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*PRODUCTION of ZIRCONIUM NITRIDE 
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Metal:Hydrides. Incorporated, Beverly, Mass, a 
corporation of Massachusetts 

::Application: March 2, 1945, Serial No.580;689 

This invention:relates to-zirconium: nitride and 
ghas...for sits object certain improvements in the 
imethod: of producing zirconium nitride. 

(It is: customaryin: the production of zirconium 
nitride' to passe-a-stream of nitrogen-or-ammonia, 
?over a heated-body of the:zirconium:metal-to-be 
traitrided. ..If the zirconium metalis in a form of 
*Substantials-size, there: is a tendency...for the 
traitriding:action to takes place; only at the surface. 
If the surface, of the zirconium is not clean sand 
-clear of an oxide. Coating, for example, the nitrid 
sing; action: is greatly inhibited. To overcome 
these difficulties, the zirconium is used in finely 
fdivided form and; special precautions are taken 
to assure clean metallic surfaces on the individual 
iparticles. There is a marked tendency for fusion 
of the non-nitrided zirconium particles...to take 
'place due-to-excessive exothermic.heat generated 
by the zirconium that is nitrided. As fusion of 
&the non-nitrided-zirconium sets, in, the particles 
sagglomerate, and then merge into-a-larger...body, 
-which may stake in substantially, all of the par 
ticles of Zirconium and zirconium-nitride. ..In 
addition, the zirconium tends to fuse against the 
scontainer in which the nitriding reaction is con 
ducted. The net result, is: to obtain an imper 
ifectly-nitrided-zirconium product, contaminated 
With-the-metal of the container, in the form of 
a fused. mass-that, cannot: be removed from the 
container without great difficulty. This method 
is: inefficient...and costly, 
...As.a.result of my...investigations, I have discov 

tiered...a...relatively, effieient-and-inexpensive.method 
of-producing. zirconium: nitride of...high. quality. 
The necessary.finely-divided metallic. zirconium 
is obtained by the reduction of a finely divided 
zirconium compoundina suitable reaction cham 
her. Ehe freshly reduced zirconium-particles are 
then-converted to the desired zirconium nitride 
in the same.reaction...chamber as part of the same 
goperation. 
Jn...accordance-with...the-invention, a charge of 

finely, divided:zirconium compound, such as the 
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air and moisture, the reaction zone and charge 
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are: advantageously heated to a suitable elevated 
;temperature: as 'evacuation takes place. While 
the reductions; operation maybe, conducted:while 
...the-reaction Zone and charge are under Wacuum, 
the springing of a leak in the reaction chamber 
is apt to result promptly in the seepage of outside 
air and moisture' into the chamber. This unde 
sirable result, may beavoided by breaking the 
vacuum to admit an inert gas, such as helium 
ior aegon, to the reaction zone. iFEnough inert gas 
is admitted to place:the reaction zone and charge 
under-substantial positive pressure, for example 
5::pounds. If the 'reduction :chamber should 
"spiring: a leak,:inert gas would tend to-seep from 
...the chamber to: the outside atmosphere...and thus 
prevent. air-and-moisture fromiseeping into the 
reaction chamber. 'i Tomaintain this balance, the 
positive pressure:of the inertigas inithe chamber 
is maintained 3 by ithe gadmission iof further 
amounts of inert: gas, if:necessary. 

: Among the reducing gagents that; maybe tem 
“ployed. to reduce the:zirconium; compounds are 
3the alkaline earthimetals-Calcium, barium and 
strontium-and-magnesium. Among the reduc 
ring metals compounds:that may be employed...are 
athe: reducing metal hydrides; such as the hydride 
of the alkaline earth metals, and particularly cal 
ricium hydrides because of its 3 availability. The 

30 Jchargesis::preferably formed of intimately: ad 
mixed, and finely divided particles; of zirconiunin 
compound cand:reducing 'metal compound, such 
:as a reducing metal hydride, for example, calcium 
hydride, or reducing metal, the reducing:agent 

35 being used in sights: excess; in other "Words, 
slightly more than that theoretically required to 
effect reduction of all of theizirconium-compound 
present in the charge. . . . . 

