PHLEGMATIZED METAL OR ALLOY POWDER AND METHOD AND/OR REACTION
VESSEL FOR ITS MANUFACTURE The invention concerns making passivated very
fine metal powder of the elements zirconium, titanium and/or hafnium that can be handled
when exposed to air with an average particle size of less than 10 pm (measured according to
permeability methods such as the Blaine or Fisher method) by metallothermic reduction of
their oxides using calcium or magnesium, as well as a reaction vessel specifically suited for
this work and consisting of a retort crucible, retort cover and inner crucible to make possible
the addition of phlegmatizing gases and/or solid substances during and/or after the reduction
reaction. As phlegmatizing additives, hydrogen is especially used in an amount of at
least 500 ppm and nitrogen in an amount of at least 1000 ppm; as phlegmatizing solid
additives, carbon, silicon, boron, nickel, chromium and aluminum are used in quantities of at
least 2000 ppFHLEGMATIZED OMRIFS.CAR FeLEstl CEINPERY iR | METHOD ARYE /AR eREACA ION

powders. But they can also be reduggd dpixeshwitiach QthalQiie2 mixture with metal

powders and/or oxides of the elements nickel, chromium and aluminum to produce alloys of
titanium, zirconium and hafnium with these elements. Prior art/principles of metallothermic
reductions Metilothermictrash ctionsdisiagreaitding passnagnesiumnas midicing agent

are used Mm@'@@gtﬁ%eQ%@%Tz@r@y%%gxg)&%e,s titanium and/or hafnium that can
be handled when exposed to air with an average particle size of
less than 10 pm (measured according to permeability methods such as
the Blaine or Fisher method) by metallothermic reduction of their
oxides using calcium or magnesium, as well as a reaction vessel

- specifically suited for this work and consisting of a retort

crucible, retort cover and inner crucible to make possible the
addition of phlegmatizing gases and/or solid substances during
and/or after the reduction reaction.

As phlegmatizing additives, hydrogen is especially used
in an amount of at least 500 ppm and nitrogen in an amount of at
least 1000 ppm; as phlegmatizing solid additives, carbon, silicon,

- boron, nickel, chromium and aluminum are used in quantities of at
least 2000 ppm.

The oxides can be reduced individually to produce pure
metal powders. . But they can also be reduced mixed with each other
or in a mixture with metal powders and/or oxides of the elements
nickel, chromium and aluminum to produce alloys of titanium,

zirconium and hafnium with these elements.
Prior art/principles of metallothermic reductions

Metallothermic reductions using calcium and magnesium as

reducing agent are used for obtaining rare metals from their oxides



when they cannot be obtained or can only be obtained at low purity in another way, for
example, electrochemically from aqueous solutions, from molten salts or by reduction of their
oxides with carbon or with gases such as hydrogen or carbon monoxide. A typical industrial
product for this is the production of the rare earth elements such as yttrium, cerium,
lanthanum and others as well as the metal beryllium from their oxides or halogenides with
magnesium, calcium or aluminum [Rompps Chemical Lexicon: "Metallothermy." Moreover,
metallothermic reactions are used to obtain the rare metals in a defined fine powder form,
perhaps for applications in powder metallurgy, in pyrotechnics or as a getter in vacuum
technology. The particle size of the metal powder that is thus to be produced can largely be
predetermined by the selection of the particle size of the corresponding metal oxide that is to
be reducel {Pelfikee\ R TREAR/PIASY IMGmBER £PidoPer P ined atplpRepUEptY
644 544 9. fUSR008/0174727T alscdespiibes almethod ofmiakingymétakpewders; for
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oxide of these elements is mixed with a reducing agent and this mixture is heated in a
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the metal oxide of the reduction metal that is formed in the reduction should not form any
double okid&s'dr dthethixed oxides with the oxide to be reduced, because as a result of this
side reaction that ocdius theayalisl, thesyield 4 reducesd.2 006 /0144 mestalleihlwermie sedioiens
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reduction metal is to be considered relative to the reaction temperature that is to be expected
(most ofRREIRRE 50D {2468 R ifffecddsarifio Be diteulifed Beydnd ha it oRile of
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used asgeddaing agedktached and subsequently washed and dried, so that the
oxide used has an average particle size of 0.5 to 20 pm, a specific
surface according to BET of 0.5 to 20 m?/g, and a minimum share of
94% by weight. In this process, the design of a suitable reaction
vessel is not described.
By mixing various reducible oxides, powder-like alloys

can be produced, for example, by mixing zirconium oxide with



In general, metallothermic reduction reactions occur automatically. These are understood to
be reactions that are initiated by priming, and thereafter continue automatically without the
addition of any external energy. The priming can be initiated chemically, electrically (by a
heated wire or by induction) or simply by defined heating of a partial section of the metal/metal
oxide - mixture [DE PS 96317]. That is why it is also referred to as hot - spot - ignition.
Gas-fired crucible furnaces or electrically heated furnaces are suitable as reduction furnaces.
In other respects, the design of the reduction furnace only plays a subordinate role.
Theoretically, the reaction could also be started by a wood fire or coal fire under the retort. A
gas-fired crucible furnace.has the advantage that the retort is heated quickly. At a temperature
of approximately 100 to 450C, depending on the particle sizes and the type of the substances
used, prirhihbPEedIr st Stads &t bHYhGfsgdt BRdtdd in ffe RoWaH thirP of i CRICHBle FbEE
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few minutes, depending on whether calcium or magnesium is used as primary reduction
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measures and well-considered designs of the reaction vessels: in order to let the reaction take

place coftk&Red erikRSa Eeail PRt ok, BEbfRI16 % coRFERAF atRdsphEfe ULt of

this side reaction that occurs in parallel, the yield is reduced.
As metallothermic reductions most often progress quickly
and violently at great reaction heat, the vapor pressure of the
reduction metal is to be considered relative to the reaction
temperature that is to be expected (most of the time 800 to 1400°C)
and, if necessary, to be calculated. Beyond that, the oxide of the
reduction metal that is formed in the reduction must be soluble in
water or in aqueous acids so that it can be removed from the
reaction mass by leaching after the conversion is complete. The
poor solubility. of the oxides of silicon and aluminum, as well as
their tendency to form mixed oxides is the reason that these, per

se cost-effective elements are not often used as reducing agent.



in order to be able to add defined, small quantities of additional substances to influence the
material properties of the rare metals via the gas phase during the reaction, in order to control
the entire reaction in such a way that it does not develop explosively, and in order to produce
a product that can be handled when exposed to air, which is not pyrophoric. An almost
always required step in metallothermic reductions for making reactive rare metals is the
inertization of the reaction mass prior to, during and after the reduction reaction. For this, the
reduction reaction is performed under an inert protective gas, most of the time argon or
helium. Alternatively, the reduction can also be started and performed in vacuum. If
one were to perform the metallothermic reduction of zirconium in Example (1), for example, in
a ceramic container exposed to air or under a slag blanket similar to EP 0583670 Al, after the
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useless. Analogously, this also applies to the metals titanium and hafnium. In making
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handle thefp, expasedo-3K AndLI0, P APIE £0LTR5EES NEMMMUINGS- of the metal/metal
oxide ~ mixture [DE PS 96317]. That is why it is also referred to
as hot -~ spot - ignition.

Gas~fired crucible furnaces or electrically heated
furnaces are suitable as reduction furnaces. In other respects,
the design of the reduction furnace only plays a subordinate role.

Theoretically, the reaction could also be started by a wood fire
or cecal fire under the retort. A gas-fired crucible furnace has
the advantage that the retort is heated quickly. At a temperature
of approximately 100 to 450°C, depending on the particle sizes and
the type of the substances used, priming occurs that starts at one
hot spot located in the lower third of the crucible most of the
time containing the mixture that is to be converted. In the
reduction of the oxides of Ti, Zr and Hf, the temperature
subsequently rises to values of between 900°C and 1200°C within a
few minutes, depending on whether calcium or magnesium is used as
primary reduction metal. Calcium leads to temperatures above
1000°C, magnesium to somewhat lower maximum temperatures. During
heating and in particular while the reduction is starting, the
pressure in the interior of the retort rises. Upon reaching a
superatmospheric pressure of approximately 50 to 100 mbar, a valve

is therefore opened and the superatmospheric pressure is vented.
Most of the time, it is hydrogen that is formed by the moisture of

the substances used, magnesium metal steam, as well as alkali metal



Ultrapure titanium, zirconium and hafnium, completely free of gas and oxygen are pyrophoric
in the finest powder form, i.e. they would instantly ignite upon contact with air and burn into
their oxides. In the literature, (Anderson, H. and Belz, L., J. Electrochem. Soc. 100 (1953)
240), the limit under which the dangerous pyrophoric zirconium powder is present is seen to
be, at an average particle size of 10 pm, as measured according to permeability methods
such as those of Blaine or Fisher. Ultrapure zirconium that is free of gas can even - if it
is present in the finest form - react with water under certain circumstances, similar to the
known reaction of alkali metals with water, forming hydrogen in an explosive reaction. The
literature reports about explosion accidents of this type [Accident & Fire Protection
Information, US Atomic Energy Commission Issue No. 44, June 20, 1956]. Metallic
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metals such as, for example, aluminum, zinc and chromium. For most metals, rI];r)lasswai;lon
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further pregessing.cally require special safety measures and well-considered
designs of the reaction vessels:
in order to let the reaction take place controlled during
a certain period of time, subject to a controlled
" atmosphere,
in order to be able to add defined, small quantities of
additional substances to influence the material
properties of the rare metals via the gas phase
during the reaction,
in order to control the entire reaction in such a way
that it does not develop explosively, and
in order to produce a product that can be handled when
exposed to air, which is not pyrophoric.
An almost always required step in metallothermic
reductions for making reactive rare metals is the inertization of

the reaction mass prior to, during and after the reduction



Description of the invention The above-mentioned problem was solved by a method of
making metal powder or alloy powder of an average particle of size less than 10 gm,
consisting of or containing at least one of the reactive metals zirconium, titanium or hafnium,
by the metallothermic reduction of oxides or halogenides of the cited reactive metals with the
help of a reduction metal, whereby the metal powder or alloy powder is phlegmatized by
adding a passivating gas or a gas mixture during and/or after the reduction of the oxides or
halogenides and/or by adding a passivating solid substance prior to the reduction of the
oxides or halogenides, the reduction as well as the phlegmatization being done in a single
reaction vessel that is gas-tight and that can be evacuated. This method is performed
in accordance with the invention in a suitable reaction vessel that will later be explained in

further defgiction. ORthetdrie haHer the HEtHaPingeEsrRhcESWRAThBIRGENHSH A Rl
as the reagtion vesselkaltowdhgaedustien reactias te hinedengamder ineltigases such as
argon or Rellum,gr. nyasuu, In orderla predludesnconioliedacaess, ghafiand maisiure, In
particular, the dIéS|gn alldWs the targeted addition of a measured amount of gases during
and/or aftét¥HB%eduction reaction in order to phlegmatize the metals or alloys that are formed
in targeted manner andrtoidluence theipehemniealthehaden IMhe desigicfurthercalicws die
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exposed to air or under a slag blanket similar to EP 0583670 Al,
after the reaction, during the cooling of the reaction mass, the
formed zirconium powder would again bind with the oxygen in the
air. A mixture of badly reduced zirconium metal and primarily
zirconium oxide would be fouhd. The small amount of metal obtained
would be practically useless. BAnalogously, this also applies to
the metals titanium and hafnium.

