Tynaimet

TECHNOLOGY

EIGHT A STREET + BURLINGTON, MASSACHUSETTS 01803
PHONE (781) 272-5967 « FAX (781) 229-4879

ABSTRACT

The Reinvention of the Ti-6Al-4V Alloy
(From Low Cost Turnings to Component Shape)
by Susan M. Abkowitz" and Stanley Abkowitz

The Ti-6Al-4V alloy is the most commonly used titanium alloy of the titanium industry
(70% of all alloys) and generates a considerable annual volume of scrap machining turnings
(over 30 million pounds globally). These machine turnings currently find application as partial
additions to the titanium ingot melting operations or as alloy additives to steel melts. Although
useful, the value of these turnings in such applications is limited. The recycle of machined
turnings directly to titanium alloy prime billet or to component shape will offer significant cost
reduction.

This presentation will review the technical work underway at Dynamet Technology under
Marine Corps. sponsorship to produce a cast shape from innovative casting feedstock composed
primarily of Ti-6Al-4V alloy machining turnings. These are specially processed to purify the
material of contaminants and uniquely consolidated to high density casting electrodes
(feedstock). Chemical analysis, microstructure and the impressive mechanical properties
achieved with cast material will be discussed along with the potential for significant cost savings.

This innovative process, in addition to producing low cost titanium components
represents the green manufacturing of titanium offering significant energy savings along with
highly desirable environmental benefits.

! Susan M. Abkowitz is Chief Operating Officer, Dynamet Technology, Inc.
2 Stanley Abkowitz is Chief Executive Officer, Dynamet Technology, Inc.
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Press Release

Official U.S. Army News Release (May 17, 1954)

"Public Information Office
Watertown Arsenal

‘Watertown 72, Massachusetts
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{51 ANLGM STUDIES
BRING NEW ALLOY

L:ight Material Developed by
Army Reported as Tough
as High-Strength Steel

Special to The New York Times, N
WATERTOWN, Mass., May 16
—Development of a new, light-
weight titanium alloy possessing
the toughness of high-strength
steel was announced today by the
Watertown Arsenal Laboratory,
an Army center for titanium re-
search. .
Col, B, §. Mesick, commanding
officer of the arsenal and co-or-,
dinator of the Army titanium re-
search program, said laboratory
tests showed the alloy to be 40
per cent lighter in weight than
high-strength steel, However, it
is highly corresion-resistant and
has properties that compare fa-
vorably with those of steel used
in ma.éng heavy weapons, tanks
&nd armor plate.

While further tests must be
made, the alloy is considered a
potential substitute for steel in
many ordnance components.

The alloy was worked out by
Stanley Abkowitz, a member of
the arsenal leboratory staff who
was serving as a technical super-
visor of & contract with the Ar-
mour Research Foundation of
Chicago. The foundation is one
of many agencies engaged in
titanium research for the arsenal
under Government contract.

The alloy shows tensile
strengths up to 182,000 pounds for
each square inch, or 42,000 pounds
a square inch stronger than any
commercial alloy of titanium now
being produced.

It also is tougher and more
pliable, permitting it to be shaped
thus overcoming the brittleness
factor that severely limits the
use of commercial alloys.
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Latest on
Titanium. ..

TITANIUM IN
INDUSTRY

by STANLEY ABEOWITZ JOHN
]. BURKE RALPH H HIOTZ R

For the first time In a single
volume, here is up-to-date Infor-
mation on every phase of the
technology of structural titanium
« + « jrom production to metallo-
:r-.phic trchnlquﬂ-
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TITANIUM IN INDUSTRY

By S. ABKROWITZ, ]. ]. BURKE
and R. H. HILTZ, JR.

(D. Van Nostrand Co., New York,
Publisher)

Here at last is the complete story
on titanium; its technology, its ca-
pabilities, its potentialities, and its
problems, written by three engi-
neers of the Watertown Arsenal
Laboratory, which is the center of
titanium research and develop-
ment for the Armed Forces. These
men have not only been pioneers
in the research and development
of titanium but are intensely inter-
ested in the future of the metal.

