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[57] ABSTRACT 

A method for the separation of a light reactive metal 
(e.g., zirconium) from a heavy reactive metal (e.g., 
hafnium) by forming insoluble nitrides of the metals in a 
molten metal solvent (e.g., copper) inert to nitrogen and 
having a suitable density for the light metal nitride to 
form a separate phase in the upper portion of the solvent 
and for the heavy metal nitride to form a separate phase 
in the lower portion of the solvent. Nitriding is per-
formed by maintaining a nitrogen-containing atmo-
sphere over the bath. The light and heavy metals may 
be an oxide mixture and carbothermically reduced to 
metal form in the same bath used for nitriding. The 
nitrides are then separately removed and decomposed 
to form the desired separate metals. 

16 Claims, 1 Drawing Figure 
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SEPARATION OF ZIRCONIUM-HAFNIUM BY 
NITRIDE PRECIPITATION 

SUMMARY O F T H E I N V E N T I O N A N D , 
OBJECTS 

It is an object of the present invention to provide a 
method for the separation of two or more metals reac-
tive with nitrogen to form nitrides of different densities 
by a phase separation technique. 10 

It is a particular object of the invention to provide a 
method of the above type for separating zirconium and 
hafnium or other mixtures of metals with similar chemi-
cal characteristics which render them difficult to sepa-
rate by chemical means. 15 

It is a further object of the invention to provide an 
economical method for simultaneously reducing mix-
tures of metal oxides and performing the foregoing 
separation. 

In accordance with the above objects, a method is 20 
disclosed for the separation of a light metal (e.g., zirco-
nium) from a heavy metal (e.g. hafnium), both reactive 
with nitrogen, from a mixture containing such metals. 
This mixture is dissolved in a molten metal solvent 
which does not readily form nitrides and which has a 25 
specific gravity between the nitrides of the two metals. 
The light and heavy metals are converted into nitride 
products insoluble in the solvent by maintaining a nitro-
gen-containing atmosphere over the molten metal sol-
vent. After this nitride reaction, the light metal nitride 30 
floats in a separate phase above or in the upper portion 
of the solvent while the heavy metal nitride sinks in a 
separate phase below or in the lower portion of the 
solvent. This technique is highly effective for separating 
relatively light zirconium metal f rom relatively heavy 35 
hafnium metal. These metals are dissolved in molten 
copper solvent and subjected to a nitrogen atmosphere. 
The zirconium forms an insoluble nitride which floats in 
the upper portion of the copper in a separate phase 
while the hafnium forms a nitride which sinks in a sepa- 40 
rate phase to the lower portion of the copper. 

The above two metal nitride phases may be separated 
from the molten metal solvent and formed into the 
corresponding metals by a number of different tech-
niques. For example, either the light or heavy metal 45 
nitrides may be removed from contact with the molten 
solvent and placed in contact with fres solvent metal 
and decomposed to metal form by lowering the nitro-
gen partial pressure; while the residual metal nitride 
remaining in contact with the solvent metal is corre- 50 
spondingly reduced to metal form by lowering the ni-
trogen partial pressure over the mixture. 

The present process is particularly effective for the 
carbothermic reduction of a mixture of metal oxides in 
the presence of carbon in a molten solvent and perform- 55 
ing the foregoing nitriding separation upon the reduced 
metals as part of the same overall reaction. Thus, the 
carbon and nitrogen-contaning atmosphere would be 
present simultaneously in the reaction vessel. 

Further objects and features of the present invention 60 
will appear from the following description and accom-
panying drawing in which the preferred embodiments 
are set forth in detail. 

B R I E F D E S C R I P T I O N O F T H E D R A W I N G 6 5 

The single F I G U R E is a schematic view of apparatus 
suitable for carrying out the process of the present in-
vention. 

D E T A I L E D D E S C R I P T I O N O F T H E 
P R E F E R R E D E M B O D I M E N T S 

I. Separation of Metal Oxides 

In one embodiment, an oxide of a light metal is sepa-
rated from an oxide of the heavy metal, both of which 
are reactive with nitrogen. As used herein, the terms 
light and heavy metals refer to relative densities of the 
nitrides of these metals with respect to each other. 
Thus, for example, in a mixture of zirconium oxide and 
hafinum oxide, zirconium is designated as the light 
metal even though it is relatively heavy (zirconium 
nitride density — about 7.0 ) while hafnium is desig-
nated as the heavy metal (hafnium nitride density — 
about 2.0). 

