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DESCRIPTIIOR
PRGCESS FOR PRODUCING DISPERSION
10 STRENGTHENED PRECICUS METAL ALLOYS

TECHNICAL FIELD
This invention ralates to a process for producing

dispzrsion strengthened precicus metal alloys. The present
15 invention can provide alloys containing platinum,
pelladium, rhodium anc gold wnich are useful in the
proauction of glass fibers.
BEACKGROUND ART
One of the most exacting applications of platinum

20 is in the proauction of class fibers. Molten glass often
at temperatures ranging from 120G to 1600°¢C passes through
a series of orifices in a bLushing. Advances in glass fiber
procuction are demanding both larger bushings and higher
operating temperatures.

25 Structural compenents such as these at elevated
temperatures under constant loads experience continuous
cimensional changes or creep during their lives. This
cresp behavior depends upon the interacticn betwesn the
external conditions (Toad, temperature) and the

39 Microstructure ¢f the cemponent. In recent times,
increased resistance to creep of material systems has been
accomplished by using a disparsion of very small, hard
perticles (celled dispersoids) to strengthen the
microstructure of the componsnt. These systems have become

35 tC be known zs dispersion-strengthened metals and alloys

anc the dispersoids used are usually oxides.
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A recent development in dispersion-strengtnening
is celled mechanical alloyirng. Generally, the process uses
a high energy bell mill to achieve the intimate mechanical
mixing typical of the process. An ettritor mill or
vibratory mill alsoc can be used. While mechanical &alloying
has besn appliad to some of the transition metals, no
actual work has bsen reported on precious metals such as
platinum.

DISCLOSURE OF THE INVENTION

The present invantion provides a process for

producing dispersion-strengthened precious metal alloys

naving creep resistance superior to known
dispersion-strengthened platinum alloys.

According to the process of this invention,
precicus metal powdar ond cisperscids «re mechznically
alloyed together. The mechanicel alloying uses a high
energy pall mill to achieve the intimate mechanical mixing
of this process. The oxide particles are forged into the
precious metal metrix powder particle to form & composite
powder particle.

ERIEF DESCRIPTION OF DRAWINGS

FIG. 1 illustrates the internal arrangement in an

attritor mill showing the impeller, grinding media and

external cooling jacket. Impact events cccur in the
dynemic intarstices of the media created by th2 impeller
during stirring.
BEST MGDE OF CARRYING OUT I{VENTION
Thare are several high-energy ball mills

cemmercieliy aveilable either using & stirrer to induce the
cefermetion events or vibratory motion. FIG. 1 shows an
overall view of the attritor mill. Thea stainlisss steel
bearings or grinding media and the powcer chargs go into

the cylinaricel container of the mill. The high-energy

inpacts are effected by the rotating impeller. FIG. 1 &lso
TFllustrates tne internal arrangement in the attritor nill,
impact events occur in the dynemic interstices of the madie
Creetec by the impeller during stirring.

SUKREAD

e
Clirl
—_

iy Wis
,(:,;‘~— l LO ‘{g
SEIEETION

kY




WO 81/00977 : PCT/US80/01061

10

15

20

25

30

35

~
-5 -
~

Dispersion strengthened precious metals are known
in the art and are commercially svailable. Cne such
meterizl is that aveilable from Johnson, Matthey & Co.
Limited, under their aesignation ZGS. The above indicated
ZGS material consists essentially of platinum in which the
disperoid is zirconia; the latter is present in an amount
of about G.5% by volume.

The aispersion strengthened precious metals of
this invention generally comprise e precious metel, or
precicus metal alloy, preferably platinum, as the
dispersing medium, or matrix, and a disperscic of a metal
oxide, metal carbide, metal silicide, metal nitride, metal
sulfice or a metal boride which dispersoid is present in
effective dispersion strengthening amounts. Usually such
amounts will be between about C.1 percent to about 5.0
percent by volume. Preferably the dispersoid will be an
oxide. Exemplary of metal compounds which may be employed
as the dispersoid are compounds of metals of Group IIA,
ITIA, IIIB (including non-hazerdous metals of the Actinide
and Lanthanide classes), IVB, V3, VIR and VIIB. Vtore
specifically exemplary of suitable metals are the
following: Be, Mg, Ca, Ba, Y, La, Ti, Zr, Hf, Fo, ¥, Ce,
Na, Gd, and Th as well as Al.

Several mechanical alloying experiments were
performed using the attritor miil tc gesnerate a compesite
powcer for consolidation. Wash heats intendecd to coat e
thin leyer of platinum on the internal workings surfaces of
the attritor mill were carriec out. This "conditioning"
treatmznt was intendeu to prevent iron contemination of
subsequent miiling experiments, but several washes were
required befcre the iron contamination was reduced to what
was believed to be an acceptable level.

