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Despite the wide availability of several comprehensive series in
materials sciences and metallurgy, it is difficult to find grouped
properties either on metals and alloys, traditional and advanced
ceramics, refractories, polymers and elastomers, composites, min-
erals and rocks, soils, woods, cement, and building materials in
a single-volume source book.

Actually, the purpose of this practical and concise reference book
is to provide key scientific and technical materials properties and
data to materials scientists, metallurgists, engineers, chemists, and
physicists as well as to professors, technicians, and students work-
ing in a broad range of scientific and technical fields.

The classes of materials described in this handbook are as follows:

(i) metals and their alloys;

(i) semiconductors;

(iii)  superconductors;

(iv)  magnetic materials;

(v) dielectrics and insulators;

(vi)  miscellaneous electrical materials (e.g., resistors, thermo-
couples, and industrial electrode materials);

(vii)  ceramics, refractories, and glasses;

(viii) polymers and elastomers;

(ix) minerals, ores, and gemstones;

(x) rocks and meteorites;

(xi) soils and fertilizers;

(xii) timbers and woods;

(xiii) cement and concrete;

(xiv) building materials;

(xv) fuels, propellants, and explosives;
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Introduction

(xvi) composites;
(xvii) gases;
(xviii) liquids.
Particular emphasis is placed on the properties of the most common industrial materials

in each class. The physical and chemical properties usually listed for each material are as
follows:

(i) physical (e.g., density, viscosity, surface tension);

(ii)  mechanical (e.g., elastic moduli, Poisson’s ratio, yield and tensile strength, hardness,
fracture toughness);

(iii)  thermal (e.g., melting and boiling point, thermal conductivity, specific heat capacity,
coefficients of thermal expansion, spectral emissivities);

(iv)  electrical (e.g., resistivity, relative permittivity, loss tangent factor);

(v)  magnetic (e.g., magnetization, permeability, retentivity, coercivity, Hall constant);

(vi)  optical (e.g., refractive indices, reflective index, dispersion, transmittance);

(vii) electrochemical (e.g., Nernst standard electrode potential, Tafel slopes, specific cap-
acity, overpotential);

(viii) miscellaneous (e.g., relative abundances, electron work function, thermal neutron
cross section, Richardson constant, activity, corrosion rate, flammability limits).

Finally, detailed appendices provide additional information (e.g., properties of the pure
chemical elements, thermochemical data, crystallographic calculations, radioactivity calcula-
tions, prices of metals, industrial minerals and commodities), and an extensive bibliography
completes this comprehensive guide. The comprehensive index and handy format of the
book enable the reader to locate and extract the relevant information quickly and easily.
Charts and tables are all referenced, and tabs are used to denote the different sections of the
book. It must be emphasized that the information presented here is taken from several sci-
entific and technical sources and has been meticulously checked and every care has been
taken to select the most reliable data.
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This section presents the most important mechanical, thermal, and
optical quantities used to describe and characterize the properties
of various classes of solid materials discussed in various sections of
this book, while electrical and magnetic properties are described in
the sections dealing with semiconductors, dielectrics, and magnetic
materials. Finally, the properties of gases and liquids are described
in their respective sections. For each physical quantity, the defini-
tion, physical equation, and SI unit are provided along with some
orders of magnitude and range. The most common conversion
factors encountered in metallurgy and materials science are listed in
Table 1.14 at the end of this chapter.

1.1 Physical Properties
1.1.1 Mass Density

The mass density, or simply density, of a material is an intensive'
physical quantity denoted by the Greek letter p (or d), which corre-
sponds to the mass of the material, m, expressed in kg, divided by
the total volume of the material, V, expressed in m’. Hence, it has
the dimension [ML ] and is then expressed in the SI in kg.m™:

p=m/V.

An intensive quantity does not vary with dimensions of the system (e.g.,
mass, volume).



Properties of Materials

The temperature dependence of the density is given in a first approximation by the following
linear relationships:

p(T) =p/[1+B(T-T)] =p,- [1-B(T~T)] = (p, + p,BT,) — p,BT = A~ BT,

where T is the absolute thermodynamic temperature in K and P the cubic thermal expansion
coefficient in K.

