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[57] ABSTRACT

There is disclosed a prosthetic article formed of an
alloy containing 12-20 percent chromium; 7-12 per-
cent cobalt; 1.5-5 percent of at least one of molybde-
num, tungsten, columbium, and tantalum; 5-9 percent
of at least one aluminum and titanium; 0.05-0.2 per-
cent carbon; 0.005-0.1 percent boron; 0.05-0.2 per-
cent of at least one of zirconium and hafnium; and the
balance nickel, which may receive a strongly bonded,
fused, inorganic oxide coating; and a method for man-
ufacturing the article which includes melting the alloy
in air, forming the prosthetic device, coating at least
part of its surface with a coating capable of forming a
fused inorganic oxide and then firing the coated arti-
cle to fuse the inorganic oxide.

13 Claims, No Drawings
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PROSTHETIC ARTICLE AND METHOD FOR
MANUFACTURE

BAKCGROUND OF INVENTION

Prosthetic devices, particularly those used in dental
work, must be strong, corrosion resistant, esthetically
pleasing and compatible with living tissue. In’addition,
the prosthetic devices must be of material which can be
readily formed into complicated shapes.

Metals used for dental prosthetic devices must also
be capable of accepting inorganic oxide coatings such
as dental procelain. To do this, the metals must have a
compatible oxide coating on their surface. A compati-
ble oxide coating is one that forms a bond with the
fused inorganic oxide coating which is applied later. Al-
loys used in dental prosthetic devices must also have a
coefficient of thermal expansion not too different from
that of the fused inorganic oxide coatings that are used
in conjunction with them, otherwise the temperature
cycling experienced in applying and fusing one or more
layers of inorganic oxide coating would result in crack-
ing of the coating and sloughing off if great differences
in thermal expansion were experienced between the
oxide and the metal.

Metals used for prosthetic. devices in the past were
precious metals, particularly gold. The high cost of gold
due to its natural scarcity and competing uses in mak-
ing jewelry unnecessarily exaggerate the cost of pros-
thetic devices. In addition, the low tensile strength of
gold makes gold not entirely satisfactory in some re-
spects. Although gold readily accepts a porcelain coat-
ing, it frequently requires a separate bonding layer be-
cause its natural oxide layer is not adequate in all re-
spects for bonding porcelain. Of course, for large pros-
thetic devices, such as those used for restoring hip
joints, the use of gold would be prohibitively expensive.

Non-precious dental alloys have been known in the
past. One such alloy is an alloy that is primarily nickel
and includes beryllium as a critical alloying element.
This alloy is.described in U.S. Pat. No. 3,749,570. Al-
though the alloy has satisfactory physical properties,
problems are encountered both in the preparation of
the alloy and in the preparation of devices from it be-
cause of the highly toxic nature of beryllium. All pro-
cesses .in forming such an alloy into a suitable pros-
thetic device must be carried on with extreme caution
so that fumes, dust, or other forms of the alloy or its
compounds are not inhaled or ingested by workers.
Particularly in small laboratories, such as those in indi-
vidual dentist’s offices, it is very difficult if not impossi-
ble to provide adequate safety measures for using such
a dangerous material. Even if adequate safety equip-
ment is available, it is difficult to insure that all workers
in the laboratories are sophisticated enough to under-
stand the hazards of working beryllium alloys and to
employ the safety devices that are available.

SUMMARY OF INVENTION

This invention avoids or greatly mitigates all of the
problems enumerated above. The invention includes a
prosthetic device made of a non-precious alloy which
forms a natural oxide coating that is not only compati-
ble with conventional fused inorganic oxides applied to
dental devices, but actually participates in the bond be-
tween the fused inorganic oxide and the metal. The ex-
pansion and contraction of the alloy with changes of
temperature correspond so closely with the expansion
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and contraction of the fused inorganic oxides that
cracking of the fused oxides is avoided. The alloy also
does not contain highly toxic materials so that it may
be melted, cast, ground, and otherwise worked without
special precautions to avoid toxic effects.

