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and $12/lb. Titanium aluminides are a 
$35 to $40/lb. material.”

According to GEAE’s Weimer, tita-
nium aluminides’ tendency to be 2 to 
3 times more expensive than conven-
tional superalloys is what limits their 
use, rather than any insurmountable 
issues in machining the material. “The 
challenge is to get the overall cost 
down, and then this material will see 
much more widespread usage. It’s a 
nice engineering material.”

According to Das, Pratt & Whitney 
is pushing to have titanium-aluminide 
components used in aircraft engines. 
“Everybody thinks that is a good idea, 
and people are spending money on 
R&D, trying to assess these parts in 
actual test conditions. But nobody has 
put any part in an engine [in a produc-
tion application] as of yet.”

The company is concentrating on 
developing titanium aluminides for 
the Air Force, because military air-

craft would be a vital proving ground. 
“Once people see gamma [titanium 
aluminides] used in a military aircraft 
engine, they’ll bring [them] to a ci-
vilian aircraft application,” Das said. 
“But right now, with the war going on, 
we’ve had a low period for funding. It 
might take several years.”

It seems that the “fight for Uncle 
Sam” that spawned mass production 
of aluminum is slowing the progress of 
its intermetallic derivative.             q

Weimer admits the potential for pro-
ductivity when machining titanium 
aluminides is limited, but this is not 
outside of the norm when machin-
ing aerospace components. “It’s all 
relative productivity for us,” Weimer 
said. He added that alternate materials 
that GEAE uses for these applica-
tions allow for the same productivity 
in terms of speeds and feeds.

GEAE uses a titanium-aluminide 
alloy that is 48 atomic percent titanium, 
48 atomic percent aluminum, 2 atomic 
percent chromium and 2 atomic percent 
niobium, with chromium and niobium 
serving as alloying elements. This, 
Weimer said, is an ordered balance of 
reasonable ductility. Although the alloy 
is 48 atomic percent aluminum, it’s 33 
percent aluminum by weight.

It is the addition of alloying ele-
ments that allowed titanium alumi-
nides to finally see parts testing in 
the early 1990s. “Over the last 15 to 
20 years, people have begun to un-
derstand that, within realistic limits, 
you can mitigate titanium aluminides’ 
brittleness by alloying them with third 
and fourth elements, like chromium, 
niobium and tungsten,” said Jim Wil-
liams, a professor of materials in the 
Department of Materials Science and 
Engineering at Ohio State University 
and former general manager for the 
Materials and Process Engineering 
Department at GEAE.

Pratt & Whitney Aircraft uses a sim-
ilar alloy for the test parts it produces. 
“What we use is called a ‘near gamma’ 
alloy, which is roughly half titanium 
and 45 to 48 percent aluminum,” Das 
said. “Then we alloy it with additions 
like chromium, niobium, manganese 
and tungsten, all of which impart a 
little bit of ductility.” He places this 
ductility at 2 percent or less elonga-
tion when pulled to failure at room 
temperature. He admits this makes the 
material difficult to design for, but not 
impossible.

From 1995 to 2000, Pratt & Whitney 
had a contract with NASA to develop 
titanium-aluminide aircraft engine 
parts intended for a small, economi-
cal version of a supersonic jet, similar 

to the Concorde. Though tests led to 
recommendation of titanium-alumi-
nide aircraft engine parts by Pratt & 
Whitney, this program was cancelled 
in 1999.

Since 2000, Das has worked on 
Pratt & Whitney’s ongoing Air Force-
sponsored program to develop and test 
titanium-aluminide compressor blades 
for rotors in military aircraft engines. 
These parts are cast near-net shape and 
then machined within tolerance, from 
±0.005" to ±0.0005", using a combina-
tion of processes. The most common 
of these is surface grinding, at feed 
rates from 0.002 ipm to 1.3 ipm with a 
DOC around 0.1" or 0.2".

“This is a difficult material to ma-
chine,” Das said. “You can do just 
about everything you can do with 
nickel materials, but with gamma  
titanium aluminides, because of their 
low ductility, you have to be careful.” He  
explained that this means it’s essential 
to have sharp, balanced tooling cus-
tomized for the application, precise 
workholding and use an oil-based, 
high-pressure coolant. “The problem 
with gamma titanium aluminides is 
that not too many people are famil-
iar with them, so if you give them to 
somebody who is used to machining 
conventional materials like steel, they 
immediately make a mistake.”

Such a mistake would likely prove 
very costly. “If you were to do some-
thing untoward, like break a tool, the 
consequences with regard to being able 
to salvage a part would be substantially 

more than with a conventional titanium 
alloy,” Williams said. “These are high-
value parts, so that becomes an issue.”

Sticker Shock
Parts machined in titanium alumi-

nides are by definition “high value,” 
because the material is prohibitively 
expensive. “Stainless steel costs $5/lb. 
max, and that’s a worse-case scenario,” 
Oak Ridge’s Sikka said. “Nickel-based 
alloys may be running between $10 
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intermetallic wonder

A gamma titanium-aluminide turbine blade for a 747-class engine, pictured face-up 
(bottom) and face-down.
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