WO 2006/ 117145 PCT/ EP2006/ 003969 Coati ng process for manufacture or

reprocessypgosfispytter targets and X-ray anodes The phpegRipbods¥RRs i on
relates to a process. for application 5 of layers to sputter targets or

X-ray anodes, which layers contain only small anmounts of gaseous
inpurities, such as oxygen. The application of refractory netal layers to

surfaces éQa‘éFﬁH' BYS CRULEIFRYS I QI £IE, rd b N p ATLLL B ?rgfeagﬁﬁte"rhe

nmetal is usually™nelte conpletely or partly, as a resu Ich the
netals rebtdrggtoxaddz&-oayt @lo@dgs ot her gaseous inpurities. 15

Conventi onal processes, such as deposit welding and plasma spraying, mnust
therefore be carried out under an inert gas or in vacuo. In this case, a

hi gh 0Ut|a’1‘h@nf>;§§_§éh@t USvehtNReessllated "o 2 8b2esof réheapbruchish
components is limted and the. content of gaseous inpurities here is stil

not saPi spAclayprsThe SRULEGICtHaRIITS |f geeamumedes, hehichr dagRTst ed
110, 2% SEIAECLod BR00CHL A0S, QO SIY Dol DOLER Blckhe .

di stortion and ensure €S€e process e enprofe
of conpl exogyygaatural conponents, which often also conprise conponents
which nelt at |low tenperatures. Such structural conponents are, in 30

particul ar, so-called sputtering targets, that is to say sources of neta

which are @HB'Qﬁ?@ihﬁt&%ﬁh%@efﬁ%ﬁéé%&ﬂ&Jméﬁaiﬂﬁé@ergb@£|§6r§£&é§tura
conponents mnust therefore be dismantled before processing, which as a rule

means LfAatdWep2ays) eumerons PCPLER21SI116/ 11113969 2

In the familiar processes, the metal is usually melted
completely or partly, as a reéﬁlt of which the metals
readily oxidize or take up other gaseous impurities.

15 Conventional processes, such as deposit welding and plasma
spraying, must therefore be carried out under an inert gas

or in vacuo.

In this case, a high outlay on apparatus is necessary, the
20 size of the structural components is limited and the.
content of gaseous impurities here is still not

satisfactory.

The introduction of large amounts of heat transmitted into

25 the object to be coated leads to a very high potential for
distortion and ensures that these processes cannot be
employed in the case of complex structural components,
which often also comprise components which melt at low
temperatures. Such structural components are, in

30 particular, so-called sputtering targets, that is to say
sources of metal which are employed in cathode sputtering
of metal. Complex structural components must therefore be

dismantled before processing, which as a rule means that



processing i s uneconom cal in practice, and nerely recycling of materials

(scrappingzﬁknﬁpﬁsstructural conponents is carried OUEETﬁmhﬁmM&59¥n1

pl asma spraying, 1npurities of tungsten and copper which originate from
the el ectrodes used are noreover introduced into the |ayer, which as a
rule is undesirable. For example, if |afers of tantalum or niobium are
used for corrosion protection, these inpurities reduce 10 the protective
action of the coating by the formation of so-called mcro-galvanic cells.
I n the casemifcesmitriceris targmirsomidal tonpaachatepnandnmeeadyt 0 conponent s

becom n unusahl.e. 15 These processes noreover _are nelt netal | .urgy
processgs,r%ﬂﬁc qg\ﬁﬁﬁ?qqﬁﬁéaiftﬁ%?FaPBh%Qén?de§§d§EﬁP§§€§?lsuch as,

for exanpl onpyrdnectiPna rPaedigh€. gromh. This occurs in particular in
| aser processes, wherein a suitable powder is applied to the surface and

is melted by a |aser beam A 20 further problemlies in the porosity, which

can be @bserv i rtd.cul if.a nme owder i i.rst.applied and this
is then%neﬁ[neggvﬁ"{"ﬁn gﬁhaeéa < Sour c%lr??’t %rgéu?ﬁ%legﬁ %ge]‘ﬁungtsttgﬁpfa@ in WO
02/ 064287 tcoppelr evhitds e mirinars byometied yelsupesdiesi akky aekti ng and

sintering the powder, particles by 25 a beam of energy, such as e.g. |aser
beans. Fbwé@éﬁoqﬁﬁalWR%ﬂﬂ%%?@u%ﬁ%ﬂnt%ﬁwk%KGEatVE%ﬁ t8fya &UAPgHSout ! ay on

apparat us i RAGeSsAlY. Ak e ob] e Aspor abed il okndaediigduced

but neverthel ess high introduction of heat™ Into a conplex structura
conponent E@FaiUF.eBE MO 0I SR Bottkst] osestbeset hnduantias appacat us

for lo pressure.col.d spraying. Iln this process a coating of .powder WO

2006/1??14§%ﬁCﬂﬁ%£ﬁﬁﬁﬁ%£éﬁ%@iﬂlOf]the coating by the fogmatlon d%
so-called micro-galvanic cells. In the case of sputter
targets, this contamination can lead to components becoming

unusable.

15 These processes moreover are melt metallurgy processes,
which always involve their inherent diéadvantages, such as,
for example, unidirectional particle growth. This occurs
in particular in laser processes, wherein a suitable powder
is applied to the surface and is melted by a laser beam. A

20 further problem lies in the porosity, which can be observed
in particular if a metal powder is first applied and this
is then melted with a heat source. It has indeed been
attempted in WO 02/064287 to solve these problems by merely

| superficially melting and sintering the powder particles by

25 a beam of energy, such as e.g. laser beams. However, the
results are not always satisfactory, a high outlay on
apparatus is necessary and the problems associated with an
indeed reduced but nevertheless high introduction of heat
into a complex structural component remain.

30
WO-A-03/106,051 discloses a method and an apparatus for low

pressure cold spraying. In this process a coating of powder



3 particles is sprayed in a gas substantially at anbient tenperatures onto

a wor kpi 6g-20dihg7RA50cess is conducted in a | ow anbi ent PEWE%?M%%O”@
envi ronnent Ich 1s less than atnospheric pressure to accelerate the

sprayed powder 5 particles. Wth this process a coating of a powder is
formed on a workpi ece. EP-A-1,382,720 di Scl oses another method and
apparatus for |ow pressure cold spraying. In this process the target to
10 be coated and the cold spray gun are |located within a vacuum chanber at
pressures kpelrdcBEkHas sWrtdyadi sn pr ogesssulastenkpattyg as embtiedtwi th a

owder. In_viewof this prior art it,was the object of  providin 15
Povel " o oo sETBEIA i S i Morkpid e, Phe creSh SN B Sonahaasd i whi ch

no recycliRg 1Qfw MAAIdAl s s sdBat {1 ASnRént LRI EAT 98T 18 snesgssary and
whi ch is distinguished by a low introduction of heat and outlay on :
appar at us aAOSENTHE REFHI WD 19 tgceolevak ¢ obBecapragednrredesl s and

sputter c20 rj . X- r.ayV. eri . and rein the.netal to be
appl i ed 5i sp%%%rée]]aéts;d%{)lr%]su%glﬁ%%g?%é n%l ?éé t%lﬁgi (r)lg gp 8‘6’8%& ﬁg? The

obj ect of tfhenadesenta ivoaekdiedre) s achieved in that a 25 desired
refractory nmetal is applied to the desired surface by a process according

to claiml1l. Processes in which, in contrast to the conventional processes

of thermal ppnpayi NG A HATR i U BSIBs MhOhYE! A fYq §1Qa;‘ LBPEraRlS: £RReuLT

pl asma, | ow pressure plasnma spraying) and deposit we ng, no superfticial
mel ting or Loel onegnfre tdwld cspiayimat efn athisapsedeby ther akkgetiertgy

generatgd 13 WO 2 USRS/ 247 1480 148839821 dd within a
vacuum chamber at pressures below 80 kPa. With this process

a workpiece is coated with a powder.

In view of this prior art it was the object of providing a

15 novel process for recycling of sputtering targets or X-ray
anodes in which no recycling of materials or dismantling of
the target is necessary and which is distinguished by a low
introduction of heat and outlay on apparatus and a broad
applicability for various carrier materials and sputter

20 materialé or X-ray anode materials, and wherein the metal
to be applied is not melted or superficially melted during

processing.

The object of the present invention is achieved in that a
25 desired refractory metal is applied to the desired surface

by a process according to claim 1.

Processes in which, in contrast to the conventional

processes of thermal spraying (flame, plasma, high-velocity
30 flame, arc, vacuum plasma, low pressure plasma spraying)

and deposit welding, no superficial melting or melting of

the coating material, caused by thermal energy generated in



the coating apparatus, occurs are in general suitable for this. In this

context, \w8RLAGH st h @ flame or hot conbustion gases i, T}EQ’Z(Q)%/O&%?; ded,
since these can have the effect of oxidation of the powder particles and

t he oxygen 5 content in the |layers obtained therefore increases. These
processes are known to the person skilled in the art, for exanple, as cold
gas spraying, cold spray processes, cold gas dynam c spraying, kinetic
sprayi ng and are 10 described, for exanple, in EP-A-484533. The process

described idhel ke RatRNlagParnt®253d84uts hrkenhsgenkeal suitablie Fegording
to the invention. The so-called cold spray_grocess or the kinetic spray
process ar &hggrt ileultdrilsy contiedihl coptachevpEbcasflameordi hgtto t he

| nvention; Jhe L3 ¢ g;rassoefs]ayié”tg&eéé é(@bJ?@egs dexeL! bRdsln BB A-484%33 to
which reference is expressly nade, 1s surtablein partlchar. A pr ocess
for appli cetfiferctofo fc@atidegsi dro sfirtlaeesowder 2Paspities hargehe oxkyofenX-ray
anodes ich is thus dvant ageously enployed is a process wherein a gas
flow fg?w§9Qﬁi%9[iﬂmﬁ§e '%M?E%aQﬁgéﬁgg%oéﬂﬁFegPrﬁ rEEEPPEFS -chosen from
the group consisting of niobium tantalum tungsten, nolybdenum titanium
zirconium mxtures of at 25 |l east two thereof or alloys thereof with one

anot her or Thetsigepnoestesises tdee poveler basthe pperscheskiiidedf id Sheoal80 pm

wherein a %%Be%§oni sp%gg(&§“§qggrted to.the and a

a S i gaidf | O\J/:Va C &L Of

super soni ¢ “Spesd W SH s tes” &2 Lpetd of LT he “PofdPTPY PARS Sggﬁﬁdmder

m xture of c30Q 9@ s2 RS, sp3kh pieg £rlabhyt B80speati AG0akbSarkes forned and
the jet is directed on to the surface of an object. WO 21)1)6/117145

PCT/ EP2911 865Fribsggg faoy example, in EP-A-484533. The process

described in the patent DE-A-10253794 is likewise also
suitable according to the invention. The so-called cold
spray process or the kinetic spray process are particularly
suitable for the process according to the invention; the

15 cold spray process which is described in EP-A-484533, to
which reference is expressly made, is suitable in

particular.

A process for application of coatings to surfaces of

20 sputter targets or of X-ray anodes which is thus
advantageously employed is a process wherein a gas flow
forms a gas/powder mixture with a powder of a material
chosen from the group consisting of niobium, tantalum,
tungsten, molybdenum, titanium, zirconium, mixtures of at

25 least two thereof or alloys thereof with one another or
other metals, the powder has a particle size of 0.5 to 150
um, wherein a supersonic speed is imparted to the gas flow
and a jet of supersonic speed which ensures a speed of the
powder in the gas/powder mixture of 300 to 2,000 m/s,

30 preferably 300 to 1,200 m/s, is formed and the jet is

directed on to the surface of an object.



On the surface of the object, the inpinging netal powder particles forma
| ayer, ”WOQ?(F&h?h?S becom ng severely deforned. The p?‘é‘i‘ﬁfpztﬂﬁfoﬁﬁé es are
advant ageously present in the jet in an anmount which ensures a- rate
density 5 of the particles of fromO0.01 to 200 g/s cn2, preferably 0.01 to
100 g/s cnm2, very preferably 0.01 g/s cn to 20 g/s cnR, or nost preferred
from0.05 g/s cnR to 17 g/s cn2. The flow rate density is calculated from
the formula F = 10 m(n/4*D2), where F = flowrate density, D = nozzle .
Cross- secnOltheMstrFasielodeihy estyjsat £. t e pOMEehgaali Meeylr gbedeaf €. g.
70 g/mn = 1.1667 g/s is a typical exanple of a powder delivery rate. 15
At low D v&@&éé%ﬁ%éwza r%aw%%h%fpmzk%w geeamérlg ?ﬁﬁﬁr%Yg/s cer

can be achi I S /
even hi gherd%\afl?) |eg 'er \kﬁ%?&fei?l vef(;f%éé%/aegé ggg%nl hertﬁsgg Pr %&%

argon, neonn léle g'matorlmlatrr czgmumtr whi ¢t uexesunéstaofﬂ:owrmateet Idenesaft,y | s in

general _use t he |ch net a o] forns a owder

m xt ure?> IO% % |p@lfl ((5;\ IE% %%8u§\2 d. P s%’f%f% éE

regul ati ong ane tEt o3 /sUScﬁnZOf d@qucg&@"feqraﬂwtmr@p &fs ydregem W td

ot her gases can be use In a preferred version of the process the spraying

conpri ses ©CHé, spEpBOSE: pggferme@xnfmqqg Oa OSpradd e oitiof ilde wd aw®nt a
surface to be coated by spraying; WO 21)1)6/117145 PCT/ EP211116/11113969
6 - providing to the spraying orifice a powder of a particulate materi al
chosen fromhiehe&lgmwowateonkdrditng iofcal oblatedt andal uhe Fopgatlanfy =

nol ybdenum titani ym _
10 m/(n/4*D°), where F = flow rate density, D = nozzle cross-

section, m = powder delivery rate. A powder delivery rate
of e.g. 70 g/min = 1.1667 g/s is a typical example of a

powder delivery rate.

