PHLEGVATI ZED METAL OR ALLOY POADER AND METHOD ANDY OR REACTI ON VESSEL FOR
| TS MANUFACTURE The invention concerns nmaki ng passivated very fine netal
powder of the elenments zirconium titanium and/ or hafniumthat can be
handl ed when exposed to air with an average particle size of |ess than 10
gm (nmeasured according to perneability nmethods such as <the Blaine or

Fi sher nmethod) by netall otherm c reduction of their oxides using calcium
or magnesium as well as a reaction vessel specifically suited for this
wor k and consisting of a retort «crucible, retort cover and inner crucible
to make possible the addition of phlegmatizing gases and/or solid

subst ances during and/or after the reduction reaction. As phlegmatizing
additives, hydrogen is especially used in an anount of at |east 500 ppm
and nitrogen in an anmount of at |east 1000 ppm as phl egmatizing solid
addi ti ves, PEERGGTIZHD MEGTAL DBrANLOYI BREIER GINDOMETHORNAND) OR1 FEACTION used
in quantities of at ML. |east 2000 ppm The oxi des can be reduced

i ndi vi dual Iy to produce pur&SSfit gIORpEG\’ﬁeWUrB%‘ETQ%y can al so be reduced
m xed with each other or in a mxture with netal powders and/or oxi des of
the elenents nickel, chromumand alum numto produce alloys of titanium
zi rconi um and haffRPurmVPP Rl ¢ hese @ dfeHesinpr Pofs aya i i TR hlfdgeofretal

met al | gthefdd & ¢ educti ensy+ Mot ald Qther mtqtsﬁgaﬁtmﬁoysam% gtihgrp and

magnesi um as reduci ng agent are used ff or obtaining rare ne ‘'romtheir
oxi des P& hpndiisenvhReyecansed e bt aiirédaor aeanaonl §a bel @lst aiiredodt | ow

S0t ut ) e Pam 20 PR na b Bttt ron ot et 1ok TR A Rch 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 ppmn.

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




carbon or with gases such as hydrogen or carbon nonoxide. A typical

i ndustrial product for this is the production of the rare earth elenents
such as yttrium cerium |anthanum and others as well as the netal
berylliumfromtheir oxides or hal ogenides with nagnesium cal cium or

al um num [ Ronpps Chem cal Lexicon: "Metallotherny." Moreover,
metallotherm c reactions are used to obtain the rare netals in a defined
fine powder form perhaps for applications in powder netallurgy, in
pyrotechnics or as a getter in vacuumtechnology. The particle size of the
metal powder that 1is thus to be produced can largely be predeterm ned by
the selection of the particle size of the corresponding nmet al oxi de that
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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 reduced. [Petrikeev, et al, Tsvetnye Met., Number 8
(1991) 71-72].

Further, EP 1 644 544 9 [US 2006/0174727] also describes
a method of making metal powders, for example, metal hydride
powders of the elements Ti, Zr, Hf, V, Nb, Ta and Cr in which an
oxide of these elements is mixed with a reducing agent and this
mixture is heated in a furnace, if necessary in a hydrogen
atmosphere, until the reduction reaction starts, the reaction
product 1is leached 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 1s not described.

By mixing various reducible oxides, powder-like alloys

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




m xi ng the reduction nmetals and by a suitable selection of particle size
of the reducing agents, the start and the kinetics of the reduction process
can be influenced. The heat of the reaction depends on the oxides to be
reduced, the reduction netal and the possible side reactions. It can be
cal cul ated according to thernodynam c principles using the free reaction
ent hal py of the educts and the products. In general, the netal calcium
foll owed by al um num and magnesi um has the strongest reduction effect. In
the selection of the reducing agent it is to be taken into consideration
that it should not formany alloy with the rare earth netals obtained by
the reduction, unless this would be specifically desired. A so, the netal
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selection of the reducing agent it is to be taken into
consideration that it should not form any alloy with the rare earth
metals obtained by the reduction, unless this would be specifically
desired. Also, the metal oxide of the reduction metal that is
formed in the reduction should not form any double oxides or other
mixed oxides with the oxide to be reduced, because as a result 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, 1if 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.




initiated by primng, and thereafter continue automatically w thout the
addition of any external energy. The primng can be initiated chemcally,
electrically (by a heated wire or by induction) or sinply by defined
heating of a partial section of the netal/netal oxide - mxture [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
al so be started by a wood fire or coal fire under the retort. A gas-fired
cruci ble furnace has the advantage that the retort is heated quickly. At a
tenperature of proximately 1 to 450C, depending on the particle sizes
and’ the type of IPhECERBEE Al MG 2r i ROCOELCR o i SSehrrS it one
hot spoiutl@catied lilg.t henéosesrd Riddd efoblie ter vei b ectmsts ahattharet i me
containing the mxture that is to be converted, In the reduction of the
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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 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




fl anmes can appear in the rel ease valve. Vapors and dust that are created
must be suctioned off at the |l ocation of their creation. The opening of

t he val ve can be nmanual, but al so el ectronechani cal or pneumatic, and for
safety reasons, it can be controlled renotely, for exanple, by video
observation. As release valves for the superatnospheric pressure,
primarily plug valves without gaskets or ball valves with a |arge cross
section are used. Metallotherm c reductions continue to go on autogenously
after they have been ignited. The started reaction cannot be stopped by
usi ng conventional process technol ogi es such as cooling or by the addition
of diluting agents. This neans that netallotherm c reduction reactions
categorically regylre Ege0|a saf:% nmeasures and wel | - consi dered designs
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gaskets or ball valves with a large cross section are used.

Metallothermic reductions continue to go on autogenously
after they have been ignited. The started reaction cannot be
stopped by using conventional process technologies such as cooling
or by the addition of diluting agents.

This means that metallothermic reduction reactions
categorically 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




reaction. For this, the reduction reaction is perfornmed under an inert
protective gas, nost of the tinme argon or helium Alternatively, the
reduction can also be started and perforned in vacuum |If one were to
performthe nmetall otherm c reduction of zirconiumin Exanple (1), for
exanple, in a ceram c container exposed to air or under a slag bl anket
simlar to EP 0583670 Al, after the reaction, during the cooling of the
reaction nmass, the formed zirconi um powder would again bind with the
oxygen in the air. A mxture of badly reduced zirconiumnetal and
primarily zirconium oxi de woul d be found. The small anount of netal
obtai ned would be practically usel ess. Anal ogously, this also applies to
the metal s .titaniuymand.hafpnium |n making very reactive rare netals such
as zi 1 oMU T t 1 L&A G ahd Rar IR SoREGEERaTS 16 BHIBGMEITEE the
metal jpowdersotecaivar geseduaey dm toredernnkoasybseguentlyreven be able to
handl e em exposed to air and to be able to process them further. |
UItrapU%i?%ﬁnﬁgﬁWﬁ ’z?P%oﬁ?%ﬁﬁEﬁﬁf'ﬁﬁﬁn@&ﬁP BOnpPFRTEEY F1eGtogasd dRd
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instantly ignite_upon contact with air and burn into their oxides. In the
literature, [AndéfsBR® FETand BEZECHN the meEpetetioehef ssucties pigs3)
240] , thie-ddnibn WAdekampi&h(the rdargamREYS, PYHORPNOL I fniZd I CRiYmepowWder i s
present is seen to be, at an average particle size of 10 m as neasured
accor diSTPEY per AeabPt i ¢y %ethods dstidRNEstt ABBELDF Bl &ih& 583 E0sher .
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finest form- react with water under certain circunstances, sinmlar to the
known ri€Z@€PoA1sFOR} KAl POYRR Al WiG RIain bind with the oxygen in the

air. A mixture of badly reduced zirconium metal and primarily
zirconium oxide would be found. The small amount of metal obtained

would be practically useless. Analogously, 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 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




wat er, form ng hydrogen in an explosive reaction. The literature 6 reports
about expl osion accidents of this type [Accident & Fire Protection

I nformation, US Atom c Energy Conmm ssion |Issue No. 44, June 20, 1956].
Metallic titanium zirconiumand hafnium as well as alloys of these
netals are stable in air only because they are surrounded at room

t enperature by an oxygen-i nperneabl e oxi de cover or oxide nitride cover

the so-called passive layer. Passivation is also known from nany ot her
netal s such as, for exanple, alum num zinc and chrom um For nost netals,
passivation occurs by itself. Upon contact of the netal surface with the
oxygen and nitrogen of the air, together mﬁth noi sture and carbon di oxi de
contalned i r, the otectlve SS|ve rnB tho t any speC|aI
cfrort carisd o ERBLEAEEN ARG chTenEv PR he R riZRELE s
wel | asptdweddt iald Qmﬁo‘ﬁhéﬂlbhﬁw&arﬁdﬁﬁsaﬁﬁergg cbimnes powlers Sy mOaszhave
been produceq)iﬂ a gontrolled at nosphere under argon, heliumor in vacuum
I'n this/CXs€ 1t he rgeted addition of phlegmatizi ng substances, in

particul ar the gazesllintttogeni and NiydRdeRn, aparhapsiahsamHx¥gansgont ai ni ng
gases, ensures that the netal powder does not spontaneously ignite itself
when r ehoVEF forPEAE BBRE DI 16 Y & rosphér 8R6Y PegRUtferiticdnéde al r eady
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invention is to provide a nethod of and a reaction vessel for performng a
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m xtures, whereby the reactive netal powders or al | oy pomders that are

pr oducedl WHEWapahne ehd beh Pyt isiths edigen oy thaags bel, wirgsivation occurs
by itself. Upon contact of the metal surface with the oxygen and

nitrogen of the air, together with moisture and carbon dioxide
contained in air, the protective passive film forms without any
special effort. This is not the case with respect to the metals
Ti, Zr, and Hf, as well as their alloys when they are present in
fine powder form and have been produced in a controlled atmosphere
under argon, helium or in wvacuum. In this case, the targeted
addition of phlegmatizing substances, in particular the gases
nitrogen and hydrogen, perhaps also oxygen-containing gases,
ensures that the metal powder does not spontaneocusly ignite itself
when removed from the controlled gas atmosphere or - as mentioned
already - reacts explosively upon contact with water.

