WO 2006/ 117144 PCT/ EP211116/ 11113967 Method for coating a substrate

surface aggsaa1ed4product The present. invention rel apeg/pioiREN0d of
appl ying coatings which contain only small anounts of gaseous 5

inmpurities, in particular oxygen. The application of refractory netal
coatings to surfaces exhibits nunmerous problens. 10 I n conventi onal
processes, the nmetal is conpletely or partially nelted in npbst cases, as a
result of \M’él Q) rretacllsnregdll OXIQI se o%%absor ot her gaseous .

v PRt 6558275 e ag PO

i mpurities. or this Teasor;, conventl n%IS%F
deposition-wel ding and plasma spraying nust be carried out 15 under a
protecting gas or in vacuo. In such cases, the outlay in terns of apparatus
is high, (R HASHI Y IYmerR5212S | t&i 2elicthAd Phe2BAVeRT of

gaseous | Mpuyiet;i g i | I SRSt ORY1 1 29 NE BT QRO ight roduct i on
of heat trans%ﬁﬁﬁiﬂ@%ﬁo the 0 jectffo e coa?eg Feags pggggygry hi gh

pot ential fimpumitsitesy,t iion awk eaksr tdaygéhese processes cannot be

enpl oyed in the case of conplex conponents, which often 25 al so contain

constituents that nmelt at |ow tenperatures. Conplex conponents must

therefore hed alp dRa torbal O £t deyo By Em&€a P’ 868838Hs Wol Butta deasul t, in
general, that re-processing is scarcely econom cal and only recycling of

t he mat eri &xhgbitise remgIoIENtBr¢Bke®Ppi ng) is carried out. 30 Moreover, in
t he case of vacuum plasma spraying, tungsten and copper inpurities, which
originate fromthe el ectrodes WD 2006/ 117144 PCT/ EP211116/ 11113967

10 In conventional processes, the metal is completely or
partially melted in most cases, as a result of which the
metals readily oxidise or absorb other gaseous impurities.
For this reason, convéhtional processes such as
deposition-welding and plasma spraying must be carried out

15 under a protecting gas or in vacuo.

In such cases, the outlay in terms of apparatus is high,
the size of the components is limited, and the content of
gaseous impurities is still unsatisfactory.
20
The pronounced introduction of heat transmitted into the
object to be coated leads to a very high potential for
distortion and means that these prdcesses cannot be
employed in the case of complex components, which often
25 also contain constituents that melt at low temperatures.
Complex components must therefore be taken apart before
they are re-processed, with the result, in general, that
re-processing is scarcely economical and only recycling of
the material of the components (scrapping) is carried out.
30
Moreover, in the case of vacuum plasma spraying, tungsten

and copper impurities, which originate from the electrodes



2 wused, are introduced into the coating, which is generally undesirable.

In the cage 0b¢11FA exanpl e, the use of tantalum or ni ebiryFréRAbHIoeas for
corrosion protection, such inpurities reduce the protective effect of the

5 coating by the formation of so-called mcro-galvanic cells. Mreover,
such processes are processes of nelt netallurgy, which always involve the
i nherent di sadvantages thereof, 10 squ;Q§, for exanple, unidirectional
grain growmh. This occurs in particular in | aser processes, where a
suitable powder is applied to the surface and nelted by neans of a | aser
beam A further problemis the porosity, which can be observed in
particul ar URREn arfetalt nesiveEd (intq ridie 1P apbg edviaheh | 3SsapBREaGAY v

mel ted by . Qf he ur e e de.Ln 02/ 064287
{0 solve PROSEidPbheima by e aIy® R TI R oh T TR Sowee B5etHles by
means of amaenadgy beamichicin asyatf aigextoplori@son bheatscthod, si ntering
them However, the results are not 20 al ways. sati %actor and a high
outlay in ?éFhslﬁpW%ﬁ&%%ﬁlﬁ?q%F%eﬁﬂﬁrQﬁEt%ngY%ee% %%Feﬂg Eggociated with

the intg odyphikqR0h A thrduchathfutoNayerd et eetedidic-AgDyai vaRicener gy into
a conpl ex conponént “‘remai n. 25 WO A-03/106, 051 di scl oses a nethod and an

appar atus fedlsl.ow pressure cold spraying. In this process a coating of
powder particles is sprayed in a gas substantially at anbient tenperatures
onto a workpi ece. The process is conducted in a | ow anbi ent pressure

envi r onmenMowRo&R ri, S s3H gFoddEHe Atdms pheddEs P £S6EIrrel © Aecel enaye,t he

SRy e R a Ty s involve the inherent disadvantages thereof,

10 such as, for example, unidirectional grain growth. This
occurs in particular in laser processes, where a suitable
powder is applied to the surface and melted by means of a
laser beam. A further problem is the porosity, which can
be observed in particular when a metal powder is first

15 applied and is subsequently melted by means of a heat
source. Attempts have been made in WO 02/064287 to solve
these problems by merely melting on the powder particles
by means of an energy beam, such as, for example, laser
beams, and sintering them. However, the results are not

20 always satisfactory and a high outlay in terms of
apparatus is required, and the problems associated with

the introduction of a reduced but nevertheless high amount

of energy into a complex component remain.

25 WO-A-03/106,051 discloses a method and an apparatus for
low pressure cold spraying. In this process a coating of
powder particles is sprayed in a gas substantially at
ambient temperatures onto a workpiece. The process is
conducted in a low ambient pressure environment which is

30 less than atmospheric pressure to accelerate the sprayed



- 3 powder particles. Wth this process a coating of a powder is forned

on a wWor kRoee&s/11EEaA- 1, 382, 720 di scl oses anot her net hod pgigpageaidkus for
5 low pressure cold spraying. In this process the target to be coated and

the cold spray gun are located within a vacuum chanber at pressures bel ow
80 kPa. Wth this process a workpiece is coated with a powder. 10 In view
of this prior art it was therefore the aopject, to provide a novel process
for coating substrates which is distinguished by the introduction of a
smal | amount of energy, a lowoutlay in terns of apparatus and broad
applicability for different carrier materials and coating 15 materials, and
wher ei n t h®oWeeal PREtHE eS| (Wdh bt PrRFe2E dnCEdELRg pfocePSWAGE

Anot her Obj'Qtho(Hneéihio% ian‘(for}t]ip%%é’@.s the provision of a novel process for
prepari ng dense and corrosi on resistant 20 coatings, especially tantalum

coatings, which possess |ow content of inpurities, preferably | ow content
of oxygen _and nitraogen inpurities, which coatin are highl ualified
for use asEEGFr'&sF’@ﬁ'ﬂ:}& %q}é)sleai/earr_}Otté%_e’E‘?'éT‘gé ?ﬂ_geaﬁgﬁﬁéﬁflgo %¢heni cal
plants.s 251metpqlas%catreofcdﬂaﬁ stﬁzea§ﬁirl$g.' NMENEh P8 pBo8eBke¥RE BYrgdRPkyi Ng a

desired refractory netal to the desited surface by a nmethod as clained in
claim 1. 30eTivordesr @ngertdraaldol & speay egdrardi toparpdseiphdbedses in

which, in conirast g ihe sonventonal \8rpGessssiel. W 2ROBhIL7144

process a workpiece is coated with a powder.

10 In view of this prior art it was therefore the object, to
provide a novel proéess for coating substrates which is
distinguished by the introduction of a small amount of
‘energy, a low outlay in terms of apparatus and broad
applicability for different carrier materials and coating

15 materials, and wherein the metal to be applied is not

melted on during processing.

Another object of this invention was the provision of a
novel process for preparing dense and corrosion resistant
20 coatings, especially tantalum coatings, which possess low
content of impurities, preferably low content of oxygen
and nitrogen impurities, which coatings are highly
qualified for use as corrosion protective layer,
especially in equipment of chemical plants.
25 '
The object of the present invention is achieved by
applying a desired refractory metal to the desired surface

by a method as claimed in claim 1.

30 There are generally suitable for this purpose processes in

which, in contrast to the conventional processes of



thermal spraying (flame, plasma, high-velocity flane, arc, vacuum pl asns,

| ow pr essyoeoi)asi@ sprayi ng) and of deposition-wel di ngcTiHPE§R/0bHNO
melting on of the coating material, caused by thermal energy produced in

the coating 5 apparatus. Contact mnth a flame or hot conbustion gases is

to be avoi ded, because these can cause oxidation of the powder particles
and hence the oxygen content in the respylting coatings rises. 10 These
processes are known to the person skilled in the art as, for exanple, cold
gas spraying, cold spray processes, cold gas dynam c spraying, kinetic
sprayi ng and are descri bed, fg exa in EP- A-484533. Al so suitable
accor di ng t¢'9¥Y RRARY M i SE1amepr %%%@adegégpﬁgalpﬁltYS tgafent arc,

DE- A- 10253794yl & 15854 |ﬁ%%@s&ﬁ’fé‘y%]?éQﬁQS%p%yEH% ) Kbpgt b¢ Spr ay
process are particularly suitable for the nmethod according to the

i nventi on; ctdwmmrs-pfeaﬂ,dm@ce@semmshnosmetbtdegcpnbed ItheEI@oA-t48¥g533, is
espeC|aIIy o i table, and t ecification is corg;rat hereln

ref er ence. c&&%ﬁruﬁ%?s?%gié'? CHE n?%§58¥SP§° et

appl yi ng cegigaigs . storaces,witier i flangasrf how tombasdidd gas=powder
m xture with a powder of a material selected fromthe group consi sting of

ni obi um t &%t AURVisfbt é?lecathliﬁy‘b@%ﬁ%n?a{ll caufFanPxidpEdanumt #het ures of
at |east t &\&q[e %t Qi ddelfy alloys whiho,Q bhgk Reot her
net al s, th powde as a partrlgcle Sl ze o% ?rgi gg to Tgolglottpr% wherein a
super soni ¢ rsyzeddiirgy iaqeeriregs toisde. gas flow and a jet of supersonic speed
is formed, which ensures a WD 2006/ 117144 PCT/ EP2006/ 003967 - 5
10 These processes are known to the person skilled in the art

as, for example, cold gas spraying, cold spray processes,

cold gas dynamic spraying, kinetic spraying and are

described, for example, in EP-A-484533. Alsoc suitable

according to the invention is the process described in

15 patent DE-A-10253794.

The so-called cold spray process or the kinetic spray
process are particularly suitable for the method according
to the invention; the cold spray process, which is

20 described in EP-A-~484533, is especially suitable, and this

specification is incorporated herein by reference.

Accordingly, there is advantageously employed a method for
applying coatings to surfaces, wherein a gas flow forms a
25 gas-powder mixture with a powder of a material selected
from the group consisting of niobium, tantalum, tungsten,
molybdenum, titanium, zirconium, mixtures of at least two
thereof or their alloys with one another or with other

metals, the powder has a particle size of from 0.5 to 150

30 um, wherein a supersonic speed is imparted to the gas flow

and a jet of supersonic speed is formed, which ensures a



speed of the powder in the gas-powder m xture of from300 to 2000 nis,
pref erablyofogmi3R@9 to 1200 m's, and the jet is directggrapbeslobPesurface
of an object. 5 The nmetal powder particles striking the surface of the
object forma coating, the particles being defornmed very considerably. The
powder particles are advantageously present in the jet 10 in an anount
that ensures a flowrate density of the cparticles of from0.01 to 200 g/s
cn2, preferably 0.01 to 100 g/s cn®, very preferably 0.01 g/s cn2 to 20
g/s cn2, or nost preferred fromO0.05 g/s cnZ to 17 g/s cnR2. 15 The fl ow
rate densrty |s cal cul ated according to the formula F = n(n/4*D2) where F
= 1 ow rat EP§&SsAYy ths :po‘ffilezEIJenc'f g sddschPP¥Aer niixpBRgePLf &g 200 A
IOOWUIer feedo r2®t0% Qrf/s 35 1?9019/%6' £0113667m gés bﬁdatfhlép e
exanpl e of a powder feed rate. 20 At Tow D values of below 2 3 | ues of
mar kedl y grisadéreatiesh @it g/tthenpucbacdeoicanegkiectn this case F can -
easily assune values 50 g/s cn2 or even higher at higher powder delivery
rates. 25 As the gas with which the netal powder forms a gas-powder
m xturesthehe hetgANgalder usett aPlésestr JREn§UEReaSur@hgenornede, helium
nitrogen or mxtures of two or nore thereof. In particular cases, air my
al so be uséBJedt FPEhfetSPF et at HonsPar biebes absbngsdedpragdr 368 or
m xt ures of th other gases can be used. WO 2006/ 117144
PCT/ EP2111f8?‘ %%f%%g‘g)ﬂl 6

The powder particles are advantageously present in the jet
10 in an amount that ensures a flow rate density of the

particles of from 0.01 to 200 g/s cm?, preferably 0.01 to

100 g/s cm®, very preferably 0.01 g/s cm® to 20 g/s cm?, or

2

most preferred from 0.05 g/s cm® to 17 g/s cm®.