15 At low D values of below 2 mm values of markedly greater
than 20 g/s cm?’ can be achieved. In this case F can easily
assume values 50 g/s cm® or even higher at higher powder

délivery rates.

20 An inert gas, such as argon, neon, helium or nitrogen or
mixtures of two or more thereof, is in general used as the

gas with which the metal powder forms a gas/powder mixture.

In particular cases, air can also be used. If safety
25 regulations are met also use of hydrogen or mixtures of

hydrogen with other gases can be used.

In a preferred version of the process the spraying
comprises the steps of:
30 - providing a spraying orifice adjacent a surface to be

coated by spraying;



zirconium mxtures of at |least two thereof or alloys 5 thereof with one

anot her %0\%@&%&7 tals, the powder having a particle ${-#{pos/0306s © 190
pm said powder ei ng under pressure; - providing an inert gas unger

pressure to the spraying orifice to establish a static pressure at the
spraying 10 orifice and providing a spr& of said particulate material and
gas onto the surface to be coated; and - locating the spraying orifice in
a region of low anbient pressure which is |ess than 1 atnosphere and

whi ch is substapidatidingsso ttiee sheagingi 6rpressunepdhdalr iFe asprayi ng
orifice to provide substantial acceleration of the spray of said
particul ate mat SAHHLICHRE ] dR26RE b2 taFosant feemt EhBe I&oHPe§ONSH Sdidtcher

preferr ed versi oy ofs JiGup! A& 108, SPAAYLEON] Smo?pBERLAL M8 eiirliihft cO! d

spray gun and the target to be coated a e co spray gun are 1odated
wi t hi n a vacuumzhandyeium atmpx esses esf bat ole88tkPap phefrepdbloy kdtlwgen 0. 1
and 50 _kPa, and.nost re.ftg{]red bet ween 2 and kP 5 FuFIt her

0 .
advant ageous en%&ﬂrr?e s P S%Ié?ltlf“?ﬁn?fhgt%‘EFai“%E?%{Fhet & PREESTy

netal, which ismerplmyed gdarpovnersiosnasy. sheopewdepmaceand pdwide L he
invention, in general has a 30 purity of 99 %or nore, such as 99.5 % or
99.7 %or 99.9 Reing anNdeB/ANTAFSEPCT/ EP211116/ 11113969 7 According to

the invention, tq:eovr.e jactory. rretﬁal advant ageouslé hai a Buri t%/r of, at
| east 99.95 % BASSEOH'Y it at 1Tt i Fptr 1275, PFRSPUFE £QI &P CatPréydn%o. 995
%or at |east %iFITNtd rePedbitshas Stat €aSpr89s8985a% the spraying

10 orifice and providing a spray of said particulate
material and gas onto the surface to be coated; and
- locating the spraying orifice in a region of low
ambient pressure which is less than 1 atmosphere and
which is substantially less than the static pressure
15 at the spraying orifice to provide substantial
acceleration of the spray of said particulate material

and gas onto said surface to be coated.

In another preferred version of the process the spraying is

20 performed with a cold spray gun and the target to be coated
and the cold spray gun are located within a vacuum chamber
at pressures below 80 kPa, preferably between 0.1 and 50

kPa, and most preferred between 2 and 10 kPa.

25 Further advantageous embodiments can be seen from the

claims.

The refractory metal, which is employed in powder form as
the powder according to the invention, in general has a

30 purity of 99'% or more, such as 99.5 % or 99.7 % or 99.9

o\e



If an alloy is enployed instead of an individual refractory netal, at

| east tth %B&ﬁﬁyagy nmetal has this purity, but preferggkﬁm%ggmﬁg%

re
alloy has this purity, so that a corresponding highly pure Nayer c%n be
produced. 10 The netal powder noreover has an oxygen content of |ess than
1,000 ppm oxygen, or |ess than"500, or |édss than 300, in particular an
oxygen content of less than 100 ppm Refractory netal powders having a
purity of at least 15 99.7 % advantageously of at least 99.9 % in
particul ar ARG g tandlee comtenmt iof, | ke rhématto@q pemwadxygen, or | ess

t han than 500 ppm ox n, ,or less than 300 ppm oxygen, __in particular an
oxygen con tarﬁ:faqee%‘gse]ﬁhéhaioﬁ fﬁ)‘ﬂ)ﬁ}t%rgg égi ?86?% g%'ﬁér tiirc agfre.d i

Ref ract ory matzall iRovegisr fevd 19 on PYaHEYcRiadt akeash s89.995 d¥%s isn pardd cul ar
of at least 99.995 % and a content of less than 1,000 ppm oxygen, or |ess

t han than 3G@s3pi%-A8/yen, o pPassichhar3ad ppasdxP§edd%n 3particul ar an 25
oxygen gontent of less than 100 ppm are suitable in particular.
Refractory netal powders having a purity of at least 99.999 % in

particul ar Igf aai dldast i39.&499oPed atds8e38 66nhANt nafi viess 1t hasF rhddyppm
oxygen, or less than than 500 ppm oxygen, or |ess than 300 ppm oxygen, in

parti cul ar WiHy) Bl LEPA S e EPPA9426Y 11€ 139692 S8 LAA SopYgeh YeoktEnt  of
less than 10Q famy1af & rdlid bl e 1 4M 1 HG" hhSULAS Fﬂri‘%,t.@%. ahayenenti oned
powders, the total content of 5 other non-netaFI C Inpurities, such as
carbon, nitocggespending highly pure layer can be produced.
10
The metal powder moreover has an oxygen content of less
than 1,000 ppm oxygen, or less than 500, or less than 300,
in particular an oxygen content of less than 100 ppm.
Refractory metal powders having a purity of at least
15 99.7 %, advantageously of at least 99.9 %, in particular
99.95 %, and a content of less than 1,000 ppm oxygen, or
less than than 500 ppm oxygen, or less than 300 ppm oxygen,
in particular an oxygen content of less than 100 ppm, are
suitable in particular.
20
Refractory metal powders having a purity of at least
899.95 %, in particular of at least 99.995 %, and a content
of less than 1,000 ppm oxygen, or_léss than than 500 ppm
oxygen, or less than 300 ppm 6xygen, in particular an
25 -oxygen content of less than 100 ppm, are suitable in

particular.

Refractory metal powders having a purity of at least
99.999 %, in particular of at least 99.9995 %, and a

30 content of less than 1,000 ppm oxygen, or less than than
500 ppm oxygen, or less than 300 ppm oxygen, in particular



hydr ogen, shoul d advant ageously be | ess than 500 ppm preferably |ess than

150 ppm LcWl ar, the oxygen content is advantage 10 or
| ess, th@kgﬁﬁgﬁggﬁgcontent is 25 ppmor less and the- cggﬁgﬁaégﬁﬁﬁﬁ% is 25

ppmor |ess. The content of netallic inpurities is advantageously 500 ppm
or |less, preferably 100 ppmor |ess and fost preferably 15 50 ppmor |ess, -
in particular 10 ppmor less. Suitable netal powders are, for exanple, many
of the refractory netal powders which are also suitable for the

product i onaof ogggen ttornser0 Sucleswetthampoi@rspeanabe pugpabed by
reduction of a. refractory netal conpound with a reducing agent, and
preferablypgﬁgég &t deoxidation. In this procedure, for exanple,
tungsten oxi de or nol ybdenum oxide is reduced in a 25 stream of hydrogen at

el evated tenperature. The preparation is described, for exanple, in
Schubert, Ipagddethe pheysmantiqqegvpowderen ehel eptad Papntentr of New

Yor k, 1999 r r, : . aratiyve ni sehen eme",
For di nand BRRSTVE T2l SEatt gartuae hay S 2y EeboBtenTrssh o

PCT/ EP2006h§Qa286en, 9 shoulle axhemtofgdant By Ure alnels i hvand 00 hppiat epar at i on
IS usuallé carrigﬂ OﬁF ey reduction of alkali netal heptafl uorotantalates
and earth BFRAFFAELYet&SS MMl AbrRR™nt al ates or the oxides, such as, for
exanpl e, 5 sodi um hept af | uor ot ant al at e, potassi um hept afl uoro- tantal ate,
sodi um hept af | uor oni obat e or potassi um heptafluoroni obate, with an al kal
met al or alkapaméicard@ly, the oxygen content is advantageously 50 ppm

10 or less, the nitrogen content is 25 ppm or less and the

carbon content is 25 ppm or less.

The content of metallic impurities is advantageously 500
ppm or less, preferably 100 ppm or less and most preferably

15 50 ppm or less, in particular 10 ppm or less.

Suitable metal powders are, for example, many of the
refractory metal powders which are also suitable for the
production of capacitors.

20
Such metal powders can be prepared by reduction of a
refractory metal compound with a reducing agent, and
preferably subsequent deoxidation. In this procedure, for
example, tungsten oxide or molybdenum oxide is feduced in a

25 stream of hydrogen at elevated temperature. The
preparation is described, for example, in Schubert,
Lassner, "Tungsten", Kluwer Academic/Plenum Publishers, New
York, 1999 or Brauer, "Handbuch der Praparativen
Anorganischen Chemie", Ferdinand Enke Verlag Stuttgart,

30 1981, p. 1530.



metal. In this procedure, the reduction can be carried out 1in a salt nelt

with the \@g%&iﬂqgmgf, for exanple, sodium 10 or in the %ﬁﬂPB(?ﬂ)%ﬁ ol cium
[ ‘F% rac%

vapour or nagnesi um vapour advantageously bei ng used. ere ory netal
conpound can also be m xed and heated with the alkali netal or alkaline
earth metal. A hydrogen atnosphere may b& advant ageous. Numerous suitable
processes are known to the 15 person skilled in the art, and process
paranmeters from which he can choose the suitable reaction conditions are
known. Sui fabkéepraces&fs taire: adase rarhe dy i dloturex atip eprépa st 14483819 and WO

98/37249. 20 After the reduction, a deoxjdation advantageously takes
pl ace. Thi ¥SHak e cafrrd@bPuY coﬁy e@&Fﬂ‘b‘?tel,orb)P '?(flﬁﬁ %h’égt?gfractory met al

powder w t QoMo fSRorBRant@l At Y R st 1FUPBRAVERE Heahing, or heating the
refractory netal in the presence of a getter substance in an atnosphere

whi ch 25 r beptes lpogssitising aladress arr dfthexgxjede$ r osmcheaset &brpewdm@plero t he

getter substance. , The refract.or tal powder is the ually freed from
the salbs BPOLRE BSBEAK OﬁgOtaa‘d}é%"’tr?a‘bﬁ't rP%wga%%%‘é‘“afﬁ R LHORY aried. It is

advant ageodsnhanatel,f soudicm Mgt $f Bieratstsbd 0 decpenssBguinhe oxygen
content, 30 the netallic inpurities can be kept |low. WD 2006/117145

PCT/ EP2006P6B5969 ucronidatishe v s 2 Figrl 1 Fféeb?%p‘% agtbkaldrepgprethowder s
having a | g t@iYgEiEl Cc?lrltseg}r&%mﬂé,estﬂg b P18 @an@é@ﬁ&?%%d”@h%l
al1ne eart t, t

hydri de with an al netal as the reduci ng agent, us such as
di scl osed, ihoa erdnpmelt with Whd ldd@B6koanalf EPEdr 1208@p8e, Thediinment i on
m)reov?r rel ates to a process for 148 rocessi ng or groducti on_of a sputter
t ar get ?SOBFC&DOF e gas phase, calci vapour “or magnesium vapour

advantageously being used. The refractory metal compound

can also be mixed and heated with the alkali metal or

alkaline earth metal. A hydrogen atmosphere may be

advantageous. Numerous suitable processes are known to the

15 person skilled in the art, and process parameters from
which he can choose the suitable reaction conditions are

known. Suitable processes are described, for example, in US

4483819 and WO 98/37249.

20 After the reduction, a deoxidation advantageously takes
place. This can be effected, for example, by mixing the
refractory metal powder with Mg, Ca, Ba, La; Y or Ce and
subsequent heating, or heating the refractory metal in the
presence of a getter substance in aﬁ atmosphere which

25 renders possible transfer of oxygen from the metal powder
to the getter substance. The refractory metal powder is
then usually freed from the salts of the deoxidizing agent
with an acid and water and dried. It is advantageous here
if, when metals are used for decreasing the oxygen content,

30 the metallic impurities can be kept low.



metal in cathode sputtering of netal), wherein a gas flow 10 forns a

gas/pomdq& sWith a powder of a material chosen EE?H&&&%N&&@?D
consisting o n|o |un1 tantal um tungsten, nolybdenum "titanium zirconium

or mxtures of two or nore thereof or aIons thereof with at |east two
thereof or with other netals, the pomder(%as a particle 15 size of 0.5 to
150 pm wherein a supersonic speed is inparted to the gas flow and the jet
of supersonic speed is directed on to the surface of the object to be
reprocessed f@mtpead@maieéﬁ)ﬂbnnnhéeprépagmiios afspureepohd&mSal in the

cat hode tterin of netal. These are e pyed in . the, production of
|ntegrated%%|98§:€g 0¥ AU AFHL N r%kﬂ e%l%ﬁ?PFEéB gﬁ;tlc and

optical preduyghet 2y mdd diheyEbidd 6Fithy DK 0LERS1ih8 88PEhahethe AR al
surface of the 25 sputter target is worn away non-uniformy, which leads to

a furrow éhet keduGingc @9end avdius coichmdadisnlosed, t her suemplal, dh t he
backi ngspl abe 09719432 & GRIESIA qtpj\q&%]fé)reakt hrough of cooling liquid, the
sed "un

sputter targets are not u e refractory netal |ayer is used up,
but are 30 taken out of service pronptly beforehand, so that only a

relatively smal |l anmpunt of the refractor metal is used up when a new
sputter tarfgét Y SBiprsy SR IR ers %W%Sv@z@o%m‘i??t%fpew EP2006/ 003969

11 maj orit yopap RISy ke $ldias /K abs é)rs;s@@térn@gfgéal $soheerched,

since renoval of the backing plate 1s required and connection to a new
refractorymﬁéaéllpl@@@hQ§erﬂﬂnﬁﬁ&n%nq1¢@emﬁm¢lhg phateiheaegabofidwer, is

(1, 2, OroRabS, SRRl S5 L o bOUELE Y8 n0ELEah
chosen from the group consisting of niobium, tantalum,
tungsten, molybdenum, titanium, zirconium or mixtures of
two or more thereof or alloys thereof with at least two
thereof or with other metals, the powder has a particle

15 size of 0.5 to 150 pm, wherein a supersonic speed is
imparted to the gas flow and the jet of supersonic speed is
directed on to the surface of the object to be reprocessed

or produced.

