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I n this paper I will attempt to
give some insight into the in-
vestments used to cast Platinum
and also talk about how we go
about developing them. While
this particular class of materials
lias been around for a long time,
there have been recent improve-
ments brought on at least partially
by the increased interest in Plati-
num jewelry. I will briefly con-
sider some of the properties
which we seek in an investment
and comment on the differences
between gypsum and phosphate
bonded investments on the one
hand and the Platinum mvest-
ments on the other. I will then go
into the variations of Platinum in-
vestment of which I am aware and
discuss how we test them. This
will include a description of some
of their properties. Finally, I will
try to relate our understanding of
how the materials work to how
they are used.

Investment Types

When considering the type of
mold material that can be used to
cast a specific metal it is necessary
to first consider the properties of
the metal being cast. With Plati-
num and its alloys the most im-
portant of these are high melting

point and high specific gravity.
Table 1 compares these proper-
ties with those of other alloys
used in jewelry.

Due to their high melting
points, Platinum alloys have to be
transferred rapidly into the mold,
and this is generally achieved
with high speed centrifugal cast-
ing. This, coupled with the high
specific gravity, places a consid-
erable force on the investment.
As there is a need to get the metal
into the cavity rapidly, there is
also a need to get the air out
rapidly. The permeability of the
mvestment is therefore of inter-
est.

Not all about casting Plati-
num alloys 1s negative however.
Platinum and its alloys, in par-
ticular those with other precious
metals, are relatively chemically
inert, and are thus less likely to
attack the investment.

As most people are more fa-
miliar with gypsum-bonded in-
vestments, I will talk briefly about
them and then compare the
Platinum investments to them.

Gypsum investments are gen-
erally composed of 25-30%
CaS0,.%.H,0, 70-75% silica and
1% additives which control the
setting behavior, fluidity, wetting
behavior and vacuum rise of the
mvestment. It is a fairly complex
chemical system. Standard Gyp-
sum investments contain eight
chemically different components.

They set by a chemical reac-

tion between the binder and
water:

1 3
CaS0, 5 H,0+2H,0 = CaS0,2H,0

This gives a distribution of
fine silica particles held together
by the gypsum. Two forms of sil-
ica are used, quartz sand and
cristobalite. During burnout the
CaS0,.2H,0 loses the water and
would shrink and crumble if not
for the presence of the cristobalite
which, in the temperature range
where the gypsum is losing its
water, goes through a phase
change which involves consider-
able expansion. This more than
compensates for the shrinkage of
the gypsum and the total system
holds together because it goes
into compression within the flask.
When you mix a gypsum invest-
ment, the amount of water that is
used is much greater than that
needed for the chemical bonding
reaction, and its function is to
give a workable mixture. The ex-
cess water departs in the early
stages of burnout.

There is another somewhat
similar systern which is used to a
limited extent in jewelry manu-
facturing. This is the phosphate
system. Its setting reaction can be
described as

2(NH,H,PO, +3MgO = Mg, (PO,),+...
Itis used to cast non precious

metal school rings and has much
higher temperature stability than

Material Melting Point Specific Gravity
Silver 962 C 10.5
Gold 1064 C 19.3
Gold alloys 880-1050 C 14-18
Platinum 1768 C 214
Platinum alloys 1700-1800 C 10-21.5
Superalloys 1300-1500 C 7.5-9.2

Table 1: Properties of various metals.
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gypsum. It is also used in the
deutal lab to work with higher
inelting point metals. I know that
people have tried it with Platinum
but I have not heard of anyone
having much success.

The investments used with
Platinum are chemically much
simpler than those that I have just
described. They are basically
about 99% fine silica with up to
1% additives. The silica is all
quartz with no cristobalite. The
additives serve very different pur-
poses than those used in the
other investments and may be
either in the powder or in the liq-
uid used with the powder. The
liquid itself may be water or a di-
lute acid, generally Phosphoric.

The mold that results from
using platinum investments de-
pends, for its structure, on both
what happens when it is mixed
and allowed to set and also on
changes as it is burnt out. The
additives and the dilute acid can
have an effect in both stages. Ini-
tially they allow the particles of
sand to be uniformly dispersed in
the liquid at a low liquid/powder
ratio. They also participate in the
formation of a gel structure which
eventually sets to give the struc-
ture, which provides green
strength. During burnout they re-
act with the silica to form mixed
oxides which bond the particles
to each other.

