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body is generated, the final step of the process involves sintering to produce what is known

as a “white” body.
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wherein at least a proportion of the carbon and/or oxygen is catalytically removed by

the at least one platinum group metal.

In one embodiment, the invention provides a method for controlling the carbon content in a
30 material. In one preferred embodiment, the carbon content is controlled to a level of <0.1wt%

carbon in the final sintered body.

In another embodiment, the invention provides a method for controlling the oxygen content in
a material. In one preferred embodiment, the oxygen content is controlled to a level of

35  <0.3wt% oxygen in the final sintered body.

In yet another embodiment, the invention provides a method for controlling the carbon and

oxygen content in a material.
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35
The feedstock composition may be an admixture of the powder, the platinum group metal and
the binder. In this regard, the powder, the platinum group metal and the binder may be

combined in any suitable order.
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xanpt o ATROY AP dpRghless, MALRY Bhots I Frel AR FuPE FPd Brougn. 11
a residue’ opgtlnp@tfsf wejneamasteripéofirs \glﬁtout mterruptlon Preferably, the perlod of time is
about 1 second to about 10 minutes, more preferably about 5 seconds to about 5 minutes and
most preferably about 10 seconds to about 1 minute. An especially preferred period of time is

30 20 seconds.

Alternatively, the dual asymmetric centrifugal forces may be applied for an aggregate period
of time. By “aggregate” we mean the sum or total of more than one periods of time. The
advantage of applying the centrifugal forces in a stepwise manner is that excessive heating of
35 the powder and platinum group metal can be avoided. The dual asymmetric centrifugal
forces are preferably applied for an aggregate period of about 1 second to about 10 minutes,
more preferably about 5 seconds to about 5 minutes and most preferably about 10 seconds to
about 1 minute. The number of times (e.g. 2, 3, 4, 5 or more times) in which the dual
asymmetric centrifugal forces are applied will depend upon the nature of the powder and

40 platihnum group metal. For example, when the powder comprises titanium, stepwise



20 Wen the powder is ceramc, the particles thenselves act as mlling
medi a. In one enbodi nent, the powder has particles with an average di aneter
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WO 2011/0ﬁ$gg%ﬁ 2010/ 051724 Pd/ Ti alloy, the corrosion resistance of

the alloy to cC r| e-contai ning solutions (such as salt water) inproves.
Regar dl ess of the nethod by which the platinumgroup netal is incorporated
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bi nder,s and the processes by which binder renoval occurs are well

docunented, for
When the powder is ceramic, the particles themselves act as milling media.

In one embodiment, the powder has particles with an average diameter of about £2000 um,
more preferably about £1500 ym and even more preferably, about <1000 ym. In one
25 embodiment, the particles have an especially preferred average diameter of about 1 ym to

about 45 ym when the powder comprises titanium.

Preferably, the platinum group metal may be single crystallites or an agglomerate of many
smaller crystallites. However, the secondary particles need not necessarily be substantially

30 spherical in shape.

The coating of the platinum group metal on the powder particles may be in the form of a film
or in the form of discrete particles. The degree of coverage will depend on the ductility of the
platinum group metal, the length of time allowed for the coating process and/or the quantity of
35  the platinum group metal present e.g. palladium may be added to titanium alloys in a
proportion of about 0.05% to about 0.25%, e.g. about 0.05% to about 0.2%, which are
recognisable as the levels of addition in ASTM/ASME Ti grades 7, 11, 16, 17, 18, 20, 24 and
25. The quantity of platinum group metal can also affect one or more properties of a desired

alloy or cermet subsequently formed. For example, when the quantity of Pd is increased in a
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occur ,during thermal debinding, sintering (provided a suitable process gas
is present for at |east ﬁroportlon of the time during the sintering

process) O EMpRAtIERMhisH theipwbpody fefarmed (i fheeling FempeAiEn mayhed® may

al so be additable Gnadetayureontrol | ed 5during the heat treatnent stages by
i ncreasing the tenperature and/or regulating the process gases utilised.
I'n one enbodinent, the catalytic renoval occurs in an atnosphere conprising

at | east WitBouyt avghinote bgakound Ry theoy, jitris baligved theh ey e@ghon apateglais the dpalt s | n
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?éiﬂggf Ingng]gmg)ﬁ%?sesmgfaa?/or wlegrgaalﬁ blnger materials, some gf which WI| have oxygen