In accordance with this embodiment, carbon and the 
light and heavy metal oxides are reacted in contact with 
a molten metal solent, reduced to metal form in solution 
and converted into nitride products insoluble in the 
molten metal solvent. The density of molten metal sol-
vent is selected to be between that of the light and 
heavy metal nitrides so that the light metal nitride floats 
in a separate phase above the solvent and the heavy 
metal nitride sinks in a separate phase below the same. 

In the present process, the light and heavy metal 
nitrides from separate insoluble phases in the upper and 
lower portions, respectively, of the solvent metal sepa-
rated by a liquid metal barrier o f t h e solvent metal. The 
terminology of separate phases in the upper and lower 
solvent metal portions are intended to encompass metal 
nitride layers essentially free of solvent metal as well as 
layers of insoluble nitride particles dispersed in solvent 
metal in the interstices. In either situation, the presence 
of the liquid metal solvent barrier permits a clean sepa-
ration between the floating and sunk metal nitride lay-
ers. 

The disclosure of our aforementioned U.S. Pat. No. 
3,794,482, is incorporated at this point by reference. 
Briefly summarized, it discloses a technique for carbo-
thermically reducing an oxide of a "reactive" metal 
defined as a metal which readily reacts with carbon to 
form a corresponding metal carbide. This reduction is 
performed in a molten metal solvent which prevents the 
formation of carbides so that the reduction product is 
molten metal. The molten metal solvent is specified as 
one that lowers the activity of the reduced reactive 
metal formed during the reduction raction to a level 
below that required for the reactive metal to form a 
carbide under the reaction conditions prevailing in the 
system. Such molten metal solvent is capable of forming 
stable intermetallic compounds with the reactive metal. 
During this carbothermic reduction, the partial pressure 
of the carbon monoxide present over the reaction mix-
ture is maintained at a level below the equilibrium value 
for the reaction mixture as the reduction of the metal 
oxide takes place. 

The above patent also discloses a method for carrying 
out the carbothermic reduction in the presence of the 
nitrogen-containing atmosphere. The overall reaction 
which takes place in the solution is represented by the 
following generalized formula: 

M O ; ( i ) + 2C (s) +hN2(g) = MN ( j) + 2CO (g) ( 1 ) 

In the above and other equations employed herein, M 
represents reactive metal, (s) and (g) repesent solid and 
gaseous components, respectively. 
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Reaction (1) is the underlying reaction for the separa- solvent contained in a suitable reaction vessel together 
tion technique o f t h e present invention in which the with at least a stoichiometric amount of a carbon source 
light and heavy metal oxides are converted to corre- material. The carbon from the carbon source material 
sponding insoluble light and heavy metal nitrides in a preferably is added in moderate excess, e.g., 0.1 to 10% 
molten metal solvent having a density selected to be 5 or more above this stoichiometric requirement. Suitable 
between that of the two nitride products. carbon source materials include particulate carbon 

The method of this invention has utility for separating black, lamp black, charcoal, coke, graphite, petroleum 
the oxides of a wide variety of light and heavy metal gases, wood products and the like, 
oxides so long as the reactive metals react readily with To contain the various molten metal solutions em-
carbon to form the corresponding metal carbides and 10 ployed in accordance with the present invention, an 
the reduced metals react readily with nitrogen to form inert material, preferably graphite, is employed. Other 
the corresponding nitrides. This assumes the availability inert, refractory materials may be employed such as 
of an appropriate molten metal solvent. Suitable reac- boron nitride and beryllium nitride. For copper as a 
tive metals which fulfill this criterion include niobium, molten metal solvent, tungsten may be used for contain-
tantalum, plutonium, uranium, zironium, hafnium, tita- 15 ment. 
nium, boron, magnesium, chromium, manganese, vana- The reaction of the present invention is conducted at 
dium, silicon, aluminum, beryllium, and mixtures and elevated temperatures, e.g., ranging from about 600° to 
alloys thereof. 2300° K, a particular temperature chosen being at such 

Another criterior for suitable light and heavy reactive a state as to maintain the metal solvent in the desired 
metals is there be sufficient differences in the densities 20 liquid state and to provide the desired concentration in 
of the corresponding nitride products so that a molten the solution o f t h e metal formed from the oxide during 
solent of a single metal or an alloy of two or more met- the reaction which can range upwardly from 1 to 50 to 
als can be found with a density intermediate between 60% or more. The temperature of the solution influ-
that o f t h e light and heavy metal nitrides. e n c e s the activity of the reactive metal as well as its 