20 A sputter target is a source of metal in the cathode
sputtering of metal. These are employed in the production
of integrated circuits, semiconductors and other
electrical, magnetic and optical products. During the
sputtering process, in general the metal surface of the

25 sputter target is worn away non-uniformly, which leads to a
furrow on the surface. To avoid contamination with the
material of the backing plate or even a catastrophic
breakthrough of cooling liquid, the sputter targets are not
used until the refractory metal layer is used up, but are

30 taken out of service promptly beforehand, so that only a
relatively small amount of the refractory metal is used up

when a new sputter target is employed. However, the



renders possible reprocessing of a sputter target wi thout having to detach

t he backi‘ggezﬁ‘#@ltﬁ%gor this or which 10 renders possi bl ePEQ/‘%E@g@&%; he

Sputter na irect to the backing. For this purpose, urrow in a
used sputter target is topped up again E/ith the particular refractory
metal by the 15 cold spray process, as &scribed above. For thi S, the jet
of supersonic speed of the gas/powder m xture is directed on to the furrow
and noved over the conplete Iength and shape of the furrow This is

repeat ed ad\®BiPehtwsCan merebysheysrddt 85 gorebe four thwiagaiatesimlshat t he

surface 20 pu t or substantial.l.y fl.at area again
and/ or the %Cp%%%b %%?é?igéﬂ?ga?apgzgﬁsel g%ﬁ:kﬁ)l}ga (:)L\&/l)eéet He SHYETE of the
sputter taraged .cdiedet abhytot enpet refrastpersaritalspaedofid he gas/ powder
m xture is then directed on to the remaining surface of the sputter target

and 25 gui dEFRRATY hel RoprekenteRyehe BE&Sdt RO¥STSIhagd dhe Rarsnf ter

target surfage ditide® URESOE MY LRI K BRd LAY vhayer which conpletely
covers the surface of the Sputter target has been obtai ned. The rough

surface obtained can then be ground and polished by the conventi onal
processes, 30 so that, the_desired s th surface.i s obtained.,

2006/ 11714@5&"7 £ 00 To50RS alﬁe%g??ﬁﬁ Br BSGE‘{‘FSH%P&]&%\E % er
target, thedmyers igosaiIpléedepodebackiyngrphakputbererdi-dg tURAR HAR

construction of the target the jet of supersonic speed of the gas/powder
m xture i s AT ore dideh bhecbeecking pdatRefesnphiseos silyifcice of the

backi I d ' . l.ete .l ength,
or cadt F and SRApE dioThe otk tertear et "EurPEEs 2t ket PRSI T iy, W
suf fici ent Ighe backing.

For this purpose, the furrow in a used sputter target is
topped up again with the particular refractory metal by the

15 cold spray process, as described above. For this, the jet
of supersonic speed of the gas/powder mixture is directed
on to the furrow and moved over the complete length and
shape of the furrow. This is repeated as often as is
necessary to top up the furrow again, so that the surface

20 of the sputter target forms a substantially flat area again
and/or the topped-up material is raised slightly above the
surface of the sputter target. Preferably, the jet of
supersonic speed of the gas/powder mixture is then directed
on to the remaining surface of the sputter target and

25 guided over the complete length, breadth and shape of the
sputter target surface until a uniformly thick and flat
layer which completely covers the surface of the sputter
target has been obtained. The rough surface obtained can
then be ground and polished by the conventional processes,

30 so that the desired smooth surface is obtained.



thick and flat |ayer which conpletely covers the surface of the sputter
target h ained or only the contact 10 area of s
coat ed V\ha‘?gﬁts&?le@ﬁ%ts in a considerable saving of naterplkgﬁz.l)%lﬂﬁ@@g%/er
thickness is usually nore than 0.01 mm Preferred are layers with a

t hi ckness between 0.1 and 100 mm nore 1B2preferred between 0.5 and 50 nm

still nore preferred between 5 and 45 mm still nore preferred between 8
and 40 mm still nore preferred between 10 and 30 mm still nore
preferred bet pb sk 26n NeF aadn&Wssppt eber tgdgbet weae 1:29eand s15 nm 20

The purities and oxygen contents of the |ayers obtained should deviate not
nore than S@FhigH 19 & hapkindhoblabee DERARARDIWPPBMEhROSENST HUFE isswder .

25 This ca ttaaqgfg@ -achi ev ' S r target o)

repr ocesseg)f?gc\hgegat e unc%t}é);fglg n%?t g‘g%%.k%rqggngpég8a8§a%§§gggtﬁs{lp%%t?seerd as
the inert gaxtwiences bdvatsond aitheghdirdensdt gnt hantakr comp ltegrrds t o
cover the object to be cqated and to rengin present, especially jf the
sputter 30 st“J'a‘Trfg"é:te i%tbiWea SEErI Wh %T'lepﬁ_qngﬁgsSPHEtﬁi‘gBﬁrﬂre(t}mané’scapi ng or
flow ng ouly AR ATHRAY ithd OPRRSL &Pe LOREERAUOHSLY at MO2RB08MAEE14TF the

PCT/ EP2006/°003969 13 The process according to the present invention is
parti cul ar Ispudifiqraflardelr swefpeocesrthy arupiddunlyoandf sugfitiemitdy

targets, b e the .0 hand during 5 production b er no hani cal
processes %r%)a/llsétﬁ(alal%o%grg;lp% Qlea%(?ref"é}'r(’j%ée (g?ﬁn%% g |E NS W iréhtcggnsgngrc? s aotCta
di fferent thet epiadteroftargocchds Seeh habt 8Onsal or Bhllexthee cohtact

10 area of the plasma is coated whicht results in a

considerable saving of material.

The layer thickness is usually more than 0.01 mm. Preferred
are layers with a thickness between 0.1 and 100 mm, more

15 preferred between 0.5 and 50 mm, still more preferred
between 5 and 45 mm, still more preferred between 8 and 40
mm, still more preferred between 10 and 30 mm, still more
preferred between 10 and 20 mm and most preferred between
10 and 15 mm.

20
The purities and oxygen contente of the layers obtained
should deviate not more than 50 % and preferably not more

than 20 $ from those of the powder.

25 This can advantageously be achieved if the sputter target
to be reprocessed is coated under an inert gas. Argon is
advantageously used as the inert gas, since because of a
higher density than air, it tends to cover the object to be
coated and to remain present, especially if the sputter

30 target is in a vessel which prevents the argon from
escaping or flowing out and argon is topped up

continuously.



obt ai ned and i nstead so-called bands, that is to say regions of different

pref erredyghifitidfsons. In therno 10 mechani cal processggygphigs ofRhe P
prevented only wwth a high outlay.-In contrast, a uniformtexture 1 n which

the preferred orientations vary, for exanple, less than 30 % wth respect
to any desired plane on the surface, thes® planes running: perpendicul ar,
parall el or diagonally to the 15 normal to the surface, and the preferred
orientations varying by less than 30 % over the thickness of the
refractory netal |ayer, may be obtained by the process according to the

invention. 20 A uniformparticle size distribution rain size) is
| i kewi se 06%5|H599%§% q%ﬂé&%ﬁ 9 Ym%lpﬁ?§%nﬁolﬁgég§18p 1di fferent

particle sizgtal& 1) Ned ddbidi fol StMOtprde8sEelg 3% bRoRLREESFESH N
whi ch powder is applied to the sputter target and nelted, experience shows

t hat bubbl ispytéet ingarttandet syr dvedrwee e . tiThi gnal Bandadnatinge observed in

t he progess agfordigp to.the invention,. go Af ter agplica igﬁ of _the |ayer
0] a 881"

the surfac&’Sl utcﬁzel Splﬁyt etrhertnéor%ee(f s epﬁ?%%ﬁﬁe n8r§8I P aﬁh&rcder to

obtai n a WRr23Ra/rEH A5 SEHERADIKOIV6Oan 14hshgeabtedsmetrbngur f ace. This
can be carried out. by the conventional processes according to the prior
art. In thénsedyeds af oM LW spif tehat apgetnifaEm &L ure 3Sapplied to a

backi ng meaps, f%éb_éﬂa‘idg¥égdﬁﬁéﬂéﬁ ea"éndQla£ﬁaESiE“t3eE%§?L|a plate

of copper or alumniumor an alloy of at least one of these s wth

beryl | i um rEuinshadkidid fidmdret gare Lont ed nochenhet $one. wWinclihelrewe i s a

COOlianne%égﬁanical processes, this can be prevented only with a
high outlay. In contrast, a uniform texture in which the
preferred orientations vary, for example, less than 30 %
with respect to any desired plane on the surface, these
planes running perpendicular, parallel or diagonally to the

15 normal to the surface, and the preferred orientations

varying by less than 30 % over the thickness of the
refractory metal layer, may be obtained by the process

according to the invention.

20 A uniform particle size distribution (grain size) is
likewise obtained in the layers, so that also no bands of
different particle size are obtained if this is not

desired.

25 In processes in which powder is applied to the sputter
target and melted, experience shows that bubbling and
particle growth occurs. This also cannot be observed in

the process according to the invention.-

30 After application of the layer, the surface of the sputter

target must be ground and polished in order to obtain a



10 The backing plate and therefore also the sputter target can be in the

f or m of QNEP@; PA¥ing a circular or angul ar cross-sec%kqﬂﬂnﬁﬁmapgpd,

cylinder, block or any other desired shape. Additional structura
conponents liquid 15 cooling coils and/or a |arger cool ant reservoir and/or
conpl ex flanges or other nmechanical or el4éctrical structures can also be
attached. The | ayers which are applied according to the invention, or 20

| ayers which are produced during production or reprocessing of a sputter

target, hasaiaahilgh suadtly ndfacé OW TikygedanCpat eakridbesat! ayethe

advant ageousl y have an oxygen content of |less 25 than 1,000 ppm oxygen, or
| ess than SOOVEHt RS HEGFeRes 3¢cordingurar the BXxygEnagbnt ent of |ess
than 100 ppm In particular, these |layers have a purity of at |least 99.7 %
advant ageously of at least 99.9 % in particular of at |east 99.95 % and
a content dh [téss privaduct, GO0 @hra Iewxspentenr thegstt hahet hagew0@sppm

oxygen, .or |l ess than 300 ppm oxygen, in particular an oxygen content of
less  tRan®PHd155m" W8 %ﬁ‘%e‘}% azf_!séPceﬁ‘gpz‘i‘iﬁe?ﬁigﬂ%é?ais-| H'"EHS_
particul ar pibitese d ayerferave a PIity &f Sbpp&asbr 99ufdnYumi Brpant i cul ar
of at least 99.995 % and a content of less than 1,000 ppm oxygen, or |ess

than than 533 9ppmi5 dxGARt one 3k e 308t phm wikyheheryhlpamti cdbds an
oRygEn ConEERlsRl, PINE 1oy MG i RACIL M S CERL IS TS 8
| ess 10 t haool i®@0 mepibunxygen, or |ess than than 500 ppm oxygen, or
10

The backing plate and therefore also the sputter target can

be in the form of a plate having a circular or angular

cross-section, as a rod, cylinder, block or any other

desired shape. Additional structural components liquid

15 cooling coils and/or a larger coolant reservoir and/or

complex flanges or other mechanical or electrical

structures can also be attached.

The layers which are applied according to the invention, or
20 layers which are produced during production or reprocessing
of a sputter target, have a high purity and a low oxygen

content.

These layers advantageously have an oxygen content of less
25 than 1,000 ppm oxygen, or less than 500, or less than 300,
in particular an oxygen content of less than 100 ppm.
In particular, these layers have a purity of at least
99.7 %, advantageously of at least 99.9 %, in particular of
at least 99.95 %, and a content of less than 1,000 ppm
30 oxygen, or less than than 500 ppm oxygen, or less than
300 ppm oxygen, in particular an oxygen content of less

than 100 ppm.



| ess than 300 ppm oxygen, in particular an oxygen content of |ess than 100

ppm The‘?6$§(§ugﬁ@ording to the invention preferably hayokRodles al
content of other non-netallic inmpurities, such as carbon, nitrogen or

hydr ogen, which is advantageously |less than 500 ppm and nost preferably
|l ess than 150 ppm Wth the process of this invention layers with higher
inpurity contents can al so be produced. 20 The | ayer applied has a content
of gaseous inpurities which deviates not nore than 50 % or not nore than
20 % or not nore than 10 % or not nore than 5 % or not nore than 1 %

f th tent _of the starti wd ith which this 2 has b
or oduced. IR RIS AEER: CHHE (T GAVEE | BnORE ES BE GRadPecbod as

nmeani ng, i Qopanst isGulidy ,pat i dUNALASE; at hEchayess. obbaknednghaukdntbns
advant ageously . have a content of gaseous inpurities which is not nore
than 50 %&bdeEst kdagortdHi0 gIPm Hex¥geri i ¢f potdleEhanotign2006/ PPR 45

PCT/ EP2Q06/ 9 6 ,he | | 1 ab g cont ent
whi ch gevpggéggﬁof%hgre tﬁgﬁﬁg:g?pﬂﬁﬁﬁd$%f%%§éri%oggﬁ%?gugééngg % from
t he oxygenoggeantcooiteinte «f dite sy floawler 00 Sppm. al | t he abovenenti oned

| ayers, the total content of other non-netallic inpurities, such as
carbon, nitrogen or hydrogen, shoul d advant ageously be | ess than 500 ppm

and nost preban’llanilsss tifade 1B0,PPMndPe |8 PaAFLEGULEN 99t BE9OXYIGR
content is advantageously 50 ppm ‘or |less, the nitrogen content is 25 ppm
or |ess angatrtécudarbef eontlerst s92699Pm dr dedsa content of less

10 than 1,000 ppm ongen, or less than than 500 ppm oxygen, or
less than 300 ppm oxygen, in particular an oxygen content

of less than 100 ppm.

