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The current economic panorama has been particularly adverse for the architecture
and civil engineering sectors. We firmly believe that the innovation and develop-
ment of new materials with enhanced and/or innovative properties will bring about
the opportunity of restoring these sectors.

However, the remarkable multiplicity and diversity of materials currently avail-
able in civil engineering put designers, architects, and civil engineers in a problem
of growing complexity—the selection of materials.

The selection of materials in civil engineering can be based, naturally, on
features such as suitability, cost, life cycle, and the materials recyclability. Never-
theless, the future of civil engineering lies in the higher value-added materials.
Hence, the selection of materials for a certain project is an iterative task, where the
optimization of solutions can only be obtained through the dialogue between the
project’s specialists, architectures, and civil and materials engineers.

Naturally, for such discussion to be possible, it is imperative that all the actors
dominate the same technical language and share a set of scientific knowledge,
which will allow for communication and optimized solutions.

The present work is intended to contribute to that platform of specialists that is
committed to the civil engineer/architecture project. We intend to offer its readers
information regarding the main groups of materials used in civil construction,
highlighting the nomenclature, properties, fabrication processes, selection criteria,
products/applications, life cycle and recyclability, and even normalization.

This book is the result of extensive work in a broad spectrum of subjects and
competences in the areas of materials and civil engineering, as well as architecture.
In its foundation there is a multidisciplinary team of several specialists of distinct
Portuguese institutions, such as LNEC, CTCV, ISEL, LNEG, and IST. Despite the
scientific edition of the work, it certainly reflects some level of heterogeneity in the
approach chosen by each author.

Chapters 1-5 include the structural and more traditional materials in civil
engineering—hydraulic binders, bituminous materials, concrete, plastering, and
renders; Chaps. 6-9 comprise structural materials and/or finishing materials like
steel, ceramic, glass, ornamental stones, polymers, and polymer matrix composites;
Chaps. 12 and 13 depict the natural materials such as wood and cork; in Chap. 14
we introduce nanomaterials; Chaps. 15 explain the corrosion phenomena and its
control; Chap. 16 introduces structural adhesives, while the main properties and the
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Vi Preface

uses of paints and organic coatings are presented in Chap. 17. Chapter 18 presents
the life cycle of the different products, as well as the integrated waste management
of; and Chap. 19 concludes the book with the regulation and certification of
construction products. To the authors, we publicly express our sincere thanks for
their contribution, without which this book would not be possible. Thanks to the
first publisher, “ISTPress” the IST academic publisher, since day one. Very special
thanks to Springer, for its recognition and commitment on the publication of
the book.

Lisbon, Portugal M. Clara Gongalves
Fernanda Margarido
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A

Abrasion resistance (Plaster; render) Wear resistance of the surface of a hard-
ened mortar by mechanical action

Abrasive (Ornamental stone) Generic designation of hard and wear-resistant
substances used to wear and polish

Acid rock (Ornamental stone) Igneous rock with more than 66 wt% silica

Addition (Plaster; render; concrete) Finely divided inorganic material, which
can be added to the matrix (mortar, concrete, and others) with the purpose to
obtain or improve specific properties

Additive (Polymeric matrix composites; organic coatings; structural
adhesives; polymer) Substance added in small quantities to a formulation
(adhesive, polymer resin, paints, varnishes, etc.) with the purpose of improving
or modifying the processability (plasticizers, lubricants, stabilizers, release
agents, etc.), the external appearance (colors, pigments, etc.), the performance
(antioxidants, protection to ultraviolet radiation, the antistatic flame retardants,
foams, etc.), or the recycling processes (stabilizers, additives repairers, etc.)

Adherence (Plaster; render) Maximum breaking force per unit area of a mortar
applied on a support, which can be determined by applying a tensile force or
shearing

Adherence (Organic coatings) Property of a film used to evaluate the set of
binding forces that develop between that film and the substrate where it is
applied

Adhesion (Organic coatings) Property of a film, resulting from the binding forces
developed between the film and the substrate on which it is applied

Adhesion (Structural adhesives) Phenomenon by which two surfaces are held
together by chemical, physical, or physicochemical forces resulting from the
presence of an adhesive [NP 3672:1990]

Adhesive (Structural adhesives) Product able to maintain in a state of adhesion of
two surfaces of one or more identical or different materials [NP 3672:1990]

vii



viii Glossary

Adhesive failure (Plaster; render) Rupture that occurs at the interface between
the mortar and the support, or generally at the interface between the adhesive and
either glued surfaces