The molten metal solvent for metal oxide separation is 25 characteristics of forming nitrides and carbides in a 
essentially inert to the formation of a carbide or nitride manner that will be apparent t o those skilled in the art. 
under the conditions prevailing in the system as set A p r e f e r r ed temperature range is about 100° K to 1800° 
forth in more detail below. In addition, such molten K depending upon the solvent metal chosen. A pre-
metal solvent is characterized by the requisite inermedi- f e r r ed concentration of reactive metal in molten solvent 
ate density and a solubility for the reactive metal. For 30 m a y f a l l i n a r a n g e from 3 t o 5 0 % depending upon the 
very stable oxides, it is also desirable that the solvent economics of the system. The lower limit of molten 
metal have a tendency at lower temperatures to form m e t a j s o i v e n t is that which will form a liquid barrier to 
stable intermetallic compounds with the reactive metals separate the light and heavy metal nitrides into distinct 
reduced from the oxide in solution so that the acitivity phases and which will be sufficient to lower the activity 
of the metal when in solution may be reduced to a rela- 35 o f t h e r e a c t i v e metals to carry the reaction forward, 
tively low level such that it does not react with the H e a t i s s u p p i j e d to the unit as required by the use of 
carbon to form carbides under the conditions employed conventional means such as electrical induction, elec-
tor carrying out the process. This ability of a given t r o n b e a m heating or other heating methods, 
solvent metal to form such intermetallic compounds at j n t h e s t e p of reducing the reactive metal oxides to 
low temperatures appears to equate or correlate with 40 t h e corresponding metal in solution prior to the forma-
the ability of the solvent metal to reduce the activity of t i o n o f t h e nitride, the C O partial pressure is maintained 
the metal dissolved therein even at much lower temper- below the equilibrium value thereby promoting the 
atures. Depending upon the metal to be dissolved, a reaction and causing it to go to completion. Since a 
suitable molten metal solvent includes lead, zinc, bis- source of nitrogen is required for the nitriding step, this 
muth, cadmium, silver, copper, iron, and tin as well as 45 i s suitably accomplished by sweeping the gaseous head 
various alloys of these metals such as tin-lead, tin-bis- s p a c e above the reaction mixture with a gaseous nitro-
muth, tin-lead-bismuth, tin-cadium and cadium-lead. gen source material along or in combination with inert 
Alloying may be particularly important to obtain a g a s . This could be accomplished by recycling the nitro-
precise specific gravity between heavy and light metal g e n s o u r c e and stripping the carbon monoxide formed 
nitride products of similar densities. 50 during the reaction. Also, a partial vacuum may be 

Detailed description of the method for determining drawn for this purpose. The carbon monoxide equilib-
the activity of the light or heavy free metal formed rium v a l u e m a y b e determined by the following rela-
during the carbothermic portion of reaction (1) to avoid tionship: 
the formation of the corresponding metal carbide is set 

forth in detail in our aforementioned U.S. patent. As 55 K = Pc<?/pmui (2> 
stated therein, the requirement for avoiding the forma-
tion of reactive metal carbide is essentially removed in wherein K can be calculated from known A G values 
the present process where the oxide is reduced to the such as available in the literature for this reaction. In 
free metal form and simultaneously contacted with a most instances, the nitrogen partial pressure lies in a 
nitrogen-containing atmosphere for rapid conversion to 60 range of about 0.1 to 1.0 atmospheres to effect the de-
the nitride. Since the nitride is more stable than the sired nitride forming step. At these values, the carbon 
carbide in the temperature range of operation, the car- monoxide equilibrium pressures may be slightly greater 
bide formation is avoided. However, the use of a sol- or less than that which characterizes the reaction as 
vent of the foregoing type which is capable of forming conducted in the absence of nitrogen. Both reactions 
stable intermetallic compounds with the reactive metal 65 are temperature sensitive, (the CO partial pressure ris-
serves to lower the requisite amount of solvent. ing with temperature), and the CO partial pressure in 

