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SYSTEM AND METHOD OF PRODUCING 
METALS AND ALLOYS 

RELATED APPLICATIONS 

[0001] This application, pursuant to 37 CFR 1.78(c), 
claims priority based on US. Provisional Application Ser. 
No. 60/416,611 Oct. 7, 2002 and US. Provisional Applica 
tion Ser. No. 60/327,865 ?led Oct. 9, 2001. 

BACKGROUND OF THE INVENTION 

[0002] This invention relates to the production and sepa 
ration of elemental material from the halides thereof and has 
particular applicability to those metals and non metals for 
Which a reduction of the halide to the element is exothermic. 
Particular interest exists for titanium, and the present inven 
tion Will be described With particular reference to titanium, 
but is applicable to other metals and non metals such as 
aluminum, arsenic, antimony, beryllium, boron, tantalum, 
gallium, vanadium, niobium, molybdenum, iridium, rhe 
nium, silicon osmium, uranium, and Zirconium, all of Which 
produce signi?cant heat upon reduction from the halide to 
the metal. For the purposes of this application, elemental 
materials include those metals and non metals listed above 
or in Table 1 and the alloys thereof. 

[0003] This invention relates to the separation methods 
disclosed in US. Pat. No. 5,779,761, US. Pat. No. 5,958, 
106 and US. Pat. No. 6,409,797, the disclosures of Which 
are incorporated herein by reference. The above-mentioned 
’761, ’106 and ’797 patents disclose a revolutionary method 
for making titanium Which is satisfactory for its intended 
purposes and in fact continuously produces high grade 
titanium and titanium alloys by introducing halide vapor(s) 
of the element or alloy to be produced into the liquid phase 
of a reducing metal, instantaneously to initiate an exother 
mic reaction and to control the temperature of the reaction 
products by providing excess amounts of reducing metal to 
absorb the heat of reaction. The present invention resides the 
discovery that by introducing the halide vapor(s) of the 
element or alloy to be produced into the liquid phase of a 
reducing metal Where the reducing metal is present in an 
amount equal to or less than the stoichiometric amount 
required to produce the elemental material (or alloy) coupled 
With extraneous cooling, if necessary, of the reaction prod 
ucts, continuous production of the elemental material (or 
alloy) can still be obtained, While preventing the produced 
material from sintering. 

[0004] Previously, the Armstrong process used excess 
reducing metal to absorb heat produced during the exother 
mic reaction resulting in a startling neW process. It is noW 
believed that using an excess of halide vapor to absorb some 
of the heat of reaction alone or in combination With extra 
neous cooling produces many of the bene?ts heretofore 
obtained With the process of the ’761, ’106 and ’797 patents. 
It is also believed that use of stoichiometric quantities of 
reducing metal and halide vapor in combination With extra 
neous cooling Will produce many of the bene?ts heretofore 
obtained With the process of the ’761, ’106 and ’797 patents. 

SUMMARY OF THE INVENTION 

[0005] Accordingly, it is an object of the present invention 
to provide a method and system for producing metals or non 
metals or alloys thereof by an exothermic reaction betWeen 
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vapor phase halides and a liquid reducing metal in Which 
excess amounts of the vapor phase halides are present to 
absorb some of the heat of reaction and the products 
produced thereby. 
[0006] Yet another object of the present invention is to 
provide an improved method and system for producing 
elemental materials or an alloy thereof by an exothermic 
reaction of a vapor halide of the elemental material or 
materials or halide mixtures thereof in a liquid reducing 
metal in Which excess vapor halide in combination With a 
sWeep gas is used to cool the products of the exothermic 
reaction and the products produced thereby. 

[0007] The invention consists of certain novel features and 
a combination of parts hereinafter fully described, illustrated 
in the accompanying draWings, and particularly pointed out 
in the appended claims, it being understood that various 
changes in the details may be made Without departing from 
the spirit, or sacri?cing any of the advantages of the present 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] For the purpose of facilitating an understanding of 
the invention, there is illustrated in the accompanying draW 
ings a preferred embodiment thereof, from an inspection of 
Which, When considered in connection With the folloWing 
description, the invention, its construction and operation, 
and many of its advantages should be readily understood and 
appreciated. 
[0009] FIG. 1 is a schematic representation of a system for 
practicing one method of the present invention; 

[0010] FIG. 2 is a schematic representation of another 
system for practicing another embodiment of the present 
invention; and 

