
Glossary

A
Abrasive. A hard and wear-resis-
tant material (commonly a ceramic)
that is used to wear, grind, or cut
away other material.
Absorption. The optical phenome-
nonwhereby the energy of a photon
of light is assimilated within a
substance, normally by electronic
polarization or by an electron exci-
tation event.
Acceptor level. For a semiconduc-
tor or insulator, an energy level ly-
ing within yet near the bottom of
the energy band gap, which may ac-
cept electrons from the valence
band, leaving behind holes. The
level is normally introduced by an
impurity atom.
Activation energy (Q). The energy
required to initiate a reaction, such
as diffusion.
Activation polarization. The con-
dition wherein the rate of an elec-
trochemical reaction is controlled
by the one slowest step in a se-
quence of steps that occur in series.
Addition (or chain reaction) poly-
merization. The process by which
bifunctional monomer units are
attached one at a time, in chainlike
fashion, to form a linear polymer
macromolecule.
Adhesive. A substance that bonds
together the surfaces of two other
materials (termed adherends).
Age hardening. See Precipitation
hardening.
Allotropy. The possibility of exis-
tence of two or more different
crystal structures for a substance
(generally an elemental solid).
Alloy. A metallic substance that is
composed of two or more elements.
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Alloy steel. A ferrous (or iron-
based) alloy that contains appre-
ciable concentrations of alloying
elements (other than C and residual
amounts of Mn, Si, S, and P). These
alloying elements are usually added
to improve mechanical and corro-
sion resistance properties.
Alternating copolymer. A copoly-
mer inwhich twodifferentmer units
alternate positions along the molec-
ular chain.
Amorphous. Having a noncrystal-
line structure.
Anelastic deformation. Time-de-
pendent elastic (nonpermanent) de-
formation.
Anion. A negatively charged, non-
metallic ion.
Anisotropic. Exhibiting different
values of a property in different
crystallographic directions.
Annealing. A generic term used to
denote a heat treatment wherein
the microstructure and, conse-
quently, the properties of amaterial
are altered. ‘‘Annealing’’ fre-
quently refers to a heat treatment
whereby a previously cold-worked
metal is softened by allowing it to
recrystallize.
Annealing point (glass). That tem-
perature at which residual stresses
in a glass are eliminated within
about 15 min; this corresponds to
a glass viscosity of about 1012 Pa-s
(1013 P).
Anode. The electrode in an elec-
trochemical cell or galvanic couple
that experiences oxidation, or gives
up electrons.
Antiferromagnetism. A phenome-
non observed in some materials
(e.g., MnO); complete magnetic

moment cancellation occurs as a
result of antiparallel coupling of
adjacent atoms or ions. The macro-
scopic solid possesses no net mag-
netic moment.
Artificial aging. For precipitation
hardening, aging above room tem-
perature.
Atactic. A type of polymer chain
configuration wherein side groups
are randomly positioned on one
side of the chain or the other.
Athermal transformation. A reac-
tion that is not thermally activated,
and usually diffusionless, as with the
martensitic transformation. Nor-
mally, the transformation takes
place with great speed (i.e., is inde-
pendent of time), and the extent of
reaction depends on temperature.
Atomic mass unit (amu). A mea-
sure of atomic mass; one twelfth of
the mass of an atom of C12.
Atomic number (Z). For a chemi-
cal element, the number of protons
within the atomic nucleus.
Atomic packing factor (APF). The
fraction of the volume of a unit cell
that is occupied by ‘‘hard sphere’’
atoms or ions.
Atomic vibration. The vibration of
an atom about its normal position
in a substance.
Atomic weight (A). The weighted
average of the atomic masses of an
atom’s naturally occurring isotopes.
It may be expressed in terms of
atomic mass units (on an atomic
basis), or the mass per mole of
atoms.
Atom percent (at%). Concentra-
tion specification on the basis of the
number of moles (or atoms) of a
particular element relative to the
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total number of moles (or atoms)
of all elements within an alloy.
Austenite. Face-centered cubic iron;
also iron and steel alloys that have
the FCC crystal structure.
Austenitizing. Forming austenite
by heating a ferrous alloy above its
upper critical temperature—to
within the austenite phase region
from the phase diagram.

B
Bainite. An austenitic transforma-
tion product found in some steels
and cast irons. It forms at tempera-
tures between those at which pearl-
ite and martensite transformations
occur. The microstructure consists
of �-ferrite and a fine dispersion
of cementite.
Band gap energy (Eg). For semi-
conductors and insulators, the ener-
gies that lie between the valence
and conduction bands; for intrinsic
materials, electrons are forbidden
to have energies within this range.
Bifunctional. Designating mono-
mer units that have two active bond-
ing positions.
Block copolymer. A linear copoly-
mer in which identical mer units are
clustered in blocks along the molec-
ular chain.
Body-centered cubic (BCC). A
common crystal structure found in
some elemental metals. Within the
cubic unit cell, atoms are located at
corner and cell center positions.
Bohr atomic model. An early
atomic model, in which electrons
are assumed to revolve around the
nucleus in discrete orbitals.
Bohr magneton (�B). The most
fundamental magnetic moment, of
magnitude 9.27 � 10�24 A-m2.
Boltzmann’s constant (k). A ther-
mal energy constant having the
value of 1.38 � 10�23 J/atom-K
(8.62 � 10�5 eV/atom-K). See also
Gas constant.
Bonding energy. The energy re-
quired to separate two atoms that
are chemically bonded to each
other. It may be expressed on a per-
atom basis, or per mole of atoms.

Bragg’s law. A relationship (Equa-
tion 3.9) which stipulates the condi-
tion for diffraction by a set of crytal-
lographic planes.
Branched polymer. A polymer
having a molecular structure of sec-
ondary chains that extend from the
primary main chains.
Brass. A copper-rich copper–zinc
alloy.
Brazing. Ametal joining technique
that uses a molten filler metal alloy
having a melting temperature
greater than about 425�C (800�F).
Brittle fracture. Fracture that oc-
curs by rapid crack propagation and
without appreciable macroscopic
deformation.
Bronze. A copper-rich copper–tin
alloy; aluminum, silicon, and nickel
bronzes are also possible.
Burgers vector (b). A vector that
denotes the magnitude and direc-
tion of lattice distortion associated
with a dislocation.

C
Calcination. A high-temperature
reaction whereby one solid material
dissociates to form a gas and an-
other solid. It is one step in the pro-
duction of cement.
Capacitance (C). The charge-stor-
ing ability of a capacitor, defined as
the magnitude of charge stored on
either plate divided by the applied
voltage.
Carbon-carbon composite. A com-
posite that is composed of continu-
ous fibers of carbon that are imbed-
ded in a carbon matrix. The matrix
was originally a polymer resin that
was subsequently pyrolyzed to
form carbon.
Carburizing. The process by which
the surface carbon concentration of
a ferrous alloy is increased by diffu-
sion from the surrounding envi-
ronment.
Case hardening. Hardening of the
outer surface (or ‘‘case’’) of a steel
component by a carburizing or ni-
triding process; used to improve
wear and fatigue resistance.
Cast iron. Generically, a ferrous

alloy, the carbon content of which
is greater than the maximum solu-
bility in austenite at the eutectic
temperature. Most commercial cast
irons contain between 3.0 and 4.5
wt%C, and between 1 and 3 wt%Si.
Cathode. The electrode in an elec-
trochemical cell or galvanic couple
at which a reduction reaction oc-
curs; thus the electrode that re-
ceives electrons from an external
circuit.
Cathodic protection. A means of
corrosion prevention whereby elec-
trons are supplied to the structure
to be protected from an external
source such as another more reac-
tive metal or a dc power supply.
Cation. A positively charged me-
tallic ion.
Cement. A substance (often a ce-
ramic) that by chemical reaction
binds particulate aggregates into a
cohesive structure. With hydraulic
cements the chemical reaction is
one of hydration, involving water.
Cementite. Iron carbide (Fe3C).
Ceramic. A compound of metallic
and nonmetallic elements, for
which the interatomic bonding is
predominantly ionic.
Ceramic-matrix composite (CMC).
A composite for which both matrix
and dispersed phases are ceramic
materials. The dispersed phase is
normally added to improve frac-
ture toughness.
Cermet. Acompositematerial con-
sisting of a combination of ceramic
and metallic materials. The most
common cermets are the cemented
carbides, composed of an extremely
hard ceramic (e.g., WC, TiC),
bonded together by a ductile metal
such as cobalt or nickel.
Chain-folded model. For crystal-
line polymers, a model that de-
scribes the structure of platelet
crystallites. Molecular alignment is
accomplished by chain folding that
occurs at the crystallite faces.
Charpy test. One of two tests (see
also Izod test) that may be used to
measure the impact energy or notch
toughness of a standard notched



