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METHOD OF MANUFACTURING PRECIOUS METAL PELLETS WITH REDUCED

CONTAMINATION

Disclosed herein is a method of manufacturing a

wire. The method comprises skiving a metal rod to pro-
duce a wire that is substantially devoid of carbonaceous
contamination. A circumferential surface layer of the wire

that contains embedded carbon contamination is re-
moved during the skiving. The metal rod and the wire
comprise a precious metal.

FIG. 2

Processed by Luminess, 75001 PARIS (FR)



1 EP 4 574 304 A1 2

Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provi-
sional Application No. 63/611,490, filed on December
18, 2023, the entire contents of which are hereby incor-
porated by reference.

BACKGROUND

[0002] This disclosure relates to a method of manu-
facturing precious metal pellets with reduced contamina-
tion. In particular, this disclosure relates to a method of
manufacturing precious metal pellets with reduced car-
bonaceous contamination.

[0003] Thin film coatings can be deposited on sub-
strates by employing evaporation as a form of physical
vapor deposition (PVD). This process is commonly used
in the semiconductor industry in a variety of applications.
Gold, precious metals, and alloys thereof are commonly
melted and evaporated in a crucible via resistive thermal
heating or with an electron beam (e-beam). The evapora-
tion process is conducted in a vacuum chamber. The
source materials such as gold, are commonly in the form
of cylindrical pellets, also known as slugs.

[0004] An evaporative coating system comprises a
vacuum chamber, a coating material (in this case, gold
pellets), a substrate to be coated, and a power supply.
The entire process takes place in a vacuum chamber to
create a low-pressure environment. This is crucial for
preventing gas interference and ensuring a coating thatis
devoid of impurities.

[0005] In the manufacturing of gold pellets (used for
coating a substrate in an evaporative PVD process), it is
desirable to minimize and avoid the incorporation of
carbon into the bulk of the pellet and in particular, the
surface of the pellet. The process for manufacturing
pellets includes multiple iterations of drawing wire or
rod to a desirable final dimension before pelletizing the
wire. The process of drawing wire uses lubricants that
result in the mechanical smearing of both organic and
inorganic compounds into the very soft and workable
surfaces of gold, embedding carbon within the gold grain
boundaries, and within the roughened physical texture of
the gold surfaces. High purity gold is very soft, pliable,
and mechanical working or drawing of the gold embeds
microscopic organic compounds into the surface much
like one might imagine grains of microscopic sand
pressed into soft taffy. Upon melting of the gold pellets,
the organics float to the top of the melt pool and contribute
to "spitting" or ejection of tiny droplets from the melt pool
in the evaporation crucible, resulting in yield loss in the
coated end product.

[0006] To mitigate "spitting" and resulting yield loss a
variety of different procedures are employed. Extensive
chemical etching and other cleaning efforts are con-
ducted to remove the carbon embedded within and in
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contact with the surface of the gold pellets. Alternative
purification methods include remelting the gold to bring
the carbon to the surface, presumably followed by a
chemical etching or cleaning process to remove the
carbon that is brought to the surface. Yet another car-
bon-removal process attempts to combust carbon pre-
sent on the surface or near the surface of the pellets in a
reducing atmosphere.

[0007] These additional purification processes in-
crease production time and costs to varying degrees. It
is therefore desirable to develop a process to avoid
carbonaceous contamination into gold or other precious
metals during the manufacturing of pellets. Further, it is
desirable to be able to remove surface and near surface
carbon quickly, cost efficiently, and with minimal environ-
mental impact.

SUMMARY

[0008] Disclosed herein is a method of manufacturing
a wire. The method comprises skiving a metal rod to
produce a wire that is substantially devoid of carbonac-
eous contamination. A circumferential surface layer of
the wire that contains embedded carbon contaminationis
removed during the skiving. The metal rod and the wire
comprise a precious metal.

BRIEF DESCRIPTION OF THE FIGURES
[0009]

FIG. 1is a scanning electron micrograph that depicts
the surface of pellets manufactured by a conven-
tional method prior to cleaning them; and

FIG. 2is a scanning electron micrograph that depicts
the surface of pellets manufactured by the method
disclosed them prior to cleaning them.