Ehe charge in the reaction zonesis: heated to a 
240 itemperature sufficiently, high to initiate is and 

oxide, chloride and iodide, and a suitable reducing 
agent, such as a reducing, metal or reducing metal 
compound, is confined, in a reaction zone. The 
charge is heated to a temperature-sufficiently high 
to reduce the:zirconium, compound. Nitrogen, or 
annonia: is then-'admitted to the reaction, Zone 
and the reduced. Zirconium is converted to its 
nitride. 

: According to; a presently preferred practice of 
the invention;...the reaction 1zone and charge are 
Slubjected-to-a Vacuum to remove objectionable 

50 

&complete the reduction-operation. Since the zir 
iconium geompound and the: reducing agent are 
present in the charge infinely divided form, the 
:resulting reduced zirconium is also in the form of 

its finely divided particles distributed through the 
*resulting, nass of finely...divided compound of the 
reducing: agent. 
To illustrate: a "practice of the invention, the 

; starting material advantageously, is finely, divided 
zirconium dioxidespigment, which as made today 
is of -high purity. Since a reducing metal such 
as metallic calcium, for example, cannot at pres 
ent be converted readily into a finely divided form 
for intimate...-admixture with the finely-divided 

Rair;andiaeisture..To aidin, the removal of the -55.2irconium dioxide, it is preferable to use. Imag 
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nesium, which can be converted readily into a 
finely divided form, for example granules. Fur 
thermore, there is less tendency to generate an 
excessive amount of heat When the agnesium 
lreacts With the zirconium dioxide, thus eliminat 
ing or minimizing the problem of fusing the 
resulting reaction mass. 
In the case of a charge of intimately admixed 

Zirconium dioxide pigment and finely divided 
magnesium metal particles, the reduction opera 
tion results in finely divided zirconium metal 
particles distributed throughout a mass of re 
fractory magnesium oxide particles. The re 
action may be indicated as follows: 

Nitrogen or ammonia is admitted to the re 
action Zone while the charge is still hot to con 
vert the reduced zirconium metal to its nitride. 
The freshly reduced Zirconium particles present 
Substantially clean metallic surfaces, and are 
therefore in optimum condition for nitriding. 
The reduced zirconium particles are converted 
by the nitrogen or annonia to Zirconium nitride. 
The alternative reactions may be indicated aS 
follows: 

There is a considerable evolution of heat aS 
the nitriding reaction takes place so that the 
temperature of the charge may be quickly ele 
wated. Since the reduced Zirconium particles are 
widely distributed and held more or less sepa 
rately in the mass of refractory compound of 
the reducing metal, there is little opportunity for 
non-nitrided zirconium particles to fuse together. 
The reduced zirconium particles are widely dis 
tributed and held more or less separately in the 
resulting mass of refractory magnesium oxide. 
Even though there is a considerable evolution of 
heat as the nitriding reaction proceeds and the 
temperature of the charge rises appreciably, the 
fusing together of the zirconium particles is in- -: 
hibited because they are separated from One an 
other by the protective particles of magnesium 
Oxide. 

Due to the presence of a slight excess of the re 
ducing metal, traces of oxygen present in the 
charge and reaction zone combine with the re 
ducing metal and therefore protect the reduced 
zirconium as well as the newly formed zirconium 
nitride. A certain amount of the nitrogen may 
also combine with any reducing metal left over. 
For this reason, it is preferable to use the re 
ducing metal only in slight excess, particularly 
when it is desired to obtain a high purity Zir 
conium nitride product, although this is not so 
important in cases where the nitride of the re 
ducing metal may be readily leached from the 
main zirconium nitride. Thus, magnesium 
nitride, if formed, may be leached from Zir 
conium nitride in the leaching step described 
below. 
In a presently preferred practice, the inert gaS 

is retained in the reaction chamber as the nitro 
gen or ammonia, is admitted. Regulated amounts 
of nitrogen or ammonia, may then be annitted to 
regulate the rate of nitriding and hence the rate 
of generation of exothermic heat. Objectionable 
overheating of the charge may thus be pre 
vented. 
To facilitate the reduction operation or the 

nitriding operation, or both, the charge may be 
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4. 
mixed as it takes place. A special mixing device 
may be used for the purpose, or the charge may 
be suitably tumbled. 

