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A t  first glance, many advanced 
materials promise great benefits, but a 
closer look reveals that many 
considerations have been overlooked 
or ignored. 
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dvanced materials have exciting prop- 
erties but their commercialization often 
is stalled due to several pitfalls includ- 
ing biased presentation of materials 

properties, failure to consider the implications of 
materials substitution, and ignoring production- 
scale processing considerations. All of the factors 
that influence the substitution of a new material 
for a traditional one must be carefully examined 
to derive an accurate prediction of thepotential of 
the new material. For example, in the comrnercial- 
aircraft industry, where the consequences of a 
system failure can be very serious, there is consid- 
erable reluctance to incorporate advanced materi- 
als without extensive testing and prototyping. In 
other industries, such as those governed by indus- 
trial codes that have been built up through years 
of experience, adoption of a new material can 
move at a glacial pace. It also is important to 
realize that in most applications, a traditional ma- 
terial can perform as well as an advanced material 
- often at a lower overall cost. An examination of 
the methods used to assess a new material's per- 
formance during product development illustrates 
why some new materials are commercially suc- 
cessful while others are not. 

Looking at the big picture 
The purported potential of an advanced mate- 

rial can be misleading for many reasons. Some are 
related to the exuberance of the materials scien- 
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While ceramic high-temperature superconductors promise great bene- 
fits, manufacturers must first develop methods to produce the materials 
in bulk form for use in practical applications. 

tists in extolling their accomplishments, while 
others are related to the failure to consider the 
many dimensions involved in substituting one 
material for another, including fair property com- 
parisons, and whether pilot-scale materials can be 
manufactured and fabricated cost effectively on a 
production basis. The real potential of an ad- 
vanced material often is not apparent due to the 
incomplete assessment of its capabilities. The pit- 
falls involve: 

Discussion of property improvements only 
on a relative rather than absolute scale 
The use of inappropriate or carefully chosen 
adjectives that bias the merits of the material 
Discussion of the material one-dimension- 
ally 
Comparison of the properties of a new ma- 
terial with the current (as opposed to poten- 
tial) properties of a traditional material 
Ignoring market volume 
Ignoring processing considerations 

Discussion of property improvements on a 
relative rather than absolute scale occurs when a 
materials scientist attempts to place the new de- 
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In a given application, materials selection generally 
is based on properties/characteristics that could be of 
critical or of seconda importance to the part design. 
The dimensionality ofa materials selector's choices is 
illustrated by plotting six primary materials-selection 
factors (strength, toughness, formability, joinability, 
corrosion resistance, and affordability) along the spokes 
of a wheel. The values are normalized so the circle 
represents a specified property level. In the hypothetical 
situation shown, the metal offers good toughness, form- 
ability, joinability, and affordability, but lower strength 
than the ceramic. A n  intermediate set of properties is 
obtained by forming a metal-ceramic composite. How- 
ever, the gain in strength of the composite results in a 
de radation of the other original metal properties. 
i l e  composites can provide properties that are unat- 
tainable in a homogeneous material, severe penalties are 
assessed, in terms of the other properties, for the en- 
hanced performance in one dimension. 

Metals are widely used in structural~applications 
because they provide a good combination of strength 
and toughness. By comparison, ceramics have excep- 
tionally high strength, but are ve y brittle. This is wh 
ceramics are only used in applications where the loa 2 s 
primarily are compressive. The three regions defining 
elastic and plastic behavior are for 25-mm (1 in.) thick 
materials. The transition areas shift with both thinner 
and thicker materials. 

velopment in its most favorable light. The re- 
ported improvements in the toughness of quartz 
glass illustrates this point. A recent research re- 
port claimed an increase of 100% in the fracture 
toughness of quartz glass. At first glance, the im- 
provement appears to be a remarkable advance; 
however, closer evaluation of the report reveals 
that the improved glass now has a fracture tough- 
ness equivalent to one-half of that of gray cast 
iron. Thus, the new material hardly is a candidate 
for use in critical structural applications. Consid- 
eration of the absolute value of the toughness was 
disregarded in favor of the dramatic relative gain 
in performance. 

