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‘ . 5 Claims.
1
This-inventionwrelates:to.zireonium: nitride - :and
shasfor.its-object .certain-improvements invthe
method of; producing -zireconium.nitride.
Jt:ds:eustomary; in.the.production of-zirconium

.Ritride=topass-a -stream of.nitrogen-or-ammeonia

aver-a-heated-body of the:zirconium.-metal-to:be
ipitrided. - If:the zirconium.metal:is in:a-.form.of
ssubstantial«size, there..is..a .tendency-.for..the
pitriding-action to.take:place-only.at.the surface.
f-the-surfaee. of the:zirconium.is.-not:clean-and
-elear.of an oxide.coating, for-example, the nitrid-
:ing; action-:is .greatly «inhibited. To .overcome
these difficulties, the zirconium is-used.in finely
rdivided: .form .and:speeial .precautions.are .taken
Jdo.assure clean.metallie surfaces.on-the individual
iparticles. - There.is a marked:tendency for-fusion
.of :the rnon-+nitrided zirconium . particles.to -take
splace:due-to.excessive. exothermic.heat generated
by the zirconium that is nitrided. .As.fusion.of
wthe.non-nitrided-zirconium .sets. in,. the.particles
-agglomerate.and then:merge: into.a-larger.body,
-which .may stake.in .substantially. all- 6f. the. par—
ticles..of .zirconium:and: zirconium. nitride. :
~addition,.the.zirconium tends. to.fuse against. the
sgontainer.in.which:the.nitriding.reaction is con-
-Queted. ‘The.net-result.is:to.obtain.an-imper-
Jfectly.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:inéfficient..and.ccstly.
~As.a:result of my.investigations,.I have discov-
=ered.a.relatively.efiieient-and.inexpensive. method
«of;producing . zireenium :nitride .of.. high..quality.
The necessary.finely:divided metallmmmomum
Js.obtained by .the reduction of.a finély divided
~zirconium compound.in-a.suitable reaction cham-
“her. .The freshly reduced zirconium,particles are
~then.converted .to.the desired zirconium.nitride
.in.the.same.reaction.chamber as, part Jof the.same
-pperation.
<Inzaccordance.with.the.invention,. a. charge, of
“finely:divided-zirconium  compound,.such.as.the
.oxide; chloride and.iedide, and a.suitableteducing

«agentysuch-asa:reducing metal or.reducing metal -4

~compound,-is .confined .in :a,.reaction zone.  The
Charge is:heated to atemperature sufficiently. hizh
‘to reduce.the:zirconium-.compound. .Nitrogen.or
sammoniazissthen: admitted .to .the. reaction.zone

-and-:the. reduced. zirconium :is..converted to its -«

‘nitride.
sAceording towa presently: preferred practice of
the invention;.the reactionizone and -charge.are
sstibjeeted fo.a *vacuum to remove objectionable
wairsand meisture. . To-aidzin.the xemoval.of. the :

~10

20

(CL 23—=191) )

_:alr and moisture; the x:eactmn -zone -and.« char’ge
.aresadvantageously:heated:to-a:. suitable elevated
stemperatureras-evacuation: takes place. ~While
the reduction-eperation-may-be. conduected while
sthe-reaction zene-and:.eharge-are-under vacuum,
the springing of a leak in the reaction e¢hamber
is apt to result prompily.in the seepage of outside
air and moisture’into’the chamber. This unde-
sirable result..may-<be-avoided by breaking the
vacuum to admit an inert gas, such' as helium
-or argon,; toithe:reaction:zone. “Enough inertigas
‘isvadmitted: toplace:thereaction:zoneand charge
under-substantial: positive pressure, for:example
“5 +spounds. 7 If “the reduction zchamber should

=}

18 -spiing-a-leak, «inert gas.would itend:‘to:seep from

the-chamber toitheroutside atmosphere:andithus
prevent . gir:and:moisture :from:seeping :into the
-Tregetion chramber. ‘“Tomaintain:this-balance;the
~positive :pressuresof ‘therinert:gas inithe:chamber
s+ maintained by rithe vadmission :cof “further
-amounts.of:inert: gas;if:necessary.