I have mentioned that diluted
phosphoric acid can be used as
the liquid. Another way to go is to
add certain relatively weak acids
which are available as powders to
the sand and use water as the lq-
uid. Among the powdered acids
that we have evaluated are Silicic
acid (H,Si0,) as well as the or-
ganic acids, such as Oxalic, Ma-
laeic and Lactic.

The most commonly used
sintering agent was Sodium Sili-
cate. This itself can be considered
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as a mixed oxide of sodium and
silicon. Phosphoric acid is essen-
tially a solution of Phosphorous
oxide in water and therefore also
has the capability to form mixed
oxides.

In the simplest of these mate-
rials we do not use deliberate acid
additions, although the sintering
agent which we do use performs
some of the same functions that a
deliberately added acid would in
terms of making the mixed in-

“vestment more fluid. This mate-

rial, which I will denote as A,
works with water at a ratio of
about 34/100. It is relatively diffi-
cult to incorporate and when it is
mixed the practice is to add about
three quarters of the powder to
the water, incorporate it by hand,
start mechanical mixing and then
slowly add the rest of the powder.
For a small mix (4-6 lbs.) it re-
quires as long as 12 minutes to
establish the required structure in
the slurry and larger mixes take
much longer (up to 20 mins). This
material partially sets by settling,
which means that as it sets the
sand particles can move around
and take up their final position.
This material needs up to 16
hours to set and at the end of set-
ting there is a layer of water on
the surface which is decanted off.
It can be used under conditions
where some of the water is wicked
off during settling or it can be
used with a rubber base like a
gypsum.

At the other end of the range
are materials which use diluted
phosphoric acid as the liquid and
which use a sintering agent which
gives a more refractory mixed
oxide than does sodium silicate. I
will describe this material as C.

It is mixed at a liquid powder ra-
tio of 30/100. It does not show the
settling behavior of the A type
and its structure is basically es-
tablished during the mixing proc-

ess. It is always used with a sys-
tem which allows the removal of
water from the investinent and
requires a shorter setting time
than the A type. This material
uses a finer sand than does the A
material.

Intermecdiate between the A
and C type is one which I will call
B. It is similar to A except that it
contains a small amount of a
powdered acid. This makes its in-
corporation somewhat easier.
There is some settling during its
setting process but not to the ex-
tent to which the A material set-
tles. It should also be used in
such a way that water can be
wicked out of it.

As you can see, theve is no
well defined chemical reaction
occurring in these materials as
there is in the Gypsum and Phos-
phate bonded materials. There
are some weaker electro-chemical
interactions occurring between
the silica particles and between
these particles and their liquid
environment. These lead to gel-
ling and this gives the material
sufficient green strength to allow
it to be handled.

Test Procedures

I would now like to describe
how we test these materials. The
tests which we carry out are

a) Fluidity (Zalim Cup)
b) Permeability

c¢) Fired Strength

d) Thermal Expansion
e) Casting

f) Particle Size

(
(
(
(
(
(

Zahn Cup

This is a test which is covered
by ASTM standard D4212
“Standard Test Method for Vis-
cosity by Dip Type Viscosity
Cups.” Its intended use is with
paints, varnishes, lacquers and



similar materials. Basically, a U-
shaped container with a hole in
the bottom is immersed in the
fluid being tested and then lifted
out so that the fluid can flow out
thirough the hole. The time for
the fluid to flow from the cup is
measured. The cups are desig-
nated as #1 through #5 based on
the size of the hole, and we have
used both the #4 and #5 eups in
developmental work. These have
the largest holes and we now
think that the #5 is the appropri-
ate choice.

Permeability

We run this test with an
Automated Gas Permeameter
made by a company called Porous
Materials Incorporated. The
specimen is prepared by filling a
steel ring which 1s two inches in
diameter and one-half inch thick
with investinent and allowing it to
set. The ring has a collar to allow
over-filling and this is removed.
The two surfaces of the invest-
ment are then trimmed flat and
level with the ends of the ring and
the ring and investment are
burned out at the temperature of
interest. We generally use 1600°F
as the burnout temperature but
other temperatures are used as
seems appropriate.

To measure the permeability,
the equipment places air pressure
across the material and measures
the gas flow as the pressure is
slowly increased. From this it cal-
culates a value of the relative
permeability of the material based
on the rate of gas flow.

