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Abstract
Kroll process for more than 50 years is a titanium-based production technology. The
primary product of titanium extraction is a titanium sponge, which requires complicated
processing. A variation of the Kroll process for the producing titanium/titanium aluminium
alloys and intermetallics is developed. The proposed technology is based on metallothermic
reduction of titanium tetrachloride and utilizes a molten flux layer acting as a smart
semipermeable liquid membrane. The intent is to improve the morfology of the titanium
deposits in the Kroll process by depositing titanium in molten form with the aim to potentially
produce titanium/titanium aluminium alloys more economically.
1. Introduction
The investigation is aimed at finding a better way of the production of metallic titanium
and titanium-aluminium alloys from titanium tetrachloride using metal reducers.
At present, metallic titanium and titanium alloys are produced by vacuum arc remelting
of sponge titanium (by the Kroll method) or of titanium powder (by the Hunter method), fig.1.
[1].
The production of metallic titanium and its alloys is a multi-stage process. Let us use
the Kroll method to illustrate it, [2,3].
 Production of a mass of sponge titanium from titanium tetrachloride by magnesium in
a reactor of confined volume, where to liquid magnesium and liquid titanium
tetrachloride are supplied. The reduction of titanium takes place in an inert environment
along with recurring removal of magnesium chloride (as a reduction product).
 Cooling and evacuation of the reactor to remove the magnesium and magnesium
chloride, aimed at the utmost purification of the produced sponge titanium.
 Extraction of the sponge titanium, partially welded onto the reactor wall, from the
reactor.
 Fragmentation (crashing) and manual sorting of the sponge titanium fractions followed
by their packing into sealed bags filled with an inert gas.
 Production of a titanium electrode sample for vacuum arc remelting by pressing the
sorted fractions of the produced sponge titanium.
 Vacuum arc remelting of the electrode made from the sponge titanium to produce
metallic titanium.
 Repeated vacuum arc remelting of the produced titanium ingot with alloying additions
to obtain the required titanium alloy.
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Fig. 1. Production of metallic titanium from sponge titanium by the Kroll method in the
reactor: a) sponge titanium production by the Kroll method; b) sponge titanium purification;
c) sponge titanium briquetting; d) electric arc remelting.
2. Presentation of the problem
In the course of the planned experiments, fig.2.we combine all the above-mentioned
stages, simplifying in this way the technology of titanium and its alloys’ production, in
particular, of titanium-aluminium alloys. For this purpose, we intend to create such conditions
in the reactor which would contribute to the reduction of titanium from titanium tetrachloride
by magnesium or by sodium as metal reducers, which implies creation of an inert environment
in the reactor by evacuating the reactor, filling it with argon, and, when heating a solid or a
liquid flux in the reactor, the reactor would be filled with the vapors of the melted flux. During
the experiment, the flux in the reactor is heated by a power supply source to a temperature more
that the titanium melting temperature, t = 1750°C – 1800 °C.
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Fig. 2. Schematic presentation of the experiment: 1 – reactor, 2 – electrode, 3 – mechanism
for controlling the electrode, 4 – metal cooling, 5 – alloying additions, 6 – bath (tank) with
water, 7 – thermocouple T1-T18, 8 – condenser, 9 – sodium supply, 10 - TiCl4 supply, 11 –
bath with liquid sodium, 12 – bath with liquid TiCl4, 13 – electric heater pipe, 14 - electrode
cooling; P1-P4 – pumps; P.M1-P.M3 – flow meter.
When titanium tetrachloride and liquid magnesium or sodium (as metal-reducers) are
supplied into the reactor by a dispenser, the reduction of titanium takes place in an environment
containing a mixture of the flux vapors and argon, above the surface consisting of the liquid
flux heated to the temperature t = 1750 – 1800 °C. All the reduced titanium as particles of
sponge titanium when magnesium is used as a metal-reducer, or as powder when sodium is
used as a metal reducer, is precipitated onto the surface of the liquid flux bath heated to the
temperature t = 1750 – 1800 °C, and a solid-to-liquid phase transition of the reduced titanium
occurs. This transition takes place as on the surface of the liquid flux as when the titanium
passes through the liquid flux.
Sponge titanium has the density 3.3 – 3.5 g/cm3. The liquid flux used in the experiment
must have a density lower than that of sponge titanium to provide the titanium pass through the
liquid flux bath. During the planned investigations, fluxes will be selected not only by their
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density with regard to that of sponge titanium but also by the value of surface tension of the
liquid flux as well as by other flux parameters which could affect the purity of the reduced
titanium casted during electroslag remelting.
In the experiments, the parameters of the processes occurring in the reactor and
determining the energy release during the reduction of titanium from titanium tetrachloride by
magnesium or by sodium will be analyzed.
TiCl4(liquid) + 2Mg(liquid) = Ti(liquid) + 2MgCl(liquid)

(1)

ΔHreaction = -393.9 kJ/mol

(2)

TiCl4(liquid) + 4Na(liquid) = Ti(liquid) + 4NaCl(liquid)

(3)

ΔHreaction = -726.85 kJ/mol

(4)

The processes occurring in the reactor and in the condenser when the products of the
titanium reduction by magnesium (magnesium chloride) or by sodium (sodium chloride) are
removed from the reactor into the condenser will be also examined, in particular, the variation
of the heat balance in the reactor at the removal of magnesium (or sodium) chlorides from it.
3. Conclusion
A basic scheme for investigation of the new method of the production titanium based
on a combination of Kroll (Hunter) and electroslag melting techniques is described.
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