The samples then are consolideted by vacuum hot
pressing (VHP) &t elevated temperatures anc pressures. In
T rnative, the semples cen be consolicatac by first
¢ pressing at eleveted pressures followed by sintering

evated temperetures. VHP generally is carriad out at
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a temperature ranging from 130C to 1700°C uncer a pressure
ranging from 5C0C to 106,C00 psi for a time ranging from 10
to 30 minutes. Preferably, the temperature ranges from
1400 to 15000C under a pressure of 3,000 to 6,C00 psi for a
time of 15 to 25 minutes. Gznerally, the cold pressing is
carried cut at a pressure ranging from 2,000 to 1C,CC0 psi
fer up tc 5 minutes fellowed by sintering at a temperature
ranging from 12CC to 1700°C for 2 to 6 hours.

Approximately one kgm of -325 mesh (-44 micron)
platinum sponge frcm Englehard was blended with an amount
of ytiria (Y203) to give nominally C.65 volume percent
(.15 veight percent) oxide loading in the final compact.
The ytiria was 200-600 angstrom in sizsa. The platinum
matrix starting powder for the experiment consisted of very
fine, nezar spherical particles or chained aggregates. Most
of the particles below 2 microns appsared to be single
crystals. Tne starting powder had a fairly high specific
surface area. ’

The powder mixture was charged into the
container of the attritor mill while it wvas running. The
grinding media had been previcusly loaded to give a volume
ratio of media to powder of about 2C:1. The grinding media
usea was & hardened 400 series stainless steel bearing
nominally 3/8 inch (€C.953 cm) ciameter. The impeller
rotetional speed was selected at 130 rpm.

Samples of powder vere removed at verious times
to obtein informaticn on the changes in particle morphology
énd specific surfece area with milling time. The first
sample was taken after one hour of milling and indicated
that flake generaticn was in progress.

After milling for three hours, anothsr powder
sanple wes taken for metallogrephic characterizetion.

While more flakes were generated, the extent of plastic
Geformation seemed to have increased. Flake cold welaing
appeared tc have taken place as well. The composite flake
appeared to heve threz or four component flakes cold welded
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together. No edge cracking appeared in the composite flake
suggesting that work hardening seturation hac not been
reached &t this point.

After milling for 23 hours, the composite flakes
appeared to thicken. This clearly demonstrates the cold
velding aspect of the milling acticn. Along with cold
welding, the flake diameter appeared to increese.

The experiment was continued for 71 hours then
terminzgted, &nd the powcer was removed for further
processing.

There appeared to be a fairly high initial
surface area gzneration rate. The iron contemination in
the milled povwder was greatly reduced compared to the
previous experiments and reflects the coating action that
appeered to minimize wear debris generaticn curing milling.
The meximum iron contemination Tevel in the powder was
approximately 200 wppm. The milled powdsr was consolidated
by vacuum hot pressing and thermomechanicelly processing
into sheet for creep testing, the details are to follow.

EXANMPLE T1I

Example I produced a powder of relatively low
iron contamingtion. Since this experiment resulted in
small powder lots (nominally 80 gms) taken at varicus times
during the milling experimznt, each sample ves individually
consolidated by vecuum hot pressing (VHP) et 1,450°C under
5,60C psi (34.5 KN/m?) for twenty minutes. Th
COmMpaeCts were nominaglly 1 inch (2.54 cm) irn ciameter.

2 resultent

Relative density of speciments are listed.

Specinmen Willing Time (kr.) Reletive Density (%)
A 0 St.
B 1 98,2
C 2.5 gc.é
D & £8.¢

schedulec

-
—~— .

The thermomechanical precessing (TP

‘Used on the compact consisted of several roll/ennzal

cycles. The basic operation involved relling & sheet

Specimen and cropping pieces after various rolling passes
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for microstructural characterization. The procedure used
was to roll the compact for a 10 percent reducticn in area
then anneal the rollaed specimen for five minutes at
nominally 1,6400C before further rolling.

Specimen D was the most responsive to the TP
cycles. After the 1Gth rolling pass, the grain structure
vas fairly elongated. The lack of oxide clusters during
cptical metallographic examination suggested that the
milling action had worked the yttria into the platinum
matrix. A metallogrephic analysis of the same region
showed the development of a moderate grain aspect ratio
(grain length to thickness ratic in the viewing plane). As
the number of roll/anneal cycles increased, the grein
aspect ratio (GAR) increased. At this stage a modarate GAR
also haa been developed in a transverse direction. The
significance of this observetion is tnat the grains tocock on
the shepe of a pancake structure thin in a direction
perpendicular to the sheet yst extendec in the other twe
directions. Since a GAR seems to extend in two directions
in the rolled sheet and the state of stress in a bushing
tip plate is biexial, this transverse CGAR development may
b2 very beneficial for cood creep resistance in bushing
applications.

After the 16th rolling pass, the elongation of
the greins had increazsed significantly. A higher
megnification viecw of the saeme region revealed the degree
of grain elcngation and fineness of the grein size. The
transverse GAR had also significantly increased. These
clongeted grain mcrpnologies are desirable microstructures
fer ¢good crecp resistance.

