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57 ABSTRACT

Embodiments of the disclosed technology provide methods
of'boronizing titanium and other metals and metal alloys. The
method proceeds, in an embodiment of the disclosed technol-
ogy, by using a boron source, and placing it in a heated
environment, followed by a reduced pressure environment, as
is described in the disclosure. In a solid phase embodiment of
the disclosure, boronized stainless steel alloys are produced
having zero galling at 17,000 psi.
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BORONIZATION PROCESS AND
COMPOSITION WITH IMPROVED SURFACE
CHARACTERISTICS OF METALS

[0001] THIS APPLICATION CLAIMS PRIORITY TO
U.S. PROVISIONAL PATENT APPLICATION Ser. No.
61/056,541, FILED MAY 28, 2009

FIELD OF THE DISCLOSED TECHNOLOGY

[0002] The disclosed technology relates generally to
boronization and, more specifically, to boronization of met-
als.

BACKGROUND OF THE DISCLOSED
TECHNOLOGY

[0003] Boron coatings of metals enhance ability to combat
wear, corrosion and oxidation even at elevated temperatures.
Such coatings also provide lower friction on a substrate. Wear
results from impact or surface-to-surface contact and is gen-
erally comprised of: abrasion, erosion, surface fatigue and
adhesion. Abrasion is the wearing away of surfaces by rub-
bing, grinding and other types of friction. It generally occurs
when a harder material strikes a softer material and can be
caused by the scouring action of sand, gravel, slag or other
gritty substances. Erosion (and cavitation) is the wearing
away or destruction of metals and other materials by the
abrasive action of water, steam or slurries that carry abrasive
materials. Pump parts are particularly subject to erosion.
[0004] Surface fatigue is the removal of surface particles
arising from cyclic stress variations and includes: pitting (for-
mation of small sharp cavities in a surface), spalling (the
spontaneous chipping, fragmentation or separation of a sur-
face or surface coating), and impact wear (the striking of one
object against another—the battering, pounding type of wear
that breaks, splits or deforms metal surfaces.)

[0005] Adhesion wear is the breakdown of the bonding
between contacting solid surfaces leading to material transfer
between the two surfaces or loss from either surface; it
includes fretting (wear between tight-fitting surfaces sub-
jected to cyclic relative motion of extremely small ampli-
tude), and galling (severe form of adhesive wear; scuffing and
scoring are terms used to describe this surface damage under
lubricated conditions.)

[0006] Whileboron coatings of metal substrates are known,
few commercially viable methods are known for boroniza-
tion, especially for titanium and titanium alloys. The cur-
rently known methods of plasma-assisted, laser, and fluidized
bed reactor boronizing are inadequate to achieve the
attributes necessary to make them eftective for use in medical
implants. Still further, methods are needed which are inex-
pensive to carry out and are of better quality than currently
known in the art.

OBIJECTS OF THE DISCLOSED TECHNOLOGY

[0007] There are numerous advantages to the proposed
composition of matter and methods. The proposed method of
boronization of the metallic alloys increases microhardness,
wear resistance, and corrosion resistance due to diffusion
coating.

[0008] The first advantage of the proposed method is the
simplicity of powder pack diffusion of boron and its require-
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ment of minimal technology as compared to the laser, plasma-
assisted, and fluidized bed reactor boronizing: no special
equipment is needed.

[0009] The second advantage is that the thermo-chemical
treatment is combined with the diffusion process.

[0010] The third advantage of the diffusion method is its
homogeneous coating, which results in superior adhesion.
This superior adhesion stems from the boron atoms diffusing
at the grain boundaries and allowing new phases to form. The
coating will not become brittle and scratch or wear off.
[0011] The proposed diffusion method has a decreased oxi-
dation problem as compared to the other methods, especially
at higher temperatures, making it possible to use these coat-
ings at elevated temperatures.

[0012] Overall advantages are: higher surface hardness;
lower surface wear; lower surface abrasion; low-coefficient
of friction of treated surface; improved corrosion and oxida-
tion resistance; anti-galling.

SUMMARY OF THE DISCLOSED
TECHNOLOGY

[0013] Embodiments of the disclosed technology include a
mixture used for boronizing a metal substrate. The mixture
has a boron source which may be any one of, or a combination
of, boron carbide, ferroboron, amorphous boron, and the like.
The boron source comprises at least 90%, by weight, of the
mixture, between 1% and 3%, by weight, zirconium oxide),
and between 1% and 2%, by weight, of an activator. The
mixture may further contain between 3% and 5%, by weight,
aluminum oxide and the activator may be potassium fluo-
roborate.

[0014] In an embodiment of the mixture, the boron source
may be boron carbide having a weight of 92% of the mixture.
The weight of aluminum oxide may be 4%, that of zirconium
oxide 3%, and that of the activator 1%. Again, all weights are
a proportion of the weight of the mixture. In an embodiment
of the disclosed technology, the mixture may be kept above
250 degrees Celsius for a period of least two hours.

[0015] The metal substrate may be titanium, a titanium
alloy, or any other compound or material with at least 50%
titanium, by weight.

[0016] The boron source may be a combination of amor-
phous boron and boron carbide. In one such embodiment,
amorphous boron is between 91% and 95% of said mixture,
by weight, and boron carbide is between 2% and 7% of said
mixture, by weight. In a sub-embodiment of the former
embodiment, amorphous boron is 95% of the mixture, by
weight, boron carbide is 4% of the mixture, by weight, and an
activator is 1% of said mixture, by weight.

[0017] Inamethod of boronizing a metal substrate, at least
one of amorphous boron or boron carbide with an activator is
mixed. The mixture may be heated above 150° C. for at least
two hours to purify. The metal substrate is then at least par-
tially surrounded by the mixture and heated above 500° C. for
at least two hours. Then, the mixture and substrate are placed
in an inert gas environment at low pressure, such as less than
150 mTorr, and the boron diffuses into the substrate, causing
a coating to form on the substrate.

[0018] The substrate may be steel, a nickel-based alloy, or
a transition metal such as tungsten, tantalum, mirconium,
molybdenum, titanium or a titanium alloy where the majority
of the substrate, by weight, is titanium.

[0019] Amorphous boron used in the mixture may be
between 91% and 95% by weight, and boron carbide may be






