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Met hod for coating a substrate surface and coated

product The present invention relates to a nethod of
wop/Mig coati ngs which contain only snall aRrOuMP2006/003967

gaseous inpurities, in particular oxygen. The

application of refractory netal coatings to surfaces

exhi bits nunerous problens. In conventional processes,

the netal is conpletely or partially nelted in nost

MAIRY R dfsild Dfswbsehatbesaetaks raadcb¥ted @irsRiuct
or absorb other gaseous inpurities. For this reason,

conventi onal processes such as deposition-wel ding and

| a Vil st b | ed out p N
T b Rl e n, e P L4 0Fo DY b BEFL, Ben by
cappamaisusvHischigintdire enke sethaibeamouposedfsgaseous
-limted, and the content of gaseous inpurities is
1YL fSat iidF RATrACUhRe PF¥PBlinced i ntroduction of

heat transmitted into the object to be coated leads to

a very high potential for distortion and neans t hat
Thiee s dricedsisus chrsirdet enyl vyeali aoahéngaseoosurfaces

ecg‘rr%lti(%?s conpanent Sp vgliechs often al so contain

&onsti Tudht's that et &t 1 ow tenperatures. Conpl ex
conponents nust therefore be taken apart before they
are re-processed, with the result, in general, that
Ine qanyEad<ionp § PLERHTSr cemonetal Apdcempyetely or

p%%%ﬁ%hh@gn%hted 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

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.

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
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.

Moreover, in the case of vacuum plasma spraying, tungsten

and copper impurities, which originate from the electrodes
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the material of the conponents (scrapping) is carried
out. Mreover, in the case of vacuum plasma sprayi ng,

wonargd?em and copper inpurities, which origi n®CE/EHP2e003967

t he el ectrodesused, are introduced into the coating,
which is generally undesirable. In the case of, for
exanpl e, the use of tantal um or niobium coatings for
corrosion protection, suchdnpurities reduce the
protective effect of the coating by the formation of
so-called mcro-galvanic cells. Mreover, such

rgcesses .are ocesses of _.nelt netallur LC
u%F%ayngn%&Rﬁ§§ %?lrﬁé;%ﬂ1h%ﬂ%ﬁf\&ﬁﬁh@%@y?%ggéog?nerally
updeBiasblleqQr TeXaRd &admidh f efdt dmEI @) Ntige oMed. of
This _occurs in particular in | aser processes, where a
taptedbfe OFoRdEOP W GRAGINET fIhCFIAERN aRBECHRFE 281/

SRR TR %’rqvft\‘%%c %ucﬁé:a%%%é}%%ﬂ'déé@fv@r@f%@ | SEtPRe

porosi ty can In particular when a
coetahgpbwdahe fdrimastiappdf exb-arall 1ed subsequgal vgnic
gglted by neans of a heat source. Attenpts have been
CRad&-in WD 02/ 064287 to sol ve these probl ens by nerely
nmelting on the powder particles by neans of an energy
beam such as, for exanple, |aser beans, and sintering
MphegVepowsue RURCTIEAR tSrarkrIRAse w9t Bal t shacadiypray,

e RN S SR SO R TS R e
stetuae] Holr redsaidliel assidigdctadmnEl 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
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
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.

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

less than atmospheric pressure to accelerate the sprayed
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of energy into a conplex conponent remain.

WO A- 03/ 106, 051 discloses a nethod and an appar at us
WOR606/110M44 pr essure col d spraying. In this proc@®3/ER2006/003967

coating of powder particles is sprayed in a gas

substantially at anbient tenperatures onto a

wor kpi ece. The process is conducted in a | ow anbi ent

pressure environnent whichdsyless than atnospheric

pressure to accel erate the sprayed_powder particles.

Wth this process a coating of a powder is forned on a

wor kpi ece., .ER- A-1,..382, .720 di e tho
PEN egp}?grrz}\:tlucsl%sdr Wlo% p%rélsssﬂ%gé% %I §p?§‘§|£2§5 ??1 ?hgg‘mer

ipr goeged e tarngatkdiedre. coated and the cold spray gun
are |ocated within a vacuum chanber at pressures bel ow
80 kPa. Wth this process a workpiece is coated with a

E@QqunBSbQT@dﬂM%?cﬂJgé%F%A&Hhégtmé h¥@Sah8eLpharathiie for
obj ect, to provide a novel process for coating
loub pireatses emricdill isprdsitnqguishigddi dyptbeesat tbduthrgrt to

of a |1 nt of. ener a lowoutlay,in te of
b8 2P P Y T i T47 AT or LarF Pl thin’a
vaiiue lchERRNY &ltS gk fi0add NGe T&L €80 akBa . aRdtwhereisn
the netal to be applied is not nelted on during

PEPEESSs itn O TRt ighjaated Wik @ nRewdedn was t he
provi sion of a novel process for preparing dense and
corrosion resistant coatings, especially tantal um

Ieo&tiieng®f Wiich grossessrt ot 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
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
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.

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.

There are generally suitable for this purpose processes in

which, in contrast to the conventional processes of
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content of inpurities, preferably |ow content of
oxygen and nitrogen inpurities, which coatings are

woRbgllyl4dual i fi ed for use as corrosi on prot ecPCYUEP2006/003967

| ayer, especially in equi pnent of chem cal plants. The
obj ect of the present invention is achieved by
applying a desired refractory netal to the desired
surface by a nmethod as clai#redl +n claiml1l . There are
generally suitable for this purpose processes in
which, in contrast to the conventional processes

ﬁﬁgfﬁﬁfn%%fﬁgéﬁﬁf¥kﬁ%&@nﬁp éﬁﬁnahlgtheY?EQEgt¥lame, arc,

ashe ressure
wqmunmrgpasmui(ﬁowkmm5$$mn® pbhdmagsprhgnaglsand of

[tin n he coating naterial, caused b er mal
e s e (R P T e iBpLE LRteoncak: kBE Rpafing
i tid BB Olc N e £ AP USH ARz DASEST & §>9086cauome@he coating
because these can cause oxidation of the powder

pEaradiuss dnhtrteaitle axhbeme cont bat pﬁmbhét;on gases is
|
T N ROB! (42 % o JD8 5 PERESESER 1808 1600 (e

€ person s art - as
POARIeRP A tig; 1 0l ah m@ryc@r@E@ssﬁygeﬁobdngaﬁtdyﬁanhé
spraying, kinetic spraying and are described, for
Q%é%ﬁﬂ%?g|9?q§iQQ%8ﬁ5¥§5 Al so suitable accordlng to

the invention is the process described in patent
DE- A- 10253794 . The so-called cold spray process or
ﬂha§ddgngdqss§ﬂzgme 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

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
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
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

pm, wherein a supersonic speed is imparted to the gas flow

and a jet of supersonic speed is formed, which ensures a
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process are particularly suitable for the nethod
according to the invention; the cold spray process,

wowheecin7i4g descri bed in EP- A-484533, is especi &CITEP2006/003967

suitable, and this specification is incorporated

herein by reference. Accordingly, there is

advant ageousl y enpl oyed a net hod for applying coatings
to surfaces, wherein a gas fI®%wfornms a gas-powder

m xture with a powder of a material selected fromthe
group consisting of niobium tantalum tungsten,

I t z oL u at, £l

B Ry aal” e TS Bu Do dug e R d e, TR 300
tot 260 0net/a s, prtdie powkier fhas 30Patoi tR@OsmZe, ohnﬁrmhe jet
0.5.to 150, nm erein supersoni ¢, _speed is inparted
llsodtlﬁgcéfsd f?rb;/?\éﬂbeas‘]”efa%? %’Ep@?s(&]ﬂﬂgcgpeed i's
formed, which ensures aspeed of the powder in the

as- pomder m xture of from300 to 2000 nm's, preferably

- Theomead: R Hﬁrstl@h@sm*ér}lémgstaw seréacenpd the

o%:jrlcﬁccefo‘}f 4 & tel‘%‘ig %g‘Eéf)‘JE &?eﬁeﬁ?%t 38%8§me yery

ingt "he surtace orma’coa
cparstiidedres el ng deforned very considerably. The pomder
particles are advantageously present in the jet in an
anount that ensures a flow rate density of the

TR@r o%ee% Harft 0 s Odrd oa399n9£§e8£{§1 PpeLeeabl in t% jet
to 100 g/s cnk, very preferably s cn2 to 20 g/s

ipnRn @movsst tﬁ‘@tf eanseres om 0108 gasecdens@twog/ shenp
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®.

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.

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.

