 204 g. of coke
are milled together for 10 hours and then 381 g. of com-
mercial boron of about 75% purity are added. The
powders are then mixed with 56¢ g. of molasses and the
mixture extruded, dried and calcined as described in the
previous example. After cooling the cylinders are fed
through the high temperature furnace at a rate such that
500 g. of titanium boride will be produced per hour.
The power input of the reaction furnace is adjusted to
give a maximum temperature of about 2200° C. The
product has the following composition: 95% TiB,, 2.0%
TiC, 0.5% free carbon, 0.5% Fe.

According to another feature of this invention, the
methods and apparatus described above may also be em-
ployed with advantage in the preparation of boron car-
bide using the reaction of the following equation:

xBy03-+ (3x+y)C=ByCy-+-3xCO )

FIG. 1 is a flowsheet diagram showing the steps in a
typical production of titanium carbide by the process of
_this invention, starting from the raw materials rutile and
coke and employing molasses as the binder. The steps
of milling, mixing, extrusion, drying and calcining are
all carried out with the aid of known apparatuses for these
purposes. A suvitable high temperature furnace equipped
with means for rapidly cooling the solid product of the re-
action effected therein is illustrated in FIGS. 2 and 3.

In these figures, the calcined cylinders composed of a
mixture of ground rutile and coke are indicated by the
reference numeral 1 and the cylinders of titanium carbide
produced are indicated by the reference numeral 1a.

The furnace comprises a substantially horizontal centre
tube 2 of graphite having a relatively thin wall and an
internal diameter slightly greater than that of the cylinders
1. This tube is disposed axially of a graphite resistance
element 3 in the form of a tube slit longitudinally (at
3q) from its outer end almost up to its inner end where
it grips the adjacent end of the centre tube 2 and also
the inner end of a co-axially disposed graphite quench
tube 4 spaced axially slightly from the centre tube. Elec-
tric current is supplied to the element 3 by way of cables
5 and 6 respectively connecting terminal blocks 7 and §
which are water-cooled and are each secured on one of
the halves of the split end of the element, to the poles
of a low voltage source of supply of electric current.

_These blocks are located outside a casing 9 within which
the major part of the heating element 3 is received, it
being disposed axially of a graphite tube 10 supported
from the end walls of the casing. The front or outer end
of the element 3 is supported from the tube 18 by means
of an insulating bushing 11 the temperature of which is
kept within safe limits by a water-cooling system 12. On

_the front of the terminal blocks 7 and 8 is mounted, by
means of an insulating ring 13 and an insulating washer

" 14, a feed tube 15 which has an apertured rubber dia-
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phragm 16 secured therein near its mouth, the circular
aperture 16 of this diaphragm being of a diameter some-
what smaller than that of a cylinder L. Normally, one
of these cylinders is left wedged in the aperture 164, to
constitute a gas seal, while another is being placed in
position in the mouth of the feed tube, the pushing of
the second cylinder into the aperture 16a displacing the
first cylinder towards the tube 2. It will be understood
that there would be, in practice, a continuous series of
cylinders 1 (end-to-end) extending from the diaphragm
16 to the discharge end of the quench tube 4.

in the upper part of the tube 2 is formed a gas outlet
aperture 2a and at a corresponding location in the upper
part of the tube 1@ is formed a further gas outlet aper-
ture in which is secured a vertical gas outlet tube 17 of
graphite surrounded by a graphite tube 18, the open upper
end of this tube extending within a cylindrical neck 9a
formed on the casing 9 and fitted with a cover 19 having
an aperture 2 at which the gas evolved in the reaction
may be burnt. Additional necks 9b are formed on the
casing ¢ to permit of the filling of the latter with a heat
insulating material 21, such as carbon black, covers 22
being fitted over the mouths of these necks.

