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FOREWORD

A two day symposium on "Structural Intermetallics - Perspectives on Science
and Technology" was held at the Defence Metallurgical Research Laboratory,
Hyderabad, India on February 5 and 6, 1994, preceding the Annual General Meeting
of the Materials Research Society of India. The Symposium was organised by the
Metals Group of the Materials Research Society of India and :co-sponsored by the
Asian Office of Aerospace Research and Development, US Air Force. C.V.Sundaram,
Chairman, Metals Group of the Materials Research Society of India noted in his
introductory remarks that the progress towards the development of intermetallics to
application hasbeen 'exasperatingly’' slow. Robert Cahn of the University of Cambridge,
UK, in akeynote lecture provided a historical perspective on early research on ‘weakly
ordered’ alloys and examples of more recent work on 'strongly ordered' compounds.

The symposium featured ten overview talks. Dan Miracle of Air Force Wright
Laboratory addressed both science-based issues and engineering concerns related to
the metallurgy of NiAl. He noted that NiAl could be significantly strengthened to the
levels of several superalloys and, in any case, possessed a variety of attractive
propertiessuch aslow density, high thermal conductivity and excellent environmental
resistance. Nevertheless, a reasonable combination of toughness and high temperature
strength continues to be an elusive goal, and the current approach emphasises design
methodologies which can use low toughness materials with adequate factors of safety.
The alloy system presents large opportunities for research in fabrication (casting
technology), strengthening and deformation behaviour. Vinod Sikka presented the
status of FesAl and NigAl from an applications engineering perspective with emphasis
on work at the Oak Ridge National Laboratory, USA. He stressed specially the
excellent corrosion and sulphidation resistance of the FezAl base alloys and their cost
benefits in relation to stainless steel. High temperature strength levels continue to
be of concern and strong environmental effects on ductility at room temperature have
been identified. It appears unlikely that NijAl base alloys will find aeroengine
applications, but their excellent carburisation resistance and high temperature
strength lend them to applications in heat treatment furnaces, automotive vehicles
and in manufacturing. Costis a key concern in these applications. A summary of the
work on TizAl and Ti,AINb base alloys at the Defence Metallurgical Research
Laboratory, with emphasis on the key issues that limit application, was provided by
Ashok Gogia. He described microstructural and compositional effects on primary
creep in some detail emphasising that this area has not received adequate attention




in the literature, although the major contribution to creep strain arises from transient
behaviour. Other drawbacks relate to oxygen induced dynamic embrittlement over
the range of application temperatures and poor burn resistance, a feature common to
all titanium alloys with the exception of TiAl. Patrick Martin from Rockwell Science
Centre, USA described the current status on TiAl. Successful engine ground tests at
General Electric of cast Ti-47A1-2Cr-Nb offer a positive outlook for application of an
intermetallic alloy in rotating applications. His talk emphasised issues related to
thermomechanical processing of these alloys as they affect microstructure evolution
and emphasised the need to refine the processing-microstructure-property envelope
in full scale ingot conversion and the development of low cost processing approaches
for potential automotive applications.

Work on molybdenum disilicide was covered in two presentations : Dallis
Hardwick summarised the physical metallurgy of MoSi, and described in some detail
Rockwell Science Centre work on this material, while Sadananda from the Naval
Research Laboratory, USA concentrated on the effect of SiC particulates and whisker
composites with MoSi, on creep resistance. While composite microstructure can be
designed to provide creep resistance much superior to superalloys and approaching
ceramic-ceramic systems at temperatures greater than 1000°C, it was clear that low
temperature toughnessmust be enhanced, perhaps utilising ductile phase toughening
or laminate design. Two approaches to the stability of intermetallics were described
by Raju from Indira Gandhi Centre for Atomic Research, India, and Ashok Singh from
the Defence Metallurgical Research Laboratory, India. Raju described the variety of
semi-empirical approaches using alloy theory parameters and concluded with hisown
work in developing a new structure map parameter which offers advantages over the
Pettifor scheme. Ashok Singh offered a description of a variety of thermodynamic
approachesincluding CVM todeveloping ground state structuresinordered hexagonal
systems. Tassadugq Khan of ONERA, France described the nature and substance of
European Community Schemes such as BRITE-EURAM, COST and CEASI as
related to intermetallic programmes and provided a summary of ONERA work on B2
alloys based on the Ti-Al-Nb system and approaches to TiAl alloy development.