Adhesiveness (Structural adhesives) Capacity of a material to produce adhesion

Adhesives (Structural adhesives; polymer) Formulations usually involving
polymer, used to bind two or more surfaces together, providing a certain strength
to this union. Divided into adhesives of thermal, contact, and structural applica-
tion. Nonmetallic substance capable of joining materials by surface bonding
(adhesion), and the bond possessing adequate internal strength (cohesion)
[EN923:2005 + A1:2008]

Admixture (Render; plaster; concrete; polymer) Denomination given to
additions used in small amounts (<4 wt%; <5 % per cement weight in concrete)
to improve specific properties of the final product (see additives)

Agglomerate (Cork) Material obtained by agglomeration of granules (expanded
or not expanded) or possibly regranulates

Aggregate (Concrete and binders; Bituminous materials) Natural, artificial,
reclaimed, or recycled granular mineral materials used in construction

Air-entraining agent (Plasters; Stucco) Admixture that allows the incorporation
of a controlled amount of air bubbles distributed uniformly throughout the
mortar, which remain after hardening

Alkyd resin (Polymer) Alkyd resins (“al” as alcohol and “id” as acid) are made
from esters of unsaturated carboxylic acids and polyhydric alcohols; polymeri-
zation by radical attack to double links produces a coating (see resin)

Alternating copolymer (Polymer) Copolymer wherein the constituent monomers
are alternately distributed in the chain (see copolymer)

Anion (Corrosion) Negatively charged ion (e.g., CI” or OH™)

Annual ring (or Annual growth ring) (Wood) Cross section of a tree growth
layer, or part thereof, corresponding to the wood produced in a year

Anode (Corrosion) Electrode where an oxidation reaction occurs. This reaction
may involve molecules or anions from the environment or the atoms of a metal
(giving rise to positive ions or insoluble compounds)

Anodic current (Corrosion) Current caused by the occurrence of oxidation
reaction

Anodic inhibitor (Corrosion) Inhibitor that interferes with the anodic reaction.
Normally, these are anions that migrate to anode surfaces, forming protective
film layers

Anodic protection (Corrosion) Protection against corrosion is obtained by
increasing the electrode potential so as to achieve the material’s passivation. It
is only feasible if the material shows a passivation domain at the working pH

Anodizing (Corrosion) Corrosion protection method used in several metals in
which the oxidation of the metal is promoted in order to obtain a thick layer of
protective oxide
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Antireflective glass (Glass) Glass with a surface coating that allows to minimize
the light reflection component and maximize the transmitted component, so that
transparency and visibility in transmission are optimized (class of coated
glasses)

Arcade (Ornamental stone) Series of contiguous arches; dome

Atmospheric corrosion (Corrosion) Corrosion by exposure to the atmosphere,
usually to outdoors (see corrosion)

B

Bands (Ornamental stone) Strips or risers for coping

Banister (Ornamental stone) Small column usually used in support railings and
window sills

Bark (Wood) Generic term for all exterior tissues that involve the xylem

Basalt (Ornamental stone) Extrusive igneous rock of volcanic origin and usually
very hard, whose color ranges from dark gray to black

Basic rock (Ornamental stone) Igneous rock containing silica between 45 and
52 wt%

Belly or womb (Cork) Suberous inside part of the cork tissue corresponding to the
last annual growth that reproduces all the irregularities of the surface of the inner
bark. It is located inside relatively to the tree

Beveled (Ornamental stone) Wedge-shaped edge of a slab, tile, or plaque
obtained by a beveling operation

Bimetallic corrosion (Corrosion) See galvanic corrosion

Binder (Structural adhesives) Component of an adhesive that is primarily
responsible for the adhesion [NP 3672:1990]

Binder (Hydraulic binders) Substances that harden independently and that bind
other solid materials together conferring cohesion and resistance to the whole
system

Binders (Polymer matrix composites) Materials (usually resinous) that help the
fibers remain agglomerated, providing them with protection to degradation due
to environmental agents and also promoting the adhesion between the fibers and
the matrix

Biochemical rock (Ornamental stone) Sedimentary rock formed by sedimenta-
tion of organic deposits

Biological corrosion (Corrosion) Deterioration of a metal by corrosion processes
which result, directly or indirectly, from the activity of living organisms.
Biological corrosion is not in itself a type of corrosion, but is characterized by
the intervention of living organisms (see corrosion)

Biopolymer (Polymer) Polymer of biological origin (produced by living beings)
(see polymer)
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Bitumen (Binders and bituminous materials) Organic, very viscous, almost
nonvolatile material, adhesive and impervious to water, crude petroleum deriv-
ative or present in natural asphalt, completely or nearly completely soluble in
toluene