In making very reactive rare metals such as zirconium,
titanium and hafnium it is necessary to phlegmatize the metal
powders in a targeted way in order to subsequently even be able to
handle them exposed to air and to be able to process them further.

Ultrapure titanium, zirconium and hafnium, completely free of gas
and oxygen are pyrophoric in the finest powder form, i.e. they
would instantly ignite upon contact with air and burn into their
oxides. In the literature, [Anderson, H. and Belz, L., J.
Electrochem. Soc. 100 (1953) 240], the limit under which the
dangerous pyrophoric zirconium powder is present is seen to be, at
an average particle size of 10 pm, as measured according to
permeability methods such as those of Blaine oxr Fisher.

Ultrapure zirconium that is free of gas can even - if it
is present in the finest form - react with water under certain
circumstances, similar to the known reaction of alkali metals with

water, forming hydrogen in an explosive reaction. The literature




when it is intended to produce the hydrides of the metals Ti, Zr and Hf. It also allows the
hydrogenation of alloys produced by molten metallurgy, for example an alloy of 70% Zr and
30% nickel or by sponge titanium by heating and adding hydrogen. In addition to hydrogen,
ammonia, methane, carbon monoxide, carbon dioxide and nitrogen can be fed into the retort
in order to produce hydrides, sub-hydrides, carbides, nitrides, hydride-nitride mixtures or
oxynitrides of the metals zirconium, titanium and hafnium. The construction contains a special
design of the cooling of flange and cover in order to prevent the undesired penetration of
cooling water into the retort chamber. A special spacer assembly with support ring makes it
possible to place the retort at different depths in the combustion space of the reduction
furnace. The reduction metal that is used thereby is preferably calcium and/or
magnesiuhfPPRGS, ERRRIMSERY ATdgiesiGm E5R e 8§eg}i‘ﬁaivﬁﬁ§%ﬁly GeaRSRIny. Frire
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are mentiebredJd¥ kast, {Metaldeiasessing s Metalwbdsehathidy a method of
producing metal powders or alloy powders of the reactive metals
zirconium, titanium or hafnium from the corresponding oxides or
oxide mixtures, whereby the reactive metal powders or alloy powders
that are produced are capable of béing'subsequently handled when

exposed to air, for example, for the purpose of further processing.



(1938) 641-6441. A phase formation or compound formation of perhaps TiH2, Zrk12, ZrN on
the surface is therefore not certain, because for such, the limits of solubility would have to be
exceeded. One hypothetical concept of the inventor is the following: by placing the gases into
the metal matrix, the entire energy level of the free electrons in the metal is lowered so much
that the spontaneous reaction with oxygen by combustion or the reaction with water does not
happen. In the following wet-chemical processing of the metal powder in water and acid, the
actual oxidic passive layer is only formed on the particle surface by a slow oxidation reaction
with oxygen from the air and/or by slow reaction with water. As the metal powder is heated
only to room temperature or at most to the boiling point of water in the wet-chemical
processing, all diffusion processes are slow and ingleed, now a dense, firmly adhering
"passive layer" of metal oxide (an(ﬁ) %‘é:tﬁfﬁﬁﬁag) %antf}é?mfr\l/vvrﬁ%lpoenrmanently protects the
metal from further oxidation. This hypothesis is supported by experiments that have been
performed by the inveqiQr, y4y¢h-areatdrscrines infuriher defailhensy inwikehsuriag the
processing of weakly oxidized substances such as hydrogen peroxide, hypaqchlorite alkali
nitrite or I%%%—?&rﬁ”%%%uI?sotvé%%]ésosﬂc??lalg {)h%%‘f) %%cogcia?pﬁggﬁﬁg?eé}é% lc%%moa%eg Were
added, whighsincheaséd the, passivationraf thé metalqowderis:d ks hypatitesisds afsghe
supported therehy. thatimRragtice,diging thediagessing A e metalpowders in acid and

later in wash water, one can always observe a weak gas formation (hydrogen) in the form of
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higher thgn the tgg%%t'kcagy %ﬁ'%kﬁt g‘yé\g{eslpaﬁﬁgémnglqgggition of hydrogen. Thus, the
metals also again absorb h¥d‘rogen uring the wet chemical processing, the origin of which
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that takes place at the surfagedietweeftthe mretakandavaien. of thelmadcaelamce with the
invention, particularly the ef{lea(itoogeq@(&igg %%%e/%pto the metal matrix is to be utilized. Such a
placement is especially advantageously achieved thereby, that the phlegmatizing compounds
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methods are available. For the metals Ti, Zr and Ht, the following simple test arrangeme

suitable FFREbPDRr §HRGer BhatediTyiindet Wil adidmidtetaram Reight #F A fifn, a hole is
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5rnn}m”gg'gﬂgd§£gw?gt?é&é%%%ga%égg%ﬁﬂkggt will later be explained in
further detail.

On the one hand, the method in accordance with the
invention, as well as the reaction vessel allow the reduction
reaction to be done under inert gases such as argon or helium or in
vacuum, in order to preclude uncontrolled access of air and
moisture. In particular, the design allows the targeted addition
of a measured amount of gases during and/or after the reduction
reaction in order to phlegmatize the metals or alloys that are
formed in targeted manner and to influence their chemical behavior.
The design further allows the reduction of the oxides or oxide

mixtures under a reactive gas atmosphere, in particular hydrogen



35 mm, which serves to house a thermocouple element. The block is evenly preheated to
approximately 140 - 150C, then a quantity of 1 - 2 g of the metal powder that is to be tested is
poured into the larger bore and heating is continued up to ignition, which can be recognized
optically (e.g. by a video camera). By analyzing the time/temperature curve of the temperature
sensor, the ignition point can be determined fairly accurately, If the ignition points are below
150C, a safe passivation or phlegmatization cannot be assumed. Metal powders with such
low ignition points should be destroyed by combustion at a save site. Even the burning
time provides reference points for the degree of phlegmatization. The method is described in
Example 1. References to it can also be learned from measurements of the electric minimum
ignition energy which is, however, very difficult to determine. [Berger, B., Gyseler, J., Method

of testingthe sdrisitvity: BF 8RPRI5ITEs MRS et to IS IsaR TdiERRaRyE- MEtHode 20r
PrUfung desEmtpfindlichkeibven ogdosinstafien: gggeatalektrostatisohesE pttaduegyl Fechn. of

Energetic, Mgtals, 18th Al Gontf IGT, Kasruhe 1987, Bage pb/3.10 8R114bs nickinthe:

present invention, the phlegmatization of the metal powders of Ti, Zr and Hf, as well as of
alloy powdierSRAtABsE Hiatkigtvity NiceF inel APt ing e EHRg Shd/or Brté e reiuctidn
by adding ganegsuredramatnt, ofhbydrogen aadiemnitrageniidethecgad-eighd tetoitithadwan be

evacuateg; 4 part of hesg gases ¢an alsq bepresantin the getort §om farbedipringaBefter,

and more precisely, the passivating gases can be added to the reaction vessel (the retort)
during cotAGSERERAY reakdd ffasdafist fesengdhtdfaXinhanf e Mparatrs. °  The
elementsoly; Gt ahdeal kefve: aedueltfahstien rtheyican beitsed wot ondy ferfmaking altbgs of Ti,

2r and HEdutbey alsq actsi0 amall ayolites ofhetyeen:2000 PAB 19:3966 85 Lange ana

phlegmatizing fixed additives in the pure metals. _~ In addition, nonmetallic additives
such as E&HON, ST PorbA SEnEeaic RIS S ERAPFE TRRkPTHrbnfaRH Hdminum
and othexa tan ihfluencadhegeactivitheimtize: zircankpa ctitahivpeaaerd hadsiemy Withwiggpect to

water, aig and xidatiog 3gants- Ap addition of silicqn grbore GeNEsalY SOV frerent
depths in the combustion space of the reduction furnace.

The reduction metal that is used thereby is preferably
~calcium and/or magnesium. Thus, calcium and magnesium can be used
individually or also jointly. In principle, further additives such
as carbon, silicon or silicon oxide and other substances can be
added in order to influence the properties of the reactive metal
powder that is being produced in the reduction.

Preferably, nitrogen and/or hydrogen is added as
passivating gas. Thereby, at least 500 ppm hydrogen and 1000 ppm
nitrogen should be contained in the metal powders in order to avoid
the above mentioned reactions. For safety reasons, the amount of
hydrogen should best be at least 1000 ppm (0.1 %), preferably 1000
to 2000 ppm, and nitrogen at least 2000 ppm (0.2 %), preferably
2000 - 3000 ppm. Nitrogen and hydrogen can also be added in the
form of ammonia.