specimen. An impact blow is im-
parted to the specimen by means of
a weighted pendulum.
Cis. For polymers, a prefix denot-
ing a type of molecular structure.
For some unsaturated carbon chain
atoms within amer unit, a side atom
or group may be situated on one
side of the chain or directly opposite
at a 180� rotation position. In a cis
structure, two such side groups
within the same mer reside on the
same side (e.g., cis-isoprene).
Coarse pearlite. Pearlite for which
the alternating ferrite and cement-
ite layers are relatively thick.
Coercivity (or coercive field,
Hc). The applied magnetic field
necessary to reduce to zero themag-
netic flux density of a magnetized
ferromagnetic or ferrimagnetic ma-
terial.
Cold working. The plastic defor-
mation of a metal at a temperature
below that at which it recrystallizes.
Color. Visual perception that is
stimulated by the combination of
wavelengths of light that are trans-
mitted to the eye.
Colorant. An additive that imparts
a specific color to a polymer.
Component. A chemical consti-
tuent (element or compound) of an
alloy, which may be used to specify
its composition.
Composition (Ci). The relative
content of a particular element or
constituent (i) within an alloy, usu-
ally expressed in weight percent or
atom percent.
Concentration. See Composition.
Concentration gradient (dC/dx).
The slope of the concentration pro-
file at a specific position.
Concentration polarization. The
condition wherein the rate of an
electrochemical reaction is limited
by the rate of diffusion in the so-
lution.
Concentration profile. The curve
that results when the concentration
of a chemical species is plotted ver-
sus position in a material.
Concrete. A composite material
consisting of aggregate particles
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bound together in a solid body by
a cement.
Condensation (or step reaction) po-
lymerization. The formation of
polymer macromolecules by an in-
termolecular reaction involving at
least two monomer species, usually
with the production of a by-product
of low molecular weight, such as
water.
Conduction band. For electrical in-
sulators and semiconductors, the
lowest lying electron energy band
that is empty of electrons at 0 K.
Conduction electrons are those that
have been excited to states within
this band.
Conductivity, electrical (�). The
proportionality constant between
current density and applied electric
field; also ameasure of the easewith
which a material is capable of con-
ducting an electric current.
Congruent transformation. A trans-
formation of one phase to another
of the same composition.
Continuous cooling transformation
(CCT) diagram. Aplot of tempera-
ture versus the logarithm of time for
a steel alloy of definite composition.
Used to indicate when transforma-
tions occur as the initially austenit-
ized material is continuously cooled
at a specified rate; in addition, the
final microstructure andmechanical
characteristics may be predicted.
Coordination number. The num-
ber of atomic or ionic nearest
neighbors.
Copolymer. A polymer that con-
sists of two or more dissimilar mer
units in combination along its mo-
lecular chains.
Corrosion. Deteriorative loss of a
metal as a result of dissolution envi-
ronmental reactions.
Corrosion fatigue. A type of failure
that results from the simultaneous
action of a cyclic stress and chemi-
cal attack.
Corrosion penetration rate (CPR).
Thickness loss of material per unit
of time as a result of corrosion; usu-
ally expressed in terms of mils per
year or millimeters per year.

Coulombic force. A force between
charged particles such as ions; the
force is attractive when the particles
are of opposite charge.
Covalent bond. A primary in-
teratomic bond that is formed by
the sharing of electrons between
neighboring atoms.
Creep. The time-dependent per-
manent deformation that occurs un-
der stress; for most materials it is
important only at elevated tempera-
tures.
Crevice corrosion. A form of cor-
rosion that occurs within narrow
crevices and under deposits of dirt
or corrosion products (i.e., in re-
gions of localized depletion of oxy-
gen in the solution).
Critical resolved shear stress
(�crss). That shear stress, resolved
within a slip plane and direction,
which is required to initiate slip.
Crosslinked polymer. Apolymer in
which adjacent linear molecular
chains are joined at various posi-
tions by covalent bonds.
Crystalline. The state of a solidma-
terial characterized by a periodic
and repeating three-dimensional
array of atoms, ions, or molecules.
Crystallinity. For polymers, the
state wherein a periodic and re-
peating atomic arrangement is
achieved by molecular chain
alignment.
Crystallite. A region within a crys-
talline polymer in which all the mo-
lecular chains are ordered and
aligned.
Crystal structure. For crystalline
materials, the manner in which
atoms or ions are arrayed in space.
It is defined in terms of the unit cell
geometry and the atom positions
within the unit cell.
Crystal system. A scheme by which
crystal structures are classified ac-
cording to unit cell geometry. This
geometry is specified in terms of the
relationships between edge lengths
and interaxial angles. There are
seven different crystal systems.
Curie temperature (Tc). That tem-
perature above which a ferromag-
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netic or ferrimagnetic material be-
comes paramagnetic.

D
Defect structure. Relating to the
kinds and concentrations of vacan-
cies and interstitials in a ceramic
compound.
Degradation. A term used to de-
note the deteriorative processes
that occur with polymeric materials.
These processes include swelling,
dissolution, and chain scission.
Degree of polymerization. The av-
erage number of mer units per poly-
mer chain molecule.
Design stress (�d). Product of the
calculated stress level (on the basis
of estimated maximum load) and a
design factor (which has a value
greater than unity). Used to protect
against unanticipated failure.
Devitrification. The process in
which a glass (noncrystalline or vit-
reous solid) transforms to a crystal-
line solid.
Diamagnetism. A weak form of in-
duced or nonpermanent magnetism
for which the magnetic susceptibil-
ity is negative.
Dielectric. Any material that is
electrically insulating.
Dielectric constant (�r). The ratio
of the permittivity of a medium to
that of a vacuum. Often called the
relative dielectric constant or rela-
tive permittivity.
Dielectric displacement (D). The
magnitude of charge per unit area
of capacitor plate.
Dielectric (breakdown) strength.
The magnitude of an electric field
necessary to cause significant cur-
rent passage through a dielectric
material.
Diffraction (x-ray). Constructive
interference of x-ray beams that are
scattered by atoms of a crystal.
Diffusion. Mass transport by
atomic motion.
Diffusion coefficient (D). The con-
stant of proportionality between
the diffusion flux and the concentra-
tion gradient in Fick’s first law. Its
magnitude is indicative of the rate
of atomic diffusion.

Diffusion flux (J). The quantity of
mass diffusing through and perpen-
dicular to a unit cross-sectional area
of material per unit time.
Diode. An electronic device that
rectifies an electrical current—i.e.,
allows current flow in one direc-
tion only.
Dipole (electric). A pair of equal
yet opposite electrical charges that
are separated by a small distance.
Dislocation. A linear crystalline
defect around which there is atomic
misalignment. Plastic deformation
corresponds to the motion of dislo-
cations in response to an applied
shear stress. Edge, screw, andmixed
dislocations are possible.
Dislocation density. The total dis-
location length per unit volume of
material; alternately, the number of
dislocations that intersect a unit
area of a random surface section.
Dislocation line. The line that ex-
tends along the end of the extra
half-plane of atoms for an edge dis-
location, and along the center of the
spiral of a screw dislocation.
Dispersed phase. For composites
and some two-phase alloys, the dis-
continuous phase that is sur-
rounded by the matrix phase.
Dispersion strengthening. Ameans
of strengthening materials wherein
very small particles (usually less
than 0.1 �m) of a hard yet inert
phase are uniformly dispersed
within a load-bearing matrix phase.
Domain. A volume region of a fer-
romagnetic or ferrimagnetic mate-
rial in which all atomic or ionic
magnetic moments are aligned in
the same direction.
Donor level. For a semiconductor
or insulator, an energy level lying
within yet near the top of the energy
band gap, and from which electrons
may be excited into the conduction
band. It is normally introduced by
an impurity atom.
Doping. The intentional alloying of
semiconducting materials with con-
trolled concentrations of donor or
acceptor impurities.
Drawing (metals). A forming tech-
nique used to fabricate metal wire

and tubing. Deformation is accom-
plished by pulling the material
through a die by means of a tensile
force applied on the exit side.
Drawing (polymers). A deforma-
tion technique wherein polymer
fibers are strengthened by elon-
gation.
Driving force. The impetus behind
a reaction, such as diffusion, grain
growth, or a phase transformation.
Usually attendant to the reaction is
a reduction in some type of energy
(e.g., free energy).
Ductile fracture. A mode of frac-
ture that is attended by extensive
gross plastic deformation.
Ductile iron. A cast iron that is al-
loyed with silicon and a small con-
centration of magnesium and/or
cerium and in which the free graph-
ite exists in nodular form. Some-
times called nodular iron.
Ductile-to-brittle transition. The
transition from ductile to brittle be-
havior with a decrease in tempera-
ture exhibited by BCC alloys; the
temperature range over which the
transition occurs is determined by
Charpy and Izod impact tests.
Ductility. A measure of a materi-
al’s ability to undergo appreciable
plastic deformation before fracture;
it may be expressed as percent elon-
gation (%EL) or percent reduction
in area (%RA) from a tensile test.

