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Description

[0001] This invention relates to titanium alloys and,
more particularly, to the grain refinement of titanium al-
loys.

[0002] Grain refinement of TiAl-based and Ti-based
alloys has been a priority in the manufacture of parts for
use in the aerospace industry. Prior to modifying Ti-
based alloys with boron, TiAl-based alloys were modified
using boron additions. Like Ti-based alloys, TiAl-based
alloys possess a boron solubility level where borides be-
gin forming above certain boron concentrations. In a pub-
lication authored by T.T. Cheng entitled, "The Mecha-
nism of Grain Refinementin TiAl Alloys by Boron Addition
- An Alternative Hypothesis", the effect of boron additions
on the as-cast structure of TiAl-based alloys of the gen-
eral formula Ti-44Al-8(Nb, Zr, Ta) was studied. At least
two noteworthy results reported therein included (1) the
addition of more than a critical level of boron leads to a
refined grain structure with reduced segregation and a
variety of different boride particles as observed previous-
ly in other TiAl-based alloys; (2) the critical level of boron
is composition dependent with higher levels required for
alloys which contain strong boride formers, such as Ta;
and (3) alloys with boron contents close to the critical
level can contain both unrefined and refined regions, the
latter corresponding to the regions cooled most rapidly.
These results were attributed to the renucleation in the
constitutionally supercooled region ahead of the solidifi-
cation front in the boron modified TiAl-based alloy.
[0003] Turning now to Ti-based alloys, the standard
processing route for wrought titanium alloys is first via a
billet conversion process of ingot followed typically by
forging or ring-rolling to achieve a duplex microstructure
of transformed beta with a grain size of 100-200 p.m plus
primary alpha (15-25% volume fraction) with a grain size
of 20-50 wm. This rather coarse microstructure leads to
poorer fatigue capabilities in wrought Ti-based alloys. Ti
alloy products produced by casting processes have even
coarser transformed beta grain size, such as 0.5 mm to
2 mm not being uncommon. In the Ti products produced
by casting processes, prior attempts to refine grain size
in order to improve fatigue properties were made by add-
ing boron in amounts of 6 atomic percent to 9 atomic
percent to molten titanium alloys prior to casting. How-
ever, itis recognized that such amount of boron modified
Ti-based alloys also produce a coarse boride microstruc-
ture which would resultin poor material properties. Based
on these observations, Ti-based alloys apparently do not
require boron additions significantly exceeding the criti-
cal level.

[0004] Therefore, there exists a need to further refine
Ti-based alloys to produce a final microstructure of fully
refined transformed beta grains or a duplex microstruc-
ture with refined transformed beta grains and fine primary
alpha grains.

[0005] In accordance with one aspect of the present
invention, a process for casting boron modified titanium
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alloy parts broadly comprises melting a quantity of tita-
nium alloy to form a molten titanium alloy; adding to the
molten titanium alloy a quantity of boron in an amount of
about 0.2 weight percent to about 1.3 weight percent of
the molten titanium alloy to form a molten boron modified
titanium alloy; and casting a boron modified titanium alloy
based part.

[0006] In accordance with another aspect of the
present invention, a process for making wrought titanium
alloy based parts broadly comprises melting a quantity
of titanium alloy to form a molten titanium alloy; adding
to the molten titanium alloy a quantity of boron in an
amount of about 0.2 weight percent to about 1.3 weight
percent of the molten titanium alloy to form a molten bo-
ron modified titanium alloy; casting a boron modified ti-
tanium alloy based ingot using the molten boron modified
titanium alloy; processing the boron modified titanium al-
loy based ingot to form a boron modified titanium alloy
based billet; processing the boron modified titanium alloy
based billet to form a wrought titanium alloy based part.
[0007] In accordance with yet another aspect of the
present invention, a titanium alloy broadly comprises
about 0.2 weight percent to about 1.3 weight percent bo-
ron.