[0011] FIG. 3 is a schematic representation of another 
system of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0012] Referring noW to FIG. 1 of the draWings, there is 
disclosed a system 10 for the practice of the invention. The 
system 10 includes a reactor 15 generally vertically dis 
placed in this example in a drop toWer vessel 16, the drop 
toWer 16 having a central generally cylindrical portion 17, a 
dome top 18 and a frustoconical shaped bottom portion 19. 
A product outlet 20 is in communication With the frusto 
conical portion 19. The reactor 15 essentially consists of an 
apparatus illustrated in FIG. 2 ofU.S. Pat. No. 5,958,106 in 
Which a tube through Which liquid metal ?oWs as a stream 
has inserted thereinto a halide(s) vapor so that the vapor 
halide(s) is introduced into the liquid reducing metal beloW 
the surface, preferably through a choke ?oW noZZle and is 
entirely surrounded by the liquid metal during the ensuing 
exothermic reaction; hoWever, it may be that because the 
amount of halide is either the stoichiometric amount neces 
sary to react With all the reducing metal or in excess of that 
amount, some surface reactions may occur. In such case, 
additional process steps may be required. 

[0013] A reducing metal inlet pipe 25 enters the reactor 15 
near the top 18 and a vapor halide inlet 30 also enters the 
drop toWer 16 near then top 18. HoWever, it Will be under 
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stood by a person of ordinary skill in the art that a variety of 
con?gurations of inlet conduits may be used Without depart 
ing from the spirit and scope of the present invention. 

[0014] As illustrated, there is an overhead exit line 35 
through Which vapor leaving reactor 15 can be draWn. The 
overhead exit line 35 leads to a condenser 37 Where certain 
vapors are condensed and discharged through an outlet 38 
and other vapor or gas, such as an inert gas, is pumped by 
a pump 40 through a heat exchanger (not shoWn) and line 41 
into the drop toWer 16, as Will be explained. 

[0015] For purposes of illustration, in FIG. 1 there is 
shoWn a reducing metal of sodium. It should be understood 
that sodium is only an example of reducing metals Which 
may be used in the present invention. The present invention 
may be practiced With an alkali metal or mixtures of alkali 
metals or an alkaline earth metal or mixtures of alkaline 
earth metals or mixtures of alkali and alkaline earth metals. 
The preferred alkali metal is sodium because of its avail 
ability and cost. The preferred alkaline earth metal is mag 
nesium for the same reason. 

[0016] The preferred halide(s) to be used in the process of 
the present invention is a chloride, again because of avail 
ability and cost. The metals and non-metals Which may be 
produced using the subject invention are set forth in Table 1 
hereafter; the alloys of the metals and non-metals of Table 
1 are made by introducing mixed halide vapor into the 
reducing metal. 

TABLE 1 

FEEDSTOCK HEAT kJ/g 

TiCl4 -5 
A1013 -5 
sbcl3 -4 
BeC12 —6 
B013 -8 
TaC16 -4 
vcl4 —6 
Nbcl5 -5 
MOP, - 10 

GaC13 -5 
Ur6 -4 
ReF6 -s 
ZrCl4 -4 
sicl4 -11 

[0017] All of the feedstocks (in various combinations) as 
chlorides or other halides in Table 1 result in an exothermic 
reaction With an alkali metal or alkaline earth metal to 
provide the halide(s) of the reducing metal and the metal or 
alloy of the halides introduced into the reducing metal. Ti is 
discussed only by Way of example and is not meant to limit 
the invention. Because of the large heat of reaction, there has 
been the problem that the reaction products fuse into a mass 
of material Which is dif?cult to process, separate and purify. 
Discussions of the Kroll and Hunter processes appear in the 
patents referenced above. 

[0018] The patents disclosing the Armstrong process shoW 
methods and systems of producing a variety of metals and 
alloys and non-metals in Which the heat of reaction resulting 
from the exothermic reaction is controlled by the use of 
excess liquid reducing metal. The reaction proceeds instan 
taneously by introducing the metal halide into a continuous 
phase of liquid reducing metal, otherWise described as a 
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liquid continuum, at the temperatures illustrated. The use of 
a subsurface reaction described in the Armstrong process has 
been an important differentiation betWeen the batch pro 
cesses and other suggested processes for making metals such 
as titanium and the processes disclosed in the Armstrong et 
al. patents. Nevertheless, the use of excess liquid reducing 
metal requires that the excess liquid metal be separated 
before the products can be separated. This is because the 
excess liquid reducing metal may explosively react With 
Water or is insoluble in Water Whereas the particulate prod 
ucts of the produced metal and the produced salt can be 
separated With Water Wash. 