As passivating solid substances at least 2000 ppm (0.2 %
by weight) and at most 30,000 ppm (3% by weight) carbon, silicon,



down the speed of combustion very little, but it can increase the ignition temperature. A rather
negative example is iron. Additives of iron lead to spraying sparks, have a tendency to lower
the ignition temperature of the zirconium metal, and most of the time increase the ignitability
with respect to friction. Carbon can be added to the retort in accordance with the invention by
adding measured amounts of carbon dioxide or methane. In general, it leads to a
phlegmatization. Other elements are best added to the starting mixture in the form of their
oxides or directly as powder in elemental form. The addition of solid substances in low
amounts is, however, connected with the problem that because of insufficient mixing or by
segregation, not all metal particles come into contact with the addition, so that in addition to
doped phlegmatized metal particles, particles exist that were not alloyed with the addition. The
latter canSgAitE UG Sroceeding ARy RAY R ThR MBHBILLIEATAhe SN2 stattiify mixture. In
contrast, gaseous hilditivves distrbbte themsehe sadvanlpdn the ertite retmrt chamibdrhard
generallyfeagh alkmetaliparticles that ¥y formedk FOLSHIS rraseR itds Lpearunrded {0 work
primarily with gaseous additives. The phlegmatization in accordance with the invention
of the metdl FAWdBrL St tafiufiY LArIniEREAE HanfiliAt of théfSfiolEowd8rdith gases can
be realized oamarn industrial sealesay usingha epesialyeastiongessel da s atort)addis reacticre
vessel In Aggaraance Wil IEN'op Tek ALARIIEGIANZSE Tl BIWAST A A1aY,s ¢
powder with an average particle size that is less than 10 RM, consisting of or containing at
least oneddf theseEavEIhbiglsircortuml tilafantbrnaf@ium bistheomeiictherdfcragliction
of oxidestQy halpgenidas of the sited reagtivamaetale nwitbethe,helpehadedustigd Melah ve
accordin% é%tlae descgged meth%d is charag;teri%ed the%eb , tt at the rea%tion gessel (fonsists
of a retort crucibie with & coorableCover and Sn 148 Qudisie ik caf*be Msered ints a -
heatable ¢adbetiondmricte theowldble, cover radng ettiéast onednletfiok intrbidlicing a

passivatiggrgas arasalishsuhsianse, ahda flapgedsyvelded to the retort crucible for putting
on a retort cover onto Hbé-:- underside of which a cooler js welded for a coolant. Iggrlqsce of the

cited welded connectiohs, ttH&r 80raBIE Yy BEs Bt e dHNetIBME & a8 Rithi thachi2aRing of
this invemtldrey powdeTise diteravare deserisingunetediothermiics rdductivrtreadtivhsasfsare ity

mentions, that ihedeacfion is prrfarmed.in a closad retgrt made of sieel undgr iBﬁlEtiQ?&eS’

without giving any details of the design characteristics of such retorts. Often, firmly
bolted-tobRAEr et PEMRES HAE figiioned, so-called bomb tubes that do not have any
openings, at best a consertiendat anmanamseter rltheugh these: typassopalruoitues adonofor
the additjgn Ig(f)pe;{rt\gwq%e AriHeSQ reactive gases (H2, CO, CQ2, NH3, Cydf,) Qr solid
additives%Ni, NIO, Cr, Cré 3c, CS,e iB,I'SiO ,tlé% §2%§) ﬁﬁ’(snlrl?g ?Hg?ggcﬁo%n %q the degree to
which thBSF&S sétH ehalmralbws, akey dEraspaicn it adring hd Biter ffe redudpirp 1
Retorts afithis fpeare Ry akmeansesuitaiader Bie seiesdifisrdaterminationsobtheypeopertias
of rare metals, but nat in order to produce large quantities qf rare metals in a shaort period of
e, W ot loched e eaay VLot te hpS oAt TS  Sireleaiica 2hd
getter teBRRbSHY, Btichhgs Bpead efesinbustliberignitioh PBRN drr il defids Bpm amounts

phlegmaizaticsnenmnatdae agidsted inmstargetad manmera Evsidthecareningofdecked steel

retorts atfi?e'; trqgggiwtsi%r} aacset.ake nplglgg other hand, the metals Ti, Z2r and Hf
have a considerable solubility for gases. In the zirconium metal
matrix, for example, there can be 5% hydrogen and up to 20%
nitrogen in solid solution [J. Fitzwilliam et al, J. Chem. Phys. 9
(1941) 678]. For titanium, 7.9% of atmospheric pressure for
hydrogen and 18.5% of atmospheric pressure for nitrogen are

mentioned {[J.D. Fast, (Metal Processing ) Metallwirtschaft 17
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is not without danger, as there is often no information available about the prevailing pressure.
Uncooled retorts require a heatproof metallic or ceramic gasket (copper, silver or heat-proof
fibers) between the cover and the retort crucible, which can only be used once in most cases.
Also, large retorts can only be sealed with difficulty in this manner; such gaskets only allow
the use of small retorts for quantities in the range of kilograms or less. According to an
advantageous embodiment of the reaction vessel, the cooler is congruent with a gasket that
extends circular under the flange and this cooler has no connection to the actual retort
crucible. For the cooling at the crucible flange and/or for cooling the cover, as an
alternative to water, any other coolant can also be used. Thus, for example, organic heat
transfer media such as heat transfer oils, preferably silicon oils, or alsp air can be used. A
suitable silitorcdil Ran; fot‘dxamPIEBE puteiEssd 23 ﬂwrercrﬁf%i“f"%PPﬁgnrﬁaé%ﬂﬁié) mbH.
The coolartdirrsatestn ajoiht. oZirNince penelemit stitabld soblingeiekss. not cerTisd goolable
cover has,dadditign to theinlet for infioducing aspassivating das.ousalid substance, at least
one further conge%tion for a vacuum pump. Further, the cover can have the following
connections: a conrection with a heat-proof, gasket-less ball valve or plug valve for releasing
a superatmospheric pfessurepebhettioh fopaogpduurfi purapifor entptying thideetort, an inlet
for introdyeingoRer Jasas siieh As; RN §o & thbe, anbleldes intedueing reastiva gases
such as 112 or NZ_L, fronf a %ut%% agonnecgﬂiontholding,the gafentl)éé/glvefsa igaggggorsl(t)onquch
vacuum c?rnﬁr%%‘éurg‘fﬁeaguring HeViEE aRu™s EbRRRCHdN T6F ohe oF more emperature sensors
(Pt/RhPt)thedpploprirenaareove capalstonbe rbvickerbientheyceraiior bigasket rifg,

preferablydpadesf \Gtan, todhee4e8t sHER isfidnesentatine relontsrucdlae thenvatesal
cooling can, for example, be designed as adcircular chgnnel on the.%over TheC%%\ge_Lr can, . .
preferablf T BEESHITEESS wilf RS HAhgR WY S s craw EdiTedith 219 GRS i &
particulapispomande vhat the codling ofties retortbevernsibeé conheiied thYheé isleée’and the
feedthrough dftingmot-the-eqver Riate. Hhetrby. dphartedlasthe,eaoler af jhe flange-shauldn

not have g %onne(t:tion to the retort cruclible ar(}d be open tcgwgrd the r%ort \évaIrIJ. femperature
Additionﬂladqva"‘fﬁaﬁés‘ arle® pgﬂlecurflgﬁﬁ’es BPHSE TnethiodSh accordance Willf the imvention as
well as ofreattiovwvessel forperforhiing metallothérmictied uptiork<fovobtaingiy 69 metals

zirconiurgHitanium, hafivin apgdheiallous, asswell as-ether sare metalminttine pawdery,
phlegmatjzed form are seen in the following, nonlimiting embodiment in,c(?enj g(r:ltéon vvtithlthe
|

drawings SFreid: 1 T™Y BHEST owB it tiohtinale With & re3etoR vedsel for =
performing tmétidibtirenmiforeductibhsHopebtaingry:-fhe metaksctiscdmiameitaniufmoafnium

and their:gleys. A Wel 4 gther rang MLl dplG % ShOWS 2 FPrbarusiblexperiment s
that have been performed by the inventor, which are not described
in further detail here, in which during the processing of weakly
oxidized substances such as hydrogen peroxide, hypochlorite alkali
nitrite or layer-forming substances such as phosphoric acid,
phosphates and chromates were added, which increased the
passivation of the metal powders. This hypothesis is also
supported thereby, that in practice, during the processing of the
metal powders in acid and later in wash water, one can always
observe a weak gas formation (hydrogen) in the form of the smallest
gas bubbles, which is concluded after a period of time of 3 to 12

hours. One also must note that the contents of hydrogen that are
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FIG. 3 shows a cooled retort cover, FIG. 4 shows a spacer assembly, and FIG. 5 shows an
inner crucible. According to FIG. 1 and 2, the retort crucible 1 is’‘made of a heat-proof
steel 1.4841 or a comparable steel that can withstand short-term temperatures up to 1300 to
1400C and that preferably has an inside diameter Di = 500 mm. The thickness of the wall is
at least 10 mm, preferably 15 mm. A flange 2 that has a material thickness of 30 mm and a
ring width of 150 mm is welded onto the retort crucible 1 on whose underside a cooler 3 for
coolant water is welded. The flange 2 is preferably also made of heat-proof steel 1.4841 or a
comparable steel. It is the deciding design characteristic that the cooler 3 is positioned
precisely under a circularly extending gasket 4 under the flange 2, and this cooler 3 has no

connection toltheegctual(j,[ﬁ:ort crucllble 1. The flange aIIowg}a oevrerl_rglt(%1 bghlgstalled, and

nalyz in e peta owders ar ways
between ﬁ1e cgver 5an e ﬁange fa gasE(et rng 2 maae iton, e?bunan, Teflon or a

different pogae stafind masdialis e dvibierakes possiblé egaddiht dhdYabygHowst -
connectionrbabyeenshescoves andsthespion crusiie. hhegraketding dgnapderset in a
groove milled into the flange. Further, a suppart ring with a spacey bracket 20 is s¢rewed to
the crucibﬁlewff?i%%%fz%onggﬁg i Sésgclgiae ?oﬁn%?e?t ﬁ{% Vé‘t%?%atggﬁfeégn%aggﬁwzslﬁté the furnace
space an@fsiotReSdhbeRtiehA diernber 18biahechasiable (¥ducticn fitacel$?. BBafing of the