E
Edge dislocation. A linear crystal-
line defect associated with the
lattice distortion produced in the
vicinity of the end of an extra half-
plane of atoms within a crystal. The
Burgers vector is perpendicular to
the dislocation line.
Elastic deformation. Deformation
that is nonpermanent, that is, totally
recovered upon release of an ap-
plied stress.
Elastic recovery. Nonpermanent
deformation that is recovered or re-
gained upon the release of a me-
chanical stress.
Elastomer. A polymeric material
that may experience large and re-
versible elastic deformations.



Electrical conductivity. See Con-
ductivity, electrical.
Electric dipole. See Dipole (elec-
tric).
Electric field (EE ). The gradient of
voltage.
Electroluminescence. The emis-
sion of visible light by a p–n junc-
tion across which a forward-biased
voltage is applied.
Electrolyte. A solution through
which an electric current may be
carried by the motion of ions.
Electromotive force (emf) se-
ries. A ranking of metallic ele-
ments according to their standard
electrochemical cell potentials.
Electron configuration. For an
atom, the manner in which possible
electron states are filled with elec-
trons.
Electronegative. For an atom, hav-
ing a tendency to accept valence
electrons. Also, a term used to de-
scribe nonmetallic elements.
Electron energy band. A series of
electron energy states that are very
closely spaced with respect to
energy.
Electroneutrality. The state of hav-
ing exactly the same numbers of
positive and negative electrical
charges (ionic and electronic), that
is, of being electrically neutral.
Electron state (level). One of a set
of discrete, quantized energies that
are allowed for electrons. In the
atomic case each state is specified
by four quantum numbers.
Electron volt (eV). A convenient
unit of energy for atomic and sub-
atomic systems. It is equivalent to
the energy acquired by an electron
when it falls through an electric po-
tential of 1 volt.
Electropositive. For an atom, hav-
ing a tendency to release valence
electrons. Also, a term used to de-
scribe metallic elements.
Endurance limit. See Fatigue limit.
Energy band gap. See Band gap
energy.
Engineering strain. See Strain, en-
gineering.
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Engineering stress. See Stress, en-
gineering.
Equilibrium (phase). The state of
a systemwhere the phase character-
istics remain constant over indefi-
nite time periods. At equilibrium
the free energy is a minimum.
Erosion–corrosion. A form of cor-
rosion that arises from the com-
bined action of chemical attack and
mechanical wear.
Eutectic phase. One of the two
phases found in the eutectic
structure.
Eutectic reaction. A reaction
wherein, upon cooling, a liquid
phase transforms isothermally and
reversibly into two intimatelymixed
solid phases.
Eutectic structure. A two-phase
microstructure resulting from the
solidification of a liquid having the
eutectic composition; the phases ex-
ist as lamellae that alternate with
one another.
Eutectoid reaction. A reaction
wherein, upon cooling, one solid
phase transforms isothermally and
reversibly into two new solid phases
that are intimately mixed.
Excited state. An electron energy
state, not normally occupied, to
which an electronmay be promoted
(from a lower energy state) by the
absorption of some type of energy
(e.g., heat, radiative).
Extrinsic semiconductor. A semi-
conducting material for which the
electrical behavior is determined
by impurities.
Extrusion. A forming technique
whereby a material is forced, by
compression, through a die orifice.

F
Face-centered cubic (FCC). A
crystal structure found in some of
the common elemental metals.
Within the cubic unit cell, atoms are
located at all corner and face-cen-
tered positions.
Fatigue. Failure, at relatively low
stress levels, of structures that are

subjected to fluctuating and cyclic
stresses.
Fatigue life (Nf). The total number
of stress cycles that will cause a fa-
tigue failure at some specified
stress amplitude.
Fatigue limit. For fatigue, themaxi-
mum stress amplitude level below
which a material can endure an es-
sentially infinite number of stress
cycles and not fail.
Fatigue strength. The maximum
stress level that a material can sus-
tain, without failing, for some speci-
fied number of cycles.
Fermi energy (Ef). For a metal, the
energy corresponding to the highest
filled electron state at 0 K.
Ferrimagnetism. Permanent and
large magnetizations found in some
ceramic materials. It results from
antiparallel spin coupling and in-
complete magnetic moment cancel-
lation.
Ferrite (ceramic). Ceramic oxide
materials composed of both diva-
lent and trivalent cations (e.g., Fe2�

and Fe3�), some of which are ferri-
magnetic.
Ferrite (iron). Body-centered cu-
bic iron; also iron and steel alloys
that have the BCC crystal structure.
Ferroelectric. A dielectric material
that may exhibit polarization in the
absence of an electric field.
Ferromagnetism. Permanent and
large magnetizations found in
some metals (e.g., Fe, Ni, and Co),
which result from the parallel align-
ment of neighboring magnetic mo-
ments.
Ferrous alloy. A metal alloy for
which iron is the prime constituent.
Fiber. Any polymer, metal, or ce-
ramic that has been drawn into a
long and thin filament.
Fiber-reinforcedcomposite. Acom-
posite in which the dispersed phase
is in the form of a fiber (i.e., a fila-
ment that has a large length-to-
diameter ratio).
Fiber reinforcement. Strengthen-
ing or reinforcement of a relatively
weak material by embedding a
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strong fiber phase within the weak
matrix material.
Fick’s first law. The diffusion flux
is proportional to the concentration
gradient. This relationship is em-
ployed for steady-state diffusion sit-
uations.
Fick’s second law. The time rate of
change of concentration is propor-
tional to the second derivative of
concentration. This relationship is
employed in nonsteady-state diffu-
sion situations.
Filler. An inert foreign substance
added to a polymer to improve or
modify its properties.
Fine pearlite. Pearlite forwhich the
alternating ferrite and cementite
layers are relatively thin.
Firing. A high temperature heat
treatment that increases the density
and strength of a ceramic piece.
Flame retardant. A polymer addi-
tive that increases flammability re-
sistance.
Flexural strength (�fs). Stress at
fracture from a bend (or flexure)
test.
Fluorescence. Luminescence that
occurs for times much less than a
second after an electron excitation
event.
Foam. A polymer that has been
made porous (or spongelike) by the
incorporation of gas bubbles.
Forging. Mechanical forming of a
metal by heating and hammering.
Forward bias. The conducting bias
for a p–n junction rectifier such that
electron flow is to the n side of
the junction.
Fracture mechanics. A technique
of fracture analysis used to deter-
mine the stress level at which preex-
isting cracks of known size will
propagate, leading to fracture.
Fracture toughness (Kc). Critical
value of the stress intensity factor
for which crack extension occurs.
Free electron. An electron that has
been excited into an energy state
above the Fermi energy (or into the
conduction band for semiconduc-
tors and insulators) andmay partici-

pate in the electrical conduction
process.
Free energy. A thermodynamic
quantity that is a function of both
the internal energy and entropy
(or randomness) of a system. At
equilibrium, the free energy is at
a minimum.
Frenkel defect. In an ionic solid,
a cation–vacancy and cation–
interstitial pair.
Full annealing. For ferrous alloys,
austenitizing, followed by cooling
slowly to room temperature.

G
Galvanic corrosion. The preferen-
tial corrosion of the more chemi-
cally active of two metals that are
electrically coupled and exposed to
an electrolyte.
Galvanic series. A ranking of met-
als and alloys as to their relative
electrochemical reactivity in sea-
water.
Gas constant (R). Boltzmann’s
constant per mole of atoms. R �
8.31 J/mol-K (1.987 cal/mol-K).
Gibbs phase rule. For a system at
equilibrium, an equation (Equation
9.16) that expresses the relationship
between the number of phases pres-
ent and the number of externally
controllable variables.
Glass–ceramic. Afine-grained crys-
talline ceramic material that was
formed as a glass and subsequently
devitrified (or crystallized).
Glass transition temperature (Tg).
That temperature at which, upon
cooling, a noncrystalline ceramic or
polymer transforms from a super-
cooled liquid to a rigid glass.
Graft copolymer. A copolymer
wherein homopolymer side
branches of one mer type are
grafted to homopolymer main
chains of a different mer.
Grain. An individual crystal in a
polycrystalline metal or ceramic.
Grain boundary. The interface sep-
arating two adjoining grains having
different crystallographic orienta-
tions.