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
safety regulations are met also use of hydrogen or

mixtures of hydrogen with other gases can be used.
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The flow rate density is cal culated according to the
formula F = m(p/4*D2) where F = flow rate density, D

WO=2000012214¢ cr oss-section, m = powder feed ratePCAEPOMNIBHN3967

feed rate of, for exanple, 70 g/mn 1.1667 g/s is a
typi cal exanple of a powder feed rate. At |ow D val ues
of below 2 mm val ues of markedly greater than 20 g/s
cn2 can be achieved. In this gase F can easily assune
val ues 50 g/s cn2 or even higher at higher powder
delivery rates. As the gas with which the netal powder
forns a gas-powder m xture there is generally used an
i nert gas such as argon, neon, helium nitrogen or

IR & RS afrdVer s I8H ot @b rotds patheCbab yeages,
air may also be used. If safety regulations are net
campg iiges dthenyalraferPor ni xt ures of hydrogen with

ot her__gases. can be used.|ln a. preferre sion. of-_the
Do RrWRE il ptiftha o & PIEL SLATACKRESLORLREALRS co be

a sprowdteg oy fdmeaaihacent a surface to be coated by
spraying; providing to the spraying_orifice a powder
of- a PF@artiiciiatto nehersrrayheg epriFbaet fePgrdgy of a

CONSTA o L S AU ESRELED. GIBLUEAUIcins
or aldfoysi diiameoft amtdl wne t@noddiesn prmol hpdemaimal £itanium,
the %?%%ghium, mixtures of at least two thereof or alloys
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
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
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.

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.
Further advantageous embodiments can be found in the

claims.
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having a particle size of 0.5 to 150 nm, said powder
bei ng under pressure; providing an inert gas under

wopnr@sidurde to the spraying orifice to establi SRCUVEPR@BI063967

pressure at the 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
regi on of |ow anbient pressure which is less than 1

at nosphere and which is substantially |ess than the
static pressure at the spraying orifice to provide
substanti al acceleration of the spray of said
particul ate material and gas onto said surface to be

Ie0geadral) amy hesf predfery atevel shoas of phhetpreeesss or
the spraying is performed with a cold spray gun and
MORE /'t érug%’t ao P oRePUnth t9e 2t ASspray gun are

| ocated within a vacuum chanber at pressures bel ow 80
kPa, preferably between 0 .1_ and 50 kPa, and nost
Agreirerimed twe thiee ni iy eanioli &0, kifze . réfirdbeor pdmahbdgeous

embodi nents can be found in %Ee cl ai ns .é peral ,

e N EHPRHTY, TR A HIs S i 195 b7280%9 8 Snbr ePa8GEnoD
me% 299 19%0i}p S tA% P! Hh%a os£li 89 18a50€99.995% or of
invention, the refractory nmetal advantageously has a
asurieayp tofd %atd I Fastineasvschbaedbnat least 99.9995%.

If an alloy is used instead of a single refractory metal,
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
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
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.

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.
Particularly suitable refractory metal powders have a

purity of at least 99.999%, in particular of at least
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metallic inpurities, especially of at |east 99.995% or
of at least 99.999% in particular of at |east

wOo290629968% |f an alloy is used instead of a sPAGIEP2006/003967

refractory netal, then at l|east the refractory netal
but preferably the alloy as a whole, has that purity,
so that a correspondi ng highly pure coating can be
produced. In addition, the g al powder has an oxygen
content of |ess than 1000 ppm oxygen, or |ess than
500, or less than 300, in particular an oxygen content

99, '9@%5 v\gerslag%&%mf’aéf'fé‘%é‘r{ﬂ H%b@ggﬁ;}@e&%éﬂryor

net aI ave a purity o Teast
1ad$amha@e6@ﬂ)pgm qﬂyqenwtoﬂgléﬁs thapaB00cppmr oxygen, in

99.95%. and a content of |ess than 1000 X
PRELICHRAT 500 PRHTRYGUHSRE PEsLotRahnato. ponbBRygen,

in particular an oxygen content of |ess than 100 ppm

Particularly suitable refractory netal powders have a
Ipupiliy thle @bdvernerdoi Oy poW@gersi cthar tofadt cpaisnt of

9 on ess th 0 0X
PR R B oLk 95, 120 A0 0PIe B en o
hgzﬁy@q&n,l B hearid @dﬁnﬁg@@(@w senlens dhahesoot pphn,
ppm_ Particularly suitable refractory neta

PﬁS\ﬁﬁéla@lIYa\?‘@sas a1 ¢ BR™{ east 99.999% in

particular of at |east99.9995% and a content of |ess

than 1000 ppm oxygen, or |ess than 500 ppm oxygen, or
Ihepsrtiaml300 ppre oxyygren ¢ontent 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
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

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
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",

Ferdinand Enke Verlag Stuttgart, 1981, p 1530.
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particul ar an oxygen content of |less than 100 ppm In
all the above-nentioned powders, the total content of

woabdwen’wén- metal lic i npurities, such as car boRCT/EP2006/003967

nitrogen or hydrogen, should advantageously be |ess
than 500 ppm preferably Iess than 150 ppm In
particul ar, the oxygen content is advantageously 50
ppmor |less, the nitrogen cortent is 25 ppmor |ess
and the carbon content is 25 ppmor |ess. The content
of metallic inpurities is advantageously 500 ppn1or
| e r.ef er abl Q d t
Q %gengog Iegst%P# qiﬁflcd{ %€h1%$gl Pé8£ ?aﬁlls in

maetabaeewee&rareei d‘uﬁf kﬁ,x&raﬁxmlrr@rMMM hxeepeéfaabeby
nmet al powders which are also suitapble for the

tﬁpééééﬁeéna&ﬂ CaFEd @ikl %Hﬂ%lmh%%%%%%anta@talates
olf ‘EE@V 81 P o eduet Qiy ofe Iefé';?é}ﬁ}s?ﬁ/ 1mﬁorrpound

wi th a reduci'ng agent ‘and prefe y s sequent
hdpbafdabmomanf@d@amenpmuahﬁxnmrhﬁgﬁnﬁimmm@ﬂ&dEalabe,

exanpl iis reduced i.n .a stream of h

SERaUE: Barramoritiis o Oh damats o Stall ppegniobate,
wheh axagpkelil BrSehukarine |-éi§1§flr€rme Jyngﬁﬁ@n edBLHYBh can
Academ c/ Pl enum Publ i shers, New York, 1999 or Brauer,

beHgagbdeR @et Pnagarsality &ielAnotigdni St erddheipr" o, for
eﬁ%gigangaﬁ%ﬁuv%@ 391 %tr}‘gfﬁgﬁag ha9S L, cé’l%éﬁ”r?? Lp InQSnesmm

cas ntal umand nio B preparation I's
vapour advantageously being used. It is also p0531ble 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

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
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
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

oxygen content, the metallic impurities can be kept low.
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nost cases carried out by reducing alkal
hept af | uor ot antal ates and earth al kal i ne net al

wohegtiafisgor o-t ant al at es or the oxides, such a®CTEPR006/003967

exanpl e, sodi um hept af | uorot antal ate, potassi um
hept af | uor ot ant al at e, sodi um heptaf | uoroni obate or
pot assi um hept af | uoroni obate, with an al kali or
al kaline earth nmetal. The redgction can be carried out
inasalt nelt wwth the addition of, for exanple,
sodiun1 or in the gas phase, cal ci um or nagnesi um

our advanta eoq&}g being used. It is also g033|b

At YRS @ TUT TS RETRTT tO%pBEhe RPYHSChESYRS £ Lov

o&r rK@ldrt@erfarddh ed ed ﬁmdr@@@&lhaeankétf%@toéy metal
y rogen atnosphere may be advantageous. A |argé

hygirigle ofsing tablellprbeesseartk kRabah 886 rhdugangomgent,

ski he. art e S t om_
i o P iR ontt (1ong LA IBE SPEESR
12wict2ald .e processes are described, for exanple, in US
4483819 and WD 98/37249. After the reduction,

deoxidation is preferably carried out. This can be

il @Hi8%ndY @56&% oéwiﬁa,xwgughsligfﬁle%ouaﬁ%alm mm.
powder wth M, Ba, La,”Y or Ce and then heati ng,
Hneﬂgrﬁﬁdnang;lamer@fwatmoaythbchhesa bhtwpeaséndé aeind 10

a getter n at here tQ aII oxygeg.;g g$§s '

" oA ST Ot (OoR Hd- Be eB. DTHE r SFiddt By ©
prRif r RAVIRIt Ser mp@§ta@@sgsmmtwe§tu@eﬁlo@fe pheferred
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.

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.