[0019] By Way of example, When titanium tetrachloride in 
vapor form is injected into sodium liquid, an instantaneous 
reaction occurs in Which titanium particles and sodium 
chloride particles are produced along With the heat of 
reaction. Excess sodium absorbs suf?cient heat that the 
titanium particles do not sinter to form a solid mass of 
material. Rather, after the excess sodium is removed, such as 
by vacuum distillation suggested in the aforementioned 
Armstrong patents, the remaining particulate mixture of 
titanium and sodium chloride can be easily separated With 
Water. 

[0020] Nevertheless, vacuum distillation is expensive and 
it is preferred to ?nd systems and methods that Will permit 
the separation of the particulate reaction products of the 
reaction directly With Water Without the need of preliminary 
steps. This has been accomplished in the present invention 
by the discovery that using stoichiometric amounts of reac 
tants or excess halide vapor to absorb some of the heat of 
reaction, With our Without extraneous cooling, signi?cant 
advantages of the Armstrong process may be retained. For 
instance, using an excess halide vapor as a heat sink results 
in particulate products and only vapor phase halide Which 
can be efficiently and inexpensively removed so that the 
particulates accumulating at the bottom 19 of the reaction 
vessel or drop toWer 16 are entirely free of liquid reducing 
metal, thereby permitting the separation of the particulate 
reaction products With Water, obviating the need for a 
separate vacuum distillation step. 

[0021] In the reactor 15, as previously taught in the 
Armstrong patents, the continuous liquid phase of sodium 
(or other reducing metal) is established into Which the 
titanium tetrachloride vapor is introduced and instanta 
neously causes an exothermic reaction to occur producing 
large quantities of heat, and particulates of titanium metal 
and sodium chloride. The boiling point of sodium chloride 
is 14650 C. and becomes the upper limit of the temperature 
of the reaction products, Whereas the boiling point of tita 
nium tetrachloride is the loWer limit of the temperature of 
the reaction products to ensure that all excess titanium 
tetrachloride remains in the vapor phase until separation 
from the particulate reaction products. A choke ?oW noZZle 
also knoWn as a critical ?oW noZZle is Well knoWn and is 
used in the line transmitting halide vapor into the liquid 
reducing metal, all as previously disclosed in the ’761 and 
’106 patents. It is critical for the present invention that 
stoichiometric quantities of reactants With extraneous cool 
ing or that excess halide vapor such as TiCl4 be available 
With or Without extraneous coolants to absorb the heat of 
reaction to control the temperature of the reaction products. 

[0022] The vapors exiting the reactor 15 are draWn 
through exit line 35 along With an inert sWeep gas introduced 
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through the inert gas inlet 41. The inert gas, in this example 
argon, may be introduced at a temperature of about 200° C., 
substantially loWer than the temperature of the reaction 
products Which exit the toWer 16. The argon sWeep gas 
?oWs, in the example illustrated in FIG. 1, countercurrently 
to the direction of How of the particulate reaction products. 
The excess titanium tetrachloride vapor is sWept by the 
argon into the outlet 35 along With Whatever product ?nes 
are entrained in the gas stream comprised of argon and 
titanium tetrachloride vapor at an elevated temperature and 
transmitted to the condenser 37. In the condenser 37, heat 
exchange occurs in Which the titanium tetrachloride vapor is 
cooled to about 200° C. and recycled to the titanium 
tetrachloride feed or inlet 30 via line 38 and the argon is also 
cooled to about 200° C. temperature at Which it is recycled. 
It is seen therefore, that the inert gas preferably ?oWs in a 
closed loop and continuously recirculates as long as the 
process is operational. The product ?nes present in the 
condenser 37 Will be removed by ?lters (not shoWn) in both 
the titanium tetrachloride recycling line 38 and in the line 39 
exiting the condenser 37 With the inert gas. 

[0023] As the inert gas moves upWardly through the vessel 
or drop toWer 16, there is contact betWeen the colder inert 
gas and the reaction particulates Which are at a higher 
temperature. Excess titanium tetrachloride vapor exits the 
drop toWer 16 at an elevated temperature While the particu 
late product exits the reactor 15 at a temperature not greater 
than 1465° C. After being cooled by contact With the argon 
gas, the particulate product, in this example, leaves the 
vessel 16 and enters a cooler (not shoWn), to exit therefrom 
at about 50° C. Thereafter, the product may be introduced to 
a Water Wash to separate the metal particulates. The titanium 
particulates exit from the Water Wash for drying and further 
processing. 

