DESCRI PTI ON METHOD FOR MANUFACTURI NG OXI DE DI SPERSI ON STRENGTHENED PLATI NUM
ALLOY 5 BACKGROUND OF THE | NVENTI ON FI ELD OF THE | NVENTI ON [ 0001] The
present invention relates to a nethod of produci ng an oxi de-

10di sper si on-strengt hened platinumalloy in which oxide is dispersed in
plati numor platinumalloy. In particular, the present invention relates to
a nethod in which contam nants that could be m xed during production are
reduced. 15 DESCRI PTI ON OF THE REIDHEORARTIQNO002]

Oxi de- di spersi on-strengt hened platinummaterials in which oxide such as
zirconiumoxide (zirconia) or yttriumoxide (yttria) is finely dispersed in
pl ati numor platinumalloy, also called strengthened platinu have . ‘
excel | ent 2PETHODERHRMANLEASTURING QKB DISBERSION STRENG BHENER &1 [ ent
creep strength, and are therefore used a ructural material for glass"
manuf act uri ng equi pnment used in ELﬁﬂyNUbiﬁgbé ture environment. For guch
oxi dedi gper si on-strengt hened pl ati num al | oys, various inprovenents have
been nade to increase, for exanple, high tenperature strength. And there

have 25 been many reportsQf [ j [ j for dispersion has

been effectively disper se@gé%@%%@bfogﬁ%éﬁpﬁpm(@@mm in the production

F(r)ggg]ss (PaI*I%'NDB?C'FWEWN@ENTI@N [Prior Art Docunments] [Patent Docunents]
[0001]

The present invention relates to a method of producing an oxide-
10  dispersion-strengthened platinum alloy in which oxide is dispersed in
platinum or platinum alloy. In particular, the present invention relates to a
method in which contaminants that could be mixed during production are

reduced.

15 DESCRIPTION OF THE RELATED ART
[0002]

Oxide-dispersion-strengthened platinum materials in which oxide such
as zirconium oxide (zirconia) or yttrium oxide (yttria) is finely dispersed in
platinum or platinum alloy, also called strengthened platinum, have excellent

20 high temperature strength properties, in particular, excellent creep strength,
and are therefore used as a structural material for glass manufacturing
equipment used in a high temperature environment. For such oxide-
dispersion-strengthened platinum alloys, various improvements have been
made to increase, for example, high temperature strength. And there have

25 been many reports of materials in which oxide for dispersion has been
effectively dispersed as a result of the improvement in the production process
(Patent Documents 1, 2).

[Prior Art Documents}



[ Patent Docunent 1] Japanese Patent No. 4094959 [ Patent Docunent 2]
Japanese Patent No. 4280215 5[ 0004] Here, as a nmethod of producing an
oxi de-di spersi on-strengt hened platinum all oy, generally a powder netall urgy
process is used. In the process, an alloy powder of platinum and zirconium
is first prepared, and the powder is subjected to oxidization so that
zirconiumin the alloy powder is internally 10oxidized to form zirconi um
oxi de, ther[Payerpmamergsh pl ati num powder in which zirconium oxide is
finely dispersed. Then the above is forned into fine powder by mlling
means such [B803h attritor or a ball nmill, and the resultant is sintered and
processed into a platinummaterial. In the invention described in the above
Pat ent DocURatentDogumenictliJepaneselPetasi Nad9948P8st ed based on 15 the above
process. Also, in the abaove Patent Docunent 2, | oy powder of platinum and
zi r coni um i[Batant Recnent Rl ReANase P@EP%W% ‘@%ng%t ritor in water wthout

oxi di zagéi o:lp bhﬁreby oxi di zing zirconium by water, where the fornmation of
oxi de and Pp¢ g of powder are carried out sinultaneously, and then the

2§“n§§;| Lur gy pr S8 2 SohRRY ol ThRR R BRrrP: sBRFB RS g by
t - i
ox?de?\éfgégﬁgill%éﬁghrgkhgéﬁeeﬁﬁggg a Ir}r%&%ﬂﬂ%rg&%@?ﬁ%n e ntﬂ?)e f%CSS?’se
oxi de paf“&dﬁﬁo& Bo@d?#bﬁ@?’ciﬁurﬁ% JitcHmiurA il fitst pfeshred, &md the Pawdémose

met hods are all ‘useful 1n that respect. However, all nethods had problens

with some g sbb%ctéiftd bxiataRbasbnhat Afdopium i tiee allybpewder i dhteetealiyot only
poor strength of the alloy but al so higher hardness of the alloy than

expect d@ ( deddigeddd forhatirconiumfddde, thembygrepgringCageatirafim poevder abl ens
i nvol ving processing due to increased hardness reported include fornmation
of a scal y whichedrsediusupkigeds finelytdisparsednthen 816 gihovesisdaesed dttofine
material to be processed at the tine of surface qri ndi ng for shaping.
[ 0006] pouder kiemdling meanscichtas an attritar o @cba bnnlh@ngrtbgmuwt ifet hod
itself, and are al so unexpectedly produced even uRder a st aé)I e .gogt rol
i ncl udi ng sintered and processed into a platinum material. In t e}mventlon escribed in
the above Patent Document 1, production conditions are adjusted based on
15  the above process. Also, in the above Patent Document 2, alloy powder of
platinum and zirconium is prepared and then milled with the attritor in water
without oxidization, thereby oxidizing zirconium by water, where the formation
of oxide and milling of powder are carried out simultaneously, and then the
powder is sintered; the invention is also based on the same powder

20 metallurgy process.