DETAILED DESCRIPTION

[0010] Disclosed hereinis a process for manufacturing
precious metal pellets with reduced carbonaceous con-
tamination. The method comprises casting a precious
metal into a mold to form a rod, rolling the rod in a
lubricant-free process, minimal drawing the rod to form
drawn rod of a diameter proximate to the final desired
diameter, and skiving the drawn rod to remove its entire
circumferential surface to produce a wire with a final
diameter. The skived wire is then pelletized to form pre-
cious metal pellets. In an embodiment, the casting com-
prises a vertical casting process that is conducted in a
vacuum. Additionally, the bulk of the reduction in the
diameter of the rod is achieved by rolling the rod without
the use of lubricants. This avoids the embedding of
organic contaminants on and below the surface of the
wire. The rolled rod is then drawn in a single pass with
minimum reduction to near net cylindrical shape, prior to
skiving the complete circumference of the rod to the final
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diameter. This skiving step to achieve a final diameter
symmetrically shaves off the outer layer of the rod in the
process of achieving the final diameter. Subsequent final
cleaning steps employ water as the cleaning agent.
[0011] The precious metals include gold, silver, plati-
num, palladium, rhodium, iridium, ruthenium, osmium, or
a combination thereof. The precious metal may comprise
a precious metal alloy. Alloys of the foregoing precious
metals with other metals may also be processed in the
manner described herein. Some of the other metals
include non-ferrous metals (e.g., aluminum, copper,
lead, zinc, and the like), alkali metals (e.g., lithium, so-
dium potassium, and the like), alkaline earth metals (e.g.,
magnesium, calcium, strontium barium, and the like),
transition metals (e.g., iron, nickel, cobalt, scandium,
titanium, vanadium, chromium, manganese, zinc, yt-
trium, zirconium, niobium, cadmium, hafnium, tin, tanta-
lum, tungsten, rhenium, and the like), metalloids (boron,
silicon, germanium, arsenic, antimony, tellurium, and the
like), or a combination thereof. Combinations of any of the
non-ferrous metals, alkali metals, alkaline earth metals,
transition metals and metalloids with the precious metals
may be used to form pellets in the manner described
herein. It is to be noted that additional metals added to a
main metal to form an alloy are not considered to be
contaminants even when added in trace amounts.
[0012] The skived wire and pellets derived therefrom
are substantially devoid of any carbonaceous matter or
other contaminants. In an embodiment, the skived wire
and the pellets derived therefrom have a purity of greater
than 99.99%, preferably greater than 99.999%, based on
atotal weight of the skived wire or the pellets. The purity of
the wire or pellets after skiving is made with reference to
the presence of contaminants such as carbonaceous and
oxidative contaminants. It does not refer to additional
metals that are used when the wire or pellets comprise
an alloy. For example, the term purity does not apply to a
second metal or a third metal that are added to a main first
metal to form an alloy.

[0013] A casting process is typically used to produce a
variety of metal shapes that are used to eventually pro-
duce the disclosed pellets. In an embodiment, a contin-
uous vertical casting process is used to produce metal
shapes, especially long lengths of rods, bars, tubes, or
other profiles, by continuously casting the material in a
vertical direction. In an embodiment, the volumetric flow
rate of the molten metal is equal to the product of the
cross-sectional area of the casting and the casting
speed. In continuous casting, maintaining a stable and
controlled flow of molten metal is useful for the quality and
efficiency of the casting process. The mold into which the
molten metal is cast does not necessarily have a circular
cross-section. It can be square, polygonal (e.g., penta-
gonal, hexagonal, octagonal, or the like).

[0014] The mold into which the molten metal is cast (to
form the rod) typically has a diameter of 0.5 to 4 inches,
preferably 0.75 to 3 inches and has alength of 5inches to
4 feet, preferably 5 inches to 18 inches. The mold has an
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aspect ratio (length to diameter) of 3:1 to 150:1, with the
length arranged to be parallel to the vertical. The rod upon
being removed from the mold will therefore have a dia-
meter of about 0.5 to about 4 inches, preferably about
0.75 to about 3 inches and has a length of about 5 inches
to about 4 feet, preferably about 5 inches to about 18
inches. The largest dimension (e.g., the length) of the
mold is oriented vertically. The diameter discussed above
does not necessarily mean that the rod has a circular
cross-sectional area. Though the term "diameter" typi-
cally applies to a circular cross-sectional area, in this
particular case, it is meant to reflect the largest cross-
sectional dimension of the rod.

[0015] The pouring of the metal is preferably con-
ducted in a vacuum. The presence of a vacuum mini-
mizes oxidation and ambient contaminants from being
incorporated into the surface or the bulk of the rod. The
vacuum continuous casting of the rod produces a clean
gold casting with a minimum of slag and carbon that rise
to the top of the cast ingot and are easily cut off. It is also
beneficial from the standpoint of ease and efficiency of
process. However, other casting processes, including
those employed without vacuum are capable of produ-
cing a circular rod or a near polygonal rod that would also
be amenable for further use in this disclosure. The rod
itself may or may not be surface machined prior to rolling
it.

