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1
PREPARATION OF HIGHLY PURE TITANIUM
TETRACHLORIDE FROM ILMENITE SLAG

BACKGROUND OF THE INVENTION

The major uses of titanium tetrachloride at this time
are for the manufacture of titanium dioxide pigments
and for titanium metal production. Rutile is now the
primary source of titanium tetrachloride since titania
slags derived from the smelting of the other major com-
mercial ore of titanium, ilmenite, are not suitable for
chlorination but must be treated by the sulfate process.

World supplies of rutile appear to be limited and the
known rutile reserves within the United States are
small. However, large domestic reserves of ilmenite
and other titanium minerals such as perovskite and tita-
nite do exist. While ilmenite has been utilized for the
production of pig iron and of titanium dioxide pig-
ments, using the sulfate process, it has never been com-
mercially feasible to utilize ores such as perovskite as
a source of any titanium compounds. The high calcium
oxide content of both perovskite and titanite precludes
their use as feed for either the chloride or sulfate pro-
cess. The desirability of developing techniques for uti-
lizing ilmenite slags and other titanium ores to produce
titanium tetrachloride has long been recognized and
such techniques have been actively sought.

[t is an object of our invention to produce titanium
tetrachloride from ilmenite, perovskite, titanite and
similar ores.

It is another object of our invention to chlorinate a
crude titanium carbide concentrate to directly produce
a highly pure titanium tetrachloride product.

Yet another object of our invention is to separate ti-
tanium carbide from other metal carbides.

Other objects of our invention will be apparent from
the following description of our process.

In the accompanying drawings which illustrate spe-
cific embodiments of our invention;

FIG. 1 is a diagrammatic flow sheet of our process
utilizing ilmenite as a source of titanium for the produc-
tion of titanium tetrachloride. and

FIG. 2 illustrates a process modification appropriate
when utilizing perovskite or titanite as the titanium
‘source.

DETAILED DESCRIPTION OF THE INVENTION

In the broadest embodiment of our invention, cal-
cium and titanium oxides either in physical admixture
or chemical combination are reacted with carbon at
high temperature to form the respective carbides. The
mixed carbide product is then cooled, comminuted,
and reacted with water which decomposes calcium car-
bide to liberate particulate titanium carbide with the
concomitant production of acetylene gas and finely di-
vided calcium hydroxide. A titanium carbide concen-
trate is then recovered from the admixutre by physical
means such as by elutriation or tabling.

One of the important advantages of our process is
that it allows the use of a variety of titanium oxide con-
taining feed materials or ores. Preferred feed materials
include calcium oxide enriched ilmenite slag and natu-
rally occurring titanium compounds such as perovskite,
which has the nominal composition CaTiO3;, and tita-
nite which has the nominal. composition CaTiSiOs.
These last two ores, while having relative abundance,
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have never been successfully exploited as a source of
titanium and its compounds.

Other than rutile, the major ores of titanium are il-
menite and titaniferous magnetite. These ores are cus-
tomarily processed by smelting using a carbon reduc-
tant in an electric furnace to produce a salable pig iron
and a titania-enriched slag product. Such slags will typi-
cally contain about 70-75% TiO., 10-15% FeO and
other oxide impurities with the balance being mainly
the lower oxides of titanium. Oxide impurities found
will depend upon the ore composition but will usually
include a few percent each of silica, alumina and man-
ganese oxide. Alkaline earth oxides usually total less
than 1%. The slag is used in the manufacture of pig-
ments by the sulfuric acid digestion process but is un-
suitable for chlorination because of its high impurity
level.

In the smelting of ilmenite and similar ores, it is desir-
able to effect as complete an iron removal as possible
because this not only produces larger quantities of pig
iron product but also makes the slag more valuable.
However, as iron removal becomes more complete, the
slag liquidus temperature increases sharply. For exam-
ple, smelting of an Idaho ilmenite to a residual iron
oxide content of about 3% in the slag required operat-
ing temperatures of 1,600° to 1,700°C in order to ob-
tain fluid products which could be tapped readily from
the furnace. Adding calcium oxide as a fluxing agent to
the furnace charge resulted in a slag having essentially
the same residual iron oxide content but the slag liqui-
dus temperature was reduced to 1,325°C. Addition of
lime as a flux substantially improved the efficiency of
the smelting step but is impractical for use in the con-
ventional process since the resulting slag is undesirable
as a feed to a sulfuric acid digestion process because of
increased acid usage and product contamination due to
the calcium oxide content.