Grain growth. The increase in av-
erage grain size of a polycrystalline
material; for most materials, an ele-
vated-temperature heat treatment
is necessary.
Grain size. The average grain di-
ameter as determined from a ran-
dom cross section.
Gray cast iron. A cast iron alloyed
with silicon in which the graphite
exists in the form of flakes. A frac-
tured surface appears gray.
Green ceramic body. A ceramic
piece, formed as a particulate aggre-
gate, that has been dried but not
fired.
Ground state. A normally filled
electron energy state from which
electron excitation may occur.

H
Hall effect. The phenomenon
whereby a force is brought to bear
on a moving electron or hole by a
magnetic field that is applied
perpendicular to the direction of
motion. The force direction is per-
pendicular to both the magnetic
field and the particle motion direc-
tions.
Hardenability. A measure of the
depth to which a specific ferrous
alloy may be hardened by the for-
mation of martensite upon quench-
ing from a temperature above the
upper critical temperature.
Hard magnetic material. A ferri-
magnetic or ferromagnetic material
that has large coercive field and re-
manence values, normally used in
permanent magnet applications.
Hardness. The measure of a mate-
rial’s resistance to deformation by
surface indentation or by abrasion.
Heat capacity (Cp , Cv). The quan-
tity of heat required to produce a
unit temperature rise per mole of
material.
Hexagonal close-packed (HCP). A
crystal structure found for some
metals. The HCP unit cell is of hex-
agonal geometry and is generated
by the stacking of close-packed
planes of atoms.



High polymer. A solid polymeric
material having a molecular weight
greater than about 10,000 g/mol.
High-strength, low-alloy (HSLA)
steels. Relatively strong, low-car-
bon steels, with less than about 10
wt% total of alloying elements.
Hole (electron). For semiconduc-
tors and insulators, a vacant elec-
tron state in the valence band that
behaves as a positive charge carrier
in an electric field.
Homopolymer. A polymer having
a chain structure in which all mer
units are of the same type.
Hot working. Any metal forming
operation that is performed above
a metal’s recrystallization temper-
ature.
Hybrid composite. A composite
that is fiber reinforced by two or
more types of fibers (e.g., glass
and carbon).
Hydrogen bond. A strong second-
ary interatomic bond that exists be-
tween a bound hydrogen atom (its
unscreened proton) and the elec-
trons of adjacent atoms.
Hydrogen embrittlement. The loss
or reduction of ductility of a metal
alloy (often steel) as a result of the
diffusion of atomic hydrogen into
the material.
Hydroplastic forming. The mold-
ing or shaping of clay-based ceram-
ics that have been made plastic and
pliable by adding water.
Hypereutectoid alloy. For an alloy
system displaying a eutectoid, an
alloy for which the concentration of
solute is greater than the eutec-
toid composition.
Hypoeutectoid alloy. For an alloy
system displaying a eutectoid, an
alloy for which the concentration of
solute is less than the eutectoid
composition.
Hysteresis (magnetic). The irre-
versible magnetic flux density-
versus-magnetic field strength
(B-versus-H) behavior found for
ferromagnetic and ferrimagnetic
materials; a closed B–H loop is
formed upon field reversal.
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I
Impact energy (notch tough-
ness). A measure of the energy
absorbed during the fracture of a
specimen of standard dimensions
and geometry when subjected to
very rapid (impact) loading. Charpy
and Izod impact tests are used to
measure this parameter, which is
important in assessing the ductile-
to-brittle transition behavior of a
material.
Imperfection. A deviation from
perfection; normally applied to
crystalline materials wherein there
is a deviation from atomic/molecu-
lar order and/or continuity.
Index of refraction (n). The ratio
of the velocity of light in a vacuum
to the velocity in some medium.
Inhibitor. A chemical substance
that, when added in relatively low
concentrations, retards a chemical
reaction.
Insulator (electrical). A nonmetal-
lic material that has a filled valence
band at 0 K and a relatively wide
energy band gap. Consequently, the
room-temperature electrical con-
ductivity is very low, less than about
10�10 (�-m)�1.
Integrated circuit. Thousands of
electronic circuit elements (transis-
tors, diodes, resistors, capacitors,
etc.) incorporated on a very small
silicon chip.
Interdiffusion. Diffusion of atoms
of one metal into another metal.
Intergranular corrosion. Preferen-
tial corrosion along grain boundary
regions of polycrystalline materials.
Intergranular fracture. Fracture of
polycrystalline materials by crack
propagation along grain bound-
aries.
Intermediate solid solution. A
solid solution or phase having a
composition range that does not ex-
tend to either of the pure compo-
nents of the system.
Intermetallic compound. A com-
pound of two metals that has a dis-
tinct chemical formula. On a phase
diagram it appears as an intermedi-

ate phase that exists over a very nar-
row range of compositions.
Interstitial diffusion. A diffusion
mechanism whereby atomic motion
is from interstitial site to intersti-
tial site.
Interstitial solid solution. A solid
solution wherein relatively small
solute atoms occupy interstitial po-
sitions between the solvent or
host atoms.
Intrinsic semiconductor. A semi-
conductor material for which the
electrical behavior is characteristic
of the pure material; that is, electri-
cal conductivity depends only on
temperature and the band gap
energy.
Invariant point. A point on a bi-
nary phase diagram at which three
phases are in equilibrium.
Ionic bond. A coulombic in-
teratomic bond that exists between
two adjacent and oppositely
charged ions.
Isomerism. Thephenomenonwhere-
by two or more polymer molecules
or mer units have the same compo-
sition but different structural ar-
rangements and properties.
Isomorphous. Having the same
structure. In the phase diagram
sense, isomorphicity means having
the same crystal structure or com-
plete solid solubility for all composi-
tions (see Figure 9.2a).
Isotactic. A type of polymer chain
configuration wherein all side
groups are positioned on the same
side of the chain molecule.
Isothermal. At a constant temper-
ature.
Isothermal transformation (T–
T–T) diagram. A plot of tempera-
ture versus the logarithm of time for
a steel alloy of definite composition.
Used to determine when transfor-
mations begin and end for an iso-
thermal (constant-temperature)
heat treatment of a previously aus-
tenitized alloy.
Isotopes. Atoms of the same ele-
ment that have different atomic
masses.
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Isotropic. Having identical values
of a property in all crystallo-
graphic directions.
Izod test. One of two tests (see also
Charpy test) that may be used to
measure the impact energy of a
standard notched specimen. An im-
pact blow is imparted to the speci-
men by a weighted pendulum.

J
Jominy end-quench test. A stan-
dardized laboratory test that is used
to assess the hardenability of fer-
rous alloys.
Junction transistor. A semicon-
ducting device composed of appro-
priately biased n–p–n or p–n–p
junctions, used to amplify an electri-
cal signal.

K
Kinetics. The study of reaction
rates and the factors that affect
them.

L
Laminar composite. A series of
two-dimensional sheets, each hav-
ing a preferred high-strength direc-
tion, fastened one on top of the
other at different orientations;
strength in the plane of the laminate
is highly isotropic.
Large-particle composite. A type
of particle-reinforced composite
wherein particle-matrix interac-
tions cannot be treated on an atomic
level; the particles reinforce thema-
trix phase.
Laser. Acronym for light amplifi-
cation by stimulated emission of
radiation—a source of light that is
coherent.
Lattice. The regular geometrical
arrangement of points in crystal
space.
Lattice parameters. The combina-
tion of unit cell edge lengths and
interaxial angles that defines the
unit cell geometry.
Lattice strains. Slight displace-
ments of atoms relative to their
normal lattice positions, normally

imposed by crystalline defects such
as dislocations, and interstitial and
impurity atoms.
Lever rule. Mathematical expres-
sion, such asEquation 9.1b orEqua-
tion 9.2b, whereby the relative
phase amounts in a two-phase alloy
at equilibrium may be computed.
Linear coefficient of thermal expan-
sion. See Thermal expansion coef-
ficient, linear.
Linear polymer. A polymer in
which each molecule consists of bi-
functional mer units joined end to
end in a single chain.
Liquid crystal polymer (LCP). A
group of polymericmaterials having
extended and rod-shaped mole-
cules, which, structurally, do not
fall within traditional liquid, amor-
phous, crystalline, or semicrystal-
line classifications. They are used
in digital displays and a variety of
applications in electronics andmed-
ical equipment industries.
Liquidus line. On a binary phase
diagram, that line or boundary sep-
arating liquid and liquid � solid
phase regions. For an alloy, the liq-
uidus temperature is that tempera-
ture at which a solid phase first
forms under conditions of equilib-
rium cooling.
Longitudinal direction. The length-
wise dimension. For a rod or fiber,
in the direction of the long axis.
Lower critical temperature. For a
steel alloy, the temperature below
which, under equilibrium condi-
tions, all austenite has transformed
to ferrite and cementite phases.
Luminescence. The emission of
visible light as a result of electron
decay from an excited state.

