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METHOD FOR REDUCING CHLORIDES AND A 
DEVICE THEREFOR 

This invention relates to a method for reducing a 
metal chloride and a device therefor, and more particu 
larly to a method and a device for reducing a hardly 
reducible chloride of sublimable metal which is dif 
ficult to reduce, such as zirconium tetrachloride, hafni 
um tetrachloride, and columbium pentachloride, by 
using a metallic reducing agent, e.g., magnesium and 
sodium. 

ln a conventional process for reducing such a 
sublimable metal chloride to the corresponding metal, 
the corresponding solid metal chloride is heated to 
generate vapor thereof in one portion of a retort, in 
another portion of which the vapor is reacted with a 
molten metallic reducing agent to form the metal. 
Since the vapor is continuously fed to the reducing por 
tion through a passage without regulating flow rate 
thereof, the reducing reaction can not be controlled 
and there is provided no means for indicating the ac 
complishment of the reaction. In addition thereto, the 
operation efficiency of the conventional process is 
limited by a fact that the metal chlorides have a com 
paratively small evaporating rate. 

Therefore, a principal object of the present invention 
is to provide an improved method and device for reduc 
ing a metal chloride, which can completely mitigate the 
aforesaid difficulties of the conventional processes and 
apparatuses. 

In order to ful?ll the aforesaid object, the present in 
vention comprises the steps of storing metal chloride in 
a tank, heating the metal chloride to evaporation, in 
troducing the resulting vaporous metal chloride into a 
reducing chamber which contains a molten metallic 
reducing agent and which is separated from and in 
communication with the metal chloride storage tank by 
a pipe which is heated and equipped with a suitable 
?ow regulator, and recovering the reduced and desired 
metal, the reaction rate being controlled by regulating 
the vaporous metal chloride ?ow rate into the reducing 
chamber with the use of said flow regulator. 
The inventor’s experience shows that even when the 

evaporation and reduction are performed in such 
separated chambers and the reducing reaction is con 
trolled by regulating the flow rate of the vaporous 
metal chloride, there are sometimes produced a metal 
product from which impurities can not be removed, 
such impurities being unreacted reducing agent and 
reaction by-products. Having studied such 
phenomenon, it has been found that this disadvantage 
is caused by the presence of a comparatively large 
amount of lower chlorides, for example zirconium 
bichloride, probably formed during the reduction 
operation and taken into the reduced metal. When 
heated, zirconium bichloride (ZrCl,) partially decom 
poses to form zirconium metal and zirconium 
tetrachloride vapor. As the zirconium metal so formed 
has a dense structure and entraps unreacted bichloride, 
further reduction of such entrapped bichloride 
becomes impossible. 
Thus another object of the present invention is to 

provide a method and a device for preparing a high pu 
rity metal free from such difficulties due to the lower 
chlorides. Such lower chlorides are probably formed by 
a partial reduction of the metal chloride by the reduc 

2 
ing agent deposited on the wall of the reducing 
chamber below the melting point of the reducing agent. 

According to the present invention, prior to the in 
troduction of the metal chloride vapor, the reducing 

5 chamber, especially the portion above the surface of 
the molten reducing agent, is kept at a temperature 
above the melting point of the reducing agent so that 
evaporated reducing agent may not be deposited. 
Other objects and advantages of the present inven— 

tion may be appreciated by referring to the following 
description, taken in conjunction with drawings, in 
which: 

FIG. 1 is a partial sectional side view of a conven 
tional reducing device; and 

FIG. 2 is a schematic side view, in section, of a reduc 
ing device, according to the present invention. ' 

Referring to FIG. 1, a conventional reducing device 
10' includes an outer cylindrical member 12' which is 
heated by a heating furnace 16’, which member 12' is 
sealed by a lid 14’ through a sealing ring 141'. The 
outer cylinder 12' has a support ledge 121' extending 
from the inner peripheral surface at a lower portion 
thereof, to support an inner cylindrical member 18’ for 
accommodating a metallic reducing agent, such as 
metallic magnesium or sodium. An inlet opening 181' 
is formed at a suitable portion of the inner cylindrical 
member 18', and a storage tank 22' for holding a 
sublimable metal chloride is disposed above the inner 
cylindrical member 18' through a comparatively thin 
intermediate member 20'. The storage tank 22' in 
cludes an outlet pipe 221’ directed toward a dispersing 
member 201' mounted in the intermediate member 
20’, which dispersing member 201' consists of, e.g., 
metallic screens, baf?e plates, or grids. 

