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ABSTRACT OF THE DISCLOSURE

A method for processing bodies of alpha and alpha-
beta type titanium base alloys consisting of working a
body of the alloy from an initial temperature above the
beta transus of the alloy to effect a substantial reduction
in cross sectional area above the beta transus to impart
strain energy to the metal and recrystallizing the beta
grains. The recrystallization may be effected either simul-
taneously with working or by a separate anneal at a
temperature at least as high as the initial working tem-
perature.

This invention relates to refining the beta grain size
of alpha and alpha-beta type titanium base alloys and
more particularly to refining the beta grain size of such
alloys during processing of ingots to billets for forging
stock.

Excessive surface cracking is often encountered when
forging certain types of titanium alloys, and this cracking
is believed to result from coarse beta grain size in the ingot
or billet. Tests have demonstrated that susceptability to
surface cracking is related to beta grain size, and that
material having a fine beta grain size exhibits substan-
tially less surface cracking than material with a coarse
beta grain size when both materials are forged from the
same temperature.

Processing of alpha and alpha-beta titanium base alloy
ingots to produce forging stock involves forging the cast
ingot to a suitable size billet for subsequent forging.
Forging temperatures have heretofore largely been deter-
mined in accordance with the lowest temperature at
which the required plastic deformation can be obtained
for the particular alloy being processed. Although higher
forging temperatures than the minimum necessary for
plastic deformation result in greater plasticity and there-
by reduce the amount of work required to effect a pre-
determined reduction in cross sectional area, the use of
higher forging temperatures requires additional expense
for furnace heating and increases surface oxide and scale.
Additionally, it has heretofore been believed that higher
forging temperatures caused undesirable grain growth.

Efforts have been made to refine the beta grain size
of alpha and alpha-beta type titanium base alloys by
extensive working in the alpha-beta field in conjunction
with various annealing procedures. While this type of
processing has been successful, it requires a long period
of time and often results in low metal yield as exten-
sive working in the alpha-beta field causes surface crack-
Ing requiring grinding between successive forging steps.

My invention provides a novel method for refining the
beta grain size of an alloy selected from the group con-
sisting of alpha and alpha-beta type titanium base alloys
which comprises working the alloy to an extent providing
substantial plastic deformation at a temperature above
the beta transus to introduce strain energy into the metal
and effecting recrystallization of the beta grains at a
temperature above the beta transus. Plastic deformation
and recrystallization may be carried out separately or
may be combined in a single step. The temperature at
which working is initiated and the amount of reduction of
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the metal body will determine whether an independent
anneal is required to effect recrystallization and the work-
ing temperature will vary with the type of alloy being
processed.

The alpha and alpha-beta type titanium base alloys may
be advantageously treated by the method of this inven-
tion. An alloy containing 5% aluminum, 2.5% tin, bal-
ance titanium is typical of the class of alpha type alloys
in its characteristics, properties and susceptibility to beta
grain refinement in accordance with my method. An alloy
comprising 6% aluminum, 4% vanadium, balance tita-
nium is typical of the alpha-beta type alloys in its char-
acteristics, properties and susceptibility to beta grain re-
finement by my method. The alloys which may be proc-
essed by my invention include alloys sometimes classified
as alpha-lean beta, which contain alpha and beta stabiliz-
ing elements, but in which the beta stabilizing elements
are present in relatively smaller amounts than in the alpha-
beta type alloys. Due to the fact that the beta stabilizer
content is small, these alloys in their characteristics, prop-
erties and susceptibility to beta grain refinements are
similar to the alpha titanium base alloys and are con-
sidered as being in the same category as the alpha type
alloys for the purpose of my invention. An alloy com-
prising 8% aluminum, 1% vanadium, 1% molybdenum,
balance titanium is typical of the alpha-lean beta type
titanium base alloys.

