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Silver-Magnesium#® 2. Flg. 21.

Promise of entirely negative rtesults
have been predicted for these alloys
from a structural point of view.

Silver-Nickel* 3. Fig. 22,

These are practically immiscible in the
solid state; mickel retaining about 2.0%
of silver in the solid state. This small
amount does not seem to enohle the

Figure 19
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silver-gold series. As is shown on the
freezing point curve the alloy having
70.% Ag. and 30.9% Pd. melts at ahout
1200.° C. These alloys are said to be
very hard, and to take a very high pol-
ish. However, the specimens made up
in this laboratory showed physical prop-
erties ranging between those of silver
and palladivm, especially with respect
to the hardness. The alloys of over

Figure 20
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Silver-Lead Serles.

baser material to any extent. As a bin-
ary, these alloys promise very little.
Silver-Palladium* 4, Fig. 23.

According to the equilibrium diagram,

2. Zemczuzny, z. An. Ch., 49, 400,
Parkinson, J. Am. Ch. Soc. 20, 17,

3. Pelrenln, Z. An. Ch. 53, 212, (1807).
Petrenko, Z. An, Ch. 53, 200.

4. Ruer, Zeit, Anorg. Chemle. 51, 315,

rwovsiiien A1l Hindrichs

Sliver-Manganese Serles.

20.9, Pd. have one characteristic feature
which might be made use of. These al-
loys showed no c¢oloration when immers-
ed for several days in the same sulphide
solution whbich hlackened pure silver
very rapidly. An alloy of this type could
be made at about $5.00 per c. ¢. as com-
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pared to $12.50 for gold. This series
might also serve as a basis for ternary
alloys, as palladium is one of the best
solvents for a great many metals, includ-
ing nickel, iron, cobalt, tungsten, moiyb-
denum, etc. These will be taken up
after the binary alloys of silver have aill

foil. In this operation, however, pre-
cautions must be taken to anneal fre-
quently during the first stages of the
rolling, as the ingot material shows a
tendency to fracture quite readily. After
the material has heen reduced to sheet
form this tendency seems to have been

Figure 2L
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Sllver Magnestum Serles.

been considered. It is. possible that the
addition of small amounts of another
metal will impart the necessary hard-
ness, even though it would not alloy in
any proportions with silver alone.
Alloys ranging from 1.% to 95.% Pd.
were made up in this laboratory. and all
showed very valuable properties. All
samples were so goft and malleable as
to permit of belng rolled into very thin

overcome, and the material may easily
be reduced to thinest foil. )

Thig foil is apparently as soft as Pt.
foil and as the m. p. can be varied be-
tween 961, and 1551. ° C. it should serve
a8 a very acceptable substitute. Tests

‘made showed it to be unaffected by sali-

va solution, or hy a sulphide solntion.
It is insoluhle in HCI; very slightly sol-
uble in H2804, and practically insoluhle



“F

OFFICIAL BULLETIN 93

in Aqua Regla. It is soluble only with
difficulty in HNO3.

This alloy will also solder very readily
onto any of the metals or alloys used in
dentistry. Therefore, thess silver-pal-

-ladium alloys should form a practical
substitute for the pure platinum foil,

Flgure 23

shows two series of solid solutions, to
which may be confined any alloy of in-
dustrial importance. Of these, series I
should be of special interest. Series II
alloys are of over 90.% Pt. content and
50 are too costly to permit of considera-
tion. The alloys between 47.5% and
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Sllver-Palladlum Series.

whbich often costs from $30. to $50. per
c¢c., while this material could be made
for from $5 to $15 per cc., depending up-
on the grade of alloy. These alloys will
be summarized at the end of this chap-
ter.
Silver-Platinum* 1. Fig. 24,

The diagram for the Ag. Pt. alloys

*]1. Miller, I. Am. Ch. Soc. 28, 1115.
2. Doerlnkle, Z. An. Ch. 54, 338.

mfle O rridte

Sllver-Platlnum Serles.