reductionfesraced 7cean praferablyitake placenwith the helpws an-electhe heatenladdwor
alternatively, with a gas heater 16.2. According to FIG. 3, the coolable cover assembly

has the Ol ov?nfw'g design characteristics: a cover 5 made of heat-proof steel 1.4841 with a
thickness of at least 25 mr Cprstardisly So-mriher Actinpaablendafdifallarly the effect

of placing gases into the metal matrix is to be utilized. Such a
placement is especially advantageously achieved thereby, that the
phlegmatizing compounds are added in particular during the
reduction reaction already. The degree of passivation is difficult
to guantify, it can best be derived from the ignition point of the
metal powders exposed to air. For measuring the ignition point of
solid substances, various, sometimes also standard methods are
available. For the metals Ti, Zr and Hf, the following simple test
arrangement is suitable: in a copper cylinder or steel cylinder
with a diameter and a height of 70 mm, a hole is drilled in the
~~center with a diameter of 15 mm and a depth of 35 mm. At a spacing
of 4 mm, a 5 mm wide hole is drilled that also has a depth of
35 mm, which serves to house a thermocouple element. The block is
evenly preheated to approximately 140 - 150°C, then a quantity of 1
- 2 g of the metal powder that is to be tested is poured into the
larger bore and heating is continued up to ignition, which can be
recognized optically (e.g. by a video camera). By analyzing the
time/temperature curve of the temperature sensor, the ignition
point can be determined fairly accurately, If the ignition points

are below 150°C, a safe passivation or phlegmatization cannot be
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an inlet 12 with a heat-proof and gasket-less ball valve or plug valve for releasing a
superatmospheric pressure, an inlet 13 for the connection of a vacuum pump for emptying
the retort, an inlet 7 for introducing inert gases such as argon from a supply, an inlet 8 for
introducing reactive gases such as H2 Or N2 from a supply, a connection 9 with a safety valve
(p = 0.25 bar), a connection 11 for connecting to a vacuum or pressure measurement device
(a manometer ) 0.1 - 1,500 mbar), a connection 10 for insertion of one or several

assumed. Metal powders with such low ignition points should be
destroyed by combustion at a save site.

Even the burning time provides reference points for the
degree of phlegmatization. The method is described in Example 1.
References to it can also be learned from measurements of the

electric minimum ignition energy which is, however, very difficult

to determine. [Berger, B., Gyseler, J., Method of testing the

sensitivity of explosives with respect to electrostatic discharge
(Methode zur Priufung der Empfindlichkeit von Explosivstoffen gegen

elektrostatische Entladung), Techn. of Energetic Metals, 18th Ann.
Conf. of ICT, Karlsruhe 1987, page 55/1 to 55/14].

In the present invention, the phlegmatization of the
metal powders of Ti, Zr and Hf, as well as of alloy powders of
these metals with Ni, Cr and Al takes place during and/or after the
reduction by adding a measured amount of hydrogen and/or nitrogen
in the gas-tight retort that can be evacuated. A part of these
gases can also be present in the retort from the beginning.

Better, and more precisely, the passivating gases can be added to
the reaction vessel (the retort) during cooling of the fully
reacted mass after reaching the maximum temperature.

The elements Ni, Cr and Al have a dual function, they can

be used not only for making alloys of Ti, Zr and Hf, but they also

act - in small quantities of between 2000 ppm to 3% - as
phlegmatizing fixed additives in the pure metals.

In addition, nonmetallic additives such as carbon,
silicon, boron or metallic additives such as iron, nickel,
chromium, aluminum and others can influence the reactivity of the
zirconium, titanium and hafnium with respect to water, air and

oxidation agents. An addition of silicon or boron generally slows
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temperature-sensors (Pt/RhPt) a water-coolant system 6, and an optional groove for holding
the gasket ring, preferably made of Viton, to the extent it is not provided on the retort crucible.
The water cooler 6 can, for example be designed as an annular channel on the cover 5. The
cover 5 can preferably be connected with the flange 2 by a screws 19. According to FIG. 4, a
spacer assembly 20 with support ring is provided between the flange 2 and the heatable
reduction furnace 17. According to FIG. 5, the interior crucible 14 holds the starting
mixture 15, i.e. the mixture of metal oxide and the reduction metal that is to be reduced.
Depending on the purity requirements, the inner crucible 14 is made of construction steel,
heat-proof steel or stainless steel, preferably 3t37 or VA, with a thickness of 2 to 5 mm,
preferably 2 to 4 mm. The inner crucible 14 holds the reaction mass avga%fr{)& the aC'[l{I:%|

retort, which*Sefis SRESSS eceRIRY S/etRIfr ¥ha duration dF the rediiction  Teaction. After
cooling, tHeirérerucibleccart beeremadvew bliorn the getdry anckitmetessary. 5tdred in a

different gopiainerdander inrhoases, fos exgmplerd, stainlass, steek drum; sindik e reduartie
mass it contains vv,iI1I: be prtocessed. A prot%cté%n tuhe 21 can beeiggfrteéjnigt% étl% irg)itriakg\éxture
15 for hoIEﬁheg af feastBhe SBY&fl ti@l*‘hepeoratureesezriLsf:ocr%]flJ‘um & ! )

time increase the ignitability with respect to friction. Carbon
can be added to the retort in accordance with the invention by
adding measured amounts of carbon dioxide or methane. In general,
it leads to a phlegmatization. Other elements are best added to
the starting mixture in the form of their oxides or directly as
powder in elemental form. The addition of solid substances in low
amounts is, however, connected with the problem that because of
insufficient mixing or by segregation, not all metal particles come
into contact with the addition, so that in addition to doped
phlegmatized metal particles, particles exist that were not alloyed
with the addition. The latter can ignite during processing and
lead to the combustion of the entire starting mixture. 1In
contrast, gaseous additives distribute themselves evenly in the
entire retort chamber and generally reach all metal particles that
are formed. For this reason it is recommended to work primarily
with gaseous additives.

The phlegmatization in accordance with the invention of
the metal powders of titanium, zirconium and hafnium or their alloy
powders with gases can be realized on an industrial scale by using
a special reaction vessel (a retort). This reaction vessel in
accordance with the invention for making phlegmatized metal powder
or alloy powder with an average particle size that is less than
10 pm, consisting of or containing at least one of the reactive
metals zirconium, titanium or hafnium by the metallothermic

reduction of oxides or halogenides of the cited reactive metals
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A special inventive characteristic is made of the design of the cooling for the cover 5 and
flange 2 of the reduction retort. The cover 5 and retort crucible 1 are connected gas-tight and
vacuum-tight by the gasket 4 made of Viton, Perbunan, Teflon or other conventional sealing
materials. The gasket 4 can be designed as a flat ring or as 0-ring. The gasket 4 must be
cooled, as it would otherwise decompose at the high reaction temperatures. In this variant of
an embodiment, cooling is done with water. It would be catastrophic if water were to enter into
the retort chamber through cracks or through corrosion holes during the reduction reaction.
This would lead to a violent hydrogen formation and an explosion in the retort. The design of
the cooling is therefore an important characteristic of the reaction vessel. The cooler 3 of the
crucible flange is fitted onto the lower face of the flange 2 and has only one connectign to the
flange its&lf, Dut Not oet%)e Pe%ho?t wa .‘J‘I:aﬁﬁg? Water: 2ar% %(:e?/%glpn gif)atg{]lﬁtc? the Fé%)?t%rqm this
area. Thenesdlnsy 68 tivd eovek Sriszasth-keitsbonlytésdisthe faea BT tvers Howerars fttas
no connegtion tedieinlets-andhieedinkough filngss The-e0eking wvaten waild havtutoible
penetrate through the massive cover 5 in order to reach into the retart, which is highly unlikely
given a Wta ai%i&an%s%eofl at I%%%?%Olrrﬁ%rr? ot hqé%‘%-par%%? streeechl‘l:ﬁ:éocnoo #ﬁllascz 'ovSn %n more
detail as #aedrEd6ling6sh PRYizg at leqe patorticriRiblédhd tHe AtOFLESVEr are
connectegawih vasuitaplearupbes of sciewswat Buts 1 9addiearetodngdichs isveagiedotheche
retort cover & andthe relart crueible, 1, can mmediately e usedtoiouse g diferentinner o
crucible With & riew slftartlng Mixture a tfer the inner crucible 14 containing reacted and
phlegmatifeFmasshasdedfrainbded. Tats2ireaefitnacd saferaPrébrisnéarrbeStought
to reactiofeoneaftestheathsns, othdhesdimensionsypeicaied do e diguses ase suitabte for
a retort fchvri ﬁg%utj: t@n% exam I(e)% '%%.i fsor Pb‘;girmri% I@pproximately 25 kg of metal
powder/starting mixture. Exanﬂ?le 1 An example for a metallothermic reduction using
the cited principles arfththe presaritingeftsn s obbainieg 2ikéonsies Tt porRIBIFbH by |
red ugtiorgegalim@my%pwiﬁ mtnﬁ@l@MJslae a@ﬁ%@a&@@s i@ﬁ@ﬁ@bﬁ&@@egydmm ivaeuum
parts) and. military pyrotechnics, for example, production of thermal batteries. . _ .
Zirconiurﬁlooxslgg V\ﬁ%%%a\zlneargaeO%;r?i%Feegiz‘ér%#eg 105 tgrﬁ ,a as Srﬁegslﬁt:trge%uﬁcgolr‘éﬁgg tda ﬂqye
Blaine meetad bs tied Fisisedsgh Sie v aizes rastfid 46 mikedwith eafdaRPehipdidrgranulated
metal at aipartigle,sizeef-Q.650ch &ms £Rltiure foetad is addrdrn tbadbeoretically requiredo
stochionlcetgc am?}ur‘gt. or con olling the reduction reaggo%,e%gn'éallcgrrpnoeucnctigonr %)q:mgle, 2 to
10% by Wlélgen orthe theofstica ﬁ/vr%qél‘ﬁ)édo Sochiometric amount of magnesium chips with a
similar sizanempiose-of thetéalvuhm ihadso soded. I pAREIESrther BRItVES, gdrhaps
carbon,_ §M@$$ﬁr§_”@fhﬁé@@ %d@‘ééﬁh%ﬁgbﬁ@ﬁpe;@é%% be@dﬁﬂé'md%@?f tﬁb_finﬁ@@ﬂcﬁﬁb,ef
properties of the zirconium powder that is being created during the reduction. The nt o
the gaseoild aﬁﬁitﬁ/%%liéjrﬁé)g GPedh gﬁ%h aWway thit itis 1éfér reflectéd %ﬁ (%é i%élzft%rﬁ]g3L5
zirconiumprpewdépirtie rargs 66 B80Dtotdspraximael G000 ppnt e tHe easeasiasstid
substances abat least 2000 URd9 3% 3zt coniaminationi)iidherresent example, a small
amount of silicon oxide is used, which emerges again as Si contamination.in @feisglarte he