Both strength and toughness are important 
properties in structural applications because high 
strength permits more economical use of the ma- 
terial, while toughness provides resistance to frac- 
ture. Metals are extensively used as structural 
materials because they have exceptional combina- 
tions of strength and toughness. By comparison, 
although glass and other ceramics have excep- 
tional strength, they also are very brittle. This is 
why ceramics are only used in applications where 
loads primarily are compressive. Dramatic in- 
creases have been made in the relative toughness 
of ceramics, but on an absolute scale, there still is 
a very long way to go before they are considered 
for use in structural applications. 

The use of inappropriate or carefully chosen 
adjectives to describe an advanced material can 
lend an aura of significant practical achievement 
to a material's properties, when the development 
may only have reached the stage of scientific cu- 
riosity. Examples of such terms include: "tough or 
toughened" structural ceramics; "conductive" 
polymers, having a specific electrical conductivity 
higher than that of copper; and "high-strength" 
composites and fibers, having specific strengths 
greater than that of steel. - 

Each of these claims could be accurate. How- 
ever, the important question is: What difference 
does the statement really make? Advanced ce- 
ramics may be tougher than their predecessors, 
but they hardly can be classified as tough materi- 
als, at least not in the sense that a designer or 
materials engineer understands the word. In the 
case of conductive polymers, while they are not 
insulators, the implication that their electrical 
properties exceed those of copper is misleading. 
It only is true if specific properties (property /ma- 
terial density) are compared. Although the best 
conductive polymers have an electrical conduc- 
tivity that is within an order of magnitude of the 
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conductivity of copper, so does mild steel. Yet, viable candidate as a substitute for both copper 
steel wire has never been considered as an alter- and conductive polymers (which it is not). 
native material to copper based on steel's electri- A discussion of materials one-dimensionally 
cal properties. Specific conductivity is not the possibly is the most widespread method of prais- 
critical measure of performance. If it was, then ing new materials. A good illustration involves 
aluminum, which has a specific conductivity two new high-temperature superconductors (HTSCs). 
times greater than that of copper, should be a The critical temperature of these ceramic materi- 
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als was raised more than six-fold over a period of 
months in early 1987, and there were many claims 
that our lives would be improved within a few 
years, which unfortunately, has not occurred. 

A designer of a high-field-strength supercon- 
ducting magnet must consider at least four mate- 
rial properties: critical temperature, critical mag- 
netic field, critical current density, and tensile 
strength. With respect to critical temperature, the 
new superconductors exceed the most optimistic 
hopes of only a few years ago. HTSCs also per- 
form very well with respect to critical magnetic 
field. However, HTSCs missed the required level 
of performance for critical current density by six 
orders of magnitude initially. More recently, ori- 
ented crystals have demonstrated properties close 
to what is necessary at zero magnetic field. Unfor- 
tunately, there is an interaction between the criti- 
cal current and the applied magnetic field that 
comes into play as well. Thus, at a useful magnetic 
field, even these high-current-density supercon- 
ductors do not have superconducting properties. 

Tensile strength has been totally ignored to 
date. The windings of a high-field-strength mag- 
net experience extremely high tensile hoop 
stresses; up to 690 MPa (100 X lo3 psi) in some 
instances. The brittleness of ceramic HTSCs poses 
an obstacle to their use, at least for the near future. 
However, the properties of high-temperature su- 
perconductors are expected to be improved fur- 
ther because up to 10% of the funding for all basic 
research in the area of materials science and engi- 
neering is spent on these materials. Presently, 
however, ceramic HTSCs are orders of magnitude 
away from commercial success. 

Another danger in assessing advanced materi- 
als is to compare the properties of a new material 
with the current properties of a traditional mate- 
rial. The danger in using this approach is assum- 
ing that the properties of traditional materials will 
not be improved further, especially when indus- 
tries are faced with new competition. 