[0008] Certain preferred embodiments will now be de-
scribed by way of example only and with reference to the
accompanying drawings in which:

FIG. 1is aflowchartrepresenting an exemplary proc-
ess for casting a boron modified titanium alloy based
part; and

FIG.2is a flowchart representing an exemplary proc-
ess for making boron modified wrought titanium alloy
based part.

[0009] Like reference numbers and designationsin the
various drawings indicate like elements.

[0010] The exemplary processes of the present inven-
tion refine the as-cast or forged grain structure of a tita-
nium alloy through minor additions of boron in the melting
stage. With a reduced grain size in the ingot form, the
subsequent thermo-mechanical processing ("TMP"),
such as converting to billet and then to forging, can be
performed in either the beta or alpha plus beta phase
fields to produce a final microstructure of fully refined
transformed beta grains or a duplex microstructure with
fully refined transformed beta grains with fine primary
alpha grains. These microstructure refinements improve
the fatigue and strength capabilities of the titanium alloy.
Furthermore, since the as-cast grain structure may be
refined, boron modified titanium alloy based parts may
be produced via a casting process.

[0011] Referring now to FIG. 1, a flowchart represent-
ing an exemplary process for casting a boron modified
titanium alloy based part is shown. A solid titanium alloy
may be melted to form molten titanium alloy using tech-
niques known to one of ordinary skill in the art at a step
10. Titanium alloys commonly utilized in the aerospace



3 EP 1 887 093 A1 4

industry include, but are not limited to, Ti-5.8Al-4Sn-
3.5Zr-0.7Nb-0.5M0-0.35Ti-0.06C commercially availa-
ble as IMI834 from IMI Titanium Ltd., London, United
Kingdom; Ti-6Al-4V; Ti-6A1-2Sn-4Zr-2Mo; Ti-6A1-2Sn-
4Zr-6Mo, and the like.

[0012] A quantity of boron sufficient to impart the de-
sired grain refinement may be added to any suitable mol-
tentitanium alloy ata step 12. The amount of boron added
is preferably tailored to the boron solubility of the molten
titanium alloy. Each titanium alloy possesses a boron sol-
ubility value, which influences the quantity of boron that
may be added. Generally, the solubility of boron in tita-
nium may be less than about 0.05 weight percent of tita-
nium. The quantity of boron typically added is about 0.2
weight percent to about 1.3 weight percent of the molten
titanium alloy. Suitable boron sources may include, but
are not limited to, AlB,,, TiB,, TiB, combinations com-
prising at least one of the foregoing, and the like. The
molten boron-modified titanium alloy may then be cast
at a step 14 to form the desired part, component, etc.
The resultant boron-modified titanium alloy may com-
prise the aforementioned titanium alloys and about 0.2
weight percent to about 1.3 weight percent of boron in
the form of at least one boride or dissolved boron, or both
borides and dissolved boron.

[0013] The minor addition of boron in the melting stage
refines the as-cast or forged grain structure of the titanium
alloy. With a reduced grain size in the ingot form, the
subsequent thermo-mechanical processing ("TMP"),
such as converting to billet and then to forging, can be
performed in either the beta or alpha plus beta phase
fields to produce a final microstructure of fully refined
transformed beta grains or a duplex microstructure with
fully refined transformed beta grains with fine primary
alpha grains. These microstructure refinements improve
the fatigue and strength capabilities of the titanium alloy.
Furthermore, since the as-cast grain structure may be
refined, boron modified titanium alloy based parts may
be produced via a casting process.