The layers according to the invention preferably have a

15 total content of other non-metallic impurities, such as
carbon, nitrogen or hydrogen, which is advantageously less
than 500 ppm and most preferably less than 150 ppm. With
the process of this invention layers with higher impurity
contents can also be produced.

20
The layer applied has a content of gaseous impurities which
deviates not more than 50 %, or not more than 20 %, or not
more than 10 %, or not more than 5 %, or not more than 1 $%
from the content of the starting powder with which this

25 1layer has been produced. In this context, the term
deviation is to be understood as meaning, in particular, an
increase; the layers obtained should thus advantageously
have a content of gaseous impurities which is not more than
50 % above the content of the starting powder.

30



The content of netallic inpurities is advantageously 50 ppm 15 or less, in
parti cul m,Qr less. In an advantageous enmbodi MentcridpSodsANRES
noreoveraﬁgégmﬁﬁ éénsity of at least 97 % preferably greater than 98 % in
particular greater than 99 %or 99.5 % The density of the 20 |ayer here is
a nmeasure of the closed nature and poros*?y of the layer. 97 %density of
a |layer neans that the layer has a density of 97 %of the bulk material. A
cl osed, 'substantially pore-free |ayer always has a density of nore than
99.5 % Th&hdedsiver capbiedaes i el ¢ihderabyokpgge 26naealtysihdabfl a
cross-section .i e (cross-section) of such a .layer, or by helium .
pyknomet ry.doe'flﬁéarzlae%t tn(é)ﬁ: r%?%eogﬁ?asn refet? e‘aaFB§§?¥§Fn88;:i W\étrﬁe tbﬁ‘é‘e Lof® very
dense | ayerfsom RO ofREEMontenBYEf Sthelr §het ihgnpyRdek.om t he surface

are not detected and a | ower porosity than is actually 30 present is
therefore neasured. The density can be -determ ned by inmage anal ysis by

first determ njiRg e ye o] hn L.gat in the
i mge sgctﬁghgﬁ% f%%%f%%%%%gﬂﬁéﬁﬁg%%0%%?%%%96§hé1582?htEgﬁkfg?oggbpe, and
t hen rel at iotdpetrhireoradmest &1d itdelrgpweast ied, t ecpoasscaPbbas wiitebgane or

far-renmoved fromthe surface .and close o the_interface t he substrate
are al so 8&&&%&?%ngH9H¥§Zﬁﬁﬁﬁ9t79?ﬁ Yehsi +§58f ¢ ?nléégtpﬁ? g

pref er abl y rys@atie Adtaih 198 Y4sd nepad tisoll §bmgreater than 99 %or 99.5 %
is inmportant in particular in the production or reprocessing of sputter

targets. The | ayers show hi gh nechani cal strength which is caused by 10

their high densi t.y y e hi def o i on_of .the articles., Ln the
case ot 0 ataramOb iy i e R B e ar o df e 8RR kRRY Skl
preferabl yocat llesast tH nitrogen content is 25 ppm or less and the

carbon content is 25 ppm or less.

The content of metallic impurities is advantageously 50 ppm

15 or less, in particular 10 ppm or less.

In an advantageous embodiment, the layers moreover have a

density of at least 97 %, preferably greater than 98 %, in

N

particular greater than 99 % or 99.5 %. The density of the

20 layer here is a measure of the closed nature and porosity
of the layer. 97 % density of a layer means that the layer
has a density of 97 % of the bulk material. A closed,
substantially pore-free layer always has a density of more
than 99.5 %. The density can be determined either by .image

25 analysis of a cross-section image (cross-section) of such a
layer, or by helium pyknometry. The latter method is
preferred less, since in the case of very dense layers,
pores present in layers further-removed from the surface
are not detected and a lower porosity than is actually

30 present is therefore measured. The density can be
determined by image analysis by first determining the total

area of the layer to be investigated in the image section



MPa, nost preferably at least 140 MPa if nitrogen is the gas with which
t he netakvagw@?ﬁTLgrns a gas/powder m xture. 15 |f helbggh%g%g%ﬁgﬁ9the
S a, nost

strength usually 1S at |east 150 WMPa, preferably at |ea

preferably at |least 200 MPa and very nost preferred greater than 250 Mra.
20 The present invention therefore also télates to sputter targets
conprising at |east one layer of the refractory netals niobium tantalum
tungsten, nolybdenum titanium zirconium mxtures of two or nore thereof

or alloys off tore Wicr®sCopdper &l Oheal keystingh tatilkern ekt alcs tMd drdmye
the 25 abovenentioned properties. In particular, the |layers are |ayers of
t ant al um ot dikbiRAEe R0 PPEEEr¥bLgh| ayer §asf remryscedt r oo lbsd sthace

titanium zj{£Qu b of ML Uf §5¢ PkaLWOL QT + ARI gu%%%%%%/ %%_??L?!Sl% of two or

nore thereof or alloys with other netals, very
PCT/ EP2006/1333968d 19y prief ermbaysl ajkehsgbf deastislyumfolatnileaisaom37are appl i ed

by <cold spraying.to the surface of substrate to he coated. rprisingly
"t has Boelb MR ba SR T EE AT B Rotters P PRGHAGH LA BiHEAL e ordrat abl y
with tantalggmeang: ndobi U 55 POBHS+aRES$ASPRRE idunaduUaed teygen content,
for exanple an oxygen content bel ow 1000 ppmthere can be produced cold

sprayed | ayiosugiion ey mephodepssngi ofi pRbESeaf tesgetishan. 90 % In said
cold sprayed | ayers the oxygen content of the netal is nearly unchanged
conpared to the oxygen content of 10 the powders. These cold sprayed | ayers
show consi detealllgye s gitesw debght meshbhanall agerengtbdutddhby splasismedspayi ng
or by vacuum spraying. Furthernore, these cold sprayed | ayers
10 their high "density and by the high deformation of the
particles. In the case of tantalum, the strengths are
therefore at least 80 MPa, more preferably at least 100
MPa, moét preferably at least 140 MPa if nitrogen is the
gas with which the metal powder forms a gas/powder mixture.
15
If helium is uséd, the strength usually is at least 150
MPa, preferably at least 170 MPa, most preferably at least

200 MPa and very most preferred greater than 250 MPa.

20 The present invention therefore also relates to sputter
targets comprising at least one layer of the refractory
metals niobium, tantalum, tungsten, molybdenum, titanium,
zirconium, mixtures of two or more thereof or alloys of two
or more thereof or alloys with other metals which have the

25 abovementioned properties.

In particular, the layers are layers of tantalum or

niobium.

30 Preferably layers of tungsten, molybdenum, titanium
zirconium or mixtures of two or more thereof or alloys of

two or more thereof or alloys with other metals, very



can be produced without any or with small texture, dependi ng on powder
properties and coating paraneters. 15 Sputter targets conprising cold
sprayed | ayers ﬁroduce in the sputting process thin layers show

uni form ty WAF6AR T ectric resistivity conparabl e wth RRIEP20P %%?é’%%
prepared with conventional sputter targets. 20 Surprisingly it has been
found that w th decreasing oxygen content8 of the cold sprayed target

| ayers density and other properties of the sputtered |ayers are inproved.
25 Metal powders which conprise alloys, pseudo-alloys and powder m xtures
of refractorpreeeadlsiw Laystst abl eanvalumedbr acisiunetares appl iR ®ysui t abl e
for use in the_ processes accordlng§to the_invention. Sputtering targets

whi ch the saR® QIFBﬁaﬁ%nﬁsEﬂchﬁlF £ags ok ?eﬁﬁQﬁﬁﬁﬁﬁﬁj % bsH Q9atEYr oduced

therew th. Thesgriochyee, it nhaérﬁééﬂl %undaéﬂ&ysum%&&qi aéavsaé%sororpomer
m xtures of a refractory netal chosen fromthe group consisting of

ni obi um V[)20@6¢11m1&5UF€57EFQGQ@I@DQE6®ltUQtQQ#ﬂkﬂmuﬁnqlﬂkﬁhkﬂm
| ybd i i i f t
ol ybienuay £LLsgBtuThapdeLiag KTihilec IR CRAN [TAD RERD

and gol d. Suah bﬁy@éhScbﬂtéﬁg belonelPol oppmrtherd ecad e produredd icdidpl e
to the person skilled in the art and are descrjbed, for exanple, in

EP- A- 774315 8R42EPdalayssaogithTreEy Righ b‘éem%lpta\f%fa W%rﬂl%ﬁ%%ﬁ]a’-’ihan

processes; tiggsg, PHV‘QEEd”bESILHVQEré&édOPL PO e Yk AP G010 QS B X i@ Of
ready- made netal powders, It being possible for the mxing 10 to take pl ace

on the one hartiabefsrpeahéyusnchanged peppaeed to the oxygen content of
10 the powders. These cold sprayed layers show considerably
higher densities than layers produced by plasma spraying or
by vacuum spraying. Furthermore, these cold sprayed layers

can be produced without any or with small texture,

depending on powder properties and coating parameters.

15
Sputter targets comprising cold sprayed layers produce in
the sputting process thin layers showing an uniformity and
an electric resistivity comparable with thin layers
prepared with conventional sputter targets.

20

Surprisingly it has been found that with decreasing oxygen
content of the cold sprayed target layers density and other

properties of the sputtered layers are improved.

25 Metal powders which comprise alloys, pseudo-alloys and
powder mixtures of refractory metals with suitable non-
refractory metals are also suitable for use in the
processes according to the invention. Sputtering targets
which the same alloy or pseudo-alloy can be reprocessed or

30 also produced therewith. These include, in particular,
alloys, pseudo-alloys or powder mixtures of a refractory

metal chosen from the group consisting of niobium,



according to the invention, or also to be carried out during production of

t he gas/§§3q§&¥ﬁyﬁ%ure. Al |l oy powders are usually obtai@?Qhﬁﬁﬁ¥mH§%§ing and
0 0 e

m Xi ng e al loying partners together. According I'nvention
so-cal l ed pre-all oyed powders can al so bf used as alloy powders. These are
powders which are produced by a process ?n which conpounds, such as e.g.
salts, oxides and/or hydrides, of the alloying partners are m xed and 20
then reduced, so that intimate mxtures of the particular netals are

obt ai ned. FPsdudbluld dyangsirerprvolepdans®, beigseaigmcendi g tieg iturme with

i nvention. P - 0] S a niLag 2 teri.als i are
obt ai ned nét %e%go%%%%g%ﬁ% OI%r{re ¢ %ﬁg?‘gﬂ é?%?sggggegg%%a&%’n@%g& !
sintering, dhddidni,atponadiuby spaeyndinyi 6gppedggkaneeat iamg \wWdlld.and

wi t hout subsequent sinterjng of the materials together. 30 Known materials
are, for exdfilt MRS RAIAWPpe? B OPELSF aFlingstenKkESYPeri Ti xt ures, the

proper tises s b ol A& dgovher a0l ake1Lbd! ol BRECRY WRW Qfrexanpl e: VIO
2006/ 117145 PCT/ EP2006/ 0039 20 Type Density HB Electrical Thermal

Thermal (gesB)ikevPa)f eorekemnpliet yiexpBndrodndddhdaotdi GPHR- 113 84K05)
coefficient . (WmK) ( Iﬂ%g V%y 0 16.8-17t2 221550 > 27 6.5.170-180 WCul5
16.3 7.0 19600 © RETRRI8T 6°% 201803 %2“@.39586?5565'V\6£’2‘f§'14. 5-15.0
21,940 > 3HShd 2 Hr:2A50re WARO 38t 81 Adb e 2By 7ROMB 4R Malsy hdaringTicgopper
al l oys or nol ybdeni um copper m xtures in
ready-made metal powders, it being possible for the mixing
10 to take place on the one hand before the use in the process

according to the invention, or also to be carried out

during production of the gas/powder mixture.

Alloy powders are usually obtainable by melting and mixing
15 of the alloying partners togefher. According to the
invention, so-called pre-alloyed powders can also be used
as alloy powders. These are powders which are produced by
a process in which compounds, such as e.g. salts, oxides
and/or hydrides, of the alloying partners are mixed and
20 then reduced, so that intimate mixtures of the particular

metals are obtained.

Pseudo-alloys can moreover also be used according to the
invention. Pseudo-alloys are underétood as meaning

25 materials which are obtained not by conventional melt
metallurgy, but e.g. by grinding, sintering, infiltration
or by spray drying / agglomerating with and without

subsequent sintering of the materials together.

30 Known materials are, for example, tungsten/copper alloys or
tungsten/copper mixtures, the properties of which are known

and are listed here by way of example:



the sane rati os as stated above are al so known.

or ol ybdgg e b

nol ybdenum are
m xt ures which

i

conprise e.g.

Jer m xtures 5 which conprise e.g. 10 C%
So known. Tungsten/silver alloys or tung
10, 40 or also 65 w.

Mol ybdeni uni si |l ver all oys
0y 65 Wt .

