Platinum Alloy Design for the Investment

Casting Process

Greg Normandeau & David Ueno ¢ Imperial Smelting & Refining Co. of Canada Lid.

he investment casting process

is perhaps the most widely
practiced mass production tech-
nique in the jewehy indusiry. Re-
quirements for alloy performance
are demanding, especially when
recycling of expensive materials
hecomes a significant issue. Cast-
ers want and need a material that
will provide latitude in handling
and overcome the extreme form
filling demands of numerous de-
signs. Processing conditions
range (rom polished daily rituals
orchestrated with the assistance
of optical pyrometers and atmos-
phere controlled induction melt-
ing on tested designs through
{irst time trials with torch melting
on new concepts. A material must
he versatile to perform in these
conditions. Based on interna-
tional hallmarking standards ve-
quiring a minimum of 95% con-
tent for unqualified designation
as platinum jewelry, the physical
characleristics manmpulation
available though alloying addi-
tions is somewhat limited. Previ-
ous documented research work
in this arca is scarce. Phase
diagrams of binary and teynary
relationships with platinum also
unavailable. Platinum is metallur-
gieally incompatible with many of

the elements that acl as inves!-
ment casting performance enhan-
cers in gold materials.

The desirable attributes of a
superior investment casting mate-
ral are outlined and experimental
methods 1o evaluate these noted.
Properties of alloys common Lo
the trade are compared to the
new hard casting alloy. Color,
melting range, density, strength,
hardness, ductility and fluidity
performance are all reviewed.
Material properties during
recycling were objectively quanti-
fied. Cast surface finish was com-
pared with color photography
and the internal quality of various
cast items was verified with metal-
lographic sectioning methods.
Manufacturing methods and 1s-
sues such as melting technique,
investment temperature and feed-
ing methods are discussed. Re-
sults of systematic evaluations
indicate that a material with im-
proved hardness has superior
long term wear resistance as a

jewelry article and finishes sig-

nificantly easier with conventional
processing techniques.

HISTORICAL AND
THEORETICAL
CONSIDERATIONS:

A systematic study of plati-
num alloys for the investment
casting process was done at the
Johnson Matthey Research Cen-
Ler in the late 1970’s. Results ol
that study were published in
Platinum Metals Review, July
1978. A large number of afloys
were explored to overcome form
[illing deficiencies, poor color
from surface oxidation and metal
mold reactions in think scctions
inherent to the common commer-
cial alloy of the day, 95% Plati-
num-3% Copper. They dividesd
their study into high and low
temperature alloys. The high

temperature group meluded
alloy combinations of Pt with
Ruthenium, Tridium, Palladium,
Cobalt and Nickel. PGM
combinations with Pt produced
alloys that were too soft for most

Jjewelry applications. Pd alloys

reacted to produce gas porosity
while Ru alloys produced rough
cast surfaces. Several base metal
combinations deploying Nickel
produced oxidlized surfaces. Only
Cobalt showed promise [rom
improved form filling, minimal
oxidation and desirable physical
properties.

Low melting point alloys
hased on the binary cutectics of
Pt with boron or silicon produced
predictable brittle behavior from
extreme hardness. Gallium use
was also explored m combination
with gold. I'inal recommenda-
tions of the research were to re-
place the standard Pt-Copper al-
loy with the Pt-Cobalt material
for all investment casting applica-
tions and consider the benefits of
a lower melting point alloy based
on Gallium additions.

The issue of platinum casting
alloy design was also considered
by Volpe and Lanam at the 1997
Platinum Day presentation. They
considered the blending of cop-
per and cobalt additions to ve-
duce the issue of maguetism [rom
cobalt while not sacrificing the
other desirable cast properties.
The ternary alloy had properties
midway hetween the two binary
parents. Comparison of grain
size and microstructure to the
standard 950%Pt-50%Ru material
suggested superior casl quality.
As expected, the cobalt copper
alloy showed superior torm filling
characteristies, but shghtly poorer
surface finish compared to the
ruthenium material. Some diffi-
culties with hand welding were
attributed to copper oxidation.
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phase diagram

To date this alloy is not widely
used throughout the trade.