Bitumen emulsion (Binders and bituminous materials) Fine dispersion of bitu-
men in water, performed with the aid of an emulsifier

Bituminous binder (Binders and bituminous materials) Adhesive material
containing bitumen or natural asphalt, or a mixture of both

Bituminous mixture (Binders and bituminous materials) Mixture of stone,
sand, with or without filler, and a bituminous hydrocarbonated binder. The
following bituminous mixtures can be distinguished: (1) closed or dense, when
the percentage of voids is equal to or lower than 5 wt% after applying and
compacting (virtually impermeable); (2) semi-closed or semi-dense, when the
percentage of voids in work is less than 15 wt% and higher than 5 wt%, after
spreading and compacting; and (3) open, when the percentage of voids is greater
than 15 wt% after spreading and compacting

Bituminous mortar (Binders and bituminous materials) Mixture of sand with
bitumen (3—4 wt%). In Portugal, the percentage of bitumen is not previously
defined (see mortar)

Blended cements (Hydraulic binders) (1) Cements in which the clinker is par-
tially replaced with cementitious materials or minerals during the cement
manufacturing process, or (2) cements blended with cementitious materials or
minerals during the preparation of grout, mortar, or concrete (see cement)

Bleeding (Concrete) Particular case of segregation that corresponds to the rise of
water to the top concrete’s surface and can drag fine particles, namely cement

Block (Cork) Large piece with the shape of a rectangular parallelepiped compris-
ing one or more elements bonded

Block copolymer (Polymer) Copolymer whose chain is constituted by a sequence
of different blocks, each one being constituted by a homopolymer sub-chain (see
copolymer)

Bond, adhesive joint (Structural adhesives) Union of two adjacent substrates by
means of an adhesive [NP 3672:1990]

Bond strength (Structural adhesives) Force per surface unit necessary to bring
an adhesive joint to the point of failure, with failure occurring in or near the
plane of the bond-line [EN 923:2005 + A1:2008]

Bonding (Structural adhesives) Action of bond and the result of that action
[NP 3672:1990]

Breccia (Ornamental stone) Sedimentary rock consisting of fragments of natural
agglomeration, cemented together by calcite or silica

Brittle conchoidal fracture (Glass) Morphology of brittle fracture in vitreous
material. In brittle conchoidal fracture the fracture surface is similar to a shell
surface. In brittle fracture, the forming energy of a critical crack is much bigger
than the crack’s propagation energy
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Bush hammering (Ornamental stone) Surface finishing process that consists of
creating protrusions and depressions with a puncture from 4 to 25 teeth in
conical or pyramidal shapes. The finish can be made manually or automatically
using an especially designed device

Brushed (Ornamental stone) Finishing processed with steel brushes giving a
brushed aspect to stone

C

Calcite (Ornamental stone) Mineral composed of calcium carbonate (CaCOs)

Calibrate (Ornamental stone) Regulate the caliber of

Calibration (Ornamental stone) Operation of making the thickness of the statu-
tory plates uniform

Calibrator (Ornamental stone) Machine with a rotating diamond coated head
that performs the calibration

Capillarity (Plaster, Stucco; structural adhesives) Phenomenon associated with
the liquid flow in capillaries due to surface tension

Cathode (Corrosion) Electrode where a reducing reaction takes place

Cathodic current (Corrosion) Current involved in a reduction reaction

Cathodic protection (Corrosion) Corrosion protection achieved by a decrease in
the electrode potential (down to values close or even below the equilibrium
potential of the metal’s oxidation reaction). It can be achieved through the use of
a generator (protection through impressed current) or by the use of a less noble
metal (sacrificial anode)

Cation (Corrosion) Positively charged ion (e.g., H" or Fe

Cathodic inhibitor (Corrosion) Inhibitor that interferes with the cathodic reac-
tion. Typically, these are cations that migrate to cathode surfaces where they
react, creating deposits and polarizing reactions taking place here

Cavitation (Corrosion) Formation of vapor bubbles in a liquid under the action of
low localized pressures, followed by the instantaneous collapse of these bubbles,
producing extremely high localized pressures

Cavitation—Corrosion (Corrosion) Form of corrosion caused by the joint action
of corrosion and cavitation. Cavitation causes the removal of the corrosion
products, increasing the exposure of the metal to the corrosive environment
(see corrosion, cavitation)

Cement (Hydraulic binders; concrete) Hydraulic binder produced by heating
from a mixture mainly of limestone and clay—forming clinker and subsequently
finely grinded with gypsum (CaSO4-2H,0) and, optionally, other additives.
When mixed with water, the hydration reactions lead to the setting and harden-
ing of the system with the ability to agglomerate other solid materials. The
hardened material retains its strength and stability both underwater and when
exposed to wet weather