< Among the reducingagents that:may be em-
“ployed: to. reduee theszirconium::compounds sare
‘the.glkaline:egrth: i }

20 strontivm-zand:magnesium. ‘Among:the reduc-

-ing ‘metalccomponnds:that: may: be employed:are
ithereducingrmmetal:hydrides;such: as-the hydride
of the alkaline earth metals, and particularly.cal-
~ciumithydride: sbecause: of sitsavailability. The
130 charge iis:zpreferably:-formed: of: intimately: ad-
-mixed: and finely.-divided :particles: of -zirconium
:compound ;and:reducing “metal-compound,:such
sas-areducing metal hydride, for example;ecaleium
“hydride,ror -veducing:metal; the reducingagent
85. being :used::in :slight<excess; :in -other -words,
-slightly mmoreithan -that:-theoretically-required-to-
-6ffdet:reductionof:all ofithe: izirconium: compeund
-present:in the ¢harge.
The charge in:the:reaction:zone:is: heated: to a

+40 -temperature rsufficiently -high : o -initiate -and

scomplete the reduction:operation. :Sinee the:zir~
rconinm reompound and-the:reducing-agent:are
-present-in ‘the-charge in:finely:divided:form, the
?res‘ulting reduced:zirconium:is-also-intthe.form of
8 finely divided particles distributed through-the
resulting.mass-of finely. d1v1ded compound. of-the
-reducing: agent.
“To illustrate-apractice-of .the invention, .the
rstarting: materiakadvantageausly.is.finely. divided
‘gireonium: dioxide. pigment,.-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
-8B :zireanium: dioxide, it.is; preferable .to use.mag-
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nesium, which can be converted readily into a
finely divided form, for exampie granules. Fur-
thermore, there is less tendency to generate an
excessive amount of heat when the magnesium
reacts with the zirconium dioxide, thus eliminat-
ing or minimizing the problem of fusing the
resulting reaction mass.

In the case of a charge of infimately 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: :

ZrOz+2Mg—~Zr+2Mg0

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 nifrogen or ammonia to zirconium nitride.
The alternative reactions may be indicated as
follows:

921+ N2-2ZrN
9Zr 4+ 2NHs~2Zr+3Hz

There is a considerable evolution of heat as
the nitriding reaction takes place so thai the
temperature of the charge may be quickly ele-
vated. 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 nifrogen 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 amitted o
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 fa.cxhtate, the reduction operation or the
nitriding operation, or both, the charge may he
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mixed as it takes place. A special mixing device
meay be used for the purpose, or the charge may
be suitably tumbled.

If the nitriding agent is ammonia, 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 affinity for the zirconium metal than nor-
mal nitrogen. My investigations lead me fo be-
lieve that when ammonia 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, sul-
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
19 suitably suspended within a furnace [ having
7, heating chamber {2 with a conduit 13 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
flange 16 extending circumferentially around the
open end of the retort, a gasket |7 being dis-
posed between the two fo provide a non-leaking
joint, The refort is suspended in the chamber
by means of a plurality of spaced supports (8
extending circumferentially of the retort between
the flange and the top of the furnace,

The cover is prowded with 2 pipe 19 having g
valve 19" 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 21 to supply titanium
compound, such as titanium dioxide pigment, and
a reducing agent, such as magnesium, {o the in~
terior of the retort. As shown, the conduit is
fitted with three spaced valves 22, 28 and 24, to
provide an evacuating passageway 25 and a trap
26 of sufficient size to receive a substantial charge,
for example, of intimately admixed zirconium di-
oxide pigment and magnesium 2T. 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 3f, the upper end of which extends
through the cover and is suitably held in position’
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by-a: hearing 32: and: &: collax: 33: seeured: to: the
shaft:. Thecupper-end:of theshaft:is:also:equipped
with a: pulley 34 connectible: with g source: of:

poewer; nobishown.. The:lower:part: of: the shaft: is:

fitted: with: & plurality. of lateral: supports: 35: to-
whieh: is: attached a: helical metallic: ribkan, 38
adapted: to: follow the contour of' the: inside: of
the:retort:so.as:toraise charge materials.confined:
therein along:the inside surface-of:the-ratart, and
then:to-roll:them toward. the- center; thereby: ins
timately:mixingthe.charge materials.

© A.discharge conduit: 4%:connects: with: the:bat--
tom of-theretort: a;ndf_ extends:through the:bottom:
of the furnace: A valve: & is: provided in-the
conduit: belpw: the: furnace Bottom: for-the: 1emoval
ofiresidues:fromthe retort.