The area of soft-magnetic materials illustrates 
this point. Nearly 20 years ago, a University of 
Pennsylvania (Philadelphia) researcher discov- 
ered that amorphous Fe-Si-B alloys had only one- 
tenth the magnetic core losses of crystalline Fe-Si 
alloys used in electrical transformers. Although 
the amorphous alloys cost two to three times as 
much as the traditional alloys, a ten-fold improve- 
ment in amorphous-alloy properties looked very 
promising. Based on the potential benefits of 
amorphous alloys, a 23-million kg/yr (50 million 
lb/yr) production facility was commissioned. 
However, manufacturers of crystalline Fe-Si al- 
loys decided not to give up a $1-billion market 
easily. Increased R&D of the traditional alloys 

The rapid development of advanced materials is il- 
lustrated by the significant increases in optical (glass 
transparency) properties, top, magnetic strength of per- 
manent-magnet materials, middle, and the specific 
strengths of advanced fibers and composites, bottom. 
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over the past 20 years resulted in a three-fold 
improvement in performance properties. While 
competition is stiff today, the future is uncertain. 
Traditional-alloy producers conceivably could re- 
capture the entire market if they can improve the 
properties of their materials to a level that sur- 
passes that of amorphous alloys. After al1,nothing 
more can be done to improve the structure of 
amorphous materials. 

Ignoring market volume can be disastrous in 
assessing the commercial potential of advanced 
materials. For example, estimated world markets 
(in sales) and annual growth in the year 2000 for 
advanced ceramics, composites, and serniconduc- 
tors are $5 billion, $15 billion, and $100 billion, and 
20, 10, and 5%, respectively. By comparison, the 
world market and growth for steel are $500 billion 
and 2%, respectively. While ceramics and com- 
posites markets have high growth rates, part of 
the rapid growth is due to a small initial base. 
Even at a meager 2% annual growth over the next 
decade, the increased volume in the already huge 
steel market will exceed the combined increase in 
the advanced-ceramics, composites, and sernicon- 
ductor markets. 

Ignoring materials processing may be the 
most perilous pitfall in predicting the success of 
advanced materials. For example, while materials 
science has progressed to the stage where carbon 
can be converted into diamonds and lead into 
gold in the laboratory, the diamonds and gold 
produced are more expensive than what is found 
in the natural state. None of the new materials that 
are developed will be useful unless they can be 
manufactured economically. Unfortunately, de- 
velopment of economical processing is not con- 
sidered a scholarly activity in much of the scien- 
tific community. Many of the brightest scientists 
refuse to work in this area because of its "low 
stature." Even worse is that some of these indi- 
viduals argue that such efforts are unworthy of 
substantial government or industry support. It is 
not that we cannot afford research and develop- 
ment on processing and fabrication. Instead, fi- 
nancial resources are directed in other areas. 
There are indications that this situation is chang- 
ing, but the change must occur more rapidly to be 
competitive in a global market. 

Future directions 
Developments in materials science and engi- 

neering over the past few decades have been dra- 
matic, and progress is expected to continue. How- 
ever, much of the focus on future R&D must 
change from what it has been in the past. During 
this decade, it will be necessary to learn to pro- 
duce what already has been invented in an eco- 
nomical, reliable, and environmentally acceptable 
manner, rather than concentrate on inventing ad- 
ditional new materials. The general public will not 
maintain confidence in advanced materials unless 
the use of these materials begins to provide nota- 
ble improvements in the standard of living. Mate- 
rials scientists must accept responsibility to "en- 
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gineer" advanced materials, not merely to invent 
them. Materials processing via casting, forging, 
forming, machining, joining, and repairing, as 
well as recycling considerations must be placed at 
the forefront in materials research and develop- 
ment. Any other course will result in wasting the 
investment that already has been made in materi- 
als science and engineering. H 
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Wherever you need to 
handle the toughest 
applications-high 
temperature, severe wear, 
thermal shock and resist- 
ing strong acidslalkalis. 

Hexoloya sintered alpha 
silicon carbide structural 
ceramic materials are opening 
new areas of application and 
design possibilities that are 
impractical with ductile 
metals and lesser ceramic 
materials. Hexoloya ceramics 
can be formed into complex 
shapes and require minimum 
machinery. 

Find out more about Hexoloy8 
-hard, strong, yet lightweight 
structural ceramic materials. 
Send for brochure A-12047, 
or call one of our applications 
engineers direct. 

The Carborundum Company 
Structural Ceramics Division 
P.O. Box 1054 
Niagara Falls, New York 14302-1054 
Telephone 716 278-6233 
Telefax 716 278-3909 
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