SUMMARY OF THE INVENTION
[Problems to be Solved by the Invention]
[0005]
25 Established methods of producing oxide-dispersion-strengthened
platinum alloy have intended to disperse oxide particles in a suitable
condition, and it can be said that those methods are all useful in that respect.

However, all methods had problems with some of the resulting platinum alloy.
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10qual ity control of raw materials. The present invention investigates the
cause of the problem and provides a nethod capabl e of producing a high

qgqual ity oxi de-di spersion-strengthened platinumalloy in a stable nmanner.

[ Means for Sol ving the Problens] [0007] 15To sol ve the above problem the
present inventors have thoroughly exam ned the steps of conventional

nmet hods of produci ng oxi de-di spersionstrengthened pl ati num al |l oys and

st udi ed t h@her sreblems chidediebtesrily peopstaengthrof dhé ajloy Bat also ddghar, t he

i nventors have found that zirconium oxide having relatively |arge and
uneven par thacdmessi afehe salldy smar expedted (desighed) thatimalyl affect pracessing. pr obl ens.
So the inventors have exam ned the cause of the m xing of such |arge
particle siCasesiofdbaipsokieanstinelving macessng duade incieasrd BAIdRLSSf il | i ng
equi pnent in the mlling step. [0008] MIIling equi nt such as an attritor
and a bal | reperteq Nchde fogmatiqn of ascabciecgsset S%"g‘i‘)‘%ﬁg@%ﬁo BYeREN ng a

material to_be m|led, mllin dium (bal] s,, beads) .and an agi.tating rod
(agi t a1 8r ) Pighhbardneshior e e qE BEmITEeToRd S iBBaETS gt STecs ofiting
oxi de-di spgr si,on-strengt hened platinumalloy, zirconia is often used as a .
milling medPuth989erns of the hardness. In this regard, the oxide-

di spersi on ééétﬁngt hened platinumalloy is obtained by di spersing oxide such
as zirconi ; and therefore even if mlling nmediumzirconia is mxed, it is

not necessary { eybRgRAEve SARHEANE HEk BaBlo 1T Brédietion Ietibaimgas not

been considered as a pro 0009] On the other hand, the present

i nvent ors ha\eare)sd dRERSEAEAY drbgudBdéveh hdér 4 eRibl@centréliincllidimg of
mlling that has been ignored so far is exactly the problem It is true

t hat zipconrjualifyestiticd o ras neateiialseThe presdntémairtioniingestigates thercause

oxi de-di spersi on-strengt hened platinumalloy, but in the principle 100f

di sper si on ofttihe pgibdiemi arny piavidegud aretood papablerof produding atugt qga&yparti cle
size larger than that of the original dispersant may cause a materi al
strengt h didxda-dispefsiomstrasgihesiedridetinim adoy astalie manatent of the
mlling mediumduring the mlling operation is not always predictable, and
it is inpodMeans fenSeling ke Rieblemslasi on amount of the nediumor the size
of fragnments éSseparat ed due to abrasion. It is considered that for this
reason, unfl@98flabl e

15 To solve the above problem, the present inventors have thoroughly
examined the steps of conventional methods of producing oxide—disperéion-
strengthened platinum alloys and studied the properties of defective platinum
alloy. As a result, the inventors have found that zirconium oxide having
relatively large and uneven particle size is dispersed in the platinum alloy

20  having problems. So the inventors have examined the cause of the mixing of
such large particle size zirconia and focused on the structural material of
milling equipment in thé milling step.