Fired Strength.

Plastic molds with a diameter
of 20 mm and a length of 40 mm
are used to produce cylindrical
specimens in much the same
manner as the metal ring was
used for the permeability speci-
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Fig. 1: Typical Thermal Expansion Curve

mens. The molds are removed
prior to burnout and the speci-
mens tested by loading them axi-
ally in an Instron testing machine.

Thermal Expansion

Cylindrical specimens 1%4”
long by %” diameter are produced
using a steel mold in much the
same manner as above. They are
heated at a rate of 5°C/minute in a
Theta dilatometer. Above is a
typical Thermal expansion curve.

Casling

Ideally we would like to be
able to cast all of our experimen-
tal materials with Platinum or
Platinum alloys. Unfortunately
this is cost prohibitive. What we
actually use are either steel or su-
peralloys. To maximize the stress
ou the investment we use a range
of patterns including relatively

" difficult to fill thin ones and very

large bulky men’s rings. The
flasks are either 3x5 or 4x6 and
the patterns are spurred as trees.

‘We use a centrifugal casting ma-

chine with a high speed to maxi-
mize stress. When we have a high
degree of confidence that we have
developed a product as far as we
can, arrangements are made by
our marketing people to have the
materials evaluated by well-

established Platinum casting fa-
cilities who give us feedback and
we proceed from there. We
greatly appreciate this feedback.

Particle Size

These investments are 99%
silica and the particle size of the
silica particles is one of the most
important properties. We meas-
ure the particle size of both the
sand and the investment using a
piece of equipment called a sedi-
graph. The particular unit which
we use is the Sedigraph 5100
produced by Micromeritics. This
equipment evaluates the rate at.
which sand particles sink through
a liquid, considers the sand parti-
cles to be spherical in nature and
calculates an equivalent diameter.
It then presents the size distribu-
tion of the particles as a graph.
We pick off a specific size (10 mi-
cron) and note the % of the parti-
cles which are smaller than this.
This is a good way of evaluating a
specific sand for eode to code
variations or looking at different
sands which come from the same
mine and grinding equipment.
When sands have been ground
differently or come from different
sources, direct comparisons are
more difficult to make as the pre-
cise particle shape takes on great
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importance. As a word of warn-
ing, there are different types of
measuring equipment that can be
used to measure particle size and
these will give very different an-
swers on the same material. If you
compare the particle size of two
sands, you need to make sure that
the same equipment was used.

Product Development

First I would like to go over
the use of the Zahn Cup test. This
is a very simple and useful test to
allow us to both understand what
is happening in the investment
and also to be used as a quality
control tool. As was described
earlier, when we mix these in-
vestments, we are setting up a
distribution of the particles in the

“liquid. This process can be fol-
lowed by mixing the material for a
given period of time and then
measuring the Zahn Cup flow
tme. The graphs below (Figs. 2
and 3) show the type of data
which one can obtain.

They are for a type A material
which is recommended to be used
at 34/100 with a mixing time of 11
minutes. These conditions had
been determined several years ago
by the trial and error method of
simply looking at the mix, but
they are close to the ones which
the Zahn Cup testing would sug-
gest. Earlier in this discussion I
had mentioned that in this class
of material the additive used as a
sintering agent also acts as a flu-
idizing agent. Figure 4 shows the
effect of varying the amount of
the sintering agent on the Zahn
Cup time.

While low levels of the agent
give good fluidity, they are not
necessarily high enough to give
the required sintering reaction.

The Type A and Type B ma-
terials can be made using the
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Fig. 2: Effect of L/P Ratio on fluidity (mixing time 11 minutes)
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Fig. 3: Effect of mixing time on fluidity (L/P Ratio = 34)

40

50—
0

e Fluidity(s)

L 3

7

400

9 1" 13 15

Mixing time (in minutes)

Fig.4: Effect of additive level on fluidity

17

350 ﬁ
300 |
250 1
200 |
150 +
100 |

L
>

50 [ Fluidity(s)
0 — L R L S|

13

0

T L ¥ T

0.02 0.05 0.1 0.2 0.3

Additive level (in %)




same type of sand in theory, the
only difference being the use of a
small amount of acid. One way to
use the Zahn Cup test as a Q.A.
tool of the quality of the sand
being used is to carry out the test
with two different mixing times,
the shorter one being less than
the recommended and the longer
one being the recommended
mixing time. Table 2 shows data
on several codes of the same sand
when used in a type A and an ex-
perimental type B formulation.