15 The flow rate density is calculated according to the
formula F = m/(n/4*D?) where F = flow rate density, D =
nozzle cross—section,.m = powder feed rate. A powder feed
rate of, for example, 70 g/min = 1.1667 g/s is a typical

example of a powder feed rate.

20
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
delivery rates.

25

As the gas with which the metal powder forms a gas-powder
mixturerthere is generally used an inert gas such as
argon, neon, helium, nitrogen or mixtures of two or more
thereof. In particular cases, air may also be used. If

30 safety 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 conprises the steps of:
- provi diweg 80RFAYI Ng orifice adjacent a surface to bepc /996590y
spraying; - providing to the spraying orifice a powder of a particulate
mat eri al chosen fromthe group consisting of niobium tantalum tungsten,
nmol ybdenum titanium zirconium mxtures of at |east two thereof or

all oys 10 thereof with one another or o&%er netal s, the powder having a
particle size of 0.5 to 150 pm said powler being under pressure; -
providing an inert gas under pressure to the spraying orifice to establish
a static pressure at the 15 spraying orifice and providing a spray of said

particul ate material and gas onto the surface to be coated; and - |ocating
t he sprayi rifi i eqion of - | j S ich is |ess
than 1 at rrgg]p%e eljegﬁedufg ‘\;ﬁ%?éc &llsgﬁsu S |%§$§% ?égsgpkgx\@gﬁe static

pressure alcdpe isyaineyg sHdgs cef £ 0 provi de substantial accel eration of
the spray of said particulate material and gas onto said surface to be
coated. 25 | alddvddigrefersRpYiarsi onl bice hadpaeebssat RErdpegyitieg b s

perfornmed with %xﬁﬁéﬂiiﬁ{ﬁﬁﬁgﬁﬁvggd the target to be coated and the cold

spray gun are | oc Uum chanber at pressures bel ow 80 kPa,

preferably betweari.ding asl tHe kélora gty nesi £ peef er peddeet weema 2 and 10
kPa. 30 Further advantageous enbodi nents can be found in the clains. WO
2006/ 117144 PCTFEELiCHgYe maysyial chosen from the group consisting

of niobium, tantalum, tungsten, molybdenum, titanium,
zirconium, mixtures of at least two thereof or alloys
10 thereof with one another or other metals, the powder
having a particle size of 0.5 to 150 um, said powder
being under pressure; |
- providing an inert gas under pressure to the spraying
orifice to establish a static pressure at the
15 spraying 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
20 which is substantially less than the static pressure
at the spraying orifice to provide substantial
acceleration of the spray of said particulate

material and gas onto said surface to be coated.

25 In another preferred version of the process the spraying
is 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.

30 Further advantageous embodiments can be found in the

claims.



- 7 1In general, the refractory netal has a purity of 99% or nore, such as

99. 5% or 98.2606Q%1499- 9% 5 According to the invention, thesidasiogsy netal
advant ageously has a purity of at |east 99.95% based on netallic

inmpurities, especially of at |east 99.995% or of at least 99.999% in
particular of at |least 99.9995% If an alloy is used instead of a single
refractory nmetal, 10 then at |east the yrefractory netal, but preferably
the alloy as a whole, has that purity, so that a corresponding highly
pure coating can be produced. In addition, the nmetal powder has an oxygen
content of 15 | ess than 1000 ppm oxygen, or |ess than 500, or |ess than
300, in particular an oxygen content of |ess than 100 ppm Particularly

suitable refyr ry. et : Lfy.o | east 9. 7%
advantageoﬁ%lé%ﬁéﬁﬁlﬂég%?Q%%g%gﬁggﬁyﬁwg%%fg$%%l%r£5835g%§%a%§°a%égntent of
| ess than mbQ@Q PUBHXALIER. 5¥ drsH9 I Tanob099 ppen oxygen, or |ess than 300

ppm oxygen, in particular an oxygen content of less than 100 ppm 25
Particularly suitable refractory netal powders have a purity of at |east

99. 95% 5 i n pRRISHAW AT Pl 1 BAasiti Y, 99980 r8pa2c PPt RBLLQ | ess than 1000
ppm oxygen, or |ess than 500 ppm oxygen, or l|less than 300 ppm oxygen, in

parti cul ar agivasbpgeEpwont drits of pwssty hah 4001epat 30.Pakti balsadl pnsui t abl e
of ot | aulohe 2000/ TErTAE Toer, b0 DbEuesT 2EaTea8T 0885605 ina a Cont ent
of less thak 1RGO . ®YBEN,iOlparticular of at least 99.9995%.
If an alloy is used instead of a single refractory metal,
10 then at least the refractory metal, but preferably the
alloy as a whole, has that purity, so that a corresponding

highly pure coating can be produced.

In addition, the metal powder has an oxygen content of
15 less than 1000 ppm oxygen, or less than 500, or less than

300, in particular an oxygen content of less than 100 ppm.

Particularly suitable refractory metal powders have a
purity of at least 99.7%, advantageously of at least

20 99.9%, in particular 99.95%, and a content of less than
1000 ppm oxygen, or less than 500 ppm oxygen, or less than
300 ppm oxygen, in particular an oxygen content of less

than 100 ppm.

25 Particularly suitable refractory metal powders have a
purity of at least 99.95%, in particular of at least
99.995%, and a content of less than 1000 ppm oxygen, or
less than 500 ppm oxygen, or less than 300 ppm oxygen, in
particular an oxygen content of less than 100 ppm.

30 Particularly suitable refractory metal powders have a

purity of at least 99.999%, in particular of at least



| ess than 500 ppm oxygen, or |ess than 300 ppm oxygen, in particular an

oxygen copbheileQfidsess than 100 ppm 5 In all the abovepggiiph@RResogowWder s,
the total content of other non-netallic inpurities, such as carbon, )

nitrogen or hydrogen, should advant ageously be | ess than 500 ppm
preferably | ess than 150 ppm 10 In particular, the oxygen content is
advant ageously 50 ppm or less, the nitrpgen content is 25 ppmor |ess and
the carbon content is 25 ppmor |ess. e content of netallic inpurities
i s advantageously 500 15 ppmor |less, preferably 100 ppm or |ess and nost
preferably 50 ppm.or less, in particular 10 ppmor |ess. Suitable netal
powders ar &2-Paréxai%e 2 kARt tPe 1993 rEleedr YORRL BPMpBRAERE  WRitch ar e

al so suita f h qggﬁg' n Ci S u 0 rs can
be preparegggi ?gﬁ%%$¥%ﬁq§$ﬁ reff%gidgi %ﬁ?ﬁlt%gﬁpgaﬁdﬁgﬁgﬁkgbfgdngﬁng

agent - and ppréfiendlalry asubssementcaleboxmtdac f ohesFuhhgahehOBxpdm.or 25
nol ybdenum oxi de, for exanple, is reduced in a stream of hydrogen at
el evated tenperature. The preparation is described, for exanple, in

Schuberg, kassner thelWtgsieient KIWErpdeaees] ctRkepganPubbhsbars ofNew
York, 1999 or Brauer, "Handbuch der Praparativen Anorgani schen Chem e", 30
Fer di nand Bfkervaonggesaikigarimpuniiies, 1530h §9 980BpR17RiRrogen or

P EP2000h08335En, - Sholl LR ek Ol APUALUTLBDOLALADL A bl

preparation-is i nost cases carri by reduci ng
t ant al at espardeeabilly dlded itteamel 20 pept af | uoro-tantal ates or the oxides,
such as, for exanple, sodium '

10 In particular, the oxygen content is advantageously 50 ppm

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
15 ppm or less, preferably 100 ppm or less and most

preferably 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

20 production of capacitors.

Such metal powders can be prepared by reduction of
refractory metal compound with a reducing agent and
preferably subsequent deoxidation. Tungsten oxide or

25 molybdenum oxide, for example, is reduced in a 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 Pré&parativen Anorganischen Chemie",

30 Ferdinand Enke Verlag Stuttgart, 1981, p 1530.



5 heptafl uorotantal ate, potassium heptafluorotantal ate, sodium

hept af | uaggnRRPAYR40r potassi um hept af | uoroni obate, W pprapladk7 OF
al kaline earth nmetal. The reduction can be carried out in a salt nmelt with

the addition of, for exanple, sodium or in the gas phase, cal cium or
magnesi um 10 vapour advantageously being used. It is also possible to mx
the refractory netal conpound with the gl kali or alkaline earth netal and
heat the m xture. A hydrogen atnosphere may be advantageous. A | arge
nunber of suitable processes is known to the person skilled in the art, as
15 are process paranmeters fromwhich suitable reaction conditions can be
sel ected. %ni thBl €3grodsfahtarlam gaxt minkiunortkgapperarphion 4583819 and

WO 98/ 3724 Al r..t tian, j.dat i i e ried 20
out - Thi 5. BERtDE SFFontad o B ipr e f g e P e BB R e 2
powder wit haMyal@aesBand &ar¥tioralCa laintk rideal hegptafluorobyahealiangst he

refractory netal in. the prﬁgfnce of a getter in an, atnosphere that all ows

oxygen to°pasher PEHERe P FrowdrT 1AM et 3P W he 25 refractory

metal ppwdgepka £ oFethntades d, he ddeedipfhddies r sabist fhehhgrdeoxi di sing
agent using an acid and water, and is dried.” It is advantageous if, when

usi ng net assdiom bwet atfieo M imbagen comemssivwe hepbdflgorapipbaites can -
be kept Iow" go 2002/%#71%5 281%1@%396/qug67 -, 10 h@‘igragggo rogess for
preparing Pure powder hdvitg % 1% ofvbéh BRtdht CORsTSPECFACPeqEli ng a
refract orypeetakrikydioude iusinGAr alkal ivietiearid aegatias oedugbrg agent,
as disclosed, for exanple, in WO 01/12364 and EP-A _ )
example, sodium, or in the gas phase, calcium or magnesium
10 vapour advantageously being used. It is also possible to
mix the refractory metal compound with the alkali or
alkaline earth metal and heat the mixture. A hydrogen
atmosphere may be advantageous. A large number of suitable
processes is known to the person skilled in the art, as
15 are process parameters from which suitable reaction

‘conditions can be selected. Suitable processes are

described, for example, in US 4483819 and WO 98/37249.

After the reduction, deoxidation is preferably carried

20 out. This can be effected, for example, by mixing the
refractory metal powder with Mg, Ca, Ba, La, Y or Ce and
then heating, or by heating the refractory metal in the
presence of a getter in an atmosphere that allows oxygen
to pass from the metal powder to the getter. The

25 refractory metal powder is.in most cases then freed of the
salts of the deoxidising agent using an acid and water,

and is dried.

It is advantageous if, when using metals to lower the

30 oxygen content, the metallic impurities can be kept low.