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

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
high purity and a low oxygen content. Advantageously,

these coatings have an oxygen content of less than
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salts of the deoxidising agent using an acid and
water, and is dried. It is advantageous if, when using

woneicallgi4to | ower the oxygen content, the netalPCIr@EP2006/003967

impurities can be kept |low A further process for
preparing pure powder having a | ow oxygen content
consists in reducing a refractory netal hydride using
an al kaline earth netal as-regucing agent, as

di scl osed, for exanple, in WO 01/ 12364 and EP- A-
1200218. The thickness of the coating is usually nor e

L BBPEER 635 tma ot TRA® MIFE Y ort bal et vewk 0508

paRdibulEr shi ldxygere qurefeart ast b yeeth&n 050 angdpd. mm
still nore preferred between 0,05 and 0.5 mm The
t hi ckness may be hi gher as well, for exanple from3 to
0 or fromb5.to 45 or_from 8 to 40 e from
TBE FE58ngm G Rrd 0 0 SO SH 15 TEPTHE Fhe
UBUAL LS tARd cCOXYEIRIE Ko efirse s 1deapestl L1090 CrRki BESO
shoul d deviate not nore than 50 % and preferably not

MRy eOFhéﬁOE‘O%7fq00MPcahc¥5% bMRhe Powtlepm -500 MPa to 0 MPa,
o£1¥2BLaA90YS kP, 1Y b&af%ﬁveyo@vmﬁg%ns the

strate surface under an inert gas.
Maﬁéaepageadsbﬁlwse¢hﬁsddmpne&giv@astbesauss fnmmngZOO MPa

tIBLJS 008 Hea e Wi 5 A ed ted OIS0 '8 OVEE EEm -300
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
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.

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
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.
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be coated and to remain present, in particular when
the surface to be coated is |located in a vessel which
wopn@viant4g t he argon from escaping or flow ng REAEPATE/003967

nore argon i s continuously added. The coatings applied
according to the invention have a high purity and a

| ow oxygen content. Advantageously, these coatings

have an oxygen content of kegg thanl1000 ppm oxygen, or

| ess than 500, or less than 300, in particular an

oxygen content of l[ess than 100 ppm The coati ngs

WS Wl o RO L [ROIDT ESSE ViRg STRERS § pulbstd! bY athgeast
Ico#%{é35|vgistf%ss |§§§%%utg§1000éNPap?o O9NPa,aor eas
For.&h%, 7000 YRerttiocc @l MPaof oat f least 580. Pa%t oaidVRacooftent

fraoam-4 VP 0O MPa or from-300 MPa to Mor e
obpddis dhat, L4 Rehpretarhe OF (LESS] EnFRORPD BBMMEXYTER,
dr0 130G HéPR, 30 ﬁl\%@%x%,wpﬁntﬁargggul/gﬂ, afl okk/Q@n

-300 MPa to -500 MPa. In general, a |ower oxygen

covieavit off hafs povwrerl @dpPyed will result in layers

exhi biting | ower conpressive stress, e.g. a |ayer

sprayed from powder havi ng an oxygen content of 1400
Ippmpanitilculsin! [yhessutdat ngs | ayee expubitiyngf 99.999%, in
conpressive stress of about -970 50 MPa MPa and a
PR d 3 obfPinde? - vt hg aRdoRygeAtEBAt 8ht 166

RO Ustipddy, resu ' a | Bil/bRg,
t%%ﬁ%ressi&gﬁgtresgkof(zboﬁés%2%%akFg§65€§ﬁPg%&%%ge or less

tiveef ¥0dblppm 40Qygen, 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,
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%,
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
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

1%, from the oxygen content of the starting powder.
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MPa 50 MPa. In contrast thereto, |ayers produced by
pl asma spraying result in layers exhibiting no

wocompnesigi ve stress at all, but tensile stres®CTIEF2006/003967

particul ar, these coatings have a purity of at |east
99. 7% advantageously of at least 99.9% in particular
of at least 99.95% and a content of |ess than 1000
ppm oxygen, or |ess than 5007gpm oxygen, or |ess than
300 ppm oxygen, in particular an oxygen content of

| ess than 100 ppmIn particul ar, these coatings have a

B kg, L0568 B0 A PR bbb g =

t@rcallesfodti@ﬁ 20 B OXYEeme 4]l 1 BSSihpani B08sppBuch as
oxygen, in particular an oxygen content of |ess than
CaE oapmnutrrqgeﬁ—rtu%ﬁsxdrc’em(e WobEh nys ﬁ%%n*aagappﬁ}y less

%fan9%o%9231f9n| Ih P &éélli%%%fé’éa@i | past 9§a199?§?{° Sgejth

cont ent ess t m oxygen, ess th
thempeorges, off Hheiss Idwenﬂnﬂipbmy®mggenth|hlghetlmmbamlty
t han 100 ppm The coati ngs

0 en content of |es
CQ@&@P&I S AR® BRIV Fhve a total content of

other non-netallic inpurities, such as carbon,
ni trogen or hydrogen, which is advantageously bel ow
I@O@agﬁmmmoélhqor@m@blqorb@@w Ilsoa%pamtageously 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

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

In 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
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
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
can be determined by first determining the total area of

the coating to be investigated in the image area of the



10

15

20

25

30

The applied coating has a content of gaseous
inmpurities which differs by not nore than 50% or not

wonored1tidan 20% or not nore than 10% or not ROTAEPRIVE03967

5% or not nore than 1% fromthe content of the

starting powder with which this coating was produced.

The term"differs" is to be understood as neaning in
particular an increase; the fgsulting coatings should,

t herefore, advantageously have a content of gaseous
inmpurities that is not nore than 50% greater than the
content of the start.in owder. The applied coatin
mEFEPEFRBFy RS S SOXYEer TEontEHE2 wh? crig 11878 B6 BE
pBRES .t han thYes e thdyd,| @ vds NAiatsfe t DaBad8e faenEkba the
oxygen content of the starting powder.The coati.ngs
sueéordi agdt e lowe it dhe omirefcaby it hatlke asy%ﬁgrate are

t t her - 1 c i1l gh

298, 8RB gan ‘AP BrE GhTa 1458y, ShFs BEezprarly
gkeasetrhahanO® g3pmianpamsicypref egadid tyet esbah haht 160 99.5%,
.ppm Wth the process of this invention |ayers with

1gi gRBPILAPYr ity MKt SRECh RISSEDHETHr oduced. In

particul ar, the oxygen content is advantageously 50

ppmor |ess, the nitrogen content is 25 ppmor |ess

Thrd cohé iogsbehaeodtiant nectrn ppmd ot resgth Tieigbniencaused
of t.al Li.c. inpuri.ties i V, eous r

b%%ﬁ,% lirnlhﬁglht ::Eff:gelﬁjisalrtleEl np‘%m répéegg%&:{n&%ﬁggﬁgg%ggggughe
pafhedieent In ktheC GHINUSE atehtd D) | yherefore, 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
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

"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
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.

The articles to be coated with the process of this

invention are not limited. Generally all articles which
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have a density of at |east 97% preferably greater
than 98% in particular greater than 99% or 99.5% 97

woaensisty of a | ayer nmeans that the | ayer ha®Ca/EP2006/003967

density of 97 % of the bulk material. The density of
the coating is here a neasure of the closed nature and
porosity of the coating. A closed, substantially
pore-free coating always has1s density of nore than
99.5% The density can be determ ned either by inmage
anal ysis of a cross-sectional image (ground section)

[ r nat.j . i ; v .
e ELACRY Vo B LI AL 08 BEPhUBLve coating,
deecaesaisadt tHesaseroicyedemse beanadgspofpoeesl and/or of

Nt at j hat are.npre renpte.fromthe
Bt Tt TR ] GRS B bl asT Shete pareil gr Bay
R HOHonIBRsHE £0f Ehanc REsHahbYe 8Xh$ES. pBY rRBaR (of

i mage anal ysis, the density can be determ ned by first
satf@giiafy et a b areacertedevwbdahi aget subgect to

i nvest4 i f i e f.themicro
DL U8 Rl A dF, | FROCRLARIE ol PREhE, PRERRBNR,
aweiidand orporeaschi fvag, atiechdehhgdotastheonsthressurface

and close to the interface with the substrate are al so

detected. A high density of at |east 97% preferably

el el 1hhan: 98%ed o Panit SHt 21 s 95 88t €62 ERANIY Yhe
99.5% is inmportant in many coating processes. The

rowatd 58y S Hovi i Yiveethemi ¢lal ckt aeaguhedhiioh ciog roatised
{Q&géﬁﬂéiﬁgév‘%%?“%%Xﬁg-g PX éﬁngEgT 8%282@%EEOQnQ%edical
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
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.