zirconiuFEPSTHEP rhe ReikHY 8f fHe MUTEdieRS takEs Black anBEPBR S In 3 gy Fonhiee
mixer, asgibelirtg firkedet amtifferdritccompatdisiermixieg bigan é6r selik substarteso ] not
ingredieqts MP%'@P&%@H@Q'Q@&Q%@E@J&%@ ofsthesadditienofsmall guangities of the
second reduction metal (magnesium), the threshold of the initjal ignition is Iower(ed, so that the
reaction?ffktre 8dn b Groudhct igRtibHeadi8Ftifsh MHEFTSRR JSIRG Thlcium As
magnesimpevaporatesopartier dhanrcatsiunt; axsha resukiod the eyapbeatidre ob tied agagnesiam,

heat is remayeet oy thefBRCian massy o0k (he MMM ISERRIgLLe dfithe reacting
rnaSSISpgg£%ﬁatization cannot be adjusted in a targeted manner. Even the

opening of locked steel retorts after the reaction has taken place
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By adding 3 to 15% by weight calcium oxide (unhydrated lime) or unsintered magnesium
oxide one could also, alternatively, dilute the reaction mass, slow down the speed of the
reaction and lower the maximum temperature of the reaction. But this procedural method is
most often used at the expense of the purity of the zirconium powder that is to be obtained, so
that in the present example, working with the addition of magnesium is better. Ingredients:
Zirconium oxide (ave. particle size 4.5 - 5.5 um)36.0 kg Calcium (granulated metal min.
99.7%, 0.5 - 5 mm)26.5 kg Magnesium (chips)1.5 kg Silicon oxide0.1 kg (-= 46 g Si => 1840
ppm) Titanium oxide0.05 kg (= 30 g Ti => 1200 ppm) The ingredients are weighed and
thoroughly mixed in a drum mixer in an Ar atmosphere, then filled into an inner crucible and
stored dry n an,argon, apOgRRSS UP 19 Ysining redetion, tetortdn, acsordance i e
about the prevailing pressure. Uncooled retorts require a heat-

proof metallic or ceramic gasket (copper, silver or heat-proof

fibers) between the cover and the retort crucible, which can only

be used once in most cases. Also, large retorts can only be sealed

with difficulty in this manner; such gaskets only allow the use of
small retorts for quantities in the range of kilograms or less.
According to an advantageous embodiment of the reaction vessel, the
cooler is congruent with a gasket that extends circular under the
flange and this cooler has no connection to the actual retort
crucible.

For the cooling at the crucible flange and/or for cooling
the cover, as .an alternative to water, any other coolant can also
be used. ‘Thus, for example, organic heat transfer media such as
heat transfer oils, preferably silicon oils, or also air can be
used. A suitable silicon oil can, for example, be purchased as
Therminol7 VP from Solutia GmbH. The coolant circulates in a joint
or in independent suitable cooling cycles.

The coolable cover has, in addition to the inlet for

introducing a passivating gas or solid substance, at least one

further connection for a vacuum pump. Further, the cover can have

the following connections: a connection with a heat-proof, gasket-
less ball valve or plug valve for releasing a superatmospheric
pressure, connection for a vacuum pump for emptying the retort, an
inlet for introducing inert gases such as argon from a tube, an

inlet for introducing reactive gases such as Hy or N, from a tube,

a connection holding the safety valve, a connection to a vacuum or
pressure measuring device and a connection for one or more

temperature sensors (Pt/RhPt). If appropriate, a groove can also
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For performing the reduction reaction, the inner crucible containing the mixture of the
ingredients is inserted into the retort crucible in accordance with the invention, the retort is
locked by closing the cover, the entire retort is pumped out twice to an end pressure of less
than 1 mbar to remove air and possible moisture, and flooded with argon. At least one
temperature sensor is inserted in order through one of the lead-through fittings to measure the
temperature in the reaction space. A manometer is connected that shows subatmospheric
pressures up to 0.1 mbar, as well as a superatmospheric pressure up to + 1000 mbar.
Connections are established with gas pressure cylinders containing argon, nitrogen and
hydrogen. The gas pressure cylinders are equipped with accurate pressure reducers that are

set to a maximun pregsure of 100 mbar. The pressyre cyinders-for pivagen andiyvdipgen
are filled Wlthppre-measured amounts of these ggses. Inert gas argon must always be

available &t Ersuffieferithsurplife Sulsssdudmtly: theRedERHBNAS sthfed ViPREaffiy Bi€ Ftort in
a gas-firesherugiile fusarae. nppEIXiMaiely-4a minsies latee sthenemetaliotheanicaduction
reaCtion Stﬁ\l’tS: Z:[O(Z) N %h%aC:O>V622rcaoTtezrcabQIdegarCaa|!’lel Zgrpgf-iérza :>&N&er-ll-e%rcég Lm?th

present e&a‘irlr%)l%, the reaction Starts at a temperature Of approximately 100 - 140C, and within

2 minute$ itebthbgel FODE. AfER ©xeRRAAT I maximum temperature - recognizable by the
decrease of the measgiiediempearature ipthgarticular importance that the cooling

of the retort cover not be connected to the inlets and the
feedthrough fittings of the cover plate. Thereby, in particular,
the cooler of the flange should not have a connection to the retort
crucible and be open toward the retort wall.

Additional advantages and particularities of the method
in accordance with the invention as well as of reaction vessel for
performing metallothermic reductions for obtaining the metals
zirconium, titanium, hafnium and their alloys, as well as other
rare metals in fine powdery, phlegmatized form are seen in the
following, nonlimiting embodiment in conjunction with the drawings.

Therein:

FIG. 1 shows a reduction furnace with a reaction vessel
for performing metallothermic reductions for obtaining the metals
zirconium, titanium, hafnium and their alloys, as well as other
rare metals,

FIG. 2
FIG. 3 shows a cooled retort cover,

4

shows a retort crucible,

FIG. shows a spacer assembly, and

FIG. 5 shows an inner crucible.

According to FIG. 1 and 2, the retort crucible 1 is made
of a heat-proof steel 1.4841 or a comparable steel that can
withstand short-term temperatures up to 1300 to 1400°C and that

preferably has an inside diameter Di = 500 mm. The thickness of
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reaction chamber by the temperature sensor - the required amounts of gas for the
phlegmatization and/or for setting the combustion properties and ignition properties of the
zirconium powder are added. In the example, 50 1 nitrogen and 130 1 hydrogen are added
from the connected pressurized gas cylinders in the course of the cooling phase. This
corresponds to an amount of 500 ppm hydrogen and 2,500 ppm nitrogen in the created
zircorniium metal powder. The gases are quickly absorbed by the zirconium metal in the
cooling phase. When all gases have been added, the additionally required pressure
equalization takes place during the cooling process by the addition of argon. After cooling of
the retort to approximately 600C in the switched off furnace, the retort is removed from the
reduction furnace and hu n_a cooling frame where it can cool down to room temperature
by addingtr%]%rgaglr%oﬁ.s r{g r%%?usctiio%gfu%ﬂéc i§ ﬁgﬁe?r%%?ép%'d c\gn eaﬁggdgfo:{ﬁggtihss
and ignitifg BRt&ddribnEh FEASRST nektLAe that #agd Feai prepardidircthel Ak dMtinié irvalded
second refaddnagcordapee Wik i iRvantion whose Ai@s complele coolieg, the sner
crucible containing the reaction s,is removed from the retort, the reaction. mass._is broken
out, crushed W?{F]ljczl‘]vgscvec}'}ué e?‘g}\ eI%étche %n%?y%f‘r%h%r&fa&’é‘? reaﬁe%))} F{liasg%e%?ljén% 08x%|de
and calcitiepdxivecse ededrtéd 4Stblthercarrespondinilehlokities -and vashdd Sud echEap
sludge ofdinei giicenium ctetal povdanemains, due parideisize of 1diicheorpasponds] y
approximately to that of the zirconium oxide used, i.e. 5 +/- asured,according tq
Blaine or Hio T L e B e e R
(<80C). B&dfde 8f Hies atifledudifiiéS thére BIDR) & tHe §akestherd R URd hydrdgsn,
the metalspewger zanihepsocessat in water Bad inacid vdthouanypdanger wilkouidher 5
ooourrenge o e g Wale],0g 1Aty LA A8 Napdied xpaseatio .t MINOH Yo
spontaneous |gn|t|on.aﬂ?e ylela |§{§% - 61(9 gf a fine gray zirconium metal powder.
The burning'idtecseme prralgswaes bbtginedtathrlwa 8 Thcastiidd B8 f6FoRSSHtE Estrel
block thagis; 60iAdoagdl wahigh enghéd cranvidecasontntiesiss regiangiargeaoyedsdnilled,
that is 2 mm deep and m wide. The groove.is filled with 15 g of the metal powder.that is to
R e o b A L S
by the burhlity front 6 &gl a iarkée Strefcls ePaistancdofS0b MNERATRE RESEREEass),
the burning rade 588 o 16h /20 GB1LIRE fRiHgR temperatine st 15120 €6 Thsselectric
energy fot,gnitiqn,is apbroxmately 18 g3 4 (otal.of.2000 ppm hydrogen s found i tng,inal
product due to additiona hydrogen a sorption dlurlngt e agueous progessing. he metal
powdersaiisdevhitan eaadstaniifatiénsiof theatdhéton eaerls:MoiBveRtResd amounts are
in generaksmalo The ameuptsiab180R pRIPrsiicon, 2300, ppat ptregar,apdkk0Q0 ppa titarium
found co&eesqgenld we}:] to the theoretic%l amount156 Ef<ample 2

p © .10

an electric heater r alternatively, with a gas
heater 16.2.
According to FIG. 3, the coolable cover assembly has the
following design characteristics:
a cover 5 made of heat-proof steel 1.4841 with a
thickness of at least 25 mm, preferably 30 mm, or a
comparable material,
an inlet 12 with a heat-proof and gasket-less ball valve

or plug valve for releasing a superatmospheric

pressure,
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In a modification of the procedure of Example (1), the retort containing the reacted mass is left
in the reduction furnace after the reduction reaction has taken place. By additional external
heating, the particle size of the rare metal and/or its burning properties and chemical
properties are influenced. With several hours of heating at approximately 900C, a sintering
effect can be achieved that leads to a coarsening of the particle size of the zirconium metal
obtained. In the present example, 3 - 4 hours of heating increases the average particle size of
the zirconium metal from approximately 5 gm to 6 - 7 gm, and the burning rate can be slowed
down from approximately 75 s/50 cm to 100 to 120 s/50 cm. In this procedure, the
ignition point of the metal remains nearly unchanged and is at 250C +/- 20C. Example 3