5 1200218. The thickness of the coating is usually nore than 0.01 mm
Pref erredyghgdaygis W th a thickness between 0.05 and gggﬂﬂg@%ﬁm&g7

preferred between 0.05 and 5 mm still nore 10 preferre etween 0,05 and 1
mm still nore preferred between 0,05 and 0.5 mm The thickness may be
hi gher as well, for exanple from3 to 50 nm or from5 to 45 mm or from

8 to 40 mm or from10 to 30 mmor from10 to 20 mm or 10 to 15 nm 15 The
purities and oxygen contents of the rés&ptrng coatings should deviate not
nore than 50 % and preferably not nore than 20% fromthose of the powder.
20 Advant ageously, this can be achieved by coating the substrate surface
under an i derfiurddser Argoress fadvernepgedng| punsegonderhbaviaagt agd®wecause,
owng to its higher than ajr, it tends to gover the object to be

densi t :
coat ed andQﬁ¥39§n£Q?ﬁﬁ4£xﬁl?s%% Dat?i EUPAFL el FRETIETEGHT BEE Yo be
coated is hQeatierk iusihy essedl Ml the pESVERt SethNeaar geAutiay ageari,ng or
flow ng away and nore argon is continuously added. The coatings applied
accordi ng &6 tHedipaad ofPhaaeamplao hp giopltiyiy38Adaadl BR-éxygen content.
Advant eo§§¥%%z¥?hese coatings have an oxygen content of |ess than WO
2006/ 11714 /"EP2006/ 003967 - 11 1000 ppm oxygen, or |ess than 500, or
| ess than 300, in particular an oxygen content of |ess than 100 ppm The

coatings usually exhibit conpressive, stress u. 5 Usually, the c%npressive
stress is absutthifderessbLE otlee coating 1is usually more” than 0.01 mm.

Preferred are layers with a thickness between 0.05 and 10
mm, more preférred between 0.05 and 5 mm, still more -

10 preferred between 0,05 and 1 mm, still more preferred
between 0,05 and 0.5 mm. The thickness may be higher as
well, for example from 3 to 50 mm, or from 5 to 45 mm, or
from 8 to 40 mm, or from 10 to 30 mm or from 10 to 20 mm
or 10 to 15 mm.

15 |
The purities and oxygen contents of the resulting coatings
should deviate not more than 50 % and preferably not more

than 20% from those of the powder.

20 Advantageously, this can be achieved by coating the
substrate surface under an inert gas. Argon is
advantageously used as the inert gas because, owing to its
higher density than air, it tends to cover the object to
be coated and to remain present, in particular when the

25 surface to be coated is located in a vessel which prevents
the argon from escaping or flowing away and more argon is

continuously added.

The coatings applied according to the invention have a
30 high purity and a low oxygen content. Advantageously,

these coatings have an oxygen content of less than



MPa, or from-700 MPa to O MPa, or from-500 MPa to O MPa, of from -400

MPa to O WBao&11f{s@m -300 MPa to 0. More specifically, bﬂ?mﬁ@&ﬂh&ﬁ%#ve
stress is from-200 MPa to -1000 MPa, or from-300 MPa to -/700 MPa, or

from-300 10 MPa to -500 MPa. In general, a |ower oxygen content of the
powder enployed w |l result in layers exhibiting | ower conpressive stress,
e.g. a layer sprayed from powder havigglgn_oxygen content of 1400 ppm w ||
usually result in a layer exhibiting 15 Conpressive stress of about -970

50 MPa MPa and a layer sprayed from powder having an oxygen content of 270
ppm w Il usually result in a | ayer exhibiting conpressive stress of about
-460 MPa 300RPapmhory Ismef @rabigss 40mn NFO, %rmsszt)hm é6Rt r 4Bt

t her et o, gxg&§cgﬁggu% dé%§i¥ %%B% 1?%55he£§5€%5n'f &s exhi biting no

conpr essi vé S{Tess ress par ar t hese
coatings have a purity of at |east 25 99. 7% advantageously of at | east
99.9% in particular of at |east 99.95% and a content of |ess than 1000
ppm oxygeBheorokédagshars B0l pmrlodifercorpre¢2ssve hahrgds pm oxygen, in

particyl ar ..an gen,content_ of . ess_than 100 3 6[117144
PCT/EP%%O6P58§3§¥ thfzqu?r%ﬁ%ﬁ%ﬁn%Ere?%ese coar angoﬁgbégg %urﬁty of at

| east  99. 8PY; bR Fabi culcwr M:Efa ato I@maﬂ%ﬁ%ﬁ’@manﬂoa upat est 0 MPal ess
t han 1000 ppm oxygen, or |ess than 500 RP”‘OXYQ or less than 300 ppm
oxygen, |no§afgp@urép aﬁuﬁkﬁﬁé MPa or from 00 'MPa to O.

More specifically, the compressive stress is from -200 MPa
to -1000 MPa, or from -300 MPa to -700 MPa, or from -300

10 MPa to -500 MPa.
In general, a lower oxygen content of the powder employed
will result in layers exhibiting lower compressive stress,
e.g. a layer sprayed from powder having an oxygen content
of 1400 ppm will usually result in a layer exhibiting

15 compressive stress of about -970 £ 50 MPa MPa and a layer
sprayed from powder having an oxygen content of 270 ppm
will usually result in a laYer exhibiting compressive
stress of about -460 MPa = 50 MPa, more preferably -400
MPa + 50 MPa.

20 In contrast thereto, layers produced by plasma spraying
result in layers exhibiting no compressive stress at all,

but tensile stress.

In particular, these coatings have a purity of at least
25 99.7%, advantageously of at least 99.9%, in particular of
at least 99.95%, and a content of less than 1000 ppm
oxygen, or less than 500 ppm oxygen, or less than 300 ppm
oxygen, in particular an oxygen content of less than
100 ppm.
30



5 content of less than 100 ppm In particular, these coatings have a purity

of 99. 999%% Josk/11PALt T cul ar of at |east 99.9995% and a ¢ehi®RosRbzokeSS
t han 1000 ppm oxygen, or |ess than 500 ppm oxygen, or |less 10 than 300 ppm

oxygen, in particular an oxygen content of [|ess than 100 ppm The coatings
according to the invention have a total content of other non-netallic
inpurities, such as carbon, 15 nitrogelizor_ hydr ogen, which is

advant ageousl y bel ow 500 ppm and nost préeferably bel ow 150 ppm The applied
coating has a content of gaseous inpurities which differs by not nore than
50% or not_  nore than 20% . 20 or not nore than 10% or not nmore than 5%
or not nor &ht PAFHRUITom iS e ot NOF RABS sRaPEFAGYpBRdEE WeAFT whi ch

this coating wes prigdyced. i Jheat e adi {88567 9bS9b93, bgnundersheedtas

meaning in particular "an increase; the resulting coatings should,
t her ef or e, oddva@Essadgdaus| Y0 Havepe5oaygent ent bésgathans SOApppit oy dgemat i s
not nore than.50% .qrea than the content of the.starting powder. The

appl i ed codtfi n§ 3t & E) O A 9095/ hent R REEhE CUAPER 2 PRYEFE by not nore

than 5% i rpaditcWandsd tmae 10@nppm0 1% fromthe oxygen content of the
starting powder. WO 2006/ 117144 PCT/EP211116/ 11113967 13 The coati ngs
according to the invention preferably have a total content of other

non- et al | g, I L850 £81ROD nRYL Q050 BE y UG 9geBagi gy i S
advant ageoul(shl ess ﬁ?a'nstgg pp?noan (grost pre?e?aﬁ?yyl €ss "t han 150 ppm
Wth 5 theparadessaof dfhisst | hwent | 99. 9298% s anthahegheenknptr ileys contents
can al so b%h%&Pq%ﬁ)dppm oxygen, or less than 500 ppm oxygen, or less
10 than 300 ppm oxygen, in particular an oxygen content of

less than 100 ppm.

The coatings according to the invention have a total
content of other non-metallic impurities, such as carbon,
15 nitrogen or hydrogen, which is advantageously below 500

ppm and most preferably below 150 ppm.

The applied coating has a content of gaseous impurities
which differs by not more than 50%, or not more than 20%,
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 coating was produced. The term "differs" is to
be understood as meaning in particular an increase; the
resulting coatings should, therefore, advantageously have
25 a content of gaseous impurities that is not more than 50%

greater than the content of the starting powder.

The applied coating preferably has an oxygen content which
differs by not more than 5%, in particular not more than

30 1%, from the oxygen content of the starting powder.



In particular, the oxygen content is advantageously 50 ppm or |ess, the

ni trogen \w@Rh&M17143 25 ppmor | ess and the 10 carbon coppgRtpades/0didePPM OF
| ess. The content of metallic inpurities is advantageously 50 ppmor |ess,

in particular 10 ppmor less. 15 In an advant ageous enbodi nent, the
coatings additionally have a density of at |east 97% preferably greater
than 98% in particular greater than 99% or 99.5% 97 % density of a

| ayer nmeans that the |ayer has a density~of 97 % of the bulk material. The
density of the coating is here a 20 neasure of the closed nature and
porosity of the coating. A closed, substantially pore-free coating always
has a dendihey coRtimas tdnarIbimy,tTheheleliRVeyt tan BeeferabiynBaveeiat her by

i mge anal ysj.s -of rQss-secti o '_rmg@ 0 L ion) _of . such a
coating, o}ré%écﬁtlercr?g}tl%\?e yO%yo%ﬂgr}?I{ﬁm py%ln%’?rét %Suﬁg%gft éc’?lcrnleg%od IS

| ess pref ecaethorhecdutsergdm dhehgiseget, wetiycllehseadoahtageoupdred episesent
in coatings that are nore renote fromthe surface are not detected and a

| ower por o&PEP 99 Oa BRFr Al IMP He RIS ERFIPN 1238 ubley &xPsPBM-BYifdans of
| mage anal YisS p iR e whi30 GAReDE; et £X Pt Pty bYn T hEShedet RHTI : tc\le)

total area of "the coating to be investigated in the i nage area of e
2006/ 1171440oRPCENER? @EEY GO386 be -pradueedr oscope and relating this area to
the areas of the pores. In this nmethod, pores that are |ocated far from
the surface and close to the interface with the substrate are also

detect ed. Anhipghtdensidy, afhatotppsd SfMhemt ef erablynbagesakel thappdB% in
particul ar greater than 99%or 99.5% is i nPortant I n_many coati ng
processes. ©r less, the nitrogen content is 25 ppm or less and the

10 carbon content is 25 ppm or less.

The content of metallic impurities is advantageously

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

15 1In an advantageous embodiment, the coatings additionally
have a density of at least 97%, preferably greater than
98%, in particular greater than 99% or 99.5%. 97 % density
of a layer means that the layer has a density of 97 % of
the bulk material. The density of the coating is here a

20 measure of the closed nature and porosity of the coating.
A closed, substantially pore-free coating always has a
density of mofe than 99.5%. The density can be determined
either by image analysis of a cross-sectional image
(ground section) of such a coating, or alternatively by

25 helium pycnometry. The latter method is less preferred
because, in the case of very dense coatings, pores present
in coatings that are more remote from the surface are not
detected and a lower porosity is accordingly measured than
actually exists. By means of image analysis, the density

30 can be determined by first determining the total area of

the coating to be investigated in the image area of the



The coatings show hi gh mechani cal strength which is caused by their high

density agg by tihashi gh deformation of the 10 particl escrlepbdeRosogse of
tantalum therefore, the strengths are at |l east 80 MPa nore preferably at

| east 100 MPa, nost preferably at |east 140 MPa when nitrogen is wused as
the gas with which the nmetal powder forns a gas- powder mxture. If helium
is used, the strength usually is 15 at kgast 150 MPa, preferably at |east
170 MPa, nobst preferably at |east 200 a"and very nost preferred greater
than 250 MPa. Al though the coatings according to the invention show high
20 densities and | ow porosities, the coatings have a norphology clearly
showi ng it mkgsoscepeednid aalditsigrettthiparre| es. tilRaapees elnthe seen, for

crampl e, | BOERSLT S5, s e e LV £081 L003, 8500401 B0cho e

i nvention PR&f~he et coafings  obtar ne net hods,

| i ke coati gpggrabtabnad AApsgaltmniie pincessece wheh thar aabetirstecare
appearance al so all ows distinguishing of coatings according to the

i nvention PAEM E6&ECHSS -0t A1iEY deRSHhasHh 3brh§Rnl. 230, TRECARERELYs to be

coated it r S o@fe thi | ' oLt ede Genegpakky all
rticloh WAFERCRB S008 TPead haRrB TiTe T15a586, P I 18%% 12Ba %2 ek e
pref erabl yia dopoatieot protrecty woaoatg noroceasebe used. These articl es may
be. made of netal and/or of ceramic material and/or of plastic material or
may conprise conponents fromthese materials. Preferably 5 surfaces of

materials ghe €0akedgiisHbwANE Fi&Hatk Pcal esB¥8hgeh WRLEKI @k, caliBed
exanpl e by wear, corrosion
by their high density and by the high deformation of the
10 particles. In the case of tantalum, therefore, the
strengths are at least 80 MPa more preferably at least 100
MPa, most preferably at least 140 MPa when nitrogen is
used as the gas with which the metal powder forms a gas-
powder mixture. If helium is used, the strength usually is
15 at least 150 MPa, preferably at least 170 MPa, most
preferably at least 200 MPa and very most preferred

greater than 250 MPa.