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.

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,

titanium zirconium or mixtures of two or more thereof or
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particles. In the case of tantalum therefore, the
strengths are at |east 80 MPa nore preferably at | east

WOR0®G/VPat4 nost preferably at | east 140 MPa wh@QT/EP2006/003967

nitrogen is used as the gas with which the netal

powder forms a gaspowder m xture. If heliumis used,
the strength usually is at |east 150 MPa, preferably
at |least 170 MPa, nost prefefgbLy at |east 200 MPa and
very nost preferred greater than 250 MPa. Although the
coatings according to the invention show high

nsi ti and | ow poraqsities, the at i ngs, have, a
B oSy &t PGS e EFBur T FHoffne metals,
whiiSel icatialds ¢k thargdes amnbtoseenproperexanpl e,
in Figures 1 to 7 . In this way the coatings according
to the invention can be distinguished over coatings

sARhaidaed 0 OLer St icll1KE COREIRGS ght EEH‘EQleﬁsgr

gal vani c processes. e characteristic”appearance a
nalobdwsn .di sti ngui shing of coatings according to the
i nvention from coatings obtained by plasma spraying.
The articles to be coated with the process of this

ﬁr@f@ﬂéﬂ%?fméyéﬁg di rdrigbtdenanad {ydehbmar i hASum
whi chneed a coating, preferably a corrosion protective
ZFEONAYM O T tiseas ofheswo 0% indee HRgreefnageadfoys of

o5 B, P 5 20 TR 08Pl BB ey
pretferalls; 1Rvefrey alff yvantalum 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
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
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

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

metals with suitable non-refractory metals.
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surfaces of materials are coated which are subject to
renoval of material, for exanple by wear, corrosion

WogRladari4en, etching, machining or other stres®CT/EP2006/003967

Preferably surfaces of materials are coated with the
process of this invention which are used in corroding
surroundi ngs, for exanple in chem cal processes in
nmedi cal devices or in inplanty. -Exanpl es of appar at us
or conponents to be coated are conponents used in
chem cal plants or in |aboratories or in nedical

evi_c ,+Su s n_an [
oAERY IR RIS, 3100 8oL PRLLEN B G Bt Mo mace
dfi r3id rgantd SKiSLopi o stpegudo skl bolyders, heat exchangers
(shell and tubes), pipings, valves, valve bodies and

punp parts. Preferably articles are coated with the

THRLESH Afuddi SspVEM 1 PNa Y68, abgeliBoS aqtlb?% 3T gehller
or X-ray anodes.” The coatings prepared with fhe

mrdeesss off téhise fraenervnmeptal esabeytade fusmd ting group
CQrr.0si.on p(@tection. T, e present inveg%honm%qe%%fore

e ™ o t%l%}?Jtliu& es* Hade"or ﬁngF ghda/ BF ~groenumn.

taeaaYien, 1o iefdh i @R dd BrmOkt Pk 8st bE ERbEbiramogentraietiedss,
at | east one coatings conposed of the refractory

wigtalas Matebh AR Learedl ERP™t LAgsPERUPNEPYBdEmumiIckel,
i.tanium zir ' i es - e er.eqf
ESER N T SR it e AR S Syt
Suﬂhﬂpnwdﬂﬁ&ﬁbeimmgnge theeptherabove- aret kooed in
J?fﬁ??ﬁfé*%o 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
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
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
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
metallurgy but, for example, by grinding, sintering or

infiltration.
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Such coatings are in particular coatings of tantal um

or

WOR6EN 714 zi r coni um or

ni obium Preferably |ayers of tungsten,
m xtures of two or

nol yb

denum

nmor @CTHPL@6/003967

or alloys of two or nore thereof or alloys with other

et a

| s,

very preferably layers of tantal um or niobium
are applied by cold spraying to the surface of a

substrate to be coated. Surpirgsingly it has been found

that with said powders or powder m xtures,
wi th tantal um and ni obi um powder s,
reduced oxygen content,

prefe

possessi ng a
for exanpl e an oxygen content

rably

bel ow 1000 ppm there can be produced col d sprayed
Khayer satetri ader y e gt ade posdinip 1o, rtaiess oén rooppéhaal 90y s

% .

In said cold sprayed | ayers the ox

OFhEUREELPTY SORESY

HTCHA

en conten

f
eot%rﬁ)%ﬁ’lfé%l%/'gbe? hef o‘&@é@ﬁ are

kG8WheRhdoh g R r TRP Gv 5] S SR ANSTe | ayers show

consi derably higher densiti‘es t
pl asma spraying or by vacuum s

an | ayers produced by
prayi ng. Furthernore,

Tiiese ot dspraypartayersrepn e produced wthevtany
rm wthh snaff t exture, deaending on powder proper%les o
and coafd/§§ Jpar aréRy)s. Theswduest o typrepedsiqay er|ssoadactivity
al so gbject of tphis invenfi9onacsyitabl @&t alenPdWIERSK)
for usle in the nethods acgording to thF hgg;nticn are
also netal powdefs that cpnsist of PP
WCul0 16.8-17.2 >2550 > 27 6.5 170-180
WCuls 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.

Also known are molybdenum-silver alloys or molybdenium/

silver mixtures which contain,

3

wt.

molybdenum.

for example,

10,

40 or 65

Also known are tungsten-silver alloys or tungsten /silver

mixtures which contain,

tungsten.

These can be used,

bodies or,

It is also possible to

mixtures, or the metal

in general,

for

following composition:

for example,

example,

10,

in heat pipes,

40 or ©

Cc

5 wt.%

ooling

in temperature management systems.

use tungsten-rhenium alloys or

powder is an alloy having the
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al l oys, pseudo alloys and powder m xtures of
refractory netals with suitable non-refractory

wOoneacal1gi4et i s thereby possible to coat surfac®€TdiP2006/003967

substrates made of the same alloy or pseudo all oy.
These include especially alloys, pseudo alloys or
powder m xtures of a refractory netal selected from
the group consisting of niebigm- tantalum tungsten,
nol ybdenum titanium zirconiumor mxtures of two or
nore thereof, with a netal selected fromthe group
aldty, |, rd1o atjn opper,
f% ver g%ﬁqégl 3%HQ%%W?% 8% Q%o£%hgﬂbr?or ‘art,
m@ﬂ@ﬂdemmmllfnnmrﬂnubeﬁtwtthe peeﬁenabkylfedmll the 4 wt.%,
art .and are descrlbed for ex le, in EP-A-7743 and
nESLANTY 3845 O TheytTah e pr egg‘?gﬁr%]?lzoﬁ%ﬂtﬁ ﬂ?gl
0R09C&SSRS; fiYcSxamp! €, powder m xtures are obtainable
by honogenously m xi ng pre-prepared netal powders, it
belng p033|ble for the mxing to be carrled out on t he
hef or.e use in the net@od acc in

TS sh A IS T S ARE DREY SFEEET Paubig et Baving a

pgastgowteratripdase. 9N I Dy povgierise aisedNifiDsheC@8€ycling
obt ai nable by nmelting and m xi ng the all oying

OFaPLRCt IQ0E i IRt R X h%axm%tbbﬂneﬁeﬁeOﬁay%e g8é&d
% 3&1%% powders al so so-called pre-alloyed powders.

e powders which are produced by m xing
conmpounds such as, for exanple, salts, oxides and/or
E%% tﬂ%fr&gterlals 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
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.

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




al l oyi ng partners and then reducing them so that
intimate m xtures of the netals in question are

WOQehi6ai1 i .

It

is additionally possible accor diPQl/REPRO06I63967

i nvention to use pseudo -all oys. Pseudo alloys are

understood as being materials which are obtained not

by conventi onal

gri ndi ng,
are,

for exanpl e,

sintering or

melt metal | urgy but,
i nf £l ppati on. Known material s
tungst en/ copper all oys or

for

exanpl e,

by

tungsten/copper m'xtures, the properties of which are
1thtévvn ard ﬁli(pblluinbt et here gy 3 0f  exanpte AP

1 KEOWT ar | RRIIRENUT COPPeR s @i d@yS or ot yodegLiigm/
1CORPEr M KGIgASml N [Ne Sa@ppad | 0S as 1 ndi caf edi@bove:.
10130 anWﬂNﬁﬁﬁuﬂDlybdenumBSLbaﬁr aIons or 5-10 -
1 nleybdeni indorSiuhver m Xt llicesd Wwhi ch contai n, {6f10
1exanpl e, [IBiovdmor 65 w | c%bamd ybdenum Al so| koensn ar e
ltamsgst en- sNiakdumal | oys ol NMigkeisten /sil ver nl x0tiSes
1vhiS%ch conf®iapiufhgr exanpl|&hodim 40 or 65 wt | W-15
114289gst en. | Fipdamcan be ugdllddmpmexanple, in| héakds
1fiddes copVidhjubodies or | PlatiwReral in tenpéfatiure
_Elﬂggagpnnn Nkﬁ P8 s |t | ¢ CYPRSE nncclhlp to yged-15
| 1:Q2gst on- FIEGRLUM ol | ous &SILYS% ures or the ffzld

1 dteer—i-s 3O ay hay “gG‘O 2 ol owi Ag 10-15
i'cq‘é%pssw‘ti ugijb.;o% It ; cae}'—‘, pref-erabhy—H-of95—te
—9%_'0\)(1_ 57 — iébM%W X : "%12/0 om
15028V % Wi 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
indicated in Table 1.