As used in this specification, the term prosthetic de-
vice is defined as a metal device that is attached to a liv-
ing animal in direct contact with living tissue to replace
a missing part or to repair a malfunctioning part. Pros-
thetic devices may be as simple -as metal. inlays to fill
teeth but are usually more complex, such as caps for
teeth, bridges, plates or implants in bones of legs, jaws,
etc. The term fused inorganic oxide refers to a sub-
stance made of inorganic oxide having its physical form
altered by being subjected to high temperature. Typi-
cally a fused inorganic oxide is glazed porcelain or a
vitreous material such as those used in detnal work.
The term bony tissue refers to any hard bone-like tissue
and includes tissue such as teeth. The term bonded is
defined to mean: firmly fixed to a surface without the
use of an intermediary bonding material such as or-
ganic cement. -

The alloys employed in the articles of this invention
are those containing from 12-20 percent chromium;
from 7-12 percent cobalt; from 1.5-5 percent of at
least one of molybdenum, tungsten, columbium, or tan-
talum; from 5-9 percent of at least one of aluminum
and titanium; from 0.5-0.2 percent  carbon:- from
0.005-0.1 percent boron; from 0.05-0.2 percent of at
least one of zirconium and hafnium; and. the balance
substantially nickel. The alloy is formed usually by
melting in air and then casting, after which it may or
may not be coated completely or partially with a fused
inorganic oxide coating that is bonded to its surface.
The article is shaped to conform to, and to be attached
to, bony tissue of a living animal. The alloy has been
found to be entirely compatible not only with the bony
tissue to which it is attached but also with soft tissue
with which it is in contact. For example, a cap for a
tooth made from the alloy of this invention coated with
porcelain can be worn comfortably indefinitely by a
human being. Neither the porcelain nor the alloy reacts
unfavorably with the tooth or the gums, and the alloy
is corrosion resistant enough to remain uncorroded in
contact with body fluids and to resist galvanijc effects
with different metals such as may be found within the
mouth. By way of example, a person having a cap made
of the alloy referred to above in his mouth along with
a gold filling in a different tooth and a silver amalgam
filling in still a different tooth will have no galvanic re-
action set up between the cap and the other metals to
destroy any of the metals or to create discomfort.

The alloy of this invention must contain the essential
ingredients enumerated above; however, other ingredi-
ents may also be included within its composition. One
particularly useful alloy that is commercially available
contains 15-18 percent chromium, 8-11 percent co-
balt, 0.75-2.2 percent molybdenum, 1.8-3 percent
tungsten, 0.5-2 percent columbium, 1-3 percent tanta-
lum, 3-4 percent aluminum, 0.1-2 percent carbon, 3-4
percent titanium, 0.01-0.05 percent boron, 0.01-0.2
percent zirconium, and the balance nickel. This alloy
is described in U.S. Pat. No. 3,459,545 as an alloy suit-
able for turbine blades in gas turbine engines.

‘The alloys described above are suitable to be shaped
by any of the techniques usually employed in forming
prosthetic devices for alloys. Particularly for dental
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prosthetic devices, the initial step in shaping an alloy
involves melting it in air and casting it. The resulting
cast article has a thin oxide coating which adheres
tightly to the metal and is compatible with the fused in-
organic oxides that are generally employed for coating
such prosthetic devices. The fused inorganic oxides are
primarily silicon oxide and aluminum oxide or various
compounds of silicon, aluminum and oxygen. Photomi-
crographs of the bond between the alloys described
above and such materials as dental porcelain indicate
that the bond is not effected at a sharp interface be-
tween the porcelain and the metal oxide layer. Rather,
the natural oxide coating on the metal merges with the
fused inorganic oxide to create a deep bond that has a
composition gradient from the surface of the metal to
the fused inorganic oxide coating. It is speculated that
this deep bond, indicating a special compatibility be-
tween ‘the fused inorganic oxides and the metal oxide
coating, is the reason for the extremely firm bond that
permits the alloy of this invention to be coated with
fused inorganic oxides that do not crack during temper-
ature cycling or chip off when subjected to compressive
forces or abrasion. -

The fused inorganic oxides may be glazed, as dental
porcelain‘is, or they may be porous, for example in the
form of a porcelain bisque. Fused dental porcelain may
be applied in several layers, as is conventional in the
art. For example, the metal shaped as a prosthetic de-
vice may first be coated with an opaque layer to mask
the metal, after which it is coated with a porcelain
layer, and finally coated with a vitreous enamel layer to
produce a natural, translucent, tooth-like appearance.