Working of the ingot at a temperature above its beta
transus is carried out so as to effect substantial defor-
mation of the metal in the beta field to impart strain
energy to the metal. For the purpose of my invention,
initial working temperature must be above the beta tran-
sus of the alloy being processed and preferably will be
between about 100° F. and about 500° F. above the beta
transus of the alloy. It will be appreciated that lower
temperatures within this range will involve lower heating
cost and less scaling and surface contamination of an
article so processed; while temperatures higher in the
range will provide increased plasticity resulting in easier
deformation. It is pointed out that at the higher tem-
peratures recrystallization will occur simultaneously with
working and will, therefore, take place throughout a large
part of the working cycle; whereas at the lower tempera-
tures, an anneal at a temperature at or above the initial
working temperature is required to effect recrystallization.
The plastic deformation will preferably be no less than
about a 30% reduction in the cross sectional area of
the metal body, and reductions up to about 90% may
be employed with better grain size effects being obtained
with increased plastic deformation.

Preferably, the recrystallization anneal will be between
about 2100° F. and about 2400° F. but must be at least
as high as the initial working temperature. The duration
duration of the anneal must be sufficient to bring the
metal body into the beta field throughout its extent. This
will be accomplished in a period of about one hour at
2300° F., although the time at temperature will vary
between about one hour and about four hours with the
higher temperatures being employed with the shorter time
periods and the lower temperatures being combined with
longer time periods.

More precise temperature ranges for initiating working
and for annealing may be defined for the particular types
of alloys which may be processed according to my inven-
tion of the anneal being determined by the temperature.
working will preferably begin at a temperature between
about 1900° F. and about 2050° F. After sufficient work-

- ing has been accomplished, the alloy will preferably be

annealed between about 2100° F. and about 2400° F.
for a period of about one hour to four hours; the dura-
tion of the anneal being determined by the temperature.
When the alloy to be processed according to my inven-
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tion is of the alpha or alpha-lean beta type, working will
preferably be started at a temperature in the range of
about 1950° F. to 2150° F. The temperature and dura-
tion of the subsequent anneal for this group of alloys is
the same as for the alpha-beta type, that is, between about
2100° F. and about 2400° F. for a period of about one
hour to four hours, The temperature is selected to be
higher than the initial working temperature, and the
higher temperatures are employed with the shorter times
and vice versa as in treating the alpha-beta type alloys.

In carrying out my novel process in a single step com-
bining recrystallization with working, the working musg
be initiated at a temperature substantially above the beta
transus of the alloy and about 2200° F. is the minimum
for both the alpha and alpha-beta type alloys. At tempera-
tures below about 2200° F.,, it is not possible to reduce
the metal sufficiently to impart enough strain to the metal
to permit recrystallization during working. The preferred
temperature range for effecting simultaneous recrystalliza-
tion and plastic deformation is from about 2200° F. to
about 2400° F.

As stated heretofore, the plastic deformation ac-
complished during working must result in a substantial
reduction of the cross sectional area of the metal body
which will preferably be at least about 30%. A minimum
of about 30% reduction in cross sectional area is neces-
sary to introduce sufficient strain energy into the metal
for nucleation to promote the fine beta structure. As
stated heretofore, reductions of substantially more than
30% may be employed, and improved overall results are
obtained with up to about 90% reduction. It will be ap-
preciated that the amount of reduction will depend upon
the temperature employed and the dimension limits of
articles being produced during various stages of conver-
sion of ingots to mill products. Therefore, a range of
reduction between about 30% and about 90% will pro-
vide adequate working and at the same time may be in-
corporated into the forging sequence when producing a
majority of titanium alloy mill products.

After recrystallization of the beta grain structure is
obtained, the metal body must be worked in the alpha-
beta field in order to break up the alpha network which
precipitates on the recrystallized beta grain boundaries as
the metal cools through the beta transus. It is necessary
to break up the alpha network to impart ductility and
strength to the metal. Working in the alpha-beta field does
not affect the fine beta grain size obtained by processing
the metal in accordance with my invention and is not
not considered to be a part of the invention. The metal
may be worked from a temperature in the beta field, but
it is essential that the major portion of the reduction
occur in the alpha-beta field to break up the alpha net-
work.

The following non-limiting examples shows the prac-
tice of an embodiment of my method on representative
alloys.