However, in our process, a high calcium oxide con-
tent is not only desirable but is necessary for efficient
operation. The carbiding step utilized in our process
results in the substantially complete conversion of all of
the metal oxides to their respective carbides. One
major exception is that of silica which tends to be vola-
tilized as SiO and passes from the reaction zone as a
gas. Hence the result is a mixture of carbides including
those of titanium, calcium, iron and aluminum. We
maintain the calcium oxide content of the charge to the
carbiding step sufficiently high to form a matrix of cal-
cium carbide within which titanium carbide is dis-
persed. Temperature of the carbiding step is main-
tained above the melting point of calcium carbide, or
above about 1,850°C, but substantially below the melt-
ing point of titanium carbide which is on the order of
3,150°C.

The mixed product from the carbiding step is cooled,
comminuted and is then reacted with water. Decompo-
sition of calcium carbide contained within the carbide
product to form acetylene and calcium hydroxide liber-
ates titanium carbide in particulate form. Separation of
the particulate titanium carbide from other compo-
nents of the water-reacted carbide mixture can readily
be accomplished using a variety of physical separation
techniques including elutriation, tabling and dry mag-
netic separation. Titanium content of the titanium car-
bide concentrate, reported as the metal, will typically
be about 65% corresponding to a titanium carbide con-
centration of about 80%. Graphite constitutes the
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major impurity along with small amounts of iron car-
bide and calcium hydroxide. Titanium recovery in the
titanium carbide concentrate, based upon titanium
content in the carbiding furnace charge, is on the order
of 85-90%.

The titanium carbide concentrate is a nearly ideal
feed material for chlorination to form an extremely
pure titanium tetrachloride product. Titanium tetra-
chloride is usually produced by the high temperature
chlorination of titanium dioxide concentrate, such as
rutile, in the presence of carbon. In the conventional
process, impurities such as iron oxides are also chlori-
nated and volatilized resulting in an undesirable con-
tamination of the titanium tetrachloride product. By
careful control of chlorination conditions we are able
to recover, directly from the chlorination step, an es-
sentially pure titanium tetrachloride product.

Reaction of titanium carbide with elemental chlorine
is exothermic and proceeds spontaneously at satisfac-
tory rates at temperatures as low as 225°C. Since the
normal boiling point of titanium tetrachloride is about
136°C, it passes readily from the chlorination zone as
a vapor and is recovered by condensation. With the ex-
ception of graphite, most of the other impurities con-
tained within the titanium concentrate, particularly
iron carbide and calcium hydroxide, are also chlorina-
ted at these conditions. By maintaining the chlorination
temperature below the melting point of the impurity
metal chlorides, they remain in the solid state during
the reaction thus effecting an essentially complete sep-
aration of titanium tetrachloride from the other constit-
uents. In a practical sense, this means that the chlorina-
tion must proceed at temperatures below the melting
point of ferric chloride which is about 306°C. Residue
from the chlorination step consists in major portion of
carbon along with smaller amounts of ferric chloride,
calcium chloride and a variety of other metal chlorides
depending upon the type of ore or feedstock utilized.
Those residual chlorides may be recovered by further
processing. For example ferric chloride may be recov-
ered from the chlorination residue by heating to a tem-
perature on the order of 350°C while passing an inert
gas through the residue to carry off the volatilized fer-
ric chloride. Other metal chlorides may be recovered
sequentially in like fashion leaving a carbon residue.
Alternatively, the remaining metal chlorides may be re-
covered by water leaching followed by conventional
wet chemistry separation techniques.

Referring now to the drawings, FIG. 1 depicts a sche-
matic flow diagram of one embodiment of our process.
An electric furnace 1 having electrodoes 2 connected
to a power source 3 is utilized for the smelting of a tita-
niferous, iron containing ore such as ilmenite. The tita-
niferous charge is introduced into the furnace via
means 4 as 2 mixture of a titaniferous ore such as il-
menite 5, a carbon reductant such as coke 6 and a flux-
ing agent 7 which may be either limestone or lime. The
components making up the furnace charge may be in-
troduced as separate proportioned streams but it is pre-
ferred to pelletize the mixture using small amounts of
a binder as is well known in the art.