[0024] It should be understood that although titanium is 
shoWn to be the product in FIG. I any of the elements or 
alloys thereof listed in Table 1 may be produced by the 
method of the present invention. The most commercially 
important metals at the present time are titanium and Zirco 
nium and their alloys. The most preferred titanium alloy for 
defense use is 6% aluminum, 4% vanadium, the balance 
substantially titanium. This alloy knoWn as 6:4 titanium is 
used in aircraft industry, aerospace and defense. Zirconium 
and its alloys are important metals in nuclear reactor tech 
nology. Other uses are in chemical processing equipment. 

[0025] The preferred reducing metals because of cost and 
availability are sodium of the alkali metals and magnesium 
of the alkaline earth metals. The boiling point of magnesium 
chloride is 1418° C. Therefore, if magnesium Were to be 
used rather than sodium as the reducing metal, then prefer 
ably the product temperature Would be maintained beloW the 
boiling point of magnesium chloride. The chlorides are 
preferred because of cost and availability. 

[0026] One of the signi?cant features of the present inven 
tion is the complete separation of the particulate reaction 
products from any left over reactants as the reaction prod 
ucts leave the reactor 15 thereby providing at the bottom of 
the drop toWer 16 a product Which may then be separated 
With Water in an inexpensive and uncomplicated process. If 
liquid sodium or other reducing metal is trapped Within the 
product particulates, it must be removed prior to Washing. 
Accordingly, the invention as described is an advance With 
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respect to the separation of the metal or alloy particulates 
after production as disclosed in the aforementioned Arm 
strong et al. patents and application. 

[0027] Referring to FIG. 2, there is disclosed another 
embodiment of the present invention system 110 Which 
includes a reactor 115 disposed Within a drop toWer 116 
having a cylindrical center portion 117, a dome topped 
portion 118 and a frustoconical bottom portion 119 con 
nected to a product outlet 120. A plurality of cooling coils 
121 are positioned around the frustoconical portion 119 of 
the drop toWer 116 for a purpose to be explained. 

[0028] As in the system 10 shoWn in FIG. 1, there is a 
metal halide inlet 130 and a reducing metal inlet 125 in 
communication With the reactor 115 disposed Within the 
drop toWer 116. An overhead exit line 135 leads from the 
dome top portion 118 of the drop toWer 116 to a condenser 
137 in ?uid communication With a pump 140. An excess 
vapor and product ?ne outlet 138 is also provided from the 
condenser 137. 

[0029] In operation, the system 110 is similar to the system 
10 in that a liquid reducing metal, for instance sodium or 
magnesium, is introduced via inlet 125 from a supply thereof 
at a temperature above the melting point of the metal, (the 
melting point of sodium is 97.8° C. and for Mg is 650° C.) 
such as 200° C. for sodium and 700° C. for Mg. The vapor 
halide of the metal or alloy to be produced, in this example 
titanium tetrachloride, is introduced from the boiler at a 
temperature of about 200° C. to be injected as previously 
discussed into a liquid so that the entire reaction occurs 
instantaneously and is at least initially subsurface. The 
products coming from the reactor 115 include particulate 
metal or alloy, and particulate salt of the reducing metal. 
Also, excess vapor halide of the metal or alloy to be 
produced may be present. In the system 110, there is no 
sWeep gas but the drop toWer 116 is operated at a pressure 
slightly in excess of 1 atmosphere and this in combination 
With the vacuum pump 140 causes any excess vapor halide 
leaving the reactor 115 to be removed from the drop toWer 
116 via the line 135. A certain amount of product ?nes may 
also be sWept aWay With the halide vapor during transpor 
tation from the drop toWer 116 through the condenser 137 
and the excess titanium tetrachloride vapor outlet 138. A 
?lter (not shoWn) can be used to separate any ?nes from the 
vapor in line 138. 

[0030] Cooling coils 121 are provided, as illustrated on the 
bottom 119 of the drop toWer 116. A variety of methods may 
be used to cool the drop toWer 116 to reduce the temperature 
of the product leaving the drop toWer 116 through the 
product outlet 120. As illustrated in FIG. 2, a plurality of 
cooling coils 121 may be used or alternatively, a variety of 
other means such as heat exchange ?uids in contact With the 
container or heat exchange medium Within the drop toWer 
116. What is important is that the product be cooled While 
the excess TiCl4 remains a vapor so that the vapor phase can 
be entirely separated from the product prior to the time that 
the product exits the drop toWer 116 through the product 
outlet 120. 