The object of the present invention is to provide a
method of and a reaction vessel for performing a method of
producing metal powders or alloy powders of the reactive metals
zirconium, titanium or hafnium from the corresponding oxides or
oxlide mixtures, whereby the reactive metal powders or alloy powders
that are produced are capable of being subsequently handled when

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




exposed to air, for exanple, for the purpose of further processing. 7
Description of the invention The above-nentioned problemwas sol ved by a
met hod of naking netal powder or alloy powder of an average particle of
size less than 10 m consisting of or containing at | east one of the
reactive netals zirconium titaniumor hafnium by the netallothermc
reducti on of oxides or halogenides of the cited reactive netals with the
hel p of a reduction netal, whereby the netal powder or alloy powder is
phl egmati zed by adding a passivating gas or a gas m xture during and/or
after the reduction of the oxides or hal ogenides and/or by adding a
passi vating solid substance prior to the reduction of the oxides or

hal ogeni des, the reductionDas wel |, as thghghle mati zati on being done in a

single reaction vessel that is ast Pght ant"YHAt ' an be evacuated. This

method is perfornmed in accordance with the invention in a suitable
reaction vessel that will |later be explained in urt her detail. t he one
hand, the nethod%wﬁ 3%%8?6%%%%19&?4134%§%eanéﬁt?81Ye%. ¥wﬁ|m%£?qph§?reaction
vessel mdkow treaneduatiednor r @acdy GWoude rbe rdaneausdese i fefdi gases sueh as

argon or heliumor in vacuum in order to preclude uncontrolled access of
ai r and'efoi'stair é0 M. papeseutdary atherdesrgalairovet tirattarget ed abdition
of ‘a neasred ATRYAL O 1 0aSER. AN NAANY 8L ALERTLANG ¢ &dUetlon react | on
in order to phlegmatize the netals or alloys that are “fornmed in targeted
manner ik e tihefrngenceduhei on chemxsaleshelatroprgeTheeslest gined witteer al | ows

the redH&;ééy%eo%eEgﬁsO%Egﬁstﬁg ﬁBﬁék%f 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 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. 1In 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

e




m xtures under a reactive gas atnosphere, in particular hydrogen 8 when
it is intended to produce the hydrides of the netals Ti, Zr and Hf. It

al so all ows the hydrogenation of alloys produced by nolten netallurgy, for
exanple an alloy of 70% Zr and 30% ni ckel or by sponge titanium by heating
and addi ng hydrogen. In addition to hydrogen, amoni a, nethane, carbon
nonoxi de, carbon di oxide and nitrogen can be fed into the retort in order
to produce hydrides, sub-hydrides, carbides, nitrides, hydride-nitride

m xtures or oxynitrides of the nmetals zirconium titaniumand 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 chanmher.. A.special spacer k6 assenbl ith suppaort ring makes it
pOSSi blwgnetno 15 aCe ' The P oft RS grhgn%gywaéﬁ?ﬁs(’?nt %@G&?ﬁﬁugﬁ’oﬁrspace
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as car hgn,spsinljecent o i s | b€ otk Lxirde aand aatingy suPsiances candde caddedoi n
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added as t:Rassi vahi g Ha$. iherely reabrkeast o 590, ppmJndregen ardqd000 ppm
nitrogen shoul d be contained in the metal powders in order to avoid the
above merigAEdIPBactdBnsieFomisaridey r badbnse e idfodretefrreshydr ogen

shoul d Jgsti theqat beaste 1RO 1RPMi(LL i %, Preflerablnd0d,ita.208Q.ppm and
nitrogen at |east 2000 ppm (0.2 %, preferably 2000 - 3000 ppm N trogen

and hyfrogéRuEaRon| Son el il dedtiar iehedefogm of wmomicd.ing 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 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,




As passivating solid substances at |east 2000 ppm (0.2 % by weight) and at
nost 30, 000 ppm (3% by wei ght) carbon, silicon, - 9 boron, nickel,
chrom um and/ or al um num can be added. The passivating solid substance can
al so be reduced together with a netal oxide in the formof a fine oxide of
the elements Ni, C, A, Si and Bwth an average particle size of |ess
than 20 gm Alternatively, the addition of passivating solid substances in
the formof a fine powder of the elenments Ni, C, A, Si, Bor Cwith an
average particle size of less than 20 mis possible. According to a
further variant of an enbodi nent of the nethod, carbon can be added via

t he gas phase in the form of nethane, carbon dioxide or carbon nonoxi de.

Finally the pas atl ases apd solid.  substances can al so be added
t oget het° e 1§ abFF??@ YhicdgrdiFPed? %Ja?é%ﬁi b6r  all oy

powder spmmlln@v\eaeddfsluwwn&y Jashilrg eut ré@l@é@d:rw‘g‘eaﬂie& wRaht kel es
that have a particle size of less than 0.2 mduring |eaching and/or

washi ng®€ e KedfanPsmant? gt the rfédSor*£8f Phi ShopHtegirttisz &t o T - i 81 not
known pyedselryywikh gﬁna‘pgr@tfes%gezdalﬁlét sﬂze' §£NPLss %fz?@e py due to a

"l ayer formation" of metal hydride or netal nitride on article
surfacéﬂbyﬂKHéSQeémalthawthﬂqufcgaQaSanathagc&&&ﬂdﬁsuh$UaWEﬁbuah pbeosity

combi ned M L @ BLOb Speeliice Suriace ot the nelal, powder, Lhepe agg then

certain m ni mum anoun 0 require Tt o enslire At Feddt “a

mono- nmrecmlealag@opeftoéletmerreifalle%@r fta@a 2Onurt hies gierivhand, atberdeiql s

Ti, Zr and Hf have a consi derabl e SO|UbI|It% for gases. In the zirconium
y

metal Gratr iR TREF BxEhDHe, Ok ey &TRRRIBEN506 hy D g Datd §5Pem209% be
ni trogeRided $9hi €nsoh it i @hde) 1 dFidhewrblrhaB¥ehe@hane), E8Mn BRYSid? or

carbon monoxide. Finally, the passivating gases and solid
substances can also be added together.

The ignitability of the phlegmatized metal powders or
alloy powders can be lowered further by washing out submicroscopic
particles that have a particle size of less than 0.2 pm during
leaching and/or washing.

The mechanism and/or the reason for this phlegmatization
is not known precisely. It can be assumed, but it is not
necessarily due to a "layer formation" of metal hydride or metal
nitride on the particle surface by these small amounts of gas. In
the case of an eventual porosity combined with a high specific
surface of the metal powder, there are then certain minimum amounts
of N and H required to ensure at least a mono-molecular cover of
the metal surface. On the other hand, the metals Ti, Zr 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 soclution [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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(1941) 678]. For titanium 7.9% of atnospheric pressure for hydrogen and
18. 5% of atnospheric pressure for nitrogen are nentioned [J.D. Fast,

(Metal Processing ) Metallw rtschaft 17 10 (1938) 641-6441. A phase
formati on or conpound formation of perhaps TiH2, ZrH7, ZrN on the surface
is therefore not certain, because for such, the [imts of solubility would
have to be exceeded. One hypothetical concept of the inventor is the
followi ng: by placing the gases into the netal matrix, the entire energy

| evel of the free electrons in the netal is |owered so nuch that the

spont aneous reaction w th oxygen by conbustion or the reaction with water
does not happen. In the follow ng wet-chem cal processing of the netal
powder | te cid, the actual oxidic assi v is only fornmed
o The PR e abte Dee by e LG POnCPBRCt G St 16By Ben 1 1 om the
air anqiemqqal@ys gliow, reacti aan vhtithaadeffadds ishehaetabrpovsiercdrdiegt ed only
to roomtenperature or at nost to the boili point of water in the
vet - chétfial®e préc88si ng Rl Hmi s o &ﬁlﬁpbéég§e%o%ﬁ%aQﬂWﬁNtﬁnHelndeed now
a densgscdddend.y adhering "passive layer” of netal oxide (and neta

nitride) can form which permanently protects the nmetal from further

oxi dation. This R}pobKestieticayspaiceed BY RXpetiIHtY ithaf®have been

per forned 1Ry ithhe bPVEDLOIng WHLRAKLe natodeserhbesh dar fiurthee dgtail here,
in which during the processing of weakly oxidized subst ances such as
hydrogéﬁ“ﬁé@b%ﬁ&él gp%%%liﬁqqeﬁkﬁc%épps ARt FRe endfa ) ayferlomerRPn§osuBSt ances
such a%h%QO%RQOEbSnQQhébusHﬂ%&&ﬁ%&@%l%ﬁdoQQ&QHBE§Su%ﬁﬁ%tﬂ@@e@r which
increased the passivation of the netal powders.” This hypothesis is also
suppor tred ctthepreby tht vated rdqusacidtc @apgani- ngl e hehpristessiing gktrhkenical