EXAMPLE A

A Ti-6Al-4V bar was forged from a 6 inch by 4 inch
billet to a 3 inch square which is a reduction in cross
sectional area of 62%. The forging was initiated at
2000° F. Following the forging, the 3 inch square was
annealed for one hour at 2300° F. Extremely advan-
tageous grain refinement was achieved by processing in
accordance with my invention.

EXAMPLE B

The typical as-cast coarse structure of an ingot of
Ti-5A1-2.5Sn which is a representative alpha type alloy
is a result of precipitation of alpha along the original
large beta grain outlines. The beta transus of this alloy
is approximately 1900° F. A Ti-5A1-2.58n alloy was
forged from a 6 inch square to a 5 inch square to effect
a 30% reduction. The forging was initiated at 2050° F.
and no recrystallization was apparent. A section of the
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square was heat treated at 1950° F., which is slightly
above the beta transus for the alloy but below the initial
forging temperature and no recrystallization occurred.
However, a section taken from the same bar was an-
nealed for two hours at 2300° F., well above the initial
forging temperature, and complete recrystallization is
observable.

Simultaneous recrystallization with working for repre-
sentative alloys is shown by the following non-limiting
examples,

Example 1

A 28-inch diameter ingot of Ti-8Al-1Mo-1V alloy hav-
ing a beta transus of about 1900° F. was processed to an
8-inch round as follows:

Upset 35% from 2200° F.

Reheat to 2200° F. and forge to 24" square
Reheat to 2200° F. and upset 35%

Reheat to 2200° F, and forge to 24"’ square
Reheat to 2200° F. and forge to 16’' square
Reheat to 1950° F, and forge to 12" square
Reheat to 1900° F. and forge to 8" square
Reheat to 1875° F. and forge to 8" round

The 8-inch round billet resulting from this processing
had a fine beta grain size indicating that recrystallization
occurred simultaneously with working during the high
temperature reductions. Additionally, no cracking oc-
curred during the various reduction steps; and, bence,
it was not necessary to grind between reductions.

Example 11

A 28-inch diameter ingot of Ti-5Al-2.5 Sn alloy having
a beta transus of about 1900° F, was processed to a 12
inch round as follows:

Upset 35% from 2200° F.

Reheat to 2200° F. and forge to 24" square
Reheat to 2200° F. and forge to 16" square
Reheat to 1950° F., and forge to 12" square
Reheat to 1900° F. and forge to 12 round

The resulting billet had a fine beta grain size indicating
simultaneous recrystallization with working during the
high temperature reductions and no significant cracking
occurred during forging.

Example III

A 6-inch cube of Ti-6Al-4V alloy having a beta transus
of approximately 1825° F. was processed to a 2.25-inch
round in the following sequence:

Upset 55% from 2200° F.

Reheat to 2200° F. and reforge to 6’ square
Reheat to 2200° F. and forge to 4.25" square
Reheat to 1900° F. and forge to 3.25” square
Reheat to 1800° F. and forge to 2.25"" round

Observation of a section from the billet indicated that
recrystallization occurred. The fine beta grain size was
clearly observable.

It should be understood that the recrystallization tem-
perature of the alloys will vary with the amount of strain
energy imparted to the metal during working; and, there-
fore, it will be necessary to effect greater reductions at
higher temperatures to obtain the desired strain in the
metal, Additionally, the starting grain size will affect the

recrystallization temperature. The length of time at tem-

perature during annealing will also have an effect on the
temperature mecessary to effect recrystallization with
shorter anneals requiring higher temperatures.

My invention is important in that it permits ingots of
alpha and alpha-beta type titanium base alloys to be
forged to billet stock from higher temperatures than
those used herctofore while permitting obtention of fine
beta grain size which is advantageous for subsequent
forging of products from the billet. Due to the use of
higher forging temperatures than those used heretofore,
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the ingot may be reduced to a billet of the desired size in
a minimum time and surface cracking during reduction
is substantially eliminated. The avoidance of surface
cracking during reduction is substantially eliminated. The
avoidance of surface cracking is extremely important as
it eliminates grinding the billet and the consequent ex-
pense and metal loss.