In:accordance: with:a:practice of; the invention,

cover: §5.is. appropriately- bolted: to; flange 16 to-

assure a sealed joint: H2ating gases: are: passed:
througly: conduit. 13 into- Heating chamber {2, so
that the bottom of retort 18 is heated. Spent
heating gases- escape- through- flue: opening (4.
Valves: 28, 23.and 29 are opened and valves {8’,
20’, 22 and 41 are closed untils the.air, moisture
and other gaseous products are evacuated from
the interior- off the retort: This may be accom-
plished: by connecting conduii:28 with a vacuumr
pump,.not shown. To hasten.the evacuationisten,
the temperature of the interior af the-retort: is
suitably raised. The charge may-also he:mixed,
by-rotating.device 30 as it is placed-under-vacuum
to helpremove air and moisture.,

On completion of the evacuation:step, valves: 24
and: 29 are. closed, valve 22 is'opened and:charge
27: of zirconium dioxide and-magnesium; in slight
excess; is- passed into conduit 21.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¥;. Valves;23:and 28:are:then
closed and valve 24 is opened so thai the charge
is dropped into the retort.

Additional heating gases are passed into heat-
ing chamber 12 to raise the temperature of the
charge within retort 18 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 31, in
which is placed a suitable thermocouple.

In a presently preferred practice, valve 20’ is
opened, after charge 21 is dropped into retort 10
and vaive 24 is closed, to admit inert gas, such
as helium or argon, or both, in amount sufficient
to place and maintain 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 dicxide 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.

Valve 19’ is then opened to admit controlled
amounts of nitrogen gas or ammeonia to the inte-
rior of the retort. Unless the temperatire 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 hetween. zireonium:
and nitrogen is an exothermic one and, unless:
special: precautions:are:taken, objeetionable:over-
heating  tends: to: take: place;. therehy causing
fusion: oftthe:zirconium: particles and:impairment:
of’ the- nitriding  reaction:. To: prevent: this: uns
desirable: result, the zirconium: particles: are
nitrided.as they: are:distributed:in-and:.among the:
magnesium; oxide: particles: Iua a .preferred:pracs

L tice; thie inert:gas-is retained-in: the retort so:that:

the-nitrogen: or ammonia: may:- be admixed and:
diluted: therewith: - If the inert gas:in:the retort:
ismaintained:atian:-optimum pressure; tlhie anmrount:
ofr exothermic heat:released by the nitriding re-
action may-be controllied by regulating:the rate:at:
which nitrogen: or: ammonia: i§; admitted: to: the
retort:. This:may:be-done: automatically: by feed-
ingradditional amounts:of nitrogen:or-ammonia:to
the: retort. when thie’ pressure within: the- retort

- falls: below a predetermined level; but nof; in:

amount: to: exceed: &: predetermined: ievel;. the

- range-Peing-such.as to.limit: the supply: of nitro-

gen. or- ammonia: to. an. amount which- is; insufs
ficienti to: raise: the temperature to:amn:objeetions=
A sufficient: amount of: nitrogen: ox -
ammonia is:-thus . admitted:to-effect: compléete cons-
version: of: the: reduced zirconium: to: zirconium
nitride:. Thenitriding:reaction-is:completed:-when
there:is no:call: for: additional: mtrogenn or- am-
monia.

The-retort:and-its:contents are then: permltted
to cool:  Valves: 18’ and:- 28! are closed and. cover
18 is-removed. The zirconium: nitride and:mag-
nesium. oxide-are then removed: from: the:retort;
This.may be-done:by-opening: valve:4 1. and.rotat~
ing- the: mixing deviee; when; the reaction.mass
is: discharged- through, conduit: 48, The:reaction.
mass:-is: crushed; if: desired, and leached  with
dilute aeid; such. as hydrechloric; . sulfurie og
acetic acid, or a solution of an ammonium salt.
The acid or ammonium 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
usae.

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.

Iclaim:

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

5 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 fiinely divided
form of zirconium oxide and a metal 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  ammonia, and converting the 2zirconium
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 2 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 & 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 g reaction zone a
charge of an intimate mixture in finely divided
form of zirconium oxide and magnesium, 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 gzirconium metal to
zirconium nitride while distributed and held in
the protective refractory oxide.

PETER P. ALEXANDER.
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