Although the coatings according to the invention show high

20 "densities and low porosities, the coatings have a
morphology clearly showing it was created from discrete
particles. Examples can be seen, for example, in Figures 1
to 7. In this way the coatings according to the invention
can be distinguished over coatings obtained by other

25 methods, like coatings obtained by galvanic processes. The
characteristic appearance also allows distinguishing of
coatings according to the invention from coatings obtained

by plasma spraying.

30 The articles to be coated with the process of this

invention are not limited. Generally all articles which



oxi dation, etching, machining or other stress. Preferably surfaces of

mat eri al syghofQdgd With the 10 process of this inventippipdbdogoEe used
in corroding surroundings, for exanple in chem cal processes in nedical

devices or in inplants. Exanples of apparatus or conponents to be coated
are conponents used in chemcal plants or in |laboratories or in nedica
devices or as 15 inplants, such as reacti:on and m xing vessels, stirrers,
blind flanges, thernmowells, birsting disks, birsting disk holders, heat
exchangers (shell and tubes), pipings, valves, valve bodies and punp

parts. 20 Preferably articles are coated with the process of this
i nventi on WSSh Ar¥ I RputREF L e ER LY s oF O XEPEYCRANBARS eCtiye SOty

prepared widdy e JHOEESEh e L4161 ENNEMMEYNbe PREEE! 8B he?h8 WSRDdIN of
corrosion protection. 25 The present i1nvention therefore relates also to

articles redemifc metteriomd/ond 6br cef apiashitematbrand/ or ofaypl astic
material containing at |east onf coaﬁ%n S copposed of th&. r;jractory

net al s nioﬁQﬂﬁr%%it%ﬂqﬁﬁn?Tﬁls B ?gﬁd@ﬁggfl§ Sti FARTER* P ¥eoni um or

m xtures ofsunfadds Mof end her 2oL s oar N-3908414KK14A B/ EBRGRGE0Q3967 - 16
alloys of two or nore thereof or alloys with other netals, which coatings

have the aB@RQEhtq ot oF bbkr t f@5. eSyRRlechyi W§3Tar ECKXFOFdCNi,cul ar
coat i ngs ofo,L A AIM W1 OUhADR1 1 £E epabLYnLAYEES QL tungsten,
nmol ybdenum titanium zirconfumor mxtures of two or nore thereof or
alloys of two or nore thereof or alloys with other netals, very
Preferably surfaces of materials are coated with the
10 process of this invention which are used in corroding
surroundings, for example in chemical processes in medical
devices or in implants. Examples of apparatus or
components to be coated are components used in chemical
plants or in laboratories or in medical devices or as
15 implants, such as reaction and mixing vessels, stirrers,
blind flanges, thermowells, birsting disks, birsting disk

holders, heat exchangers (shell and tubes), pipings,

valves, valve bodies and pump parts.

20 Preferably articles are coated with the process of this

invention which are no sputter targets or X-ray anodes.

The coatings prepared with the process of this -invention
preferably are used in corrosion protection.

25
The present invention therefore relates also to articles
made of metal and/or of ceramic material and/or of plastic
material containing at least one coatings composed of the
refractory metals niobium, tantalum, tungsten, molybdenum,

30 titanium zirconium or mixtures of two or more thereof or



10 preferably layers of tantal um or niobium are applied by cold spraying

to the sugybaes/Qh14@ substrate to be coated. Surprisi nglpyridp2603%0dgen found
that with said powders or powder m xtures, preferably with tantal um and

ni obi um powders, possessing a reduced oxygen content, for exanple 15 an
oxygen content bel ow 1000 ppm there can be produced cold sprayed |ayers
with very high deposition rates of §6than 90 % In said cold sprayed

| ayers the oxygen content of the netal “IPs nearly unchanged conpared to the
oxygen content of the powders. These cold sprayed | ayers 20 show

consi derably higher densities than | ayers produced by plasnma spraying or
by vacuun1§éﬂ@Wsn@f'ﬁﬂQtﬂﬁrﬁﬁﬁﬁ thriseof c@F dabppH§edlthyetbesamelsesroduced

W thout - anyqr. V“cto%t:.ﬁgﬂs héx? e atSj&PdéarH{‘éﬁ'Ql8He8°é?§%eBE98§”' es and

coating parane ers e co praye l'ayers are ject of 25 this
invention. Suitable netal powders for use in the nethods according to the
invention are also netal powders that consist of allaqys, Eseudo all oys and

powder m xtW¥CEs ORI &S y”BG’%’iJa‘F‘éth%O%EFP%BI Eanﬁn eftHEC 8T y
met al s. 5 WOL2@Q@GQ4 L7144 PCT/ EP2006/ 003967 - 17 It is thereby possible to
coat surfaces of substrates made of the same alloy or pseudo alloy. These
i nclude especially alloys, pseudo alloys or pomder 5 mxtures of a .

Fanget on, RGEYBEERIN, LTt SITEOH ol T RAkP i es CoFoRABTor more
thereof, witrtoniiki @lr sel:aalsh fdPMwdogrdpe cohakéofnoekallloyshed um
P e e or W1 T0ys %ith other metals, very
10 preferably layers of tantalum or niobium, are applied by
cold spraying to the surface of a substrate to be coated.
Surprisingly it has been found that with said powders or
powder mixtures, preferably with tantalum and niobium
powders, possessing a reduced oxygen content, for example
15 an oxygen content below 1000 ppm, there can be produced
cold sprayed layers with very high deposition rates of
more than 90 %. In said cold sprayed layers the oxygen
content of the metal is nearly unchanged compared to the
oxygen content of the powders. These cold sprayed layers
20 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. These cold sprayed layers are also -object of

25 this invention.

Suitable metal powders for use in the methods according to
the invention are also metal powders that consist of
alloys, pseudo alloys and powder mixtures of refractory

30 metals with suitable non-refractory metals.



10 Such powders belong to the prior art, are known in principle to the

per son skiyblgsh/i1fsihe art and are described, for exanplper/EplodgRoPs7 74315
and EP- A-1138420. They can be prepared by conventional processes; for 15

exanpl e, powder m xtures are obtai nable by honbgenously m xing
pre-prepared netal powders, it being possible for the mxing to be carried
out on the one hand before use in the nmethod according to the invention or
alternatively during production of the gas-powder m xture. Alloy powders
20 are in nost cases obtainable by nelting and m xing the alloying
partners. According to the invention there may be used as alloy powders

al so so- callted SpridieA gy RP HOWIER stO FRREeSHFE2FERELs SHRSERF 2%4ES Breduced
by m xi ng cOHMYINAS,nSUch &5 %o&sgéggpgglo alts, oxides and/or.hydrides of
then redu

the 25 all oying partners and cing them so that intimate m xtures
of the nmetals in question are obtained. It is additionally possible

accordi ng t he .invention to us pseudo al |l oys., Pseudo all oys e
understoodH§§*ﬁ%Pﬁ5ﬂ' eﬁ?@ﬁ%lﬁﬁ}XhagrgyﬁbtBF%ESOnSﬁHBVSC8ﬁV%ﬁ?€%ﬁhl nel t
30 met ab | upgkthiles T £x00P Lot HYy Ihé b8l Nge18kBkEr ERGmMO hel Rfriduy ation. WO

2006/ 117144 PCT/ EP2006/ 003967 18 Known materials are, for exanple,
t ungst en/ cEpperisdling o oriekiHgst eharbapemn, ntRRAFESD, t RE Lybsisam.es of

whi ch are - known and ArediplfdoDerne. Py, ueyopf examm! G Type fgnsity HB
El ectri cal ermal ‘Therma g/cC f a) conductivity éxpansion
conducti vi twith % In&E31 coeldcce@nfréMV th&) group cobalt, nickel,
rhodium, palladium, platinum, copper, silver and gold.
10 Such powders belong to the prior art, are known in
principle to the person skilled in the art and are

described, for example, in EP-A-774315 and EP-A-1138420.

They can be prepared by conventional processes; for

15 example, powder mixtures are obtainable by homogenously
mixing pre-prepared metal powders, it being possible for
the mixing to be carried out on the one hand before use in
the method according to the invention or alternatively
during production of the gas—powde; mixture. Alloy powders

20 are in most cases obtainable by melting and mixing the
alloying partners. According to the invention there may be
used as alloy powders also so-called pre-alloyed powders.
These are powders which are produced by mixing compounds
such as, for example, salts, oxides and/or hydrides of the

25 alloying partners and then reducing them, so that intimate -
mixtures of the metals in question are obtained. It is
additionally possible according to the invention to use
pseudo alloys. Pseudo alloys are understood as being
materials which are obtained not by conventional melt

30 metallurgy but, for example, by grinding, sintering or

infiltration.



(ppm K) WCulO 16.8-17.2 >2550 > 27 6.5 170-180 WCul5 16.3 7.0 190-200
WCu20 15.woboec?1174160 > 34 8.3 200-220 WCu25 14.5-15. 0 ped3$Q00s/085d62- O
220-250 WCu30 13.8-14.4 >1720 > 42 Al so known are nol ybdenum copper all oys
or nol ybdenium/ copper m xtures in the sane ratios as indicated above.
10 Al so known are nol ybdenumsilver all oys or nol ybdenium silver m xtures
whi ch contain, for exanple, 10, 40 or_6 . % nol ybdenum Al so known are
t ungst en- silver all oys or tungsten /5|Iver 15 mixtures which contai n, for
exanple, 10, 40 or 65 w.% tungsten. These can be used, for exanple, in
heat pipes, cooling bodies or, in general, in tenperature nmanagenent
systens. 20 It is also possible to use tungsten-rhenium all oys or

m xt ures, en i av,

Compos & | on W 006 LT Tat BeT ERR00tT Sttor oo T el £218% %

pr ef er abl yokr unngﬁtte@/@bpmex%mlxmirgdﬂiemhn praopeidties 6ofit wBgichr efrer abI y
from2 to 4 w n|ob m_.fr to 1 wm_.%_ preferably fromO0.05 to
0/ 02 we . % KBPHBORPGNPS HSSSDIGHS PY (Y 16 CFERT LRt ory et al powder <

havingsa purity of at Ieast 99.95 % can be used in the recycling or

productiopof sputter targets by nmeans of cold gas
Type Density HB Electrical Thermal Thermal
(g/cm®) (MPa) conductivity | expansion conductivity
($ IACS) coefficient | (W/m.K)
(ppm/K)

WCul0 16.8-17.2 >2550 > 27 6.5 170-180

WCul5 16.3 7.0 190-200

WCu20 15.2~-15.6 >2160 > 34 8.3 200-220

WCu25 14.5-15.0 >1940 > 38 9.0 220-250

WCu30 13.8-14.4 >1720 > 42

Also known are molybdenum-copper alloys or molybdenium / -

copper mixtures in the same ratios as indicated above.

10 Also known are molybdenum-silver alloys or molybdenium/
silver mixtures which contain, for example, 10, 40 or 65

wt.% molybdenum.

Also known are tungsten-silver alloys or tungsten /silver
15 mixtures which contain, for example, 10, 40 or 65 wt.%

tungsten.

These can be used, for example, in heat pipes, cooling

bodies or, in general, in temperature management systems.
20

It is also possible to use tungsten-rhenium alloys or

mixtures, or the metal powder is an alloy having the

following composition:



spraying. 10 Suitable materials for the nethods according to the invention
are |istegoios/Akl4gs 1 to 15. Individual materials arepgegipdsidlogshey th the
nunber of the table followed by the nunber of the conbination of
conmponents 15 and the ampbunt of the non-refractory netal as in Table 1.