The quench tube 4 extends as a close fit through an
outer copper tube 23 secured in a bush 24 serving to
support the adjacent reduced diameter end 10a of the
tube 18 from the end wall of the housing 9 and the outer
tube 23 and bush 24 are intensively cooled by a circula-
tion of water through a coiled copper tube 25. The outer
flanged end of the outer tube 23 is secured to the adja-
cent end wall of 2 hood 26 which is furnished with a
pressure-relief valve 27 and is firmly supported above a
water-filled tank 28 by arms (not shown) secured to the
furnace. A closure device (not shown) is mounted on
the inner end of a rod 29 slidable in a gas-tight manner
through the hood wall so that it may be displaced to a
position in which it seals the inlet into the hood, when
desired. The open underside of the hood 26 has de-
tachably secured thereto, by a gas-tight joint 30, a rela-
tively large gas-tight canister 31 which depends into the
body of water contained in the tank 28. The quench tube
4 projects a short distance within the hood 26 so that the
cylinders 1a of titanium carbide discharged from the tube
may fall into the canister. The latter is removed and
emptied from time to time, the inlet to the hood 26
being sealed by the closure device operated by the rod
29 before the canister is removed and being unsealed
again when the canister is back in position on the hood.

Aligned apertures 32 and 33 (see FIG. 3) are formed
through the tube 14 and element 3 at the locations indi-
cated in FIG.1, sight tubes (not shown) being provided
in register with these apertures and leading to the ex-
terior of the housing 9 so that the temperature of the
respective zones of the tube 2 may be determined when
required. These tubes are sealed at their inmer ends
and open to atmosphere at their outer ends.

The gas outlet aperture 2a is located at a zone where
the temperature of the tube 2 is in the region of about
1500° to 2000° C., the gases evolved during the re-
action passing out of the tube 2 at that temperature to
flow through the slits 3a in the element 3, and the an-
nular space between the latter and the tube 10, to the
outlet tube 17.

What I claim is:

1. A process for the continunous production of a re-
fractory low free-carbon-content material consisting essen-
tially of at least one of the compounds selected from
the group consisting of the carbides of titanium, zirconi-
um, niobium, tantalum and boron and the borides of ti-
tanium, zirconium, niobium and tantalum which com-
prises preparing a reaction mass into a self-supporting

_solid body from an intimate mixture of at least one ox-

ide from the group consisting of the oxides of titanium,
zirconium, niobium, tantalum and boron, with at least
the first mentioned of the two non-metals, carbon and

K7
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boron, continuously introducing said prepared reaction
mass through an inlet portion of a reaction chamber
having inlet and outlet portions, passing said reaction
mass through a high temperature zone in said chamber
wherein said reaction mass is heated to a selected tem-
perature in the range of 2000 to 3000° C., while main-
taining the mass as a self-supporting solid body, to cause
at least part of the carbon to combine with the oxygen
of said reaction mass to form carbon monoxide, remov-
ing the carbon menoxide gas out of contact with the re-
action mass through a gas outlet at a point removed from
said inlet and outlet portions of said reaction chamber
and in a zone wherein the temperature is above approxi-
mately 1500° C., holding said reaction mass at said se-
lected temperature until reaction equilibrium is reached,
continuously passing the solid reaction products through
said outlet portion, and then cooling said solid reaction
products at a rate sufficient to prevent back reaction
thereof.

2. In the process claimed in claim 1, preforming the
reaction mass into self-supporting solid bodies, before
it is heated, with the aid of a binder composed of cane
sugar molasses.

3. In the process claimed in claim 1, the steps of inti-
mately mixing the molasses with the ingredients of the
reaction mass, extruding the mixture into a solid rod,
and breaking the rod into appropriate lengihs.

4. In the process claimed in claim 3, the step of heat-
ing the lengths of extruded rod in a non-oxidising atmos-
phere to remove volatiles in the molasses binder prior
to subjecting said lengths to the selected temperature in
the range 2000° to 3000° C.