[nformation in the form of
phase diagrams of platinum and
the various alloying additions
that provide a heat treatment re-
sponse is scarce aud usually re-
stricted to binary relationships. A
few examples arc included. The
hardenimg response mechanisms
vary from solid state ordering in
the casc of copper (ligure 1) lo
limited solubility resulting in two
distinetly dilferent solid solulions,
in the case of gold additions

Al Vo A

°C 20 2O JO ~O0 F 00 O 80 PO
I ]
o0

NN
N )
N

1400 —
<

ot =\
o X \
7 \
/ A\

o 20 <0 40 o0 r00
W% Ay

Au-Pt

400

Fagure 2: The gold-platinum phase dia-
oram showine strong phase separation
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(figure 2). The binary relationship
between gallium and platinum,
shown in figure 3, indicates solid
solubility in the platinum rich re-
gion with the formation of brittle
intermetallics possible. Solid state
solubility is lemperature depend-
enl, indicating the possibility for
precipitation hardening. The plati-
num-indium phase relationship is
very similar. The ternary relation-
ships between combinations of
platinum, gold, gallium, copper
and indium are not fully docu-
mented.

The relationship with various
clements used to enhance the per-
formance of gold and silver in-
vestment casting alloys is very dil-

‘erent whet sidering platimum.
f 1t when considering platinum

Reducing conditions encountered
during melting operations above
1400°C. cause a number of rcac-
tions that do not occur inn other
precious metal systems.

Silicon:

Used extensively in both yel-
low and white gold to enhance
Muidity and provide an oxide free
cast surface. Silicon ts not com-
patible with platinum. The com-
mon oxide can convert to elemen-
tal silicon which may lorm a
brittde intermetallic compound
Pisi or Pr,Si The platinum-
silicon cutectic melts at 830°C.
These compounds concentrate at
the grain boundaries greatly di-
minishing physical propertics.

Boron:

The same issues noled above
occur. The hard and brittle eutec-
tic melts at 789°C promoting hot
shortness and reduced ductility.

Phosphorous:

Ceramics used for investment,
casting contain phosphates as
bonding agents. Reduction ol the
PO, radical may allow brittle PP,
to form. Such compounds can ac-

cumulate at the grain boundaries
severely impairing formability.

Silver:

Tt dissolves into platinum al-
loys whien molten. Low melting
temperature P1Ag; or Pr,Ag
phases accumulate at the grain
boundaries causing hot shortness
during assembly orv welding op-
erations.

Zinc & Cadmium:

These elements, used in gold
alloys to reduce surface rension
and enhance form filling, cannot
be employed with platinun be-
cause ol embrittlement and va-
porization issues. Both metals
have high vapor pressures at 700-
900°C that preclude application at
2000°C.

Many of the additives and prin-
ciples that apply to other precious
melal alloys do not produce posi-
tive results with platinum because
of various metallurgical limitations.
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PRACTICAL CONSIDISR-
ATIONS AND EXPERI-
MENTAL METHODS:
Desirable attributes of a plati-
num investment casting alloy are
summarized as Follows:

[. Good form lilling capabilities
or fluicity to fill thin seerions

2. Low tendeney to form an ox-
ide durmg melting operations
in neutral or oxidizing condi-
tions required for platinum

3. No tendeney towards [orming
brittle compounds with ce-
ramic materials cncounterved
i conventional melting op-
cralions.

4. A brightwhire color that does
not require rhodium plating
for enthancement or wear re-
sislance

5. No excessive loss that hinders
serap recycling through
remelting, even at 1700-
1950°C;

6. linhanced wear performance
during service to provide a
high quality finish through-
out a conventional lifespan as
a jewelry article.

Alteibutes 1 through 3 arve
critical for any mvestment casting
alloy. The demands are more
stringent when considering the
poor welling acltion between sil-
ica based investments and plati-
num alloys. Likewise, casting al-
loy constituents cannot be
prolected with the application ol
strong recducing conditions be-
cause of issues related to embrit-
Hement thal have been noted.
The formation of course oxide
fayers that penctrate the cast sur-
face and require extensive grind-
ing for removal is undesirable.
The need for special chemieal for
stripping must also be avoided.
Color is an aesthetic issuc that
can be addressed with rhodium
plating. This s how the grayish

color of the 830%Pt- [50%Pd al-
loy commonly used in Japan is
handled. Tf a material is going to
contain 95% Pt, the need for plat-
g should be eliminated. Reality
dictales that scrap recasting and
recycling must occur in any cast-
ing operation. Fxtensive loss of
alloying constituents would he
cdetrimental to platinum control.