In the A formulation, the
codes, with the exception of O,
behave identically within experi-
mental error. While in the B for-
mulation, there is considerable
difference and that this can be
tied to the particle size as defined
by the percent of 10 micron
particles. It is data of this type
which allows us to specify the
sands that we use.

When we first started to work
on a Type C material we looked at
a large range of sands. We wanted
to use a finer sand than in the A
or B type material because we
thought it was necessary to give a
smoother surface. Going back to
the gypsum bonded materials, the
binder fills in the gaps between
the sand particles and thus can
give a smooth surface; while in
the platinum investment material
we have to rely on the sand parti-
cles themselves with the smaller
ones filling in the gaps between
the larger ones. We collected
samples of all the readily available
sands which were as fine as or
finer than the ones used in A and
B types and tried to use them
with a phosphoric acid based liq-
uid.

We found that there were
considerable differences in be-
havior which seemed to relate
more to the origin of the sand
than to the properties which we
could easily measure. If we tried

A Type A Type B Type B Type
Code | %-10micron 7 min. 11 min 7 min. mix | 15 min. mix
mix mix
E 52.6 90 78 250 159
A 53.4 93 80 266 155
B 53 94 78 275 150
G 54.4 92 79 275 150
H 51.9 91 79 278 149
F 53 91 81 285 155
D 50.5 93 81 420 141
C 49.4 90 81 580 225
0] 50.5 100 90 965 310
Table 2: Effect of particle size on fluidity
Source 10micron(%) L/P Ratio Castings
A1 92 30 Fins
A2 90.3 30 Heavy fins
B1 64.4 30 Good
C1 52.8 30 Good
C2. 52.2 30 Small fins
D1 48.7 30 Small fins
E1 54.1 32 Bubbles
F1 80.7 30 Fins
F2 59.3 34 Fins
F3 49 34 Fins
G1 50.4 30 Fins
H1 61.9 30 Good

Table 3: Casting results for various sands

to use two sands from the same
facility, the difference which we
could measure did make sense in
terms of the behavior of the in-
vestment. To say a little about
what I have been calling sands,
they are more correctly called sil-
ica flowers. They are produced by
mining quartz sand from a sand
pit, cleaning it up and grinding it.
What is actually extracted from
the ground is a mixture of sand,

‘clay and whatever else mother

nature deposited there. The rela-
tively coarse sand particles are
extracted from this. In some cases
this can be achieved by floatation
techniques, but in others, acid
treatments are necessary to get rid
of contaminants. Once the pure

sand particles are obtained, they
are ground to the required size
using continuous ball mills. The
coarse sand is fed in one end and
the required silica flower comes
out of the other. Particle size is
controlled by how long it takes
the material to pass through the
mill. The specific shape of the
particles is controlled in a large
part by how the larger particles
break up and this goes back in
part to how they were originally
formed.

The first letter denotes which
facility was the source of the sand.
We found that if we needed to
use liquid/powder ratios greater
than 30/100 we generally ran into
strength problems. The same was
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true if the particle size was too
fine. This was primarily based on
our in-house casting tests. We
then selected two materials to
field testing. They used sands
with similar production processes
and particles sizes but from geo-
graphically different locations.
The liquid used was based on
Phosphoric acid. One sand
proved to give slightly better sur-
faces than the other, and I will
present data on it later.

Properties of Investments

Listed in Table 4 are the
properties that we have measured
on various commercial invest-
ments including our own. The
letter designation goes with the
A,B,C system that I used earlier.
The materials were mixed ac-
cording to the manufacturers in-
structions. A and B use water
while the others use Phosphoric
acid-based liquids.

We are still tying to under-
stand all the meanings of this
data. The liquids used with C1-C4
are all different and certainly are
important in controlling proper-
ties. C1 and C2 have the finest
particle size and the lowest per-
meabilities. From our field testing
the permeability is sufficient and
the finer particle size gives
smoother surfaces. We do think
that there is a relationship be-
tween particle size and these
properties.

