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Units Policy

In this book the only units of measure used for describing physical
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Imperial, and US customary), please refer to the reference book by
the same author:

Cardarelli, F. (2005) Encyclopaedia of Scientific Units, Weights, and
Measures. Their SI Equivalences and Origins. Springer, London New
York. ISBN 978-1-85233-682-1.
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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;

(ii) 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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(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);

(i)  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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Gases

19.1 Properties of Gases

The state of a gas is defined by the values of its volume (V), its abso-
lute thermodynamic temperature (T), its absolute pressure (P) and
the amount of substance or number of moles (n). An equation of
state is a mathematical relationship between these four physical
quantities: f= (P,V,T,n). The equation is obtained from knowledge
of the experimental behavior of a system.

Ideal gases. The ideal gas assumption is an ideal state, where the
size of the microscopic entities (i.e., atoms or molecules) constitu-
tive of the gas is negligible and the interatomic or intermolecular
forces existing between them are neglected in a first approximation.
Therefore, the ideal gas assumption is suitable for assessing proper-
ties of common gases under low pressure or at high temperature.

Real gases. In real gases, non-ideality arises from either atomic
or molecular size or intermolecular interactions caused by electro-
static attraction or repulsion (i.e., Coulomb’s forces). The departure
from ideal behavior of a gas is particularly noticeable under high
pressure or at cryogenic temperatures. Under high pressure, the
volume occupied by the atoms or molecules of gas is no longer
negligible compared with the overall volume and electrostatic at-
tractions are more important so the equation of state of the actual
gas must take additional parameters into account.

19.1.1 Pressure

The pressure of a fluid (e.g., liquid, gas) is a scalar physical quantity,
denoted P, and is expressed in the SI in pascals (Pa), corresponding
to the force F expressed in newtons (N), exerted uniformly onto




a surface having cross-sectional area A expressed in square meters (m’) according to the
following equation:
P=F/A
Important notes
(i)  Pressure is an intensive quantity, that is, it does not depend on the size of the system
(i.e., volume, mass, etc.).
(ii) The pressure is a scalar quantity by contrast with the stress which is a tensor.

(iii) For an ideal fluid, i.e., without viscosity and incompressible (i.e., a constant mass den-
sity), the forces exerted onto the wall of a container are normal (i.e., orthogonal) to the
surface. Actually, if the forces were not normal, they could be decomposed into two
vectors

(1) anormal component; and
(2) atangential component.
Under the tangential force, the liquid would move alone along the wall.

As discussed previously the pressure is a scalar physical quantity with the following di-
mensional equation: [P] = [ML™T~’]. In the Systéme International d’unités (SI), the pressure
unit is a derived unit having a special name pascal’, with the symbol Pa, hence 1 Pa = IN.m"
=1kg.m.s™. However, there also exist several obsolete units of pressure relative to different
systems or used in particular scientific, and technical fields. Although these obsolete units
should be discontinued their remanence exists for practical uses and they are listed in Ta-
ble 19.1.

' Unit name after the French mathematician, physicist and scientist Blaise Pascal [Clermont-Ferrand

(1623), Paris (1662)].
*  Named after the Italian scientist Evangelista Torricelli (1608-1647).



However, the best way to remember all these numerous conversion factors is to remem-
ber the exact value of the standard atmosphere in all these units or the relationships between
them, as listed in Table 19.2.

19.1.2 The Boyle-Mariotte Law

For a fixed mass of gas under isothermal (i.e., constant temperature) conditions, the product
of absolute pressure, p times the volume, V, occupied by the gas is a constant. The constant
increases with increasing temperature.

PV=PV,=P,V=...=PV,=...=P,V, = constant
Therefore, in a PV diagram they form hyperbolic curves (see Figure 19.1)

Example: A commercial gas cylinder supplied by a gas manufacturer contains a volume
V=10 liters of compressed gas at a pressure P = 200 bar. What is the total volume of gas that
can be delivered under atmospheric pressure? Since 1 bar = 10° Pa (E) and P, = 101.325 kPa,
the volume delivered in cubic decimeters is then V,, = PV/P,,, = [(2 % 10’ X 10)/101,325] m’
=1974 dm’.

V=<

Figure 19.1. PV diagram
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19.1.3 Charles and Gay-Lussac’s Law

For a given mass of gas under isobaric (i.e., constant pressure) conditions, the ratio of the
volume occupied by the gas to the absolute thermodynamic temperature is a constant (see
Figure 19.2). This constant changes with changing pressure

VIT=V/T, =V,/T=...=VJIT =...= V/T, = constant

molar volume V_ g

Vv

V_°(molar volume at NTP)

4 =
0K 273.15K

Absolute temperature T/K

Figure 19.2. VT diagram

19.1.4 The Avogadro-Ampere Law

Under isothermal and isobaric conditions (i.e., at constant T and P), equal volumes of gases
contain equal numbers of atoms or molecules.

The proportionality constant is independent of the identity of the gas. Some examples of
molar volumes of an ideal gas at various T and P conditions are presented in Table 19.3.

One important practical consequence is that mole fraction and volume fraction are iden-
tical quantities for ideal gases.

Table 19.3. Molar volumes of ideal gas vs. T'and P (/10" m’.mol )

P, = 101325 kPa P,=1bar
T=273.15K 224135 22.7105
T=298.15K 24.4649 24,7891

19.1.5 Normal and Standard Conditions

Since the properties of gases strongly depend on both pressure and temperature, it is impor-
tant to define standardized conditions of T and P. Unfortunately there is a great variety of
adopted conventions, academic, industrial and even commercial. In both theory and prac-
tice, the conditions recommended by the International Union of Pure and Applied Chemistry