IKDUSTRIAL APPLICABILITY
EXAKPLE II1I

Creep Testing

F11 thke creep testing was cone in air using

constant load machines, the elongation was measured by an

LVET connected to a muiti-point recorder and a precision
cigital voltmeter. Specimen temperature was monitored vith
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a calibreated Pt/Pt-Rh thermocouple attached so that the
bead vas acjecent to the gage section of the creep
specimen. The creep specimen was a flat plate type with a
gege length of approximately 2.25 inch (5.72 cm). The
tensile stress was applied parallel to the rolling
direction (longitudinal direction). The general procedure
was to hang the specimen in the furance to reach thermal
equilibrium then start the rig timer upon applicaticn of
the lcad. Periodic temperature and extensicn measurements
were made either until the specfmen failed or the test was
terminated (specimen removal or furnace burn-out).

Creep results were obtained from specimens that
were processed according to Exemple II except that these
specimens were millec 10 hours ana received the above
thermemechenical processing treztment of 10% reduction in
éarea per pess with an intermeciate anneal et nominally
1040%C for 5 minutes. The extent of ceformetion was
nominally an 85% recduction in areca. The first specimen had
a varied creep history that started by applying a tensile
stress of 1,000 psi (6.89 Mn/mz) at 2,400°F (1,316°C). The
rasultant sscondary creep rate was toc low to adequately
measure; therefore, the temperature was increcasec to
2,600°F (1,427°C) and a secondary creep rete of 2.5%16°°
hr'l was observeu. After approximeately 118& hours the
stress was increaszd tc 1,40C psi (¢.65 Mn/mz) and a new
seconcary creep rete of nominally 3x10'5 h -1 W&S reacorded.
These creep rates are two orders of magnitucde less than
that for the previously indicated ZGS under ths same
testing conditions. The ZGS material will have a2 stress
rupture life of at least 43 hours when tested at 1400°C and
100C psi in the rolling direction of the sheet.

The general microstructure of the crept specimen
incicated that ths greins werz nighly elongated in the
rolling direction (creep stress direction 21so) end the
‘Grain bouncries were ragged. There appeared to be evidence
of subgrains in the structure as w2ll. The microstructure
cbserved in this specimen was typicel of that of a good
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CLAIMS -

1. A prccess for producing dispersicn

10 strengthened precious metal ellcys comprising the step of
mechanically &lloying precious metal powder and at least
onz dispersoid together wherein the disperscid is present
in effective dispersion strengthening amounts.

2. A process for producing dispersion

15 strengthensa precious metal alloys comprising the steps of:

(1) mechanicelly alloying precious metal
powder anc at least one dispsrsoia tecgsther wherein the
disperscid is present in effective dispersion strengthening
amounts; anc

20 (2) consolidating the resulting pcwder.

3. A process according to claim 2 wherein the
consolidating is carried out by vacuum hot pressing &t
elevated temperature and pressures.

4. A process according to claim 2 wherein the

25 consolidating is carried out by first cclc¢ pressing at
elevated pressuras and then sintering at elevated
temparatures.

5. A process according to claims 1 or 2 wheresin
the precious metel powcer is platinum or a platinur alloy.

30 €. A process according to claims 1 or 2 wherein
the dispercids include a metel oxide.

7. A process according to claims 1 or 2 wherein

the precious metal powder is platinum end the disperoids
include yttria (Y203).

35 B C. A process accoerding to claims 1 or 2 wherein
hich 2znergy ball milling is used to achieve the mechanical
¢lloying.

PUREAT
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1 ¢. A process for producing dispersion
strengthenzu precious metal alloys comprising the steps of:
(1) mechanically alloying platinum powder and
ytiria (chg) together wherein the yttria is present in
5 effective dispersion strengthening amounts; and
{2) consolidating the resulting powder by
vecuum hot pressing at elevated temperatures anc pressures.

10. A process according to claim S wherein the

emount of yttria ranges between C.1 anc 5.0 percent by
10 volume.

11. A process accorcing to claim S wherein the
eamount of yttria is 0.65 percent by volume (C.15 percent by
weight) .

1¢. A process accorcing to claim § wherein the
T pressing is carried out at & temperature fanging

15 Vvacuum i

< o

to 1700°C uncer & pressure ranging from 50C %o

ot
(@]

A
<

CG psi for a time ranging from 1C t¢ 30 minutes.
13. A process according to claim 9 wherein the
vacuum hot pressing is carried out at a temperature ranging
20 from 1400 to 1500°C under 2 pressure ranging from 3,000 to
6,00C psi for & time ranging from 15 to 25 minutes.

14. A process accorcing to cliaim 9 wherein the
vacuum hot pressing is carriesd out at a temperature of
1,4509C unaer 2 pressure of 5,CC0 psi for a time of twenty

25 minutes.

15. A process eccorcing to claim 9 wherein high
snergy beil milling is used to achieve the mecheanical
allcying.

’ i6. A process for producing dispersicn
39 Strengthened precious metal alloys comprising the steps of:
(1) mechanicelly allcying platinum powder
and yttria (YZGS) together wherein the yttria is present in
effective dispersion strengthening amounts; and
(2) consolicating the resulting powdar by
35 TFirst colc pressing at & pressure ranging from 2,000 to
1G,00C psi for up te 5 minutes and then sintering at a

r

temperature renging from 120C to 1766°C for 2 to 6 hours.
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