[

88.0% of platinum are probably made up
of a mixture of crystals I and II (crys-
tals I, silver saturated with platinum,
and II platinum saturated with silver).
Those alloys lying near the saturation
point of I should possess the most mark-
ed properties, as to hardness, etc., while
those between I and II should be, and
are, very brittle.

To determine the applicability of these



alloys to the problem in hand, a series
of alleys were made up, varying by 5.%
of Pt. The addition of small amounts
of Pt. to silver increases the hardness
conslderably, and at 10.% could still be
drawn although the resulting wire did
not possess great strength. Above this
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acid, or in Aqua Regia. In the case of
acids the material is protected by the
Pt., and where Aqua Regina is used the
insoluhle coating of AgCl., prevents fur-
ther action. However, as a substitute
tor the Pt. Ir. alloys this series does not
offer much. While the addition of Pt. to

Flgure 25 Figure 28
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Silvar-Zine Series,

Pt. content further addition seems to in-
crease the hardness at the expense of
tensile strength and workability. The
Ag.-Pt. alloys are also quite resistant to
action of sulphides, especially when the
material has heen quenched in dil.
HNOQO3, which dissolves the silver from
the surface. Alloys of about 25. -30.%
of Pt. are practically insoluble in any

Silver-Tin Series.

silver causes the m. p. to rise practically
as much as does the addition of an equal
amount of Pd., the hardness imparted
would make the alloy worthless as a foil
material, in which malleahility and soft-
ness are necessary. The material of suf-
ficiently high m. p. is too brittle for posts
and pins. These alloys are in no way
equal to the silver-palladium alioys. The
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binary alloys of silver with zinc and with
tin are shown in Figs. 25 and 26.
Silver-Tungsten.

No reference has been found relative
to these alloys but from experiments
made. in this laboratory, they appear to
[ollow the group tendencies as shown by
the Ag-Cr. series. These fusions must
be made in an atmos. of H. or N, as
the presence of small amounts of O
seems to tend toward the formation of
tungstate or moliybdate of silver, which
apparently is dissolved in the silver.
Microscopical analysis of specimens
which were made in an atmos. of nitro-
gen, showed the unalloyed particles of
tungsten or molybdenum, imbedded in
the silver matrix.

Silver-Molybdenum.,

SILVER ALLOYS—SUMMARY.

Neither the time or the necessary ap-
paratus were available with which to
carry out exhaustive tests of the physical
properties of each series of alloys made
up, and which would have given really
very little additiopal information of
value from a practical congideration of
their application in dentistry. Their
physical behavior, when drawn out un-
der the hammer or through draw plates,
together with microscopic examination,
gave sufficient evidence as to their prob-
able value. If certain alloys passed these
first tests, their general physical proper-
ties and chemical behavior during cor-
rosfon tests were noted. The corrosion
tests were made in ditferent acid and
alkali’ solutions, and also in saliva solu-
tions. In determining the corrodability
of an alloy it was placed as one element
of a series of couples, e. g. with gold,
zinc, Pt., etc., in order to reproduce as
nearly as possible such conditions as
would be found in practice. The results
of experiments startcd under another
division, gives quantitative values for
the corroding tendencies of different ma-
terials, and when complete will he of
very great value in that they should de-
cide definitely the question of what me-

tallic combinations are permissible in
dental work.

It is apparent that systematic work on
ternary and more complex alloys should
not be taken up until all information and
data regarding the binary alloys em-
ploved in these different systems has
heen collected. Several of the binary
silver alloys give promise of being a
suitable foundation on which to base a
ternary investigation, especially the sil-
ver alloys. None of Lhis series would
seem, however, to.promise inuch in the
line of a hard steel-like material for
posts and pins. For cast filling pur-
poses, the alloys of silver with cadium,
zine, tin, and a few others possibly, may
he adjustable to require conditions. Ref-
erence to the amalgams has been pur-
posely omitted, as work along this spec-
ial line will be taken up later. Very lit-
tle data is available with reference to
the alloys of silver with osmium, iridium,
ruthenium, etc., and owing to tbe costli-
ness of these elements, they were not
included in the experimental worlk.

