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CHAPTER 1

1-5 Environmental and Other Effects

/15

1-8

Steel is often coated with a thin layer of zine if it
is to be used outside. What characteristics do you
think the zinc provides to this coated, or galvanized,
steel? What precautions should be considered in
producing this product? How will the recyclability
of the product be affected?

We would like to produce a transparent canopy for
an aircraft. If we were to use a ceramic (that is,
traditional window glass) canopy, rocks or birds

might cause it to shatter. Design a material that

would minimize damage or at least keep the can-
opy from breaking into pieces.

1-12

1-13

Coiled springs ought to be very strong and stiff. /"/Y—I 4

Si3Njy is a strong, stiff material. Would you select
this material for a spring? Explain.

Temperature indicators are sometimes produced
from a coiled metal strip that uncoils a specific
amount when the temperature increases. How
does this work; from what kind of material would
the indicator be made; and what are the impor-
tant properties that the material in the indicator
must possess?

1-6 Materials Design and Selection

1-9

You would like to design an aircraft that can be
flown by human power nonstop for a distance
of 30 km. What types of material properties
would you recommend? What materials might be
appropriate?

1-10 You would like to place a three-foot diameter

microsatellite into orbit. The satellite will contain
delicate electronic equipment that will send and
receive radio signals from earth. Design the outer
shell within which the electronic equipment is
contained. What properties will be required, and
what kind of materials might be considered?

1-11 What properties should the head of a carpenter’s
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hammer possess? How would you manufacture a
hammer head?

The hull of the space shuttle consists of ceramic
tiles bonded to an aluminum skin. Discuss the
design requirements of the shuttle hull that led
to the use of this combination of materials.
What problems in producing the hull might the
designers and manufacturers have faced?

You would like to select a material for the elec-
trical contacts in an electrical switching device
which opens and closes frequently and forcefully.
What properties should the contact material pos-
sess? What type of material might you recom-
mend? Would Al,O; be a good choice? Explain.

Aluminum has a density of 2.7 g/cm>. Suppose
you would like to produce a composite material
based on aluminum having a density of 1.5 gfem?.
Design a material that would have this density.
Would introducing beads of polyethylene, with a
density of 0.95 g/cm3, into the aluminum be a
likely possibility? Explain.

You would like to be able to identify different
materials without resorting to chemical analy-
sis or lengthy testing procedures. Describe some
possible testing and sorting techniques you might
be able to use based on the physical properties of
materials.

You would like to be able to physically separate
different materials in a scrap recycling plant. De-
scribe some possible methods that might be used
to separate materials such as polymers, aluminum
alloys, and steels from one another.

Some pistons for automobile engines might be
produced from a composite material containing
small, hard silicon carbide particles in an alumi-
num alloy matrix. Explain what benefits each
material in the composite may provide to the
overall part. What problems might the different
properties of the two materials cause in produc-
ing the part?
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numbers, how many electrons must be present in
the 3d energy level?

2-10 Indium, which has an atomic number of 49, con-
tains no electrons in its 4f energy levels. Based
only on this information, what must be the va-
lence of indium?

Section 2-4 The Periodic Table

2-11 The periodic table of elements can help us better
rationalize trends in properties of elements and
compounds based on elements from different
groups. Search the literature and obtain the co-
efficients of thermal expansions of elements from
group 4B. Establish a trend and see if it corre-
lates with the melting temperatures and other
properties (e.g., bandgap) of these elements.

2-12 Bonding in the intermetallic compound NijAl is
predominantly metallic. Explain why there will
be little, if any, ionic bonding component. The
electronegativity of nickel is about 1.9.

2-13 Plot the melting temperatures of elements in the
4A to 8-10 columns of the periodic table versus
atomic number (i.e., plot melting temperatures of
Ti through Ni, Zr through Pd, and Hf through
Pt). Discuss these relationships, based on atomic
bonding and binding energies: (a) as the atomic
number increases in each row of the periodic ta-
ble and (b} as the atomic number increases in
each column of the periodic table.

2-14 Plot the melting temperature of the elements in
the 1A column of the periodic table versus
atomic number (i.e., plot melting temperatures of
Li through Cs). Discuss this relationship, based
on atomic bonding and binding energy.

Section 2-5 Atomic Bonding

_~2-15 Methane (CHy4) has a tetrahedral structure simi-
lar to that of SiO» with a carbon atom of radius
0.77 x 10~% cm at the center and hydrogen atoms
of radius 0.46 x 10~® cm at four of the eight
corners. Calculate the size of the tetrahedral cube
for methane.

2-16 The compound aluminum phosphide (AIP) is a
compound semiconductor having mixed ionic
and covalent bonding. Calculate the fraction of
the bonding that is ionic.

2-17 Calculate the fraction of bonding of MgO that is
ionic.
/2-18 What is the type of bonding in diamond? Are the

properties of diamond commensurate with the
nature of bonding?

2-19 Such materials as silicon carbide (SiC) and Siz Ny

are used for grinding and polishing applications.
Rationalize the choice of these materials for this
application.

2-20 Explain the role of van der Waals forces in PVC
plastic.

Section 2-6 Binding Energy and Interatomic

Spacing

2-21 Beryllium and magnesium, both in the 2A col-
umn of the periodic table, are lightweight metals.
Which would you expect to have the higher
modulus of elasticity? Explain, considering bind-
ing energy and atomic radii and using appropri-
ate sketches of force versus interatomic spacing.

2-22 Boron has a much lower coefficient of thermal
expansion than aluminum, even though both are
in the 3B column of the periodic table. Explain,
based on binding energy, atomic size, and the en-
ergy well, why this difference is expected.

2-23 Would you expect MgO or magnesium to have
the higher modulus of elasticity? Explain.

2-24 Would you expect Al;O3 or aluminum to have
the higher coefficient of thermal expansion? Ex-
plain.

2-25 Aluminum and silicon are side-by-side in the pe-
riodic table. Which would you expect to have the
higher modulus of elasticity (E)? Explain.

2-26 Explain why the modulus of elasticity of simple
thermoplastic polymers, such as polyethylene and
polystyrene, is expected to be very low compared
with that of metals and ceramics.

2-27 Steel is coated with a thin layer of ceramic to help
protect against corrosion. What do you expect to
happen to the coating when the temperature of

the steel is increased significantly? Explain.

2-28 Why is the modulus of elasticity considered a
structure insensitive property?

& Design Problems

2-29 You wish to introduce ceramic fibers into a metal
matrix to produce a composite material, which is
subjected to high forces and large temperature
changes. What design parameters might you con-
sider to ensure that the fibers will remain intact
and provide strength to the matrix? What prob-
lems might occur?

2-30 Turbine blades used in jet engines can be made
from such materials as nickel-based superalloys.
We can, in principle, even use ceramic materials
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