In operation of the conventional reducing device of 
the aforesaid construction, the inner cylindrical 
member 18' accommodating a metallic reducing agent, 
e.g., metallic magnesium, is mounted in the outer cylin 
drical member 12’, and the inner cylindrical member 
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18' is evacuated or deaired. If desired, an inert gas, , 
such as argon, may be ?lled in the inner cylindrical 
member 18’ after the deairation. The intermediate 

45 starting metal chloride are mounted on the inner cylin 
drical member 18' within the outer cylindrical member 
12’. After sealing the outer cylindrical member 12' by 
mounting the lid 14' in place while inserting sealing 
ring 141' therebetween, the air in the outer cylindrical 
member 12' is removed, and if desired, an inert gas, 
e.g., argon, may be filled in the outer cylindrical 
member 12'. The outer cylindrical member I2’ is 
heated from the outside by the furnace 16', so that the 
metallic reducing agent in the inner cylindrical member 
18' is melted, and at the same time, the starting 
sublimable metal chloride, e.g., zirconium 
tetrachloride, is sublimated to generate gaseous zir 
conium ’ tetrachloride. The zirconium tetrachloride 
vapor passes through the outlet pipe 221’ and the 
dispersing member 201', e.g., screens, baf?e plates, or 
grids, until the vapor enters into the inner cylindrical 
member 18’ through the inlet opening 181'. Upon con 
tacting the metallic reducing agent, the starting metal 
chloride vapor, e.g., zirconium tetrachloride vapor, is 
reduced in the inner cylindrical member 18'. To 
remove byproducts in the reducing reaction, for in 
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member 20' and the storage tank 22’ preloaded with . 
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stance, magnesium chloride, a handle 24’ is turned for 
opening a related valve, so as to lead the byproducts 
produced in the inner cylindrical member 18’ to the 
bottom of the outer cylindrical member 12’. Another 
handle 26' is provided to allow a valve at the bottom of 
the outer cylindrical member 12’ to be opened for 
discharging the byproducts to an outlet conduit 28’. 
The residual or excess of the reducing agent remaining 
in the inner cylindrical member 18’ after the reaction 
may also be removed to the outside of the device 10’ in 
the same manner as the byproducts. After the reducing 
reaction is completed, the inner cylindrical member 
18’, which now holds the reaction product, is removed 
from the outer cylindrical member 12’ and transferred 
to the next re?ning device, e.g., vacuum distillation, for 
separating undesirable impurities, such as the still 
remaining byproduct and the residual reducing agent. 
With such known reducing device, the reaction is 

controlled only by regulating the heating temperature 
of the outer cylindrical member by the furnace, which 
furnace may include an upper heating portion and a 
lower heating portion. The temperature of the outer 
cylindrical member is, however, somewhat different 
from the actual temperatures of the starting metal 
chloride and the reducing agent. Accordingly, in prac 
tice, the temperature of the outer cylindrical member 
can be determined only by collecting empirical data, 
and experiments must be made for each case for ob 
taining such data. Besides, the temperature of the outer 
cylindrical member is difficult to control in response to 
changes in the reacting process. The reaction time 
necessary for processing each batch of material should 
be experimentally determined. With such known 
device, it is practically impossible to check the instan 
taneous reaction conditions during the reducing 
process, so that it has been necessary to limit the 
capacity of the reaction chamber to a comparatively 
small volume and to select only comparatively slow 
reacting speeds. 
The device, according to the present invention, will 

now be illustrated by referring to FIG. 2. The reaction 
device of the invention comprises a storage or a metal 
chloride vapor feeder 10A, which stores the starting 
metal chloride for generating its vapor upon heating, 
and a reaction chamber 108. The starting metal 
chloride vapor feeder 10A and the reaction chamber 
108 are separated from and communicated with each 
other only by a pipe means 10C. 
The metal chloride vapor feeder 10A includes a 