A proper summary of the results of
the investigation of any series of alloys
in connection with this work slLould con-
sist, perhaps, in a concise statement of
what has been accomplished to benefit
the memhers of the dental profession.
Although research has been especially
directed, during this year, to the solu-
tion of the Pt.-Ir. suhstitute problem,
other applicahle properties of any alloys
tester, cannot be overlooked.

Recent statistical reports indicate that
one-third ot the world’'s platinum supply
is used by the dental profession and
hence is lost. A part of tbis is in the
form of thinnest foil, which is used for
the purpose of takiug various impres-
sions. This material must be especially
pure, and as sucbh, often costs as much
as $80.00 per ounce. Under the silver-
palladium head was brought out the fact
that these alloys were very soft; were
very resistant to corrosive and sulphid-
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ing influences, and also that the m. p.
could be varied between that of silver,
960.° C, and that of palladium, 1850.° C;
depending upon the relative amounts of
each present. In spite of the fact that
all records of previous' experimentors
state these alloys to be quite hard, they
were found to be practically as soft as
Pt., when reduced to thin foil. At first
they require frequent annealing.

As all metals are usually llsted at cost
per pound, Oor per ounce, a very erron-
eous idea is generally preveﬁent as to
the actual relative cost of the dlfferent
available materials, when applied to a
given purpose. A certain tooth cavity,
for instance, will require a certain voli-
ume of material, and is independent of
the weight, which depends directly upon
the sp. gr. or density of the filling mate-
rial. Suppose the volume of this cavity
to be one cubic centimeter. To fill this
with platinum will cost about $30.00;
with gold, about $12.50; and with palla-
dium, about $22.00.
the general conception of the relation
between the cost of these elements when
compared by weight; gold $20.67 per 0z.;
Pt. $48.00 to’ $60.00; and Pd. about $60.00
per oz. This same relation holds good
for any of the materials used in dentis-
‘try, a certain volume being necessary
in all cases, irrespective of the weight.

Referring again to the Ag-Pd. series;
an alloy of about 25.% Pd-75% Ag.
will have a melting point of ahout 1200.°
C, and can be made for about $5.50 per
cc. A 42.9 Pd.-58.9% Ag. alloy will melt
at about 1300.° C and will cost about
$9.00 per ce. With 63.% Pd.-37.% Ag.
the melting point will be about 1400.° C.
and will cost about $12.50 per cc., or the
same as pure gold, but with a m. p. of
over 300.° C. higher.

Tests made showed that the material
melting at 1200.° C. could be used for
taking an impression of a cavity and
have the gold fused or cast directly into
it. ¥

This is certainly not -’

ALLOYS OF GOLD

The alloys of gold with the base met-
als, with the exception of copper, have
never been of much importance in the
arts or industries. Gold has an abnor-
mal tendency to form complicated com-
pounds with most of the less metallic
elements, and 80 produce -alloys, which,
from the point of view-of their mechani-
cal properties, are worthless. Their con-
stituents are clearly showm in the ac-
companying equillbriums. As is seen,
small amounts of Al, Bi., Cd., Sh, etc.,
greatly lower the melting point of gold,
and in many cases are combined with
gold to form easily fusible solders. The
mechanical possibilities of these alloys
have never heen worked out, in the
special case of their application to den-
tistry, and so it will hardly do to limit
the probabilities, in theory only. The
alloys of, say Al. Au. or Ni-Au. may
show properties of speclal value in this
connection.

The alloys of the Gold-Copper series
are quite widely used, as are those of
the Gold-Platinum series. However,-
very little has been done in connection
with this latter series in the way of de-
termining the relation of their physical
properties to chemical composltion or
the relation of mechanical treatment to
physical properties. For instance, no
method or retaining or restoring the
temper, or springiness, of certain dental
appliances after annealing, or soldering,
is known. The melting points of the
Au-Pt. series increases quite rapidly
fro.n gold to platinum, as is shown in
diagram Fig. 27. All of these alloys are
barder than pure gold, while those of
about 509, Pt. are harder than pure Pt.
Gold Palladium. Fig. 28.