In accordance with the present process, the light and the nitride reaction is slightly affected by the concentra-
heavy reactive metal oxides are fed to a molten metal tion of the reactive metal in the molten metal solvent. 
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tion mixture has a nitrogen partial pressure sufficient for 
conversion of the reactive metal oxides to the corre-
sponding nitride form. As used herein, the term "nitro-
gen-containing atmosphere" means a gaseous source of 5 
nitrogen for nitriding the metal. Suitable sources in-
clude nitrogen gas and ammonia gas. "Nitrogen partial 
pressure" quantities refer to either nitrogen gas or an 
equivalent amount of nitriding gas source, e.g., amonia 
gas. The nitrogen partial pressure may vary from 0.1 to io 
1 atmospheres or more depending upon the amount of 
nitrogen required for the reaction to proceed to comple-
tion at a desired rate. 

The present process may be carried out in either 
batch form or continuously. In the latter case, the ni- 15 
trides are continuously withdrawn from the system and 
the reactive metal oxide and carbon are continuously 
added to the same. 

The present invention is particularly adapted for the 
separation of ores contaning zirconium oxide and haf- 20 
nium oxide because of the difficulty in separating these 
metals by conventional chemical techniques and the 
substantial difference in the densiy of their correspond-
ing nitrides (zirconium nitride - 7.0; hafnium nitride -
12.0). The overall specific reactions which occur for 25 
these metals are set forth below in equations (3) and (4) 
which follow the generalized reaction of equation (1) 
above: 

Zr02(s) + 2C(s) +lNi(g) = ZrN (s) + 2CO(g) (3) 

HFOz(j) + 2C(s) + iN2(g) = HFN(s) + 2CO fe) (4) 30 

35 

40 

For this system, the solvent metal is preferably one 
which renders the chemical activity of the zirconium 
and hafnium under the prevailing conditions of temper-
ature and concentration which generally cooresponds 
to a solvent which forms stable intermetallic com-
pounds with such metals. Also, the molten metal sol-
vent should be inert to the carbon used for the carbo-
thermic portion of the reaction and to the nitrogen-con-
taining atmosphere employed to form the correspond-
ing nitrides. Another characteristic of the solvent is that 
it has a density intermediate between the zirconium and 
hafnium nitrides. A particularly suitable solvent which 
satisfies all of the above criterion is copper having a 
density on the order of 8.9. Tin may also be employed if 45 
the temperature is low enough that is is in a density 
form on the order of 7.3. However, to avoid the prob-
lems of errors in operation which could cause the tem-
perature to raise into an area where tin has a concentra-
tion less than that of zirconium, the tin may be alloyed 50 
with a second compatible metal such as nickel. 

Another particularly suitable system for separation in 
accordance with the present invention is an ore of mag-
nesium oxide and aluminum oxide because of the rela-
tively large difference in densities between their corre- 55 
sponding nitrides (magnesium nitride - 2.70; aluminum 
nitride - 3.40). 

It is apparent that if no single molten metal solvent 
possesses the desired density characteristics for the 
metal to be separated, an alloy of two or more metals of 60 
a precise desired density may be employed. In the case 
of two heavy metals, for example, a lead-tin alloy may 
be varied with precision between the density limits of 5 
to 11 depending upon the proportions of the different 
alloying ingredients. 

In the foregoing reaction, the coversion of the heavy 
and light reactive metal nitrides to metallic form may be 
accomplished by a number of different techniques. One 

common element in these techniques is that either the 
light or heavy reactive metal nitride or both are re-
moved from contact with the molten metal solvent 
prior to such conversion. Otherwise, the advantage of 
separating the nitrides into different phases is lost. 

For simplicity of description, the technique for con-
verting the light and heavy reactive metal nitrides to 
separate metal form will be described with reference to 
zirconium nitride and hafnium nitride, respectively. It 
should be understood that these techniques also apply 
to the other light and heavy reactive metal nitrides. In a 
continuous process, the solid zirconium nitride floating 
on the molten metal solvent may be continuously with-
drawn from the vessel as by skimming techniques and 
thereafter decomposed in accordance with the follow-
ing equation: 

ZrN—Zr + JN2 (5) 

65 

This reaction requires extremely high temperatures 
when not in contact with molten metal solvent. Plasma 
heating techniques have been developed which can 
directly decompose the nitride to the metal without use 
of a metal solvent. 