[0031] Referring noW to FIG. 3, there is disclosed another 
embodiment of the invention. A system 210 in Which like 
parts are numbered in the 200 series as opposed to the 100 
series. Operation of the system 210 is similar to the opera 
tion of the system 10 but in the system 210 an inert sWeep 



US 2006/0107790 A1 

gas ?oWs co-currently With the product as opposed to the 
countercurrent ?oW as illustrated in system 10 and FIG. 1. 
In the system 210 illustrated in FIG. 3, the gas How is 
reversed in comparison to the system 10. In the system 210, 
the sWeep gas such as argon, the excess (if any) titanium 
tetrachloride vapor, and the product of titanium particles and 
sodium chloride exit through the outlet 220 into a demister 
or ?lter 250. The demister or ?lter 250 is in ?uid commu 
nication With a condenser 237 and a pump 240 so that the 
excess titanium tetrachloride (if any) vapor and the argon 
along With Whatever ?nes come through the demister or 
?lter 250 are transported via a conduit 252 to the condenser 
237. In the condenser 237, the excess titanium tetrachloride 
vapor is cooled, the ?nes are separated While the argon or 
inert gas is cooled and recycled via the pump 240 in line 235 
to the drop toWer 216. The inert gas may have to be 
separated from excess titanium tetrachloride, Which can be 
accomplished by appropriate condensing of the TiCl4. The 
other apparatus of the system 210 bear numbers in the 200 
series that correspond to the numbers in the system 10 and 
100 and represent the same part functioning in the same or 
similar manner. 

[0032] It is seen that the present invention can be practiced 
With a sWeep gas that is either countercurrent or co-current 
With the reaction products of the exothermic reaction 
betWeen the halide and the reducing metal or Without a 
sWeep gas. An important aspect of the invention is the 
separation of any excess halide vapor prior to the separation 
of the produced metal and the produced salt. Because excess 
halide vapor is used as a heat sink or a cooling gas to control 
the temperatures of the reaction products due to the large 
heat of reaction, it is possible that conditions may be present 
Which do not occur With the processes taught in the Arm 
strong et al. ’761 or ’106 patents. For instance, When 
titanium tetrachloride is present in excess of the stoichio 
metric amount needed to react With the reducing metal, 
certain subchlorides, such as TiCl3 or TiCl2, may be formed. 
Subchlorides are to be avoided, since they may contaminate 
the produced titanium, requiring further processing. More 
over, it is possible that some of the reaction betWeen the 
reducing metal, for instance sodium, and the halide, for 
instance titanium tetrachloride, may not be subsurface. This 
is not preferred because the thermodynamics of a surface 
reaction are different than a subsurface reaction. 

[0033] Various alloys can be made using the process ofthe 
present invention. For instance, titanium alloys including 
aluminum and vanadium can be made by introducing pre 
determined amounts of aluminum chloride and vanadium 
chloride and titanium chloride to a boiler or manifold and the 
mixed halides introduced into liquid reducing metal. For 
instance, grade 5 titanium alloy is 6% aluminum and 4% 
vanadium. Grade 6 titanium alloy is 5% aluminum and 2.5% 
tin. Grade 7 titanium is unalloyed titanium and paladium. 
Grade 9 titanium is titanium alloy containing 3% aluminum 
and 2.5% vanadium. Other titanium alloys include molyb 
denum and nickel and all these alloys may be made by the 
present invention. 

[0034] Accordingly, there has been disclosed an improved 
process for making and separating the products of the 
Armstrong process resulting from the exothermic reaction of 
a metal halide With a reducing metal. A Wide variety of 
important metals and alloys can be made by the Armstrong 
process and separated according to this invention. 
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[0035] While there has been disclosed What is considered 
to be the preferred embodiment of the present invention, it 
is understood that various changes in the details may be 
made Without departing from the spirit, or sacri?cing any of 
the advantages of the present invention. 

The embodiments of the invention in Which an exclusive 
property or privilege is claimed are de?ned as folloWs: 
1. A method of producing an elemental material or an 

alloy thereof from a halide of the elemental material or 
halide mixtures comprising introducing the vapor halide of 
an elemental material or halide mixtures thereof into a liquid 
phase of a reducing metal of an alkali metal or alkaline earth 
metal or mixtures thereof present in less than or equal to the 
amount needed to reduce the halide vapor to the elemental 
material or alloy resulting in an exothermic reaction betWeen 
the vapor halide and the liquid reducing metal producing 
particulate elemental material or alloy thereof and particu 
late halide salt of the reducing metal, cooling the reaction 
products so that substantially all the particulate elemental 
material or alloy remains unsintered, and separating the 
particulate reaction products. 