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 indeed, now a
dense, firmly adhering "passive layer" of metal oxide (and metal
nitride) can form, which permanently protects the metal from
further oxidation. This hypothesis is supported by experiments
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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metal powders in acid and later in wash water, one can always observe a
weak gas formation (hydrogen) in the form of the smal | est gas bubbl es,
which is concluded after a period of tinme of 3 to 12 hours. One al so nust
note that the contents of hydrogen that are - 11 analyzed in the netal
powders are always higher than the theoretically calcul ated val ues based
on the addition of hydrogen. Thus, the netals al so again absorb hydrogen
during the wet chem cal processing, the origin of which can be found in
the deconposition of excess reducing agent (Mg, Ca) but also in a
reaction that takes place at the surface between the netal and water. In
accordance with the invention, particularly the effect of placing gases
into the netal natr X is. t t|||zed Such a, placenent is especially
advant ag¥oudlSy dchit eﬁeFﬁgr%%V e??ﬁﬁr%iﬁ§waﬁﬁlgéﬂg?fzvﬁﬁléﬁﬁbounds are
added ithqarddicdlary dulicnlatde vdRdUCterdr eacthenaddieadly o fThe ddegeae of
passivation is difficult _to quantify, it can best be derived fromthe

i gni ti on PYItthEr TERELSnetap ?ﬁﬁ&ﬂn%?%@%ﬁb@é&rPgeal?ur¥?ﬁ HEadi®h ng t he

i gni ti othepaiditl @froceakh dgsubisd aferpin WA AUSH 88RELE NBSuAl S& $thandard
met hods are available. For the netals Ti, Zr and Hf, the follow ng sinple
test HTEHRATER OFs OSuPtante: TIH A Copger teylPnder) orustddlo dyl Pnder  with

a di ametercrang anhei ghte9f p70-dmit aholse e cdr bl gdelh mﬁéﬂ%eteqnta% with a
di aneter of 15 mmand a depth of 35 nm At a spacing of nm a 5 mm w de

hol e i ¢'&l§94-1 ed that al so has a depth of 35 nm which serves to house a

ther mocoupl e el e&%”‘écc@?&a@&&%ﬂﬁ th%V%kz)énPESHe%§Ptj‘?&laa[}mymf:'h%%%}éc%‘lo §
150C, then a quantity of 1 2 9go he metal powder that i's to be tested

is pourOe‘ij Alcangheaskar gero bib‘r@e naaﬁdalhéefcurmg is tont¢ nued igect-o Syriht Ron,
whi ch %ﬁﬁmgﬁent 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 quantify, 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 1is 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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recogni zed optically (e.g. by a video canera). By analyzing the
time/tenperature curve of the tenperature sensor, the ignition point can
be determined fairly accurately. If the ignition points are below 150C, a
saf e passivation or phlegmatization cannot be - 12 assunmed. Metal powders
with such lowignition points should be destroyed by conbustion at a save
site. Even the burning tinme provides reference points for the degree of
phl egmati zation. The nmethod is described in Exanple 1. References to it
can al so be |l earned from neasurenents of the electric mnimumignition
ener gy mhich is, however, very difficult to determ ne. [Berger, B.
Gyseler, J., Method of testing the sensitivity of explosives with respect

to el ec%%)gr%%agl CLV%I har?, EFgIVIet ode elﬁﬁ[ﬁfgﬁﬂ ?erﬁ%chLI nq} uédk%'t von

Expl osi vs en gegen FOSt &t i 5¢ Nergetic

Met al s, dd:B&ﬂ'DMbyC@nfnbuetlbﬁ:Tat Kard sreuhe t2987, page 55/1 to 55/14]. In t he
present inventio h mati zation of .the ers of_Ti and
H, as well as o Va?lnl gi?g %b\g%i-%g of 1§ l?eré)é’lr‘?@tsaFg?W?%ngm@t and AlthFakes
pl ace dakgng arfdpon eafibet zhheon r edurot In@thl@‘ﬁ addusgcaipeasit edaments . of
hydrogen nd/ or nltro en in the gas-ti retort that can be evacuated. A

part of "¢ HesE CSFadEs *Eaf?hl 365D prese dl A TPRe™FREoF £ Hom3theé Segi nni ng.

Bett er, ettt M @iph@GhSELYitihe Nassjvatiikg gasesoranebe addediitraiche
reactlon vessel (the retort) during cqoling of the fully reacted nmass
after readifitigd™eRe - maxPREATE enfper &R S1The - el BRERPS N ,ERGT 1AV EAS have a

dual fLgEﬁdﬂﬂlﬂl&@ebfC@ﬁpl@§rﬂ§§QMnQir%%b%c&oﬁongkéagr@%ﬂéﬁﬁb(Hlégharé% and
Hf , but they also act - in small quantities of between 2000 fpfpmto 3% - as
e

phl egmatfeAivgler ZxedPalarey véer iFrrHadddrékretaren 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 ccoling 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 1iron, 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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In addition, nonnetallic additives such as carbon, silicon, boron or
metallic additives such as iron, nickel, chromum alum numand others can
i nfluence the reactivity of the zirconium titaniumand hafniumwth
respect to water, air and oxidation agents. An addition of silicon or
boron generally slows 13 down the speed of conmbustion very little, but it
can increase the ignition tenperature. A rather negative exanple is iron.
Additives of iron lead to spraying sparks, have a tendency to |lower the
ignition tenperature of the zirconiumnetal, and nost of the tine increase
the ignitability with respect to friction. Carbon can be added to the
retort in accordance with the invention by adding neasured anounts of

car bon di oxi . de or thane. In general, it leads to. a phlegmatization.

Qt her é%?ﬁ%&g§ ar&cbes ﬁaﬁ%ﬂ5$ Onfﬁ%“%ﬁéFFﬁﬁg ﬁ??th?ég?hlt & *PGFm-BF t hei r
oxi des Dynidiirecttleyipasatpowdera iruglameriyak ifer akadhes additicen of solid
subst ances in |low_ anounts is, however, connected with the probl emthat
becauseAiﬁatﬁvﬁ§uPFi&F@ﬂtlﬁ?ii?&)%ﬂrqﬁfngeﬁpéﬁﬁFio%?v?uﬁ HNSeal- opaPYREl es
cone itHo ieentach wWehpethenaddist iR, S0 bhatni Aetgdd) ti 0 M tdepedne

phl egmatized netal particles, particles exist that were not alloyed wth

t he additi%nrcTRéSFatberigaht3ynitty ddtngepPeebss? nir ifd on-eadatbothe
combustd on Hof abReqenbi £Be Stafdd g MiaxlUh@ankd wEORtFAStinLA3E0HSHL3ddi ti ves
distribute thenselves evenly in the entire retort chanber and generally
reach atddimgt araparef cieluitiatof e bPsr feaxifer o Histhkaswgson Iint 9ggeral,
recommendedalg work PhLEBAd| Y. tidd) gpseaus.addiliyese The phlagrRE,zation
in accordance with the invention of the nmetal powders of titanium

zi rconithd &hd rhandi DhxoEre g rthe Ifoym péwlee s wiidemses dGaecheéyreal i zed on

an ind%%%@%@'iﬁcéhgmgﬂté@ifgkm. The addition of solid substances in low

amounts 1is, 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. In
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 gaseocus 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 um, 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 reaction vessel (a retort). This reaction vessel in accordance
with the invention for making phlegmatized netal powder or alloy powder
with an average particle size that is less than 10 gm consisting of or
containing at | east one of the reactive netals zirconium titaniumor
haf ni um by the nmetallothermc reduction of oxides or hal ogenides of the
cited reactive netals 14 wth the help of a reduction netal according to
the described nethod is characterized thereby, that the reaction vessel
consists of a retort crucible with a cool abl e cover and an inner crucible
that can be inserted into a heatable reduction furnace, the cool able cover
having at |east one inlet for introducing a passivating gas or a solid
substaqﬁﬁﬂlqgg %éflan eis trt crucible for ting on a

|ded to.the ret .put
retort Covert ont's Fhe ufdk %@%ﬁf?ﬂ m%ﬁﬁﬁcﬁcﬁoﬁng%rt?suﬁ%fﬁﬁﬁrﬁnga cool ant .
| n pl aceetdfod he chtedctwel gded connect,i ahs: ohberestt i@blwdsyppescabists
connectiﬁns are al so ﬁ$ hi n. the nea ig EOf this invention. The ljterature

descri Bing &t ot RBF AP reduttd G PEAEL FORET of 1R bR STt P68 Ehat t he

reacti afhdts qaer ber ikdeife@ iiOsSLhdelzont padecofostegindmngdernenert gases,
W t hout givin anz detajls of the design characteristics of such retorts.
Often, C?Q%ﬁ?ﬁ% 68V EEdRE bt ey Rad onst ort et af @F mBNti UHEd"9sé- cal | ed bonb

t ubes thalsidatnaly haveoany £pe Ndsstahcbestin@ £omeacdd ans fnqda eBNEREt er .
Al t hough these types of structures allow for the addition of inert gases

(Ar, HERLFEaltiPvéPyasker (Mt 02, rRErt CMAgT sinsvltihng aaderries oNi |

Ni O Cryni@h2@3cobled is e B rdB203k0oRbhOr 1o the deant iR ocLhe degree
to which the free retort chanber allows, they do not allow it during and
after tfddefedaerfehlioRet oribe pfsuified ley peras eo bycatieqrdans sdet abbe for

the within the meaning of this invention.