storage tank 14 and a heating furnace 18. The starting 
metal chloride material is delivered to the tank 14 from 
a source (not shown) through a conduit 12, in the form 
of a vapor, and the material is condensed and solidi?ed 
in the tank 14 by cooling it with a condenser coil 16, so 
that the solid material can be stored in the tank 14. 
Upon heating the tank 14 by the furnace 18, the 
material is again evaporated. 
The reducing or reaction chamber 108 consists of a 

heating furnace 24, an outer cylindrical member 20 
disposed in the furnace 24 and having a lid which is 
sealingly engageable with its top opening through a 
sealing means 221, and an inner cylindrical member 26 
supported within the outer cylindrical member 20 by 
legs 261. 
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4 
The pipe means 10C comprises a conduit 30 and a 

heater 32 for heating the conduit 30 to a certain tem 
perature within a specified range. Two valves, which 
are controllable by handles 34 and 36, are provided on 
pipe means 10C in the proximity of the opposite ends 
thereof, respectively. One end of the pipe means 10C 
communicates with the metal chloride vapor feeder 
10A, while the other or opposite end of the pipe means 
10C communicates with the inner cylindrical member 
26 of the reaction chamber 10B through an auxiliary 
pipe 262. Pressure or temperature gauges 10Al and 
1031 are mounted on the metal chloride vapor feeder 
10A and the reaction chamber 10B, respectively. 
The operation of the device of the invention with the 

aforesaid construction will now be described for the 
case of reducing zirconium tetrachloride by using 
metallic magnesium. It should be understood that the 
present invention is not restricted to such reduction of 
zirconium tetrachloride alone, but it relates to the 
reduction of various sublimable chlorides. The storage 
tank 14 is cooled by the condenser 16, through the inlet 
conduit 12 upon turning a handle 121. The zirconium 
tetrachloride delivered thus is condensed and stored in 
the tank 14. The amount of the solid zirconium 
tetrachloride to be stored in the tank 14 is not 
restricted to the volume of a batch to be consumed in 
one reducing process, and it is preferable to store as 
much material as possible in the tank. 

Metallic magnesium is loaded in the inner cylindrical 
member 26, either during the storing of the zirconium 
tetrachloride in the storage tank 14 or quite indepen 
dently of such storing of the starting metal chloride. 
Upon loading the inner cylindrical member 26, the 
reaction chamber 108 is evacuated to a high degree of 
vacuum, and then an inert gas, e.g., argon is ?lled in the 
reaction chamber 10B, until the pressure of the inert 
gas therein becomes greater than atmospheric pres 
sure. The reaction chamber 10B is heated by the fur 
nace 24 to keep it at 800° to 900° C. 
When the reaction chamber 103 is thus heated, the 

handle 121 of the inlet conduit 12 to the starting metal 
chloride vapor feeder 10A is closed and the storage 
tank 14 is heated by the furnace 18 to keep the tank at 
or above 350° C. The temperature and the pressure 
within the starting metal chloride vapor feeder 10A are 
monitored by the temperature or pressure gauge 10A,, 
and when a proper temperature is established and the 
pressure in the feeder 10A becomes sufficiently higher 
than the pressure of the reaction chamber 103, the 
handles 34 and 36 are turned to open the related valves 
for allowing the vapor of zirconium tetrachloride to 
move from the tank 14 to the reaction chamber 108 
through the pipe means 10C. During this movement of 
the starting metal chloride vapor, the heater 32 acts to 
keep the conduit 30 of the pipe means 10C at a tem 
perature above the sublimating temperature of the zir 
conium tetrachloride, which is 330° C at one at 
mospheric pressure and 355° C at two atmospheric 
pressures. It is important to keep the zirconium 
tetrachloride in the vapor form throughout the pipe 
means 10C, so as to prevent from deposition in the pipe 
means MC. 
The zirconium tetrachloride vapor thus delivered to 