M
Macromolecule. A huge molecule
made up of thousands of atoms.
Magnetic field strength (H). The
intensity of an externally applied
magnetic field.
Magnetic flux density (B). The
magnetic field produced in a sub-
stance by an externalmagnetic field.

Magnetic induction (B). See Mag-
netic flux density.
Magnetic susceptibility (�m). The
proportionality constant between
the magnetization M and the mag-
netic field strength H.
Magnetization (M). The total mag-
netic moment per unit volume of
material. Also, a measure of the
contribution to the magnetic flux by
some material within an H field.
Malleable cast iron. White cast iron
that has been heat treated to con-
vert the cementite into graphite
clusters; a relatively ductile cast
iron.
Martensite. A metastable iron
phase supersaturated in carbon that
is the product of a diffusionless (ath-
ermal) transformation from aus-
tenite.
Matrix phase. The phase in a com-
posite or two-phase alloy micro-
structure that is continuous or
completely surrounds the other (or
dispersed) phase.
Matthiessen’s rule. The total elec-
trical resistivity of a metal is equal
to the sum of temperature-, impu-
rity-, and coldwork-dependent con-
tributions.
Melting point (glass). The temper-
ature atwhich the viscosity of a glass
material is 10 Pa-s (100 P).
Mer. The group of atoms that con-
stitutes a polymer chain repeat unit.
Metal. The electropositive ele-
ments and alloys based on these ele-
ments. The electron band structure
of metals is characterized by a par-
tially filled electron band.
Metallic bond. A primary inter-
atomic bond involving the nondi-
rectional sharing of nonlocalized
valence electrons (‘‘sea of elec-
trons’’) that are mutually shared by
all the atoms in the metallic solid.
Metal-matrix composite (MMC).
A composite material which has a
metal or metal alloy as the matrix
phase. The dispersed phase may be
particulates, fibers, or whiskers that
normally are stiffer, stronger, and/
or harder than the matrix.



Metastable. Nonequilibrium state
that may persist for a very long
time.
Microconstituent. An element of
the microstructure that has an iden-
tifiable and characteristic structure.
It may consist of more than one
phase such as with pearlite.
Microscopy. The investigation of
microstructural elements using
some type of microscope.
Microstructure. The structural fea-
tures of an alloy (e.g., grain and
phase structure) that are subject to
observation under a microscope.
Miller indices. A set of three inte-
gers (four for hexagonal) that desig-
nate crystallographic planes, as
determined from reciprocals of
fractional axial intercepts.
Mixed dislocation. A dislocation
that has both edge and screw com-
ponents.
Mobility (electron, �e , and hole,
�h). The proportionality constant
between the carrier drift velocity
and applied electric field; also, a
measure of the ease of charge car-
rier motion.
Modulus of elasticity (E). The ratio
of stress to strain when deformation
is totally elastic; also a measure of
the stiffness of a material.
Molarity (M). Concentration in a
liquid solution, in terms of the num-
ber of moles of a solute dissolved
in 106 mm3 (103 cm3) of solution.
Molding (plastics). Shaping a plas-
tic material by forcing it, under
pressure and at an elevated temper-
ature, into a mold cavity.
Mole. The quantity of a substance
corresponding to 6.023� 1023 atoms
or molecules.
Molecular chemistry (polymer).
With regard only to composition,
not the structure of a mer.
Molecular structure (polymer).
With regard to atomic arrange-
ments within and interconnections
between polymer molecules.
Molecular weight. The sum of the
atomic weights of all the atoms in
a molecule.
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Molecule. A group of atoms that
are bound together by primary in-
teratomic bonds.
Monomer. A molecule consisting
of a single mer.
MOSFET. Metal-oxide-siliconfield
effect transistor, an integrated cir-
cuit element.

N
n-Type semiconductor. Asemicon-
ductor for which the predominant
charge carriers responsible for elec-
trical conduction are electrons.
Normally, donor impurity atoms
give rise to the excess electrons.
Natural aging. For precipitation
hardening, aging at room temper-
ature.
Network polymer. Apolymer com-
posed of trifunctionalmer units that
form three-dimensional molecules.
Nodular iron. See Ductile iron.
Noncrystalline. The solid state
wherein there is no long-range
atomic order. Sometimes the terms
amorphous, glassy, and vitreous are
used synonymously.
Nonferrous alloy. Ametal alloy for
which iron is not the prime con-
stituent.
Nonsteady-state diffusion. The dif-
fusion condition for which there is
some net accumulation or depletion
of diffusing species. The diffusion
flux is dependent on time.
Normalizing. For ferrous alloys,
austenitizing above the upper criti-
cal temperature, then cooling in air.
The objective of this heat treatment
is to enhance toughness by refining
the grain size.
Nucleation. The initial stage in a
phase transformation. It is evi-
denced by the formation of small
particles (nuclei) of the new phase,
which are capable of growing.

O
Octahedral position. The void
space among close-packed, hard
sphere atoms or ions forwhich there
are six nearest neighbors. An octa-
hedron (double pyramid) is circum-

scribed by lines constructed from
centers of adjacent spheres.
Ohm’s law. The applied voltage is
equal to the product of the current
and resistance; equivalently, the
current density is equal to the prod-
uct of the conductivity and electric
field intensity.
Opaque. Being impervious to the
transmission of light as a result of
absorption, reflection, and/or scat-
tering of incident light.
Overaging. During precipitation
hardening, aging beyond the point
at which strength and hardness are
at their maxima.
Oxidation. The removal of one or
more electrons from an atom, ion,
or molecule.

P
Paramagnetism. A relatively weak
form ofmagnetism that results from
the independent alignment of
atomic dipoles (magnetic) with an
applied magnetic field.
Particle-reinforced composite. A
composite for which the dispersed
phase is equiaxed.
Passivity. The loss of chemical re-
activity, under particular environ-
mental conditions, by some active
metals and alloys.
Pauli exclusion principle. The pos-
tulate that for an individual atom,
at most two electrons, which neces-
sarily have opposite spins, can oc-
cupy the same state.
Pearlite. A two-phase microstruc-
ture found in some steels and cast
irons; it results from the transforma-
tion of austenite of eutectoid com-
position and consists of alternating
layers (or lamellae) of �-ferrite
and cementite.
Periodic table. The arrangement of
the chemical elements with increas-
ing atomic number according to the
periodic variation in electron struc-
ture. Nonmetallic elements are po-
sitioned at the far right-hand side
of the table.
Peritectic reaction. A reaction
wherein, upon cooling, a solid and a
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liquid phase transform isothermally
and reversibly to a solid phase hav-
ing a different composition.
Permeability (magnetic, �). The
proportionality constant between B
and H fields. The value of the per-
meability of a vacuum (�0) is
1.257 � 10�6 H/m.
Permittivity (�). The proportional-
ity constant between the dielectric
displacement D and the electric
field E. The value of the permittiv-
ity �0 for a vacuum is 8.85 � 10�12

F/m.
Phase. A homogeneous portion of
a system that has uniform physical
and chemical characteristics.
Phase diagram. A graphical repre-
sentation of the relationships be-
tween environmental constraints
(e.g., temperature and sometimes
pressure), composition, and regions
of phase stability, ordinarily under
conditions of equilibrium.
Phase equilibrium. See Equilib-
rium (phase).
Phase transformation. A change in
the number and/or character of the
phases that constitute the micro-
structure of an alloy.
Phonon. A single quantum of vi-
brational or elastic energy.
Phosphorescence. Luminescence
that occurs at times greater than on
the order of a second after an elec-
tron excitation event.
Photoconductivity. Electrical con-
ductivity that results from photon-
induced electron excitations in
which light is absorbed.
Photomicrograph. Thephotograph
made with a microscope, which re-
cords a microstructural image.
Photon. Aquantumunit of electro-
magnetic energy.
Piezoelectric. A dielectric material
in which polarization is induced by
the application of external forces.
Pilling–Bedworth ratio (P–B ra-
tio). The ratio of metal oxide vol-
ume to metal volume; used to pre-
dict whether or not a scale that
forms will protect a metal from fur-
ther oxidation.

