
 
 
 

ABSTRACT 
 

The Reinvention of the Ti-6Al-4V Alloy 
(From Low Cost Turnings to Component Shape) 
by Susan M. Abkowitz1 and Stanley Abkowitz2

 
 

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. 

 

                                                 
1 Susan M. Abkowitz is Chief Operating Officer, Dynamet Technology, Inc. 
2 Stanley Abkowitz is Chief Executive Officer, Dynamet Technology, Inc. 
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U2 - Lockheed Skunk Works

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



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



“On the wall…”

Guggenheim Museum, Bilbao, Italy



“…and off the wall.”ff



Ad t th t l d t thAdvantages that led to the 
widespread use of Ti-6Al-4V

1. From its beginning the alloy was perceived by the 
manufacturers and the users to be a government-
d l d lt f lldeveloped, royalty-free alloy.

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

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

4. It could be readily forged and successfully cast as4. It could be readily forged and successfully cast as 
well as easily machined.



5.  With the increasing applications, its mechanical 
and chemical properties and its fabrication 
procedures became fully characterizedprocedures became fully characterized.

6. As it became the basic alloy of choice, 
recycling of mill scrap was facilitated since therecycling 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 economicallysingle alloy composition could be economically 
reclaimed. 

The scrap alloy is typically reclaimed byThe scrap alloy is typically reclaimed by 
supplementing virgin sponge in melting 
titanium ingot or used for alloy addition to 

l lsteel melts.



Titanium HistoryTitanium History

Available from International Titanium Association



Fast Forward ToFast Forward To
Low Cost Titanium Efforts



Near Net Shape p
Powder Metal (PM) 

Manufacturing TechnologyManufacturing Technology



The CHIP Process

Dynamet’s powder metal CHIP process  is used to produce 
near net shape titanium alloys and MMCs. The PM preforms p y p
can also be hot worked to produce forgings and extrusions.



Examples of Cost SavingExamples of Cost Saving 
Production Missile Components

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

Seeker Housing
Ti-6Al-4V

Stinger
Warhead Casing

l CHIP Process
2,000 parts

Ti-6Al-6V-2Sn
CHIP
50,000 parts

50-70% Cost Savings



Current and Emerging Titanium-BasedCurrent and Emerging Titanium-Based 
Powder Metal Products



Mill Product Manufacture by y
PM vs Conventional Ingot Metallurgy

VAR DOUBLE MELT PROCESS DYNAMET PM PROCESS

Titanium Sponge

Titanium Powder Blend

Second Melt

First Melt

Forging to Billet

Densified, Homogeneous, Alloyed Billet
Densified, Homogeneous, Alloyed Billet

 

Raw Material Yield 98%

Forging
Extruding

Casting Raw Material 
Yield 66%

Forging
Extruding

Casting



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

for the Expeditionary Fighting Vehicle (EFV)



Low Cost Titanium Feedstock Process
Innovative method for producing low cost Ti-6Al-4V 
casting feedstock from titanium alloy machine turnings

Low Cost Titanium Feedstock Process

casting feedstock from titanium alloy machine turnings.

Purification &
Consolidation

Casting

Machine Turnings Casting Feedstock Cast Test PlateMachine Turnings Casting Feedstock Cast Test Plate

MicrostructureMicrostructure
X-ray

N i l i d f t itNo inclusions, defects,or  porosity

Dynamet Technology, Inc.  
Eight A Street, Burlington, MA 01803



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

Al V Fe C O N H Si

ASTMB367 5.50-6.75 3.5-4.5 0.1 max0.4 max 0.05 max0.25 max 0.01 max 0.1 max

Tensile Properties met applicable specs and were comparable to 
wrought Ti 6Al 4V

Avg LCFP Casting 6.55 4.11 0.21 0.044 0.25 0.014 0.0008 0.049

wrought Ti-6Al-4V.
UTS (ksi) YS (ksi) El (%)

155.3 137.1 12.1Avg LCFP

Material

Projected Cost Savings: 30-60%

130 120 6.0

130 120 10.0AMS 4928 (wrought) Min.

AMS 4985 & ASTM B367  
(castings) Min.

Projected Cost Savings: 30-60%

Dynamet Technology, Inc.  
Eight A Street, Burlington, MA 01803



The Advantage of Using Low Cost 
Powder Plus Scrap Recycle toPowder Plus  Scrap Recycle to 

Produce Extra Low Cost 
Prime Mill ProductPrime Mill Product



Integrated PM/Recycled Ti-6Al-4VIntegrated PM/Recycled Ti-6Al-4V
Titanium Machine Turnings Titanium Powder

SSCP
S lid St t C lid tiSolid State Consolidation 

& Purification

Isostatic pressing
Vacuum treatment

Casting 
Feedstock

Extrusion Billet 
Preforms

Forging Preforms Rolling Plate 
Preforms

 

Abkowitz et al. Patent US 6,635,098 B2   Low Cost Feedstock for Titanium Casting, Extrusion and Forging



The Creation ofThe Creation of 
NuLife Titanium LLC