[0016] The rod is then cold rolled in a rolling mill (that
may comprise a series of rolls) in a lubricant free process
toformarolledrod. Cold rolling is a metal forming process
that involves reducing the diameter of the rod by passing
it through a series of rolls at ambient temperature. The
rolls reduce the thickness of the rod through a combina-
tion of compression and elongation in a lubricant free
process. This process minimizes surface contamination
from being worked into the surface and bulk of the rolled
rod.

[0017] Astherod passesthroughtherolls,itundergoes
plastic deformation. The compression from the rollers
reduces the diameter of the rod, while the elongation
increases its length. The repeated passes through the
rolls help achieve the desired dimensional tolerances.
[0018] The rolling process is conducted to reduce the
diameter of the rod by 50 to 90%, preferably 60 to 75% of
the original rod diameter. The length of the rod increases
correspondingly depending upon the Poisson’s ratio of
the material. In an embodiment, the rolled rod may have a
cross-sectional area that is square with rounded corners
or have a polygonal cross-sectional area (e.g., an octa-
gon). In other words, the rolled rod may not have a
perfectly circular cross-sectional area after the rolling
process.

[0019] Therolled rodis then subjected to a single pass
drawing process to achieve a cylindrical shape and re-
duce its diameter to a near final diameter that is slightly
larger than the final product diameter. The rolled rod after
drawing is referred to as a drawn rod. The draw ratio may
be adjusted as desired to arrive at the diameter that is
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close to the final product diameter. Only water is em-
ployed as a coolant during the drawing process. The
rolled rod is not subjected to multiple passes through
the rolls during the drawing process.

[0020] In an embodiment, the process of drawing the
rolled rod comprises pulling the rolled rod through a
drawing die toreduce its diameter and increase its length.
The end of the rolled rod or wire is usually pointed to
facilitate entry into the drawing die. This can be done
through processes such as tapering or reducing the
diameter at one end of the rolled rod. A drawing die is
a shaped orifice through which the rolled rod is pulled.
The die imparts the desired shape and dimensions to the
drawn material. Drawing dies can have various shapes
depending on the final product geometry and dimen-
sions. The pointed end of the rolled rod is inserted
through the drawing die, and the other end is attached
to a drawing machine. The drawing machine applies
force to pull the rolled rod through the die. As the rolled
rod passes through the die, its diameter is reduced, and
its length is increased. The amount of reduction in dia-
meter depends on the design of the die and the desired
final dimensions of the drawn product.

[0021] In an embodiment, the drawing of the rolled rod
reduces the diameter of the rolled rod by 0.5 to 10%,
preferably 1to 4%, based on a final diameter of the rolled
rod.

[0022] Thedrawnrodisthen skived tofinal diameter by
physically removing the entire rod surface and any con-
taminants contained therein. The drawn rod after skiving
is referred to herein as a wire. Skiving is a metalworking
process used to shave off an outer circumferential sur-
face of a cylindrical workpiece, such as arod or tube. The
drawn rod is securely mounted on a draw board and
pulled through skiving dies, shaving off the complete
circumferential surface of the rod. The skiving dies have
a knife edge that contacts the entire outer circumferential
surface of the rod. The skiving removes the entire outer
circumferential surface and any embedded contamina-
tion with it. The skiving removes carbonaceous and
oxidative contamination that may get embedded into
the surface during rolling of the rod.

[0023] Inan embodiment, the skiving of the drawn rod
reduces the diameter of the drawn rod by 0.4 to 5%,
preferably 0.5 to 1.2%, based on the starting diameter of
the rod to be skived.

[0024] Afterthe skiving, the wire with a machined outer
surface is subjected to pelletization. Pelletizing wire is a
process in which a continuous wire is cut or chopped into
smaller, discrete pellets or pieces, also known in industry
jargon as slugs. The wire is fed into a pelletizing machine,
which is designed to cut the wire into pellets of a specific
length. The machine typically consists of a feed mechan-
ism to guide the wire, cutting blades, and a mechanism to
control the length of the pellets.

[0025] The pellets may be sorted to remove any de-
fective pellets. The pellets may be washed with water,
dried and packaged for transportation.
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[0026] This method of manufacturing pellets is advan-
tageous in that it can be used to produce precious metal
pellets that are substantially devoid of carbonaceous or
oxidative contamination. It does not require using some
of the time-consuming manufacturing processes that are
detailed above. The precious metal pellets obtained from
this process are typically more than 99.99% pure, pre-
ferably more than 99.999% pure, based on a total weight
of the skived wire or the pellets.