For exanple, material 22.005 is a material described in Table 22, the
preci se conposition being defined with _non-refractory netal and the
anount thereof as listed in Table 1, p05|t|on no. 5. 20 Suitabl e niobium
alloys are listed in Table 1. Table 1 No. Refractory netal Non-refractory
metal Anount of non- refractory netal wt.% 1.001 Ni ob| um Cobalt 2-5
1.002 N oblf&rﬂan%kélo AE Wi DoPIEbBF Rh%ﬁ‘?rﬁn‘?% 50 2708% - Ri obi um

Pal | adi um Ni Rl at o] er, 1. 007
N obram & oyEhedilany NABKE RS W £ Oprd 008N DREU SORRCH 124

1. 010 Ni obinimbNiuelfmrd® . A3 0dd Niwbi %lm Rhefenabby16rv® 2006/ tb7144

PCTI EP2LILYS {11413 0 6 1 20,

5
These alloys, like pure refractory metal powders having a
purity of at least 99.95 %, can be used in the recycling
or production of sputter targets by means‘of cold gas
spraying.

10

Suitable materials for the methods according to the
invention are listed in Tables 1 to 15. Individual
materials are designated with the number of the table
followed by the number of the combination of components

15 and the amount of the non-refractory metal as in Table 1.
For example, material 22.005 is a material described in
Table 22, the precise composition being defined with the
non-refractory metal and the amount thereof as listed in
Table 1, position no. 5.

20

Suitable niobium alloys are listed in Table 1.

Table 1

No. Refractory metal | Non-refractory metal Amount of non-
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 Niobium Pal |l adium 5-10 1.013 N obium Plati num5-10 1.014 N obium
Copper 5-%8 20de/Q3R4_ N obi um Silver 5-10 1.016 N obi umpEpledriishbaest- 017

Ni obi um Cobalt 10-15 1.018 N obium Ni ckel 10-15 1.019 N obi um Rhodi um
10-15 1.020 N obium Pall adium 10-15 1.021 Ni obium Pl ati num 10-15 1.022
Ni obi um Copper 10-15 1.023 N obium Silver 10-15 1.024 N obium Gold 10-15
1. 025 N obium Cobalt 15-20 1.026 N obi Ni ckel 15-20 1.027 Ni obium
Rhodi um 15-20 1.028 Ni obi um Pal | adi u %? 20 1.029 Ni obi um Pl ati num 15-20
1. 030 N obi um Copper 15-20 1.031 Ni ob| um Silver 15-20 1.032 Ni obium CGol d

15-20 1.033 Niohium Cohalt 20-25 034 NiobiumN ckel 20-25 1_035
Ni obi um Rhodihim 20- 25101836 N obi whEPAHMRum 20- 25 118340 N obi-um
Pl ati num RO-95 1 g3BNAGRIRR o Copped 128 AN 1 039 N obi B0l ver—20-25
1.040 Ni oitihiGod—2bisttitn_oas o CORPSL oty o5 g0 110
1.016 "Niobium Gold 5-10
1.017 Niobium Cobalt 10-15
1.018 Niobium Nickel 10-15
1.019 Niobium Rhodium 10-15
1.020 Niobium Palladium 10-15
1.021 Niobium Platinum 10-15
1.022 Niobium Copper 10-15
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

Table 2: Table 2 consists of 48 alloys, the refractory
metal being tantalum instead of niobium and the non-
refractory metal and the amount thereof in wt.$% being as

5 indicated in Table 1.

Table 3: Table 3 consists of 48 alloys, the refractory
metal being tungsten instead of niobium and the non-
refractory metal and the amount thereof in wt.% being as

10 indicated in Table 1.



1. 042 N obium Ni ckel 25-30 1.043 N obi um Rhodi um 25-30 1.044 N obi um

Pal | adi unyd2u6?117144045 Ni obi um Pl ati num 25-30 1. 046 N @birdipaéaeppRk7 25- 30
1. 047 N obium Silver 25-30 1.048 N obium Gold 25-30 Table 2: Table 2
consists of 48 alloys, the refractory netal being tantal uminstead of

ni obi um and the non- refractory nmetal and the anount thereof in wt.% being
as 5 indicated in Table 1. Table 3: Iag e_3 consists of 48 alloys, the
refractory netal being tungsten instead of niobiumand the non- refractory
nmetal and the anount thereof in w.%being as 10 indicated in Table 1. WO
2006/ 117144 PCT/ EP2006/ 003967 - 21 Table 4: Table 4 consists of 48

all oys, the refractory netal bei ng nol ybdenum i nst ead- of ni obi um and t he

non- refraghgny HEt alyAnd 4 he A 5@64@0511593% Phbetpgrasto?yi ndi cated

in Table 1. Table 5: Table 5 consists of 48 alloys, the refractory nmet al
bei ng trtame&aﬂrn@um@dm@lyhdﬂnumnrnﬁt¢¢ma¢iwn1®bimmcaodythetabnand t he

amount there % hei.ng a 10 indi cat . Tabl.e 6: Table 6
consi sts of %§a§§§ﬁab qI %nﬁnﬁP S FUBYHY f%eﬂ%?grl%eV%gﬁtgﬁfgﬁuﬁFinstead
of ni obd umiand ckheq agnq@@imaqmory netal and the anopunt thereof in w.%
being 15 as indicated in Table 1. Table 7: Table 7 consists of 48 pseudo
al l oys, the

Table 5: Table 5 consists of 48 alloys, the refractory
metal being titanium instead of niobium and the non-
refractory metal and the amount thereof in wt.% being as

10 indicated in Table 1.

Table 6: Table 6 consists of 48 pseudo alloys, the
refractory metal being tantalum instead of niobium and the
non-refractory metal and the amount thereof in wt.% being

15 as indicated in Table 1.

Table 7: Table 7 consists of 48 pseudo alloys, the
refractory metal being tungsten instead of niobium and the
non-refractory metal and the amount thereof in wt.% being

20 as indicated in Table 1.

Table 8: Table 8 consists of 48 pseudo alloys, the
refractory metal being molybdenum instead of niobium and
the non-refractory metal and the amount thereof in wt.%

25 Dbeing as indicated in Table 1.

Table 9: Table 9 consists of 48 pseudo alloys, the
refractory metal being titanium instead of niobium and the
non-refractory metal and the amount thereof in wt.% being

30 as indicated in Table 1.



refractory nmetal being tungsten instead of niobiumand the non-refractory

met al andyphgoseiat thereof in w.% being 20 as indi capeghphéhshaddbe 1.
Tabl e 8: Table 8 consists of 48 pseudo alloys, the refractory netal being

nmol ybdenum i nstead of niobiumand the non-refractory netal and the anount
thereof in w.% 25 being as indicated in Table 1. Table 9: Table 9 consists
of 48 pseudo alloys, the refractory ge%gl _being titaniuminstead of

ni obi um and the non-refractory nmetal affl the anmount thereof in wt. % being
30 as indicated in Table 1. WO 2006/117144 PCT/ EP2006/ 003967 - 22 Table
10: Table 10 consists of 48 powder m xtures, the refractory nmetal being
tant al um i Aebded 10F MadBiam Grpriest nont r &% rReYeey MeKhhrafd £he amount

t hereof in 9 i i ndi i n.Tabl Tabl e. 11 Ta
consi sts ofr\%%éoﬁ%%ﬁg mrﬁaiatlurr}%s% ﬁl{ejaljn%‘e l?gc?%%g/e%%t g? ﬁé?’%éugugégt Jecg?e

i nst ead of npinehiefmaart thenetredin-ared raed cinyounret at handlof hénawbuft behageof in
w.%being as indicated in Table 1. 10 Table 12: Table 12 consists of 48
powder mi x@&r é2di3ateq &it eﬁ?tkgrey hetal being nol ybdenum i nstead of ni obi um
and the non-refractory netal and the anmount thereof in w.% being as
indicated in Table 1. 15 Table 13: Table 13 consists of 48 powder mi xtures,
the refrafeblye ddt:alTadinglt iaar st s nof el PéWde vbRUKEBRESE hEhe

refractory metal being tungsten instead of niobium and the
non-refractory metal and the amount thereof in wt.$% being
as indicated in Table 1.

10
Table 12: Table 12 consists of 48 powder mixtures, the
refractory metal being molybdenum instead of niobium and
the non-refractory metal and the amount thereof in wt.%
being as indicated in Table 1.

15
Table 13: Table 13 consists of 48 powder mixtures, the
refractory metal being titanium instead of niobium and the
non-refractory metal and the amount thereof in wt.% being
as indicated in Table 1.

20
Table 14: Table 14 consists of 48 pseudo alloys, the
refractory metal being niobium and the non-refractory
metal and the amount thereof in wt.% being as indicated in
Table 1.

25
Table 15: Table 15 consists of 48 powder mixtures, the
refractory metal being niobium and non-refractory metal
and the amount thereof in wt.% being as indicated in
Table 1.

30



non-refractory nmetal and the anount thereof in w.%being as indicated in

Tabl e 1. WG 20@P1191414: Tabl e 14 consists of 48 pseudo al lpeYgp2608803967
refractory netal being niobiumand the non-refractory netal and the anount

thereof in w.%being as indicated in Table 1. 25 Table 15: Table 15
consists of 48 powder m xtures, the refractory netal being niobium and
non-refractory netal and the anount t_hgregf in w.%being as indicated in
Table 1. 30 WO 2006/ 117144 PCT/ EP2006/ 0 §967 - 23 Also suitable for use
in the nethods according to the invention are netal powders which consi st
of alloys, _pseudo alloys and powder m xtures of different refractory
netal s wit Blere SaHdaRde B rdiseximptlee BerB9dsopcrerdbagntm B¢ titani um

inaratio; n0 i r S s upgste titanium in
an anount éLPQ’faelglo%&tO%Qc??[tleg%\Aeﬁct.%}o'e r%ﬁ%@%m%%gﬂa?gﬁg%?a%%egflgrg%?s’e in the

met hods acpsredideg ald dye andivsrwden. mixtpreéescopl difhiewener rediriacaldryys of
the 10 refracgtar Lhtals W th qne another are suitable for use in the

met hods ac%&&ﬂﬁé“{% 78S AR Binary alloys, pseudo alloys and powder

M xtures offor RiKAFIY,Y dEIR S ébaﬁogyl_@déﬁﬁhabha totahhammehhadsalio
according to the invention are listed in Tables 16 to 36. | ndividual

mat eri al s &fe PeH0ymdtam iRGr et eAbeileyst @é tungsten and titanium

in an amount of about 90:10 wt.% are known and are
suitable for use in the methods according to the
invention. In principle, however, all alloys of the

10 refractory metals with one another are suitable for use in

the methods according to the invention.

Binary alloys, pseudo alloys and powder mixtures of
refractory metals that are suitable for the methods

15 according to the invention are listed in Tables 16 to 36.
Individual materials are designated with the number of the
table followed by the number of the combination of
components as in Table 16. For example, material 22.005 is
a material described in Table 22, the precise composition

20 being defined by the refractory metals, thch are listed

in Table 16, position no. 5, and the amount as listed in

Table 22.
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




table foll owed by the nunber of the conbination of conponents as in Table
16. For exampézivgterial 22.005 is a material describedrighdi@abPsz2, the
precise conposition 20 being defined by the refractory netals, which are
listed in Table 16, position no. 5, and the anobunt as listed in Table 22.
Conponent 1 Conponent 2 16.001 Nb Ta 16.002 Nb W 16.003 Nb Mo 16.004 Nb
Ti 16.005 Ta Nb 16.006 Ta WWD 2006L1%Zl§4 PCT/ EP2006/ 003967 24 16.007
Ta Mo 16.008 Ta Ti 16.009 WTa 16.010 WNb 16.011 WM 16.012 WTi

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 Mb Table 17. Table 17 consists of 20 al oys,

pseudo al If dys 007 Ta [ Mo
16.008 Ta Ti
16.009 ) W Ta
16.010 W Nb
16.011 W Mo
16.012 W 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, component 1

being present in an amount of 2-5 wt.%, component 2 being
5 present in an amount ad 100 wt.$ and the individual

partners in the mixture being as listed in Table 16.