the reaction chamber 108 is reduced by the reducing 
agent, i.e., metallic magnesium, loaded in the inner 
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cylindrical member 26. According to the present inven 
tion, the flow rate of the zirconium tetrachloride vapor 
through the pipe means 10C can be monitored by mea 
suring the temperature difference and the pressure dif 
ference between the starting material vapor feeder 10A 
and the reaction chamber 108, by using the gauges 
10A1 and 108,. With the knowledge of the flow rate of 
the zirconium tetrachloride vapor through the pipe 
means 10C, the reaction velocity and the reacting con 
ditions in the reaction chamber 10B can be controlled 
by regulating the flow rate through the pipe means 10C 
through the operation of the handles 34 and 36. The 
end of the reducing process can also be definitely 
determined by means of the gauges 10A1 and 10B,. 

Accordingly, with the reducing process of the 
present invention, the reaction velocity can be ac 
celerated within the safety and the durability range of 
the reducing device, and the amount of each batch can 
also be increased, so that the productivity of the reduc 
ing process can greatly be improved. 
The invention will now be described in further detail, 

by referring to the following manufacturing examples. 

EXAMPLE 1 

Zirconium tetrachloride vapor of 350° to 380° C is 
delivered to the storage tank 14 from a sublimating fur 
nace (not shown) through the inlet conduit 12 while 
turning the handle 121 for opening the related valve, 
and at the same time, cold air is forced through the 
cooling coil 16 by a blower (not shown) so as to reduce 
the temperature within the storage tank 14, whereby, 
zirconium tetrachloride was condensed and stored in 
the tank 14. In this Example, the inside volume of the 
tank 14 was about 2 m3 and was capable of storing 
5,000 to 7,000 Kg of zirconium tetrachloride. 

After storing a suitable amount of zirconium 
tetrachloride in the storage tank 14, the handle 121 is 
reversely turned to close the related valve, so as to stop 
the delivery of the vapor of zirconium tetrachloride. At 
the same time, the blower for the cooling coil was 
stopped. 
The storage tank 14 was heated to 350° to 380° C by 

the heating furnace 18, which was a kerosene furnace, 
for sublimating the zirconium tetrachloride in the tank 
14, until the inner pressure of the tank was 1.0 to 1.5 
Kg/cm”. 
On the other hand, the inner cylindrical member 26 

containing 700 Kg of metallic magnesium loaded 
therein is placed in the outer cylindrical member 20, 
and the lid 22 is mounted on the top opening of the 
outer cylindrical member 20 while sealingly inserting 
the silica sealing member 221, therebetween. The outer 
cylindrical member 20 is evacuated by a vacuum pump 
(not shown), and then argon gas is filled in the outer 
cylindrical member 20 at a gauge pressure of 0.2 
Kglcmz. The outer cylindrical member 20 was then 
heated at 830° C by the furnace 24 for 4 to 6 hours, 
until the metallic magnesium in the inner cylindrical 
member 26 was melted. When the outer cylindrical 
member 20 was heated, the argon gas pressure in 
creased, but the excess pressure was released to the 
outside, so as to maintain the inside pressure of the 
outer cylindrical member 20 at, about 0.2 to 0.5 
Kg/cm’. 
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6 
After the reducing device was thus prepared, the 

handles 34 and 36 were so turned as to open the related 
valves for delivering the zirconium tetrachloride vapor 
from the storage tank 14 to the inner cylindrical 
member 26 through the pipe means 10C. In this Exam 
ple, an outer cylinder 32 was formed around the con 
necting conduit 30 of the pipe means 10C, so that a 
suitable heating medium, i.e., hot “Dowtherm A 
(which is a trade mark for one of thermal transmitting 
mediums manufactured by Dow Chemical Company, 
of U.S.A., and which consists of a eutectic compound 
— m.p. 12° C, b.p. 257.7° C—prepared by composing 
biphenyl to biphenylether in a rate of 1:3 and is suitable 
medium for heating a substance to 250° to 400° C ),” 
was forced through the outer cylinder 32 for keeping 
the vapor through the pipe means 10C at 350° to 370° 
C. 