2. The method of claim 1, Wherein the elemental material 
or alloy is one or more of Ti, Al, Sb, Be, B, Ga, Mo, Nb, Ta, 
V, Zr, U, Re, Si, Os, Ir and mixtures thereof. 

3. The method of claim 2, Wherein the reducing metal is 
an alkali metal. 

4. The method of claim 3, Wherein the reducing metal is 
Na. 

5. The method of claim 4, Wherein the elemental material 
or an alloy thereof includes titanium and the Na is ?oWing. 

6. The method of claim 2, Wherein the reducing metal is 
an alkaline earth metal. 

7. The method of claim 6, Wherein the reducing metal is 
Mg. 

8. The method of claim 7, Wherein the elemental material 
or alloy thereof includes titanium and the Mg is ?oWing. 

9. The method of claim 2, Wherein the alloy is substan 
tially Ti and Al and V and is formed by introducing the 
chlorides thereof as vapor into a liquid phase of a reducing 
metal. 

10. The method of claim 2, Wherein the particulate 
reaction products are cooled With an inert sWeep gas. 

11. The method of claim 9, Wherein the reducing metal is 
Na, the inert sWeep gas is Ar and the alloy is Ti-6% by 
Weight Al-4% by Weight V. 

12. The method of claim 9, Wherein the reducing metal is 
Mg, the inert sWeep gas is Ar and the alloy is Ti-6% by 
Weight Al-4% by Weight V. 

13. The method of claim 1, Wherein the temperature of the 
particulate elemental material or alloy thereof is maintained 
at or beloW the boiling point of the halide salt of the reducing 
metal. 

14. The method of claim 10, Wherein the inert sWeep gas 
?oWs countercurrently to the particulate reaction products. 

15. The method of claim 10, Wherein the inert sWeep gas 
?oWs co-currently With the particulate reaction products; 
and further including ?ltering the particulate reaction prod 
ucts from the sWeep gas. 

16. The method of claim 1, Wherein the particulate 
reaction products move in one direction and are cooled by 
contact With an inert gas ?oWing countercurrently to the 
particulate reaction products, the inert gas separating any 
excess vapor halide of the elemental material or halide 
mixtures thereof present from the particulate reaction prod 
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ucts before separation of the particulate halide salt of the 
reducing metal from elemental material or alloy thereof. 

17. The method of claim 16, Wherein the cooled particu 
late reaction products are contacted With Water to separate 
the halide salt of the reducing metal from particulate 
elemental material or alloy thereof. 

18. A method of producing a metal element or an alloy 
thereof in an exothermic reaction betWeen the chloride of the 
metal element or the chlorides of the constituents of the alloy 
and a reducing metal of an alkali metal or an alkali earth 
metal or mixtures thereof, comprising establishing a liquid 
phase of the reducing metal and introducing the Vapor 
chloride or Vapor chlorides of the metal or alloy to be 
produced into the liquid phase of the reducing metal in an 
amount equal to or less than the stoichiometric amount 
needed to react With the reducing metal to produce particu 
late reaction products of the metal element or alloy thereof 
and particulate chloride salt of the reducing metal and heat, 
cooling the reaction products to prevent sintering of the 
particulate metal element or alloy, and separating the cooled 
particulate metal element or alloy from the chloride salt of 
the reducing metal. 
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19. The method of claim 18, Wherein the particulate 
reaction products are cooled by contact With ?oWing gas 
cooler than the reaction products. 

20. The method of claim 19, Wherein the ?oWing gas is 
inert With respect to the particulate reaction products and 
?oWs through the particulate products to cool the particulate 
reaction products and to separate any chloride Vapor from 
the particulate reaction products. 

21. The method of claim 20, Wherein the metal element is 
Ti or alloys thereof or Zr or alloys thereof and the reducing 
metal is Na or an alkaline earth metal. 

22. The method of claim 21, Wherein the alkaline earth 
metal is Mg. 

23. The method of claim 21, Wherein the metal element is 
Ti. 

24. The method of claim 21, Wherein the alloy includes Ti 
and V and Al. 

25. The method of claim 18, Wherein any excess halide 
Vapor present is separated from the reaction products. 

26. A product made by the method of claim 1. 
27. A product made by the method of claim 18. 

* * * * * 