A variety of contributed presentations from various research groups in India
covered work on phase transformations in TiAl, ZrzAl and B2-DOj, systems, powder
metallurgy and ingot approaches to processing FegAl and Al,Ti alloys, the mechanical
behaviour of alloys of the TizAl-Nb system and oxidation resistance of TigAl alloys. A
dominant metallurgical theme that emerged from the symposium was the dichotomy
that exists between high temperature strength and low temperature ductility in the
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intermetallics. Alloying and processing schemes that enhance the one, almost
inevitably do so at the expense of the other.

A hard copy of the material presented in the overview talks is provided in two
volumes. The first covers the aluminides : NiAl, TiAl, NigAl, FegAl and TigAl. The
second presents the material on European intermetallic activities, molybdenum
disilicide andits composites, the ground state structures and stability ofintermetallics.
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The bonding charge density on a {110} plane in NRAl from Fig. 4 of Fox and Tabbemor.24
The dashed circles represent mutfin tin spheres of Al and Ni atoms, and schematicaity
illustrate the volumes averaged for determining electron t-ansfer. The interstitial regions
between the spheres are aiso apparent. The contours are in intervais of 20 electrons per
nm3, and the zero contours are ticked toward regions of electron depietion.
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a[010] Edge Dislocation in NiAl

Core is compact with no apparent dissociation.
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Fig. 3—Arrhenius plot of in € vs 1/ Ty for g'-8 lpeclmens
crept at 137.9 MN/m2. Data for (001] axis NiAl single crys-
tals crept at 48.3 MN/m? and polycrystalline Ni,AITi creep
at 68.9 MN/m? is included for comparison.
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Asv’F‘“Qed Micrastructure: 85% at 10 sec'!

Ti-46.5A1-2.1Cr-4.1Ta

" Ti-45.6A1-2Nb-2.2Cr-1Ta
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ORNL-OWG 83-184T7R

MICROALLOYING WITH BORON DRAMATICALLY IMPROVES
THE TENSILE DUCTILITY AND SUPPRESSES BRITTLE
GRAIN-BOUNDARY FRACTURE IN NisAl (24 ot. %)

ROOM-TEMPERATURE
TENSILE ELONGATION (%)

| 1 l i | 1 |

0
o 004 008 o2 0.16 0.20
BORON CONCENTRATION (wt %)

VKS020(94 708

-




ORNL-DWG 86-184T76

INCREASING Al CONTENT FROM 24 TO 25%
SHARPLY DECREASES TENSILE OUCTILITY AND PROMOTES
GRAIN-BOUNDARY FRACTURE IN NizAl ALLOYS
"DOPED WITH 0.2% BORON

ROOM-TEMPERATURE
TENSILE DUCTILITY (%)

oLl | 1
24 : 25 26
Al CONCENTRATION (at. %)

Y. e
Rl
At
I
o ~,




Compositions of ductile, NizAl-based alloys

Alloy designation (wt %)

Element
IC-50a  IC-218LZrb  IC-221Mc

Al 11.3 8.69 7.98
Cr - 8.08 7.74
B 0.02 0.02 0.008
Zr 0.6 0.20 1.70
Mo = -- 143
Ni 88.08 83.01 81.15

aDirect-castable or near-net-shapable alloy.

bHot workable, potentially processable by

conventional processing techniques.
CCastable alloy.
VKS020194-711 4 o‘nl
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COMPARISON OF AS-CAST MICROSTRUCTURE OF (a) IC50 AND (b) IC218
SHEETS FABRICATED BY ALLEGHENY LUDLUM STEEL CORPORATION.

MAGNIFICATION:
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FURNACE-LOADING SEQUENCE TO TAKE ADVANTAGE
OF HEAT OF FORMATION OF NizAl DURING THE
MELTING OF NICKEL-ALUMINIDE ALLOYS. SIMILAR
LOADING SEQUENCE, REPLACING NICKEL BY IRON
AND BY TITANIUM, WILL WORK FOR THE MELTING
OF IRON AND TITANIUM ALUMINIDES.