There is practically no evidence on
record regarding the mechanical proper-
ties of these alloys. This series has
been investigated rather thoroughly dur-
ing the past year in this lahoratory, and
without going into a detailed description,






OFFICIAL BULLETIN 107

ly high, namely, over 3000° C. and
b400° F. that it is exceedingly difficult to
fuse other metals on to it under ordinary
conditions. This, however, can be done
readily by methods which we shall re-
view. While tungsten so perfectly re-
sists oxidization at ordinary tempera-
tures, it does oxidize rapidly under an
open blowpipe flame at high tempera-
tures, thus making it impossible to flow
the ordinary metals on to it under ordi-
nary conditions, even though they do so
readily when in a non-oxidizing atmos-
phere. Consequently, it is not difficult
to coat the tungsten perfectly with any
of the suitable noble metals, or combhi-
nations of them, and the golds and sold-
ers can be readily flowed on these with
the ordinary blowpipe flame. For this
purpose pure gold, or preferahly an alloy
of pure gold, and palladium answer ad-
mirably, though silver and palladium is
satisfactory. This coating is so thin that
it need not add more than one per cent
to the weight and, consequently, adds
very little expense to the cost of the
tungsten. The tungsten bars thus coat-
ed will probably cost from fitteen to
twenly per cent as much as platinum to
start with and if the judgment of metal-
lurgists is correct, tbe price of tungsten
must go down to a few dollars a pound.
Figure No. 47 illustrates in chart form
the relative strength of the coated tungs-
ten bars to that of iridio-platinum and
of clasp metal of the same sizes. The
horizontal line expresses an increase up
to eighteen pounds and the verticle line
illustrates deflection in tenths of an inch
before bending and the pressure at
which bending occurs or where elasticity

is overcome. The length of these bars

between supports was one-half inch. The
clasp metal and iridio-platinum both
bend at a trifie over three pounds at one
and one-half and two-tenths inches de-
flection respectively, and the coated
tungsten bent at eighteen pounds at
about two-tenth deflection, giving tungs-
ten approximalely six times the stiff-

ness of the iridio-platinum or clasp
metal, which means that the factor
of safety, when a bar of the same size
of tungsten will be used as a post for a
crown, would be six times as great as
when iridio-platinum or clasp metal are
used, and also means that a much small-
er size post may he used and still have
a much greater strength. All will recog-
nize the very great advantage of this in
small rooted teeth, llke upper laterals,
and all lower incisors. Also for individ-
ual roots of molars where great strength
ie required and the tooth structure ma-
terial is already the minimum and elas-

Tlgure 47

_ Fressere o poasds
Helotive STraq th OF Fistein

ticity by being heated to ordinary tem-
peratures which quality suggests a large
usefulness for orthodontia appllances
and for whicb use we are making stud-
jies, which will be reported later.

We have found tungsten as coated to
be a very great advantage as a f[rame
work into which we will cast cold alloys
and thus hold gold from distortion due
to its natural contraction. In other
words controlling the location of the con-
traction by actually stretching and hotd-
ing the gold. We have found that bridge
abutments made of the coated tungsten,
counsisting of posts entering roots and
united with bars of coated W by means
of high fusing gold and platinum solder,
will permit of the wax being moulded
directly around this frame work, includ-

A -
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ing the inlay restorations for the abut-
ments and the facings in position, and
after the removal of tbe facings the en-
tire piece cast at once with only a frac-
tion of distortion produced when tbe
same coating is made without this frame
work. It is desirable for this use to
use a threaded bar, or one specially
roughened, to prevent the gold from slid-
ing upon it. These bars are similarly
used and with great advantage in con-
trolling the contraction of MOD restora-
tions, as previously announced. Molyb-
denum bhas some very desirable qualities
and some less so. It is naturally much
softer than tungsten but like tungsten is
- oxidized at high temperatures in the
open blowpipe flame and requires to be
coated with some of the noble metals, as
we have just suggested. Our researches
will be continued with it and reported
more in detail later. It probably will be
made a component of a termary alloy
with splendid qualities.