[0008]
Milling equipment such as an attfitor and a ball mill is provided with a

25  container (pot) for containing a material to be milled, a milling medium (balls,
beads) and an agitating rod (agitator). And in the milling equipment for
producing an oxide-dispersion-strengthened platinum alloy, zirconia is often

used as a milling medium in terms of the hardness. In this regard, the oxide-
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zirconia is mxed in sone occasion. The present inventors have found the
present invention for carrying out a mlling operation with suppressing the
m xing of zirconia in a mlling step. [0010] 20Accordingly, the present
invention is a method of producing an oxi de- di spersion-strengthened

plati num all oy, conprising a step of mlling a material to be mlled
conposed of platinumalloy in a solvent by neans of a mlling equi pnent
provi ded widigpetsioptstadrigienst platihumoallayds wbtained by digpersingroxideheuahi n at

| east the surfaces, comng into contact with the material to be 25m || ed,
of the contas ziryonid, lemdnthelefoe ewah iimibing nédiuagzitcanda issmixedatlds BOt pl at i num
or platinumalloy, and the material is mlled with a hydrogen peroxide

sol uti on i mecedsaydoiragard ihes aotantamingrb,oand thusithe meixingthasonelibaaie pr esent
invention, for the container, the mlling nmediumand the agitator that have
t he struct wosidese@ sl Brobfehe nilling equi prent in the nmilling step, the
entire surface that conmes into contact with the material to be mlled is
made of 5pI dPPA%Im or platinumalloy (hereinafter 5 they nmay be referred to

W th Che materi 1 s gberARddhEpraRc BYSHoR dsdaERMs hE 00T he
bove.  the I xi ; od  oviganl ! _

rvent i on” s 8 Fesfid P BB P Riyhg e dod BHERR) oo Mlis bl B 57

mlling eq%grﬁ?ﬁlemwfﬁg th[égthg??ﬁéélﬂé f&rﬂ:ﬁf&%srgs'é 8dpaRdor Bfefythbhitg equi pment

are made of a'platinummaterial as 1n the present invention, it is likely

that the mafgurtdbr dPoRieispadiontirsRthamst prtinamdaibyt But iehegrinalpte or the

wal | of the container to hinder the progress of mlling. Such phenonenon is

nor e | iigel Yoftdispisision stiengtiarghg aregglar biEpersioh lof sxide levirpaparticleor . In
view of 15 this phenonenon, hydrogen peroxide is added to the solvent in

t he cont ai nize Iargéhihaprthatot therorignal aispetsatittray catissgdnatgeal gteangth de
generates bubbles in the solvents, and the bubbles serve as a cushi oni ng
materi al t odiffersné fronpthee designéd vatuadhben the mavemeant @f Sverlingmmadivy
operation. éOQlS 20Hereinafter the present invention wll|l be % scribed in
more det aj | during theemiltinchereretion linph always predisiabies Andiihis IGPSSEIDIR0r e and
after the step of m|ling of platjnum al] (f)% E&V\der are basi cally in
accor dance eantrl dmakrasignhamonst abie pediynbhauhieRjze At ragments
oxi de-dj spersi on-strengt hened platinum.allpy. . The pr ti | at i num
al | oy ﬂé\/\de?eﬂf’é?‘@rdeé'{% %?rlaﬁoﬁ'ghé? 88”?'9eaqog%‘abgfﬁﬁ'gcfﬁgg‘é’%tthﬁg\é°3%9 nti onal
nmet hod. For_.exanpl e, . as . i 0t / pl ati num
al | oy pQMe%ITQOQr‘%Dm'BPﬁ?Q!ﬁ%%é% gﬁ?gaeséghjhger @%gggt 'glqgﬁatrﬁ%%gﬂ oy pt(?).'\%der in
whi ch zi rcopla-8f inkBfitidr 167 dafryO& & RfflinG 'op@FatioR il §bpressing the

mixing of zirconia in a milling step.

[0010]

20 Accordingly, the present invention is a method of producing an oxide-

dispersion-strengthened platinum alloy, comprising a step of milling a

material to be milled composed of platinum alloy in a solvent by means of a

milling equipment provided with a container, a milling medium and an agitator,

wherein at least the surfaces, coming into contact with the material to be

25 milled, of the container, the milling medium and the agitator are made of
platinum or platinum alloy, and the material is milled with a hydrogen
peroxide solution introduced into the solvent.

[0011]



Docunent 2, platinumalloy powder which does not contain oxide is prepared
W t hout oxidi zation; either process may be enployed. [0014] In the mlling
step in the present invention, mlling equi pment in which 5the surfaces of
the container, the mlling mediumand the agitator that conme into contact
with the material to be mlled is made of platinumor platinumalloy is
used. Here, platinumor platinumalloy may be applied to at |east the

surfaces which gpte metiodcoithagreserithnydreiompfa@rthalcontaiter, the indlling Ther ef or e,
equi pnment in which the full body of the structural materials is nmade of

10pl at i nummediuanand trenagitatomthiat hase tiee pauctucd] materialsrafdhenzlingat erial s is

made of platinum may be used. A container, for exanple, whose inner surface
is clad wi tequipraentiorie onilliagstep,rthe entise swifacoieicamesiintoganiactavith

smal | er-di anmeter container made of platinumis inserted, nmay be used.