If the nitriding agent is annonia, it dissociates 
at the high temperatures employed, and the de 
sired nitriding action then takes place. It is 
thought by some that nascent nitrogen resulting 
from the dissociation of the ammonia has a 
greater afinity for the zirconiuin metal than nor 
mal nitrogen. My investigations lead me to be 
lieve that when annonia, is dissociated at high 
temperatures, it results in pure nitrogen and pure 
hydrogen; the pure hydrogen reacts with and re 
moves traces of Surface oxide on the Zirconium 
metal particles to be nitrided, thus providing 
clean metallic surfaces; and the pure nitrogen 
then reacts with the zirconium metal particles 
to form zirconium nitride. In other words, the 
hydrogen of the ammonia appears to function as 
a scavenging agent which purifies the zirconium 
metal particles for reaction with the nitrogen. 
The resulting reaction mass is permitted to 

cool, say to room temperature, in its atmosphere 
of nitrogen, after which the zirconium nitride is 
suitably separated from the compound of the re 
ducing agent. This may be done, for example, 
by crushing the reaction mass, if necessary, and 
leaching out the compound of the reducing agent 
with a suitable solvent, such as a dilute Solution 
of a suitable acid, for example hydrochloric, Sud 
furic or acetic acid, or a solution of an am 
monium salt. The wet zirconium nitride is then 
dried and stored for use. 
These and other features of the invention Will 

be better understood by referring to the accom 
panying drawing, taken in conjunction with the 
following description, which illustrates diagram 
matically an apparatus usable in a practice of 
the invention. 
The apparatus shown comprises a pot retort 

iO suitably suspended within a furnace having 
a heating chamber 2 with a conduit 3 near the 
bottom through which to introduce heating gases 
into the chamber, and a flue opening 4 near the 
top thereof through which to remove spent gases 
from the chamber. The retort is advantageously 
made of heat-resistant steel. It is provided with 
a removable cover 5, which may be bolted to a 
fiange 6 extending circumferentially around the 
open end of the retort, a gasket being dis 
posed between the two to provide a non-leaking 
joint. The retort is suspended in the chamber 
by means of a plurality of spaced supports fB 
extending circumferentially of the retort between 
the flange and the top of the furnace. 
The cover is provided with a pipe 9 having a 

valve 9 for the controlled passage of nitrogen 
or ammonia, a pipe 20 having a valve 20' con 
necting the other pipe for the controlled passage 
of inert gas, such as helium or argon, into the 
retort; a charging conduit 2 to supply titanium 
compound, such as titanium dioxide pigment, and 
a reducing agent, such as magnesium, to the in 
terior of the retort. As shown, the conduit is 
fitted with three spaced valves 22, 23 and 24, to 
provide an evacuating passageway 25 and a tap 
26 of sufficient size to receive a substantial charge, 
for example, of intimately admixed zirconium di 
oxide pigment and magnesium 2. A pipe 28 with 
a valve 29 connects the evacuating passageway 
With a source of Vacuum, not shown. 
A mechanical mixing device 30 fits within the 

interior of the retort. It is provided with a ver 
tical shaft 3, the upper end of which extends 
through the cover and is suitably held in position 
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by a hearing 32 and: ai collar. 335 secured: to the 
Shaft. The upperend of the shaft is:also equipped: 
With a pley 3, connectible: with as Sorce of: 
power, not: shown. The lower part of the shaft is, 
fitted, with: a plurality of lateral supports. 35: to 
Whichi is attached at helical metallic: ribbon, 3. 
adapted to; follow; the contour of the inside of 
the retort.So as to raise charge materials.confined: 
therein along:the inside surface of the retart, and 
then to roll thiem toward. the center, thereby in 
timately mixing the charge materials. 
A discharge conduit. 43 connects. With the bot 

to otheretort and extends through the biottom 
of the furnace;. A valve; 4) is provided in the 
conduit beli W. the furnace botton for the removal 
of residues from the retort. - 
In accordance. With a practice of the: invention, 