10
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niobium fromO0.05 to 1 w.% preferably from0.05 to
0.02 wt.% zirconium These alloys, like pure

wonedwact4ery nmetal powders having a purity of RCTIEPa@K/003967

99.95 %, can be used in the recycling or production
of sputter targets by nmeans of cold gas spraying.
Suitable materials for the nmethods according to the
invention are listed in Tableg 1 to 15. Individua
materials are designated with the nunber of the table
foll owed by the nunber of the conbination of
conponents and the anount of the non-refractory netal
as in Table 1 . For exanple, nmaterial 22.005 is a
Tabller dal Tdéde idedtbrisisfablef 228 dhkops ecise refractory

conmposi tion being defined with the non-refracto

mﬁn’égil %éﬁalgt H@%é’rﬁﬂﬁﬂur% heteEotd s'OPi%Jc%*al‘i”H 3 IE{% non=
rBesihit@r e tal a3t AR Ganh @bt WREEHEOYSiRM Bt | SbedngNas
Table 1. "Table 1Table 2 : Table 2 consists of 48
iadiepsed Ha Tefalactlory netal being tantal uminstead of

ni obi um and the nonrefractory netal and the anount
thereof in w .%being as indicated in Table 1 . Table

TableTdhl gadleonsicdrs it Ao al4Dys11bPe, reheageédbesictory
nmetal being tungsten instead of niobiumand the

mE&Are PedEory LREA™ aitP §9RA abubt OB HeP edRd| Rhgt NO%
r@%&%@t@%y metal and the amount thereof in wt.% being as

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

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

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.%

being 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

as indicated in Table 1.
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indicated in Table 1 . Table 4 : Table 4 consists of 48
all oys, the refractory netal being nol ybdenum i nstead

woghogtiltolsum and t he nonrefractory netal and tRETAPRANG003967

thereof in w .%being as indicated in Table 1 . Table
5 : Table 5 consists of 48 alloys, the refractory
nmetal being titaniuminstead of niobiumand the
nonrefractory netal and the apount thereof in w .%
being as indicated in Table 1 . Table 6 : Table 6
consi sts of 48 pseudo alloys, the refractory netal

[ int.al,um inst ead. o i opi e_.
T%%%-%?e r’agi%l&liye rrlertfa Onasnld"r%%eogn%%]nﬁ&?%%ge%%xltﬁrﬁf’. E/g‘e
redgiragtasyi meHitel askiing Tedhtea lum fabt€ad of TAbbBidm and the
consi sts of 48 pseudo alloys, the refractory netal

NRBI G HERTFSTOh st e ANDILHF AeMR aneheFeot in wt.% being

agoq}kﬁkﬁﬂgkpqxlmgggkaapg the amount thereof in w .%
being as indicated in Table 1 . Table 8 : Table 8

consi sts of 48 pseudo alloys, the refractory netal

bei.ng .ol numj nst ead ,of niopium and the

TR A a TP ok HOTE et Btk THEF B XFHEGE . she
reEiragtayy MEtGAl afbidy Tah@sten it &ad of TADbBiflm and the

consi sts of 48 pseudo alloys, the refractory netal )
negi-¥¢ finacdmmnaistle AN ®fthe ohnews anthepeot in wt.% being

aQOQthfJaac%taorin nﬂk?ile a]_nd the amount thereof in w .%
being ’

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.

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.

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.

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.
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as indicated in Table 1 .Table 10: Table 10 consists
of 48 powder m xtures, the refractory netal being

worerwialgm i nst ead of ni obi um and the non-ref r RCTAPYO06/003967

netal and the amount thereof in w .% being as
indicated in Table 1 . Table 11: Table 11 consists of
48 powder m xtures, the refractory netal being
tungsten instead of niobiumagd-the non-refractory
nmetal and the amount thereof in w.% being as
indicated in Table 1 . Table 12: Table 12 consists of

A‘%%los% %b’l‘e?“ 280 hs %G%rtgﬁéarﬁé%g?g‘géého%iﬁgato the

enum I NS ni oplI um an non-re ctory
imwbwtummidﬂ&amﬂﬁﬂﬂﬂpdﬁﬁﬁﬁ@fwhthﬁc&hbﬂbngoﬁSalloys,

I ndi cat in Table 1 . Table 13: Ta 13 consists of
PE@%@%%%?WW BFEHEFRF yO Eegéfgﬁéﬁﬂﬁ refractory

thIttaqrél WS dh i+ i ©bi um and the non-refractory
nmetal and the anmount thereof in w.% being as

E’uonrdlee@m@da,n aﬂalkmes Tof mabyledqmumTabdetiuaoansu g¢nhsapfratio

seudo s the refrac bei ni.ohi um .
ot R R Headi it o BiYs TRELnfSkPopnaRd, F Tran um
int a% b@id’ﬁ@ltaf‘oﬂ I’Hhcﬁﬁ& esb i 10 Tabl © dre Hablka ihd Zable

15 consists of 48 powder m xtures, the refractory

Si{tAP Useifod MSShi i iR TRMDOES r a6ERFJLRSt &P 5RE t he
1 AR JnhernePfn d ih Wp P8 Pl fige ASr | Nt £3L 86618 of the

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
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
being defined by the refractory metals, which 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 1 . Also suitable for use in the nethods

according to the invention are netal powders which
wocomsilst44of al | oys, pseudo all oys and powder RCXiRRR@S/003967

of different refractory netals with one another. For

exanpl e, alloys of nolybdenumand titaniumin a ratio

of 50:50 atom c percent or alloys of tungsten and

titaniumin an anmount of abogyy 20: 10 Wt . % are known

and are suitable for use in the nethods according to

the invention. In principle, however, all alloys of

—faﬁga?ﬁTTHﬁTﬂy_ﬂETar? Wi th—ome—anothrer TS surtabte
61" Use in the methods according to thel|invention.
1Bi.wa@gy al | oys, pseudpaal | oys and powder | mixt ures of
hat are suitable forlthe nethods
1§b65¥hing to the invntion are listed i h(T#ables 16 to.
730 01 of TaT Vi dua natq&idib are desigrat ety th—the
nunber of the tablg foll owed by the nunper of the
leamhilnat i on of conpoments as in Tabl e 1pMoFor exanpl e,
j . j j j L in Table 22 |
1@h@18recise conpositWon bei ng defined byTthe
et tory metats,; chare fisted i [agte 16;
1S§§F?fon no. 5 , ang@?he ampunt as liste gin Tabl e
12201able 17: Tabl e {IMoconsi sts of 20 al |aps, pseudo

oVvs—and-—powder it ures—according-to-Jable 1R
T P T AL TR LR 4 Ao O OUT oOf llv <

oﬁﬁg%ent 1 bgrﬁé Ar ent in an anmount pF 2-5 wt. %
1GOFAENENt 2 beinNg | 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
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
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
and powder mixtures according to Table 16, component 1

being present in an amount of 10-15 wt.$%, component 2
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present in an anmount ad 100 wt. % and the i ndividua
partners in the mxture being as |listed in Table 16.

wWORalw/1a78: Tabl e 18 consists of 20 alloys, psequaEP2006/003967

al | oys and powder mi xtures according to Table 16,
conmponent 1 being present in an amount of 5-10 wt. %
conponent 2 being present in an anount ad 100 wt. % and
the individual partners in-thg m xture being listed in
Tabl e 16. Table 19: Table 19 consists of 20 all oys,
pseudo al |l oys and powder m xtures according to Table

b%ﬁngc%'ﬂ%%‘?ﬁt ih %grg%&&r?@eé‘cﬁ 1(5‘0 a aoUnk QB 1%g}§vidua1

9 ~conponent ing present ah” anount
patrt¥earsd itrhe Hendh it toued mnﬁmqmﬁs 1ﬁst@e nnxTabEebeBng
as listed in Table 16. Table 20: Tahle 20 consists of
20 al l oys, pseudo all oys and powder m xtures accordi ng

Tta%l-ga@oe EGb 1ICOTPNE s s 0381 D1 P eSENLyE N ﬁQeQHBUQ'ileys
20 wt.% conponent 2 being present |n an anount

an@o P@w d%ramd At d hdi adauddngat @ ikaislenl 6 hecmnpwueet 1

bei n as, I| ted in Table 16. T 21. Tab
PESRY BESSS %?d‘afiojgmmﬁyéud% g? %95 %hﬂ’p%%ﬂ%?nent 2
bEliXgUpeS sREAOM th tamd@it ead 61 0Cowporeahd 1thei Mdividual
present in an amunt of 20-25 wt.% conponent 2 being
PBF&@@ﬁF iR e RHGHTULR Doinquas, hivteRel R nBrlbiguaf -
partners in the mxture being as listed in Table 16.