Li kew se, tthe majetialitorbenmlledds mare of plainum gy Riatitiimadey (hreinater or a rod

material clad with platinum 15may al so be, used,  Here, as. platinu r

pl at i nufn althey mayre refaired 4o esa é‘éF"F'é’@é“?t%‘ta chyhan &‘ﬁt%ﬁt{gﬁy%?e \%eﬁh t he

R
(o 9 et 812 EORAPRSE RS LU BLRANIRkg S, aSfn Pt apnones

extremely Igpﬁ nd if the oxide is in strengthened plati numw thout any
qual ity prJ e m nor mxing of the oxide in the material to be mlled

causes | I1t1e prgkliigtetifiitifis Mblehahifartmplificafimonte ahiduiap used.
[ 0015] 25The milling step conprises wet mlling in which a solvent is used.

This Hp f ohadiriaper millvey EGGipiRsrr Widentthe beatetibl techbeadiipdearsd the millinp| es of
sol vents include pure water, organic solvents such as heptane and al cohol,
and ni xed swjuiimentarchaadefof aWiatnyhahaterial as Inctheqredent inkerdlonhitds not been
oxidized is oxidized in the mlling step as in Patent Docunent 2, water
(pur e wat erlikelysthpt thfeematgrial ts be. milled 26heras and isrkansiegiindhe iagitatoy @ ogen
peroxide is introduced into the solvent to Sbe used sg that the
concent r at itba vl ofitie cgataipertexhinder the@rogtess pfgmilingneuch phenomenon
is more likely to occur in a high energy ball mill such as an attritor. In view of
15  this phenomenon, hydrogen peroxide is added to the solvent in the container
in the present invention. Addition of hydrogen peroxide generates bubbles in
the solvents, and the bubbles serve as a cushioning material to prevent
platinum from adhering, enabling smooth milling operation.
[0013]
20 Hereinafter the present invention will be described in more detail. In
the method of the present invention, the steps before and after the step of
milling of platinum alloy powder are basically in accordance with conventional
methods of producing an oxide-dispersion-strengthened platinum alloy. The
preparation of platinum alloy powder before the milling step is also based on
25 the conventional method. For example, as -described in the above Patent
Document 1, platinum alloy powder is internally oxidized to prepare platinum

alloy powder in which zirconia or the like is dispersed, or as in Patent’



solvent. This is because a concentration of less than 0.2%results in | ow
foam ng which is |less effective, and on the contrary a concentration of
nore than 1% causes intense foamng that is difficult to control. It is
preferable to add the hydrogen peroxide solution in the formof an aqueous
solution, and 10 the concentration and the anount of addition of the
aqueous solution is adjusted in consideration of the concentration in the

sol vent dequgdleentad PIgtinure allb poivdst MhicH dééenatishritainroxide Rysrepgrs
peroxide, it may be added at one time at the start of mlling or in several

i nst al | mentwithdbut ioxiglizationi; efihef POté$s rialitee empdbyteidon of milling (tine,
tenperature) in the mlling step may be determned in the same manner as in
conventi ondDOM#t hods. So nay be the nunber of rotations of the agitator.
[0018] The alloy powder after the mlling step may be formed into bul k

al | oy 20by shapilmtheamdlieg step indhe ipoeserd Imver&l@nvm#ﬁm@)ﬁawnmnmwhl%r

shapi ng_and consolidation, a nethod of sintering with pressurizing as with
a hot pPesdhesugpeespf the canipingsrtherpidinggpediym gﬁﬁﬂ%{%?&@f%%%ﬁe | oy
after shapi,ng and consol i dation,cap be. increased by .forging, . Furthernore,

f or proceséf‘&’gﬁqrﬂ?ﬁt "é’\'ﬁbb?d@? rfﬂ'ﬁ%geéﬂ'ﬁﬁ%,'s B\""g?tqfcp\{?}f%@g%g%mé’ﬂbh as
rolling, extrusion 25 ] A ' . Effects
ol 0, ot oRed e BT Er BRMTER SR ET rednpikAtapienege
zireoni a | frdclle WL EbAle ih® OShiaLt WK id Rlard 1888 MmMea HTRaRdr, t he
mlling step, and can provi de an oxi de- di spersion-strengthened plati num

all oy whi Crﬁcﬁ.@ﬁﬁeﬁ?h \ﬁﬁ’i@ﬁghé‘f&%@ﬁoﬂﬂh%ﬁ%‘?ﬁdcﬁ;reﬁ%a@erfﬁl& fad8 oft r engt hened

pl ati num al avi ng good 5processability w thout unpredictable change in

strengyly cafafifura! 868GEPMen®PRhich somébar, of shéeustupdiahatevialsisingadeal is
used as a mlling nmediumin the present invention, the oxide to be