cover 5 is appropriately. bolted to; flange: S: to 
assure a sealed joint. Feating gases are passed 
through conduit. 3. into, heating chamber 2, so 
that the bottom of retort C is heated. Spent 
heating gases: escape. throughs flue opening 4. 
Walves. 23, 23, and 29 are opened and valves 9, 
20', 22 and 4 are closed until, the air, moisture 
and other gaseous products are evacuated from 
the interior of the retort. This may be accom 
plished by connecting conduit;23 with a vacuum 
pump, not shown. To hasten...the evacuation step, 
the temperature of the interior of the retort is 
Suitably raised. The charge may also he mixed, 
by rotating, device 30 as it is placed under vacuum 
to help remove air and moisture., 
Gn completion of the evacuation step, valves. 24 

and 29 are closed, valve 22 is opened and charge 
2 of Zirconium dioxide and magnesium; in sight 
excess; is...passed into conduit 2 and dropped into 
trap 26; after which valve 22 is closed and valve 
29 is opened to evacuate" air and moisture from 
trap:26 and charge.2. Walves;23;and 29 are then 
closed and Valve 24 is opened so that the charge 
is dropped into the retort. 

Additional heating gases are passed into heat 
ing chamber 2 to raise the temperature of the 
charge Within retort le) to a temperature at which 
the reduction of the zirconium dioxide by the 
magnesium may proceed satisfactorily. Device 
30 is rotated to mix the charge intimately. While 
the temperature may be checked in various ways, 
it is practical to employ a hollow shaft 3, in 
which is placed a suitable thermocouple. 

In a presently preferred practice, valve 20' is 
opened, after charge 2 is dropped into retort O 
and waive 2 is closed, to admit inert gas, such 
as helium). Or argon, Or both, in amount Sufficient 
to place and naintain the reaction Zone under 
Substantial positive pressure, for example 5 
pounds. The charge is then heated and mixed 
before and during the reduction reaction. 
As the zirconium dioxide particles are reduced, 

the resulting metallic zirconium particles are dis 
tributed throughout the resulting mass of mag 
nesium oxide particles. The magnesium oxide 
particles tend to separate the reduced zirconium 
particles. In other Words, the Zirconium particles 
have limited opportunity to contact one another 
because they are suspended in a mass of mag 
nesium oxide particles. 
Walve 9 is then opened to admit controlled 

amounts of nitrogen gas or annonia, to the inte 
rior of the retort. Unless the temperature of the 
reaction mass Within the retort is insufficient to 
initiate the nitriding reaction between the freshly 
reduced zirconium particles and the nitrogen or 
ammonia, introduction of further heating gases 
into the heating chamber is terminated. As 
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pointed out above; the reaction between zirconium: 
and nitrogen is an exothermic One and, unless 
special:precautions are taken, objectionable:Over 
heating tends; to; take place; thereby causing 
fusion...of the zirconium particles and impairnest. 
of the nitriding reaction. To prevent: this; un 
desirable result, the Zirconium particles are 
nitrided as they are: distributed in and anong the 
magnesium, Oxide particles. In a preferred pract 
tice; the inert, gas is retained in the retort so that 
the-nitrogen of ammonia, may be admixed and 
diluted thereWith. If the inert gas; in the retort 
is maintained;atian:Optimum pressure; thie amount 
of exothermic heat, released by the nitriding ree. 
action may be controlled by regulating the rate:at 
which nitrogen: or ammonia, is admitted to; the 
retort. This may be: done:automatically by feed 
ing additional amounts of nitrogen:oranmonia:to 
the retOt. When the pressure. Within the reto 
falls below a predetermined level, but not in: 
anotat... to exceed... a predetermined; ievel; the 

- range being Such as to limit the supply: of nitro, 
gen. Ol' annoia. to, an anotunt, Which is insuf. 
ficient to raise the temperature to an objections. 
able extent. A sufficient amount of nitrogen, or . 
annonia: is: thus admitted to effect; complete cont 
version of the educed zirconium to zirconium 
nitride. The nitriding reactionis:completed when 
there is nos call, for additional nitrogen: or an 
monia. * 