Tabl e 22: Table 22 consists of 20 alloys, pseudo

Tablley& 1and?arhudwjérl mortsirsess agt o2 @i abl o s Tapseud6, alloys

onen
an%n%owder 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.

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

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
being 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

being present in an amount of 35-40 wt.%, component 2
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bei ng present in an anount of 25-30 wt.% conponent 2
bei ng present in an anount ad 100 wt. % and the

woizngimidyal partners in the mxture being as PCEtEPA006/003967

Tabl e 16. Table 23: Table 23 consists of 20 all oys,
pseudo al |l oys and powder m xtures according to Table
16, conponent 1 being present in an anount of 30-35
W . % conponent 2 being presemt in an amount ad 100
W . % and the individual partners in the m xture being
as listed in Table 16. Table 24: Table 24 consists of

bt?eqn?J sleépéeﬂgoar?' érﬁé’ n ngdpﬁ?wa%tmxgw e%h%c‘i%ﬁﬂx)ggiual

onen resent I'n an anoun

p%Ertzi:fénM 1% u}mrponetnhrébleenggpaesemtsteﬂ an gaburt lad
100 wt. % and the individual partners in the mxture
being as listed in Table 16. Table 25: Table 25

NS s ofa1 2 a4 oé'émsP%Fé'deabe}iil@gg p%@@%ﬁo alloys

m xtures according to T conpon bei n
e garnde m ik mmemtaofodding wo. W@béenﬁémenbm@om@nngl

d 100 wt ,% apd the individual
e THTY i Ui R 30 FPsrba b nCPAFECLS, 2

bEARIE pAEssekablin 26 canshist Sa@f 180 atl @ysndpeeedandividual
al | oys and powder m xtures_according to Table 16,

RegTREGHEN LN The iyl presenteing ads akbERedoi naFaba e 6y,
conmponent 2 being present in an amobunt ad 100 wt. % and
the individual partners in the m xture being as |listed
TablEaldée IGblakle EnsiTabseocl7200akilsys, obs2dal ladysys
p%F%ggrég(%&xtures 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.

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

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
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

being present in an amount of 60-65 wt.%, component 2
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and powder m xtures according to Table 16, conponent 1
bei ng present in an anount of 50-55 wt.% conponent 2

wohkedafiig7iesent in an anmount ad 100 wt. % and t RE€T/EP2006/003967

i ndi vidual partners in the mxture being as listed in
Tabl e 16. Table 28: Table 28 consists of 20 all oys,
pseudo all oys and powder m xtures according to Table
16, conponent 1 being presenpyin an anmount of 55-60
wt. % conponent 2 being present in an anount ad 100
w . % and the individual partners in the mxture being

isted in Table 16. Table Tablg 29 .consi st
bfﬁnglF5f§enﬁséﬁﬂéuhf¥%ysqhnddé@%%er n X ﬂ?egﬁaccoaayﬁaual

ph@ t haltse 116t heomEonaiie bdiidth Presepédi DnanapleUDS . Of
60-65 W . % conponent 2being present in an anmount ad
100 wt . % and the individual partners in the mxture

ngh%g3%s lf&%%g£q1égﬂgf%§§d%ggﬁ%dagpo gabégeggo alloys

consi sts o oys, pseu
amﬁxpom@@rammxumnq;tarébﬁﬂrndﬁtocbmmb@ehﬁ lcbmspogent 1

present in an .amunt of 65- component 2_bein
bR BEeRE 47 i S RPN 6 bt 9% Lhd b | SORRPRRAF 2
bRAMGNYre s tt Re MEXtdiuPei a9 850 st £dahd dBB! endbvidual
Tabl’'e 31: Table 31 consists of 20 alloys, pseudo

Paltows sadd Féed & ®hvaeresing co dl hgted FapFebig, 16.
conmponent 1 being present in an anmount of 70-75 w. %
conmponent 2 being present in an anmobunt ad 100 wt. % and

Tabe el 13di:viTdidle [BEr taweTsi stk tde 20 x4 LI eybei pgeadol adllegs
in Table 16.

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.

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

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
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

being present in an amount of 85-90 wt.%, component 2
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Tabl e 32: Table 32 consists of 20 alloys, pseudo
al | oys and powder m xtures according to Table 16,

woeomplanemt 1 bei ng present in an anmount of 75PBU/BRR00¥003967

conmponent 2 being present in an anmobunt ad 100 wt. % and
the individual partners in the m xture being as |listed
in Table 16. Table 33: Table 33 consists of 20 all oys,
pseudo all oys and powder nixpgres according to Table
16, component 1 being present in an anount of 80-85
wt. % conponent 2 being present in an anount ad 100

wt.. % and t he i.ndivi dual part in. the m,xture.hein
ofing; PEsT bt AR uRp A S00 iy oo e RE: Rauar
pd@taklreysn p3euadd addy ety posvdel stédt inesabteondi.ng

to Table 16, conponent 1 being present in an anount of
85-90 w. % conponent 2being present in an anount ad

W% ang 1they d ndi v r3fes1bPst NesBLALULE )
rhflausst tivias el ORISR el g, BBt iR ore
aadngioside rofmi} watd yes; cqsdiun o | Dyislanté poadeponent 1

m,xtures accor.ding to Table 16, .c onent 1 bein
D BYeRt 45 "t rothi 1 0-35 90~ 9% LonponeAtEa BB ng
bRA 8ge plrdseran g tamsinlOaavt 1 66 are. § hendngh¥i dHak vidual
partners in the mxture being as |isted in Table 16.
PRabne rs6 inTdble mBstibisikeknofaol bstegsinpiehds 16.

al | oys and powder nixtures according to Table 16,
conmponent 1 being present in an amobunt of 95-99 wm. %
Tableosént TAHe Bp praseidts noananplhbyagd 386udb. 4 angs

t he i ndj vi dual

andepBQJéQ ﬁ%itures 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.

Examples

Preparation of a tantalum powder

A tantalum hydride powder was mixed with 0.3 wt.%
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
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
the resulting compounds were removed in the conventional

manner by acid washing. The resulting tantalum powder had
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partners in the mxture being as listed in Table 16.
Exanpl es Preparation of a tantal um powder A tantal um

wohyayilge4 powder was m xed with 0.3 w. % nmagne@CumPatd/003967

pl aced in a vacuum oven. The oven was evacuated and
filled with argon. The pressure was 860 Torr, a stream
of argon was nai ntai ned. The oven tenperature was

rai sed to 650C in steps of -580C-and, after a constant
tenperature had been established, was mai ntained for
four hours. The oven tenperature mas then raised to

10000C i.n st.eps of 500C an ft a const ant

o BRI SR Do BLIBTY s RodT S AakR i i apEEgefoFontent
ol _>97h% WS a4 hgente of g Ssi PBret BBcQVER ¥8S cm 2/g.
switched off and cool ed to room tenperature under

argon. Magnesium and t he resultlng conpounds were
rempved .in t ventJOna ner by aci d washi ng.
Pfﬁgar g&ltlnggta %ﬂﬁ%ﬁ) ada particle size of

The0@ resiiure e s )fozantwe(y;gﬁ@psﬁ@teah of ¥Reppanaadum
a specific BET surface area of 255 cnVg. Preparation
P@Wd§11|@aﬁ%ﬁﬂﬁﬁﬂ&kﬂoﬂqﬁ¥pﬁ%%b%%r%nmﬁ§ya§nfGPnFﬁét of

9@r PAH Ao Hfs sty tantal um powder. A titani um powder
ng an oxygen content of 93 ppm was obt ai ned.

