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ABSTRACT 

Metallic materials play a vital role in the 
development of advanced engineering systems 
for industrial applications. In this paper, the 
recent development of two metallic alloy 
families will be briefly reviewed: (1) ordered 
intermetallics, and (2) bulk metallic glasses. 
Ordered intermetallic alloys based on 
ahnninides and silicides possess many 
promising properties for structural use at 
elevated temperatures in hostile environments. 
This is because these alloys have excellent 
oxidation and corrosion resistance, high 
temperature strength, and relatively low 
material density. Bulk metallic glasses 
containing multiple alloying elements 
constitute a new and exciting class of metallic 
materials with attractive mechanical, chemical, 
and magnetic properties for structural and 
functional use. Recent development indicates 
that bulk metallic glasses with high glass 
forming ability can be readily produced by 
conventional melting and casting techniques. 

INTRODUCTION 

As stated by Dr. Tadahiro Sekiiote, former 
President of NEC Corporation in Japan, “Those 
who dominate materials dominate technology.” 
It is true that, from jet engines to clean cars and 
from battery materials to computer chips, 
materials have always played a vital role in 
developing advanced engineering systems. In 
this paper, the recent development of two 
metallic materials will be reviewed: (1) ordered 
intermetallics, and (2) bulk metallic glasses 
(BMGs). Both metallic materials possess 

unique properties for structural and functional 
use. 

Ordered intermetallic alloys based on 
aluminides and silicides possess attractive high- 
temperature properties, including excellent 
oxidation and corrosion resistance, high yields 
strength, and relatively low material density for 
structural applications.’ The yield strength of 
conventional alloys decreases with increasing 
test temperature; as a result, they become too 
weak to be used as structural members at 
sufficiently high temperatures. MAY 
intermetallics, on the other hand, show a 
striking mechanical behavior, i.e., their yield 
strength increases, rather than decreases, with 
temperature; they actually become stronger at 
higher temperatures. However, the major 
obstacle that limited their use as engineering 
material was low ductility and poor fracture 
resistance at ambient temperatures. For the past 
decade or SO, substantial progress has been 
made on both the understanding of brittle 
fracture and the design of ductile intermetallic 
alloys based on nickel, iron and titanium 
aluminides for structural use. 

Metallic glasses were first synthesized by Paul 
Duwez and his co-workers in the 1960s; 
however, a critical cooling rate of lo6 Ws was 
necessary for retaining the super-cooled liquid 
state to room temperatures. Because of this 
requirement, only foils of -60 pm thickness 
could be produced. Limited progress has been 
made in improving the glass forming ability 
until multi-component alloys’ were developed 
in 1989. For the past decade, ~substantial 
progress has been achieved in reducing the 



,critical coqling rates (to -10 K/s); as a result, 
bulk metallic glasses with cross thickness >3 
cm can now be readily produced by 
conventional melting and casting techniques.3’4 
These BMGs have unique physical and 
mechanical properties for structural and 
functional use. 

BRIEF REVIEW OF RECENT PROGRESS 

Intermetallic alloys were considered to be 
intrinsically brittle for a long time until in 1989 
when Liu et al. first demonstrated that nickel 
and iron aluminides are quite ductile and their 
low tensile ductility and brittle fracture was 
mainly caused by environmental embrittlement 
at ambient temperatures in moist air.’ For 
instance, FeAl aluminide showed a low tensile 
ductility of 2% in air but as high as 18% in dry 
oxygen at room temperature (Fig. 1). 
Mechanistically, the embrittlement involves the 
interaction of Al atoms with moisture in air and 
the generation of atomic hydrogen, and the 
penetration of hydrogen at crack tips results in 
hydrogen-induced brittle failure. This 
embrittlement has been observed in nickel 
aluminide and other intermetallic alloys. 

The understanding of the cause of brittle 
fracture has led to metallurgical methods to 
improve the ductility of intermetallic alloys. 
For instance, microalloying with B dramatically 
improves the room temperature ductility of 
NiJAl’aluminide.6 Auger analyses indicates that 
B has a strong tendency to segregate to Ni3Al 
grain boundaries and to slow down the inward 
penetration of hydrogen, resulting in alleviating 
the moisture-induced hydrogen embrittlement. 
Alloy design efforts have resulted in the 
development of ductile and strong nickel and 
iron aluminide alloys for structural use at 
elevated temperatures. As shown in Fig. 2, the 
yield strength of N&Al increases with test 
temperature and it can be fiuther improved by 
alloying with MO, Cr, and Zr additions. The 
comparison in Fig. 2 indicates that nickel 

aluminide alloys are much stronger that 
conventional alloys such as stainless steel and 
Hastelloy-X. 

Dual-phase titanium ahnninides based on TiAl 
with lame&r structures have attracted a great 
deal of interest for structural use because of 
their extremely low material density and good 
mechanical and metallurgical properties at 
elevated temperatures.’ However, initial 
application of Tii alloys had been limited by 
their poor fracture resistance at ambient 
temperatures. For the past 5 years, considerable 
effort has been devoted to Tiil alloys and 
significant progress has been achieved in 
material processing, microstructural control, 
and alloy design. The tensile elongation is 
mainly controlled by colony size, showing an 
increase in ductility with decreasing colony 
size. The yield strength, on the other hand, is 
sensitive to interlamellar spacing. Hall-Petch 
relationships hold well for both yield strength 
and tensile elongation at room and elevated 
temperatures.’ The tensile elongation of -5% 
and yield strength of -1000 MPa are achieved 
by controlling both colony size and 
interlamellar spacing. These TiAl alloys are 
comparable to strong Ni-base superalloys in 
strength, but their density is only half that of 
superalloys. 

Although metallic glasses were first 
synthesized by rapid solidification in early 
196Os, the initial use of these materials was 
hindered by high manufacture cost and limited 
sample size (-60 pm in thickness) because 
extremely high cooling rates were required 
(-lo6 K/s). Breakthrough in design of metallic 
glasses was first obtained in 1989 when bulk 
quantities of material were successfully 
synthesized with multi-element systems.2 The 
critical cooling rate of these BMGs containing 
multiple alloying elements approaches that of 
oxide glasses. The high glass forming ability of 
BMGs can be related to the facrors:4 
(1) multiple elements, 23, (2) large atomic size 
difference for ,constituent elements, usually 





Fig. 3. La~SAI~5Ni~o deformed up o 15,000% by 
tensile testing in the super-cooled liquid state 
(ref. 9). 
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Fig. 4. Hysteresis B-H loop of cast Fe-base BMGs 
(ref. 4). 
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