Although the book is a highly
scientific treatise on the metal,
each subject has been approached
in such a manner that il is readily
readable by all who will be in con-
tact with the metal from the front
office down to the production line.

The book provides a briet his-
tory of titapium. The main portion
of the book is devoted to the fol-
lowing subjects: production of the
metal; its physical, chemical and
mechanical properties; alloying
and heat treatment; casting and
powder metallurgy; hot and cold
shaping; machining and grinding;
surface properties; analytical and
metallographic techniques; and se-
lection of alloys and applications.
Each chapter is accompanied by
an extensive bibliography on the
subject. The book is now at press

“and will be ready easly in Janu-

ary. The price is $5.50.
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United States Patent No. 2,906,654

2,906,654

Un-ited Sta’tes Pa‘tent Omce Patented Sept.’29, ,1959

1

2,906,654

HEAT TREATED TITANITUM-ALUMINUM-
VANADIUM ALLOY

Stanley Abkowitz, Warren, Ohio, assignor to the United
States of America as represented by the Secretary of
the Army
Application September 23, 1954, Serial No. 458,032

1 Claim. (CIL 148—32.5)

(Granted under Title 35, U.S. Code (1952), sec. 266)
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. . . . 1
The invention described herein may be manufactured

and used by or for the Government of the United States

for governmental purposes without the payment of any

oty
This invention relates to tita:
particularly to ternary alloys of
proportions of aluminum and -
Since titanium base alloys o
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The invention described herein may be manufactured
4 and used by or for the Government of the United States
Jfor governmental purposes wuhnul the payment uf any

royalty thereon.
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n Fig. 2 of the drawing until such time as the total alumi-
um content exceeds 6%. A further aluminum increase
p to 7% will, of course, produce the conventional loss in
uctility but even then the reduction in area in the an-

B ABKOWITZ 2,906,654 s at about 17% which is
HEAT TREATED TITANIUM-ALUMINUM-VANADIUM ALLOY

Filed Sept. 23, 1854 b v
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: the forming and drawing
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titanium base alloy of alumim: =z issible, both the ductility
the proponioqs of the allc_]yfm g alloy can be increased to
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strength and ductility together
ness and weldability.

Other advantages and purpo
will become apparent from the
of, when considered in conjunc
drawing wherein:

Fig. 1 is a graph illustra
strength, in both the annealed and heat treated conditions,
of increasing the proportion of aluminum in a Ti—Al—V
alloy containing 4% vanadium; and

Fig. 2 is a graph which shows the effect on ductility as
measured by the reduction in area of the same additions
of aluminum under the same conditions as those of Fig. 1.

According to the present invention, it has been dis-
covered that adding up to 6% aluminum to a binary
titanium alloy which includes from 3% to 5% of vana-

96 ALUMINUM

he present invention may

INvENTOR ercial or high purjity ti-

Siunley Abkowilz immercial {:roduclflxs em-

¥ ontaminants as nitrogen,

ijé!n{t.mﬂﬁf/vowf must be kept to a mini-

ATToRners  the oxygen mor carbon

should exceed 0.1% while the nitrogen must be kept be-

low 0.07% and the hydrogen below 0.03% in order to
limit their embrittling effects on the alloy.

It has been found that the optimum combination of
high strength and ductility is obtained when a 6% Al-4%
¥V titanium base alloy is subjected to a solution treatment
at a temperature just below the beta transus and is there-
after water-quenched and tempered in the alpha-beta
range. Illustrative properties of the preferred alloy com-




The Lockheed Martin U-2S (Photo Courtesy Lockheed Skunk Works)



Titanium

“...In outer space, in aircraft, on the ground, underground, on the sea,
undersea, on the body and within the body.”*

* The Emergence of the Titanium Industry and the Development of the Ti-6Al-4V Alloy,
- Collections & Recollections by Stanley Abkowitz
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“On the wall...”
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Guggenheim Museum, Bilbao, Italy
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Advantages that led to the
widespread use of Ti-6Al-4V

. From its beginning the alloy was perceived by the

manufacturers and the users to be a government-
developed, royalty-free alloy.