Theretort; and its; contents are then, permitted 
to cool: Walves 9 and 2 are closed and cover 
5. is removed. The zirconium nitride andmag. 
nesium oxide - are then removed from the retort, 
This may be: done:by opening valves 4, and rotat 
ing the mixing device, when, the reaction, mass 
is discharged through, conduit; 4. The reaction. 
maSS is. Crushed; if desired, and leached with 
dilute acid; such as hydrochloric, sulfuric or 
acetic acid, or a solution of an ammonium salt. 
The acid or annonium salt dissolves out the 
magnesium oxide, as Well as any magnesium ni 
tride that may have formed, leaving the zir 
conium nitride, which is dried and stored for 
US, 

It will be clear to those skilled in this art 
that the above example is only by way of illus 
tration; that the practice of the invention read 
ily lends itself to a number of useful modifica 
tions; and that the invention offers a relatively 
efficient and inexpensive method of producing 
zirconium nitride. 

Reference may be made to my three (3) co 
pending applications filed March 2, 1945, which 
also relate to metal nitrides: Serial Nos. 580,687; 
580,688; and 580,690; the claims of which are 
directed broadly to the production of metal 
nitrides and Specifically to the nitrides of titan 
ium and tantalum, respectively. 

claim: 
1. A method for producing zirconium nitride 

Which comprises confining in a reaction Zone a . 
charge of an intimate mixture in finely divided 
form of zirconium oxide and a metal containing 
reducing agent capable of forming a refractory 
metal oxide by reduction of the zirconium oxide, 
heating the charge. Sufficiently high to reduce the 
zirconium oxide by reaction. With said reducing 
agent and form a reaction mass in which finely 
divided particles of zirconium metal are distrib 
uted and held in a mass of particles of refrac 
tory oxide, then admitting to the reaction Zone 
a gas selected from the group consisting of ni 
trogen and ammonia, and converting the Zir 
conium metal to zirconium nitride while dis 
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tributed and held in the protective refractory 
Oxide. - 

2. A method for producing zirconium nitride 
which comprises confining in a reaction ZOne a 
charge of an intimate mixture in finely divided 
form of zirconium oxide and a netal hydride, 
heating the charge sufficiently high to reduce 
the zirconium oxide by reaction with said metal 
hydride and form a reaction mass in which finely 
divided particles of zirconium metal are distrib 
uted and held in a mass of particles of refractory 
oxide, then admitting to the reaction Zone a gas 
Selected from the group consisting of nitrogen 
and annonia, and converting the 2irconium 
metal to zirconium nitride while distributed and 
held in the protective refractory oxide. 

3. A method for producing zirconium nitride 
which comprises confining in a reaction Zone a 
charge of an intimate mixture in finely divided 
form of zirconium oxide and a reducing metal, 
heating the charge sufficiently high to reduce the 
zirconium oxide by reaction with said reducing 
metal and form a reaction mass in which finely 
divided particles of zirconium metal are distrib 
uted and held in a mass of particles of refrac 
tory oxide, then admitting to the reaction Zone 
a gas selected from the group consisting of ni 
trogen and ammonia, and converting the Zir 
conium metal to zirconium nitride while distrib 
uted and held in the protective refractory oxide. 

4. A method for producing zirconium nitride 
which comprises confining in a reaction Zone a 
charge of an intimate mixture in finely divided 
form of zirconium oxide and calcium hydride, 
heating the charge sufficiently high to reduce 
the zirconium oxide by reaction with said cal 
cium hydride and form a reaction mass in which 
finely divided particles of zirconium metal are 
distributed and held in a mass of particles of 
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refractory oxide, then admitting to the reaction 
ZOne a gas selected from the group consisting of 
nitrogen and ammonia, and converting the zir 
Conium metal to Zirconium nitride while distrib 
uted and held in the protective refractory oxide. 

5. A method for producing zirconium nitride 
which comprises confining in a reaction zone a 
charge of an intimate mixture in finely divided 
form of Zirconium oxide and magnesiun, heat 
ing the charge sufficiently high to reduce the zir 
conium oxide by reaction with said magnesium 
and form a reaction mass in which finely divided 
particles of zirconium metal are distributed and 
held in a mass of particles of refractory oxide, 
then admitting to the reaction zone a gas selected 
from the group consisting of nitrogen and am 
monia, and converting the zirconium metal to 
Zirconium nitride While distributed and held in 
the protective refractory oxide. 

PETER P. ALEXANDER. 
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