Table 18: Table 18 consists of 20 alloys, pseudo alloys
and powder mixtures according to Table 16, component 1

10 being present in an amount of 5-10 wt.%, component 2 being
present in an amount ad 100 wt.% and the individual

partners in the mixture being listed in Table 16.

Table 19: Table 19 consists of 20 alloys, pseudo alloys
15 and powder mixtures according to Table 16, component 1

being present in an amount of 10-15 wt.$%, component 2



and powder m xtures according to Table 16, conponent 1 being present in an
anount ofywa- O conponent 2 being 5 present in an wt . %
and the pﬁ f@? dgyﬂpartners in the m xture being as Iis?ggﬂ?%mﬁg%%2916.
Tabl e 18: Table 18 consists of 20 alloys, pseudo alloys and powder

m xtures according to Table 16, conponent 1 10 being present in an anount
of 5-10 wt.% conponent 2 being presgn% in an ampbunt ad 100 wt. % and the
i ndi vidual partners in the m xture bei 8 listed in Table 16. Table 19:
Tabl e 19 consists of 20 alloys, pseudo alloys 15 and powder m xtures
according to Table 16, conponent 1 being present in an anmpunt of 10-15

W . % conp&femg PIRGSIT06/L 1B NPTy EF‘?OI)&B ooB9s7and phe ppdagigiigdent in
an anount 3% i.ndi Wi a i i Xt-ure bei ng as
sted in Paprers AN Ee QR aR el APEES 18 bR B H6LE e

all oys 5 and powder m xtures according to Table 16, conponent 1 being

present in_an.amunt of 15-20 wt.% conponent bei ng present _in an anount
Bd 100 wt FPRIE PhE (ARAR dﬁ%cmb%ﬁ‘fn%gg iﬁgt%ﬁl?ﬁ/it ugégﬂgf’nsaégb’ﬁ sted in
Table 165. L@dTahwRiedl mikdhl@Llasonsists ©f 2Poabl P85, cBmpHARnel hoys and
powder m xtures according to Table 16, conponent 1 being present in an
amount of Peipg wmregendonpjbrghtangoumnei ¢if pbeldenvti b, agompooantad 100 wt. %
and the individual . S, ' bej ng | psted i,n Table 16. 15
Tal o 22 Peord Brechily L%l G 100 ke g, LR CRalTnidEe

m Xt ures apeaetdiens tim Eakl enibk&urorponemtad 1betsg pheseblei mean anount of
25-30 wt. % conponent 2

10 Table 21: Table 21 consists of 20 alloys, pseudo alloys
and powder mixtures according to Table 16, component 1
being present in an amount of 20-25 wt.%, component 2
being present in an amount ad 100 wt.$%$ and the individual
partners in the mixture being as listed in Table 16.

15
Table 22: Table 22 consists of 20 alloys, pseudo alloys
and powder mixtures according to Table 16, component 1
being present in an amount of 25-30 wt.%, component 2
being present in an amount ad 100 wt.$% and the individual

20 partners in the mixture being as listed in Table 16.

Table 23: Table 23 consists of 20 alloys, pseudo alloys
and powder mixtures according to Table 16, component 1
being present in an amount of 30-35 wt.%, component 2

25 Dbeing present in an amount ad 100 wt.$% and the individual

partners in the mixture being as listed in Table 16.

Table 24: Table 24 consists of 20 alloys, pseudo alloys
and powder mixtures according to Table 16, component 1

30 being present in an amount of 35-40 wt.%, component 2



bei ng present in an anmount ad 100 wt. % and the individual 20 partners in

the m Xt ugg benhs@s |isted in Table 16. Table 23: Tabbergp6808i08+ s of 20
al I oys, pseudo alloys and powder m xtures according to. Table 16, conponent

1 being present in an anount of 30-35 wt.% conponent 2 25 bei ng present
in an anount ad 100 wt.% and the individual partners in the m xture being
as listed in Table 16. Table 24: Table %?__consi sts of 20 alloys, pseudo
al l oys and powder m xtures according tg abl e 16, component 1 30 being
present in an anmount of 35-40 wt.9% conponent 2 WD 2006/ 117144

PCT/ EP211116/ 11113967 26 being present in an amount ad 100 wt. % and the

i ndi vi dual PdYa Reres s tHe a9 xaeenberdglll Pisfednin thgpliedigidupdpl e 25:

Tabl e 25 C?ﬁﬁéﬁ{ fs I | Loys. d.po [ Mt ur es
according to aﬁsfesollé,?occ}gérrplgyn}g%tlpiey%g?ﬁgggrZ%gﬁtg'ai rjipla\r%qg)r%gunli%t’of 40- 45
wt.% conponent 2 being present in an anmount ad 100 wt. % and the

i ndi vi dual rt s in the mxture bein listed in Tabl e . 10 Table
26: Table E@%gﬁn%q‘{‘t sr[‘angezozg}‘F%?/%%sbg_eﬁ ogél Fh)i?y_sanﬁ’sﬁb‘\ﬂd’era i%%Sur es
accordi 89 o dlPIwRickd m G N cdor88h§9t BT €88NE hB, 2R caFRIMAINntOf1 45- 50
wt.% conponent 2 being present in an anmount ad 100 wt. % and t he

i ndi vi dual begaxa mersssent tire an xampenbepfigldls4bhi wted i gom@onents2 15 Tabl e
27 rable BESHUALA 20 Al e poeydonal Lovs A0 PR shites
W . % conperaninets hiai nthermesenire nbaingmasnl i aded0@nwra¥land g.he
i ndi vidual 20 partners in the mxture being as listed in Table 16.
10 Table 26: Table 26 consists of 20 alloys, pseudo alloys
and powder mixtures according to Table 16, component 1
being present in an amount of 45-50 wt.%, component 2
being present in an amount ad 100 wt.$% and the individual
partners in the mixture being as listed in Table 16.
15
Table 27: Table 27 consists of 20 alloys, pseudo alloys
and powder mixtures according to Table 16, component 1
being present in an amount of 50-55 wt.%, component 2

being present in an amount ad 100 wt.% and the individual

20 partners in the mixture being as listed in Table 16.

Table 28: Table 28 consists of 20 alloys, pseudo alloys
and powder mixtures according to Table 16, component 1
being present in an amount of 55-60 wt.$%, component 2

25 being present in an amount ad 100 wt.% and the individual

partners in the mixture being as listed in Table 16.

Table 29: Table 29 consists of 20 alloys, pseudo alloys
and powder mixtures according to Table 16, component 1

30 being present in an amount of 60-65 wt.%, component 2



Tabl e 28: Table 28 consists of 20 alloys, pseudo alloys and powder

m Xt ur es \geoRstiMast 0 Tabl e 16, conponent 1 Dbeing presepi/EpRocdfdodgpunt of
55-60 wt.% conponent 2 25 being present in an amount ad 100 wt. % and t he

i ndividual partners in the mxture being as listed in Table 16. Table 29:
Tabl e 29 consists of 20 alloys, pseudo alloys and powder m xtures
according to Table 16, conponent 1 30_b§kng present in an anmount of 60-65
wt. % conponent 2 WO 2006/ 117144 PCT/EP211116/ 11113967 - 27 being present
in an anount ad 100 wt.% and the individual partners in the m xture being
as listed in Table 16. Table 30: Table 30 consists of 20 alloys, pseudo

al l oys 5 aR€ipeware seintt mfewac%mtmmga@ ol G b¥e- £?L6&1“@015&@@néﬁtﬂl}fldlc}élllng

present in gg%ggggnt of}g§ W%e@ 9@ qgg %hgtege HgTQ%féeT% i n an anount

ad 100 w . the hdi par e nlx ure berng as listed in
Table 16. 10 Tabl e 31: Table 31 con5|sts of 20 alloys, pseudo alloys and
powder m xtures accordlng to Tabl e, 16, g$onent 1 being present in an

amount of 7628 W0 0 Tabdrpoite rﬁoﬁ?lqﬁﬁrﬁf QszhtovHr aRSEHEane148YS00 wt . %

and thes i ng'n\e' %%erp%th%g ndDS-dind WS PebTg 85, leéﬁgganthbl e 16. 15
Tabl e 32: Tabl & 32 consists of 20 alloys, pseudo alloys and powder

m xt ures abedndi pgesentabilre ar6, arconponeht 63-7®evhg? presspongntad anount of.
(i vi dual P50 HaPRRGREG 7t HE° ASAUNe Bhi HD oLt T Forad PHOTABrE 1At Lrab) o
33: Tabl e 33reoRIisstisi @he?Gnhiald)s by dos al | oy¥sd @ﬂdTQEméenem xtures
according to Table 16, conponent 1
10 Table 31: Table 31 consists of 20 alloys, pseudo alloys
and powder mixtures according to Table 16, component 1
being present in an amount of 70-75 wt.%, component 2
being present in an amount ad 100 wt.% and the individual
partners in the mixture being as listed in Table 16.
15 |
Table 32: Table 32 consists of 20 alloys, pseudo alloys
and powder mixtures according to Table 16, component 1
being present in an amount of 75-80 wt.%, component 2
being present in an amount ad 100 wt.% and the individual

20 partners in the mixture being as listed in Table 16.

Table 33: Table 33 consists of 20 alloys, pseudo alloys
and powder mixtures according to Table 16, component 1
being present in an amount of 80-85 wt.%, component 2

25 being present in an amount ad 100 wt.®% and the individual

partners in the mixture being as listed in Table 16.

Table 34: Table 34 consists of 20 alloys, pseudo alloys
and powder mixtures according to Table 16, component 1

30 Dbeing present in an amount of 85-90 wt.%, component 2



bei ng present in an anmount of 80-85 wt.% conponent 2 25 being present in
an anmountywadodPQ74 . % and the individual partners in teripssddlossogel Ng as
listed in Table 16. Table 34: Table 34 consists of 20 alloys, pseudo
al l oys and powder m xtures according to Table 16, conmponent 1 30 being
present in an anmount of 85-90 w.9% conponent 2 WD 2006/ 117144
PCT/ EP211116/ 11113967 28 being presen% in an anmpunt ad 100 wt. % and the
indi vidual partners in the mixture bei 8 as listed in Table 16. Table 35:
Tabl e 35 consists of 20 alloys, pseudo alloys 5 and powder m xtures
accordlng to Table 16, conponent 1 being present in an anpunt of 90-95

% conpbR&RD Prefseniy 1@( easrerﬁmwmana%nb‘g%twiadg 180dwihe, ARdivadual

|nd|V|duaI r S d:in e, 6. 10 Table
36: Tabl e géegéﬁgﬁgﬁglo ) g} d%%ﬁ“%@%ﬂ%%éa *%?%8 E%dT%gmé l%mxtures
accordlng to Table 16, conponent 1 being present |n an anount of 95-99-

. % conponent 2 beln present in an apount ad %.and_t he

|nd|V|duaI TaRdft fer's Tak ithe hiSqng s hei vy 2% ?}%?%ﬁ' HS?HﬂPeaiéOYfS

Exanpl e Bh%p%@etdeqn nﬁfx@n_teaé“a?éé@%cpﬂ’(?eio Apdient al gm bydpbAgnpowder was
mxed wth 0.3 w.% 20 nmagnesi um and aced in a vacuun1oven The oven was

evacuat ed aﬁdnglMna$amutlQu%ﬁnﬁmdUmtpﬂés%@w%5wms saoomponena &t r eam of

argon was i.nt ai ned. The oven era fgaised to 65 eps of
S0L ang aPEaRe BEs A (A STE Chaki Dot baril HhfeandqyddyaL
mai nt ai nedphetnkow ikOWhs mﬁh&xm/@rbém@e&@tm@tmsmheable 16.

10 Table 36: Table 36 consists of 20 alloys, pseudo alloys
and powder mixtures according to Table 16, component 1
being present in an amount of 95-99 wt.%, component 2
being present in an amount ad 100 wt.% and the individual
partners in the mixture being as listed in Table 16.