Lastly, the issue of plalinum
durability 1s becoming a major
concern. The buying public ex-
pects long lasting shine from a
quality jewelry article. This 1s nol
always delivered when certain de-
signs utilize soft casting alloys.

\We evaluated the lirst attribule
through the investment casting of
form (ill models and phonograph
wedges depicted i figure 4. The
tolal length ol metal travel along
the dimmishing section with 180
degree turns was quantified. The
phonograph models were visually
examined for the presence of all
lines only L0027 deep. Surface
oxide formation was simply a vis-
ual check for the presence or ab-
scenee of a superficial fayer. Com-
parison to conventional materals
was done. Physical properties
were determined on a Monsanto
Lype "W tensile tester with in-
vestment cast No. 12 size dumb-
bell shaped specimens. Figure §
shows the large section casl lo
provide a good measurcment of
duetility through three dimen-
sional strain. The absence of brit-
tle phases and suitability ol physi-
cal properties from first use

Sluidity maodels

Figure 4: Qverview of phonograph and

through multiple recycling were
confirmed. Color was quantitied
through the CIELAB color coor-
dinale system using a color spec-
rrophotometer. Wear performance

was tested through an adaptation
to ASTM specilication G105-89
(1997 Standard Test Method for
conducting wet sand/rubber wheel
abrasion tests),

PROPERTIES COMPARISON
TO THE PLATINUM IIARD
CASTING ALLOY:

A variety of physical proper-
lics are summarized with com-
parison Lo various alloys in use
throughout the industry. Alloying
additions requived o produce sig-

nificant hardening also reduce the

Alloy Hardness | Density Tensile Yield Percentage
Composition (HV) {g/cm?) Strength Strength Elongation
950Pt-50 HCAQ02 160-170 19.9 75,000 54,000 29
950Pt-50 HTA 240-250 19.3 112,000 92,000 15
950P1-50 Ir 80-90 21.45 40,000 28,000 30
950Pt-50 Co 125-135 20.8 64,000 35,000° 26
950Pt-50 Ru 125-135 20.6 66,000 35,000° 25
950Pt-50 Co-Cu 105-115 20.4 54,000 26,000° 23
900Pt-100 Ir 120-130 21.55 48,000 35,000° 10
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the melting vange of 93% Pt mate-
vials substantally (125°C) The
melting range 1s broac at 1000°C
contpared to the narrow 10-20°C
Lypical of conventional platinum
alloys. Color coorchnates [rom the
CIELAB system indicate a quality
platinum shade. The lightness
value { 1.%) matches well. The
overall eolor difference vector
value ( DEY s 0.62 versus the
95%Ptlr alloy indicating a very
close mateh in color between the
standard and hardened materials.
The human eye can bavely dis-
cern color differences that
approximate | DI value,

COMPARISION OIF AS-C\ST
PHYSTCAL PROPERTIES:
The havd casting alloy has su-
perior hardness. tensile strength
and yield strength compared 1o
conventional alloys. The hardness
range has been speeilically se-
leeted to mateh typical white gold
malerials in the as casl state. This
means 30-40 Vickers hardness
points higher properties com-
pared to the popular ratheniom
and cobalt materials. The addi-
nonal 80 Vickers hardness points
over the 5% widinm material vep-
resent a significant ml\';mlngo m
scrateh resistance and strength as
a jewelry article. The heat treat-
able alloy is 1oo havd Tor conven-
tional shop handling. but too soll
for tension selting apphications,
The havd casting alloy represents
a compronise in hardness se-
lected to provide better wear re-
sistance and laster (mishing while
not being too difficnlt ro handle
i the shop environment. The in-
crcased strength and lower den-

Alloy Liquidus | Solidus L* a* b*
Composition (C) (C) w rlg bly
950Pt-50 HCA 002 1670 1570 84.2 0.0 3.9
950Pt-50 HTA 1650 1550 83.1 0.1 4.6
950P1-50 Ir 1790 1780 84.7 -0.2 4.2
950Pt-50 Co 1765 1750 86.6 0.5 4.5
950P1-50 Ru 1795 1780 84.2 0 4.1
950Pt-50 Co-Cu 1765 1750 87.3 0.5 4.2
900Pt-10 Ir 1790 1770 85.5 -0.1 4.7

sity combine to provide design
options for weight recluction thal
cannot be accomplished with the
soft, low strength 95% platinum
alloys. All ot the alloys tested
exhibited duetility. The hard
casting alloys exhibils ductility
comparable to conventional alloys
such as 90%P1- 10% Tr or 93%Pt-
3%Co. These values indicate the
alloy is suitable for stretehing.
hammer sizing, setting and other

jewelry applications.