The literature describing metallothermic reduction
reactions often only mentions that the reaction is performed in a
closed retort made of steel under inert gases, without giving any
details of the design characteristics of such retorts. Often,
firmly bolted-together steel retorts are mentioned, so-called bomb
tubes that do not have any openings, at best a connection for a
manometer. Although these types of structures allow for the
addition of inert gases (Ar, He), reactive gases (H,, CO, CO,, NHs,
CH,4) or solid additives (Ni, NiO, Cr, Cry0s3, C, Si, Si0O,, B, B»03)
prior to the reaction to the degree to which the free retort
chamber allows, they do not allow it during and after the
reduction. Retorts of this type are by all means suitable for the
scientific determination of the properties of rare metals, but not
in order to produce large guantities of rare metals in a short
period of time. With solidly locked reaction vessels, the
important properties in pyrotechnics and in getter technology, such
as speed of combustion, ignition point and the degree of
phlegmatization cannot be adjusted in a targeted manner. Even the

ocpening of locked steel retorts after the reaction has taken place
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scientific determ nation of the properties of rare netals, but not in
order to produce |large quantities of rare netals in a short period of
time. Wth solidly | ocked reaction vessels, the inportant properties in
pyrotechnics and in getter technol ogy, such as speed of conbustion,
ignition point and the degree of phlegmatization cannot be adjusted in a
targeted manner. Even the opening of |ocked steel retorts after the
reaction has taken place - 15 is not wi thout danger, as there is often no
i nformation avail able about the prevailing pressure. Uncooled retorts
require a heat- proof metallic or ceram c gasket (copper, silver or

heat - proof fibers) between the cover and the retort crucible, which can
only be us d aonce in . nost cases. Al saq, e retor n only b al ed
o th a0 e R e RRR TS ST JasRe B oy T LS (Y8 L0rD Bl |
ret OI‘tSa}ifcm‘t qienbirtizes1ing theesange ofunkbbognanstOftd essquirACCOhdaRg to an
advant age enb glnent of the reaction vessel, the cooler is congruent
with afgé FEFﬁ LExPENTRT BT T HAT S ind6PPPRE.  $1hfge And i €851 er has
no conneiadd:en- betlvBenachelatovet airld teleUgebber Eokicidie: copliidig cah bhey
cruci ble fl ange and/or for cooling _the cover, as an alternative to wat er,
any ot & Y661 SRCScAR BP0 CHe Used ! SPhusar#dr FeX@ipt &2Torgdni ©ehageled
transf efi dredii&rsuGNt 3Sin hedls thansher sechSgapref erably Siilduc@meOiks, oor
also air can be used. A suitable silicon oil can, for exanpl e, be

pur chas@ lds TeFREEA FOT 79D Firioifissdiuithng GaB¥E Thekklsiziis Otr éGFates in a
joint l-ddyihgdependenty suiiahl g %%%bh@ﬁeﬁyc&?SthQTE%éH%ﬁo%bb%s%@Yertﬂés
in addition to'the inlet for ~introducing a passivating gas or sol i d

subst af&®e4t 1PeashIBRRNt fHirtther Jeekeéctnon ¢vkerdy atinmlgunpndrygr £her, the

cover QQQn@%VQnd 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 o0il 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 H, 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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the foll ow ng connections: a connection wth a heat-proof, gasket- |ess
ball valve or plug valve for releasing a superatnospheric pressure,
connection for a vacuum punp for enptying the retort, an inlet for
introducing inert gases such as argon froma tube, an inlet for

i ntroduci ng reactive gases such as H2 or N2, froma tube, a connection
hol ding the safety val ve, a connection to a vacuum or pressure nmeasuring
devi ce and a connection for one or nore tenperature sensors (Pt/RhPt). If
appropriate, a groove can also 16 be provided in the cover for a gasket
ring, preferably nmade of Viton, to the extent such is not present at the

retort crucible. The water cooling can, for exanple, be designed as a
The cover can, preferably, be connected

circulq% channel . on EEe cover

Wi th Uhe FIANGE by "a BEr 60 Contict GRs Helr B! FEoTS A1 ihdiReic dhar

i npor t anceort hato tthe epekhtigsudd thedtetafdscaovet gt becoanneciad1t0 the
inlets and the feedthrough fittings of the cover plate. Therehy, in
parti cul &t "2 %SFe 6018 BgntkﬁP?I?ﬁﬂﬂ?l§hoﬁﬁddﬁ6%g%ﬁ%é“h5%6Hﬁ§%@@6n to the

retort crdrisaiibloss and bevepen travadd dhe et gt ruabhiy Add tdonalcradvantages
and particularities of the nethod in accordance with the invention as well

as of rie¥ctilGRofed¥el FOFEY P& FHIGHITG -met al | ot herni ¢ reductions for

obtai ning the metaksnez reonidime tﬂatracﬁic‘th%rh@;n?&m%@ drhel el lo%sings.
well as other rare nmetals in fine powdery, phlegmatized formare seen in
the fad dWiengetRsAl FATET NP lersodiardsctied éonfiuncth wEswias tthe dr awi ngs.

Thereirﬁeéaﬂﬁro%ﬁﬁh@m@t§n§§d¥§tﬂﬁg]Ja#éQaQQa%Eth @héfgﬁ§J(¥%.%%§%§bulg9[,

perform ng nmetall otherm C reductions for obtaining the netals zirconium
titani G KePArENPantne helanad |sdypsildagorehbvasa otdrarection 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 shows a retort crucible,

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 1400°C and that

preferably has an inside diameter Di = 500 mm. The thickness of
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rare metals, FIG 2 shows a retort crucible, FIG 3 shows a cooled retort
cover, FIG 4 shows a spacer assenbly, and FIG 5 shows an inner

cruci ble. According to FIG 1 and 2, the retort crucible 1 is nade . of a
heat - proof steel 1.4841 or a conparable steel that can wthstand
short-termtenperatures up to 1300 to 1400C and that preferably has an
inside dianmeter DI = 500 mm The thickness of - 17 the wall is at |east 10
mm preferably 15 mm A flange 2 that has a material thickness of 30 nm
and a ring width of 150 mMmis welded onto the retort crucible 1 on whose
underside a cooler 3 for coolant water is welded. The flange 2 is
preferably also nade of heat-proof steel 1.4841 or a conparable steel. It

is the decidi . design_characteristic that e _cool er i s positioned
preci se&f/e T grlsa aﬁ% rqgﬁ grﬁg B e%%%iegraé’gé’ktelg Foander 1HES anﬁ' tz?laind
this coohereddlaghickeennecti ®h o drhe Aatinal wietBréf CIEBhIEinbrl ele.weIIa@dd )
flange 2 allgws a cover 5 to be installed, and between the cover 5 and the
fl ange i gtca%%q(eﬁetrolr gCAURRRES of S tBIPSPEGAaR‘C TRIFOM O ° £ fferent
popul arcseadigratatrefisaliel Setisedridat Jmkes pespirbter &1 @gasrdd ghlacand
vacuumti ght connection be%]ween the cover and the. retort crucible. The
gasket Mg R4 YHy Sﬁéegeﬁ'f* 45 Yt cbvETIRATEEd e PREBLt hel f | Bhdd® FetR&rY a

SUPPOr tadd i WHadlraa t8pasel c briacketn2Q.od12rS6r ewegdot o the eryiddlsefl ange 2
to make it possible to insert the retort at different depths into the

fur nace¥Icé SHdrotathE cEomilisty Gt CivantePnE8T of ¢ hel Hext abl endedhési on

furnace:dolie HeahlaRg nef cbhgesedUCti PN HURRREE 1 1/ CaP: REAfenall v takecpl ace
with the help of an electric heater 16.1 or alternatively, with a gas
flange 2 allows a cover 5 to be installed, and between the cover 5

and the flange 2 a gasket ring 4 made of Viton, Perbunan, Teflon or
a different popular sealing material is used that makes possible a
gas-tight and vacuum-tight connection between the cover and the
retort crucible. The gasket ring 4 may be set in a groove milled
into the flange. Further, a support ring with a spacer bracket 20
is screwed to the crucible flange 2 to make it possible to insert
the retort at different depths into the furnace space and/or the
combustion chamber 18 of the heatable reduction furnace 17.
Heating of the reduction furnace 17 can preferably take place with
the help of an electric heater 16.1 or 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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heater 16.2. According to FIG 3, the cool abl e cover assenbly has the
follow ng design characteristics: a cover 5 nade of heat-proof steel 1.4841
with a thickness of at |least 25 nm preferably 30 mm or a conparable
material, an inlet 12 with a heat-proof and gasket-less ball valve or plug
val ve for releasing a superatnospheric pressure, 18 an inlet 13 for the
connection of a vacuum punp for enptying the retort, an inlet 7 for

i ntroducing inert gases such as argon from a supply, an inlet 8 for

i ntroducing reactive gases such as H2 or N2 froma supply, a connection 9
with a safety valve (p = 0.25 bar), a connection 11 for connecting to a
vacuum or pressure neasurenent device (a nanoneter ) 0.1 - 1,500 nbar), a
connection 10 for insi{% p seve r.al g erat ure-sensaors (Pt/RhPt)
a water-cool ant Syst&nt g 98H§F gFBofe T of * HOTUITY™t nE gasket
ring, preferably nademptyﬂﬁgomua&@tb&e extent it is not provided on the
retort crucible. The ter cooler can, for exanple be designed as an
annul ar channel 26n*t tch@Ff§J“¥W€“€698rlgeEEng%ﬁ?ﬁ(ﬁ%ﬂﬂ'fsbérgEBnﬁéE?ed
with the flange 2 by a sefews, 19. According to FIG 4, a spacer assenbly 20
W th support

an inlet 8 for introducing reactive gases such as Hy or Ny
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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ring is provided between the flange 2 and the heatabl e reduction furnace
17. According to FIG 5, the interior crucible 14 holds the starting

m xture 15, i.e. the mxture of nmetal oxide and the reduction netal that
is to be reduced. Depending on the purity requirenments, 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
nm The inner crucible 14 holds the reaction nass away fromthe actual
retort, which serves only as "receiving vessel" for the duration of the
reduction - 19 i | reaction. After cooling, the inner crucible can be
renoved from the retort and if necessary, stored in a different container

under | nert. gase for ex | e st.ai nl ess steel dru until the reduced
mass | P CtAT RS GEEF bEOPF BeRssdl ATGF o BBET DR { (e 1 "R EE T RGer t od
i nt o t henhd nidtioalt ahxt UrendSed i rholsdiorgdatinl @ast r paeentSeveralinkenpegatur e
sensors. A special inventive characteristic is mde of the desiggguof t he

cool i ng"¥0r FRECEoVEPT 5T 1T dhgd 22 "I SEha tR8YuLE Hom UHetlof e Eoer 5

and retrerds @rucbbkeidsakel Copheoted sgas-t i ghproessk vacuwmBet cghtsbypthe
gasket 4 made of Viton, Perbunan, Teflon or other conventional sealing
mat er i @I'$STFRE gASRetPd tRhtirel JESitysed15agon PPEELRY M deags ©Pfing. The

gasket bvaist bempeohedre aseidorawoul d ot herw se deconpose at the high
reaction tenperatures. In this variant of an enbodi nent, cooling is done

with water. It ®#o8PEChe! cHtYRttrigishicearpchareftheres medencdr thRt 8ephen

retort orchagberot hrouUEh: cracks Wiy t5h5959@159§é osi of Rl esqduriing the

reduction reaction. This would | ead to a violent hydrogen
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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formation and an explosion in the retort. The design of the cooling is
therefore an i nportant characteristic of the reaction vessel. The cooler 3
of the crucible flange is fitted onto the |ower 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 fromthis 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 nassive 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 nore detai
as wat er coollng The r %prt cruci ble and the retgrt cover