15
Examples

Preparation of a tantalum powder
A tantalum hydride powder was mixed with 0.3 wt.%

20 magnesium and placed in a vacuum oven. The oven was
evacuated and filled with argon. The pressure was
860 Torr, a stream of argon was maintained. The oven
temperature was raised to 650°C in steps of 50°C and, after
a constant temperature had been established, was

25 maintained for four hours. The oven temperature was then
raised to 1000°C in steps of 50°C and, after a constant
temperature had been established, was maintained for six
hours. At the end of this time, the oven was switched off
and cooled to room temperature under argon. Magnesium and

30 the resulting compounds were removed in the conventional

manner by acid washing. The resulting tantalum powder had



raised to 1000C in steps of 50C and, after a constant tenperature had been

est abl i shgd.2o0S714gl ntai ned for six hours. At the end ebrigpbsisiobse; the
oven was switched off and cooled to roomtenperature under argon.

Magnesi um and 30 the resulting conpounds were renoved in the conventi onal
manner by acid washing. The resulting tantal um powder had WO 2006/ 117144
PCT/ EP2006/ 003967 - 29 a particle sizg,of -100 nesh (< 150 pm, an oxygen
content of 77 ppmand a specific BET surface area of 255 cnf/g.
Preparation of a titaniumpowder 5 The procedure was as for the preparation
of the tantalum powder. A titanium powder having an oxygen content of 93
ppm was obwaipaed.iRreeparze ioh of0G mesh al ¥ oyed wii anBonbikageal gongender 10
A m xture o% H%ntalun1h dri de powder dti aniun1h¥drid 5pom@ rin a

mol ar rati 8ol LPPTnh A Rest B b WKEACSWAFR2008 AP agfiesi um t he
procedure as in the preparation of the tantal um powder was then foll owed.
A titaniun tantal um powder having an oxygen content of 15 89 ppm was
obt ai ned. Preparetiion ¢ff codtitapl TaRAVd®T and ni obi um coati ngs were

ﬁ{ggyﬁggboéggr%&E%%%H&EE%%Ng2¥§$§?#S@%%wggﬁégggfigé;g&%?gﬁoggg%%gﬁhgsciaIIy

avai | abl e peveldral $ fricrarduh Shvdek KEbthg nafoskgagenThenteatmerfci al |y
avai l abl e ngzzle of the MOQC 29 type from CGI GrbH in Anpfing was used. WO
2006/ 117144 3PEPFEPPGOSITIIEA - -~ 30

Preparation of a pre-alloyed titanium/tantalum powder

10 A mixture of tantalum hydride powder and titanium hydride
powder in a molar ratio of 1:1 was prepared and was mixed
with 0.3 wt.% magnesium; the procedure as in the
preparation of the tantalum powder was then followed. A
titanium/tantalum powder having an oxygen content of

15 89 ppm was obtained.
Production of coatings

Tantalum and niobium coatings were produced. The tantalum
20 powder used was AMPERIT® 150.090 and the niobium powder

used was AMPERIT® 160.090, both of which are commercially

available materials from H.C. Starck GmbH in Goslar. The

commercially available nozzle of the MOC 29 type from CGT
GmbH in Ampfing was used.



Mat eri al

Tant al um Tant al um Ni obi um Ni obi um Nozzle MOC 29 MOC 29 MOC 29 MOC

29 Det engbnasdQms@f the feed rate at 0.52 NnBlh: 3.0 rp@EfehetRmodosd/ M n)

35.5/71.0 35.5/71.0 14.7129.4 14.7129.4 4.0 rpm (g/ 30s |

g/ m n)

19.8/3

19.8139.6 Myvenent data: Spray speed / speed of the nozzle over the 20 /

333 20/ 333 201333 201333

1.5 1.5 Sprayl ng i nterval
Ni trogen Helium Pressure bar) 30 28 30
1901 He 181 Proportion of feed gas (%9 8 3 (N2) 8 3 (N2)

(nm

30 30_3

3

30 Process gas:

Po

wder feed

Powder feed rate (g/mn) 71 71 39.6 39.6 Nunber of passes 3 3 3 3
Substrates 1FTa IFS | FV 1FTa 1FV 2FS 2FS 2FV 1RS 2FS 2FV 1RV 1FS 1RV 1RS

substrate (mMmn) (mis) Line feed (M) 1.5 1.5
Ni trogen Helium
8 Flow (Nm/h) 65 190 / He 181 60

1RV | RS 1RWalelp —Street—thi ckess beiididn (M Tkl 2] I2Nisoisdn. 2} S2NiobiE et
thi ckness[after (mm) 3.38 3.44 3. 35 3.36 [Coating thickness, gpprox. (gm
520. 00 52(QNeg&ie436. 00 524. 00 Por 0SIMGE 29 DensMOE 29 9¢4 OMOG 28 2. P%oMPT28%
Substrates$:; The subs } ‘i pl aced i n|succession on the specinen
hol der and?@'ﬁﬁ&%ﬁ"ﬂﬁ 7 fept e ‘ﬁdl cated testf 5 conditions. The| substrate
descri pti 0B olpsm GRS ghin@s - T ol | dwsgs sTheonunags / pio t he ihepdomni Ng14d.Ndbqaties
t he nunbel 40fpm (g/30s / g/min) 19.8/39.6 19.8/39.6

Movement data:

Spray speed /

speed of the nozzle over the 20/ 333 20/ 333 20/333 20/333

substrate (m/min) (mm/s)

Line feed (mm) 1.5 1.5 1.5 1.5

Spraying interval (mm) 30 30 30 30

Process gas: Nitrogen Helium Nitrogen Helium

Pressuregbaﬁ 30 28 30 28

Flow (Nm°/h) 65 190/ He 181 60 190 / He 181

Proportion of feed gas (%) 8 3 (N2) 8 3 (N2)

Powder feed

Powder feed rate (g/min) 71 71 -39.6 39.6 -

Number of passes 3 3 3 3

Substrates 1FTa1FS1FV | 1FTa1FV2FS | 2FS 2FV1RS 2FS 2FV 1RV

1FS 1RV 1RS 1RV 1RS 1RV 1RS

Sheet thickness before (mm) 2.86 2.92 29 2.84

Sheet thickness after (mm) 3.38 3.44 3.35 3.36

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

Substrates: The substrates were placed in succession on

10

15

the specimen holder and coated under the indicated test

conditions.

follows:

The substrate description is made up as

The number at the beginning indicates the number of

identical substrates located next to one another.

following letter indicates whether a flat specimen

(R, tube)

a round specimen

indicate the material,

structural steel,

{(chromium-nickel steel).

Ta meaning tantalum,

and V meaning a stainless steel

The

(F) or

was used. The following letters

S meaning a



i dentical substrates |ocated next to one another. The 10 followng letter

i ndi cat esywghgidarga fl at specinmen (F) or a round speci pei/dpRoslobdde) was
used. The following letters indicate the nmaterial, Ta neaning tantalum S

meaning a structural steel, and V neaning a stainless steel

(chrom um ni ckel steel). 15 WO 2006/117144 PCT/ EP2006/ 003967 - 31 \Very
strong and dense coatings were obtainedgiwhich exhibit |ow porosity and
excel l ent adhesion to the substrates in question. The flow rate densities
were between 11 and 21 g/sec*cnR. 5 Figures 1 to 10 show |light m croscope

pi ctures of cross- sections, of the resulting tantal um coatjngs. No
i ncl usi onsVea¥ S&FPER PG SRt rFof et Rt e ’é%l%‘?tﬁénﬁgw?’ lg\/ﬁt h

corr espondiRg ; bayen S R PYaVRCER Pl &9FBa SRE3YbATt018ndhe porosity
determ nation was carried out "automatically by the image anal ysis program

| rageAccessubEitgate sl inUmmtesiedrer dBse sbbew oraoé denahtafanvesst i ng,
process gas helium.15 Fi e 2;_ Unget ched cross-section of a tantalum

coat i ng, %?888551 &;ls S iléle /osveecr ViTew picture with I ow nagnification
Figure 53: Cross-section of a tantalum coating, etched with hydrofluoric
acid, process gas helium _ overview picture 20 with | ow magnification Figure
4: Cross-sEaBPERSofl & Mt AN odhthdhiefetedP i PRCL R8P oPFUEFPESACI d,

process ga%e@%&%ﬂ@ of the resulting tantalum coatings. No inclusions
of copper or tungsten arevdetectable, as occurs with
correspoﬁding layers produced by vacuum plasma spraying.
10 The porosity determination was carried out automatically

by the image analysis program ImageAccess.

Figure 1l: Unetched cross-section of a tantalum coating,
process gas helium

15 Figure 2: Unetched cross-section of a tantalum coating,
process gas helium, overview picture with low
magnification -
Figure 3: Cross-section of a tantalum coating, etched with
hydrofluoric acid, process gas helium, overview picture

20 with low magnification
Figure 4: Cross-section of a tantalum coating, etched with
hydrofluoric acid, process gas helium
Figure 5: Image section used for porosity determination,
cross—-section of a tantalum coating, process gas helium

25 Figure 6: Cross-section of a tantalum coating, etched with
hydrofluoric acid, interface with the substrate, process
gas helium
Figure 7: Unetched cross-section of a tantalum coating,
process gas nitrogen, overview picture with low

30 magnification



Figure 5: Image section used for porosity determ nation, cross-section of
a tant al ufpeesliiRe Process gas helium 25 Figure 6: Cregs/Ep86ciofe?f a
tantal um coating, etched with hydrofluoric acid, interface with the
substrate, process gas helium Figure 7: Unetched cross-section of a

tantal um coating, process gas nitrogen, overview picture with | ow 30

magni fi cati on WD 2006/ 117144 PCT/ EP21;1%?/ 11113967 - 32 Figure 8:

Unet ched cross-section of a tantalum coating, process gas nitrogen Figure
9: Image section used for porosity determ nation, cross-section of a
tantal um coating, process gas nitrogen 5 Figure 10: Unetched cross-section
of a tant aIF&ﬁnu&@atBi’né{netﬁrtﬁfgs%r%%%_Wﬁbﬁ%n,fh?gﬁaﬁﬁ@ﬁ}l?‘i Eeeitdnds 33 -

Pat ent O aigy®,cbs MH0G i¢fr A ying coatings to surfaces, wherein a gas
flow forns a gas-powder m xture with a powder of 5 a material selected
fromthe gFdgmreordsi simage cfeatiioli unsed afvnl payosuhysdenermsnpbdemum
titanium zirconi ucl?.or n‘itxtures tof at le%ét two_thereof or their alloys
with at | e&CSEWS Kb Tord WiTH R COREAY s, PEREPowdar RASTR9FA ticle
size of5fraomglire 110 :1YnkrGHEd Whed £ Hs @c SLPET SONA Ct SAE.UuNS coapamhiged to the
gas flow and the jet of supersonic speed is directed onto the surface of
an obj ect , PHIPSESiSn dafe et IChovitfedh BRIk BXFH2Acont ent of | ess than
1000 ppm oxygen.



15 2. Method as clained in claim1l, wherein the powder is added to the gas
in an anount such that a flowrate density of the particles of fromfrom
0.01 to 200 g/s cn2, preferably 0.01 to 100 g/s cn¥Z, very preferably 20
0.01 g/s cn2 to 20 g/s cnR, or nost preferred from 0.05 g/s cn2 to 17 g/s
cn2. is ensured. 3. Method as clained-izzclaim1, wherein the spraying
conprises the steps of: 25 - providing a spraying orifice adjacent a
surface to be coated by spraying; - providing to the spraying orifice a

powder of & Eﬁﬂtéf%§£§e mat eri al chosen fromthe group consisting of
ni obi um taﬁia um tungsten, 30 nolybdenum titanium zirconium mXxtures

of at least two thereof or alloys thereof with one another or other
netal s, the powder. having a - 34 particle size of 0.5 to 150 pm said
powder beihg UfRIEIOPressPRIYPRIVTR RSN FRePErfRSeandeReppEBsare to the

spraying orific o j i h j.ngeorifice
and provi di ng %%r%§§%?gé%ﬁ% %aﬁ%?é%ﬁggépﬁg#%g?gg g%%ﬁggsagﬁg%ktﬁg
surface to be coat®terbal soTatted fhemsphayghguprcdnsesting o€gi on of | ow
anbi ent pressure which is less than 1 atnosphere 10 and which is

substantial |y I%sePt¥an ERRCITER; cCPReSSeRe BRLYPECRPFayFhE2BIF i ce to
provide substapiial, pGaeleralkOirol LPeSP{8YsPf 58! fhereof or

their alloys with at least two thereof or with other

metals, the powder has a particle size of from 0.5 to

10 150 pum, wherein a supersonic speed is imparted to the
gas flow and the jet of supersonic speed is directed
onto the surface of an object, wherein the metal
powder has an oxygen content of less than 1000 ppm
oxygen.