While I have described preferred embodiments of my
invention, it may be otherwise embodied within the scope
of the appended claims.

I claim:

1. A method for refining the beta grain size of an
alloy selected from the group consisting of alpha and
alpha-beta type titanium base alloys comprising heating
a body of said alloy to an initial temperature above the
beta transus of said alloy, working said body of said
alloy from said initial temperature above its beta transvs
to effect substantial plastic deformation of said body
while said body is above said beta transus and annealing
said body at a temperature at least as high as said initial
working temperature for a period of time sufficient to
effect substantially complete recrystallization of the beta
grains of said body.

2. A method as set forth in claim 1 wherein said plastic
deformation is at least about a 30% reduction in cross
sectional area of said body.

3. A method as set forth in claim 1 wherein said plastic
deformation is between about a 30% and about a 90%
reduction in cross sectional area of said body, °

4. A method as set forth in claim 1 wherein annealing
said body is carried out for a period of from about one
hour to about four hours.

5. A method as set forth in claim 4 wherein said an-
nealing is at about 2300° F. for a period of about one
hour.

6. A method as set forth in claim 1 wherein said initial
working temperature is at least about 100° F. above the
beta transus of said alloy.

7. A method as set forth in claim 1 wherein said alloy
is the alpha-beta type and said initial working tempera-
ture is between about 1900° F. and 2050° F. and sajd
annealing is at a temperature between about 2100° F.
and 2400° F,
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8. A method as set forth in claim 1 wherein said al-
loy is the alpha type and said initial working tempera-
ture is between about 1950° F. and 2150° F. and said
annealing is at a temperature between about 2100° F.
and 2400° F,

9. A method for refining the beta grain size of an al-
loy selected from the group consisting of alpha and alpha-
beta type titanium base alloys comprising heating a body
of said alioy to an initial temperature substantially above
the beta transus of said alloy, working said body of said
alloy from said initial temperature to effect substantial
plastic deformation of said body above the beta transus
of said alloy, said plastic deformation imparting suffi-
cient strain energy to said alloy to permit substantial re-
crystallization of the beta grains of said body during
working,

10. A method as set forth in claim 9 wherein said
initial temperature is at least about 2200° F.

1i. A method as set forth in claim 9 wherein said
initial working temperature is between about 2200° F.
and 2400° F.

12. A method as set forth in claim 9 wherein said
working effects a reduction in cross sectional area of said
body of at least about 30%.

13. A method for refining the beta grain size of an al-
loy selected from the group consisting of alpha and
alpha-beta type titanium base alloys comprising heating
a body of said alloy to a temperature of at least about
100° F. above the beta transus of said alloy, working
said body to effect a reduction in cross sectional area of
at least about 30% and recrystallizing the beta grains
of said body.

References Cited

UNITED STATES PATENTS
3,313,138  4/1967 Springetal. _______ 148—11.5
3,436,277 4/1969 Bombergeretal. _____ 148—11.5

L. DEWAYNE RUTLEDGE, Primary Examiner
W. W. STALLARD, Assistant Examiner

US. CL XR.
148—12.7



A

a0 - UNITED STATES PATENT OFFICE
CERTIFICATE OF CORRECTION

Patent No._ 3,489,617 Dated Januwary 13, 1970

Inventor(#) WALTER W. WUERFEL

It 1s certified that error appears in the above-identified patent
and that said Letters Patent are hereby corrected as shown below:

~

Y |

In Column 2, Line 29, "substantial deformation"

should read "substantial plastic deformation', Column 2 Line 54,
delete '"duration", Column 2 Line 65, after "tion" delete "of the
anneal being determined by the temperature", Column 2 Line 66,
before "working' insert "For titanium base alloys of the alpha-be
type, " Column 3, Line 49, delete-"not", Column 4, Line 6,

"is' should read "was", Column 5, Line 3, delete "The avoidance
of surface cracking during reduction is substantially eliminated. "

Signed and sealed this 16th day of June 1970.

(SEAL)
Attest:

EDWARD M.FLETCHER,JR. WILLIAM E. SCHUYLER, JR.
Attesting Officer Commissioner of Patents