&t 960 %V er

% t ungst en are al so

known. 10 These can be enployed e.g. in at pi pes, heat sinks or,

general ly, tenperature managenent systens. Tungsten/rhenium alloys can al so
be enployed, but the netal 15 powder is an alloy of the follow ng

conposi ti pAyParol yb{éausmtyod (B 99 wt . YElertafieahbl yTI8Emab 97 (ikhedpahi obi ym 1
to 6 wt.% preferabliy/&nf0 4 wWeraYo zi e&a&u&m&:@ﬁ é,g,a;ksy@n Aa c&eeéﬁrvalem
0.05 to 0}02 Wwt.% |Like purel refractory t al | 1 gys can be
used in alpurity ol at |east| 20 99.95 ‘%fliﬁcs epro %qsesfﬁh‘tjl p?w BuBtion of
sputter targets wth cold g@s sprayi ng. Materials(ps/8h arg suitable faqr
the procesgESIACCONYETRI1H0Z [(3E s5PVETI LUy ar € 1T Sttgd 711 Tabtfes;olgg 15

| ndi vi dual 25 matefials are pQ|nnarpi by the nunber of the ltable WD

2006/ 117148CHET/ EPPABET 0039609 21 fol lowed by thel hifber of [(39-8%%bi nati on
of the coppouwnts aaobiﬂﬁeealrrmmtsoof 1Ee3znon refrlagiory net dlzams22;m Tablle
1. For ekappe—mpter+al—22 -5 A1 er+al—deser+bed—+ ““'"LL,
wher ei n t1gc%ﬁr eci seilgosn%(;’s?tibld\éljg defi n%% with S 'F]Oe non-refrac?%orjv mef al
and the apBemio t heféadf8-dd-#ijstled20in Tabte 1, posfition no. 5. Suitable

ni obi um alfoys—are fisted iTn Tabte I 10 Table 1

10

15

20

25

Molybdenium/copper alloys or molybdenium/copper mixtures in

the same ratios as stated above are also known.

Molybdenium/silver alloys or molybdenium/silver mixtures

which comprise e.qg.

also known.

10,

40 or also 65 wt.

o

(>

molybdenum are

Tungsten/silver alloys or tungsten/silver mixtures which

comprise

known.

e.qg. 10,

40 or also 65 wt.

These can be employed e.qg.

generally,

in heatpipes,

temperature management systems.

% tungsten are also

heat sinks or,

Tungsten/rhenium alloys can also be employed, but the metal

powder is an alloy of the following composition: molybdenum

94 to 99
6 wt.

Q
Ty

preferably 0.05 to 0.02 wt.$%

powders,

99.95

Q

9.

o

wt.%

14

these alloys can be

preferably 95
preferably 2 to 4 wt.

with cold gas spraying.

to 97 wt.

[+]
Ty

Q
°

1

niobium 1 to
zirconium 0.05 to 1 wt.$%,

Like pure refractory metal

used in a purity of at least

for reprocessing or production of sputter targets

Materials which are suitable for the processes according to

the invention are listed in Tables 1 to 15.

Individual

materials are designated by the number of the table



No. Refractory Non- Ampunt of netal refractory non- netal ref ractory met al
(w. % um cobalt 2-5 1.002 ni obi um ni ckel 2+ bi um

r hodi um %Wg%(i&dg%sm obi um pal | adium 2-5 1. 005 ni obi um pir/%lz(ﬂ)gﬁ? 1. 006
ni obi um copper 2-5 1.007 niobiumsilver 2-5 1.008 niobiumgold 2-5 1.009
ni obi um cobalt 5-10 1.010 ni obi um ni cke41 5-10 1.011 ni obi um r hodi um 5-10
1.012 niobiumpalladium5-10 1.013 niobiumplatinum5-10 1.014 ni obium
copper 5-10 1.015 niobiumsilver 5-10 1.016 niobiumgold 5-10 1.017

ni obi um colfalltl ok@dl b W\hH0Ghirdtlerd 4bf PH¢ ERAIOOh 8038690 £22hé. Gdfhipdinehitsm

ni ckel 10-15  1.019 ni obi um rhodi um 10-15 1.020 ni obi um pal | adl um_10- 15

1. 021 ni obPOf ph&t PAPMIT0-Of5 the pon pE @br 3Tk RBPpRELas- 25 1B 3281 dbi um

silver 10-}3r Lx@%pb10, o890 d A9:d0s 11 923 phedtva cabaktibeu?dn

Table 22, wherein the precise composition is defined with
5 the non-refractory metal and the amount thereof as listed
in Table 1, position no. 5.

Suitable niobium alloys are listed in Table 1.

10 Table 1

No. Refractory Non- Amount of

metal refractory non-
metal refractory
metal (wt.%)

1.001 niobium cobalt 2-5

1.002 niobium nickel 2-5

1.003 niobium rhodium 2-5

1.004 niobium palladium 2-5

1.005 niobium platinum 2-5

1.006 niobium copper 2-5

1.007 niobium silver 2-5

1.008 niobium gold 2-5

1.009 niobium cobalt 5-10

1.010 niobium nickel 5-10

1.011 niobium rhodium 5-10

1.012 hiobium palladium 5-10

1.013 niobium platinum 5-10

1.014 niobium copper 5-10

1.015 niobium silver 5-10

1.016 niobium gold 5-10

1.017 niobium cobalt 10-15 .




1. 026 ni obi um nickel 15-20 1.027 ni obium rhodi um 15-20 1.028 ni obi um

pal | adi u 029 ni obium plati num 15-20 1.030 ni ko 15- 20
1.031 ni %g’ém&gﬁlfégr 15-20 1.032 ni obi um gol d 15-20 1953@&}2}(?%@?%”] cobal t
20-25 1.034 ni obi um ni ckel 20-25 1.035 ni obi um rhodi um 20-25 1. 036

ni obi um pal | adi um 20-25 1. 037 ni obi um p%?ati num 20-25 1. 038 ni obi um copper
20-25 1.039 niobiumsilver 20-25 1.040 niobiumgold 20-25 1.041 ni obium
cobalt 25-30 1.042 niobiumnickel 25-30 1.043 niobiumrhodium 25-30

1. 044 ni obitumigal | adi um 25aB6biud. 045 ni olmjiwheﬂJ ati num 2p130151. 046 ni olji um
copper 251{30—1. 047 ni-ebium-sitver-25-30 048—r-ohitmgoeld-—25-30WD
2006/ 117145 -B&P EP2006/ 003959°198 Tabl e zth&‘dPé“ 2 consi5t8-bF 48 al | oyd,
tantal um iW@d—oT—m—Ub]ﬁg}Wbraqqtaqﬁmm; ar ppg-{He _
non-refrag¢tory netal and its content injper cent by weijght being as |igted
5 in Tabl ¢1102Tabl e 3: TapheoBiwmnsi sts (plé& imlumoys, tupy8téh i nstead qf
ni obi um b G-t W%o@ﬁéf \,fractGFylo_lS

1.023 niobium silver 10-15

1.024 niobium gold 10-15

1.025 niobium cobalt 15-20

1.026 niobium nickel '15—20

1.027 niobium rhodium 15-20

1.028 niobium palladium 15-20

1.029 niobium platinum 15-20

1.030 niobium copper 15-20

1.031 niobium silver 15-20

1.032 niobium gold 15-20

1.033 niobium cobalt 20-25

1.034 niobium nickel 20-25

1.035 niobium rhodium 20-25

1.036 niobium palladium 20-25

1.037 niobium platinum 20-25

1.038 niobium copper 20-25

1.039 niobium silver 20-25

1.040 niobium gold 20-25

1.041 niobium cobalt 25-30

1.042 niobium nickel 25-30

1.043 niobium rhodium 25-30

1.044 niobium palladium 25-30

1.045 niobium platinum 25-30

1.046 niobium copper 25-30

1.047 niobium silver 25-30

1.048 niobium gold 25-30




nmetal and its content in per cent by weight being as listed 10 in Table 1.

Tabl e 4: Wabhe/d7@gnsi sts of 48 all oys, nol ybdenum i nst eag/rpfos/dbsags um
being the refractory nmetal and the non- refractory netal and its content in

per cent by weight 15 being as listed in _Table 1. Table 5: Table 5 consists
of 48 alloys, titanium’instead of niob?@nlbeing the refractory netal and
the non-refractory netal and its content in per cent by weight being as
listed 20 in Table 1. Table 6: Table 6 consists of 48 pseudo-all oys,
tantalum instead of niobiumbeing the refractory netal and the non-

| Tabl o 17oR48 277 ak1d & FeRiisi: B LRho. S Hg LR thasean oF

instead of nRbBRUKNLBENAY thize feafrraldry milal andl the men-réefaacbeyy nmetal
and its content in per cent by weight 30 being as listed in Table 1. WO

2006/ 117148epPeT/ ERA0OES0GIIEEN 24 A e N 'Sl ghhshaing opsagisted
pseudo-gllgxsTagggy denum instead of niobiumbeing the refractory netal
and the non- refractory nmetal and its content in per cent by weight being
as listed in Table 1. 5 Table 9: Table 9 consists of 48 pseudo-all oys,
titanium instead of niobiumbeing the refractory netal and the

refract or yTABL8l 3andaPls Somoaists R YemliRy iEﬁﬁgsB%?nbnﬁggga;Pgd in
Table 1. 1Q;Tabls £Q@infakhe 1Q Gonsicty it 48 Hoese Mhah UF88rataBEgl um

metal and its content in per cent by weight being as listed

10 in Table 1.

Table 4: Table 4 consists of 48 alloys, molybdenum instead
of niobium being the refractory metal and the non-
refractory metal and its content in per cent by weight

15 being as listed in Table 1.

Table 5: Table 5 consists of 48 alloys, titanium instead of
niobium being the refractory metal and the non-refractory
metal and its content in per cent by weight being as listed

20 in Table 1.

Table 6: Table 6 consists of 48 pseudo-alloys, tantalum
instead of niobium being the refractory metal and the non-
refractory metal and its content in per cent by weight

25 being as listed in Table 1.

Table 7: Table 7 consists of 48 pseudo-alloys, tungsten
instead of niobium being the refractory metal and the non-
refractory metal and its content in per cent by weight

30 being as listed in Table 1.



i nstead of niobiumbeing the refractory netal and the non- refractory netal

and its QQ§%ﬁ&ﬁu9ﬂsper cent by weight being as |listed %ETK&Q%%K%&M&S Tabl e
0

11: Table consi Sts of 48 powder m xtures, tungsten instea N1 obi um
being the refractory netal and the non- %gfractory nmetal and its content in
per cent by weight being as |isted in Table 1. 20 Table 12: Table 12

consi sts of 48 powder m xtures, nolybdenuminstead of niobium being the
refractory netal and the non-refractory nmetal and its content in per cent
by wei ght Tediley &s Tdlsted i eomabses 10£248 Tabkudo3allalylse 1® lgtndsirstns of 48

powder m xt.ures itanium. i nst ead of, ni gbi.um being the.refr ory netal
and the nol-% e%%‘%c%%r@l?r%%lgps%%ﬁn?téhgoﬁ?gﬁ?cgﬁrb’epe&?&t a&?a%é-\eg M e ng
as listed ideflaldtody md:dBbied 14tsTabheedd caANpest seoft 43 meduda al | oys,
ni obium being the refractory nmetal and the non-refractory nmetal and WO
2006/ 11714900 ER20067008959 TaBlet§-content in per cent by weight being
as listed in Table 1. Table 15: Table-15 consists of 48 powder m xtures,

ni obium 5 being the refractory nmetal and the non-refractory nmetal and its
content inTarleent Tablei Yhtobei sgsastl #8t pdeunotalilleys, Mittalnipowder s

whi ch comprise all oys..paende-sll oy a0d. 10.pouder mxtures, of, i fferen

refractory metal and its content in per cent by weight
being as listed in Table 1.

10
Table 10: Table 10 consists of 48 powder mixtures, tantalum
instead of niobium being the refractory metal and the non-
refractory metal and its content in per ceht by weight
being as listed in Table 1.

15
Table 11: Table 11 consists of 48 powder miXtures, tungsten
instead of niobium being the refractory metal and the non-
refractory metal and its content in per cent by weight
being as listed in Table 1.

20
Table 12: Table 12 consists of 48 powder mixtures,
molybdenum instead of niobium being the refractory metal
and the non-refractory metal and its content in per cent by
weight being as listed in Table 1.

25
Table 13: Table 13 consists of 48 powder mixtures, titanium
instead of niobium being the refractory metal and the
non-refractory metal and its content in per cent by weight
being as listed in Table 1.

30
Table 14: Table 14 consists of 48 pseudo-alloys, niobium

being the refractory metal and the non-refractory metal and



another are also suitable for use in the processes according to the

inventioqg8pg%%ﬂ7&gr exanpl e, alloys of nolybdenum and %h&%ﬁﬁMﬁh&ﬁﬁ&he. 15

rati o of O atom per cent or also alloys of tungsten an titaniumin an
amount of about 90: 10 per cent by weight _are known and are suitable for
use in the processes according to the iZMention. 20 In principle, however,
all alloys of the refractory netals wth one another are suitable for use
i.n the processes according to the invention. Binary alloys, pseudo-alloys
and powder itBxtonéendf 125 peef reegttorby negighst vibg thg aze bustadl enfor the
processes Tg&ﬁorqing to the invention are listed in Tables 16 to 36.

| ndi vi dual &riral s are designated by the nunber of the table, followed
by the nunber of the conbination of the conponents as in Table 16. For
exanple, material 22.005 is 30 a material described in Table 22, wherein
the preci s@abdenddsi Tadd g o VeFandes by Ahet § UL BrPivELELS/ | P4PRAUMN WO

21) 1) 6/ 117445 _PCT4EP _POBLLI h
amount. §s PPAPE TR TPASTS 37 Tare 10 QU AT Brnary  DElr asrary hd

al | oys CoapenenntEnConpoment ntlG00deihiTabeiltg 092 Nbosved16n003 Nb Mo
16. 004 Nb ¥2b1£61005 Ta Nb 16.006 Ta W 16.007 Ta M

Metal powders which comprise alloys, pseudo-alloys and
10 powder mixtures of different refractory metals with one
another are also suitable for use in the processes

according to the invention.

Thus, for example, alloys of molybdenum and titanium in the
15 ratio of 50:50 atom-per cent or also alloys of tungsten and

titanium in an amount of about 90:10 per cent by weight are

known and are suitable for use in the processes according

to the invention.

20 In principle, however, all alloys of the refractory metals
with one another are suitable for use in the processes

according to the invention.