RECYCLING
PERFORMANCIE:

We tested the consisteney anl
stability of physical properties
under conditions of recyceling, A
150g lot of melal was subjected to
[D0% reuse 1o invesiment tensile
specimens 3 limes. Most casling
shops supply fresh metal eqguiva-
lent to their producl delivered 1o
finishimg operations. This ranges
from 30 1o 60% new metal input,
depending on the wax model and
leeding system design. The re-
mainder (40-70%) 1s recyeled.
Complete reuse ol a bateh of
metal 3 times vepresents an ex-
treme abuse o mdicate long (erm
performance.

Results demonstrate that criti-
cal physical properties such hard-

Alloy Composition Test #1 Test #2 Total (mm) %
(mm) (mm)

950Pt-50 Co 104 113 217 100

950Pt-50 HCA 002 78,94, 78 84,94, 78 162, 186,163 | 78.5

950Pt-50 HTA 93 71 164 76

900Pt-100 Ir 96 92 188 86

14

ness and ducetility as indicated by
percenlage clongation during len-
sile testing do not deteriorate dur-
ing abusive reeyeling. The mate-
rial does not Form brittle
compounds with the ceramies
used in conventional platinum
processing. The relention of
hardness and assay vesults indi-
cate that the alloying additions are
not adversely affeeted by extensive
remelting without the benefit of
fresh material additions. Tests
done on similar developmental
alloys indicated the same per-
formance through 5 cyeles of
100% reuse in 2 independent tests.

FLUIDITY TESTING:

Tests to determine (Tuidity
were exceuted with 130g nielt lots
ol new material using o Lest
specimens per (lask lor cach alloy.
Total millimeters traveled in each
were measurced. The time the
charge was molten was measured
and maintained constant for each
ol the various alloys in an allempt
to fix the absolute quantity of su-
perheat atilized. The results ave
also expressed as a percentage
compared Lo 93%P-5%Co. This
was done 1o provide a basis for
comparison to the most fluid and
castable material.

Resnlts indicate that the 95%
platinum hard casting alloy has
flutdity and form lilling abilily
comparable to the standard
90%P1- 10% 1 material. Both ave
inferior 1o platinum cobalt, All
lines on the phonograph models



95% Platinum Hardness Tensile Yield Percentage
Hard Casting (HV) Strength Strength Elongation
100% new material 160 75,000 54,000 29
100% reused scrap 159 76,200 53,800 27.5
100% reused scrap 161 75,200 53,800 26
100% reused scrap 154 73,600 52,900 27.5

of cach alloy filled completely.
This means detatls as small as
0.0027 were reproduced. The
sharpness ol grooves failed to
match the results found when zing
conlaining gold alloys wet gypsum
mvestment.

Casting experiments were stic-
cesstul achieving complete [ills of
a wide variety of jewelry articles
without the use of excessive super-
heat. The hard casting alloy has
form filling chavacteristics suitable
for jewelry manulacturing.

SURFACE OXIDATION:
Figure G depicts the as cast
surface finish of the 95% platinum
hard casting material beside plati-
num-cobalt and platinum-ividium.
All three were melred without the

benelit ol any protective almos-
phere. The additives utilized 10
achieve enhanced hardness and
strength are more prone to oxida-

tion than PGM group metals that
do not enhance hardness. A gross,
thick oxide layer does not form.
The 0.0027 deep grooves of the
phonograph model reproduced
through all testing. Routine sur-
face grinding during hinishing op-
crations easily removes the frosted
surface. No network of silicates ov
other detrimental compounds
were observed. Intentional oxida-
tion of a fimished surface at 700°C.
for L hour with protective atmos-
phere of Aux produced no change
in the surtace color or finish. 15
minules exposure to 1100°C with-
oul prolection produced the sur-
face depicted in figure 7. A thin
gray adherent layer forms on the
surlace.