Preparat|on of a pre-alloyed titaniumtantal um powder
Pﬁf&%ﬁ r%dﬁggzﬂﬂﬁgégg 5§é§et gg@f&m?ggnEEEEHIthder

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

89 ppm was obtained.
Production of coatings

Tantalum and niobium coatings were produced. The tantalum
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.



powder in a nolar
mxed with 0.3 wt

followed. A titaniumtantal um powder

ratio of 1:1 was prepared and was
. % magnesi um

the procedure as in
woRh®/iprpar ati on of the tantal um powder was t REM/EP2006/003967

havi ng an oxygen

content of 89 ppm was obtai ned. Production of coatings
Tant al um and ni obi um coati ngs were produced. The

t ant al um powder
ni obi um powder

used was AMPEBI F(r) 150.090 and the
used was AMPERI T(r) 160.090, both of

whi ch are comercially available materials fromH .C .

Starck GrbH i n Gosl ar

The comrercially avail abl e

nozzle of the MOC 29 type from CGI GrbH i n Anpfing was
Maeserll. Substr . _The |sufataluat eg vWEanaluml| a edNiphium Niobium
successi on on the spdci nen. hol der coat e nder| t

NPHli cat ed t est cond!oti 0 ?:the suﬂ'gg:zate de'g%ﬁgl"’?)ti onh\foczs
DbemilRi#tn bithéfeed Rld #WS The nunber at the begi nni ng
oispNmtmt es t he nunber |of identi¢al substrates |ocatjed

3f8enot (930s /@men)anot her . |THS.5(/@1P oW 18G5V €tQ ef MATH 294t es 14.7/294
4 Qo @BPs/gMMat speci en (F) or |a round sped?fiiy6 R, 19-8/39.6
Mobidseht s used. The flollowing lletters ingicate the

spaf eyl . Ta neaning tantal um |S neani ng|a structuf al

sieke aflthe rantk overni@ani ng |a W 4333 egs 20/ka3b 20/333 20/333
i:ébgffr;é;ﬂﬂ/mimmm}(el stegl) .Very strong and denrs1e .5

/ re obtai ngd, ch exhi bt | oW porgsityl and.;

S@%’?I'ﬁ%ﬁ'y\"g"ahesi on td the 0 3§ 4 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 1FTatFS1FV | 1FTat1FV2FS | 2FS2FV1RS | 2FS 2FV 1RV

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

Sheet thickness before (mm) 2.86 2.92 2.9 2.84
Sheet thickness after (mm) 3.38 3.44 3.35 3.36
Coating thickness, approx. (um) *) 520.00 520.00 436.00 524.00
Porosity / Density 0.9%/99.1% | 2.2%/97.8%

Substrates: The substrates were placed in succession on

the specimen holder and coated under the indicated test

conditions. The substrate description is made up as

follows:

The number at the beginning indicates the number of

identical substrates located next to one another.

following letter indicates whether a flat specimen

a round specimen

indicate the material,

structural steel,

(R, tube)

{(chromium-nickel steel).

Ta meaning tantalum,

S mean

and V meaning a stainless steel

The

(F) or

was used. The following letters

ing a
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substrates in question. The flow rate densities were
between 11 and 21 g/sec*cm2 . Figures 1 to 10 show

WOl2haghitl 71 cr oscope pi ctures of crosssecti ons oPCTHE®2006/003967

resulting tantal um coatings. No inclusions of copper
or tungsten are detectable, as occurs with
correspondi ng | ayers produced by vacuum pl asma
spraying. The porosity deterpinati on was carried out
automatically by the imge anal ysis program.

| mmgeAccess. Figure 1 : Unetched cross-section of a

t i 2
VEER: Sl Al Berl e ke s W LA a2 whicn
eghsbhel ilom pmnasmuqundnexaﬁhﬁemtIadhaagqutoathen
Figure 3 : .Cross-sectio tant um, coat et che
PR Ry BrofPues T B oo Gt halFimt £ busr UPER,
bBtGEERE 1M Lhd oW @%é*&@t.l on Figure 4 : _
Cross-section of a tantalum coating, etched with

hydrof [ uoric acid, process gas heliumFigure 5 : Inage

Figﬁkég 1used 1forg QM% He 4RI EE LA @é]é 0;15‘1c€?_£§§ §eCtL88s-
of "a antalun1coa I ng,” process gas um Frgure 6
s€eaisnseolfi aheofresilanirad wa sl umgeo&t thes. mthlnclus1ons

hydr of | uori c aci d, |nterf%§e w th the substrate,
°§r888§§rg§§ &gqqﬁﬁen are detectable, as occurs with

corresponding layers produced by vacuum plasma spraying.
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

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
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
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

magnification



Figure 7 : Unetched cross-section of a tantal um
coating, process gas nitrogen, overview picture with
WOI208¢/IBl4i f i cati onFigure 8 : Unetched cross- s@CTiERPR006/003967

a tantal um coating, process gas nitrogen Figure 9 :

| mage section used for porosity determ nation,
cross-section of a tantalum coating, process gas
nitrogen Figure 10: Unetched3gress-section of a

tantal um coati ng, process gas nitrogen, high

magni ficationPatent Clainms 1 . Method of applying

: i-n er eln: I :
R Soude e i W & Bonidr 5F 3 R Boating,
p3elcestse dyafsr ormtidvegegr oup consi sting of ni obi um

t.antal um _tungsten, nol ybdenu titanium zirconi,um qQr
PG 06 JMAR® (SRR FrEOF RPLOREFY APFEYRRPLHON.
Roslseaslc i drerLafadia Wik e &4 kg ,rre%ﬁbées‘écﬁago‘g‘ﬁ%ﬁ:ogen
has a particle size of fromO0.5 to 150 mm, erein a
Fogpeares dii:c Unsdathed ¢rpasteeictor hef gastanbalapdcepging,
.et. af er e eed. | | recte the surface
dggcae%so%] ectniqlzuggﬁﬁi’t ﬁgldétzslgéc%lg} e a?ﬂ&& aim1 ,

wherein the powder is added to the gas in an anount

such that a flow rate density of the particles of from
fromO0.01 to 200 g/s cnR, preferably 0.01 to 100 g/s
cn2, very preferably 0.01 g/s cn2 to 20 g/s cnR, or

nost preferred from
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0.05 g/s cnR to 17 g/s cnR, is ensured. 3 . Method as

cl ai

med in claiml , wherein the spraying conprises

wouhe/Jfps of . providing a spraying orifice a@#CagFPae06403967

sur f

ace to be coated by spraying; providing to the

spraying orifice a powder of a particulate materi al

chos

en fromthe group consisting of niobium tantal um

tungsten, nol ybdenum titanigp -zirconium m xtures of

at |
anot

east two thereof or alloys thereof with one
her or other netals, the powder having a _particle

pSk 281011843t 0 150 nm, said powder being under

1

pres

sure; providing an inert gas under pressure to the

spraying orifice to establish a static pressure at the

spra

part
coat
of |

ing orifice and providing a spra f said .
Fleirharh ot R a1 h RS R o4 HEEHRPaRe Yhepsin a
eds W FAMNG IRV N Dkt hiEewi Phaal 88VABr of
ow anbi ent pressure which is less than 1

at nogpheteramd \aelartied st dme g rqup esens hahingeof

st at
subs
part

[ r.essur, t_qt [ or] fq r oyi .
%1 %r‘#’ A 'aé:c;%aacearla |’oﬂ@%£%'sp¢%%?é§%lﬁﬂ t\!igsnlum'
izd teaing uitcdr intilx tansk Yast ant ol sl Swis f elceréof or
their alloys with at least two thereof or with other

metals, the powder has a particle size of from O.S-to

150 pm, wherein a supersonic speed is imparted to the
gas flow and the jet of supersonic speed is directed

onto the surface of an object.

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
cmz, 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.