Binary alloys, pseudo-alloys and powder mixtures of
25 refractory metals which are suitable for the processes
according to the invention are listed in Tables 16 to 36.
Individual materials are designated by the number of the
table, followed by the number of the combination of the
components as in Table 16. For example, material 22.005 is
30 a material described in Table 22, wherein the precise

composition is defined by the refractory metals listed in



16.008 Ta Ti 16.009 WTa 16.010 WNb 16.011 WM 16.012 WTi 16.013 M
Ta 16.0 6.015 Mo W 16.016 Mo Ti 16.017 Ti i Nb

16. 019 T?‘ﬁl’ﬁ%‘i@%’é‘é Ti M 5 Table 17: Table 17 consi sti;%g?&g?i’%ﬁﬁ%%/s, :
pseudo-al | oys and powder m xtures according to Table 16, wherein conponent
1 is present in an anmount of 2-5 per cepmp by weight, conponent 2 is
present in an anmount to 100 per cent by 10 wei ght and the individual

m xture partners is as listed in Table 16. WD 2006/ 117145

PCT/ EP2006/ 9 27, 8, Tabl 8 NShetS 105 29 @y s
pseudo-alIgggggggIde%%€$é§$étﬁ?és aggéraﬁgggto abl°e %@, erel n conponent
1 is presddblen 2h- anount of 5-10 per cent by weight, 5 conponent 2 is
present in an anmount to 100 per cent by weight and the individual
conmponents are as listed in Table 16. Table 19: Table 19 consists of 20
al l oys, pseygorali®yss@dapl poMdey Ebﬁ:hl&@%r?cﬁl@ﬁ:@'lngiltl%y-gim e 16,
wherein conponent 1 is present in an anpunt of 10-15 per cent by weight

Component 1 Component 2
16.001 Nb Ta
16.002 Nb W
16.003 Nb Mo
16.004 Nb Ti
16.005 Ta Nb
16.006 Ta W
16.007 - Ta Mo
16.008 Ta Ti
16.009 W Ta
16.010 W Nb
16.011 W Mo
16.012 W v Ti
16.013 Mo Ta
16.014 Mo Nb
16.015 Mo W
16.016 Mo Ti
16.017 Ti Ta
16.018 Ti Nb
16.019 Ti W
16.020 Ti Mo

Table 17: Table 17 consists of 20 alloys, pseudo-alloys and
powder mixtures according to Table 16, wherein component 1
is present in an amount of 2-5 per cent by weight,
component 2 is present in an amount to 100 per cent by

10 weight and the individual mixture partners is as listed in

Table 16.



conponent 2 is present in an anount to 100 per cent by weight and the

i ndi vi du 1 artners are as listed in Table 16. | Tabl e
-§@Qq%¢5ééﬁgp nlx;é?m}é&mﬁm% 9

20 consi | I oys, pseudo-alloys and powder res-according to
Tabl e 16, wherein conponent 1 is present in an amount of 15-20 per cent by
wei ght, conponent 2 is present in an amdint to 100 per cent by 20 wei ght
and the individual mxture partners are as listed in Table 16. Table 21:
Tabl e 21 consists of 20 alloys, pseudo-alloys and powder m xtures
according to Table 16, wherein conponent 1 25 is present in an anount of
20- 25 per cent by weight, conponent 2 is present in an anmount to 100 per
cent by wdiaghe add t’lh?éﬂimdl&/i@Qmifﬁ‘rt&tgfe29a@@ﬂaéb’§rapéeaéol—iadtl@dlsi @ndlabl e

16. 30 Table 2 Table 22 consists of. 20 y aII owder
m xt ures aébof? n ST & et i 7 eF R %%bignzﬁ ﬁ%@%l F%%%taﬁ

amount of a&-%ﬁew@muxmﬁ d1y- aved @it | oﬂIBQDO6péi7&éﬁtP6$/5839&6/003969 28 °
conmponent 2 is present in an amount to 100 per cent by weight and the
i ndi vi dal SRR Har tiferesentasini 3 egeunt TRl é096Pes T8RLe PY3: Tabl e

23 consi st §0fgnd0 Ad B AREHALRA Oé‘ém}?BHenQQV‘Q?E %th'irs%%daq_%ord' ng to

Tabl e 16, mhereln conponent 1 Is present in an amount of 30-35 per cent by
wei ght , coﬁb@ﬂenﬂiﬁ is present in an anmount to 100 per cent by weight and
the individual m xture partners are as listed in 10 Table 16. Table 24:
Tabl e 24 consists of 20 alloys, pseudo-alloys and

Table 19: Table 19 consists of 20 alloys, pseudo-alloys and

10 powder mixtures according to-Table 16, wherein component 1
is present in an amount of 10-15 per centxby weight,
component 2 is present in an amount to 100 per cent by
weight and the individual mixture partners are as listed in
Table 16.

15
Table 20: Table 20 consists of 20 alloys, pseudo-alloys and
powder mixtures according to Table 16, wherein component 1
is present in an amount of 15-20 per cent by weight, -
component 2 is present in an amount to 100 per cent by

20 weight and the individual mixture partners are as listed in

Table 16.

Table 21: Table 21 consists of 20 alloys, pseudo-alloys and
powder mixtures according to Table 16, wherein component 1
25 1is present in an amount of 20-25 per cent by weight,
component 2 is present in an amount to 100 per cent by
weight and the individual mixture partners are as listed in

Table 16.

30 Table 22: Table 22 consists of 20 alloys, pseudo-alloys and
powder mixtures according to Table 16, wherein component 1

is present in an amount of 25-30 per cent by weight,



powder m xtures according to Table 16, wherein conponent 1 is present in

an anountyaf - per cent by weight, 15 conponent 2 i 140 an
anount taw§68&%gfﬁgent by weight and the individual ni?ggégéﬁﬁ&?%@$s are

as listed in Table 16. Table 25: Table 25 consists of 20 alloys,
pseudo-al | oys and 20 powder nixtures acé8rding to Table 16, wherein
conponent 1 is present in an anount of 40-45 per cent by wei ght, conponent
2 is present in an anount to 100 per cent by weight and the individual

m xt ure partcompsnant asiki predent ifakire aidun5 thkalll0 36er Tadhe BY consi sts
of 20 alloys,.pseudo-al|oys and. powder, m xtures according to Table 16,

wher ei n con%%hgﬁF indigkﬁréggﬁylﬁﬁaﬁﬁ“&ﬁﬁﬁﬁﬁ FRIANSF e @htl bytedi Hht
conponent 2risieregent in an anount to 100 per cent by 30 weight and the

i ndi vidual m xture partners are as listed in Table 16. WD 21)1)6/ 117145
PCT/ EP211116/ 11113969 29 Table 27: Table 27 consists of 20 all oys,

pseudo- al | d, L po Lxt ures .accordi tq.Tabl e 16 erej n co nent
S preserio PR 23 o beite "0 BpRRAE en? 1 Vi ne o RS 2
present in powaspunixtoréBOapebraénly by Tamaieghts,anthdhein nebnbshuaht m xt ure

partners are as listed in Table 16. Table 28: Table 28 consists of 20
al | oys, psetRIREFFEYE aRdApaRAER thiokt BleS SadEdr Gisdd ty Mg, wherein

conponent leodfoh&ner 85¢8t phBsaRtaMAuRh AhownttQ LA et
conponent 2 ?%Q%regent in gn gnnunt to 1%%Ope} géﬁ?lﬁ§%ﬂ§éﬁéﬂ$?a t he
i ndi vi dual weXkylut eapdrther éndigidsalli stiedture partners are as listed in

10 Table 16.

Table 24: Table 24 consists of 20 alloys, pseudo-alloys and
powder mixtures according to Table 16, wherein component 1
is present in an amount of 35-40 per cent by weight,

15 component 2 is present in an amount to 100 per cent by
weight and the individual mixture partners are as listed in

Table 16.

Table 25: Table 25 consists of 20 alloys, pseudo-alloys and

20 powder mixtures according to Table 16, wherein component 1
is present in an amounﬁ of 40-45 per cent by weight,
component 2 is present in an amount to 100 per cent by
weight and the individual mixture partners are as listed in
Table 16.

25
Table 26: Table 26 consists of 20 alloys, pseudo-alloys and
powder mixtures according to Table 16, wherein component 1
is present in an amount of 45-50 per cent by weight,
component 2 is present in an amount to 100 per cent by

30 weight and the individual mixture partners are as listed in

Table 16.



Tabl e 16. 15 Table 29: Table 29 consists of 20 alloys, pseudo-alloys and

powder MwhuhRp1aeeording to Tabl e 16, wherein conponenipcd/pphéicpiHsENt in
an amount of 60-65 per cent by weight, conponent 2 is present in an anpount

to 100 per cent by weight and the individual mxture partners are as
listed in 20 Table 16. Table 30: Table 28 consists of 20 alloys,
pseudo-al |l oys and powder m xtures according to Table 16, wherei n conponent
1 is present in an anmount of 65-70 per cent by meight 25 conponent 2 is

present i n b RN T@oﬂéozmeeoﬁgmgteyofwbgatn@g@ dudy W 1duR)s nd ure
partners are as listed in Table 16. Table 31: Ta 1 consists of 20

al | oys, psaetsiel Iixteres docpsddes FPxTabds dégomdiengito cramanerys; 1
wherein co;po$%1séntl égsgﬁéuhg ggoggogg %E % %Stper cent, by wei ght,

conponent Fesent 1 noanc anbunt Bricént 7'117145

PCT/ EP2006/&Q@&ﬁaemSOz Wes gbteaadtt ha laﬁdtatﬁbdtlaJ il >1t0er @dlardé‘rﬂf DHyare as
listed in Table 16. Table 32; Table 32 consists of 20 alloys,
pseudo-éI(ﬁﬁ%QﬂﬁjaQ?rﬁN@e%“ﬁfY%ﬂPéé QéESPGPnQaFGH?é§|é?ﬁsaﬁmkﬁ%QQ¢ in
conmponent I hs pre€sent in an anount of 75-80 per cent by weight, conponent
2 is present in an anobunt to 100 per cent by weight and the individual

m xture partners are as Iisted in Table 16. 10 Table 33 Table 33 consi sts

of 20 allo ps % wﬁ éb accord iﬁggle 16
wher ei n corﬁ‘%ﬂe t%i Jg % n? itan® §’(¥S85pr? er‘?’t
powder mixtures according to Table 16, wherein component 1
10 is present in an amount of 55-60 per cent by weight,
component 2 is present in an amount to 100 per cent by
weight and the individual mixture partners are as listed in

Table 16.

15 Table 29: Table 29 consists of 20 alloys, pseudo-alloys and
powder mixtures according to Table 16, wherein component 1
is present in an amount of 60-65 per cent by weight,
component 2 is present in én amount to 100 per cent by
weight and the individual mixture partners are as listed in

20 Table 16.

- Table 30: Table 30 consists of 20 alloys, pseudo-alloys and
powder mixtures according to Table 16, wherein component 1
is present in an amount of 65-70 per cent by weight,

25 component 2 is present in an amount to 100 per cent by
weight and the individual mixture partners are as listed in

Table 16.

Table 31: Table 31 consists of 20 alloys, pseudo-alloys and
30 powder mixtures according to Table 16, wherein component 1
is present in an amount of 70-75 per cent by weight,

component 2 is present in an amount to 100 per cent by



conponent 2 is present in an anount to 100 per cent by 15 weight and the

i ndi vi dualy YhfsPpartners are as listed in Table 16. ble 34
consi sts o?qg%£ ﬁb pseudo-al | oys and powder nlxturg§§§%§%§ ?%b@

Tabl e 16, wherein corrponent 1 20 is present in an anount of 85-90 per cent
by wei ght, conmponent 2 is present in an ggount to 100 per cent by weight
and the individual mxture partners are as listed in Table 16. 25 Table
35: Table 35 consists of 20 alloys, pseudo-alloys and powder nixtures

according tgo MOes f40vEQMRNRk thre aﬁft%%‘%%t drt L

90- 95 per cent y WEI g% conponent 2 Is present in an anmpunt to 10% per
cent by weTahle ahél. t he |nd| vi dual mxture partners are as listed in 30
Table 16. WD 21)1)61117145 PCTI EP211116/11113969 31 Table 36: Table 36
consists of 20 alloys, pseudo-alloys and powder m xtures according to

Table 16, Whgi gl m£OMPOREst 33 cbisREeseBl 20 a1 ntps%&ﬁa%c@eg &eat by
wei ght, conponent 2 is present in an anount to 100 per cent by wei ght

and t he % nddowdemlmickepee parcndisgate dgbliestléd wherRddl ecomgongnt 1
principle, Xra anodes, ref [ y X% LY o0 | al so be
ese nt ﬁl%ogm: fO%% 80 %tr Qn {E)g}j"vfar%{}t,

reprocessed1 or pI‘OdrllJCEd in manne as spu s. In
particul ar,cémpgséen/ 2 hesi presahtoya ah theunkt alo powgemnrceld dyy of the
following conposition are suitable; bdenum 94 to 99 wt.%_, preferably
95 to 97 wWehIRE o%ﬁl%ntfzetbn@lmd%lpméﬁéfdém Partne ﬁr%aszulrlcﬁﬁ%n%re 05
to 1 w.% preferpply 0.05 to 15 0.02 wt.

10
Table 33: Table 33 consists of 20 alloys, pseudo-alloys and
powder mixtures according to Table 16, wherein component 1
is present in an amount of 80-85 per cent by weight,
component 2 is present in an amount to 100 per cent by

15 weight and the individual mixture partners are as listed in

Table 16.

Table 34: Table 34 consists of 20 alloys, pseudo—élloys and
powder mixtures according to Table 16, wherein component 1
20 1is present in an amount of 85-90 per cent by weight,
component 2 is present in an amount to 100 per cent by
weight and the individual mixture partners are as listed in

Table 16.