3. 2|
are connected W tH 5egﬁg%a%¥%9 §cFBWRT And Wit £ 70 COPREF&Lor t

whi ch iwithmedeuwdfrabhe netost @@Vﬁre&sala@hdt hetsetort mdiciddetl, weabh is
|nned|at(%¥i{ : sed to house a different inner crucible with a new
oY

startingf CafEEPTEheCT finet A udPBl E°E9T Eont &F Wi iy re&@Ped and

phl egnetrirzed afesy Basubegnts emded.a ThuSerkntongnébraace biseveral a heforts
can be brought tqQ reaction one after the other. The di nensions |nd|cated in

the fi gUrdd @femstitasl aTFoF the rfansrt crFiskecht i FRP tHe 1gamsresedi agd for

obt ai nigiy e@RRAOXHMRALEL Yn2S ki OfriRERAL . POVERE [ St RrdddNGrurnsidr escExagpl e 1
An exanple for a netallotherm c reduction using the cited prlnC|pIes and

t he presEmtisnFént PBNPTuSbt dihittgCEilPeofrant f her polertfgr-m by reducti on

of Z'rcon'U”‘OX'@ﬁemﬁiﬁeﬁ@&éﬂé“ﬂﬁbgkatéapEhcéﬁé0@§gdﬂ%§9%ﬁk§%uﬁ%ﬁﬁmgl99¥
(lanps, vacuum parts) and mlitary pyrotechnics,” for exanple, production
of theﬁﬁé@tort for executing the examples, i.e. for obtaining

approximately 25 kg of metal powder/starting mixture.

Example 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 um, 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. In principle, further additives, perhaps carbon, silicon or

silicon oxide and other substances can be added in order to
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batteries. Zirconiumoxide with an average particle size of 5 +/- 0.5 gm
as neasured according to the Blaine nethod or the Fisher sub-sieve sizer
met hod, is mxed with calciumchips or granulated netal at a particle size
of 0.5to 5 mMm Calciumnetal is added in the theoretically required
stochionmetric anmount. For controlling the reduction reaction, a snal
anmount, for exanple, 2 to 10% by weight of the theoretically required
stochionetric amount of nagnesiumchips with a simlar size to those of
the calciumis also added. In principle, further additives, perhaps
carbon, silicon or silicon oxide and other substances can be added in
order to 21. influence the properties of the zirconiun1pomder that is being

creat ed. d n reducti on. nmount of .t he eous addltlves is
et st R R R U L R A e R A G

zi rconi @malmwefurillmgt heer angecofob00 1t appuaxi pat ehy SO uPRMAiiAvERe
case of solid substances of at least 2000 up to 3% as ("contam nation").

In the Pt eSETITElantpl 8UCR endtY Sdunitt 4 1§FFFc6ﬁf5§‘<‘FH%d|J§1 dde€d, which

ener gesi 4gai ft S i9cot@0hapbHa@ i oM ithe thegesekated &b r&@@u&mn@%%r sobbe
m xi ng of the ingredients takes place ungér argon in QJé}(}/rov\/neel m xer, a
mﬁndlndmﬁ?xé¥15pe cagef pér apt L o ABICE SnPki A ofgah R0 sB1 it® SGbsfances.

Al ingredieptisamishrbe kKeptoiseripldouskydbYe, A &ns E8UWdof e
addition of small quantities of the second reduction netal (nagnesiun,

t he threlsHad GFifRelpniéea ikttt iSgIe 1S S| edetedasS ¥l ¢ ¢ﬁﬂaﬁﬂﬂ§tﬂ@acﬂhon
m xtur%yf@qs%an@augBLcéglurg%éw&H} ea%%r mli B3Ry vhep,on Aé%t]%glt%akgkggl As

magnesi um evapor ates earlier than cal ci um as a resu e evapor ation
of the Magifesingsy Beaeni &n @eqmﬁédleferlommh@,r@amm@nnmyersmt hat the

naXIrnHH ﬁ%@@%&%tegﬁp9£able mixing organ for solid substances. All
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 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
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the reacting mass is limted. By adding 3 to 15% by wei ght cal ci um oxi de
(unhydrated |inme) or unsintered magnesi um oxi de one could al so,
alternatively, dilute the reaction nass, slow down the speed of the
reaction and |ower the maxi numtenperature of the reaction. But this
procedural nmethod is nost often used at the expense of the purity of the
zirconium powder that is to be obtained, so that in the present exanple,
working with the addition of magnesiumis better. Ingredients: Zirconium
oxi de (ave. particle size 4.5 - 5.5 pm 36.0 kg Calcium (granul ated net al
mn. 99.7% 0.5 - 5 nm 26.5 kg Magnesium (chips) 1.5 kg - 22 Silicon
oxide 0.1 kg (= 46 g Si => 1840 ppm) Titaniumoxide 0.05 kg (=30 g Ti =>

1200 pp . The ingredients are wei ghed and oroughly m xed in um m xer
in an A?I%ljtcr%nquﬁ(elr%ee, then filled into an in(?fglr & Ui bi%e? ghd“%t@?%@ pa‘?fgr}] in
an ar gonitadmospherieleup to use in the reducti®n kg eE0RD ighTacesr damc e ps)t h

the invention. Fqr perforning the reduction reaction, the inner crucible
contai ni ng the nﬁ?@uﬁ896?gﬁﬁgt?ﬁﬁ?%dfz di§“§n§%?¥%%9?{k(ﬁ%ﬁ? Fefort

cruci bl @rim rgicear danee Rt Arhbephdmentinen, rihecget0td 45 ideokedubypbeckosi ng
the cover, the entire retort is punped out twice to an end pressure of |ess
than 1 Hfars%9F Fefbvelhi 0 ahtd Possii®emsi SPuFe, “afid 1 | dded WcEH O&r gon.

At | eastette: tienperatbb8csenser tHes imsertied.in order through one of the
| ead-through fittings to neasure the tenperature in the reaction space. A

manoneter is coARECPBATPHAI SO SUHatHBEpRer FEL PR esStf €988 £EU0 R fibar
as weldoasidisdPenat APSPhes | &r PRSSWE cdRehOs t1 1000sibary 1ERRNeGLI ons

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 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:

ZzrO, + 2 Ca => 2 Ca0 + 7Zr
and parallel

ZzrO; + 2 Mg => 2 MgO + Zr
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are established with gas pressure cylinders containing argon, nitrogen and
hydr ogen. The gas pressure cylinders are equipped wth accurate pressure
reducers that are set to a maxi num pressure of 100 nbar. The pressure
cylinders for nitrogen and hydrogen are filled with pre-neasured anounts
of these gases. Inert gas argon nust always be avail able at a sufficient
surplus. Subsequently, the reduction is started by heating the retort in a
gas-fired crucible furnace. Approxinmately 45 mnutes |ater, the
metal | otherm c reduction reaction starts: ZrQ2 + 2 Ca => 2 CaO + Zr and
parallel ZrQ2 + 2 Mg => 2 MO+ Zr - 23 1In the present exanple, the
reaction starts at a tenperature of approximately 100 - 140C, and within 2

mnutes it reaches_1100C. After exceedi t he maxi num t enperature -

recogni zabl e by ?Het%%c?E%Eﬁ?%ﬁeﬁﬁﬂgiﬁéagggeﬁe?%ﬂﬁg}g%ﬁ?&% ﬁ%tﬁe reaction

chanmbertdmpdrhe utrenper appir € ensary -1obhe n1eqlcy esha@anpiwHis 20fnigasekortt he
hl egmati zati on dlor for setting .the conbustion properties and ignition
Bropgrﬁeeasc%ﬁfs RQUSE T oot i p%vaf@%l&ﬂethadﬂ%ﬂ%m% FH® Sedmpe 50 1

ni trogerecanehik3014 by driogen afen sadded thir aen t e ongeted upressueihged gas

cylinders in the course of the cooling phase. This corresponds to an
anount TSP SE6 ppRTAYYT dyen-Ran@®™Pe566 UpEnt RS Dgert i 1ave ¢ eeafBAY2TF coni um

netal powdes. rdhechgasese g GGk aaBBer bes: bye the,ZitheorbHALER 8h i n the
cooling phase. Wen all gases have been added, the additionally required

pr essuré FBGGAL P2 af TOn TaKeLpIRFoR i PRgOE heh e ool 1975 ipFopesseby at fie
addi ti gRigel. ar ganehdfd-edmeol igrg 1061t hegeat OFd 1 @p@{@%@%%}fe 808L; 1 n
e

the switched of f furnace, the retort is renoved from
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 zirconium 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
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 innér crucible containing the
reaction mass is removed from the retort, the reaction mass is
broken out, crushed with a jaw crusher and leached in hydrochloric
acid. Thereby, magnesium oxide and calcium oxide are converted
into the corresponding chlorides and washed out. A metal sludge of
fine zirconium metal powder remains, the particle size of which

corresponds approximately to that of the zirconium oxide used, i.e.