5. In the process claimed in claim 4, the step of dry-
ing the lengths of extruded rod at a relatively low tem-
perature before heating them to remove volatiles.

6. In the process claimed in claim 1, the step of in-
corporating a small quantity of alumina into the reaction
mass prior to the heating thereof.

7. In the process claimed in claim 1, the step of in-
corporating a small quantity of magnesia into the re-
action mass prior to the heating thereof.

8. A process according to claim 1 wherein the car-
bon monoxide gas is removed while it is at a tempera-
ture of about 2000° C.

9. A process for the continuous production of the
carbide of an element selected from the group congisting
of titanium, zirconium, niobjum, tantalum and boron,
said carbide having a low free-carbon-content, which
comprises intimately mixing an oxide of the selected
element with carbon, continuously introducing the mix-
ture through an inlet portion of a reaction chamber hav-
ing inlet and outlet portions, passing said mixture through
a high temperature zone in said chamber wherein said
mixture is heated to a selected temperature in the range
of 2000° to 3000° C., while maintaining the mass as a
self-supporting solid body, to cause at least part of the
carbon to combine with the oxygen of said mixture to
form carbon monoxide, removing the carbon monoxide
gas out of contact with the mixture through a gas out-
let at a point removed from said inlet and outlet por-
tions of said reaction chamber and in a zone wherein
the temperature is above approximately 1500° C., hold-
ing said reaction mass at said selected temperature until
reaction equilibrium is reached, continuously passing the
solid reaction product through said outlet portion and
then cooling said solid reaction products at a rate suffi-
cient to prevent back reaction thereof.

10. A process for the continuous production of boride
of an element selected from the group consisting of tita-
nium, zirconium, niobium and tantalum, said boride hav-
ing a low free-carbon-content, which comprises intimately
mixing an oxide of the selected element with carbon
and boron, continuously introducing said mixture through
an inlet portion of a reaction chamber having inlet and
outlet portions, passing said mixture through a high tem-
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perature zone in said chamber wherein said mixture- is
heated to a selected temperature in the range of 2000°
to 3000° C., while maintaining the mass as a self-support-
ing solid body, to cause at least part of the carbon to
combine with the oxygen of said mixture to form. car-
bon monoxide, removing the carbon monoxide gas out
of contact with the mixture through a gas outlet at a
point removed from said inlet and outlet portions of said
reaction chamber and in a zone wherein the temperature
is above approximately 1500° C., holding said mixture
at said selected temperature until reaction equilibrium is
reached, continuously passing the solid reaction products
through said outlet portion, and then cooling said solid
reaction products at a rate sufficient to prevent back
reaction thereof.

11. A process for the continuous production of the
boride of anelement selected from the group consisting
of titanium, zirconium, niobium and tantalum, said bo-
ride having a low free-carbon-content, which comprises
intimately mixing an oxide of the selected element with
carbon and boric oxide, continuously introducing said
mixture through an inlet portion of a reaction chamber
having inlet and outlet portions, passing said mixture
through a high temperature zone in said chamber where-
in said mixture is heated to a selected temperature in the
range of 2000° to 3000° C., while maintaining the mass
as a self-supporting solid body, to cause at least part of
the carbon to combine with the oxygen of said mixture
to form carbon monoxide, removing the carbon mon-
oxide gas out of contact with the mixture through a gas
outlet at a point removed from said inlet and outlet por-
tions of said reaction chamber and in a zone wherein
the temperature is above approximately 1500° C., hold-
ing said mixture at said selected temperature until re-
action equilibrium is reached, continuously passing the
solid reaction products through said outlet portion, and
then cooling said reaction products at a rate sufficient
to prevent back reaction thereof.