[0014] Referring now to FIG. 2, an exemplary process
for forging a boron modified titanium based partis shown.
Any suitable titanium alloy composition may be melted
to form a molten titanium alloy using techniques known
toone of ordinary skillinthe art ata step 20. As described,
a quantity of boron sufficient to impart the desired grain
refinement, and preferably tailored to the boron solubility
of the molten titanium alloy, may be added to the molten
titanium alloy at a step 22. The boron modified titanium
alloy may then be cast into an ingot at a step 24 using
any one of a number of techniques known to one of or-
dinary skill in the art. In order to form a wrought part, the
cast ingot may undergo a primary processing technique
to form a billet at a step 26 as known to one of ordinary
skill in the art. The billet composed of the boron modified
titanium alloy may then undergo a secondary processing
technique at a step 28 to further refine the grain micro-
structure of the titanium alloy as known to one of ordinary
skill in the art. Lastly, the processed billet may be forged
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to form awrought part, or "mill product", at a step 30 using
any one of a number of techniques known to one of or-
dinary skill in the art.

[0015] One or more embodiments of the present in-
vention have been described. Nevertheless, it will be un-
derstood that various modifications may be made without
departing from the scope of the invention. Accordingly,
other embodiments are within the scope of the following
claims.

Claims

1. A process for casting boron modified titanium alloy
based parts, comprising:

melting a quantity of titanium alloy to form a mol-
ten titanium alloy;

adding to said molten titanium alloy a quantity
of boron in an amount of about 0.2 weight per-
cent to about 1.3 weight percent of said molten
titanium alloy to form a molten boron modified
titanium alloy; and

casting a boron modified titanium alloy based
part.

2. The process of claim 1, wherein adding further com-
prises forming said molten boron modified titanium
alloy containing atleast one boride particlein a solute
form.

3. The process of either of claims 1 or 2, wherein adding
comprises adding at least one of: AlB,,, TiB, and
TiB.

4. The process of any of claims 1, 2 or 3, wherein melt-
ing comprises melting at least one of:

Ti- 5.8Al- 4Sn- 3.5Zr- 0.7Nb- 0.5Mo- 0.35Ti-
0.06C;

Ti-6Al-4V;

Ti-6Al-2Sn-4Zr-2Mo; and

Ti-6Al-2Sn-4Zr-6Mo.

5. A process for making wrought titanium alloy based
parts, comprising:

melting a quantity of titanium alloy to form a mol-
ten titanium alloy;

adding to said molten titanium alloy a quantity
of boron in an amount of about 0.2 weight per-
cent to about 1.3 weight percent of said molten
titanium alloy to form a molten boron modified
titanium alloy;

casting a boron modified titanium alloy based
ingot using said molten boron modified titanium
alloy;

processing said boron modified titanium alloy
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based ingot to form a boron modified titanium
alloy based billet;

processing said boron modified titanium alloy
based billet to form a wrought titanium alloy
based part.

The process of claim 5, wherein melting comprises
melting Ti-6Al-2Sn-4Zr-6Mo.

The process of either of claims 5 or 6, wherein adding
further comprises forming said molten boron modi-
fied titanium alloy containing at least one boride par-
ticle in a solute form.

The process of any of claims 5, 6 or 7, wherein adding
comprises adding at least one of: AIB,,, TiB, and
TiB.

The process of any of claims 5 to 8, wherein melting
comprises melting at least one of:

Ti- 5.8Al- 4Sn- 3.5Zr- 0.7Nb- 0.5Mo- 0.35Ti-
0.06C;

Ti-6Al-4V;

Ti-6Al-2Sn-4Zr-2Mo; and

Ti-6Al-2Sn-4Zr-6Mo.

A titanium alloy comprising about 0.2 weight percent
to about 1.3 weight percent boron.

The titanium alloy of claim 10, wherein the boron
comprises at least one boride or a dissolved boron
or both said at least one boride and said dissolved
boron.

The titanium alloy of claim 11, wherein said at least
one boride comprises at least one of the following:
AlIB;,, TiB, and TiB.

The titanium alloy of any of claims 10 to 12, wherein
the titanium alloy comprises at least one of:

Ti- 5.8Al- 4Sn- 3.5Zr- 0.7Nb- 0.5Mo- 0.35Ti-
0.06C;

Ti-6Al-4V;

Ti-6Al-2Sn-4Zr-2Mo; and

Ti-6Al-2Sn-4Zr-6Mo.
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