Sufficient carbon must be provided to reduce all of
the iron contained in the charge to elemental form.
Amount of fluxing agent required is primarily depen-
dent upon the titanium oxide content of the ore but will
generally exceed 5% by weight of the furnace charge.
Smelting of the furnance charge takes place at temper-
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atures within the general range of about 1,300° to
1,700°C to yield a pig iron fraction 8 and a slag fraction
9, both of which are tapped from the furnace in a liquid
state. Smelting conditions are maintained sufficiently
severe to yield a slag having a residual iron oxide con-
tent of less than 5% and preferably less than 3%. A de-
tailed description of the electric smelting of ilmenite
concentrates is found in the Bureau of Mines Report of
Investigations 5170 (1955) and techniques described
therein are generally applicable to our process.

All of the fluxing agent added to the furnace charge
reports to the slag fraction. The calcium oxide contain-
ing slag fraction 9 s then charged to a carbiding fur-
nance 10 together with a source of carbon 11. The min-
imum amount of carbon added is that amount needed
to satisy the stoichiometric conversion of calcium and
titanium oxides present in the slag to their respective
carbides with concurrent evolution of carbon monox-
ide. In practice it has been found that actual carbon re-
quirements are about 110 to 150% of theoretical. Fur-
nace 10 may comprise an arc furnce or a shaft furnace
similar to those employed for the production of silicon
carbide. Carbiding temperatures are maintained above
the melting point of calcium carbide or above about
1,850°C. Calcium oxide content of the slag fraction
must be sufficiently high to form a semicontinuous and
preferably a continuous matrix of liquid around the
solid titanium carbide particles formed during the carb-
iding step. In order to form such a matrix, it is neces-
sary that the slag fraction contain at least about 10%
and preferably more than 15% calcium oxide by
weight. Calcium oxide content may range as high as
50% or more but little process advantage is gained at
these higher calcium oxide concentrations. We prefer
to operate our process with a calcium oxide content in
the slag within the range of about 20 to 35% by weight.

A mixed carbide product 12 is removed from furnace
10, is cooled and crushed and thereafter introduced
into reactor means 13 together with a water stream 14.
Reactor 13 comprises a closed vessel having agitation
means 15 and vent means 16 for removing acetylene
from the vessel. Reaction of calcium carbide with water
results in the production of acetylene gas, which may
be recovered as a valuable by-product of our process,
and the freeing of titanium carbide particles from the
matrix. Besides acetylene, the reaction products in-
clude calcium hydroxide in a very finely divided form.
After reaction of calcium carbide with water is com-
plete, the reaction slurry containing relatively large
particles of titanium carbide and substantially smaller
calcium hydroxide particles is passed via conduit
means 17 to separation device 18. Device 18 preferably
comprises an elutriation apparatus which is well suited
for at least a preliminary separation of titanium carbide
from other components in the slurry. Elutritation is fa-
vored for the separation step because the material at
this point in the process is in a water slurry. However,
other physical separation techniques including tabling
and dry magnetic separation were found to give essen-
tially equivalent results.

A titanium carbide concentrate 19 and a waste

‘stream 20 consisting mostly of calcium hydroxide are

recovered from the separation device. It is to be noted
that iron oxide contained in the slag fraction 9 is con-
verted substantially completely to iron carbide in the
carbiding step. Because of its relatively low melting
point, about 1,840°C for pure Fe;C, the iron carbide
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tends to be dispersed in the calcium carbide matrix. In
an elutriation separation, much of the iron carbide
present will appear in the waste calcium hydroxide
fraction. After dewatering, the calcium hydroxide frac-
tion may be recycled via means 2 as flux back to the
smelting step. Iron carbide present in the recycled cal-
cium hydroxide fraction will then be recovered in the
pig iron product of the smelting step.

The titanium carbide concentrate 19, recovered from
the separation step, will typically have a titanium con-
tent, reported as the metal, of about 65% or greater.
This corresponds to a titanium carbide concentration
of about 80%. Impurities in concentrate 19 consist
mostly of carbon in the form of graphite, several per-
cent of calcium hydroxide and small amounts of a vari-
ety of metal carbides.