12. A process for the continnous production of a low
free-carbon-content titanium carbide, which comprises in-
timately mixing titanium dioxide and carbon, continu-
ously introducing said mixture through an inlet portion
of a reaction chamber having inlet and outlet portions,
passing said mixture through a high temperature zcne in
said chamber wherein said mixture is heated to a se-
lected temperature in the range of 2000° to 3000° C.,
while maintaining the mass as a self-supporting solid
body, to cause at least part of the carbon to combine
with the oxygen of said mixture to form carbon monox-
ide, removing the carbon monoxide gas out of contact
with the mixture through a gas outlet at a point re-
moved from said inlet and outlet portions of said re-
action chamber and in a zone wherein the temperature is
above approximately 1500° C., holding said mixture at
said selected temperature until reaction equilibrium is
reached, continuously passing the solid reaction prod-
ucts through said outlet portion, and then cooling said
solid reaction products at a rate sufficient to prevent
back reaction thereof.

13. A process for the continuous production of a low
free-carbon-content titanium boride which comprises inti-
mately mixing titanjum dioxide with carbon and boron,
continuously introducing said mixture through an inlet
portion of a reaction chamber having inlet and outlet
portions, passing said mixture through 2 high temperature
zone in said chamber wherein said mixture is heated to
a selected temperature in the range of 2000° to 3000°
C., while maintaining the mass as a self-supporting sclid
body, to cause at least part of the carbon to combine
with the oxygen of said mixture to form carbon mon-
oxide, removing the carbon monoxide gas out of contact
with the mixture through a gas outlet at a point removed
from said inlet and outlet portions of said reaction cham-
ber and in a zone wherein the temperature is above ap-
proximately 1500° C., holding said mixture at said se-
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lected temperature until reaction equilibrium is reached,
continuously passing the solid reaction products through
said outlet portion, and then cooling said solid reaction
products at a rate sufficient to prevent back reaction
thereof.

14. A process for the comntinuous production of a low
free-carbon-content titanium boride which comprises in-
timately mixing titanium dioxide, carbon and boren tri-
oxide, continuously introducing said mixture through an
inlet portion of a reaction chamber having inlet and out-
let portioms, passing said mixture through a high tem-
perature zone in said chamber wherein said mixture is
heated to a selected temperature in the range of 2000°
to 3000° C., while maintaining the mixture as a self-
supporting solid body, to cause at least part of the carbon
to combine with the oxygen of said mixture to form
carbon monoxide, removing the carbon monoxide gas
out of contact with the mixture through a gas outlet at
a point removed from said inlet and outlet portions of
said reaction chamber and in a zone wherein the tem-
perature is above approximately 1500° C., holding said
mixture at said selected temperature until reaction equi-
librium is reached, continuously passing the solid re-
action products through said outlet portion, and then
cooling said reaction products at a rate sufficient to pre-
vent back reaction thereof.

15. A process for the continuous production of the
boride of an clement selected from the group consisting
of titanium, zirconium, niobium and tantalum, said bo-
.ride having a free-carbon-content not over about 1%,
comprising the steps of mixing an oxide of the selected
element with carbon, boron and cane sugar molasses,
pressing the mixture into self-supporting shapes, calcin-
ing said shapes in a non-oxidizing atmosphere, continmu-
ously introducing said calcined shapes through an inlet
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portion of a reaction chamber having inlet and outlet
portions, passing the said shape through a high tempera-
ture zone in said chamber wherein said shapes are heated
to a selected temperature. in the range of 2000° to 3000°
C., while maintaining the shapes as self-supporting solid
bodies, to cause at least part of the carbon to combine
with the oxygen of said shapes to form carbon mon-
oxide, removing the carbon monoxide gas out of contact
with the shapes through a gas outlet at a point removed
from said inlet and outlet portions of said reaction cham-
ber and in a zone wherein the temperature is above ap-
proximately 1500° C., holding said shapes at said se-
lected temperature until reaction equilibrium is reached,
continuously passing the shapes through said outlet por-
tion, and then cooling the shapes at a rate sufficient to
prevent back reaction thereof.
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