1.1.2 Theoretical Density or X-ray Density of Solids

The mass density p of crystallized solids expressed in kg.m™ can be calculated quite accu-

rately from both the number of atoms or molecules per formula unit and the crystal lattice

parameters obtained by x-ray diffraction. For that reason, it is sometimes called the x-ray

density , or simply the theoretical density, of the crystal. It can be calculated using the fol-

lowing equation:
Pray = ZMIN, V5

with

Vi the dimensionless number of atoms or molecules per formula unit (apfu),

M the molar atomic or molecular mass in kg.mol ™,

N, Avogadro’s constant, 6.02204531 x 10" mol ™, and

V., thevolume of the unit cell based on crystal lattice parameters in m’.

cell

1.1.3 Apparent, Bulk, and Tap Densities

The apparent density, also called the true density, real density, or absolute density, p,_,
expressed in kg.m™, is obtained when the volume measured excludes the pores as well as the
void spaces between particles within the bulk sample. Absolute density is determined by
pycnometry using water or another liquid that is expected to fill the pores in the sample,
thus removing their volume from the measurement. Sometimes the material is subjected to
boiling in the same liquid to ensure pore penetration, and sometimes the sample is evacu-
ated prior to immersion to assist pore filling. However, surface-tension effects and entrap-
ped gases resist the filling of very small pores. Therefore the best method consists in deter-
mining the apparent density by helium pycnometry:

pbulk = mparticles/vpar(icles'

The bulk density, p,,,, expressed in kg.m™, is used for characterizing solids in powder form
and particulates and corresponds to the mass of a solid in powder form divided by the over-
all volume of the solids including voids containing air trapped between particles:

Prate = Moggiiies (Vpnrﬁdes V)

The tap density, p,,,, expressed in kg.m ™, corresponds to the apparent density of a powder
obtained from filling a container with the sample material and vibrating or tapping it under
specified conditions (e.g., ASTM standard test methods B527, D1464, and D4781) to obtain
near-optimum packing.



1.1.4 Specific Weight

The specific weight of a material, denoted by the Greek letter y, corresponds to the weight of -
material per unit volume. Its dimensions are [ML™T ], and it is expressed in N.m L

y=mglV=pg.

1.1.5 Specific Gravity

The specific gravity, denoted d, S.G., or simply G, is a dimensionless physical quantity equal
to the ratio of the mass density of the material at a given temperature (f,) to the mass density
of a reference fluid selected as a standard at a given temperature (t,). Since the mass density
of materials varies with temperature, for a precise definition the temperature of both materi-
als must be stated:

d i pmlteriil(tl)/prgf(tz) - SG.

Usually, the specific gravity of liquids and solids refers to the maximum mass density of pure
water (i.e., 999.973 kg.rn_3 measured at 3.98°C or sometimes 999.972 kg.m_3 measured at 4°C),
but other solvents could also be used as standards. For instance, common specific gravities
commonly used in the industry are d",,, d",,,, and G*" ...

While the specific gravity of gases refers to the mass density of dry air measured for nor-
mal conditions of temperature and pressure (NTP; i.e., 273.15K and 101.325 kPa), for ideal
gases, the specific gravity relative to air at the same temperature and pressure can be written
as the ratio of their relative molar masses:

dy, = PP, TP (P, T) = M, IM,,.

Therefore, under normal temperature and pressure, the specific gravity of a gas is given
approximately by the following practical relation:

d,, ~M,_/28.964.

1.1.6 Buoyancy and Archimedes’ Principle

The Archimedes theorem explains that all bodies immersed in an ideal fluid encounter a ver-
tical thrust force oriented toward the top, called the buoyancy force, and equal as absolute
value to the weight of the volume of the fluid displaced. This force is called the buoyancy
force, denoted b and expressed in newtons (N). Actually, for a solid material, S, having a vol-
ume Vin m’ immersed in a fluid (i.e., gas or liquid), F, with a mass density, p, in kg.m", the
buoyancy force acting on the solid body can be written as follows:

b = —pFVSgn‘
It is then possible to express the apparent weight of a solid material immersed in a fluid:

=P__+b,

apparent actual

Pnppnenl =msg, — pFVSgn’