Pitting. A form of very localized
corrosion wherein small pits or
holes form, usually in a vertical di-
rection.
Plain carbon steel. A ferrous alloy
in which carbon is the prime alloy-
ing element.
Planck’s constant (h). A universal
constant that has a value of 6.63 �
10�34 J-s. The energy of a photon
of electromagnetic radiation is the
product of h and the radiation fre-
quency.
Plane strain. The condition, impor-
tant in fracture mechanical analy-
ses, wherein, for tensile loading,
there is zero strain in a direction
perpendicular to both the stress axis
and the direction of crack propaga-
tion; this condition is found in thick
plates, and the zero-strain direction
is perpendicular to the plate
surface.
Plane strain fracture toughness
(KIc). The critical value of the
stress intensity factor (i.e., at which
crack propagation occurs) for the
condition of plane strain.
Plastic. A solid material the pri-
mary ingredient of which is an or-
ganic polymer of high molecular
weight; it may also contain additives
such as fillers, plasticizers, flame re-
tardants, and the like.
Plastic deformation. Deformation
that is permanent or nonrecover-
able after release of the applied
load. It is accompanied by perma-
nent atomic displacements.
Plasticizer. Alowmolecularweight
polymer additive that enhances
flexibility and workability and re-
duces stiffness and brittleness.
Point defect. A crystalline defect
associated with one or, at most, sev-
eral atomic sites.
Poisson’s ratio (�). For elastic de-
formation, the negative ratio of lat-
eral and axial strains that result
from an applied axial stress.
Polar molecule. A molecule in
which there exists a permanent elec-
tric dipole moment by virtue of the
asymmetrical distribution of posi-

tively and negatively charged re-
gions.
Polarization (P). The total electric
dipole moment per unit volume of
dielectric material. Also, a measure
of the contribution to the total di-
electric displacement by a dielec-
tric material.
Polarization (corrosion). The dis-
placement of an electrode potential
from its equilibriumvalue as a result
of current flow.
Polarization (electronic). For an
atom, the displacement of the cen-
ter of the negatively charged elec-
tron cloud relative to the positive
nucleus, which is induced by an
electric field.
Polarization (ionic). Polarization
as a result of the displacement of
anions and cations in opposite di-
rections.
Polarization (orientation). Polar-
ization resulting from the alignment
(by rotation) of permanent electric
dipole moments with an applied
electric field.
Polycrystalline. Referring to crys-
talline materials that are composed
of more than one crystal or grain.
Polymer. A solid, nonmetallic
(normally organic) compound of
high molecular weight the structure
of which is composed of small re-
peat (or mer) units.
Polymer-matrix composite (PMC).
A composite material for which the
matrix is a polymer resin, and hav-
ing fibers (normally glass, carbon,
or aramid) as the dispersed phase.
Polymorphism. The ability of a
solid material to exist in more than
one form or crystal structure.
Powder metallurgy (P/M). The
fabrication of metal pieces having
intricate and precise shapes by the
compaction of metal powders, fol-
lowed by a densification heat
treatment.
Precipitation hardening. Harden-
ing and strengthening of a metal
alloy by extremely small and uni-
formly dispersed particles that pre-
cipitate from a supersaturated solid



solution; sometimes also called
age hardening.
Precipitation heat treatment. A
heat treatment used to precipitate
a new phase from a supersaturated
solid solution. For precipitation
hardening, it is termed artificial
aging.
Prepreg. Continuous fiber rein-
forcement preimpregnated with a
polymer resin that is then par-
tially cured.
Prestressed concrete. Concrete in-
to which compressive stresses have
been introduced using steel wires
or rods.
Primary bonds. Interatomic bonds
that are relatively strong and for
which bonding energies are rela-
tively large. Primary bonding types
are ionic, covalent, and metallic.
Primary phase. A phase that exists
in addition to the eutectic structure.
Principle of combined action. The
supposition, often valid, that new
properties, better properties, better
property combinations, and/or a
higher level of properties can be
fashioned by the judicious combina-
tion of two or more distinct mate-
rials.
Process annealing. Annealing of
previously cold-worked products
(commonly steel alloys in sheet or
wire form) below the lower critical
(eutectoid) temperature.
Proeutectoid cementite. Primary
cementite that exists in addition to
pearlite for hypereutectoid steels.
Proeutectoid ferrite. Primary fer-
rite that exists in addition to pearlite
for hypoeutectoid steels.
Property. A material trait ex-
pressed in terms of the measured
response to a specific imposed
stimulus.
Proportional limit. The point on a
stress–strain curve at which the
straight line proportionality be-
tween stress and strain ceases.
p-Type semiconductor. Asemicon-
ductor for which the predominant
charge carriers responsible for elec-
trical conduction are holes. Nor-
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mally, acceptor impurity atoms give
rise to the excess holes.

Q
Quantum mechanics. A branch of
physics that deals with atomic and
subatomic systems; it allows only
discrete values of energy that are
separated from one another. By
contrast, for classical mechanics,
continuous energy values are per-
missible.
Quantum numbers. A set of four
numbers, the values of which are
used to label possible electron
states. Three of the quantum num-
bers are integers, which also specify
the size, shape, and spatial orienta-
tion of an electron’s probability
density; the fourth number desig-
nates spin orientation.

R
Random copolymer. A polymer in
which two different mer units are
randomly distributed along the mo-
lecular chain.
Recovery. The relief of some of the
internal strain energy of a pre-
viously cold-worked metal, usually
by heat treatment.
Recrystallization. The formation
of a new set of strain-free grains
within a previously cold-worked
material; normally an annealing
heat treatment is necessary.
Recrystallization temperature. For
a particular alloy, the minimum
temperature at which complete re-
crystallization will occur within ap-
proximately one hour.
Rectifying junction. A semicon-
ductor p–n junction that is con-
ductive for a current flow in one
direction and highly resistive for the
opposite direction.
Reduction. The addition of one or
more electrons to an atom, ion, or
molecule.
Reflection. Deflection of a light
beam at the interface between
two media.
Refraction. Bending of a light
beam upon passing from one me-

dium into another; the velocity of
light differs in the two media.
Refractory. A metal or ceramic
that may be exposed to extremely
high temperatures without deterio-
rating rapidly or without melting.
Reinforcedconcrete. Concrete that
is reinforced (or strengthened in
tension) by the incorporation of
steel rods, wires, or mesh.
Relative magnetic permeability
(�r). The ratio of themagnetic per-
meability of some medium to that
of a vacuum.
Relaxation frequency. The recip-
rocal of the minimum reorientation
time for an electric dipole within an
alternating electric field.
Relaxation modulus [Er(t)]. For
viscoelastic polymers, the time-de-
pendent modulus of elasticity. It is
determined from stress relaxation
measurements as the ratio of stress
(taken at some time after the load
application—normally 10 s) to
strain.
Remanence (remanent induction,
Br). For a ferromagnetic or fer-
rimagnetic material, the magni-
tude of residual flux density that
remains when a magnetic field is
removed.
Residual stress. A stress that per-
sists in a material that is free of
external forces or temperature gra-
dients.
Resilience. The capacity of a mate-
rial to absorb energy when it is elas-
tically deformed.
Resistivity (�). The reciprocal of
electrical conductivity, and a mea-
sure of a material’s resistance to the
passage of electric current.
Resolved shear stress. An applied
tensile or compressive stress re-
solved into a shear component
along a specific plane and direction
within that plane.
Reverse bias. The insulating bias
for a p–n junction rectifier; elec-
trons flow into the p side of the
junction.
Rolling. A metal-forming opera-
tion that reduces the thickness of
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sheet stock; also elongated shapes
may be fashioned using grooved cir-
cular rolls.
Rule ofmixtures. The properties of
amultiphase alloy or compositema-
terial are a weighted average (usu-
ally on the basis of volume) of the
properties of the individual constit-
uents.
Rupture. Failure that is accompa-
nied by significant plastic deforma-
tion; often associated with creep
failure.