as one of their elemental components. In this regard, it is further believed that control of the
carbon and/or oxygen content according to the present invention proceeds via a catalytic
removal of at least a proportion of the binder and/or of residual binder components resulting
from the unzipping process. As such, the overall process of debinding occurs as a result of a
combination of unzipping and the catalytic removal process. The quantity of binder and/or
35 residual binder components removed catalytically will vary with a number of parameters,
which include, but are not limited to, the starting composition of the binder, the amount and
distribution of the platinum group metal, the thermal processing conditions selected and the

process gas used to effect the binder removal.
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occurs, it is desirable that the selected temperature or temperatures are above that suitable
for the initiation of the catalytic removal and below that recognised to cause significant
impurity uptake in the particular material being prepared.
30
It is possible to produce new alloys and cermets by the method of the present invention. It is
believed that the ability to generate a tailored material with required properties (e.g. corrosion
resistance and mechanical properties) would encourage the use of those materials and, in
particular, the use of alloys, such as titanium alloys. It is also possible to produce purer
35  cermets or alloys of known grades (e.g. titanium alloy compositions as listed in the ASTM
International list of standard alloy grades). Regardless of the actual composition of the final
material, an inventory of different powders and platinum group metals facilitates the
fabrication of articles in a wider range of alloys or cermets. This is particularly advantageous

for the manufacturer of small, intricate articles who does not manufacture in bulk and so

40  cannot normally benefit from economies of scale.



Figure 5 is a graph illustrating residual oxygen levels in sanples
thermal |y debound in air and 25sintered at 1350C. Figure 6 is a graph

i Il ustratwogotinaseor r osi on behavi our of a solid CPTi + @c2wefd/whiey nade
according to the nethod of the present invention with that of w ought
titanium G ades (G ade 2 %yCPTi ) and Grade 7 (Pd-0.2Ti)). 30 The invention

i s furthefhg inyapden iatisdratpg by dfecacesneranying graingdinWhighng non-1i miti ng Exanpl es.
Exanpl es Exanple 1 35CPTi and Ti 6Al 4V powders (<45um spherical) from
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bi nder 1 of ALIPat o MB0RP ofbal 15, CEyee TREe g AP Hg e SIS M2 ng was
carrietl ofpeedmixay” aFigirakivsra Yiew frem albvie|shekengring easefdate andymskesd Thf basse hour

t o ensur epgehoaRIRNEMRWESERRQCK. After mxing, the feedstock was further
processed into the granular formused in the injection nolding process. 40

WO 2011/ 045601PCT/ GB2010/ 051724 Exanple 2 The above-nenti oned powders and
or gani ¢ bFigareriBisea sidevisve df thsbase platecandlbeskef. wi t h t he addi ti onal i ncl usion of
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approximately 0.2wt. % of the anount of titaniumor titaniumalloy powder
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f eedst ockslogknepairediolny t he nmethod outlined in this Exanple are hereafter
referred to as having "adm xed" Pd content. 10Exanple 3 1In a step prior to
preparation of the feedstock, CPTi and Ti 6Al 4V powders (as above) were
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Figure 3 is a backscattered electron image of 150g titanium powder (<45 um) coated with 0.2
wt% palladium. The dual asymmetric centrifugal forces were applied for 3 x 20 seconds at
2000 rpm.

20
Figure 4 is graph illustrating the residual carbon remaining in samples thermally debound in
air and sintered at 1350°C.

Figure 5 is a graph illustrating residual oxygen levels in samples thermally debound in air and
25  sintered at 1350°C.

Figure 6 is a graph illustrating the corrosion behaviour of a solid CPTi + 0.2wt%Pd alloy made
according to the method of the present invention with that of wrought titanium Grades (Grade
2 (CPTi) and Grade 7 (Pd-0.2Ti)).

30

The invention is further illustrated by reference to the following non-limiting Examples.

Examples

Example 1
35 CPTi and Ti6Al4V powders (<45um, spherical) from Advanced Powders & Coatings, Canada,

were each mixed with a commercial binder formulation developed by Egide UK, Woodbridge,
Suffolk. Mixing was carried out using a Winkworth Ltd. Z-blade mixer for a period of one hour
to ensure a homogeneous feedstock. After mixing, the feedstock was further processed into
the granular form used in the injection molding process.

40



15An amount of palladi um bl ack was added such that it forned approxi mately
0.2w . % of the amobunt of titaniumor titaniumalloy being coated.