After being dried, the titanium carbide concentrate
is introduced into chlorination zone 22 where it is con-
tacted with gaseous chlorine 23 to form a titanium tet-
rachloride product 24. Chlorination may be carried out
in any conventional type of gas-solid contacting device
which allows for rather precise temperature control.
The reaction between chlorine and titanium carbide is
exothermic and proceeds rapidly at temperatures as
low as 225°C. Most of the impurity metal carbides as
well as calcium hydroxide will also react with chlorine
at these conditions to produce the respective metal
chlorides. By maintaining the chlorination temperature
‘below the melting point of the impurity metal chlorides
formed, a very highly pure titanium tetrachloride prod-
uct is recovered. Essentially this means maintaining the
chlorination temperature below the melting point of
ferric chloride or below about 305°C. Allowing the
temperature to raise above the melting point of ferric
chloride causes a liquid film to form around the react-
ing particles thus effectively inhibiting further reaction.
If the chlorination temperature is increased somewhat
more, above about 320°C, then sublimination of the
ferric chloride occurs with resulting contamination of
the titanium tetrachloride product. In this manner, we
are able to avoid the severe problems of removing im-
purities from the titanium tetrachloride product which
are inherent in the conventional processes.

FIG. 2 illustrates another embodiment of our inven-
tion utilizing as a feedstock a naturally occurring tita-
nium ore such as perovskite or titanite. Both of these
ores contain substantial quantities of chemically bound
calcium oxide. The composition of perovskite, written
in oxide formula form, is CaO.TiO; while titanite com-
prises Ca0.TiO,.Si0,.

A calcium-containing titanium ore 30 is mixed with
carbon 31 and is formed into pellets by means of pellet-
izer 32. Pelletizing techniques are well known in the art
and pelletizer 32 may comiprise a conventional rotating
disc machine. Small amounts of binder materials such
as bentonite may be added to the mix in order to atiain
sufficient pellet strength to facilitate subsequent han-
dling. As with the ilmenite slag, carbon is added in an
amount somewhat in excess of that needed to satisfy
the stoichiometric conversion of calcium and titanium
oxides present in the ore to their respective carbides
based upon the oxidation of carbon to carbon monox-

ide.
- The pelleted mixture of titanium ore and carbon s
passed via means 33 to carbiding furnace 34 wherein
the pellets are heated to temperatures above about
1.850°C to form titanium carbide particles within a ma-
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trix of calcium carbide. A carbide fraction 35 is re-
moved from the furnace and, after cooling and crush-
ing, is introduced into decomposition reactor 36. Reac-
tion with water, introduced via 37, decomposes the cal-
cium carbide to produce acetylene which is removed
via 38. A water slurry of titanium carbide particles,
finely divided calcium hydroxide, unreacted carbon
and other minor components is then removed from re-
actor 36 and is passed via conduct 39 to separation
zone 40. Titanium. carbide fraction 41 is separated
from impurity fraction 42, which comprises mostly cal-
cium hydroxide, and is then passed to chlorination zone
43. In zone 43, the titanium carbide is contacted with
gaseous chlorine stream 44 to produce a titanium tetra-
chloride product 45.

The following examples are set out for the purpose of
more thoroughly illustrating the various steps and em-
bodiments of our process.

EXAMPLE 1

A sample of perovskite, obtained from an alkalic
stock intrusion near Powderhorn, Colorado, was ana-
lyzed. The sample contained 31.3% titanium, 21.4%
calcium and 6.1% iron, all reported as the metal.

A portion of the perovskite sample was mixed with
carbon and fused in a single phase, arc melting furnace.
the charge was fed to area between the electrodes by
means of a vibratory feeder at a rate consistant with
maintaining reaction temperature. Temperatures were
measured with a two-color ratio pyrometer which indi-
cated a temperature of approximately 2,400°C in the
area between the electrodes and about 1900°C at the
periphery of the fused mass. Upon completion of the
furnacing operation, the fused charge was covered with
charcoal and allowed to cool in the furnace.

When cool, the fused mass was crushed to —10 mesh
and a sample was analyzed with the following results:

Table 1
Componcent C Fe Ti Ca Si0, ALO; MgO
Per Cent 149 7.19 456 21.0 249 0.60 0.23

The remainder of the sample was added slowly to
water contained in a vessel equipped with a stirring de-
vice. Evolved acetylene was burned and the combus-
tion products were exhausted to the atmosphere. Par-
ticulate titanium carbide was recovered from the re-
sulting slurry based on differences in physical proper-
ties of the titanium carbide, hydrate lime and free car-
bon present.