2+)
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Cementitious materials (Hydraulic binders) Designation that includes both
pozzolanic materials and latent hydraulic binders, either naturally occurring or
from industrial wastes. These additions take part in the hydration reactions
altering the mechanical properties of the hardened cement-based materials

Ceramic tiles (wall and floor tiles) (Ceramic) thin plates made of clay and/or
other inorganic raw materials, used as coatings for pavements and walls.
Ceramic tiles are generally conformed by extrusion or pressing at room temper-
ature (but may be shaped by other methods), followed by the drying and firing at
temperatures high enough to obtain the required properties. Setts can be glazed
(GL) or unglazed (UGL); they are refractory and are not affected by solar
radiation (see tile)

Chamfer (Ornamental stone) Finished beveled or rounded edge

Characteristic strength (Concrete) Value of strength below which 5 % of the
population of all possible strength determinations of the volume of concrete
under consideration are expected to fall

Charges (Organic coatings) Inorganic substances in the form of particles, with
low covering power, used in the formulation of organic coatings to increase its
volume and modify their properties

Chemical tempering (Glass) Tempered produced by cation exchange between
the lithium ions (Li*) (located on the surface of the glass), and potassium (K*)
(outside environment), is performed by dipping the glass in a solution of
potassium nitrate, for ~16 h at 400 °C. The exchange of potassium ions for
lithium ions modifies the surface chemistry of the glass. The fact that potassium
ions are larger than lithium ions makes glass surface under compression. The
mechanical strength of the chemically tempered glass increases fivefold in
relation to ordinary glass

Chemical modification (Wood) A treatment where a chemical reacts with
components of wood (usually hydroxyl groups) resulting in a permanent chemi-
cal bond. An example of chemical modification of wood is acetylation

Clastic rock (Ornamental stone) Rock consisting of fragments from preexisting
rocks which were produced by alteration and erosion and usually conveyed to a
place of deposition

Cleaved or chipped slab (Ornamental stone) Facing slab with “coarse” appear-
ance, divided into plates

Closed assembly time (Structural adhesives) Time elapsed between the time the
substrates, with adhesive already applied, are brought into contact and the
moment when heat and/or pressure is applied [NP 3672:1990]

Coated glass (Glass) Class of glasses (including anti-reflection, mirror, and
low-emissive glasses) where a coating has been applied on a glass surface. It
does not include enameling. Most common coatings are composed of metal or
metallic oxide films. The coating process can be classified into two categories:
online, when it takes place during the manufacturing process (usually inside the
float chamber), and offline, when it occurs after the manufacturing process
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Coatings (Polymer) Thin layer of material deposited over a surface with the
purpose of protecting or decorating a substrate, in which case they are commonly
referred to as paints. Polymeric coatings may or may not contain a volatile
solvent, and the formation of the thin layer (film) may or may not involve a
chemical reaction

Cohesion (Structural adhesives) Phenomenon by which the particles of a sub-
stance are held together by intermolecular forces [NP 3672:1990]

Cohesive failure (Plaster; Render) Rupture occurring within the mortar (its
resistance being lower than that of the support), or rupture occurring at the
support (when the mortar’s resistance is higher than that of the support). In
general, a disruption that occurs outside of the interface between the adhesive
and the bonded surfaces

Column (Ornamental stone) Pillar based on appropriate base or executed directly
on the floor having a variety of shapes, including rounded, segmented, and
square, among others, serving to support vaults, entablatures, or as simple
adornment

Common cements (Hydraulic binders) Cements whose composition,
requirements, and conformity criteria are specified in the European standard
EN 197-1:2000. This standard defines 27 distinct common cements including the
composition of each product and the corresponding notation (that start with the
letters “CEM”). These cements are grouped into five main cement types and
described by their composition, main constituents, strength class, and rate of
early strength development (see cement)

Compaction (Plaster; Render) Manual or mechanical process aimed at increas-
ing the density of a fresh mortar

Compatibilizer (Polymers) Additive that lowers the interfacial tension in immis-
cible polymer blends and thereof enables control of their microstructure and
morphology

Composite cements (Hydraulic binders) Hydraulic binders in which (1) the
clinker is partially replaced with cementitious or mineral materials (in this
case these additions are considered major constituents of cement) or (2) the
cement is partially replaced by cementitious or mineral materials during the
preparation of grout, mortar, or concrete (see cement)

Compressive strength (Ornamental stone) Physical and mechanical characteris-
tic which assesses the ability of an element in rock (sample) to resist deformation
when loaded in compression