The separated zirconium nitride can also be con-
verted to the metal by mixing the same with molten 
metal solvent either from a fresh solution or by skim-
ming a sufficient quantity of solvent from the reaction 
vessel for this purpose. Any metal solvent may be em-
ployed in which the zirconium is soluble and which is 
readily separable, as by distillation. The decomposition 
reactions occurs primarily at the interface of the molten 
metal solvent and nitride. To increase the level of solu-
bility at this point it is preferably that the solvent em-
ployed for this decomposition reaction be capable of 
forming stable intermetallic compounds with the zirco-
nium. 

In a similar manner, the hafnium nitride which has 
settled as a separate phase to the bottom of the nitriding 
vessel can be continuously withdrawn and decomposed 
by either of the foregoing techniques. Briefly summa-
rized, where a molten metal solvent is employed, the 
solid hafnium nitride can be withdrawn as underflow 
along with a predetermined quantity of the molten 
metal solvent employed in the nitriding vessel. Alterna-
tively, fresh molten metal solvent may be mixed with 
the hafnium nitride or in admixture with the withdrawn 
molten metal solvent: 

In a batch reaction, either the zirconium or hafnium 
nitride can be removed from the reaction vessel. The 
remaining nitride can then be reduced in contact with 
the molten metal solvent employed for the nitriding 
reaction by reducing the partial pressure of nitrogen. 

In the foregoing decomposition techniques which 
utilize a molten metal Solvent, the separated zirconium 
and hafnium metals which are produced are each dis-
solved in a solvent. Accordingly, it is necessary to sepa-
rate such metals from the solvent. Of course, the molten 
metal solvent in contact with the reactive metal nitride 
during reduction to metal should be selected to be 
readily separable from the reduced metal. A number of 
techniques for accomplishing the separation as set forth 
in our U.S. Pat. No. 3,794,482 incorporated at this point 
by reference. In general, such techniques are based 
upon the principle of phase separation. For example, if 
there is a substantial difference in the vaporizing tem-
peratures between the metal solvent and the reactive 
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metal, the metal with a lower melting point may be 
distilled as under vacuum to perform a separation of the 
two metals. Other conventional solid-liquid or liquid-
liquid separation techniques may be employed to ac-
complish this separation. 5 

II. Separation of Metals 

The foregoing process relates to the separation of 
light and heavy reactive metals oxides by the carbother-
mic reduction to intermediate corresponding metals in a 10 
molten metal solvent and thereafter forming nitrides. 
However , the present invention also relates to the sepa-
ration of difficult to separate metals which have previ-
ously been reduced. In this instance, the process com-
prises the second stage of the foregoing reaction, 15 
namely, the formation of the metals into nitride prod-
ucts of differing densities in a solvent of intermediate 
density. Thus, the foregoing description applies to this 
process with the exception of the features as set forth 
below. 20 

In this embodiment, the method comprises the steps 
of dissolving a mixture of light and heavy metals reac-
tive with nitrogen in a molten metal solvent which does 
not form a nitride under the conditions prevailing in the 
system. T h e light and heavy metals are converted into 25 
nitride products insoluble in the solvent by maintaining 
a nitrogen-containing atmosphere over the molten 
metal solvent having a nitrogen partial pressure suffi-
cient for such conversion. In accordance with the fore-
going principles, the molten metal solvent has a specific 30 
gravity intermediate between that of the light metal 
nitride and heavy metal nitride so that the light metal 
nitride floats in a separate phase in the upper portion of 
the solvent while the heavy metal nitride sinks in a 
separation in the lower portion of the same. 35 

T h e concentrations of the light and heavy reactive 
metals in the molten metal solvent, the temperature and 
nitriding conditions and the techniques for decompos-
ing and recovering the pure metal f rom the nitride after 
separation are generally the same as those set for th 40 
above. 

That portion of the foregoing description relevant to 
reducing oxides to metal form has no application to this 
embodiment. Thus, there is no required carbon source 
material and no carbon monoxide is generated in the 45 
system. Suitable molten metal solvents for this purpose 
include lead, zinc, bismuth, cadmium, silver, tin, anti-
mony, cobalt, indium, mercury, nickel, tellurium, thal-
lium, and alloys and mixtures thereof. 