EXAMPLE 2

After having proven that the carbiding and separa-
tion steps of our process were feasible, we next investi-
gated the effect of the perovskite to carbon ratio in the
furnace charge. The particular perovskite sample
which we were using required about 4.25 pounds of
carbon for the stoichiometeric conversion of 10 pounds
of ore to a mixture of calcium and titanium carbides.
This calculation was based upon a carbon oxidation to
the monoxide.

A series of tests were performed in which the carbon
to perovskite ratio in the furnmace charge was varied
from 4.25 to 6.0 pounds of carbon per 10 pounds of
ore. This corresponded to a ratio of 100 to about 140%
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of the stoichiometric carbon requirement. The mix-
tures were fused and allowed to cool in the manner de-
scribed in Example 1. The cooled, fused furnace prod-
uct was then crushed and reacted with water. A tita-
nium carbide concentrate was then recovered from the
resulting slurry by water elutriation. Amount of cal-
cium oxide remaining with the titanium carbide con-
centrate was taken to be a measure of product quality.
Calcium oxide content in the titanium carbide concen-
trate recovered from that test in which carbon addition
was stoichiometric was found to be 17.1% while in the
test in which carbon addition was 140% of stoichiomet-
ric, there remained but 3.23% of calcium oxide in the
concentrate.

EXAMPLE 3

Fused carbide was produced by the method of Exam-
ple 1 using a carbon to perovskite stoichiometric ratio
of 1.4 to 1. A part of the furnace product was crushed
to —% inch after cooling while a second part of the fur-
nace product was comminuted to —35 mesh. The two
samples were then reacted in water and a titanium car-
bide concentrate was recovered from each by water
elutriation. Titanium carbide obtained from the more
finely ground material was slightly but not significantly
higher in CaO content after separation than that ex-
tracted from the coarser material. We concluded that
the calcium carbide-water reaction proceeded satisfac-
torily without the necessity of fine grinding.

EXAMPLE 4

Fused carbide was produced by the method of Exam-
ple 1 using a carbon to perovskite stoichiometric ratio
of 1.4 to 1. After the furnace product was cooled, it was
crushed and a number of different samples were re-
acted with water. The resulting carbide and lime slur-
ries were then subjected to different separation tech-
niques. These separation techniques included short
term and long term water elutriation, tabling using a

" Deister quarter-deck table and dry magnetic separa-
tion. Results were as follows:

Table 11

Scparation Method Product Analysis, % Titanium

Ti CaO Recovery, %
Elutriation
(Short term) 54.2 1.37 84.9
Elutriation
(long term) 66.4 0.64 81.5
Tabling 57.2 2.94 82.2
Dry Magnetic 63.7 2.40 —

On the basis of these tests, we concluded that water
elutriation was our preferred separation technique be-
cause it produced a concentrate high in titanium, low
in calcium oxide and gave a good overall titanium re-
covery. An additional important advantage of water
elutriation is that the feed material to the separation
step is already in the form of a water slurry.

EXAMPLE 5

A titanium carbide concentrate obtained from an
elutriation separation, such as that described in Exam-
ple 4, was subjected to a screen analysis with the fol-
lowing results:
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Scrccri (Tyler) Mesh Percent Retained

48 3.1

65 10.7

100 25.2

150 17.2

200 16.3

270 9.9

—270 17.6

EXAMPLE 6

We next investigated the applicability of our process
to high-titania slags produced by the electric furnace
smelting of ilmenite. A slag sample was obtained from
a commercial source and an analysis was performed.
The slag was found to have the following composition:

Table IV
Composition, Percent
Ti Fe - CaO SiO, MgO AlLO,
Slag 49.3 2.48 0.1 3.09 4.87 1.49

A 10-pound slag sample was crushed to —35 mesh,
mixed with 8.6 pounds of lime and 14.3 pounds of car-
bon and was then fused in the same manner as was pe-
roskvite described in Example 1. The furnace product
was cooled, crushed, reacted with water and concen-
trated by water elutriation. About 86% of the titanium
charged was recovered in the titanium carbide concen-
trate which analyzed 65.3% titanium and 2.04% CaO.
X-ray diffraction analysis of the concentrate showed
the principal phases present to be titanium carbide and
graphite with calcium hydroxide present in barely de-
tectable amounts.

EXAMPLE 7

A titania slag-lime-carbon mixture of composition
similar to that of Example 6 was sintered for 3 hours at
1,450°C. The sintered material was crushed, reacted
with water and elutriated to yield a product which ana-
lyzed 26% titanium, 22% calcium oxide and 31% car-
bon. X-ray diffraction analysis was then performed on
the concentrate. Only minor amounts of titanium car-
bide were present with the bulk of the titanium appear-
ing as CaO.TiO,It is to be noted that carbiding of tita-
nium dioxide will take place as low as about 900°C.