5 +/- 1 um as measured according to Blaine or Fisher. The metal
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reducti on furnace and hung on a cooling frame where it can cool down to
roomtenperature by adding nore argon. The reduction furnace is then freed
up and can be used for heating and igniting an additional reaction m xture
t hat has been prepared in the neantine in a second retort in accordance
with the invention. After conplete cooling, the inner crucible containing
the reaction mass is renoved fromthe retort, the reaction nmass is broken
out, crushed with a jaw crusher and | eached in hydrochloric acid. Thereby,
magnesi um oxi de and cal ci um oxi de are converted into the corresponding

chl orides and washed out. A netal sludge of fine zirconium nmetal powder
remains, the particle size of which corresponds approximately to that of
the zirconjum oxide used, j.e. 5 +/- 1 gm as neasured according to Bl ai ne

or Fi stsaeFhd smpareda f bk |W§twa{§ﬁédﬂmf|5Pf'&%rfé>d-’€\i§éltll¢/<aisl@ﬁ) and
car ef ul | 5 i ed Besggg o Basause talaal@cﬂdsg a@@yélsfl%g (henec sl R)sand the

gases, here N2 and hydrogen, the nmetal powd can be processed in wat'er
and i n hedied N erdutyamgedangér, mai e hopewddre Q%C@Ier phneecofed ipeagidon with

water, AR hatesy Utrag i handied expensd t,aieciddiout any spont aneous

ignition. The yield 1s 25 - Ine gray zirconium netal powder.
The bumsiasgicat eidh vheenetald Jovwder dbt aknedk imerdiies! wayposies treasured as

ont PRackBUR 83 E8Ln DL AR L 13 kS A0 CThLODG1d SN A0 A ta BT 0% o

cont i nuous, rect roove s Ml 2 mm dé
The gr dove QsayikiedomuQM1metalgp@Mdehe nmetal powder that is to be tested

{he Douer 11111 Bl ARAAL 80 o O0R SR A e LR B RSB, LD,
of 50&snmEabnrehea@resennmcaseptbhe buenal ngl s@it echiax 8@ 60- chOlong,
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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s/50 cm The ignition tenperature is at 240 +/- 20 C. The electric energy
for ignition is approximately 18 J. A total of 2000 ppm hydrogen is found
in the final product due to additional hydrogen absorption during the
aqueous processing. The netal powders also contain the contam nations of
the reduction netals; however, these anmounts are in general small. The
anounts of 1800 ppmsilicon, 2500 ppm nitrogen and 1000 ppmtitani um f ound
correspond well to the theoretical anpunts. Exanple 2 In a nodification of
the procedure of Exanple (1), the retort containing the reacted nass is

| eft in the reduction furnace after the reduction reaction has taken

pl ace. By additional external heating, the particle size of the rare netal
and/or its ur.nin roperties and chenica roperiies are influenced. Wth
25 sev%ﬁ%ﬁrﬁunﬂggr%fgﬁe ??%ﬁ“ﬁfﬁéﬁﬁ?ﬁfﬁﬁﬁ?thyQQ%EfLaE%FHF%FFﬁﬁgeF%g%ft can
be achieuxedd hahikeadsthot al «ons seniangoat-sthenpast i i€ sirze 0k sthe or
zirconiym netal obtained, In the present exanple, 3 - 4 hours of heating

i ncr easel tHe “AVérBgBepat tiiE EYe of the E??%%ﬁﬁlﬁﬁaﬂﬁﬁfal3fFoﬁ1hourS

appr oxigmtrelay inggintoefses tHE Anrdaghe phuentng $ade Lanhde iskewedndown
from approximately 75 s/50 cmto 100 to 120 s/50 cm In this procedure, the
i gni ti GF5E0i A OBf AaPRECHELAIC 1Y emditnéonéar|  HihcliaWgddicahdrpsnat r250G a4 -
20C B, 34" A6, RKLA0 A GONLUNARE 8L spbdabl & d olad!se Wil gpkhian.
systens of air-bag Initiators and M itari y used primng charges, e
process descri bedni phExampdeeduke,i shesedpihoweverint g thel hewrhg char ge

ggtgrikgleﬁla%g Hegdi, AL GONLR WXl (gyeyspattiplepize 1.5/- 0.25/+0.5 gm
- 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/cm®) 17.1 kg
Silicon oxide 0.35 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 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

ZrO; + 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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. Magnesi um (chips, mn. 99.8% bulk density 0.45 g/cnB8) 17.1 kg Silicon
oxide 0.35 kg The charge materials are mxed as in Exanple (1), the inner
crucible is filled and inserted into the retort. Unlike in Exanple (1),
the retort is punped out tw ce and subsequently filled wth 100 1
hydrogen, 50 1 nitrogen and the rest argon. After heating, the reduction
reaction starts upon reaching a tenperature of 150C +/- 20 C and reaches a
maxi nrum val ue of 960 to 1050C according to the equation Zr@2 + 2 My => 2
MJO + Zr In the cooling phase, once again 150 1 hydrogen and 50 1 nitrogen
are added to phlegmati ze the zirconium netal powder. The |ast pressure
equal i zation during cooling is done with argon. After breaking out the

cool ed reaction nass and after |eaching with 26 .......... hydr ochl ori c

aci d, vﬁ%é%QR£1Qﬁﬁ? FFF?QrWﬁﬁtﬂﬁﬂeWKXSf%ﬂ&ﬁﬁlagyPﬁﬁ?ra“%éwyapﬁnéfy%éﬁy a

i gni t able yetiale, pwdOr i b8 0L A ned ihabwdees s hovevalys ¢k auwkamatically

ignite when exposed to air because of =~ the phlegnmatization. During washing,

decant i'fy'SS pefPor ABECTASEvRY Al tonkés Mhesr aEPOsed rienpvie tiieatisgest

suspended mehialymaRaLhi ehes Whihi & RALhiche Shegnpi,below Q.2 m.qThe yield

is approximately 25 kg. The netal powder can be dried carefully at

t enper AVES b ELHRS 70T, oM Hur riamy vieat&ei hiiacgr oover(retntpares abxanpl e (1)
3 s/50 cm_ The

cxposedy bt \3:30, 423,080 . TheBislage ALl 4 g ol the, retal
el ect r iappirgRiitne0n 1 @NES gyg WasTHee asitaad patvdappe @xi wateled 2agéfully 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 at approximately
2 pd.

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 ppm
(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 Si0, and TiO,.

- 27 -




The content of silicon approximately corresponds to that which was used
and is 5900 ppm (theoretically 6530 ppn). The hydrogen content of the end
product is 1400 ppm (theoretically 900 ppn), subject to additional water
absorption during acid | eaching. The nitrogen content in the end product is
at 4000 ppm (theoretically 5000 ppm. The high ignitability of the netal
powder results from the high degree of fineness and the large sensitivity
with respect to electrostatic charge. In general, these netal powders are
not dried, but stored and transported in suspension under water of at

| east 30% by wei ght. Exanple 4 Production of a Zr/N alloy The procedural
nmet hod of Exanple (1) is used, however wthout the addition of SiQ2 and
Ti 02. 27. Zirconium oxide (average particle size 4.5 m 36.0 kg Calcium -
gr anul af ECHEA ©%695 Kkg§VerBghET UM EhiSpsr £:8 K The reaction $ake&d

pl ace as;idymxamplen(iicehoyever, after being punped out the retojd 4 s fot
filled wth argon, but wth 100 1 nitrogen (99.995). By heating, the

react i dfR I stdr tle@iPsin this case, it starts at 80 to 100C al r eady- ‘artd
reaches a ”BX'”U%h%aE9§c9ioﬁp£§§B§'B%&@éya%0§ﬂg§?gﬂ%igguﬁqoHkﬂ%we&or the

phl egmat i zation of the zirconium netal, an additional armount of 100 1
ni trogerttier dd¢ded prmpetheut rdtorietartte igdditi 6halepressure geguabirzat i on

el "9 ST, 250000 e SO 1 59 DRs | U, SRR, TEES ke
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 pm) 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 invention, evacuated and
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. The heat is switched off as
soon as the reaction starts. In the reaction, the nickel oxide
that is always contained in the nickel powder is reduced to Ni by

the excess reducing agent that is still contained in the Zr
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argon atnosphere to a particle size of 150 pm To this mass of Zr netal

cal ci um oxi de and magnesi um oxi de, as well as excess nmagnesi um and cal ci um
12 kg ni ckel powder (average particle size according to Fischer 5 m is
added (Caution, NI powders are carcinogenic) and are m xed in an argon

at nosphere in a drum m xer. Subsequently, the mass is filled into the inner
crucible, inserted into the retort in accordance with the invention,
evacuated and slowy heated in an argon at nosphere, whereby the furnace
tenperature is limted to 860C. The furnace tenperature is reached after
approximately 1 hour, the interior tenperature as neasured in the reaction
m xture only begins to rise after approxinately 3 to 5 hours. Then, within

15 m nut e r f rOX|nat 0 to 880 00 C. Th at is
SWi t ch;goFaﬁ#Ctlé)g h%g%h élggnt %Z}R&eac eloélr?el\gt’a 8 EJfnp(f‘?ﬁdeerr g)ac dlsorvfltﬁhggm ckel
oxi de ruh&mll$oabmﬁysN£omlhmmedUﬂnathempbskeiomomﬂeTO%snxa@u@ed ro &hdby

t he ex S redUC| a still .contai ned reduction
ness, gﬁ%’5|nuF§§ﬁgous?y, QBkrﬁﬁbﬁHS%lB8nHEaﬁﬁtré@h. %ﬁﬁgfgﬁntbsa Zr - Ni
aIon widdeda conposition of 70% by weight Zr and 30% by wei ght nickel. In
t he cooling phas 200 1 h dro en |s dded. The reaction mss s left

st andi ng overnigﬁ? i h° ??ﬁﬁ lS%EOBF?%ﬁl??éﬁﬁ”ﬁ?‘%ﬁdﬁﬁg SFgon. After

openi Nngetidhe ABSS cb@lm@kmmby @aushgdaa@@lnl eached: idgpeaGind, | Bnherdesst o
wash out  cal ci um oxi de and magnesi um oxide. In this case, the |eaching

must BE PEPFGFnBUTi nC%T?*b‘?be%Pdacl@PﬁpédbﬁFf%ﬁ”e%l Hy dr s 5 @258 Bt as t he

ZrN  aldaqyivweubdibe sod redaet Ayinpukeqbydr oghterd ccard d.thEhe cdbhMhg Bhioy

that remains in suspension is filtered wet (< 45 gm ‘and  dri ed.
be performed 1in strongly acetate-buffered hydrochloric acid, as the

ZrNi alloy would be corroded by pure hydrochloric acid. The Zr/Ni
alloy that remains in suspension is filtered wet (< 45 um) 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 - 280°C, 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 pJ.