di spersed cgfiplénureimaebe asdd A gbhtainers foreathpléhvhoses inrer sulfatealid e to the
fact that the platinummaterial as a 10di spersion nediumis heavier (has
hi gher speailéd withraiinyh, ohastainless steel chatainer in which a smaller-diameter
container made of platinum is inserted, may be used. Likewise, the agitator
may be made of solid platinum or the like, or a rod material clad with platinum
15 may also be used. Here, as platinum or platinum alloy constituting the
surface that comes into contact with the material to be milled, pure platinum,
platinum alloy (platinum-rhodium alloy, platinum-gold alloy, etc) and also
strengthened platinum (oxide-dispersion-strengthened platinum alloy) may be
used. Strengthened platinum contains oxide such as zirconia, but the
20 absolute quantity is extremely low and if the oxide is in strengthened platinum
without any quality problem, minor mixing of the oxide in the material to be
milled causes little problem. Therefore, strengthened platinum may also be
used.
[0015]
25 The milling step comprises wet milling in which a solvent is used. This
is for dispersing the material to be milled adequately. Examples of solvents

include pure water, organic solvents such as heptane and alcohol, and mixed

solutions thereof. When platinum alloy powder which has not been oxidized
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has been conventionally used, and therefore the platinummaterial involves
hi gher kinetic energy in mlling than before and thus inproves the mlling
ability. The present invention contributes to the inprovenent in the
quality of platinumalloy in this respect as well. 15 BRI EF DESCRI PTI ON OF
THE DRAW NGS [0021] [Fig. 1] Fig. 1 is a viewillustrating the structure of
mlling equi pment (attritor) used in an enbodi nent. 20 DETAI LED

DESCRI PTI O gkidiZdd iRREE RRRRD StAEePlinENicht[DBildhented, evatef (pare avaterfier r ed
enbodi ment of the present invention will be described. In this enbodi nent,
first a pl afrefenablglused. (pl ati num - 0. 1% by 25 wei ght zirconium all oy)
powder was produced. For producing the platinumalloy powder, a platinum -
0. 1% by wei[@016]zi rconi um al | oy i ngot was prepared by vacuum nelting and by
using the ingot as an el ectrode, the platinum.all oy powder maswﬁéoduced by

a rotating el ecttriagsefgeblathativsirogen pewidssisipiresiticast ipiuthe) solvent 18] at i num
i st11 BBt 1 die wHed o aahe RpnboatEn AT ogRbg biae RO 2885 B P8y poder
thi's embodiSei L5 6PRRLES.A CANSSREHER drPeT Atk 2 e 1) Rither di anet er
<t ent hendaaming PRI fesiFRaRE it 0 EoRltania PelfentRiR SRz oy
Stai nl ess SPB0 o SRt o g et R e Tt By

(agitating @ I?dré?eﬁ(taéﬁ&idg%dluﬂoﬁirﬂﬂﬁformf%add’edt&)sol@tﬂﬂ'n,@ﬁda mlling
medi um a ba made of strengthened platinum (+ 5 nm total 14 kg). [0024]

The at Qi t Ghe \WoRcEhRaERTamd the 3moudt oPadditiombe thenaguesusaspletiorsis

adjusted in consideration of the concentration in the solvent described above.

For the timing of the addition of hydrogen peroxide, it may be added at one
time at the start of milling or in several installments during milling.
[0017] A
15 The condition of miIIing (time, temperature) in the milling step may be
determined in the same manner as in conventional methods. So may be the
number of rotations of the agitator.
[0018]
The alloy powder after the milling step may be formed into bulk alloy
20 by shaping and consolidation as in conventional methods. For shaping and
consolidation, a method of sintering with pressurizing as with a hot press is
preferred. Further, the percent compaction of the alloy after shaping and
consolidation can be increased by forging. Furthermore, for processing into a
predetermined shape, plastic processing such as rolling, extrusion and
25 drawing may be carried out.
[Advantageous Effects of Invention]

[0019]



15 hydrogen peroxide solution was added thereto at 0.5%relative to pure

wat er. [0025] For the mlling step, after the above preparation, the
platinum al |l oy powder was mlled by rotating the agitator of the attritor
at 340 rpmfor 5 hours. In this Exanple, the platinumalloy powder was

si mul t aneously 20oxi di zed with pure water. [0026] After the mlling step,
the platinumall oy powler was separated by screening and dried. Wen the

pl ati num al | oy mhedsesaitiavention cdn pasept avixiaglof zineorghdato theenateright was
4002.7 g, up 2.7 g conpared to before 25mlling. Wen the wei ght of the

struct ur al toweeilleddhat has been otourredin theawilirgdstept end che provile @y st ep, t he
wei ght of the balls, the agitator and the pot was found to be decreased by
1.5 g, 1.0 cqueafd@perszongrstreegtb@@edmtmunrradioyMéil@]hdoeﬁ neheomsai ¢aase al | oy
powder increased due to the mxing of platinumalloy in the platinumalloy
powder in rAilconigg AsjprEsyt, a strengiienadplatinwmaalioyhayBeesoti ter the nilling

step was put in a carbon npld % ted to
degassi Rg iRfogesaakil gHt ?ﬁ@g’g@%ﬁblg Q%@Ugg)"? SHﬁBgtth"gr? ‘?Qﬁ%cﬁh aed and
sintered at0 0C at 20 MPa. The platinumalloy after sintering had a size
of about 70 70 mm x 48.4 mm and a density of 16.9 g/cns. The platinum