Di sper si omormeagus@ment s and SEM pictures were taken to eOsGB20BM5ER28N
dlstrlbutg%ﬂng% othe Pd on the surface of the Ti powders (see Figures 2 and
3). 208Sai d powders were subsequently m xed with the binder
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prior to the thermal sintering process, the nolded "green" parts produced
in Exanple 4 were subjected to a thermal treatnment process. The "green”
parts "her BX38Rl83ai ned i n an oxygen-containing atnosphere in a heated, well -
35vent i | atneglstels prgras brepaatidn(afheafaedstdar SORIK @nOTBAJMY pbineers ¢hsabovewdral cycl e
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maj ority ase-was re gen’ parts,
produ0|ngEFW§§?ﬂ@Pa&é%@h%@dﬁ&HWﬁ@WeﬁN§Sﬁﬂ@%kWﬁGWﬁNQBWﬂﬁhﬂy as "brown"

40parts. At the end of the thermal process the "brown" parts were exam ned

for their re5|d 1/0456 2010/ 051724 car d, oxygen

contefls. ARG s R R PArE eI Ber T FPesr BRSNSl

r emai ni ngannwng afpitasiumd eb danidmi allogi hemg Escated| @isgersion measurements and” SEM
pictures were taken to ensure an even distribution of the Pd on the surface of the Ti powders

(see Figures 2 and 3).

20  Said coated powders were subsequently mixed with the binder formulation and granulated, as
outlined above. The molded components made using feedstocks prepared by the method

outlined in this Example are hereafter referred to as having “surface-coated” Pd content.

Example 4
25 The granulated metal powder feedstocks, formulated in Examples 1-3, were compacted into

“green” molded parts, each being complex in design but having an approximate total volume
of 5cm®, using an Arburg Allrounder 270 Centex 40 Ton injection molding machine. Machine
conditions were tailored to ensure efficient and complete filling of the mold and clean ejection
of the molded parts.
30
Example 5
To remove the majority of the binder phase prior to the thermal sintering process, the molded
“green” parts produced in Example 4 were subjected to a thermal treatment process. The
“‘green” parts were maintained in an oxygen-containing atmosphere in a heated, well-
35  ventilated, compartment (Genlab - bespoke oven). The total thermal cycle lasted for a period

of over 24 hours.
During this processing step, the majority of the binder phase was removed from the molded

“green” parts, producing fragile “debound” components also known commonly as “brown”

40 parts. At the end of the thermal process the “brown” parts were examined for their residual

10
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i nj ectionmethbdd. ng processes in Exanples 1-6, was conpared with that of
wrought titanium Gades (G ade 2 (CPTi) and Grade 7 (Pd-0.2Ti) - both from

Timet UK Ltd.). Polarisation curves were neasured on surfaces qro ynd to
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Testi ng s a petiddaf omcthdun atidgirbucbfa stiériChroaéss3s cedrigpachittd wsling eafalhg};rof cl eani ng
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processes outlined in these Examples are shown in Figures 4 and 5.

25 Example 7
The corrosion behaviour of a solid CPTi + 0.2wt%Pd alloy, made by following the metal

injection molding processes in Examples 1-6, was compared with that of wrought titanium
Grades (Grade 2 (CPTi) and Grade 7 (Pd-0.2Ti) - both from Timet UK Ltd.). Polarisation
curves were measured on surfaces ground to 1200 grit, washed in deionised water, rinsed
30 inethanol and then dried. Testing was performed in 150 ml of 2M HCI at 37°C immediately

after cleaning of the surface.

Polarisation curves, shown in Figure 6, were measured after 30 minutes immersion at
open circuit potential. Scans were carried out from -200mV to +700mV, relative to the open
35 circuit potential, at 1mV/second. Tests were carried out using a saturated calomel electrode

(SCE) as the reference electrode and Pt wire as the counter electrode.
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pl ati num group netal and at |east one binder; and b)formng the material by
powder injection nolding;, wherein at | east a proportion of the carbon
and/ or oxwyoeni/@seat al ytically renmoved by the at | east ouoe/gB2etoosurzugr oup
netal . 10,2;m& Method according to claim1, wherein the feedstock
conpositiom rs an adm xture of the powder, the platinumgroup netal and the
bi nder. 3. A nethod according to claim1l, wherein the platinum group netal

i s coat edqont @ nichRd iHREMENMIg tHd.cadoRBRNEbxfEehoRteRtdn b tnatdrial dBmprisi @ ei n t he
pl ati num gr oug%%rg% al is coated onto the powder by |ow energy ball mlling,
|

el ectroless p ig, reductive chem cal deposition or using dual asymetric
centrifugal farcdemigOa edfiosketdnpdsitiancenurisigy eblegstainmm@wder, el lagshatte wher ei n

the platinum gr oypain&h dloup el AN Re bitGerPsiader using dual asymmetric
centrifugal farc rret_h%d accor di noggéq?q any one of clainms 3 to 5,