For making zirconium metal lsutitaﬂe ;or use in é%r;litionts%/stergfc, of air-gg\gninitiatorsfggd
militarily used primingaclhér%e%, the pr85ess GeSCABET in (E’xampfe Z’ IS usepd?n%wever, the

following charge materials apepispth Zitdohivstoxte (ave. particle size 1.5/- 0.25/+0.5
gm)36.0 kg Magnesiugy (Ghipst min£99.8%: balk.dengity Q4% el dckdas argon from

a supply,

an inlet 8 for introducing reactive gases such as H; or N

from a supply,

a connection 9 with a safety valve (p = 0.25 bar),

a connection 11 for connecting to a vacuum or pressure

measurement device (a manometer ) 0.1 - 1,500 mbar),

a connection 10 for insertion of one or several

temperature-sensors (Pt/RhPt)

a water—-coolant system 6, and

an optional groove for holding the gasket ring,

preferably made of Viton, to the extent it is not
provided on the retort crucible. The water cooler 6
can, for example be designed as an annular channel
on the cover 5. The cover 5 can preferably be
connected with the flange 2 by a screws 19.

According to FIG. 4, a spacer assembly 20 with support
ring is provided between the flange 2 and the heatable reduction
furnace 17.

According to FIG. 5, the interior crucible 14 holds the
starting mixture 15, i.e. the mixture of metal oxide and the
reduction metal that is to be reduced. Depending on the purity
requirements, the inner crucible 14 is made of construction steel,
heat-proof steel or stainless steel, preferably St37 or VA, with a
thickness of 2 to 5 mm, preferably 2 to 4 mm. The inner crucible
14 holds the reaction mass away from the actual retort, which

serves only as "receiving vessel" for the duration of the reduction
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Silicon oxide0.35 kg The charge materials are mixed as in Example (1), the inner
crucible is filled and inserted into the retort. Unlike in Example (1), the retort is pumped out
twice and subsequently filled with 100 I hydrogen, 50 1 nitrogen and the rest argon. After
heating, the reduction reaction starts upon reaching a temperature of 150C +/- 20 C and
reaches a maximum value of 960 to 1050C according to the equation Zr02 + 2 Mg => 2 MgO
+ Zr In the cooling phase, once again 150 1 hydrogen and 50 1 nitrogen are added to
phlegmatize the zirconium metal powder. The last pressure equalization during cooling is
done with argon. After breaking out the cooled reaction mass and after leaching with
hydrochloric acid, washing, wet filtering under 45 gm and drying, a very fine, very ignitable

metal powder ;Eiobtaing% t_:[hat doeiip}oweé/ﬁar, not aUtochQEE%'{% ig%ngga Wgepe%ép,%%gdfgoqgir

because Of the p‘ﬁ?égma zgﬁoﬁf)ﬁunn%’wasﬁir%gn, cfercantlng Is performed several times in

order to rehfovee Hes fineseshdpanded metal perfieRs Witha paftise eife 6PBRIOWOF2 YR Tthe
yield is appepdimpielys25 kgr Toametal poweer caase sltiesicaratully ahtampenaturesibetaw
70C. <t PUDINAIALE 10,3 9T00VS (GIRBLE EXaMpIe, () gsad,in. ai s d0yr3 150

cm. The average pg(r)t?c &8ize of the me powder is 1. -0.3 Rm. The Ignition point is at

180 +1-18reeThednirlirurhkdedipittgnition shargy Wastitredieted st sprokfnatel e pJ.
The contest et silicosngRproximatelygesiesponds to that which was used and is 5900 ppm
(theoretically 6530 pp&% e hydiggen coptent of, the,end predugtis, 1400 ppm (thegratically

900 ppm), subject to ad ftional water a sorption during acid leaching. The nitrogen content in

the end prbdtieeisaridne gh (Hhoredically S0opippApnge 2 of the reduction

retort. The cover 5 and retort crucible 1 are connected gas-tight
and vacuum-tight by the gasket 4 made of Viton, Perbunan, Teflon or
other conventional sealing materials. The gasket 4 can be designed
as a flat ring or as O-ring. The gasket 4 must be cooled, as it
would otherwise decompose at the high reaction temperatures. In
this variant of an embodiment, cooling is done with water. It
would be catastrophic if water were to enter into the retort
chamber through cracks or through corrosion holes during the
reduction reaction. This would lead to a violent hydrogen
formation and an explosion in the retort. The design of the
cooling is therefore an important characteristic of the reaction
vessel. The cooler 3 of the crucible flange is fitted onto the
lower face of the flange 2 and has only one connection to the
flange itself, but not to the retort wall. Thus, water can never
penetrate into the retort from this area. The cooling of the cover
5 is such that it only cools the face of cover 5, however, it has
no connection to the inlets and feedthrough fittings. The cooling
water would have to penetrate through the massive cover 5 in order
to reach into the retort, which is highly unlikely given a wall
thickness of at least 30 mm of heat-proof steel. The cooling is

shown in more detail as water cooling 6 in FIG. 3.
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The high ignitability of the metal powder results from the high degree of fineness and the large
sensitivity with respect to electrostatic charge. In general, these metal powders are not dried,
but stored and transported in suspension under water of at least 30% by weight. Example 4
Production of a Zr/Ni alloy The procedural method of Example (1) is used, however
without the addition of 3i02 and Ti02. Zirconium oxide (average particle size 4.5 gm)36.0 kg
Calcium - granulated metal26.5 kg Magnesium (chips)1.5 kg The reaction takes place
as in Example (1), however, after being pumped out the retort is not filled with argon, but with

100 1 nitrogen (99.995). By heating, the reaction is started.

The retort crucible and the retort cover are connected
with a suitable number of screws and nuts 19. The retort, which is
made of the retort cover 5 and the retort crucible 1, can
immediately be used to house a different inner crucible with a new
starting mixture after the inner crucible 14 containing reacted and
phlegmatized mass has been removed. Thus, in one furnace, several
retorts can be brought to reaction one after the other.

The dimensions indicated in the figures are suitable for
a retort for executing the examples, i.e. for obtaining

approximately 25 kg of metal powder/starting mixture.

Exmle 1

An example for a metallothermic reduction using.the cited
principles and the present invention is obtaining zirconium in
powder form by reduction of zirconium oxide with calcium for
applications in getter technology (lamps, vacuum parts) and

military pyrotechnics, for example, production of thermal

batteries.

Zirconium oxide with an average particle size of 5 +/-
0.5 pm, as measured according to the Blaine method or the Fisher

sub-sieve sizer method, is mixed with calcium chips or granulated

metal at a particle size of 0.5 to 5 mm. Calcium metal is added in

the theoretically required stochiometric amount. For controlling
the reduction reaction, a small amount, for example, 2 to 10% by
weight of the theoretically required stochiometric amount of
magnesium chips with a similar size to those of the calcium is also
added. 1In principle, further additives, perhaps carbon, silicon or

silicon oxide and other substances can be added in order to
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In this case, it starts at 80 to 100C already and reaches a maximum value of approximately
1050C. During cooling, for the phlegmatization of the zirconium metal, an additional
amount of 100 1 nitrogen is added into the retort, the additional pressure equalization being
done with argon. After complete cooling, the reaction mass is broken out, crushed, but
not leached, instead it is ground fine in an anhydrous argon atmosphere to a particle size of
150 pm. To this mass of Zr metal, calcium oxide and magnesium oxide, as well as excess
magnesium and calcium, 12 kg nickel powder (average particle size according to Fischer 5
Km) is added (Caution, Ni powders are carcinogenic) and are mixed in an argon atmosphere

in a drum mixer, Subsequently, the mass is filled into the inner crucible, inserted into the retort
in accordance with the jnvention, evacuated gand slowly heated in an argon atmosphere,
whereby ﬁ%%iul%ﬁggg tgff‘nepé)r]é?lﬁ) réerigﬁﬁrﬁ ité)% tc@’é%fd .rf\ég fn coewteenﬁpglg%ré Ts k?)egaléwed after
approximatey tedodr thedntdrorredvserbtire admeasarsrtirrtheadpteRittiure Shify- ves
begins to fisenafiehaparaximately 3 tad/heues: Then withirel5 rainuies.darises dram
approximately 400.to 880 - 900 C. The heat is switched off as asther i ts.

the reactiéﬁ,o)t{r?et ?ﬁickzeJ[ oxide thatis'a \?vjéy]éncgc nﬁgin%%fj%ethoegn %%gw%%%r ﬁg %g}g%%é%%:)%Noil%/
the exced¥Produdindg 2@ erriRapris stllléontwnsd wnass 2pf- 28 -1ea@ictidiP hass, EhP® as
simultanepusdy.ttheida povitey bonds with thedyekel toxangsili, aliowathia sesupasiten of 70%
by weight.£4 ang 3o Ry welonL ipkel,\n thecoglina,phiase , 209 lhydrggen: sadded: ;.
The reacfion mass s left stlandfng oﬂ/ernig%t it the fetort I a coo?ingjframe by adding argon.
After opellify, ithelnbsd i& brered Gutpendted addfedirédh atiditrordertadiash dutakes

calcium gxideanehanag nesiem axde. §ytuaase, thedegching mushberperéarnaed i strongly

acetate-hyfered hydrochloric.agid. 2z, e 7 lloyawould be. portgsied hyauire fyydrochiori
ingredients must be kept scrupulously dry. As a result of the
addition of small quantities of the second reduction metal
(magnesium), the threshold of the initial ignition is lowered, so
that the reaction mixture can be brought to ignition easier than
when only using calcium. As magnesium evaporates earlier than
calcium, as a result of the evaporation of the magnesium, heat is
removed from the reaction mass, so that the maximum temperature of
the reacting mass is limited.