25 Table 35: Table 35 consists of 20 alloys, pseudo-alloys and
powder mixtures accofding to Table 16, wherein component 1
is present in an amount of 90-95 per cent by weight,
component 2 is present in an amount to 100 per cent by
weight and the individual mixture partners are as listed in

30 Table 16.



X-ray anodes, preferably X-ray rotating anodes often carry on their

reverse aybyai1y1450! dered-on graphite layer for dissi paiepocafooddgat . Thi s
| ayer for dissipation of heat can 20 also be applied by the process of the

invention, for exanple by applying a suitable alloy or a nmetal powder

whi ch conprises graphite particles or pafticles of another substance
having a high thernal capacity with cold gas spraying. 25 WO 21)1)6/117145
PCT/ EP211116/ 11113969 32 Exanples Process for the preparation of suitable
powders 5 TRalebaraéi ohablea3banbakumtpowte? 0Aatldntyal, upsayudiac el popel enahas

mxed with 0.3 w.% nesium and the m xture _was placed in a vacuum oven.
The oven wdoWeS e EU SRQSFEPFBA™S CR SPBIR. Lno YBEeadr SXEROHO mhig 10
and a streafs ofr6&00 YASaRBhAbaheeds BBeooveR  eEPRr JhNR i S, | ncreased
up to 650 Cin steps of 50 C and,. after a constant tenperature had been

est abl i shedsORROPRRAF nedif oPresont ABups. aMhendvér tléPpeeat wentwdsy t hen

i ncreas { 0 i E d, after a constant., 15 . .

t enper a{e%r Lew%%%q%éaerggegt?%bp?é%gg,au%i ﬁ?é‘?ﬁgg P8 T ORF GRS 2° Efltsétrec% ht'
time had elBgisksl,16he oven was switched off and cooled to roomtenperature
under argon. Magnesium and the conpounds fornmed were renoved in the

conventional manner by washing with acid. The resulting tantal um powder

had a 20 pard igtensigfe Ofx=200 AR8ALES %§Qfe%b1§fnx®%§ﬁ&&%ﬁ{§ of 77

ppm and a BET specific surfacé area of 255 cn/g. Preparation of a

titani um paametesTheapratedube wapraseterdt be pregacad dm dthe lmreant al um

10 manner as sputter targets. In particular, tungsten/rhenium

alloys or the metal powder an alloy of the following
composition are suitable: molybdenum 94 to 99 wt.$%,
preferably 95 to 97 wt.%, niobium 1 to 6 wt.%, preferably 2
to 4 wt.%, zirconium 0.05 to 1 wt.%, preferably 0.05 to

15 0.02 wt.%.

X-ray anodes, preferably X-ray rotating anodes often carry
on their reverse a usually soldered-on graphite layer for
dissipation of heat. This layer for dissipation of heat can

20 also be applied by the process of the invention, for
example by applying a suitable alloy or a metal powder
which comprises graphite particles or particles of another
substance having a high thermal capacity with cold gas
spraying.

25



25 powder. A titanium powder having an oxygen content of 93 ppm was
obt ai ned. Br rati.on of a pre-alloyed titaniumtantalu r 1 xture
of tant alvgﬁqzﬁ(?/@rl?féé powder and titani um hydride 30 poﬁg?&%&éﬁ@%mbl ar
ratio of 1:1 was prepared and mxed wth 0.3 w.% nagnesium and the
procedure was as for the WO 2006/ 117145 RET/ EP2006/ 003969 33 preparati on
of the tantalum powder. A titaniumtantalum powder having an oxygen
content of 89 ppm was obtained. Production of |ayers 5 Layers of tantal um
and ni obi urg oduced. AMPERI T(r) 150.090 was used as. the tantal um
powder and Mr) 160. 090 as the niobi um powder, both being
commercially obtainable materials fromH C. Starck GrH in Goslar. The 10
comercially obtainable nozzle of the type MO)C 29 from CGT GrtbH in Anpfing
vas used. NERRFTSH g%ﬁt_‘é?%n?#%ﬁ?é?ﬁﬂrf’ﬂi 8bi FhLNEddiCumoISZA e MOC 29 HOC 29
HOC 29 MOC-29 Deternmination of the delivery rate at 0.52 Nm/h: 3.0 rpm
(g/30s / g/mn) 35.5/ 71.0 35.5/ 71.0 14.7 / 29.4 14.7 ]/ 29.4 4.0 rpm
(g/ 30s /5 g/RienanatBon gD. & tongalulgpewdkbvenent data: Spray speed/ speed
of the nozzle over the substrate (mmn) 20 / 333 20 / 333 20 / 333 20 /
333 (mm's) Line feed (nm 1.5 1.5 1.5 1.5 Spray distance (nm 30 30 30 30
Process gash turtadpen hedrudenpbwagenwhel mied with 0.3 wt.$ magnesium

and the mixture was placed in a vacuum oven. The oven was
evacuated and filled with argon. The pressure was 860 mmHg

10 and a stream of argon was maintained. The oven temperature
was increased up to 650 °C in steps of 50 °C and, after a
constant temperature had been established, maintained for
four hours. The oven temperature was then increased up to
1,000 °C in steps of 50 °C and, after a constant

15 temperature had been established, maintained for six hours.
After this time had elapsed, the oven was switched off and
cooled to room temperature under'argon. Magnesium and the
compounds formed were removed in the conventional manner by
washing with acid. The resulting tantalum powder had a

20 particle size of -100 mesh (< 150 um), an oxygen content of

77 ppm and a BET specific surface area of 255 cm?/g.

Preparation of a titanium powder
The procedure was as for the preparation of the tantalum
25 powder. A titanium powder having an oxygen content of

93 ppm was obtained.

Preparation of a pre-alloyed titanium/tantalum powder
A mixture of tantalum hydride powder and titanium hydride
30 powder in the molar ratio of 1:1 was prepared and mixed

with 0.3 wt.% magnesium, and the procedure was as for the



Pressure (bar) 30 28 30 28 Flowrate (NmM/h) 65 190 / He 181 60 190 / He
181 Contwahokfi1$A8veyi ng gas (6) 8 3 (N2) 8 3 (N2) Poypgejppdisioyey Powder
delivery rate (g/mn) 71 71 39.6 39.6 Nunber of passes 3 3 3 3 Substrates
1FTa I FS 1FV 1FTa 1FV 2FS 2FS 2FV IRS 2F5 2FV IRV IFS 1RV IRS IRV I RS 1RV

| RS Sheet thickness before (mm) 2.86 2.932 2.91 2.84 Sheet thickness after
(mm 3.38 3.44 3.35 3.36 Layer thickness, (pm 520.00 520.00 436.00 524.00
Porosity/density 0.9%/ 99.1%2.2%/ 97.8% Substrates: The substrates were
pl aced si depbypsiaeion bhethd5tsamplant pokidRr .ant qoatad whoeintdeust at ed
test conditions. The substrate designation is conposed here as foll ows:
The first rROWERT | RAYERYednt ABYAGRDECPNGENLdEH i8falPPms st rattexsingdng si de
by side. The following letter WO 2006/ 117145 PCT/ EP2006/ 003969 34

i ndi cates whether a flat specinmen (F) or round specinen (R, tube) has been
letters indicate the material, where

initially iPtoddeceodn dfielsybssquent
Ta denotes tantalum S a structural

(chrom ni cke

porosity angy
obt ai ned. 10

5 steel).

st eel

0y s e¥£et LfPh1aMhaaboR 1 b8 ilhe weald iy
igures 1 to 10 show |ight m croscopy photographs of cross-

and V a rustproof steel
Very firmand dense |ayers which have a | ow

RIceHDS MBS M ©

sections ofl¥he02@nvas unsedaebngbeobrataddm Rowdes wsicdh@IPERIT®pper or

tungsten Sufl, agePCeyrchl SPLH$R

obtainable materials from H.C. Starck GmbH in Goslar.

eSBOthggrLa%%%% being commercially

The

10 commercially obtainable nozzle of the type MOC 29 from CGT

GmbH in Ampfing was used.

Material Tantalum Tantalum Niobium Niobium

Nozzle MOC 29 MOC 29 MOC 29 MOC 29

Determination of the delivery

rate at 0.52 Nm'/h:

3.0 rpm (g/30s / g/min}) 35.5 / 71.0 35.5 / 71.0 14.7 / 29.4 14.7 / 29.4

4.0 rpm (g/30s / g/min) 19.8 / 39.6 19.8 / 39.6

Movement data:

Spray speed/speed of the nozzle

over the substrate (m/min) 20 / 333 20 / 333 20 / 333 20 / 333

(mm/s)

Line feed (mm) 1.5 1.5 1.5 1.5

Spray distance (mm) 30 30 30 30

Process gas: nitrogen helium nitrogen helium

Pressure (bar) 30 28 30 28

Flow rate (Nm®/h) 65 190 / He 181 60 190 / He 181

Content of conveying gas (%) 8 3 (N2) 8 3 (N2)

Powder delivery

Powder delivery rate (g/min) 71 71 39.6 39.6

Number of passes 3 3 3 3

Substrates 1FTa 1FS 1FV 1FTa 1FV 2FS 2FS 2FV 1RS 2FS 2FV 1RV
1FS 1RV 1RS 1RV 1RS 1RV 1RS

Sheet thickness before (mm) 2.86 2.92 2.91 2.84

Sheet thickness after (mm) 3.38 3.44 3.35 3.36

Layer thickness, (pm) 520.00 520.00 436.00 524.00

Porosity/density 0.9% / 99.1% | 2.2% / 97.8%

Substrates: The substrates were placed side by side on the

15 sample carrier and coated under the stated test conditions.

The substrate designation is composed here as follows:

The first number indicates the number of identical

substrates lying side by side.

The following letter




produced with vacuum pl asma spraying are detectable. The 15 porosity was

det er m negoauispiipigscal |y by the I mageaccess inmage anal pgirfpRsoe@hed
Figures 11 to 13 show tantal um di sks as sputter targets prior to and after

coating and ready for assenbling after 20 grinding and polishing. Figure
1: Non-etched cross-section of a tantaluddl ayer, process gas helium Figure
2: Non-etched cross-section of a tantalumlayer, 25 process gas helium
general view of relatively low nmagnification. Figure 3: Cross-section,

etched withihyteotésionhetnekda thatas%)@&tlﬁlelﬂldeQY@r, e Spdaimdie! (M
general view of relatively |ow cation. 30 Figure 4: Cross-section,

etched\Mtr¢¢9@}o$¢%o??@naéﬂétléﬂlYalpéﬁPQNG@ﬁlaygﬁe mﬂhﬁﬁﬂﬂ%ﬁg hel i um WD
2006/ 117145 DCT, éﬁ{ 20064 003969y 0 3R ELIYLS  SwnkTRIG SR E{Q{E Scf‘aql
determ nation o ta um 1ayer, process

por 0Si ty, Cross- Seétion of &
gas heliun FBgmet®ralr stseleahdol, aetraiseg rwiotfh sitedrlof (aharanci ae/diclodl 5 a
tantal um | ayer |nterface to the substrate, process gas heliumFigure 7:
Non- et chied ©roStl section of a tantal um | ayer, process gas nitrogen,
general view of relatively low magnification. 10 Figure 8: Non-etched
cross-section of a tantalumlayer, process gas nitrogen Figure 9: |Inmage
secti on uséde¥yridencanfindensn dhyene wpdchsihaye & dow guptawitwfard an

tantalun1|q¥§gelfgg€e§gh9810n to the particular substrates were

obtained.

10
Figures 1 to 10 show light microscopy photographs of cross-
sections of the tantalum coatings obtained. No inclusions
of copper or tungsten such as occur in corresponding layers
produced with vacuum plasma spraying are detectable. The

15 porosity was determined automatically by the Imageaccess

image analysis program.

Figures 11 to 13 show tantalum disks as sputter targets
prior to and after coating and ready for assembling after

20 grinding and polishing.

Figure 1: Non-etched cross-section of a tantalum layer,
process gas helium
Figure 2: Non-etched cross-section of a tantaluh‘layer,

25 process gas helium, general view of relatively low
magnification.
Figure 3: Cross-section, etched with hydrofluoric acid, of
a tantalum layer, process gas helium, general view of
relatively low magnification.

30 Figure 4: Cross-section, etched with hydrofluoric acid, of

a tantalum layer, process gas helium.



nitrogen 15 Figure 10: Non-etched cross-section of a tantalum | ayer,

process ogd 206d/119asn, hi gh magnification Figure 11: tanpglhiphéhchlizoss
sputter target prior to coating Figure 12: tantalumdi sk as sputter target

after coating (12a: top view, 12b: side view) 20 Figure 13: tantal um disk
as sputter target after coating and readyg for assenbling after grinding
and polishing (one disk coated using nitrogen as process gas, one disk
coated wusing heliumas process gas). 36 Patent clainms 1. A process for

t he reproc i of.p t] a u tar . Ql, .0f -ray anode,
wherein a g%%élﬁ%f{’bwﬁ?%#%sgggégéflpg\%gr tf%%tdt??gq\;ﬁﬁr}%tal%ﬁlo e?%%?a a
mat eri al chosesmsftpm thesgrsaptionsiost iang aoft alivabiliper ,t giadany dawgst en,

nol ybdenum_ tjtanium zirconium mxtures of two or nore thereof and
al l oys ther¥oft!fhith at | east two thereof or with other netals, the 10

powder has ﬁicﬂﬂé'@! ec$638-8EcPidn! 0 eleBclMyiWeHSidE o 1 PR SR, speed is
inparted to the gas flow and the |jet of supersonic speed is directed on to
the surflacer tEntabumblayert oibteréprecdosddicosuprsddiaded Wrasss dde net al
powder has ,an oxygen content of less than 15 1,000 ppm oxygen. 2. A process
as claimed THclaim1, wherein the powder is added to the gas in an anount
such that aidowrerai eNonlesaschgdotrbe-pactichesfofa foaemad.uxl 1076200 g/ s
cnZ, 20 preferably 0.01 to 100 g/s cn¥, very preferably 0.01 g/s cnZ to 20
g/s cnZ, orPTRERSHrefderrbrPEBm 0965ergl. ¥ichp otfo reAad/iyeiz.1a% ensur ed.

magnification.