Thereby, the zirconium tetrachloride vapor 
delivered to the reaction chamber 10B disposed in the 
reducing furnace was reduced to metallic zirconium by 
the action of the metallic magnesium. The ?ow rate of 
the zirconium tetrachloride vapor through the connect 
ing conduit 30 was determined, based on the pressure 
differential between the gauge 10A1 on the storage 
tank and the outer gauge 10131 on the reaction chamber 
and the length and diameter of the connecting conduit 
30. If necessary, it is possible to control the handles 34 
and 36 in response to the flow rate thus determined, so 
as to maintain a constant reaction speed and a constant 
rate of production. Besides, the end of the reaction for 
each batch can easily and accurately be determined. 
Upon completion of the reducing reaction, a handle 

38 of the reaction chamber 103 was turned to open the 
related valve, for removing the residual metallic mag 
nesium and by-products including magnesium chloride 
and zirconium bi- and tri-chloride to the outside of the 
inner cylindrical member 26, and then another handle 
40 was turned to remove such residual metallic mag 
nesium and the byproducts to the outside of the reac 
tion chamber 108. As a result, 900 Kg of metallic zir 
conium sponge was produced in the inner cylindrical 
member 26. It proved that the reaction rate of over 48 
percent of zirconium tetrachloride was reduced to 
metallic zirconium by using about 68 percent of metal 
lic magnesium loaded. 

After removing the lid 22, the metallic zirconium 
thus produced was removed from the reaction 
chamber. The oxygen content in the resulting zirconi 
um sponge thus produced was less than 500 ppm, and is 
Brinnel hardness was not more than 120. 

EXAMPLE 2 

Zirconium tetrachloride was stored in the storage 
tank 14 and sublimated as in Example 1. The reaction 
chamber 10B was also prepared in the same manner as 
in Example 1 under the identical conditions. In this ex 
ample, an auxiliary heater (not shown) was mounted 
on the connecting conduit 30 at a suitable intermediate 
point thereof, for heating its vicinity (about 50 to 100 
cm in length) to about 450° C. The remaining portion 
of the connecting conduit 30 of the‘ pipe means 10C 
was kept at 350° to 3 80° C in a similar manner to that of 
Example 1. 
The flow rate of the zirconium tetrachloride vapor 

was determined by using thermometers mounted on the 
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two portions having different temperature, for measur 
ing the temperature variations of the zirconium 
tetrachloride vapor at such portions. The reducing 
reaction was controlled in response to the variation of 
the ?ow rate thus determined. 
The reducing reaction was carried out in the same 

manner as Example 1 in the reaction chamber 10B. By 
using 700 Kg of metallic magnesium, 950 Kg of zirconi 
um sponge was obtained in the inner cylindrical 
member 26, after removing the residual metallic mag 
nesium and the byproducts. The rate of over 98 percent 
of the zirconium tetrachloride fed was reduced to 
metallic zirconium by using about 71.9 percent of 
metallic magnesium loaded. The oxygen content of the 
resulting zirconium sponge was 0.03 to 0.05 percent, 
and its Brinnel hardness was 1 10 to 120. 

EXAMPLE 3 

Zirconium tetrachloride was reduced by metallic 
magnesium in a similar manner to that in Examples 1 
and 2, excepting that the reaction chamber 10B was 
prepared as follows: 
The inner cylindrical member 26 which accom 

modates 700 Kg of metallic magnesium as the reducing 
agent was heated by the furnace 24 in the following 
manner. 

In the first place, the upper portion of the furnace 24 
was heated until thermometers T1, T2 and T3 indicate 
800° C, while keeping the temperature of the lower 
portion of the furnace 24 less than the melting point of 
metallic magnesium (about 680° C) as indicated by 
thermometers T4 and T5. 

After thermometers T,, T2 and T3 reached to 800° C, 
the lower portion of the furnace 24 was heated so that 
the thermometers T4 and T5 indicate 800° C. The upper 
portion of the furnace was further heated to raise ther 
mometers T,, T2 and T3 reach to 850° C. 
The reducing agent, metallic magnesium was melted 

or by maintaining the furnace 24 said conditions for 4 
to 6 hours. 
The reducing reaction was then carried out to obtain 

a high purity zirconium sponge with a chlorine content 
of 0.03 — 0.05 percent and Brinnel hardness number of 
110-120 at 3,000 Kg. 