By adding 3 to 15% by weight calcium oxide (unhydrated
lime) or unsintered magnesium oxide one could also, alternatively,
dilute the reaction mass, slow down the speed of the reaction and
lower the maximum temperature of the reactibn. But this procedural
method is most often used at the expense of the purity of the

zirconium powder that is to be obtained, so that in the present

example, working with the addition of magnesium is better.

Ingredients:
Zirconium oxide {ave. particle size 4.5 - 5.5 um) 36.0 kg
Calcium {granulated metal min. 99.7%, 0.5 - 5 mm) 26.5 kg
Magnesium (chips) 1.5 kg
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alloy that remains in suspension is filtered wet (< 45 pm) and dried. The Zr-Ni alloy
powder obtained has a particle size of 4 - 6 pm, measured according to Blaine or Fisher. The
yield is approximately 36 kg. The burning time is at 200 +/- 30 s/50 cm, as measured in the
burning groove described in Example (1). The ignition point is at 260 - 280C, the hydrogen
content is 0.2% (2000 ppm) with respect to a theoretical value of 500 ppm. It is also shown
here that hydrogen forms during the chemical processing in acid and is absorbed by the
metal. The nitrogen content was not determined, theoretically, it is about 1% (10,000 ppm).
The minimum electric ignition energy was found to be at approximately 100 p.J. The
alloy powder is suitable for making delayed priming charges according to US specification

MIL-Z-1141Q8. Other Information The zirconium metal powders produced i
examplesé&gslé:r%lec? )é%él%hlegmatized in accordance Witﬁlﬁhaki%v\gﬁtigﬁ a(lfnd9 go ngotrl] 48 ppm)
spontanedasseitigiield.e. they can be exposed to air By kadfing ot ddbmicrdbsf8pir™
particles below a partiglg: Sizegefd 2:ai%s peraaps tyndacanting shirimgoieag hingandimashing,
the ignitahility can be reduced further. Even ague rocessing. itself contrj S
passivatiognr.o the }ﬁ%tajf%u?f%cé? B%%tr%ﬁnglt%rg éls%ggijsgels? t %51 %@?}agg &f}?n%%aléggv%(%g} teo
be surroupiddSkitASStiAYXide FMMAST R A BeBIBEFEstRicERY tifardBd HrReheguction
spontaneeysdgRition car Oeguhratismotaseachoaribediclassic” self-ignitability, but is based

on an electrostatic disgharge. 2+, T and Hafnium metal poyders ust (herelaig.alayse. e

handled in grounded, as cfn as posgib e metallic containers and to the extent possible, be
processe@UHgsMdRBEWhBHEplieanig the SammsREEEY i tHd iREMDN LbPrésponding
safety measiyes aredeilbe énplermestadianddrefessional advieetftom, trainedrsakety is

Speda“g§é%¥ggdg¥a895@9%%'the-cover, the entire retort is pumped out twice
to an end pressure of less than 1 mbar to remove air and possible
moisture, and fléoded with argon. At least one temperature sensor
is inserted in order through one of the lead-through fittings to
measure the temperature in the reaction space. A manometer is
connected that shows subatmospheric pressures up to 0.1 mbar, as
well as a superatmospheric pressure up to + 1000 mbar. Connections
are established with gas pressure cylinders containing argon,
nitrogen and hydrogen. - The gas pressure cylinders are equipped
with accurate pressure reducers that are set to a maximum pressure
of 100 mbar. The pressure cylinders for nitrogen and hydrogen are
filled with pre-measured amounts of these gases. Inert gas afgon
must always be available at a sufficient surplus. Subsequently,
the reduction is started by heating the retort in a gas-fired
crucible furnace. Approximately 45 minutes later, the
metallothermic reduction reaction starts:

Zr0, + 2 Ca => 2 Ca0O + Zr

and parallel
Z2r0Oy + 2 Mg => 2 MgO + Zr
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Reference numbers 1Retort crucible 2Flange 3Cooling at the crucible flange 4Gasket (0-Ring
or flat band) 5Cover 6Water cooling 7Inlet for inert gas (argon connection) 8Inlet for H2, N2

and other reactive gases

In the present example, the reaction starts at a
temperature of approximately 100 - 140°C, and within 2 minutes it
reaches 1100°C. After exceeding the maximum temperature -
recognizable by the decrease of the measured temperature in the
reaction chamber by the temperature sensor - the required amounts
of gas for the phlegmatization and/or for setting the combustion
properties and ignition properties of the zirconium powder are
added. 1In the example, 50 1 nitrogen and 130 1 hydrogen are added

from the connected pressurized gas cylinders in the course of the

This corresponds to an amount of 500 ppm hydrogen
The

cooling phase.
and 2,500 ppm nitrogen in the created zirconium metal powder.

gases are quickly absorbed by the zirconium metal in the cooling

phase. When all gases have been added, the additionally required

pressure equalization takes place during the cooling process by the

addition of argon. After cooling of the retort to approximately

600°C in the switched off furnace, the retort is removed from the

reduction furnace and hung on a cooling frame where it can cool

down to room temperature by adding more argon. The reduction

furnace is then freed up and can be used for heating and igniting
an additional reaction mixture that has been prepared in the

meantime in a second retort in accordance with the invention.

After complete cooling, the inner crucible containing the

reaction mass is removed from the retort, the reaction mass 1is

broken out, crushed with a jaw crusher and leached in hydrochloric

Thereby, magnesium oxide and calcium oxide are converted
A metal sludge of

acid.
into the corresponding chlorides and washed out.

fine zirconium metal powder remains, the particle size of which

corresponds approximately to that of the zirconium oxide used,
The metal

i.e.

5 +/- 1 pm as measured according to Blaine or Fisher.
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9Connection holding a safety valve 10Connection by one or more temperature sensors
11Connection for a vacuum device and pressure sensor (manometer) 12 Connection for

pressure release valve valve without gasket) (ball valve or

powder is washed, filtered wet (<45 pm) and carefully dried
(<80°C). Because of the added additives (here S$i0O;) and the gases,
here N, und hydrogen, the metal powder can be processed in water

and in acid without any danger, without the occurrence of a
it can be handled exposed to air

The yield is 25 - 26 kg of a

reaction with water, and later,
without any spontaneous ignition.

fine gray zirconium metal powder.
The burning rate of the metal powder obtained in this way

is measured as follows: Into a steel block that is 60 cm long,

1 cm high and 4 cm wide, a continuous, rectangular groove is

milled, that is 2 mm deep and 3 mm wide. The groove is filled with

15 g of the metal powder that is to be tested, the powder filling

is ignited at one end and the time is measured, which is required
by the burning front to travel a marked stretch of a distance of

500 mm. In the present case, the burning rate is 80 +/- 10

s/50 cm. The ignition temperature is at 240 +/- 20 °C. The

electric energy for ignition is approximately 18 pJ. A total of

2000 ppm hydrogen is found in the final product due to additional

hydrogen absorption during the aqueous processing. The metal

powders also contain the contaminations of the reduction metals;

however, these amounts are in general small. The amounts of 1800

ppm silicon, 2500 ppm nitrogen and 1000 ppm titanium found
correspond well to the theoretical amounts.
Example 2
In a modification of the procedure of Example (1), the
‘retort containing the reacted mass is left in the reduction furnace
after the reduction reaction has taken place. By additional
external heating, the particle size of the rare metal and/or its

burning properties and chemical properties are influenced. With
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13 Connection for a vacuum pump 14 Inner crucible 15

several hours of heating at approximately 900°C, a sintering effect
can be achieved that leads to a coarsening of the particle size of
the zirconium metal obtained. In the present example, 3 - 4 hours
of heating increases the average particle size of the zirconium
metal from approximately 5 um to 6 - 7 pm, and the burning rate can
be slowed down from approximately 75 s/50 cm to 100 to 120 s/50 cm.

In this procedure, the ignition point of the metal
remains nearly unchanged and is at 250°C +/- 20°C.

Example 3

For making zirconium metal suitable for use in ignition
systems of air-bag initiators and militarily used priming charges,
the process described in Example (1) is used; however, the

following charge materials are used:

Zirconium oxide (ave. particle size 1.5/- 0.25/+0.5 pm) 36.0 kg
.Magnesium (chips, min. 99.8%, bulk density 0.45 g/cm3) 17.1 kg
0.35 kg

Silicon oxide
The charge materials are mixed as in Example (1), the

inner crucible is filled and inserted into the retort. Unlike in

Example (1), the retort is pumped out twice and subsequently filled

with 100 1 hydrogen, 50 1 nitrogen and the rest argon. After

heating, the reduction reaction starts upon reaching a temperature

of 150°C +/~ 20 °C and reaches a maximum value of 960 to 1050°C

according to the equation
ZxrO, + 2 Mg => 2 MgO + Zr

In the cooling phase, once again 150 1 hydrogen and 50 1

nitrogen are added to phlegmatize the zirconium metal powder. The

last pressure equalization during cooling is done with argon.

After breaking out the cooled reaction mass and after leaching with
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Starting mixture 16.1 Heater(electricity) 16.2 Heater(gas)

hydrochloric acid, washing, wet filtering under 45 pm and drying, a
very fine, very .ignitable metal powder is obtained that does,
however, not automatically ignite when exposed to air because of
the phlegmatization. During washing, decanting is performed
several times in order to remove the finest suspended metal

particles with a particle size of below 0.2 pm. The yield is

approximately 25 kg. The metal powder can be dried carefully at

temperatures below 70°C.