S
Sacrificial anode. An active metal
or alloy that preferentially corrodes
and protects another metal or alloy
to which it is electrically coupled.
Safe stress (�w). A stress used for
design purposes; for ductile metals,
it is the yield strength divided by a
factor of safety.
Sandwich panel. A type of struc-
tural composite consisting of two
stiff and strong outer faces that are
separated by a lightweight core ma-
terial.
Saturated. A term describing a car-
bon atom that participates in only
single covalent bonds with four
other atoms.
Saturation magnetization, flux den-
sity (Ms , Bs). The maximum mag-
netization (or flux density) for a
ferromagnetic or ferrimagnetic ma-
terial.
Scanning electron microscope
(SEM). A microscope that pro-
duces an image by using an electron
beam that scans the surface of a
specimen; an image is produced by
reflected electron beams. Examina-
tion of surface and/or microstruc-
tural features at high magnifications
is possible.
Scanning probe microscope
(SPM). Amicroscope that does not
produce an image using light radia-
tion. Rather, a very small and sharp
probe raster scans across the speci-
men surface; out-of-surface plane
deflections in response to electronic
or other interactions with the probe
are monitored, from which a topo-

graphical map of the specimen sur-
face (on a nanometer scale) is pro-
duced.
Schottky defect. In an ionic solid,
a defect consisting of a cation–
vacancy and anion–vacancy pair.
Scission. A polymer degradation
process whereby molecular chain
bonds are ruptured by chemical re-
actions or by exposure to radiation
or heat.
Screw dislocation. A linear crys-
talline defect associated with the
lattice distortion created when nor-
mally parallel planes are joined to-
gether to form a helical ramp. The
Burgers vector is parallel to the dis-
location line.
Secondary bonds. Interatomic and
intermolecular bonds that are rela-
tively weak and for which bonding
energies are relatively small. Nor-
mally atomic or molecular dipoles
are involved. Secondary bonding
types are van der Waals and hy-
drogen.
Selective leaching. A form of cor-
rosion wherein one element or
constituent of an alloy is preferen-
tially dissolved.
Self-diffusion. Atomic migration in
pure metals.
Self-interstitial. A host atom or ion
that is positioned on an interstitial
lattice site.
Semiconductor. Anonmetallic ma-
terial that has a filled valence band
at 0 K and a relatively narrow en-
ergy band gap. The room tempera-
ture electrical conductivity ranges
between about 10�6 and 104 (�-
m)�1.
Shear. A force applied so as to
cause or tend to cause two adjacent
parts of the same body to slide rela-
tive to each other, in a direction par-
allel to their plane of contact.
Shear strain (�). The tangent of the
shear angle that results from an ap-
plied shear load.
Shear stress (�). The instantaneous
applied shear load divided by the
original cross-sectional area across
which it is applied.

Single crystal. A crystalline solid
for which the periodic and repeated
atomic pattern extends throughout
its entirety without interruption.
Sintering. Particle coalescence of a
powdered aggregate by diffusion
that is accomplished by firing at an
elevated temperature.
Slip. Plastic deformation as the re-
sult of dislocation motion; also, the
shear displacement of two adjacent
planes of atoms.
Slip casting. A forming technique
used for some ceramic materials. A
slip, or suspension of solid particles
in water, is poured into a porous
mold. A solid layer forms on the
inside wall as water is absorbed by
the mold, leaving a shell (or ulti-
mately a solid piece) having the
shape of the mold.
Slip system. The combination of a
crystallographic plane and, within
that plane, a crystallographic direc-
tion along which slip (i.e., disloca-
tion motion) occurs.
Softening point (glass). The max-
imum temperature at which a glass
piece may be handled without
permanent deformation; this corre-
sponds to a viscosity of approxi-
mately 4 � 106 Pa-s (4 � 107 P).
Soft magnetic material. A ferro-
magnetic or ferrimagnetic mat-
erial having a small B versus H
hysteresis loop, which may be mag-
netized and demagnetized with rel-
ative ease.
Soldering. A technique for joining
metals using a filler metal alloy that
has a melting temperature less than
about 425�C (800�F). Lead–tin
alloys are common solders.
Solid solution. A homogeneous
crystalline phase that contains two
ormore chemical species. Both sub-
stitutional and interstitial solid solu-
tions are possible.
Solid-solution strengthening. Hard-
ening and strengthening of metals
that result from alloying in which a
solid solution is formed. The pres-
ence of impurity atoms restricts dis-
location mobility.



Solidus line. On a phase diagram,
the locus of points at which solidifi-
cation is complete upon equilibrium
cooling, or at which melting begins
upon equilibrium heating.
Solubility limit. The maximum
concentration of solute that may be
addedwithout forming a newphase.
Solute. One component or element
of a solution present in aminor con-
centration. It is dissolved in the
solvent.
Solution heat treatment. The pro-
cess used to form a solid solution
by dissolving precipitate particles.
Often, the solid solution is super-
saturated and metastable at ambi-
ent conditions as a result of rapid
cooling from an elevated temper-
ature.
Solvent. The component of a solu-
tion present in the greatest amount.
It is the component that dissolves
a solute.
Solvus line. The locus of points on
a phase diagram representing the
limit of solid solubility as a function
of temperature.
Specific heat (cp , cv). The heat ca-
pacity per unit mass of material.
Specificmodulus (specific stiffness).
The ratio of elastic modulus to spe-
cific gravity for a material.
Specific strength. The ratio of ten-
sile strength to specific gravity for
a material.
Spheroidite. Microstructure found
in steel alloys consisting of sphere-
like cementite particles within an �-
ferrite matrix. It is produced by an
appropriate elevated-temperature
heat treatment of pearlite, bainite,
or martensite, and is relatively soft.
Spheroidizing. For steels, a heat
treatment carried out at a tempera-
ture just below the eutectoid in
which the spheroidite microstruc-
ture is produced.
Spherulite. An aggregate of rib-
bonlike polymer crystallites radiat-
ing from a common center, which
crystallites are separated by amor-
phous regions.
Spinning. The process by which fi-
bers are formed. A multitude of fi-

840 ● Glossary

bers are spun as molten material is
forced through many small orifices.
Stabilizer. A polymer additive that
counteracts deteriorative processes.
Stainless steel. A steel alloy that is
highly resistant to corrosion in a
variety of environments. The pre-
dominant alloying element is chro-
mium, which must be present in a
concentration of at least 11 wt%;
other alloy additions, to include
nickel and molybdenum, are also
possible.
Standard half-cell. An electro-
chemical cell consisting of a pure
metal immersed in a 1M aqueous
solution of its ions, which is electri-
cally coupled to the standard hydro-
gen electrode.
Steady-state diffusion. The diffu-
sion condition for which there is no
net accumulation or depletion of
diffusing species. The diffusion flux
is independent of time.
Stereoisomerism. Polymer isomer-
ism in which side groups within mer
units are bonded along the molecu-
lar chain in the same order, but in
different spatial arrangements.
Stoichiometry. For ionic com-
pounds, the state of having exactly
the ratio of cations to anions speci-
fied by the chemical formula.
Strain, engineering (�). The change
in gauge length of a specimen (in
the direction of an applied stress)
divided by its original gauge length.
Strain hardening. The increase in
hardness and strength of a ductile
metal as it is plastically deformed
below its recrystallization temper-
ature.
Strain point (glass). The maximum
temperature atwhich glass fractures
without plastic deformation; this
corresponds to a viscosity of about
3 � 1013 Pa-s (3 � 1014 P).
Strain, true. See True strain.
Stress concentration. The concen-
tration or amplification of an ap-
plied stress at the tip of a notch or
small crack.
Stress corrosion (cracking). A form
of failure that results from the com-
bined action of a tensile stress and

a corrosion environment; it occurs
at lower stress levels than are re-
quired when the corrosion environ-
ment is absent.
Stress, engineering (�). The instan-
taneous load applied to a specimen
divided by its cross-sectional area
before any deformation.
Stress intensity factor (K). A factor
used in fracture mechanics to spec-
ify the stress intensity at the tip of
a crack.
Stress raiser. A small flaw (inter-
nal or surface) or a structural dis-
continuity at which an applied
tensile stress will be amplified and
from which cracks may propa-
gate.
Stress relief. A heat treatment for
the removal of residual stresses.
Stress, true. See True stress.
Structural clay products. Ceramic
products made principally of clay
and used in applications where
structural integrity is important
(e.g., bricks, tiles, pipes).
Structural composite. A composite
the properties of which depend on
the geometrical design of the struc-
tural elements. Laminar composites
and sandwich panels are two sub-
classes.
Structure. The arrangement of the
internal components of matter:
electron structure (on a subatomic
level), crystal structure (on an
atomic level), and microstructure
(on a microscopic level).
Substitutional solid solution. A
solid solution wherein the solute
atoms replace or substitute for the
host atoms.
Superconductivity. A phenomenon
observed in somematerials: the dis-
appearance of the electrical resis-
tivity at temperatures approaching
0 K.
Supercooling. Cooling to below a
phase transition temperature with-
out the occurrence of the transfor-
mation.
Superheating. Heating to above a
phase transition temperature with-
out the occurrence of the transfor-
mation.