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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The Zr-N all oy powder obtained has a particle size of 4 - 6 pm neasured
according to Blaine or Fisher. The yield is approxinmately 36 kg. The
burning time is at 200 +/- 30 s/50 cm as neasured in the burning groove
described in Exanple (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 forns during the chem cal
processing in acid and is absorbed by the netal. The nitrogen content was
not determ ned, theoretically, it is about 1% (10,000 ppm). The m ni num
electric ignition energy was found to be at approximately 100 J. The all oy
powder is suitable for making delayed primng charges according to US

speci fi [ ; -Z-114108, Ot her_Inf.ormation The zirconi um. netal powders
pr oducevgaa%ﬂnlq}%hewulgxg%% es” O Heder vet & rcéteﬁhiogg??ﬁt?z%%lr?]nc eccsolrzﬁaﬁéeew\éutjh t he
inventin ardhdds BOtdspont aneouslivgsekbchghyt &nd iwsnidigy t6@an be exposed
to air. By - 29 washing out subm croscopic particles below a particle

si ze oftiFabplifer RAPsPHyr YeET i Ty LG ngEY R CHI R Eh P MIESIFISAGI t he

i gni tabidddiyr canchepniedyced fiu thers; Byennagreoys RLOcessiNGcd.t sghLt
contributes to the passivation of the netal surface. But the latter also
causes fitfe 12t eTi 24pd Fruset dihpdaderT it enBel f soe tourrisdias tde &et hi n oxi de

fil msat-eancheuetpc rostatdeald ¥ aharded: cJhen, & Sshanianeous, hgnition
can occur that is not based on the "classic" self-ignitability, but is
based ciheagedel eéhrbst at $romiamttrarsgeé gnZt Lofi camdodafnithmtmetsahopolpdees nust

Lnor el Sip Hnava ey bardh e b oy, o, e ppgeL e el
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

Cocling at the crucible flange

Gasket (O-Ring or flat band)

Cover

Water cooling

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

Connection by one or more temperature Sensors

[l N B e o B e A TR S 1 B S UU R O

= O

Connection for a vacuum device and pressure sensor

(manometer)
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argon. Wien replicating the exanples cited in the invention, corresponding
safety neasures are to be inplenented and professional advice fromtrained
safety specialists should be obtained. Reference nunbers 1 Retort
crucible 2 Flange 3 Cooling at the crucible flange 4 Gasket (O-Ring or
flat band) 5 Cover 6 Water cooling 7 Inlet for inert gas (argon
connection) L 8 Inlet for H2, N2 and other reactive gases 9 Connection
hol di ng a safety val ve 10 Connection by one or nore tenperature sensors 11
Connection for a vacuum devi ce and pressure sensor (nanoneter) - 30 12
Connection for pressure rel ease valve (ball valve or plug valve w thout
gasket) 13 Connection for a vacuum punp 14 Inner crucible 15 Starting

m xt ur 16.1 Fb%ter églectgééﬂggggﬁﬁlg.%f e%%?;végﬁi%%%ﬁﬂgﬁ% %gggaggsggtion

furnace © 18 Fur nacer'combustion &
assenbly with supporé witigout gasket)

13 Connection for a vacuum pump

14 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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21 Protection tube for tenperature sensor fi { 31 Patent clains: 1. A

nmet hod of making netal powder or alloy powder of an average particle size
| ess than 10 gm consisting of or containing at |east one of the reactive
metals zirconium titaniumor hafnium by netallotherm c reduction of

oxi des or hal ogenides of the cited reactive netals wth the aid of a
reduction netal, characterized in that the netal powder or alloy powder is
phl egmati zed by addi ng a passivating gas or gas m xture during and/or

after the reduction of the oxides or hal ogenides, such that nitrogen in an
anount of at |east 1000 ppm and/or hydrogen in a m ninmum anmount of 500 ppm
is added into the netal powder or alloy powder as passivating gas, and/or
adding]ggegﬁg%ha%ggo ppm (0.2% by wei ght) and at nost 30,000 ppm (3% by
wei ght) of "a passivating solid substance prior to the reduction of the

oxi des or hal ogeni des, such that the reduction as well as the

phl egmati zation is erfornmed in a single gas-tight reaction vessel that
can be evacuape&: Zg %ﬁ%h%gfﬁéﬁwgﬂ@ﬁr%Fﬁ@gtBO%?%%rﬁﬁ”a%%%ﬁéfW@FFZBB fh
that hydroger ibsradded in;am AWun:n0folfR0 Lo, 2000 Rpm- @%chhgaiﬂ?ﬁél

powder or alloy powder as passivating gas. 3. The net’hod according to claim
1 or 2,2tcH&2&ct eppzedl the 1dmativia regensi giaddedunn @it anvantroha200am -

3000 DQKJ%@&%1&B%hegﬁiélréﬁﬂ%¥¥bn0%fa%kQXeBoﬁgeﬁafgbéEﬁﬁéé“ﬁé @%eg@§te§2
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, such that
nitrogen in an amount of at least 1000 ppm and/or hydrogen in a
minimum amount of 500 ppm is added into the metal powder or alloy
powder as passivating gas, and/or

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,

such that the reduction as well as the phlegmatization is
performed in a single gas-tight reaction vessel that can be

evacuated.

2. The method according to claim 1, characterized in
that hydrogen is added in an amount of 1000 to 2000 ppm into the

metal powder or alloy powder as passivating gas.

3. The method according to claim 1 or 2, characterized
in that nitrogen is added in an amount of 2000 - 3000 ppm into the

metal powder or alloy powder as passivating gas.
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4. The method according to one of clainms 1 to 3, characterized in that
nitrogen and hydrogen are added in the form of amonia gas. 5. The net hod
according to claiml, characterized in that carbon is added in the gas
phase in the form of nethane, carbon dioxide or carbon nonoxide. 6. The
met hod according to one of clains 1 to 5, characterized in that the

passi vating gases are added into the reaction vessel during cooling of the
fully reacted mass after reaching the nmaxi numtenperature. 7. The nethod
according to claiml1, characterized in that carbon, silicon, boron,

ni ckel , chrom um and/or alum numis added as passivating solid substance.
8. The nmethod according to claim?7, characterized in that the passively

acting solid substan is added in the foarmof a_ fine oxide of the
elements Ni, Cr, Al ,%Ele Ié‘%gh(ﬁﬁvﬁ%ora neﬁlgcroaﬁge Bgrfll‘?ﬁ%sg Steo %ess t han 20
gm and d¢lsareducedddodat heatwhitrdden amet alydexyde. afe Jdedretrhatheagoendi ng
to clain%7 and 8, characterized in that the passivating solid substance is
added iT tHE"Yorm6f-a fine powder of the elenents Ni, C, A, Si, Bor C

with an average particle size of below 20 gm 33 10. The nethod according

toclains 1 to 9, characterized in that passivating gases and solid
substances are added t5gBEHe?Y ACCOrFH@IerhEd2A- cbr dFiiyF 30 e est 18 ains 1

to 10, treharactemn zedabledhat dhe Jagnidnabiel khycpE then M egratdzed netal
powder or alloy powder is reduced further by washing out sub-
i cr osCHFiREA 14 OSAERI Opaft TRIBIUFH S particl e size of |ess than

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

reaching the maximum temperature.

7. The method according to claim 1, characterized in
that carbon, silicon, boron, nickel, chromium and/or aluminum is

added as passivating solid substance.

8. The method according to claim 7, characterized in
that the passively acting solid substance is 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 pum and is reduced together with the

metal oxide.

9. The method according to claim 7 and 8, characterized
in that 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 below 20 um.
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0.2 mduring the | eaching and/or washing. 12. A reaction vessel for making
phl egmati zed netal powder or alloy powder with an average particle size

| ess than 10 m consisting of or containing at | east one of the very
reactive metals zirconium titaniumor hafniumby netallothermc reduction
of the oxides or hal ogenides of the cited reactive netals with the help of
a reduction netal according to a nethod according to clains 1 to 11,
characterized in that the reaction vessel consists of a retort crucible
(1) that can be inserted into a heatable reduction furnace (17) with a
cool abl e cover (5) and an inner crucible (14), whereby in the cool able
cover (5) at least one inlet (8) is built 1in for adding a passivating gas

da fl 2) qi ; §s] f '
and a flange (2) ji;s wel.ded. ango é&%rd&%?%; EEHEY dlgc}!olb, %a@%%??%gﬁ'

cover (5) on whose |lower face a cooler 'S we on ‘for a coo

agent . 1r8.tHEHe pesadvRrbhny esseds agcbrsdilng tobstanmd2re chilmeacttepezidrin
that the cooler (3) is congruent underneath a gasket (4) extending
circular under the flange (2) and that this cooler (3) is not connected to
the actual retorflleruthdlreet(tldd a3tortidngThe oeacti onlaiessedl taccording to

claim12 and, 13, haracterized .in.that the coolin ent i.s te a heat

transfé%aﬁﬁcfeg%zggr%nlgba&ﬁéE?éé%?ﬁgﬁl&égge?93@3%%Hﬁ%6mP515ﬁ§a8F£éFains 12

to 14 pwcharacternilzed powddati s hedwever fGbihéursheradrascanuicnkeb-(13) for
n_vessel accardin ne 12 to

connecti.ng a vacuu unp.. 16. The reacti o cla

Tor C CHUrACCa PIaa L h THAT (A PerGet TF CRbbe: (191 Srid 4@ o oGP et or
cover (B ufs HBdengfrf heatripioahagbeelaahthd he inner crucible (14) is
made of construction steel, heat-proof steel or stainless

12. A reaction vessel for making phlegmatized metal
powder or alloy powder with an average particle size less than
10 pm consisting of or containing at least one of the very reactive
metals zirconium, titanium or hafnium by metallothermic reduction
of the oxides or halogenides of the cited reactive metals with the
help of a reduction metal according to a method according to claims
1 to 11, characterized in that the reaction vessel consists of a
retort crucible (1) that can be inserted into a heatable reduction
furnace (17) with a coolable cover (5) and an inner crucible (14),
whereby in the coolable cover (5) at least one inlet (8) is built
in for adding a passivating gas and a flange (2) is welded onto the
retort crucible (1) for putting on cover (5) on whose lower face a

cooler (3) is welded on for a cooling agent.