In the aforesaid reducing reaction, if a comparatively 
large amount of impurities consisting of lower chlorides 
is present in the final reaction product, it is sometimes 
extremely difficult to completely remove such impuri 
ties by vacuum distillation or the like. The inventors 
have found that such lower chlorides are formed due to 
the uneven temperature distribution in the reaction 
chamber, especially within the inner cylindrical 
member 26, during the melting process of the metallic 
reducing agent. 
For instance, when reducing the vapor of zirconium 

tetrachloride by metallic magnesium for producing 
metallic zirconium, if magnesium below its melting 
point is present within the inner cylindrical member 26, 
especially between the connecting conduit 30 and the 
surface of the molten magnesium, the evaporated or 
Sublimated magnesium vapor is forced to condense at 
such comparatively low temperature portion. When the 
handles 34 and 36 are so operated as to open the re 
lated values for delivering the vapor of the zirconium 
tetrachloride to the reaction chamber 108, the zirconi 
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8 
um tetrachloride vapor reacts with the metallic mag 
nesium according to the following chemical formulas, 
so as to produce the desired zirconium sponge, while 
forming magnesium chlorides as byproducts. 

It is preferable to effect the reaction between the zir 
conium tetrachloride and the metallic magnesium at 
the surface of the molten magnesium, because a high 
rate of contact can be achieved. It is, however, possible 
to effect such reaction in the gaseous phase spaced 
from the surface of the molten magnesium. In the case 
of the gaseous phase reaction, the metallic zirconium, 
zirconium chloride, and magnesium chloride produced 
during the reducing process deposit on the surface of 
the molten magnesium, so that the zirconium chloride 
may be further reduced by the molten magnesium. 
However, if the sublimated or evaporated magnesium 
should be recondensed at a comparatively low tem 
perature portion, the reaction products between the 
zirconium tetrachloride vapor and magnesium thus 
recondensed will deposit on the wall of the reaction 
chamber and stay there. As the reducing process ad 
vances, the surface of the molten magnesium rises, so 
that the reaction products deposited on the wall of the 
reaction chamber will be trapped in the molten mag 
nesium. The residual amount of the molten metallic 
reducing agent at such moment may or may not be suf 
ficient for effecting the complete reduction of the zir 
conium. As a result, the purity of the ?nal reduction 
product will be deteriorated. 
Another reason for the deterioration of the purity of 

the reaction product is that, if the zirconium produced 
in the early stage of the reducing process should be too 
dense, intermediate product in the succeeding stage of 
the process (e.g., zirconium bi-chloride) may often be 
entrapped in such zirconium sponge. The zirconium bi 
chloride may be decomposed according to the follow 
ing chemical formula during the subsequent high-tem 
perature vacuum distillation process. 

The zirconium tetrachloride formed thus may react 
with the residual magnesium remaining in the zirconi 
um sponge, but other lower chlorides formed in the 
re?ning process may be entrapped in such metallic or 
crystalline zirconium. Consequently, if the purity of the 
reduction product prior to the re?ning process is lower 
than a certain limit, it is impossible to obtain a metallic 
sponge with a high purity by the refining process. 

For instance, a test was made by reducing the zir 
conium tetrachloride to metallic zirconium by using 
metallic magnesium in the device, as shown in FIG. 2, 
while keeping the gaseous phase of the reducing metal 
at a comparatively low temperature. More particularly, 
the heating furnace 24 was controlled so that the tem 
peratures at Tl, T2, and T3 were 400° C, 500° C, and 
800° C, respectively. After the reduction, the excess 
metallic magnesium and the byproducts mainly consist 
ing of magnesium chloride in the inner cylindrical 
member 26 were removed from the inner cylindrical 
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member 26 and out of the outer cylindrical member 20 
to the outlet conduit 42, by properly operating the han 
dles 38 and 40 in the aforesaid manner. The reduction 
product or a crude zirconium sponge, which remained 
in the inner cylindrical member 26 after such removal 
of the residual material and the byproducts, contained 
0.5 to 1.0 percent of chloride, and could not be directly 
applied to the succeeding high-temperature vacuum 
distilation process. It was necessary to leach the crude 
zirconium sponge with a dilute sulfuric acid solution, 
until the chloride content of the crude zirconium 
sponge was reduced to 0.1 to 0.2 percent. The hardness 
of the zirconium sponge, which was made by applying 
the leaching and vacuum distillation, proved to be 150 
to 160 at 3,000 Kg. 
Another test was made by using a higher temperature 