WEAR RESISTANCE TEST
RESULTS:

Llardness is defined as resis-
tance to indentation. This is a

good expression for wear per-
formance in a jewelry article. We
studied how alterations 1o alloy
chemistry alter hardness. Manipu-
lation of the gallium o iridium
ratio revealed the relationship il-
lustraled i ligure 8. Vickers
hardness varies in a roughly linear
relationship that provides a basis
[or sclecting a hardness range that
will provide resistance 1o indenta-
tion and seratching, while not be-
ing too high to allect other prop-
erlies such as duetility. Values
from the work of Rushforth et. al
are displayed for comparison.

Our abrasion and indentation
lesls attempled to simulate con-
sumey wear exposure. We used
equipment common o the indus-
ey to allow for vepetition of the
method by other individuals. -
perimental paramelers were as
follows:

[. A common vibralory finisher
cdeployed aggressive black plas-
Ue cutting media

2. Investmenl cast washers were
machined clean and square.
Height was cut after width 1o
ensure Lthe cutting buer could

F
Bortom 93Pt 5C0

rgure 6: As cast ,\‘//('/('/.('(’.\‘. Top 93Pt HCA, miidedle 9571 S,
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be removed cleanly. 1 surlace
was lapped 1o a L micron finish

3. Pieces were 5.5mm high,
3.5mm wide and weighed 25g
fortests 1&2, They were ma-
chined to 4.0mm high and
2. 5mm wide for lests 3&A4.

4. b washer of cach alloy was
used stimullancously in each
lest.

5. The washers were subjected
to vibratory abrasion and
examined at 10 minute imtey-
vals,

6. Polish loss time was defined

as the inability to read the date

rellected [rom a 3 cenl picee
onlo the surface of the test
specimen. When the date
could not be read, the elapsed
1me was recorded.

Weight loss was recorded and

~1

volume loss computed after 18
hotrs exposure.

8. The loss of volume was com-
puted from starting mass. den-
sity and weight Toss values.

Vickers HardﬁeSs vS Ga:ﬂ:

1.500

Ga:lr ‘

9. Tests 1&2 were done in IFebru-
ary 2000 by G. Normandeau

while 3&4 were done in May by

D. Ueno.

Results are summarized by a lable
and figure 9.

Results indicate thal hardness
and wear resistance correlate
closely. We found variation in the
time ol polish loss time depend-
ing on the illumination and tech-
nique deployed. Test 1 was done
by visual examination under regu-
far plant lighting. We deployed a
bright fiber optic hght source
with fixed orientation between
the illumination, abraded surface
and 5 cent piece for tests 2, 3, &
4. This roughly doubled the time
to polish loss. Results were unit-
ized to compare time to the
950Pt50Ir material in cach test.
This minimized the effeet of itllu-
mination and operator judgment

In all 4 1ests the 950P1 50Ty
lost it's surface reflectivily first.

The platinum hard casting alloy
lasted from 2.6 10 3.6 times
longer, 3.1 times longer on aver-
age, before loosing 1U's surface ve-
flectivity. Both the 900Pt100Ir ma-
tevial and 950PtH0Co lasted 2.1
lmes longer before polish loss.
The 950PtH0R 1 lasted 2.36 times
longer on average than the soft
9501501, Weight loss in milli-
grams was very small, even after
18 hours of testing. This caused
the volume loss numbers to be
small. Careful] attention to surface
preparation was required to yield
accurale loss values. Specimens
used in tests [&2 had their edges
soltened by hand buffing. The
smaller specimens used in tests
3&4 recerved careful machinmg
and lapping to ensure their edges
were sharp and close 10 90 de-
grees. This explains the 40% or
moye increase in volume loss be-
tween the two test series. The el-
fect s especially significant on the
950P130Tr. The weight Toss num-