Method as claimed in claim 1, wherein the spraying
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
Consisting of.niobium, tantalum, tungsten,
molybdenum, titanium, zirconium, mixtures of at
least two thereof or alloys thereof with one

another or other metals, the powder having a_
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be coated. 4 . Method as clained in claiml , wherein
the spraying is performed with a cold spray gun and

WOoRph®/t1ardget to be coated and the cold spray gBATHPR06/003967

| ocated within a vacuum chanber at pressures bel ow 80
kPa, preferably between 0.1 and 50 kPa, and nost
preferred between 2 and 10 kPa . 5 . Method as cl ai ned
in one or nore of the precediggg-cl ai ns, wherein the
speed of the powder in the gaspowder m xture is from
300 to 2000 m's, preferably from300 to 1200 m's. 6 .
Met hod as_ cl.ai ned in one_o t he pLecs di.n

cl ai s, ﬁﬁé&ﬁﬁ1?rﬁ?%%ﬁ%%répgng?c?ég g?flﬁlng Pﬁgder being
surface ainddie pyesirdprma coating.7 . Method as
claimed in one or nore of clains 1 to 6 , wherein the
appl i ed mvir@rrmsara e xrt cges sundepf presarset §015be

mm , pref 0 O 1 r

from 10 t %%yrné g%ﬁ%l egg%é%%ggrgf%gﬁgg ?gk%gsure
mm. 8 dﬂﬂﬂnnispxayfm@edriﬂlo@ea@d ppoeidfingha spray of
precedlng clainms, wherein the netal powder has gaseous

i npuri ti e9i6 BGg PpkR R Q%@%rb%ﬁ]aBﬁsgﬁs AntRethe

wei ght. Qu-AMetdhad, ase clad fEg. i gngne or nmore of the
precedi ng

- 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 prowvide
substantial acceleration of the spray of said
particulate material and gas onto said surface to

be coated.

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
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 fhe powder in the gas-
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

surface of the object form a coating.



10

15

20

25

30

cl ai
of |

nms, wherein the netal powder has an oxygen content
ess than 1000 ppm oxygen, or |ess than 500, or

woleagl1ti#an 300, in particular |ess than 100 ppEI/EPR006/003967
Met hod as clained in one or nore of the preceding

cl ai
cont
500,

ppm

ms, wherein the applied coating has an oxygen

ent of |ess than 1000 ppm oxygen, or |ess than
or |less than 300, in pagticular |ess than 100
11. Method as clained in one or nore of the

preceding claims, wherein the applied coating has a

7COI’]t

nore

12
cl ai

gasecf@F@ml p o thixds Wi drefierayky

ﬁetth%fds%%sfec‘rio%fnlr{\%?é%ﬁt e é!‘f“rﬁ%‘ﬂ %e!: ajﬁ%s”?

han con ent of e

. wiiletrledch ahec|appieiced nceantei rog M®$eaoﬁarheCmeesedengf

ns, wherein the applied coatlbg haslancon%gnt o; 10
T Prot e afz0%Fom

or not re than 10% o not ¥Dre theE 5% @r no% nmor e
t han t994>%f PFBmAthe 7Bht dhit 3§ HE @ Gr TPy pOwbBr<o18m or
Met hod as Cl.aj q%gﬁhp one of nore of the preceding

3 . .

cl ai
cont
part
8cont

10.

ne, mhereln t ppl i ed coati ng has an oxygen
ent which differs by not nore than 5% in
icular by not nore than 1% fromthe oxygen
ife GEEmMghgi hRRRror more of thé preceding

claims, wherein the metal powder has gaseous
impurities of from 200 to 2500 ppm, based on the
weight.

Method as claimed in one or more of the preceding
claims, wherein the metal powder has an oxygen
content of less than 1000 ppm oxygen, or less than
500, or less than 300, in particular less than

100 ppm.

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

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

11.

12.

100 ppm.

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

from the content of the starting powder.

Method as claimed in one or more of the preceding
claims, wherein the applied coating has a content of

gaseous impurities which differs by not more than
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14. Method as clained in one or nore of the preceding
cl ai nms, wherein the oxygen content of the applied

Wwoeomtiing4i s not nore than 100 ppm 15. Met hod PEF/EP2006/003967

clainmed in claim9 , wherein the applied netal coating
consi sts of tantalum or niobium 16. Method as cl ai ned
in one or nore of the preceding clains, wherein the

t hi ckness of the coating is Bgom 10 mMmmto 10 mm or
from50 nmto 5 mm 17. A nethod as clained in one or
nore of the preceding clains, wherein |ayers are

appl % by,.cqlg %f&?é“tf}garﬁoléi‘,e éJf-”BéEemBEeaEhQHJ 8¢l or
to be coated, preferably layers of tantal um or

ni obingrh nk8e Ahwet ik, aSrah ai medcontehti oflThewsépaiting
the | a E{s produced possess an oxygen content bel ow
1000 B5BIA©119. Use of a powder of a naterial selected
fromthe group consisting of niobium tantal um
tungsten, nol ybdenum titanium zirconiumor mxtures
18- aMatdwesd aswskaieredfinrong | of smeher ebf thit prgceding

| east .t h i e Lch_po r
has: St iR e B T4 LR ReLa TERAL Eng g AROREben
cl ai methtiemtoneioth mbi f @f s tihe poecedragthhal 6%, 11418

20. Use as clained in claim19, wherein the netal
powd SR Gt G & 1R RNVITRES heR3R + Bni AEORoAPEs PEYERD

fromhteh 9D Men st PFES 85 GRbYadFOm 95 to 97 wt. %

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

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 pm to 10 mm or from 50 pm to 5 mm.

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.

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

consisting of niobium, tantalum, tungsten,
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nol ybdenum from1l to 6 wt.% preferably from2 to 4
w.% niobium fromO0.05 to 1 w.% preferably from

WOQU@H17340. 02 wt. % zirconium 21. Use as cl aP@EEPRIV6/003967

claim19, wherein the netal powder is an alloy, pseudo
all oy or powder mi xture of a refractory netal selected
fromthe group consisting of niobium tantalum
tungsten, nol ybdenum titani @mand zirconiumwi th a
netal selected fromthe group cobalt, nickel, rhodium
pal | adium plati num copper, silver and gold. 22. Use

as chaj e e : al. I
consreATEser X ARl 08 EEOoh fEnTBL NI RENDES of ac
cl ai e stn tola@ithdSgofher eabhlohs nbeakbopowdeh atndieats:t two

f t f tit wd tungst e
pondSPaESE 1 Yo T o Lo ga, bt FhcPBPGSetae 2
coat %%t(m:l% shaped, pbj g5t 09}%@?8446 9}4 g Hsttggé ag

cl ai in one or nore o precedi hg ai ns to

18. 2=l aGaled] Sipr ayres duayrmr@fof uﬁgétpﬁecé’ﬁhnbdemaﬁms 1-18.

titanium zirconiumor m xtures of two or nore thereof
or of alloys of two or nore thereof or of alloys with

20t.heiy seetal %m&%&%mgcﬁylﬂxygenwﬁg%ﬁﬂt tH@' ﬁwtéqogowder
ppm 26. Cold sprayed layer as clainmed in claim?2

mhereﬁnamh@HLQMNhaﬁimmd@h©fthh@ﬂiug1opmppebtmnn from 94
to 99 wt.%, preferably from 95 to 97 wt.%,

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
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,

silver and gold.

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

consists of a tungsten-rhenium alloy.

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,
obtainable by a method as claimed in one or more of

the preceding claims 1 to 18.



10

15

20

25

30

27. A coated object conprising at | east one |ayer of
the refractory netals niobium tantalum tungsten

wodtoi@ehum titani um zirconium m xtures of PCRAEP2#06/003967

nore thereof or alloys of two or nore thereof or

alloys with other netals which is obtained by using a
process of one ore nore of the preceeding clains 1 to

18. 28. A coated object as-cBaiwed in claim?27,

wherein the coated object is made of netal and/or of
ceramic material and/or of plastic material or

conpri ses conponents from at | east one of these

materials. 29. A coated object as clained in claim?27

26r. 280 Mhempgiayadel aycat ef objregstes, ancbypdasntn, usédanium

in chem cal, plants or. in | abpratories or ip nedica
devi Cod O (G M IT ST o br Gt o5 PR5Et FBREGRA/ 6F ©F

M Xi BY IEESRIE thStdF M¥re actd &G fbANGE, aBloys with other
thermowell , a birsting disk, a birsting disk holder, a

heat M&teHsn Ras Jetring a1/ ofydemegontanpi bphgw 3000 ppm.
val ve, a valve bodie and a punp part.30. Use of a
refractory netal coating on a shaped object,

2@ht aicedll esdra yedretaost ass ot batmed i hnookabm A6, ewhkrein

the preceding clains.1 to 18 as. a corrosion -
protg@ﬁ(%éxéinqqnﬂade of tantalum or niobium.

27. A coated object 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 obtained by using a
process 6f one ore more of the preceeding claims 1 to

18.

28. A coated object as claimed in claim 27, wherein the
coated object is made of metal and/or of ceramic
material and/or of plastic material or comprises

components from at least one of these materials.

29. A coated object as claimed in claim 27 or 28, wherein
the coated object is a component used in chemical
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

pump part.
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30. 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 -

protection coating.