The burning rate in a groove (compare Example (1) exposed
to air is 10 +/-3 s/50 cm. The average particle size of the metal
powder is 1.7 +/-0.3 pm. The ignition point is at 180 +/-10 °C.
The minimum electric ignition energy was measured ét approximately
2 udJ.

The content of silicon approximately corresponds to that
which was used and is 5900 ppm (theoretically 6530 ppm). The
hydrogen content of the end product is 1400 ppm (theoretically 900
ppm), subject to additional water absorption during acid leaching.

The nitrogen content in the end product is at 4000 ppn

(theoretically 5000 ppm).
The high ignitability of the metal powder results from

the high degree of fineness and the large sensitivity with respect

to electrostatic charge. 1In general, these metal powders are not

dried, but stored and transported in suspension under water of at

least 30% by weight.

Example 4
Production of a Zr/Ni alloy

The procedural method of Example (1) is used, however

without the addition of $i0; and TiO;.

- 27 -



17 Heatable reduction furnace 18 Furnace/combustion chamber

Zirconium oxide (average particle size 4.5 pm) 36.0 kg
Calcium - granulated metal 26.5 kg
Magnesium (chips) 1.5 kg
The reaction takes place as in Example (1), however,
but

after being pumped out the retort is not filled with argon,

with 100 1 nitrogen (99.995). By heating, the reaction is started.

In this case, it starts at 80 to 100°C already and reaches a

maximum value of approximately 1050°C.

During cooling, for the phlegmatization of the zirconium

metal, an additional amount of 100 1 nitrogen is added into the

retort, the additional pressure equalization being done with argon.
After complete cooling, the reaction mass is broken out,
crushed, but not leached, instead it is ground fine in an anhydrous

argon atmosphere to a particle size of 150 pm. To this mass of Zr

metal, calcium oxide and magnesium oxide, as well as excess

magnesium and calcium, 12 kg nickel powder {average particle size

according to Fischer 5 pum) is added (Caution, Ni powders are
carcinogenic) and are mixed in an argon atmosphere in a drum mixer.

the mass is filled into the inner crucible, inserted

evacuated and

Subsequently,
into the retort in accordance with the invention,

slowly heated in an argon atmosphere, whereby the furnace

temperature is limited to 860°C. The furnace temperature is

reached after approximately 1 hour, the interior temperature as

measured in the reaction mixture only begins to rise after

approximately 3 to 5 hours. Then, within 15 minutes, it rises from

approximately 400° to 880 - 900 °C.

soon as the reaction starts. 1In the reaction,
the nickel powder is reduced to Ni by

The heat is switched off as

the nickel oxide

that is always contained in
the excess reducing agent that is still contained in the Zr
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19 Screw connection 20 Spacer assembly with support ring

reduction mass, and simultaneously, the Zr powder bonds with the

nickel to a Zr-Ni alloy with a composition of 70% by weight Zr and

30% by weight nickel. In the cooling phase, 200 1 hydrogen is

added.
The reaction mass is left standing overnight in the

retort in a cooling frame by adding argon. After opening, the mass

crushed and leached in acid in order to wash out
the leaching must

is broken out,

calcium oxide and magnesium oxide. In this case,

be performed in strongly acetate-buffered hydrochloric acid, as the
ZrNi alloy would be corroded by pure hydrochloric acid. The Zr/Ni
and

alloy that remains in suspension is filtered wet (< 45 um)

dried.
The Zr-Ni alloy powder obtained has a particle size of 4

~ 6 pm, measured according to Blaine or Fisher. The yield is

The burning time is at 200 +/- 30 s/50 cm, as
The

approximately 36 kg.
measured in the burning groove described in Example (1).
the hydrogen content is 0.2% -

It is

ignition point is at 260 - 280°C,
(2000 ppm) with respect to a theoretical value of 500 ppm.

also shown here that hydrogen forms during the chemical processing

in acid and is absorbed by the metal. The nitrogen content was not

determined, theoretically, it is about 1% (10,000 ppm). The

minimum electric ignition energy was found to be at approximately

100 puJ.
The alloy powder is suitable for making delayed priming
charges according to US specification MIL-Z-114108.
Other Information
The zirconium metal powders produced in the examples

described are phlegmatized in accordance with the invention and do

not spontaneously self-ignite, i.e. they can be exposed to air. By
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21 Protection tube for temperature sensor Claims 1. A method of making metal
powder or alloy powder of an average particle size less than 10 pm, containing at least one of
the reactive metals zirconium, titanium or hafnium by the metallothermic reduction of the
oxides or halogenides of the cited reactive metals with the aid of a reduction metal,
characterized in that the metal powder or alloy powder is phlegmatized by adding a
passivating gas or gas mixture during and/or after the reduction of the oxides or halogenides,
whereby as passivating gas nitrogen in an amount of at least 1000 ppm and/or hydrogen in an
amount of 1000 to 2000 ppm is added into the metal powder or alloy powder, and/or is

phlegmatized by adding at least 2000 ppm (0.2% by weight) and at most 30,000 ppm
E}3°IA> by \{\é@&mm& aRRSUVBHNG SoNdsinstance printJogbedeductignafdne axides o o.2
alogenides,

pm, perhaps by decanting during leaching and washing, the
ignitability can be reduced further. FEven agueous processing
itself contributes to the passivation of the metal surface. - But
the latter also causes Ehe Zr, Ti and Hf metal poWder to be
surrounded with a thin oxide film so it can be electrostatically

charged. Then, a spontaneous ignition can occur that is not based

on the "classic" self-ignitability, but is based on an
electrostatic discharge. Zr, Ti and Hafnium metal powders must
therefore always be handled in grounded, as much as possible
metallic containers and to the extent possible, be processed under
argon. When replicating the examples cited in the invention,
corresponding safety measures are to be implemented and
professional advice from trained safety specialists should be
obtained.

Reference numbers

Retort crucible

Flange

Cooling at the crucible flange

Gasket (0O-Ring or flat band)

Cover

S U W

Water cooling

Inlet for inert gas (argon connection)
Inlet for H,, N, and other reactive gases
Connection holding a safety valve

Connection by one or more temperature sensors

[l s Vo TN o« R
= O

Connection for a vacuum device and pressure sensor

(manometer)

- 30 -



the reduction and the phlegmatization being performed in a single gas-tight reaction container
that can be evacuated. 2. The method according to claim 1, characterized in that
nitrogen is added into the metal powder or alloy powder as passivating gas in an amount of
2000 to 3000 ppm. 3. The method according to claim 1 or 2, characterized in that
nitrogen and hydrogen are added in the form of ammonia. - 32 - 4. The method
according to claim 1, characterized in that carbon is added in the gas phase in the form of
methane, carbon dioxide or carbon monoxide. 5. The method according to one of
claims 1 to 4, characterized in that the passivating gases are added into the reaction vessel
during cooling of the fully reacted mass after the maximum temperature has been reached.

6. The mathod accordingie etaiohlsehapaciesaed irdhatearborn, wilicws oren] wickel, plug
chromium and/or alurrygy% iswgglt%ed as pa sivsa\ting solid substance, whereby the passively

. : t : ) :
acting solid substance Is prefera ?/uadogeflnet e form of a fine oxide of the elements Ni, Cr,

Al, Si and'B with an aferIGE phfticlE Sizé | tHah POWM and is reduced together with the
metal oxigde; and/or Inner crucible

15 Starting mixture

16.1 Heater (electricity)

16.2 Heater (gas)

17 Heatable reduction furnace

18 Furnace/combustion chamber

19 Screw connection

20 Spacer assembly with support ring

21 Protection tube for temperature sensor
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the passivating solid substance is added in the form of a fine powder of the elements Ni, Cr,
Al, Si, B or C with an average patrticle size of less than 20 pm. 7. The method
according to claims 1 to 6, characterized in that the ignitability of the phlegmatized metal
powder or alloy powder is reduced further by washing out the sub-microscopically small
particles with a particle size of less than 0.2 pm during leaching and/or washing.

Claims

1. A method of making metal powder or alloy powder
of an average particle size less than 10 pm, containing at
least one of the reactive metals zirconium, titanium or
hafnium by the metallothermic reduction of the oxides or
halogenides of the cited reactive metals with the aid of a
reduction metal, characterized in that the metal powder or
alloy powder is phlegmatized

by adding a passivating gas or gas mixture during
and/or after the reduction of the oxides or halogenides,
whereby as passivating gas nitrogen in an amount of at least
1000 ppm and/or hydrogen in an amount of 1000 to 2000 ppm is
added into the metal powder or alloy powder, and/or is
phlegmatized

by adding at least 2000 ppm (0.2% by weight) and at
most 30,000 ppm (3% by weight) of a passivating solid
substance prior to the reduction of the oxides or halogenides,

the reduction and the phlegmatization being
performed in a single gas-tight reaction container that can be

evacuated.

2. The method according to claim 1, characterized
in that nitrogen is added into the metal powder or alloy

powder as passivating gas in an amount of 2000 to 3000 ppm.

3. The method according to claim 1 or 2,
characterized in that nitrogen and hydrogen are added in the

form of ammonia.



4, The method according to claim 1, characterized
in that carbon is added in the gas phase in the form of

methane, carbon dioxide or carbon monoxide.

5. The method according to one of claims 1 to 4,
characterized in that the passivating gases are added into the
reaction vessel during cooling of the fully reacted mass after

the maximum temperature has been reached.

6. The method according to claim 1, characterized

in that carbon, silicon, boron, nickel, chromium and/or
aluminum is added as passivating solid substance, whereby

the passively acting solid substance is preferably added in
the form of a fine oxide of the elements Ni, Cr, Al, Si and B
with an average particle size less than 20 um and is reduced
together with the metal oxide; and/or

the passivating solid substance is added in the form of a
fine powder of the elements Ni, Cr, Al, Si, B or C with an

average particle size of less than 20 um.

7. The method according to claims 1 to 6,
characterized in that the ignitability of the phlegmatized
metal powder or alloy powder is reduced further by washing out
the sub-microscopically small particles with a particle size

of less than 0.2 uym during leaching and/or washing.