Glossary ● 841

Syndiotactic. A type of polymer
chain configuration in which side
groups regularly alternate positions
on opposite sides of the chain.
System. Two meanings are possi-
ble: (1) a specific body of material
that is being considered, and (2) a
series of possible alloys consisting
of the same components.

T
Temper designation. A letter–digit
code used to designate themechani-
cal and/or thermal treatment to
which a metal alloy has been sub-
jected.
Tempered martensite. The micro-
structural product resulting from a
tempering heat treatment of a mar-
tensitic steel. The microstructure
consists of extremely small and uni-
formly dispersed cementite parti-
cles embedded within a continuous
�-ferrite matrix. Toughness and
ductility are enhanced significantly
by tempering.
Tempering (glass). See Thermal
tempering.
Tensile strength (TS). The maxi-
mum engineering stress, in tension,
that may be sustained without frac-
ture. Often termed ultimate (ten-
sile) strength.
Terminal solid solution. A solid so-
lution that exists over a composition
range extending to either composi-
tion extremity of a binary phase di-
agram.
Tetrahedral position. The void
space among close-packed, hard
sphere atoms or ions forwhich there
are four nearest neighbors.
Thermal conductivity (k). For
steady-state heat flow, the propor-
tionality constant between the heat
flux and the temperature gradient.
Also, a parameter characterizing
the ability of a material to con-
duct heat.
Thermal expansion coefficient, lin-
ear (	l). The fractional change in
length divided by the change in tem-
perature.
Thermal fatigue. A type of fatigue
failure wherein the cyclic stresses

are introduced by fluctuating ther-
mal stresses.
Thermal shock. The fracture of a
brittlematerial as a result of stresses
that are introduced by a rapid tem-
perature change.
Thermal stress. A residual stress
introduced within a body resulting
from a change in temperature.
Thermal tempering. Increasing the
strength of a glass piece by the intro-
duction of residual compressive
stresses within the outer surface us-
ing an appropriate heat treatment.
Thermally activated transforma-
tion. A reaction that depends on
atomic thermal fluctuations; the
atoms having energies greater than
an activation energy will spontane-
ously react or transform. The rate of
this type of transformation depends
on temperature according to Equa-
tion 10.3.
Thermoplastic (polymer). A poly-
meric material that softens when
heated and hardens upon cooling.
While in the softened state, articles
may be formed by molding or ex-
trusion.
Thermoplastic elastomer (TPE). A
copolymeric material that exhibits
elastomeric behavior yet is thermo-
plastic in nature. At the ambient
temperature, domains of one mer
type form at molecular chain ends
that act as physical crosslinks.
Thermosetting (polymer). A poly-
meric material that, once having
cured (or hardened) by a chemical
reaction, will not soften or melt
when subsequently heated.
Tie line. A horizontal line con-
structed across a two-phase region
of a binary phase diagram; its inter-
sections with the phase boundaries
on either end represent the equilib-
rium compositions of the respective
phases at the temperature in
question.
Time–temperature–transformation
(T–T–T) diagram. See Isothermal
transformation diagram.
Toughness. A measure of the
amount of energy absorbed by a
material as it fractures. Toughness

is indicated by the total area under
the material’s tensile stress–strain
curve.
Trans. For polymers, a prefix de-
noting a type of molecular struc-
ture. To some unsaturated carbon
chain atoms within a mer unit, a
single side atom or group may be
situated on one side of the chain, or
directly opposite at a 180� rotation
position. In a trans structure, two
such side groups within the same
mer reside on opposite chain sides
(e.g., trans-isoprene).
Transformation rate. The recipro-
cal of the time necessary for a
reaction to proceed halfway to its
completion.
Transgranular fracture. Fracture of
polycrystalline materials by crack
propagation through the grains.
Translucent. Having the property
of transmitting light only diffusely;
objects viewed through a translu-
cent medium are not clearly distin-
guishable.
Transmission electron microscope
(TEM). A microscope that pro-
duces an image by using electron
beams that are transmitted (pass
through) the specimen. Examina-
tion of internal features at high
magnifications is possible.
Transparent. Having the property
of transmitting light with relatively
little absorption, reflection, and
scattering, such that objects viewed
through a transparent medium can
be distinguished readily.
Transverse direction. A direction
that crosses (usually perpendicu-
larly) the longitudinal or length-
wise direction.
Trifunctional mer. Designating
mer units that have three active
bonding positions.
True strain (�T). The natural loga-
rithm of the ratio of instantaneous
gauge length to original gauge
length of a specimen being de-
formed by a uniaxial force.
True stress (�T). The instanta-
neous applied load divided by the
instantaneous cross-sectional area
of a specimen.



U
Ultimate (tensile) strength. See
Tensile strength.
Ultrahigh molecular weight poly-
ethylene (UHMWPE). A polyeth-
ylene polymer that has an extremely
high molecular weight (approxi-
mately 4 � 106 g/mol). Distinctive
characteristics of this material in-
clude high impact and abrasion re-
sistance, and a low coefficient of
friction.
Unit cell. The basic structural unit
of a crystal structure. It is generally
defined in terms of atom (or ion)
positions within a parallelepiped
volume.
Unsaturated. A term describing
carbon atoms that participate in
double or triple covalent bonds and,
therefore, do not bond to a maxi-
mum of four other atoms.
Upper critical temperature. For a
steel alloy, the minimum tempera-
ture above which, under equilib-
rium conditions, only austenite is
present.

V
Vacancy. A normally occupied lat-
tice site from which an atom or ion
is missing.
Vacancy diffusion. The diffusion
mechanism wherein net atomic mi-
gration is from lattice site to an adja-
cent vacancy.
Valence band. For solid materials,
the electron energy band that con-
tains the valence electrons.
Valence electrons. The electrons in
the outermost occupied electron
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shell, which participate in in-
teratomic bonding.
van der Waals bond. A secondary
interatomic bond between adjacent
molecular dipoles, which may be
permanent or induced.
Viscoelasticity. A type of defor-
mation exhibiting the mechanical
characteristics of viscous flow and
elastic deformation.
Viscosity (
). The ratio of themag-
nitude of an applied shear stress to
the velocity gradient that it pro-
duces; that is, a measure of a non-
crystalline material’s resistance to
permanent deformation.
Vitrification. During firing of a
ceramic body, the formation of a
liquid phase that upon cooling be-
comes a glass-bonding matrix.
Vulcanization. Nonreversible chem-
ical reaction involving sulfur or
other suitable agent wherein cross-
links are formed betweenmolecular
chains in rubber materials. The rub-
ber’s modulus of elasticity and
strength are enhanced.

W
Wave-mechanical model. Atomic
model in which electrons are
treated as being wavelike.
Weight percent (wt%). Concen-
tration specification on the basis of
weight (or mass) of a particular ele-
ment relative to the total alloy
weight (or mass).
Weld decay. Intergranular corro-
sion that occurs in some welded
stainless steels at regions adjacent
to the weld.

Welding. A technique for joining
metals in which actual melting of
the pieces to be joined occurs in the
vicinity of the bond. A filler metal
may be used to facilitate the
process.
Whisker. A very thin, single crystal
of high perfection that has an ex-
tremely large length-to-diameter
ratio. Whiskers are used as the rein-
forcing phase in some composites.
White cast iron. A low-silicon and
very brittle cast iron, in which the
carbon is in combined form as ce-
mentite; a fractured surface ap-
pears white.
Whiteware. A clay-based ceramic
product that becomes white after
high-temperature firing; white-
wares include porcelain, china, and
plumbing sanitary ware.
Working point (glass). The tem-
perature at which a glass is easily
deformed, which corresponds to a
viscosity of 103 Pa-s (104 P).
Wrought alloy. A metal alloy that
is relatively ductile and amenable
to hot working or cold working dur-
ing fabrication.

Y
Yielding. The onset of plastic de-
formation.
Yield strength (�y). The stress re-
quired to produce a very slight yet
specified amount of plastic strain; a
strain offset of 0.002 is commonly
used.
Young’s modulus. See Modulus
of elasticity.