There are many reasons why our pro-
fession should make extensive use of
palladium. In the first place because
volume for volume it is about one-third
cheaper than platinum. Its relative den-
sity, as compared with platinum, is ap-
proximately as eleven is to twenty-one,
which means that when you buy an
ounce you get approximately twice as
many square inches, or linear inches,
according to the form of the material.
In color, surface and softness it com-
pares very favorably and while its coef-
ficient of expansion is slightly higher,
namely, as eleven is to nine approxi-
mately, it is very satisfactory for many
uses with porcelain. While we have not
done so we are informed tbat porcelain
dentures have been baked on it with
beautiful success, it apparently behaved
in every way as satisfactory as plati-
num. There is reason to believe that it
may come to be one of the most used
metals in dentistry, largely because of
the fact that it enters into perfect solu-

tion witb nearly all metals and in wbich
record it stands unigue among metals.
Its present coét of approximately $60.00
an ounce, or $22.00 a cubic centimeter,

" will- probably be very greatly reduced

in the near future and we have been ad-
vised by competent metallurgists that if
a good demand can be created for this
metal, it could be produced as low as
310.00 an ounce. It is a by-product in
the production of copper and has very
little demand. The dental profession
alone could use enough of it to warrant
competent capitalists making special ef-
forts to increase the supply. The al-
loys of palladium and silver and pallad-
ium and gold have so important a place
in modern dental practice that we feel
confident that those who use them will
continue their use, both because of their
being so much less expensive than plati-
num and its compounds and Dbecause
they have all the softness of pure plati-
mum In practically all proportions of

either palladium and silver or palladium -

and gold, provided the ingot is frequent-
ly annealed during its first rallings. Pal-
ladium and silver, though hoth are white
metals, have a slight but beautiful lem-
on tint when polished and the palladium
has the remarkable property, not only
of very rapidly raising the melting point
of gold but of very rapidly absorbing its
color so that tern per cent by weight,
(not volume) of palladium and gold not

.only increases its melting point from

1065° C. to nearly 1300° C. but produces
an entirely white metal like the pallad-
jum itself. This proportion can he used
alinost any place that platinum foil will
be used as a backing for gold and would
cost a little over $14.00 a cubic centime-
ter, congiderably less than half the price
of platinum. We have found it worked
beautifully for taking impressions for
porcelain inlays and for matrices for
which to flow, or cast, gold in various
other uses for which platinum is adapta-
ble. The addition of even one per cent
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of pauadium to gold increases its tensile -
o 2

stredgth very greatly and even two oL
three per cent will raise the p-5:ting
point sufficiently that when =vld is cast
/upon it it unites witout melting it,
thereby pl;oducin.%"
though.,practin“““}’ as soft as pure gold
for burps=4ing and finishing to the tooth,

is,‘--u“h stronger and tougher than the

_ 24K gold and likewise more pliable than

the 20K gold, or less. Its use as a gold
. plate has some distinctly desirable quali-
ties. The palladium can be purchased
in the open rnarket from the dealers in

_.__ platinum and noble metals and should,

be -27oplied to the profession without
difficulty. It is destined to have an im-
portant place in dental metallurgy as a
ternary alloy, in which role it will be
reported later.

~a margin Whi‘ch,\

- OFF ICIAL BULLETIN 108

-METALLURGY.
(Closing Sentences.)

The- director of these Metallurgical
Researches greatly desires assistance
and helpful criticism from the profes-
sion, relative to those various mstallur-
gical products, that are and may be sug-
gested for dental uses, and will under-
take to send samples to such as shall
desire them, with the understanding that
we are to have the benefit of your help-
ful criticism and the expense incidental
to preparing and sending the samples.
We shall, also, be glad to advise all
members of the trade where and how
tbey may secure and prepare these pro-
ducts, upon request for this information.
We shall expect to furnish additional in-
formation in these columus as fagt as it
hecomes practicable.