It had the versatility of being both heat treatable
and weldable.

It could be produced in all mill product shapes such
as sheet, plate, tube, bar, pipe, and welding wire
(and it offered higher tolerance for hydrogen).

. It could be readily forged and successfully cast as
well as easily machined.
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5. With the increasing applications, its mechanical
and chemical properties and its fabrication
procedures became fully characterized.

6. As it became the basic alloy of choice,
recycling of mill scrap was facilitated since the
alloy could be segregated, its chemical identity
maintained, and significant quantities of a
single alloy composition could be economically
reclaimed.

The scrap alloy Is typically reclaimed by
supplementing virgin sponge in melting
titanium ingot or used for alloy addition to
steel melts.
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The tuwrg,.:ncu of the

Titanium Industry
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and the Develop
Al-4V Alloy
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Collections i

Available from International Titanium Association
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Near Net Shape
der Metal (PM)
ring Technology
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The CHIP Process

Sinter

Dynamet’s powder metal CHIP process is used to produce
near net shape titanium alloys and MMCs. The PM preforms
can also be hot worked to produce forgings and extrusions.
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Examples of Cost Saving
Production Missile Components

Sidewinder
Dome Housing
Ti-6Al-4V
CIP+Sinter
/45,000 parts

o Cost Savings
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Current and Emerging Titanium-Based
Powder Metal Products
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Mill Product Manufacture by
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PM vs Conventional Ingot Metallurgy

VAR DOUBLE MELT PROCESS

Titanium Sponge

First Melt

Second Melt

Densified, Homogeneous, Alloyed Billet

Forging to Billet

DYNAMET PM PROCESS

Titanium Powder Blend

-

=

Densified, Homo Alloyed Billet

Casting

Raw Material
Yield 66%

Raw Material Yield 98%

Casting —I_

Extruding

Forging

Extruding |

Forging
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The Marine Corps Program for
Low Cost Ti-6Al-4V Castings

for the Expeditionary Fighting Vehicle (EFV)
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Low Cost Titanium Feedstock Process

Innovative method for producing low cost Ti-6Al-4V
casting feedstock from titanium alloy machine turnings.

e ~ Purification & ISt Casting

~ Consolidation

Cast Test Plate

X-ray

No inclusions, defects,or porosity

~Dynamet 1ecnnology, Inc.
Eight A Street, Burlington, MA 01803



LCFP Ti-6Al-4V Casting Results Tynaimel
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v" Chemical analyses met applicable specs and were comparable to
the baseline Ti-6Al-4V (no tramp elements).

Al Vv Fe C O N H Si
ASTMB367 5.50-6.75| 3.5-4.5 0.4 max |0.1 max]0.25 max]0.05 max]0.01 max| 0.1 max
Avg LCFP Casting 6.55 411 0.21 0.044 0.25 0.014 0.0008 0.049

v" Tensile Properties met applicable specs and were comparable to
wrought Ti-6Al-4V.

Material UTS (ksi) YS (ksi) El (%)
Avg LCFP 155.3 137.1 12.1
AMS_4985 &_ASTM B367 130 120 6.0
(castings) Min.
AMS 4928 (wrought) Min. 130 120 10.0

v" Projected Cost Savings: 30-60%

Dynamet Technology, Inc.

Eight A Street, Burlington, MA 01803
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The Advantage of Using Low Cost
Powder P/us Scrap Recycle to
Produce Extra Low Cost
Prime Mill Product
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Integrated PM/Recycled Ti-6AIAV

Titanium Machine Turnings

Titanium Powder

SSCP

Solid State Consolidation

& Purification

Isostatic pressing
Vacuum treatment

Casting
Feedstock

Forging Preforms

Extrusion Billet
Preforms

Rolling Plate
Preforms

eedstock for Titanium Casting, Extrusion and Forging



Creation of
itanium LLC