2 tonsi 1o of 23 AT ottt e ubed 3 A o AfRRIRIn WTRe 1O pave
i ngot had aqréééﬁ’t |H\f/ R the BxidE’ b%ocﬂs 3dzanBB rﬁﬁba a?\‘éfﬁl s of the

pl ati num al oylngo wer e roun bya aper and e ingot scold rolled

(100 mm x  Z&hdraky. ’ﬁmmié attﬁB@l@Né‘% h&350Gnhabheplati@n)matedial 4ea turned 90

degrees and cold rolled again to forma sheet material of 600 nmx 300 mm x

1 mm AQl5 digssrsimmeaiunt Rehsdeen hiag Higltkersspecliiedyraaityyrthaasirpomalteat out of
the sheet material. [0028] Conparative Exanple: For conparison, platinum

all oy was phasdbesrdciryventionalhensedraid theréforgtiet glptindmenptesial mvoivas| oy
powder used was the sanme as 20 that in the enbodinment. The attritor used in
the m || i nchighepkinstipeneigyda miling tbalp@eforacamddhusumpme& the mpillingdi anet er
200 x height 165 mm capacity 5L), a stainless steel agitator (wth a

zi rconi a cﬁblﬁw'ﬁbﬁéﬂe&&mtﬂwmlpb contrithdestn theiimpgovemast mrtam%"tyr@‘ same

si ze and shape as those Qf t he errbodl Iment) and as a mlling nmedium a YZT
zi rconi a baplatinymyaligy ipdhis gespeckagyyell. | n the nilling step, 25 4000 g of the
pl atlnglg al oy powder and 2 L of pure water were introduced to the attritor
and m I'Ming was carried out under the sanme conditions as in the enbodi nent.

BRIEF DESCRIPTION OF THE DRAWINGS
[0021]
[Fig. 1] Fig. 1 is a view illustrating the structure of milling equipment (attritor)
used in an embodiment.
20
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0022]
Hereinafter a preferred embodiment of the present invention will be
described. In this embodiment, first a platinum alloy (platinum - 0.1% by
25  weight zirconium alloy) powder was produced. For producing the platinum
alloy powder, a platinum - 0.1% by weight zirconium alloy ingot was prepared
by vacuum melting and by using the ingot as an electrode, the platinum alloy

powder was produced by a rotating electrode gas atomization process (EIGA
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[0029] When the platinumalloy powder after mlling and drying was
preci sely wei ghed, the weight was 4005.7 g, up 5.7 g conpared to before

mlling. Wien the weight of the zirconia balls in the attritor after the
mlling step was neasured, the weight was found to be decreased by 5.7 g. 5
[ 0030] The platinumalloy powder after mlling was fornmed into an

I ngot by sintering by the sanme process as in the enbodi nent, and then the

i ngot was fibe@sh)i ThE pathAChIIGESGWHE! hdy ahelvefayedbarticlersize of 80 Al'so, a
speci nmen forjr? the)cr eeg t est vvaqsva%bt ai ned.alo[goagle?bThg h

oxi de- di spgpaftiefe Size Ngttibetisrop! & 800mal | oys produced in the embodi nent
and Conparative Exanple were subjected to quantitative analysis of
zirconium qoo2&nt in the alloy and a creep test. In the creep test, 5

speci nens were used to neasure the rupture tine at a test tenperature of 15

1400C and a st r dNaxt 40009 ofithe above@llpppowrdes wasdnireduegdinkd theaattiorapl e 1.

[ 0032 Table 1 Zr content Creep test eci nen, No. St
! [5 shown] in Fig. 1. The attritor usgd in this em I%d?ment is provigeél %f% a

container in which a pot (inner diameter ¢ 195 x height 175 mm x thickness 2
‘mm, weight 5.8 kg) made of strengthened platinum (trade name: GTH,
available from TANAKA KIKINZOKU KOGYO K.K.) produced by the method
of Patent Document 1 is inserted in a stainless steel pot, an agitator made of
10  strengthened platinum (GTH) (agitating blade ¢ 16 x 160 hm x 4 blades,
weight 14 kg), and as a milling medium, a ball made of strengthened
platinum (¢ 5 mm, total 14 kg).
[0024]
The attritor was charged with 2 L of pure water and an aqueous
15  hydrogen peroxide solution was added thereto at 0.5% relative to pure water.
[0025]
For the milling step, after the above preparation, the platinum alloy
powder was milled by rotating the agitator of the attritor at 340 rpm for 5
hours. In this Example, the platinum alloy powder was simultaneously
20 oxidized with pure water.
[0026]