13. The reaction vessel according to claim 12,
characterized in that the cooler (3) is congruent underneath a
gasket (4) extending circular under the flange (2) and that this

cooler (3) is not connected to the actual retort crucible (1).
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steel. 17. The reaction vessel according to clains 12 to 16, characterized
in that the cooler (6) of the retort cover (5) is not connected to the
inlets and feedthrough fittings of the cover plate (5) 18. The reaction
vessel according to clains 12 to 17, characterized in that the cool er of
the flange (2) is not connected to the retort crucible (1) and is not
directed toward the retort wall. 19. The reaction vessel according to
claims 12 to 18, <characterized in that the retort crucible (1) is inserted
at variable depth into a furnace chanber (18) of the heatable reduction
furnace (17) by a spacer assenbly (20) with a support ring. - 35 20. A
netal powder or alloy powder with an average particle size less than 10 m

”?asured accordiQQ.FoTHSrpg$£4 $§3@e§§21h%%%05§99 a@otéﬁ%i%!%bn%n%rl%he .
Fi sher nethod, consisting of or " containing e feacttive metal’s ziFeoni um
tit ani urharsd/ter ikatniom-ha producsd liygrevahk ot hewater r eductditon rehsthe
oxi des or haloqgnides of these netals with the help of cal cium or

.01l or aidr. . . . .
magnesi Uum as feduction nmetal, processed and isolated by |leaching in
aqueous acids, characterized in that the metal powder or alloy powder

contains nitrog in_an anpunt of at least 1000 ppm as passivating_gas
and/ or hydrogen ﬁﬁ‘a ﬁ?ﬁiﬁ%ﬁﬁéﬁﬁhﬁF53F1566CBB 3%d %H”§36§§§#9épﬁn32 581 d
subst ance wiHihraatptopedt i @nalatshate Rfveat (beastr 2000 pman( Qn2%cby 181 ght
and at:%Pst 30, 000 pp, (3% by weight). 21. A netal powder or alloy powder
accor difff CONEPaFMPPse Vacuul pump.

16. The reaction vessel according to claims 12 to 15,
characterized in that the retort crucible (1) and the cooled retort
cover (5) is made of of heat-proof steel and the inner crucible
(14) is made of construction steel, heat-proof steel or stainless

steel.

17. The reaction vessel according to claims 12 to 16,
characterized in that the cooler (6) of the retort cover (5) is not
connected to the inlets and feedthrough fittings of the cover plate

(5).

18. The reaction vessel according to claims 12 to 17,
characterized in that the cooler of the flange (2) 1s not connected
to the retort crucible (1) and is not directed toward the retort

wall.

19. The reaction vessel according to claims 12 to 18,
characterized in that the retort crucible (1) is inserted at
variable depth into a furnace chamber (18) of the heatable

reduction furnace (17) by a spacer assembly (20) with a support

ring.
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20, characterized in that the netal powder or alloy powder contains
hydrogen in an anount of 1000 to 2000 ppm as. passivating gas. 22. The netal
powder or alloy powder according to claim 20 or 21, characterized in that
the netal powder or alloy powder contains nitrogen in an anount of 2000 to
3000 pp, as passivating gas. 23. The netal powder or alloy powder
according to one of clainms 20 to 22, characterized in that nitrogen and
hydrogen are contained in the netal powder or alloy powder in the form of
ammonia. - 36 24. The netal powder or alloy powder according to claim 20,
characterized in that carbon was added into the netal powder or alloy
powder in the gas phase in the form of nethane, carbon dioxide or carbon
nonoxi de. 25. The netal powder or alloy powder according to claim 20,
characterized in that it contains carbon, silicon, boron, nickel, chrom um
and/ or aluninun1é§ pasdsieail ngpwen drsabsbvanpewd@b. wiltte aretaale rpgwder or

all oy po accordlﬂg to cIa|n1 25, characterized in that the paSS|vat|ng

solid dibs éﬁ@esﬁﬁet SSt R of¥ 4 {RESBXPde® 0FC T H &I EmBRrEeRPILEEY A, Si

and B widthcar saveragecparti £lf sirzenkess shbann20, s w&@ti@%qnan@fw@
reduced together with the netal oxide. 27. The metal powder or al | oy

powder EESrdiRE FBGCF%?ﬁFlQ%Im%ﬁﬁﬁaéﬂéﬁpﬁéﬂmrnt%¢ﬁﬂlQmu?q@d§§l@aﬁphgmsol|d

SUbSta&ﬁ@x%@@daggeﬁetéDl&%ﬁ%Jﬂﬁd“ﬂ@aw%tﬁbﬂeoPowﬁgro£ﬁd&$%n£h%ﬂ%@%§1&£s
Al, Si, Bor Cwith an average particle size |ess than 20 gm he

metal pEwdEesEr NaFRby PowklerheadedPdirhgorecone of f@4<Hi€mslUZfO atSor2¢UCthH
CharaC%%&l4$dpk8cé99édt§§dPﬁﬁﬁk%%h‘89 9@§8ﬁ1§8d1n agueous acids,

characterized in that the metal powder or alloy powder contains
nitrogen in an amount of at least 1000 ppm as passivating gas
and/or hydrogen in a minimum amount of 500 ppm and/or a passivating
solid substance with a proportional share of at least 2000 ppm

(0.2% by weight and at most 30,000 pp, (3% by weight).

21. A metal powder or alloy powder according to claim
20, characterized in that the metal powder or alloy powder contains

hydrogen in an amount of 1000 to 2000 ppm as passivating gas.

22. The metal powder or alloy powder according to claim
20 or 21, characterized in that the metal powder or alloy powder
contains nitrogen in an amount of 2000 to 3000 pp, as passivating

gas.

23. The metal powder or alloy powder according to one of
claims 20 to 22, characterized in that nitrogen and hydrogen are

contained in the metal powder or alloy powder in the form of

ammonia.

- 36 -




solid substances were added together. 29. The netal powder or alloy powder
wth an average particle size less than 10 m consisting of or containing
at least one of the reactive metals zirconium titanium or hafnium
whereby the netal powder or alloy powder was produced with the hel p of

cal cium or magnesium as reduction netal by the netallothermc - 37
reducti on of oxides or hal ogenides of the cited reactive netals according
to the method as per one of clains 1 to 11. 30. Application of a netal
powder or alloy powder with an average particle size of less than 10 m
consisting of or containing at |east one of the reactive netals zirconium
titanium or hafnium and produced by the netall otherm c reduction of the

oxi des or hal ogeni,des ited reacti netals with the help aof .a
reduction netal gédorag%g%ggag %%geﬁﬁ%géaégfyoﬁgwo?rc QMG 5O 12
powder @t alHauregyerpyedt éschhhes orras avegetitidrdi hnvactivunndtedhpology. o31.

The appljcation of a al _powder or, allo owde accordin o claim 30
f or naﬁ?%%”ﬁéfﬁ?&é 6P?§5%gg%%é?jﬁ¥?ﬁﬁ th§éfgrm SF mEEHE) Mrkn
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25. The metal powder or alloy powder according to claim
20, characterized in that it contains carbon, silicon, boron,

nickel, chromium and/or aluminum as passivating solid substance.

26. The metal powder or alloy powder according to claim
25, characterized in that the passivating solid substance in the
form of a fine oxide of the elements Ni, Cr, Al, Si and B with an
average particle size less than 20 pum was added and was reduced

together with the metal oxide.

27. The metal powder or alloy powder according to claim
25, characterized in that the passivating solid substance was added

in the form of a fine powder of the elements Ni, Cr, Al, Si, B or C

with an average particle size less than 20 pm.

28. The metal powder or alloy powder according to one of
claims 20 to 27, characterized in that the passivating gases and

solid substances were added together.

29. The metal powder or alloy powder with an average
particle size less than 10 um, consisting of or containing at least
one of the reactive metals zirconium, titanium or hafnium, whereby
the metal powder or alloy powder was produced with the help of

calcium or magnesium as reduction metal by the metallothermic
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reduction of oxides or halogenides of the cited reactive metals

according to the method as per one of claims 1 to 11.

30. Application of a metal powder or alloy powder with
an average particle size of less than 10 pum, consisting of or
containing at least one of the reactive metals zirconium, titanium
or hafnium and produced by the metallothermic reduction of the
oxides or halogenides of the cited reactive metals with the help of
a reduction metal according to a method as per one of claims 1 to

11, in powder metallurgy, pyrotechnics or as a getter in vacuum

technology.

31. The application of a metal powder or alloy powder

according to claim 30 for making delayed priming charges.
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