If the metal prosthetic device is to be implanted. di-
rectly in bony tissue, it preferably is coated with porce-
lain bisque. Porcelain bisque is compatible with living
tissue and is porous enough for fibrous tissue to grow
into the pores thereby forming a firm connection be-
tween the bony tissue and the prosthetic device. For ex-
ample, an artificial hip joint may be made so that the
portion connected to the femur is coated with porce-
lain bisque. An alloy pin so made will not only be com-
patible with bone tissue but will permit fibrous bone tis-
sue to grow in the pores of the porcelain bisque to ef-
fect a very firm connection. Those portions of dental
prosthetic devices that are implanted directly in
jawbones also are preferably coated with porcelain
bisque.

DETAILED DESCRIPTION OF INVENTION

To better describe the process of the present inven-
tion as employed to make devices of the present inven-
tion, following is a specific example of the process em-
ployed to make such an article. The process described
is one for making a cap for a damaged tooth. The cap
is formed of the alloy of this invention and a portion of
the exterior of the cap is coated with dental porcelain.

A wax model of the cap is prepared by conventional
techniques. The wax model is surrounded with what is
referred to in this art as high-heat oxy-phosphate in-
vestment, and a wax insert is appropriately placed to
form a sprue. Wax is removed from the investment by
heating the investment to 700°F for thirty minutes fol-
lowed by a burnout for 1 hour at 1600°F. Afterwards,
the investment is fixed in a conventional centrifical
casting device; and an alloy containing 16 percent
chromium, 10 percent cobalt, 2 percent molybdenum,
2.5 percent tungsten, 1 percent columbium, 1.25 per-
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cent tantalum, 3.5 percent aluminum, 3.5 percent tita-
nium, 0.18 percent carbon, 0.02 percent boron, 0.1
percent zirconium, and §9.95 percent nickel is placed
in a quartz crucible and melted wit a torch fed with
acetylene and oxygen. A gas mixture obtained by set-
ting oxygen pressure at 10 psi and acetylene pressure
at 8 psi is employed. The alloy melts at a temperature
slightly higher than 2450°F as indicated by the metal in
the crucible slumping. A casting flux is added when the
alloy begins to slump; and when the temperature is
raised slightly higher the alloy becomes very fluid and
forms in the shape of a sphere in the crucible. When the
alloy is highly fluid it is allowed to run from the crucible
into the mold.

After solidification -and cooling, the casting is re-
moved from the mold, and it is worked on as necessary
with burrs or other" tools, after which it is thoroughly
cleaned by sandblasting with fine sand. Copings can be
dressed down to 0.1-0.2 mm, which is about half the
thickness required for gold dental alloys.

Areas to be covered with porcelain are fine-ground,
and other areas may be polished if desired. The castings
are thoroughly scrubbed with ammonium  hydroxide
and dried. No degassing or acid treatment is necessary
to further prepare the surfaces to receive porcelain.
Conventionally used and: commercially available por-
celains and vitreous materials are applied and used in
accordance with the manufacturer’s directions. All .of
the commercially available porcelains: for dental use
are entirely compatible with the casting and, in fact,
form stronger bonds than when used with the dental al-
loys of the prior art. After the porcelain work is com-
pleted; the porcelain is covered with a soft wax; the cap
is sandblasted and polished. Using ordinary polishing
techniques, the alloy will take a brilliant luster, known
in the art as'a high micron luster, which resists corro-
sion and the formation of dental plaque. The cap may
then be fixed in the mouth of the patient by the known
dental techniques.