After the milling step, the platinum alloy powder was separated by
screening and dried. When the platinum alloy powder after drying was
precisely weighed, the weight was 4002.7 g, up 2.7 g compared to before

25 milling. When the weight of the structural members of the attritor was
measured after the milling step, the weight of the balls, the agitator and the

pot was found to be decreased by 1.5 g, 1.0 g, and 0.2 g, respectively. The



15 Mpa 20 Moa Enbodi nent 0.10 wt% 1 100 hours or nore 62 hr 2 100 hours
or nore 69 hr 3 100 hours or nore 55 hr

weight of the platinum alloy powder increased due to the mixing of platinum
alloy in the platinum alloy powder in milling.
[0027]
The platinum alloy powder after the milling step was put in a carbon
5" mold (size: 70 x 70 x 100 (mm)), subjected to degassing in a vacuum oven
(1200°C x 3 hours), and then pressurized and sintered at 1100°C at 20 MPa.
The platinum alloy after sintering had a size of about 70 mm x 70 mm x 48.4
mm and a density of 16.9 g/lcm>. The platinum alloy ingot was subjected to
hot forging (1300°C) for several times to have a density of 21.4 g/em®
10  (percent compaction 100%). At this stage, the ingot had a size of about 75
mm x 100 mm x 25 mm. Both surfaces of the platinum alloy ingot were
ground by‘ a shaper, and the ingot was cold rolled (100 mm x 310 mm x 6
mm), annealed (1250°C, 30 mihutes) and then turned 90 degrees and cold
rolled again to form a sheet material of 600 mm x 300 mm x 1 mm. A
15  specimen for the creep test described later was punched out of the sheet
material.
[0028]
Comparative Example: For comparison, platinum alloy was produced by a
conventional milling step. The platinum alloy powder used was the same as
20 that in the embodiment. The attritor used in the milling step is provided with a
pot made of zirconia (inner diameter ¢ 200 x height 165 mm, capacity 5L), a
stainless stéel agitator (with a zirconia cap attached to the tip of the agitating
blade, having the same size and shape as those of the embodiment), and as
a milling medium, a YZT zirconia ball (¢ 5 mm, total 7 kg). In the milling step,
25 4000 g of the platinum alloy powder and 2 L of pure water were introduced to
the attritor and milling was carried out under the same conditions as in the
embodiment.

[0029]
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4 100 hours or nore 81 hr 5 100 hours or nore 44 hr Conparative Exanple
0.21 wt% 1 41 hr 10 hr

10

15

When the platinum alloy powder after milling and drying was precisely
weighed, the weight was 4005.7 g, up 5.7 g compared to before milling.
When the weight of the zirconia balls in the attritor after the milling step was
measured, the weight was found to be decreased by 5.7 g.

[0030]

The platinum alloy powder after milling was formed into an ingot by
sintering by the same process as in the embodiment, and then the ingot was
formed into a sheet material by hot forging and rolling. Also, a specimen for
the creep test was obtained.

[0031]

The oxide-dispersion-strengthened platinum alloys produced in the
embodiment and Comparative Example were subjected to quantitative
analysis of zirconium content in the alloy and a creep test. In the creep test, 5
specimens were used to measure the rupture time at a test temperature of
1400°C and a stress of 15 MPa and 20 MPa. The results are shown in Table
1.
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2 34 hr 8 hr '3 55 hr 17 hr 4 29 hr 5 hr 5 28 hr 14 hr [0033] As
shown in Table 1, the zirconiumcontent in the platinumalloy of the

[0032]
[Table 1] v
Creep test
Zr content ) Stress
Specimen No.
15 Mpa 20 Mpa
1 100 hours or 62 hr
more
2 100 hours or 69 hr
| more
Embodiment | 0.10 wi% 3 100 hoursor | gy,
more ,
4 100 hours or 81 hr
more
5 100 hours or 44 hr
more
1 41 hr 10 hr
2 34 hr 8 hr
Comparative | ¢ 54 0 3 55 hr 17 hr
Example
4 29 hr 5 hr
5 28 hr 14 hr
[0033]

As shown in Table 1, the zirconium content in the platinum alloy of the
5 embodiment is 0.1% by weight, which is the same as the zirconium content in
the raw material platinum alloy powder before milling. This shows that the
mixing of zirconia in the milling step is suppressed. On the other hand, in
Comparative Example the zirconium content in the platinum alloy produced
has increased by 0.11% by weight, éhowing the mixing of zirconia in the
10  milling step. This is also suggested by the decrease in the weight of the

milling medium (zirconia balls) after the milling step.
[0034]