Alloy (HV) Polish Loss Time (mm) Weight Loss {mg in 18 hr) vol Loss rng/cm®
Composition 1 2 3 | 4 1 2 3 4 182 | 384
950Pt-5HCA 165 65 125 180 200 658 | 492 | 441 | 426 | 518 | 765

| 950Pt-50Ir 85 25 45 50 60 736 | 593 | 675 | 593 556 | 123

| 950Pt-50Co 130 | 55 105 100 110 60.9 | 490 | 402 | 384 | 493 | 767
950Pt-50Ru 130 | 45 15 130 | 150 783 | 515 | 427 | 411 | 563 | 829 |
900Pt-100Ir 125 45 75 130 | 150 736 | 798 | 552 | 504 | 752 | 105 |
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Figure 9: Graph showing summary of test results

bers do not refleet the 50% change
in mass between test 1&2 samples
versus 3&4. Volume loss in
mg/cm:{ more accurately refleets
wear and compensates for density
differences. The havd casting alloy
lasts 30% longer in wear tests than
the best conventional alloy. Tt
fasts 210% longer than the worst
conventional material.

Wear test accuracy is affected
by machining methods, surface
preparation techniques, abrasive
media performance plus interpre-
tation of reflectivity loss. Weigh-
ing tor determination of density
and calculation of volume loss
can he done extremely accurately
with a Mettler A6245 precision
density balance. More objective

Figure 10: Qverview of HCA casting showing surface frost as cast

results could be obtained by us-
ing a surface roughness meter to
corrclate visual estimation. Re-
sults indicate that wear and hard-
ness can be closely related. Care-
ful selection of alloy additions
can greatly improve wear resis-
tance while maintaining the 95%
platinum content required for
unqualified hallmarking around
the world.

MANUFACTURING ISSUES:

Melting:

Previously alloyed stock can be
readily melted using all of the ma-
tevials and equipment inherent to
platinum investment. casting. This
ensures that high temperature
fused quartz crucibles and indue-
Lion or oxy-hydrogen heat sources
are required tfor small melts. Oxi-
cdation of the alloying additives
can be reduced by providing a
protective cover gas of neutral ar-
gon. Avoid I'C(luéing conditions
that promote the formation of
brittle platinum phosphides and
stlicides.

Careful visual observation ol the
mell provides a basts for detecting
the solidus and noting the broad
melting range compared to con-
ventional platinum alloys. Ttis un-
portant to allow the melt tempera-
ture to exceed the iquidus hefore
beginning any timing of molten
metal superheat. The tendency is
to underheat the metal based on
observing the solidus and not
compensating tor the 1000°C
melling range. This occurs even
with experienced melting staff,
Numerous ('elsling tests on a broad
range of jewelry articles summa-
vized in figure 10, Avticles from
experimental trials have been sub-
Jected 1o field finishing with posi-
tive approval of quality. Sceveral
items of various sizes and sections
were subjected to merallographic
examinaltion. Longituchnal sec-



ligure 11: SOX Metallographic section of large mens ring in the
shoulder region. Note the absence of shrinkage porosity.

Lions of rings are particularly
adept at finding subsurface de-
[eets or classifying the presence of
shrinkage versus gas porosity. Re-
sults ave summarized i figures 11,
12, & 13, All show a low incidence
ol very small shrinkage porosity
that is restricted to the terior of
the casting.

I'lask Temperature:

Because ol the broad melting
range inherent Lo the platinum
hard casting alloy it is important
to [orm a solidified cast skin
quickly upon entering the mold.
This minimizes surlace feeding
where interdendritic regions of
the metal adjacent 1o the mold
actually supply metal to volumet-
rie conlraction in the core ol the
casting. The result, depicted in
figure 14, shows narrow worm
like voids that penetrate inwards
lrom the surface towards the cen-
ter of the casting. This causes ex-
cessive grinding during linishing
(‘)ptv‘l'nli(ms Lo restore sound metal,
The problem can he controlied by
reducing the ceramie Jask tem-
perature to promole solidification
sound outer skin on the casting.
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Thick sections typical of mens
rings can be fed into a flask al
1300 10 1400°F. Thin sections or 4
prong sellings can be led into a
flask at 1600-1700°F. Tt is impor-
lant to avoid excessive heat in the
ceranue fJask. Conventional plati-
num alloys with their inherent
navrow melting range ave less
sensilive to this issue.

l‘eeding Gates and Sprues:

The method of feeding molten
melal to a platinum casting should
be a special consideration con-
paved with items cast in gold. This
applies to any platinum alloy.
[Feeding a material with a broad
melling range is best accom-
plished through thicker than aver-
age feeding gates. As always, il is
im|‘)m'l’ant to |)la(t(>, these as close
as possible to the thickest section
of the cast item. Avoid the use ol
thin, flat or restrictive feeding
gales. Widely lapered gales recduce
the impact ol molten platinum on
the investment surface to prevent
breakdown. Tangential feedimg on
extra thick items can also assist in
preventing investment fracture.
The length of feeding gates should

Figure 12: 50X Metallographic section of ladies ring in the shoul-
der area. Note the absence of any gas porosity.

i
i

he minimized 1o avoid the need
[or extra superheat to assist filling.
The basic principles that apply to
platinum casting, will promote
cuality product with the hard cast-
ing alloy as well. These have been
documented at previous Platinum
Day Symposiums.

Assembly Issues:

The harvd casting alloy can be
brazed with conventional plati-
num solders in the 1100 to 1400°C
range. It can sclf welded with the
clean heat of an oxy-hydrogen
torch. Care must be raken to ac-
commodate it’s lower melting
range. Pure platinum foil cannot
be used for welding operations
because of the melting tempera-
ture difference.

Iield Trial Results:

Small scale [ield trials with toreh
melting and casting have heen
suceessful. Virtually everyone
who handles the materials notes
that [inishing tumes are 50% less
compared o other platinmm al-
loys. A Liigh polish is easier to
achieve with fewer steps. Smcar-
mg is reduced compared to softer



Figure 13: 50X Metallographic section of
cast top

alloys tike 950Pt 501r. Operations
that require reasonable sollness
such as bead setting can be done
as well. Drilling for setting small
stones produced less ool wear.
In general setting operations re-
quired less time and effort. Ef-
lorts focussing on casting dia-
monds in place with the platinum
hard casting alloy have been suc-
cessful. In gencral, the material is
well received in both the casting
room and bench areas.

CONCLUSIONS & AREAS
FOR FURTHER STUDY

. Previous studies indicate lini-
ited alloying alternatives to
achieve the multitude of
properties desired from an
investment casling material.

2. Many of the additives com-
monly used to ecnhance the
properties ol gold materials,
cannol be used with plati-
numn alloys because of metal-
lurgical incompatibihty.

3. The newly designed hard
casting alloy has a platinum
white shade that matches any
conventional alloy hased on
the CIELAB color system.
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The platinum hard casting al-
loy is 27% harder than the
harder conventional materials
and 95% harder than the
95Pt5Ir formulation.

Ductility of the hard casting
alloy is equivalent to other ma-
terials with 20% higher
sirength combined with 8%
lower density.

Recycling performance, de-
fined as retention of hardness.
strength and ductility, with
suitable form filling is good.
Fluidity test results rank the
new hard casting alloy close to
900Pt 100Ir. Both are inferior
to the 950Pt50Co material.
Surface oxidation is not a sig-
nificant problem based on fur-
nace exposure tests at 700 and
1100°C for 1 hour. No gross
dark oxide forms. Oxidation is
equivalent to the common
950Pt50Co material. The thin
layer present after casting or
heating for soldering can be
easily removed by conven-
tional abrasive methods.
Wear tests applied to 5 com-
mon platinum alloys in a se-
ries of 4 distinct trials over

3 months, indicate that the
hard casting alloy lasts 30%
longer than the besL conven-
tional alloy before loosing a
reflective finish . Superior re-
sults, lasting 210% longer than
the soft 950Pt500r alloy, were
repeated in all trials.

Platinum wear trials requive
careful attention to detail in
surface preparation and
weighing. Surface roughness
measurement through an
objective meter would be a
good supplement to visually
raling reflectivity loss.
Manufacturing trials supple-
mented by metallographic ex-
amination of' a range ot arli-
cles confirmed internal cast
integrity. No incidence of

Figureld: 50X overview of rough surface
Srom excessive ceramic flask temperature.

non-melallic inclusions, gross
shrinkage porosity or gas po-
rosity was lound.

12, Ceramic (ask temperatures
and casting feeding gates can
be adjusted to obtain quality
results over a broad range of
common jewelry items

13. Field trials have produced
positive feedback from casting
opcrations, to assembly
benches to finishing arcas.
Finishing times ave generally
reduced 50% compared to
softer conventional alloys.
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