Aluminum

Zirconium s Boron

Zirconium

Chromium

\\\\U\\\\\_\w

N

7777777777/,

VKS013194-683

-A----------j
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EFFECT OF HOLDING TIME ON THE CHEMICAL ANALYSIS OF
A NICKEL-ALUMINIDE ALLOY, IC-221M, AIR MELTED

VKS013194-679

WITH AN ARGON GAS COVER
Weight percent
Element Holding time (min)
0 8
Ni 81.2 81.2
Al 7.61 7.59
Cr 7.66 7.63
Mo 1.42 1.43
Zr 1.46 1.47
B 0.009 0.009
Nb 0.02 0.02
Ti 0.14 0.14
C 0.009 0.010
S 0.001 0.001
N 0.006 0.006
0] 0.011 0.010
Fe 0.44 0.44
Si 0.04 0.04
5.32
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7.75‘11f<:

Aluminum, Chromivam (wi %)
~3
3

7.25 1
9 Aluminum
1 ¢ Chromum
7.00 ' v '
0 10 20 30
Time (min)
0.7 0.05
b & 0.011
~0.04 s
. ' 5 g 0.009 -
i 0.007
0.02 s °
: [
0.01 0.005 +——— y
30 0 10 20 30
Time (min) Time (min)

0.02
© Nigogen

Oxygen (wi%)

0.01

Nitrogen

8

0 10 20 30
Time (min)

vKsoaolay -T10

1

5.33
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SIZE OF VARIOUS MICROSTRUCTURAL
FEATURES AS A FUNCTION OF
COOLING RATE FOR NICKEL-
ALUMINIDE ALLOY IC-396M
CONTAINING 0.85 WT % Zr.

— 103 E L LI Ull"ll T 11 lll“" 1 ] fllll"l LB IR BLER
g - .
w . -
- ® o o
2 102 3 o o -3
3 E e % e :
R o N
- '
E 10 g o 0 8 ‘E
C o .
7] a -
8 : o o) 0o Q ]
k2, © Oo )
S 100 ol ol 3 Provdo 1
0.01. 0.1 1 10 100
Cooling Rate (K/s)
O =Radiusof ¥ cells Ry cell)
0 =Radius of y” particles(RY’)
@ = Secondary dendrite arm spacing (A2)
03 = Radius of microporosity (Rmicropone )
A = Radius of macroporosity (Rmacropone)
VKS013194-688 5.36 m'
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EFFECT OF STRAIN RATE AND TEST
TEMPERATURE ON TENSILE DUCTILITY
OF Ni3Al ALLOY CONTAINING 0.5 WT
% Hf AND 0.02% B.

ORNL-DWG 85- B860R
240 LI BLELE L R LN L LR & L LR

‘ NigAl + 0.5% Hf + 0.02% B
220 - O = TESTED 950 °C -
, O — TESTED 1000 °C

A — TESTED 1050 °C

O~ TESTED 1100°C -
V— TESTED 1150 °C

OPEN SYMBOLS: EXTRUDED
CLOSED SYMBOLS: EXTRUDED —°

180 [~
AND COLD WORKED

160 |- ¢ INDICATES TEST IN PROGRESS _|
OR DISCONTINUED B

140 |- -

TOTAL ELONGATION (%)
3
1
o

a0 |-

20 -

[
0 1 1 11l 1 N | t 111 1 1 11
10-6 1073 1074 1073 10°2
STRAIN RATE (s°")

VKS013194-693 5.39
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!

HOT-COMPRESSION RESPONSE OF
SAMPLES TAKEN FROM THE
EXPERIMENTAL (75-MM-DIAM) AND
COMMERCIAL (403-MM-DIAM) INGOTS
OF Ni3Al ALLOY CONTAINING
CHROMIUM (IC-218LZr).

1300 T T 1 T 1 T
CAST
IC 28L2r

1250 |- -
g 1200 e o% ~
< SAFE
w D EoRGING
B 150 00 2o oG
« o
a.
Z {100~ @o ot m
—_
2
o
@ 1050 |- ° -
i NORMAL TO
& CASTING DIRECTION CASTING DIRECTION
& 1000 EXPERIMENTAL © o o 0 2 ® |

403mm INGOT A A A 0 ¢
050 OPEN SYMBOLS -~ - -- NO DEFECTS
DIVIDED SYMBOLS --- MINOR CRACKS h
FILLED SYMBOLS----CRACKED
1 )| )| | | ]

8

10 20 30 40 50 60 70
COMPRESSION (%)

VKS013194-694 5.43




Fig. 12. 1C-218LZr ingot: (a) as-extruded condition and (b) cold worked 58% and
annealed at 1100°Cfor 1 h.
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OAK RIDGE
NATIONAL
LABORATORY

MARTIN MARIETTA

MANAGED 8Y

MARTIN MARIETTA ENERGY SYSTEMS, INC.
FOR THE UNITED STATES

OEPARTMENT OF ENERGY
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DATA PACKAGE ON
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Total Strain at Faire
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Figure 9. Influence of strain rate on ductility of Fe-24aXAl tested in air
(Scott et al, 1992).
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