The strength numbers need
more work before we can claim to
understand them. The fact that
some materials were stronger
when burnt out at 1400°F than at
1600°F surprised us, but we know
that some people use 1400°F in
preference to 1600°F while others
use even higher temperatures. It
would be interesting to be able to
actually test these materials at the
burnout temperatures as cooling
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Perme Perme
Material | Strength | Strength |  ability ability | Particle | Fluidity | Therm.
(psi) (psi) Darcy Darcy Size Exp.
(x100) | (x100)
1400F | 1600F | 1400F 1600F [(%-10mic)| (sec). (%)
A 451 494 3.93 4.07 50 95 1.52
B 199 305 5.7 6.73 50 128 1.48
C1 428 336 2.03 2.16 57 50 1.42
C2 264 171 2.11 2.03 60 86 1.47
C3 361 654 3.09 3.18 49 315 1.47
C4 833 783 5.56 5.06 40 194 1.4
Gypsum | 80-100 3.5-5

Table 4: Physical properties of various commercial investments

them to room temperature may
not give the full picture. All mate-
rials are significantly stronger than
the Gypsum bonded investments
however and this was one of the
requirements discussed earlier.

Fluidity is an important
property and we believe that it
should not be too long but we
can’t say what is acceptable and
what is not. It depends on the
material and how it is being used.
A major area of use of this general
type of investments is the casting
of certain medical and dental
parts. These are relatively high
volume applications and they use
semi-automatic equipment which
invests multiple flasks from the
same large mix. Fluid investments
are important to them, as they
hopefully will be to the Platinum
casting industry.

Finally, thermal expansion.
All the listed materials are fairly
similar . Even though they do not
contain cristobalite, they have
higher expansions than gypsum
investments.

Use of the Investment

The first important step in
using these investments is to use
them at the correct liquid/powder
ratio and to mix them long
enough. This is necessary to
achieve the required structure in

the slurry. If this is not achieved,
then it will have a negative effect
on both the strength of the in-
vestment and on the surface
quality of the casting. We know
that larger mixes take a longer
mixing time than smaller ones
from our measurements of fluid-
ity and also from problems en-
countered by people who use this
type of investment to cast medical
and dental devices out of super-
alloys and who have scaled up the
size of their mix.

The shury should be well
vacuumed. In general, there is not
a problem of air bubbles being
trapped on the surface of the
patterns as these investments wet
the patterns well, but if air is
trapped in the investment, it can
weaken it.

The bench setting of these

" investments is very important.
The material forms a structure as
it sets. I don’t claim to fully un-
derstand what is happening but it
is likely that a silica gel is being
formed. Silica gels are complex
materials and there is a lot of
technical and scientific literature
on them. They form over a period
of time and how tliey form will be
dependent on the chemistry
within the shurry. As water is re-
moved from the setting invest-
ment, the formation of the gel is
sped up. The structure of the gel



will be a function of how rapidly
it is formed, and therefore the
behavior of the investment will be
a [unction of the drying rate.
Faster is not necessarily better.
Different users have different
methods to remove water from
the setting investment and this is
one area where variations in
technique can give variable
results.

To a greater or smaller extent,
some settling of the investment
occurs during setting. In an ideal
situation this would not affect the
structure of the interface between
the pattern and the investment
but we know that it can. This
particularly can happen in the
older types of investment which
are used at higher water/powder
ratios if they are not well-mixed.

It should not happen with a well-
formulated material used at
30/100, if it is used correctly.
‘What occurs is that a water rich
layer is formed on the underside
of the pattern and this results in a
poor surface.

During burnout, care has to
be taken not to heat the invest-
ment too rapidly at lower temn-
peratures when the wax is being
be removed and the excess water
driven off. This is no different
than with a gypsum investment.
From the thermal expansion
curve we know that the expan-
sion, as a function of temperature,
is relatively smooth compared
with gypsum investments. This
means that the expansion behav-
ior of the material should not
limit the rate at which it can be

heated. One topic that we have
not yet evaluated is how the
strength of the investinent varies
with temperature as it is buint
out. This will be interesting to
know, as it could influence the
way in which the investment
should be burnt out.

There is a lot that we don’t
know or fully understand about
these materials and we continue
to work on them. Hopefully we
will be able to continue to im-
prove them. A very important
part of the effort is the feedback
that we get from field testers and
other users. I closing T would
like to particularly thank those of
you out there who have worked
with us.
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