10 Figure 8: Non-etched cross-section of a tantalum layer,
process gas nitrogen
Figure 9: Image section used for determination of the
porosity, cross-section of a tantalum layer, process gas
nitrogen

15 Figure 10: Non-etched cross-section of a tantalum layer,
process gas nitrogen, high magnification
Figure 11: tantalum disk as sputter target prior to coating
Figure 12: tantalum disk as sputter target after coating
(l2a: top View;'12b: side view)

20 Figure 13: tantalum disk as sputter target after coating
and ready for assembling after grinding and polishing (one
disk coated using nitrogen as process gas, one disk coated

using helium as process gas).



3. A process as clainmed in claim1, wherein the spraying 25 conprises the
steps of: - providing a spraying orifice adjacent a surface to be coated
by spraying; - providing to the spraying orifice a powder of a particul ate
mat eri al chosen fromthe group 30 consisting of niobium tantal um

tungsten, nolybdenum titanium zi rconPBm nixtures of at 37 |east two
thereof or alloys thereof with one another or other netals, the powder
having a particle size of 0.5 to 150 pm said powder being under

pressure; 5 - providing an inert gas under pressure to the spraying
orifice topaseabl c3himsstatic pressure at the spraying orifice and
providing a spray of said particulate material and gas onto the surface to
be coated; and 10 - locating the spraying orifice in a region of |ow

ambi ent prgesur g PhbeBsks ebeStnk2upkotklRIARCLE pRRhuMiCh ok 5
substantially | ess than the static “pressure™at tﬁ% sprayl ng orfﬁlce to
provi de subst aspuakeaccelrgerat oan off ahh&-spryapnoidesaiwthelt ipard igad at e

material and gas_ontq said surface to be coated. 4. A process as clained
in claimi, whetaPH ﬁﬁé@p@awﬁg’wéegem&t%& With & @(ﬂ“ﬁi%r‘ﬁcs Fun and

the target to .cea d l.d : ithin a
g 29t he;c9ated and sty ‘E@Sa’g%'rhg}’ g%%&%ll?t%bd&o% Q0 M+t

vacuum chanber at pressures bel ow 80 ween 0.1 and 50
kPa, and nost ptehesied, betmgene?, awdybdekiBa, titanium, zirconium,

mixtures of two or more thereof and alloys thereof
with at least two thereof or with other metals, the

10 powder has a particle size of 0.5 to 150 pm, wherein a
supersonic speed is imparted to the gas flow and the
jet of supersonic speed is directed on to the surface
of the object to be reprocessed or produced wherein
the metal powder has an oxygen content of less than

15 1,000 ppm oxygen.

2. A process as claimed in claim 1, wherein the powder is
added to the gas in an amount such that a flow rate
density of the particles of from 0.01 to 200 g/s cm?,

20 preferably 0.01 to 100 g/s cm®, very preferably
0.01 g/s cm® to 20 g/s cm?®, or most preferred from 0.05

g/s cm® to 17 g/s cm®. is ensured.

3. A process as claimed in claim 1, wherein the spraying
25 comprises the steps of:
- providing a spraying orifice adjacent a surface to
be coated by spraying;
- providing to the spraying orifice a powder of a
particulate material chosen from the group
30 consisting of niobium, tantalum, tungsten,

molybdenum, titanium, zirconium, mixtures of at



25 5. A process as clained in one or nore of the preceding clains, wherein
the powder particles inpinging on the surface of the object forma | ayer.
6. A process as clained in claiml1, wherein the backing 30 plate or other
structural conponents present have not 2een removed before the
reprocessing. 38 7. A process as claindd in one or nore of the pr ecedi ng
clains, wherein the speed of the powder in the gas/powder m xture is 300
to 2,000 ms, preferably from300 to 1,200 ms. 5 8. A process as clained
in one or nore of clainmse 1 to 3, wherein the |ayer applied has a particle
size of 5 to 150 pieaptetevalhgrtdft or5@ldoyE) therdfpmidcth Hhed o 38 pm or
10 to 25 pmor 5 to 15 pm 10 9. A process as clained in one or nore of the

precedi ng cl ai ns, %ﬁ@F%ﬁﬁ Ofe OBEX MEoRdEr RES FRVESTs PAIIRE iR i es of 200

to 2,500 ppm based,gn ke Meijght 519 0.t AIROGHSS B8 £ R ILARg or
nore of the preceding clains, wherein the netal powder has an oxygen
content of |ess thande@pressiuess than 300, in particular less than 100
ppm 20 11. A process as clained in one or nore of the preceding clains,
wher ei n5t he | ayer- apprivédiRgs adn i8eydeasc dmceit Pefea8s< tharkE 000 ppm

oo 5 S g e b AP L g Hhenl00
the spraying orifice and providing a spray of said
particulate material and gas onto the surface to
be coated; and

10 - locating the spraying orifice in a region of low
ambient pressure which is less than 1 atmosphere
and which is substantially less than the static
pressure at the spraying orifice to provide
substantial acceleration of the spray of said

15 particulate material and gas onto said surface to

be coated.

4. A process as claimed in claim 1, wherein the spraying

is performed with a cold spray gun and the target to
20 be coated and the cold spray gun are located within a
vacuum chamber at pressures below 80 kPa, preferébly

between 0.1 and 50 kPa, and most preferred between 2

and 10 kPa.

25 5. A process as claimed in one or more of the preceding
claims, wherein the powder particles impinging on the

surface of the object form a layer.

6. A process as claimed in claim 1, wherein the backing
30 plate or other structural components present have not

been removed before the reprocessing.



clainms, wherein the |ayer applied has a content of gaseous inpurities

whi ch deviates not nore than 50 % fromthe content of the starting powder.
30 39 13. A process as clainmed in one or nore of the preceding clains,
wherein the | ayer applied has a content,gf gaseous inpurities which
deviates not nore than 20 % or not nn?g than 10 % or not nore than 5 %
or not 5 nore than 1 %fromthe content of the starting powder. 14. A
process as clainmed in one or nore of the preceding clains, wherein the

| ayer applied has an oxygen content which deviates not nore than 5 % in
10 particullar nédt processhas tl%iftedminhenexpgemogentodnitheofondneding ting
powder. 15. A process as.clai.ned.in _one .or e of the preceding clains,
wherein the oxyﬁgﬁlygntgﬁFrgﬁnt%gelEynglgfgg%Fi@3WQ§ﬁuﬁn % than 100
ppm 16. A pr ocgaé/ﬁéwalefﬁ restiureCligi mod, twher eion e Mphalfedayer applied
conprises tantalum or niobium 20 17. A process as clainmed in one or nore
of the precedi ngrosl 3i0fs tonwBeRdiOn/Ise | ayer thickness is 10 pmto 10 nm or
50 pmtq@ 5 mm 18. A process as clained in one or nore of the preceding 25
cl ainms, "wherein |ayers are applied by cold spraying to the surface of a

obj ect to Be coat geocpiefl akalilyimedyens oo bantiremo® Jdlobidim 9.3 A
process as clained in claim18, wherein the layers 30 produced possess an
oxygen content bEEs®IDOGHepgRYes0arpdicthdagse pRrA isdadatizst of matte? i al

chosen fromthe150 um, preferably 10 to 50 or 10 to 32 uym or 10 to
38 pym or 10 to 25 pm or 5 to 15 um.
10
9. A process as claimed in one or more of the preceding
claims, wherein the metal powder has gaseous

impurities of 200 to 2,500 ppm, based on the weight.

15 10. A process as claimed in one or more of the preceding
claims, wherein the metal powder has an oxygen content
of less than 500, or less than 300, in particular less

than 100 ppm.

20 11. A process as claimed in one or more of the preceding
claims, wherein the layer applied has an oxygen
content of less than 1,000 ppm oxygen, or less than
500, or less than 300, in particular less than
100 ppm.

25

12. A process as claimed in one or more of the preceding
claims, wherein the layer applied has a content of
gaseous impurities which deviates not more than 50 %
from the content of the starting powder.

30



group consisting of niobium tantalum tungsten, nolybdenum zirconium
titaniumor alloys thereof with one another or other netals, which has a
particle size 5 of 150 pmor less, in a process as clainmed in one or nore
of the preceding clains and wherein the yet al powder has an oxygen content
of less than 1,000 ppm oxygen. 10 21. ‘?he use as clainmed in claim 20,
wherein the netal powder used has an oxygen content of 300 ppm or |ess
and a particle size of 150 pmor less. 22. The use as clained in claim 20,
wherein a niobiumor 15 tantal um powder having a particle size of 150 pm
or |ess afAd-anPopygeescomsetlagfmedesial dmen BOMPIEMats thsarke@Blinhe use

as clainmed in claim 20, erein t ungsten _or, . 20 .nmol ybdenum pnowder havi ng
a particle si ze “of 158 (IR0 6%‘3 g'rag’feérr ﬁﬂ%}%e(fgla% aprﬁorl1 ergtar tiecul ar 5

to 50 pmor 10 Has2durMiGipuld tieB&FHIMI el dte L hdMire S h4h 1o pm and an
oxygen content of 500 ppmor less is used. 25 24. The use as clained in

one or nore of e nortededienghagl didns 201 G193 Magertdian thes mBalnPowder is

an allo of the follow ng comosi tion: | yhde 94 to0 99 w . %
pref er a)bél y 95 t 6997 \/F/t?1 qq‘niﬁoﬁ‘ﬁt?rrn]n % Céjr}l?he\ﬁ%; %ﬂgr%lreeféetraa V9 BIETy %
zirconiumO0.05 to 1 w.% preferably 0.05 to 0.02 wt.% 41 25. The use as
claimed in one or nore of the preceding clains 20 to 24, wherein the netal

powder is a#-al Poprogessudd dlagynast ipovider af ¥k Of e SFereIBHI net al

claims, wherein the layer applied has an oxygen
content which deviates not more than 5 %, in

10 particular not more than 1 % from the oxygen content

of the starting powder.

15. A process as claimed in one or more of the preceding
claims, wherein the oxygen content of the layer

15 applied is not more than 100 ppm.

16. A process as claimed in claim 1, wherein the metal

layer applied comprises tantalum or niobium.

20 17. A process as claimed in one or more of the preceding
claims, wherein the layer thickness is 10 um to 10 mm

or 50 ym to 5 mm.

18. A process as claimed in one or more of the preceding
25 claims, wherein layers are applied by cold spraying to
the surface of a object to be coated, preferably

layers of tantalum or niobium.

19. A process as claimed in claim 18, wherein the layers

30 produced possess an oxygen content below 1000 ppm.



5 chosen fromthe group consisting of niobium tantalum tungsten,

nol ybdenum zirconiumand titaniumwith a nmetal chosen fromthe group
consisting of cobalt, nickel, rhodium palladium platinum copper, silver
and gold. 10 26. The use as clained in ppe or nore of the preceding clainms
20 to 25, wherein the nmetal powder conprises a tungsten/rheniumalloy. 15
27. The use as clained in one or nore of the preceding clains 20 to 26,
wherein the nmetal powder conprises a mxture of a titanium powder with a
tungsten powder or a nolybdenum powder. 20 28. A refractory netal |ayer on
a sputter 28rgeftheruen af axepygesnoedea BBtaraabl ehpgea predesdeas cl ai ned

in one or nore h : Lng claknmg.1 to A target or a
X-ray anode co ?%%?ngog%§§gg§§ OESggﬁgl deFggFagﬁg'réﬁgé%ﬁgﬁy met al s

ni obi um tant al We1ybteAgat eniraphybdenditahi hanbumalzibkeoriheieofi xitthes of
two or nore thereof or alloys of two or nore thereof or alloys wth other
nmetal s whi ch i sOpRoeBEBET0PT PEREECESS@YSUSWRECH PPEcesPagtishe Siécnore

of the %0 preceggiTgOCLﬁig§ }egg,l?n a process as claimed in one or

more of the preceding claims and wherein the metal
powder has an oxygen content of less than 1,000 ppm

oxygen.

10 21. The use as claimed in claim 20, wherein the metal
powder used has an oxygen content of 300 ppm or less

and a particle size of 150 pm or less.

22. The use as claimed in claim 20, wherein a niobium or
15 tantalum powder having a particle size of 150 pm or
less and an oxygen content of less than 300 ppm is

used.

23. The use as claimed in claim 20, wherein a tungsten or
20 molybdenum powder having a particle size of 0.5 to
150 pm, preferably 3 to 75 um, in particular 5 to
50 pm or 10 to 32 uym or 10 to 38 um or 10 to 25 um or
5 to 15 ym and an oxygen content of 500 ppm or less is
used.
25
24. The use as claimed in one or more of the preceding
claims 20 to 23, wherein the metal powder is an alloy
of the following composition: molybdenum 94 to 99
wt.%, preferably 95 to 97 wt.%, niobium 1 to 6 wt.%,
30 preferably 2 to 4 wt.%, zirconium 0.05 to 1 wt.%,

preferably 0.05 to 0.02 wt.%.
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The use as claimed in one or more of the preceding
claims 20 to 24, wherein the metal powder is an alloy,
pseudo-alloy or powder mixture of a refractory metal
chosen from the group consisting of niobium, tantalum,
tungsten, molybdenum, zirconium and titanium with a
metal chosen from the group consisting of cobalt,
nickel, rhodium, palladium, platinum, copper, silver

and gold.

The use as claimed in one or more of the preceding
claims 20 to 25, wherein the metal powder comprises a

tungsten/rhenium alloy.

The use as claimed in one or more of the preceding
claims 20 to 26, wherein the metal powder comprises a
mixture of a titanium powder with a tungsten powder or

a molybdenum powder.

A refractory metal layer on a sputter target or on an

X-ray anode, obtainable by a process as claimed in one

or more of the preceding claims 1 to 19.

A sputter target or a X-ray anode comprising at least
one layer of the refractory metals niobium, tantalum,
tungsten, molybdenum, titanium, zirconium, mixtures of
two or more thereof or alloys of two or more thereof
or alloys with other metals which is processed or
reprocessed using a process of one ore more of the

preceeding claims 1 to 19.
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