[0027] Scanning electron microscopy (SEM) and En-
ergy Dispersive X-ray Analysis (EDAX) (also sometimes
referred to as Energy Dispersive Spectroscopy (EDS)
chemical analysis was performed. High resolution mo-
saics were taken of each set of samples by stitching
together backscattered images. EDS chemical maps of
multiple regions of each pellet showed that the dark
particles on the surface were primarily carbon-rich.
FIG. 1 and FIG. 2 are scanning electron micrographs
that depict the surface of pellets manufactured by a
conventional method and by the method disclosed herein
prior to cleaning them. The images compare gold pellets
produced with a conventional process in FIG. 1, which
then requires extensive and often chemical etching meth-
ods to clean the surface and embedded impurities. FIG. 2
depicts the gold pellets produced with this novel process
as per the claims, also prior to cleaning. The pellets with
the novel process in FIG. 2 are markedly and remarkably
cleaner that those in FIG. 1.

[0028] While the invention has been described with
reference to some embodiments, it will be understood
by those skilled in the art that various changes may be
made and equivalents may be substituted for elements
thereof without departing from the scope of the invention.
In addition, many modifications may be made to adapt a
particular situation or material to the teachings of the
invention without departing from essential scope thereof.
Therefore, itis intended that the invention not be limited to
the particular embodiments disclosed as the best mode
contemplated for carrying out this invention, but that the
invention will include all embodiments falling within the
scope of the appended claims.

Claims

1. A method of manufacturing a wire, the method com-
prising:
skiving a metal rod to produce a wire that is sub-
stantially devoid of carbonaceous contamination;
where a circumferential surface layer of the wire that
contains embedded carbon contamination is re-
moved during the skiving; and where the metal rod
and the wire comprise a precious metal.

2. The method of Claim 1, where an outer circumfer-
ence of the wire is substantially removed by the
skiving of the metal rod.
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The method of Claim 1, further comprising casting a
molten metal into a mold to produce the metal rod;
where the mold has a length to diameter ratio of 3:1 to
150:1.

The method of Claim 3, where the casting comprises
a continuous vertical casting of the molten metal,
optionally where the continuous vertical casting is
conducted in a vacuum.

The method of Claim 3, further comprising rolling the
metal rod in a lubricant free process to produce a
rolled rod.

The method of Claim 5, where the rolling of the metal
rod results in a diameter reduction of 50 to 90% of an
original rod diameter.

The method of Claim 5, further comprising drawing
the rolled rod to produce adrawn rod in a single pass.

The method of Claim 7, where the drawing results in
a diameter reduction of 0.4 to 10%, preferably 1 to 4
%, based on a final diameter of the rolled rod.

The method of Claim 7, where the skiving comprises
mounting the drawn rod on a draw board and pulling
the drawn rod through a skiving die that shaves off a
complete outer circumferential surface of the rod to
produce the wire, optionally where:

(a) the skiving die has a knife edge that contacts
the entire outer circumferential surface of the rod
to remove the complete outer circumferential
surface and any embedded contamination with
it; or

(b) the wire and its outer circumference is sub-
stantially devoid of carbonaceous or oxidative
contamination.

The method of any one of Claims 1 through 9, where
the precious metal comprises a precious metal alloy,
optionally where the precious metal includes gold,
silver, platinum, palladium, rhodium, iridium, ruthe-
nium, osmium, or a combination thereof.

The method of any one of Claims 1 through 10,
where the metal rod and the wire further comprise
anon-ferrous metal, an alkali metal, an alkaline earth
metal, a transition metal, a metalloid, or a combina-
tion thereof.

The method of any one of Claims 1 through 11, where
the metal rod and wire further comprise iron, nickel,
cobalt, scandium, titanium, vanadium, chromium,
manganese, zinc, yttrium, zirconium, niobium, cad-
mium, hafnium, tantalum, tungsten, rhenium, boron,
silicon, germanium, tin, arsenic, antimony, tellurium,
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13.

14,

15.

aluminum, or a combination thereof.

The method of any one of Claims 1 through 12,
where the wire has a purity of greater than 99%,
based on a total weight of the wire.

The method of any one of Claims 1 through 13,
where the wire has a purity of greater than
99.99%, based on a total weight of the wire.

The method of Claim 1, further comprising chopping
the wire to form a pellet.
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FIG. 2

FIG. 1
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