Referring to the drawing, a schematic view of appara- 50 
tus adapted to effect carbothermic reduction of a mix-
ture of reactive metals and separation of the same via 
intermediate nitride formation is illustrated. In order to 
simplify the description, the light metal will be specified 
as zirconium, the heavy metal as hafnium, and the mol- 55 
ten metal solvent as copper. A reactor vessel 10, suit-
ably including a graphite lining, is illustrated with heat 
supply by induction coils 11. Reactor vessel 10 is iso-
lated f rom the atmosphere by outer shell 12. T h e vessel 
initially contains copper in molten form. The metal 60 
oxide feed comprising hafnium oxide and zirconium 
oxide and the carbon source material are supplied to the 
reactor vessel through feed lines 13 and 14, respec-
tively, f rom mixer station 16. Optionally, the carbon 
source may be added separately to the vessel. 65 

A suitable gaseous source of nitrogen is supplied in 
recycle line 18 to the reactor vessel with make-up gas 
being fed through inlet line 19. If desired, the nitrogen 

gas on entering the melt may be admixed with an inert 
gas such as argon, helium or the like. Unreacted nitro-
gen gas along with carbon monoxide formed during the 
reduction reaction and inert gas employed are with-
drawn f rom outer shell 12 through recycling line 18. 
Carbon monoxide removed from the reactor in recycle 
line 18 is removed from the system by separator 17. T h e 
energy content of the carbon monoxide separated at this 
point may be recovered by burning. 

The above process is carried out with the stoichio-
metric excess of carbon to convert the zirconium oxide 
and hafnium oxide to metal form in the copper solvent. 
The zirconium and hafnium metal, which readily react 
with nitrogen, are rapidly converted to the correspond-
ing insoluble nitrides of densities such that the insoluble 
zironium nitride floats in a separate phase above or in 
the upper portion of the molten copper while the insolu-
ble hafnium nitride sinks as a separate phase below or in 
the lower portion of the solvent. 

In the embodiment of the drawing, the system is oper-
ated continuously with the withdrawal of the hafnium 
nitride as underflow f rom the system in line 20. T h e 
hafnium nitride may be treated as by leaching with an 
acid cleaning step or by high temperature distillation 
step to remove any residual entrained copper, if so 
desired, at this point. Then, the metal is directed via line 
20 to a decomposition vessel 21 which has been supplied 
with a suitable molten metal solvent, e.g., copper. T h e 
hafnium nitride is decomposed to hafnium metal by 
lowering the nitrogen pressure over the solvent in ves-
sel 21 as by drawing a vacuum. The hafnium metal 
forms an alloy with the copper solvent. After comple-
tion of this reaction as evidenced by complete dissolu-
tion of the nitride, the hafnium-copper alloy is directed 
to a distillation column 22 wherein the copper metal is 
distilled off for reuse as a solvent in vessel 21. Af ter 
distillation of copper is complete, the hafnium vessel is 
removed as pure metal. 

In a similar manner, the floating phase of zirconium 
nitride is removed from vessel 10 as by skimming 
through line 23 and directed to a decomposition vessel 
24 supplied with a suitable molten metal solvent. As 
with the hafnium, the nitrogen pressure is reduced in 
vessel 24 by application of a vacuum and the zirconium 
nitride is decomposed to zirconium metal which forms 
an alloy which is directed to distillation column 25. The 
molten metal solvent is distilled f rom the distillation 
column 25 and recycled to decomposition vessel 24. 
The zirconium metal is then recovered in pure form 
below the distillation column. If the metal solvent se-
lected for distillation columns 22 or 25 has a higher 
boiling point than the hafnium or zirconium, respec-
tively, the metal recovered is the distillate and the recy-
cled metal solvent is recovered f rom below the column. 

In order to more clearly disclose the nature of the 
present invention, a specific example of the practice of 
the same is given herein. It is to be understood, how-
ever, that this is done by way of example and is intended 
neither to delineate the scope of the invention nor limit 
that of the appended claims. 

E X A M P L E 
One gram of zirconium, one gram of hafnium and 

twelve grams of copper are mixed and heated to 1500° 
K to form a liquid alloy. This alloy is subjected to nitrid-
ing at one atmosphere for a period of 1 hour and then 
cooled to form an ingot. Upon splitting, the following 
three distinct layers were observed f rom top to bottom: 
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1. zirconium nitride free of hafnium, 
2. copper metal free of zirconium or hafnium, and 
3. hafnium nitride free of zirconium. 
We claim: 
1. In a method for the separation of a light metal 5 