15

2. Method 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 from 0.01 to 200 g/s
cm?, preferably 0.01 to 100 g/s cm®, very preferably

20 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. Method as claimed in claim 1, wherein the spraying
comprises the steps of:
25 - 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
consisting of niobium, tantalum, tungsten,

30 molybdenum, titanium, zirconium, mixtures of at
least two thereof or alloys thereof with one

another or other metals, the powder having a_



particul ate material and gas onto said surface to be coated. 15 4. Mt hod
as clainmed in claiml, wherein the spraying is perfornmed with a cold spray
gun and the target to be coated and the cold spray gun are | ocated within
a vacuum chanber at pressures bel ow 80 kPa, preferably 20 between 0.1 and
50 kPa, and nost preferred between 2 -add 10 kPa. 5. Method as claimed in
one or nore of the preceding clains, wherein the speed of the powder in
the gas- 25 powder mixture is from300 to 2000 mi's, preferably from 300 to
1200 m's. 6. Met hodpastékaiened zien o@n® .6r tB0NE 00fint, he aprdegedidey bediaigns,
wherein the powder particles striking the 30 surface of the object forma
coating. - 35 7. MBPR6Y R¥SEEHFed in one or nore of clains 1 to 6,

wherein the applied coating has a particle size of from?5 t 50 m
preferably from 10 pgoge,d&?ng POt I gat?Zuf’E rolprfers()srlrl\rfoF%too mor from

10 to 25 mor 5 frO%Qaﬁ/@n@5oﬁl‘lifgcewltbh@@t&%lﬁs&i @ tiat iNer¥sdiiHe of the
precedi ng cl ains, erein the netal powder has gaseous inpurities of from

200 to 2500 ppm basédtdr EREayIOIweIrght ceg anNePRey 188 nd & mRdam Xne or
oo e B SEedl 0oL B R LS. MR IR D e
ppm surface to be coated; and
- locating the spraying orifice in a region of low
ambient pressure which is less than 1 atmosphere
10 and which is substantially less than the static
pressure at the spraying orifice to provide
substantial acceleration of the spray of said
particulate material and gas onto said surface to
be coated.
15
4. Method as claimed in claim 1, wherein the spraying is_
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
20 between 0.1 and 50 kPa, and most preferred between 2

and 10 kPa.

5. Method as claimed in one or more of the preceding
claims, wherein the speed of the powder in the gas-
25 powder mixture is from 300 to 2000 m/s, preferably
from 300 to 1200 m/s.

6. Method as claimed in one or more of the preceding
claims, wherein the powder particles striking the

30 surface of the object form a coating.



10. Method as clained in one or nore of the preceding clains, wherein the
applied coating has an oxygen content of |ess than 1000 ppm oxygen, or

| ess than 20 500, or less than 300, in particular less than 100 ppm 11.
Met hod as clained in one or nore of the preceding clains, wherein the
applied coating has a content of 25 gasbous inpurities which differs by
not nore than 50% fromthe content of the starting powder. 12. Method as
claimed in one or nore of the preceding clains, wherein the applied

coating hag a coatesl 8t -30i8a8€9HSchBPYEI hbes Wi ehadidsf @r by, not nore
than 20% or not nore than 10% or not nore than 5% or - 36 not npre than

1% fromthe coviteneinfthpeappaiedngoapodndehasis. prEthcdecasickacied in one

of nore of the Ereceding 5 clainms, wherein the a 8Iied coating has an
oxygen contentIHARch BPftePsHBy HBFfﬁB?EIYhQHOQ%E i BO B&r CEcEERM BY not

nore than 1% fro he oxygen content_of the_starti 0 r. 10_14.
Met hod as clainéan%% Bﬂeo%rﬁﬁBWeggfg?hagpP@cgﬁi 5°mc?§iﬁ€&9§h&PePﬁ t he
oxygen L£ont ent ?ioahg ggphge m coating is not nore than 100 ppm 15. Method
as clainmed in clarm9, whéreln'the applied 15 netal coating consists of
tantalumor niobium 16. Method as clained in one or nore of the preceding
clainms, wherein the thickness of the coating is from 10 mto 10 nmor from
50 mto 5 Am 2¥ethod as claimed in one or more of the preceding

claims, wherein the metal powder has gaseous

impurities of from 200 to 2500 ppm, based on the

10 weight.

9. Method 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

15 particular less than 100 ppm.

10. Method as claimed in one or more of the preceding
claims, wherein the applied coating has an oxygen
content of less than 1000 ppm oxygen, or less than

20 500, or less than 300, in particular less than

100 ppm.

11. Method as claimed in one or more of the preceding
claims, wherein the applied coating has a content of
25 gaseous impurities which differs by not more than 50%

from the content of the starting powder.

12. Method as claimed in one or more of the preceding
claims, wherein the applied coating has a content of
30 gaseous impurities which differs by not more than

20%, or not more than 10%, or not more than 5%, or



17. A method as clained in one or nore of the preceding clains, wherein

| ayers are applied by cold spraying to the surface of an object to be
coated, preferably layers of tantalumor niobium 25 18. A nethod as
claimed in claim17, wherein the |layers produced possess an oxygen content
bel ow 1000 ppm 19. Use of a powder of aématerial selected fromthe group
30 consisting of niobium tantalum tungsten, nolybdenum titanium
zirconiumor mxtures of at |east two thereof or alloys thereof with at

| east two - 37 pLbergol @haW 4l OTfQ%Fn 'Eﬁtaalc%nt%'tcgfp%%erst@% particle

size of 150 mor below, in a met as clained in one or rmreo t he
precedi ng cl ai npo¥d@8,. wherein the nmet al powder has an oxygen content of 5
| ess than 1000 ppm oxygen. 20. Use as clained in claim19, wherein the
metal powder is an alloy having the follow ng conposition: from94 to 99

w . % prEfQQab|MeEhgﬂ‘%§ EQaaﬁéth%?o%g 6@'%@@%”%@ ﬂHﬁJ?fEdéaﬂ% . %

preferably from2 to % niobium fromO0.05 % preferably from
0.05 t 5 0.02 wt c%lmsncwhemmlntheug@pésedl ezloaedngnh@salam DXygstrer ei n the

metal powder 15 is an all.o pseudo IIo m xture of a
refractory netaf® §§FEEt¥ + %oﬁﬂ%%@rér% EFM%§ i di um tantal um
tungsten, nolybdapuRulliabamilumotand el Ft@ﬁﬂ' 11'%‘ WirkRnA LRt dxyeRiect ed from

the group cobalt, nickel, fhodium palladlun1 pl ati num copper, 20 silver
and gol d. content of the starting powder.

10 14. Method as claimed in one or more of the preceding
claims, wherein the oxygen content of the applied

coating is not more than 100 ppm.

15. Method as claimed in claim 9, wherein the applied

15 metal coating consists of tantalum or niobium.

16. Method as claimed in one or more of the preceding

claims, wherein the thickness of the coating is from

10 um to 10 mm or from 50 pm to 5 mm.
20
17. A method as claimed in one or more of the preceding
claims, wherein layers are applied by cold spraying
to the surface of an object to be coated, preferably
layers of tantalum or niobium.
25
18. A method as claimed in claim 17, wherein the layers

produced possess an oxygen content below 1000 ppm.

19. Use of a powder of a material selected from the group
30 consisting of niobium, tantalum, tungsten,
molybdenum, titanium, zirconium or mixtures of at

least two thereof or alloys thereof with at least two



22. Use as clainmed in claim19, wherein the netal powder consists of a
tungsten-rheniumalloy. 25 23. Use as clainmed in claim19, wherein the
nmet al powder consists of a mxture of a titaniumpowder with a tungsten
powder or a nol ybdenum powder. 24. Refractory metal coating on a shaped
obj ect, 30 obtainable by a nethod as elaivned in one or nore of the
preceding clains 1 to 18, wherein the netal - 38 coating possesses an
oxygen content of bel ow 1000 PPM 25. A coated object conprising at |east

one | ayer of thenoBebef backory BBhBLSBEOREUMnLRA! Bbyls! HAGSLEN.

mol ybdenum titanium zirconium mxtures of two or- nore thereof or alloys

of two or nore pheteefeorizal beyssoi hh et-hpelswt aks whinelhhbd @bt ai ned by
using a process of one ore nore of the preceeding clains 1 to 10 18,

wherein the netalagoadi hy 9@@3@§s@§r9n05x§§@npr@§ﬁﬂéﬁ9 6 aBarow-1600 ppm
26. A coated Ob%%% =83 ghglﬁggahn g]%é d Vge%h%Pn%%%Eeg object IS
or eri an

made of netal of "¢éram ¢ 1 astic material or

conpri ses conpoagst shkrompab bpasbxgg@nof these naterlals. 27. A coated
object as clained in claim25 or 26, wherein the coated object is a

conponent used in chem cal 20 plants or in laboratories or in nedical

devices of 35, LOP! 20 812RRehet ALY o8n 785t BB 200 b st g yeRAsl.

stirrer, ange, blrs sting dISk
hol der, a heat @éCbﬁngElOQShabhngaﬂﬂéofolmb@ingacbmpbﬁgt1®nMaEY©m 34val ve
bodie and a to 99 wt.%, preferably from 95 to 97 wt.%,
10 molybdenum, from 1 to 6 wt.%, preferably from 2 to 4
wt.%, niobium, from 0.05 to 1 wt.%, preferably from

0.05 to 0.02 wt.%, zirconium.

21. Use as claimed in claim 19, wherein the metal powder
15 is an alloy, pseudo alloy or powder mixture of a
refractory metal selected from the group consisting
of niobium, tantalum, tungsten, molybdenum, titanium
and zirconium with a metal selected from the group
cobalt, nickel, rhodium, palladium, platinum, copper,

20 silver and gold.

22. Use as claimed in claim 19, wherein the metal powder

consists of a tungsten-rhenium alloy.

25 23. Use as claimed in claim 19, wherein the metal powder
consists of a mixture of a titanium powder with a

tungsten powder or a molybdenum powder.

24. Refractory metal coating on a shaped object,
30 obtainable by a method as claimed in one or more of

the preceding claims 1 to 18, wherein the metal



25 punp part. 28. Use of a refractory netal coating on a shaped object,
obt ai nabl e by a nethod as clained in one or nore of the preceding clains 1
to 18 as a corrosion 30 protection coating, wherein the netal coating
possesses an oxygen content of bel ow 1000 ppm

- 38 -

coating possesses an oxygen content of below 1000

rpm.

25. A coated object comprising at least one layer of the
5 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 obtained by using a
process of one ore more of the preceeding claims 1 to
10 18, wherein the metal coating possesses an oxygen

content of below 1000 ppm.

26. A coated object as claimed in claim 25, wherein the
coated object is made of metal and/or of ceramic
15 material and/or of plastic material or comprises

components from at least one of these materials.

27. A coated object as claimed in claim 25 or 26, wherein
the coated object is a component used in chemical
20 plants or in laboratories or in medical devices or as
implants, preferably a reaction and/or mixing vessel,
a stirrer, a blind flange, a thermowell, a birsting
disk, a birsting disk holder, a heat exchanger (shell
and/or tube), a piping, a valve, a valve bodie and a

25 pump part.

28. Use of a refractory metal coating on a shaped object,
obtainable by a method as claimed in one or more of
the preceding claims 1 to 18 as a corrosion

30 protection coating, wherein the metal coating

possesses an oxygen content of below 1000 ppm.
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