S. . 6. A ar
wherein the cYat ﬁ?fﬂ“’]géh? RAEFR by Brufepinegt ""or in the formof discrete
particles. 7.whereebhledstacmopationgf the canyoncme/oobxyghre isprattyichlin geradvad g,

wherein the BEast MVIRES Rlup st one of titanium nol ybdenum
tungsten, ni E@%ﬁ oars I ron. 30§. Aprret od according to any one of clains 1 to

6, whéfein the powder conprises at |east one of silicon, zirconium
al um ni unp. ytA riethdd ac&irdibgMo didithanivtigfeiarthd ¢a@doR omPositidn eedhadhiggeafdi ng to

any one of the preceding c|ains wherein the powder conprises particles
B P e, b

whi ch are subs 1 al'ly sphe , I rregular or a conbination thereof. 35

3. A method according to claim 1, wherein the platinum group metal is coated onto the

15 powder.

4. A method according to claim 3, wherein the platinum group metal is coated onto the
powder by low energy ball milling, electroless plating, reductive chemical deposition or
using dual asymmetric centrifugal forces.

20
5. A method according to claim 3 or claim 4, wherein the platinum group metal is coated

onto the powder using dual asymmetric centrifugal forces.

6. A method according to any one of claims 3 to 5, wherein the coating is in the form of a

25 film or in the form of discrete particles.

7. A method according to any one of the preceding claims, wherein the powder comprises

at least one of titanium, molybdenum, tungsten, nickel or iron.

30 8. A method according to any one of claims 1 to 6, wherein the powder comprises at least

one of silicon, zirconium, aluminium, yttrium, cerium, titanium or tungsten.

9. A method according to any one of the preceding claims, wherein the powder comprises
particles which are substantially spherical, irregular or a combination thereof.
35
10. A method according to any one of the preceding claims, wherein the platinum group
metal is selected from the group consisting of at least one of platinum, palladium,

rhodium, ruthenium, iridium and osmium.
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10. A method according to any one of the preceding clains, wherein the
pl ati numgroup netal is selected fromthe group consisting of at |east one
of pl ati nmonopalsbadi um rhodium ruthenium iridium andpqsmimm()/os‘l/'m

2011/ 0456911PCA- %ﬁt 9 % o(i)'gng oﬁan]qunepc‘) en?rggedﬁtg C%IFFI r\]/\gte e% t'?i Ia?n gn grou t he

precedi ng cl ai ns, W cte
group consi st'mi#gI '$)$e|<%ﬁedlf@alsthe @fﬁep @TﬂS'pllth‘fﬁUmSa@ftP qﬁalatlram mpa"adlum 12. A
nmet hod according to any one of the precedi ng cl ai ns, wherein the mat eri al

[ |1 h d di to.clai th
i 1 oy comt i <Rl & © 3y She ] e R orBT e BRQ G (B RY° BhEGt 't ho

pr eced$ ng cI aorescermpterein the catalytic renoval is 10thermal ly induced. 15.
A nmet hod according to claim 14, wherein the thermally induced catal ytic
renoval occurs duri n%Bt her mal . debi ndi n%ﬁ sintering or a conbination

thereof . 1516 MEREEHGHIIIREPH g PISE s AP MRIAE AW ™ he car bon and/ or

oxygen content is further controlled by regulating the process gases. 17. A

met hod acgpr di ﬂﬂth%&?a@d&)’dmgﬂga@f orFeQ)?thB ?e%gﬂ'léd]‘g?'% ;t\g{%ﬁegn M@g%&gtf& dhSarigt al ytic

removal occurs 1 n an oxidislng or ducr n nmet hod
accor d? ng to ®eEEMY NGuceGher ei n the OXI di si ng atmosphere conpri ses oxygen,
NO2, ozone or a conbination thereof. 19. A nethod according to claim

17, wher ei1 g' t,K' ﬁte[h%g %Sc'oﬁa%g% glgl‘ﬁpﬂe{;vﬁerglﬂ rﬁ%ﬁhér%%llﬁ%l%(% Qagaqtr/}lc re%Qoval occurs

during thermal debinding, sintering or a combination thereof.

15 16. A method according to claim 15, wherein the carbon and/or oxygen content is further

controlled by regulating the process gases.

17. A method according to any one of the preceding claims, wherein the catalytic removal
occurs in an oxidising or reducing atmosphere.
20
18. A method according to claim 17, wherein the oxidising atmosphere comprises oxygen,

NO,, ozone or a combination thereof.

19. A method according to claim 17, wherein the reducing atmosphere comprises

25 hydrogen.

30
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