at the reaction chamber, than that in the preceding test 
so as to ensure that the metallic reducing agent is kept 
at a temperature above its melting point but below the 
alloying temperature for making an alloy of the reduc 
ing metal and the metal forming the reaction chamber 
wall. More particularly, the heating furnace 24 was so 
controlled that its temperature at all the thermometers 
T1 to T3 were about 850° C and at thermometers T4 and 
T5 about 800° C. The reduction of the zirconium 
tetrachloride was effected while keeping the tempera 
ture distribution of the reaction chamber as described 
above. The zirconium sponge thus formed contained 
0.03 to 0.05 percent of chlorine immediately after the 
reduction, and the Brinell number of the zirconium 
sponge after the high-temperature distillation proved to 
be 110 to 120 as disclosed in Example 3. 
What I claim is: 
1. A method for reducing a metal chloride, compris 

ing providing a reducing chamber with a metallic 
reducing agent therein, delivering a vapor of the metal 
chloride to be reduced into a storage tank, condensing 
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the vapor in said tank, melting the metallic reducing ' 
agent, evaporating the metal chloride in said tank by 
heating, transferring the now vaporous metal chloride 
to the reaction chamber for reaction with the metallic 
reducing agent, and controlling the reaction by regulat 
ing the flow rate of the vaporous metal chloride to the 
reaction chamber. 

2. A method as claimed in claim 1 wherein said ?ow 
rate of the metal chloride vapor is determined by mea 
suring the temperature or pressure differential between 
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10 
the reaction chamber and the storage tank. 

3. A method as claimed in claim 1 wherein that por 
tion of said reaction chamber, at which the delivered 
metal chloride vapor encounters the surface of the mol 
ten metallic reducing agent, is kept at a temperature 
above the melting point of the metallic reducing agent 
but below the alloying temperature of the metallic 
reducing agent and the material of the reaction 
chamber wall. 

4. A method as claimed in claim 1 wherein said metal 
chloride is selected from the group consisting of zir 
conium tetrachloride, hafnium tetrachloride, and 
columbium pentachloride. 

5. A device for reducing a metal chloride, comprising 
a metal chloride vapor feeder including a metal 
chloride storage tank having a condenser, and a ?rst 
heating means surrounding the storage tank; a reducing 
chamber independent of and separate from said metal 
chloride vapor feeder and including an outer cylindri 
cal member, a lid capable of sealing the inside of the 
outer cylindrical member from the outside, an inner 
cylindrical member disposed within the outer cylindri 
cal member with a metallic reducing agent therein, and 
a second heating means surrounding the outer cylindri 
cal member; a pipe means connecting the metal 
chloride vapor feeder and the reacting chamber and in 
cluding a third heating means; and a measuring means 
for determining the flow rate of the metal chloride 
vapor through the pipe means. 

6. A device as claimed in claim 1 wherein said mea 
suring means comprises at least one thermometer or 
one pressure gauge mounted on the metal chloride 
vapor feeder and at least one thermometer or pressure 
meter mounted on the reaction chamber. 

7. A device as claimed in claim 1 wherein said reac 
tion chamber includes at least two thermometers and 
said second heating means is used to maintain the por 
tion of the inner cylindrical member within a tempera— 
ture range between the melting point of the metallic 
reducing agent and the alloying temperature of the 
metallic reducing agent and the metal of the reaction 
chamber wall. 

8. A device as claimed in claim 1 wherein said third 
heating means is operative to the connecting pipe 
means to a temperature above the sublimating tem 
perature of the metal chloride. 

* * * * * 
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