The results of the creep test show that the platinum alloy of the

embodiment has excellent high temperature strength. More specifically, the
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5 enbodinent is 0.1% by weight, which is the sane as the zirconi um cont ent
inthe raw material platinumalloy powder before mlling. This shows that
the mxing of zirconia in the mlling step is suppressed. On the other
hand, in Conparative Exanple the zirconiumcontent in the platinumalloy
produced has increased by 0.11% by wei ght, showing the mxing of zirconia
inthe 10mlling step. This is al so suggested by the decrease in the wei ght

of the m"'dlﬂgdm%wamer@mebambéﬂt'@bﬁa% \F‘élntélﬁeﬁ@llhg'tﬁ@r@dtﬁfé tim@@34] The

results of creep’ test show that the at1 num al t he enbodi nent

has excel | epi/elt|ghd<LEMBpaied 1® Cérmpattie M.ﬁplémﬁdmld Vablehe pl at i num
all oy of the enbodiment is effective in extending the rupture tine by

several timpe3spnpared to Conparative Exanple as shown in Table 1. [0035]
The advant ageous effect of the enbodi nent was al so seen in the step 5of
produci ng t he afeeadvaatagecusadffeny of theeembadienértiwad\blise sepadn the atepy, when
both surfaces of the hot forged ingot were ground, the entire surface was
smoot h &nd aflpsedycing thenabeve plitingnt aligyt sheeg material Maggispecifigalbomhaat i ve
Exanpl e the surface was partly scaly. Fromthis, it is considered that the
net hod of thash sufeeesrehthe hpt\ifmgm inget wese awusd, the erfife SUacaViisied al so

[0090) - sTapatd sk @lon AR DS HbeE h?aﬁépﬁﬁﬁiﬁg' whis im e el oader” and
bat 1 o “ber drrinig the edass sk scab S F BB SR 1 SRR BRGHaE 8t Marount
of 15plati gﬁqha&aﬁgg%?qtf Fﬁleme\ﬁhfcﬁ tﬁggr%&mﬁtdf%ma |836[v8fa‘éﬁeélsén the

mlling st resu e cree I't cannot be

said thgt t&%t@a&bg%wénﬂﬁ%@émgpﬂm%sc scmrtybfa@a%uhhal .atinumal l oy.

Further, even e res anal ysi s zi rconl um content show t hat
t he conposi gbgglnratl o of the oxide-dispersion-strengthened platinum all oy
of the enbg ment has not

Also, the change in the weight of the platinum alloy powder and the
change in the weight of the milling medium (strengthened platinum balls)
before and after millihg in this embodiment show that a small amount of

15  platinum allo.y has been mixed to the platinum alloy powder in the milling step.
However, from the results of the creep test, it cannot be said that the mixing
has deteriorated the properties of the platinum alloy. Further, even the results
of analysis of the zirconium content show that the composition ratio of the
oxide-dispersion-strengthened platinum alloy of the embodiment has not

20 changed, and it is considered that the strengthening ability is not reduced.
[Industrial Applicability]

[0037]

As described above, the method of producing an oxide-dispersion-

strengthened pIat‘inum alloy of the present invention can pvrovide a higher

25 quality platinum alloy than that produced by the conventional method.
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20changed, and it is considered that the strengthening ability is not
reduced. [Industrial Applicability] [0037] As descri bed above, the
met hod of produci ng an oxi de-di spersionstrengthened plati numalloy of the
present invention can provide a higher 25 quality platinumalloy than that
produced by the conventional nethod. WHAT IS CLAIMED IS: 1. A nethod of
produci ng an oxi de-di spersi on-strengthened platinumalloy, conprising a

step of mllingyaHaRtisrceAIMPEDRS: m || ed conposed of platinumalloy in a
solvent with mlling equi pment provided with a container, a 5mlling medium

and an agi tfat or A mwaeHori of prodlicing tansoxifl@dispersionistgnigtitenedgplatimimwi t h t he
material to be mlled, of the container, the mlling nmediumand the

agi t at or arafiogpeEmpfisipg @t steprof onillipy @ materishtd bg milled composed of  t he

material is mlled with a hydrogen peroxi de sol ution introduced into 10the
sol vent.  Dlatirhun mlloy bda sbivenbuitbimdingreqsipmentipeyidest with atgantyineefed

plati num all oy according to claim1, wherein the hydrogen peroxide solution
i s i nt rbdudeillingrmediuneaBdanetitater, t he contai ner so that the concentration

of 15hydrogen ide is 0.2 1% i I .. .
y J psvrhoe)éclaineatllesast su ages, gdrrﬁllntgqr?tosc%n\{ae&twnh the material to be

milled, of the container, the milling medium and the agitator are made of
platinum or platinum alloy, and

the material is milled with a hydrogen peroxide solution introduced into

10 the solvent.

2. The method of producing an oxide—dispersion-strengthehed platinum
alloy according to claim 1, wherein the hydrogen peroxide solution is
introduced into the solvent in the container so that the concentration of

15 hydrogen peroxide is 0.2 to 1% in the solvent.
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