What is claimed is:

1. An article comprising ‘a solid alloy comprising
from about 12-20 percent chromium, from about 7-12
percent cobalt, from about 1.5-5 percent of at least
one element selected from molybdenum, tungsten, co-
lumbium and tantalum, from about 5-9 percent of at
least one element selected from aluminum and tita-
nium, from about 0.05-0.2 percent carbon, from about
0.005-90.1 percent boron, from about 0.05-0.2 percent
of at least one element selected from zirconium-and
hafnium and the balance nickel which is shaped to con-
form with the shape of bony tissue of a living animal
and for attachment to said bony tissue.

2. The article of claim 1 wherein said. bony tissue is
a tooth.

3. An article comprising a solid alloy -comprising
from about 12-20 percent chromium, from about 7-12
percent cobalt, from about 1.5-5 percent of at least
one element selected from molybdenum, tungsten, co-
lumbium and tantalum, from about 5-9 percent of at
least one element selected from aluminum. and tita-
nium, from about 0.05-0.2 percent carbon, from about
0.005-0.1 percent boron, from about 0.05-8.2 percent
of at least one element selected from zirconium and
hafnium and the balance nickel, having a fused inor-
ganic oxide bonded to the surface thereof.

4. The article of claim 3 wherein said alloy consists
essentially of 15-18 percent chromium, 8-11 percent
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cobalt, 0.75-2.2 percent molybdenum, 1.8-3 percent
tungsten, 0.5-2 percent columbium, 1-3 percent tanta-
lum, 3-4 percent aluminum, 0.1-0.2 percent carbon,
3-4 percent titanium with a total content of aluminum
and titanium not exceeding 7.5 percent, 0.01-0.05 per-
cent boron, 0.01-0.2 percent zirconium and the bal-
ance essentially nickel.

5. The article of claim 3 wherein said fused inorganic
oxide is dental porcelain.

6. The article of claim 3 wherein said fused inorganic
oxide is ceramic bisque.

7. The article of claim 3 shaped to conform with the
shape of bony tissue of a living animal for attachment
to said bony tissue,

8. The article of claim 7 wherein said bony tissue is
a tooth.

9. A process for producing a prosthetic device com-
prising:

A. Forming a shaped article of an alloy comprising
from about 12-20 percent chromium, from about
7-12 percent cobalt, from about 1.5-5 percent of
at least one element selected from molybdenum,
tungsten, columbium and tantalum, from about
5-9 percent of at least one element selected from
aluminum and titanium, from about 0.05-90.2 per-
cent carbon, from about 0.0050.1 percent boron,
from about 0.05-0.2 percent of at least one ele-
ment selected from zirconium and hafnium and the
balance nickel, said article being shaped for attach-
ment to bony tissue of a living animal;

B. Covering at least a portion of the surface of said
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shaped article with inorganic oxide capable of
forming a fused inorganic oxide coating at elevated
temperature; and

C. Heating said shaped article covered with inorganic

oxide to a temperature at which a fused inorganic
oxide coating is formed.

10. The process of claim 9 wherein said alloy consists
essentially of 15-18 percent chromium, 8-11 percent
cobalt, 0.75-2.2 percent molybdenum, 1.8-3 percent
tungsten, 0.5-2 percent columbium, 1-3 percent tanta-
lum, 34 percent aluminum, 0.1-0.2 percent carbon,
3-4 percent titanium with a total content of aluminum
and titanium not exceeding 7.5 percent, 0.01-0.05 per-
cent boron, 0.01-0.2 percent zirconium and the bal-
ance essentially nickel.

11. The process of claim 9 wherein said shaped arti-
cle is formed by casting.

12. The process of claim 9 wherein said prosthetic
device is for use in an oral cavity.

13. A physiologically compatible prosthetic alloy
consisting essentially of from about 12-20 percent
chromium, from about 7-12 percent cobalt, from
about 1.5-5 percent of at least one element selected
from molybdenum, tungsten, columbium and tantalum,
from about 5-9 percent of at least one element selected
from aluminum and titanium, from about 0.05-0.2 per-
cent carbon, from about 0.005-0.1 percent boron,
from about-0.05-0.2 percent of at least one element se-
lected from zirconium and hafnium and the balance

nickel.
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