EXAMPLE 8

In previous work with ilmenite smelting, it was found
that calcium oxide, added as a fluxing agent to the
smelting step, drastically lowered the slag liquidus tem-
perature. An ilmenite concentrate from Valley County,
Idaho had the following analysis:

Component Wt. % Component Wt %
TiO, 33.2 8i0, 3.20
FeO 29.8 Al,O4 .96
Fe,O, 27.6 CaO .20
MnO 3.22 MgO 09

Based upon X-ray diffraction analysis, the

sample con-
sisted primarily of ilmenite and hematite. )



3,899,569

9

Conventional smelting of this concentrate yielded a
slag of about 80 wt. 9% TiO, with a residual FeO content
of about 3%. However, the liquidus temperature of
such low-iron slags ranged from 1600° to 1700°C. Ad-
dition of 5 wt. % CaO (based on ilmenite content) as
a fluxing agent in the smelting step yielded a slag with
a FeO content of 3.1% but the liquidus temperature
was 1,325°C. Hence, calcium oxide addition is advanta-
geously made to the smelting step when the primary
feed material to our process is ilmenite.

EXAMPLE 9

A sample of titanium carbide concentrate, obtained
in the manner described in the previous examples, was
reacted with a pure chlorine stream at 250°C. Titanium
tetrachloride was produced at a rapid rate. The tetra-
chloride produced was collected by condensation; then
hydrolyzed and ignited to produce a titanium dioxide
product. By chemical analysis, this product contained
60% titanium or essentially pure TiO,. Qualitative
spectrographic analysis indicated only traces of impu-
rity metals. The unvolatilized chlorination residue was
mainly carbon with some rutile being present along
with small amounts of unreacted titanium carbide and
lesser quantities of various metal chloride.

The high purity titanium tetrachloride produced by
our process makes it admirably suited for titanium
metal production or for the preparation of high quality
pigments. Since the chlorination temperature is low,
problems associated with materials of construction in
the normal high temperature chlorination of rutile are
alleviated. In addition, the need for a purification step
to remove by-product chlorides from the titanium tet-
rachloride product is eliminated.

We claim:

1. In a process for the production of titanium tetra-
chloride by the reaction of elemental chlorine with a
titaniferous slag obtained from the smelting of ilmenite,
the improvement comprising adding a fluxing agent se-
lected from the group consisting of calcium oxide, cal-
cium hydroxide, and limestone to the smelting charge
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in an amount sufficient to yield a titaniferous slag con-
taining more than 10 percent calcium oxide by weight,
reacting said titaniferous slag with carbon at tempera--
tures above about 1,850°C to produce solid titanium
carbide particles in a liquid calcium carbide matrix,
cooling the mixture of calcium and titanium carbides,
crushing the mixture, and reacting it with water to de-
compose the calcium carbide with the formation of
acetylene and the release of titanium carbide particles
from the calcium carbide matrix, separating the tita-
nium carbide from solid residues produced in the de-
composition reaction and reacting the recovered tita-
nium carbide fraction with elemental chlorine while
maintaining the chlorination temperature below the
melting point of the impurity metal chlorides formed to
produce titanium tetrachloride.

2. The process of claim 1 wherein the calcium ox1de
content of said titaniferous slag is in the range of 10 to
50 percent by weight.

3. The process of claim 2 wherein the amount of car-
bon reacted with said titanium oxide and calcium oxide
containing material is in excess of that amount required
to satisfy the stoichiometric conversion of titanium and
calcium oxides to their respective carbides.

4. The process of claim 3 wherein said titaniferous
slag has a residual iron content, reported as FeO, of less
than 5 percent.

5. The porcess of claim 4 wherein a titanium carbide
concentrate is separated from the slurry formed by re-
action of water with the carbided titaniferous slag by
water elutriation.

6. The process of claim 5 wherein a second concen-
trate comprising calcium hydroxide is separated from
said water slurry and is recycled as a fluxing agent to
said smelting step.

7. The process of claim 5 wheren said reaction of tita-
nium carbide with elemental chlorine is performed at
a temperature below the melting point of ferric chlo-

ride.
& %k * * *
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