reactive with nitrogen and a heavy metal reactive with 
nitrogen from a mixture containing the same metals, the 
steps of dissolving said mixture in a molten metal sol-
vent which does not form a nitride under the conditions 
prevailing in the system, converting the light and heavy 10 
metals into nitride products insoluble in said solvent by 
maintaining a nitrogen-containing atmosphere over the 
molten metal solvent having a nitrogen partial pressure 
sufficient for said conversion, said molten solvent hav-
ing a specific gravity sufficiently greater than said light 15 
metal nitride so that said last named nitride floats in a 
separate phase in the upper portion of said solvent, said 
metal solvent having a specific gravity sufficiently less 
than said heavy metal nitride so that said last named 
nitride sinks in a separate phase in the lower portion of 20 
said solvent, said metal solvent being present in suffi-
cient quantity to form a liquid barrier separating said 
light and heavy metal nitrides into distinct phases. 

2. A method as in claim 1 in which said light and 
heavy reactive metals are selected from the group con- 25 
sisting of niobium, tantalum, plutonium, uranium, zirco-
nium, hafnium, titanium, boron, magnesium, chromium, 
manganese, vanadium, silicon, aluminum, beryllium, 
and mixtures and alloys thereof. 

3. A method as in claim 1 in which said molten metal 30 
solvent is selected from the group consisting of lead, 
zinc, bismuth, cadmium, silver, tin, antimony, cobalt, 
indium, mercury, nickel, tellurium, thallium, and alloys 
and mixtures thereof. 

4. A method as in claim 1 in which said light reactive 35 
metal is zironium and said heavy reactive metal is haf-
nium. 

5. A method as in claim 4 in which said molten metal 
solvent is selected from the group consisting of copper, 
tin and alloys thereof. 40 

6. A method as in claim 1 in which said light reactive 
metal is magnesium and said heavy reactive metal is 
aluminum. 

7. A method for the separation of a light metal reac-
tive with nitrogen and a heavy metal reactive with 45 
nitrogen wherein said metals are in oxide form, which 
comprises the steps of reducing said oxides by reacting 
the same with at least a stoichiometric amount of a 
carbon source material in a molten metal solvent which 
does not form a carbide or nitride under the conditions 50 

prevailing in the system, converting the reduced reac-
tive metals into nitride products insoluble in said molten 
metal solvent by maintaining a nitrogen-containing at-
mosphere over said solvent having a nitrogen partial 
pressure sufficient for said conversion, said metal sol-
vent having a specific gravity sufficiently greater than 
said light metal nitride so that said last named nitride 
floats in a separate phase in the upper portion of said 
solvent, said metal solvent having a specific gravity 
sufficiently less than said heavy metal nitride so that 
said last named nitride sinks in a separate phase in the 
lower portion of said metal solvent, said metal solvent 
being present in sufficient quantity to form a liquid 
barrier separating said light and heavy metal nitrides 
into distinct phases. 

8. A method as in claim 7 in which the molten metal 
solvent is selected from the group consisting of lead, 
zinc, bismuth, cadmium, silver, tin, copper, iron and 
mixtures and alloys thereof. 

9. A method as in claim 7 in which said light and 
heavy reactive metals are selected from the group con-
sisting of niobium, tantalum, plutonium, uranium, zirco-
nium, hafnium, titanium, boron, magnesium, chromium, 
manganese, vanadium, silicon, aluminum, beryllium, 
and mixtures and alloys thereof. 

10. A method as in claim 7 in which said light reactive 
metal is zirconium and said heavy reactive metal is 
hafnium. 

11. A method as in claim 10 in which said molten 
metal solvent is selected from the group consisting of 
copper, tin, and alloys thereof. 

12. A method as in claim 7 in which said molten metal 
solvent is capable of forming stable intermetallic com-
pounds with the light and heavy reactive metals. 

13. A method as in claim 7 in which said heavy reac-
tive metal nitride is removed from contact with the 
molten metal solvent and decomposed to metal form. 

14. A method as in claim 13 in which the nitrogen 
partial pressure over said residual light reactive metal 
nitride and molten metal solvent mixture is reduced to a 
sufficient extent to reduce said nitride to metal. 

15. A method as in claim 7 in which said light reactive 
metal nitride is removed from contact with the molten 
metal solvent and decomposed to metal form. 

16. A method as in claim 15 in which the nitrogen 
partial pressure over said residual heavy reactive metal 
nitride and molten metal solvent mixture is reduced to a 
sufficient extent to reduce said nitride to metal. * * * * * 
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