Concentration cell (Corrosion) Galvanic cell formed by two identical electrodes,
where the electromotive force is due to the difference in concentration of a
common species in the two electrodes

Concrete (Concrete) Material formed by a mixture of cement, fine and coarse
aggregates, and water, with or without the incorporation of admixtures,
additions, or fibers, developing its properties by means of the cement hydration

Conformity assessment (Concrete) Systematic examination to determine
whether the product satisfies the specified requirements
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Consistency (Plaster; Render; Organic coatings) Viscosity of a non-Newtonian
liquid at 1 s~ shear rate

Contact adhesives (Polymer) Adhesives constituted by complex formulations
including elastomers, fillers, adhesion promoters, etc.; they are currently used
at room temperature by putting a layer of adhesive over one contact surface and
pressing the second surface against the first one (see adhesives)

Coordination dimension (C) (Ceramic) Manufacturing dimension added to the
joint width

Copolymer (Polymer) Polymers consisting of more than one type of monomer
(see monomer, polymer)

Cork powder (Cork) Cork particles of particle size <0.25 mm (see cork)

Cork rubber or rubber cork (Cork) Agglomerate resulting from the agglomera-
tion of cork granules with rubber

Cornice (Ornamental stone) Salient decoration on the upper part of a wall

Corrosion (Corrosion) Naturally occurring phenomenon commonly defined as
the deterioration of a substance (usually a metal) or its properties because of a
reaction with its environment

Corrosion current (Corrosion) Anodic current corresponding to the corrosion
process of a metal at its open circuit potential. The value of this current is equal
and of opposite signal to the cathode current; in this way, the total current
flowing into or outside the system is zero

Corrosion fatigue (Corrosion) Fracture of a metal caused by the joint action of
cyclic efforts and of an environment that can electrochemically or chemically
attack it (see corrosion)

Corrosion in weldings (Corrosion) Localized corrosion of certain metals (partic-
ularly stainless steel austenitic) in areas near the weld beads (see corrosion,
intergranular corrosion)

Corrosion inhibitor (Corrosion) Substance which, when added in small
concentrations to the corrosive environment, decreases the corrosion rate

Corrosion of polymers (Corrosion) Although not corroding as metals do,
polymers also suffer deterioration by actions of the environment, suffering
from swelling, loss of mechanical properties, softening, hardening, discolor-
ation, etc., that fall within the definition of corrosion (see corrosion)

Corrosion potential (Corrosion) Electrode potential of a metal in a given envi-
ronment, under conditions of open circuit (no external flux of current). Under
these conditions, the anodic (corrosion) and cathodic reactions occur at the same
rate, i.e., the electrons produced in the oxidation are consumed in the reduction
(see corrosion)

Corrosion rate (Corrosion) Speed at which a metal deteriorates in a specific
environment, being related to the intensity of the corrosion process. It may be
presented as loss in mass per unit area and unit of time or, in the case of uniform
corrosion, as loss of thickness per time unit. Using Faraday’s equation, it can
relate to the corrosion current density, determined by electrochemical methods
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Corrosion of stone materials (Corrosion) Similarly to what happens in other
systems (see corrosion of polymers), this process is not limited to one electro-
chemical phenomenon and is often defined as “stone decay.” However, since it is
a phenomenon of degradation by the environment, it is within the definition of
corrosion (see corrosion)

Corrosivity (Corrosion) Aggressiveness of an environment for a given material

Cover thickness (Corrosion) Thickness of concrete cover applied over the
reinforcing steel

Creep (Concrete; Polymer) Increased deformation over time of a material sub-
ject to a constant load

Crosscut (Ornamental stone) Parallel cut to natural strata level

Cross-linked elastomers (Polymer) Elastomers formed by a network of polymer
chains bound to one another at selected points (cross-links). Cross-linking may
be promoted by chemical reactions (chemical cross-links) or by physical
interactions (physical cross-links) (see elastomers)

Cross-linking (process) (Polymer) Formation of a polymer chain network by
promoting chemical reactions between reactive groups belonging to different
chains (chemical cross-linking) or by physical interactions (physical cross-
linking). Chemical cross-linking includes vulcanization (cross-linking with sul-
fur), the use of polyfunctional molecules or monomers (cross-linking agents), or
others. Physical cross-linking is reversible and may be promoted by fillers or a
consequence of chain segregation in block copolymers. The amount of cross-
linking must be high enough to get a solid material but much smaller than the
one required for thermosets (see monomer, polymer, polymerization)

Crevice corrosion (Corrosion) Localized form of corrosion, very common and
dangerous, that occurs in occluded areas of passive metals, being associated to
the existence of zones with stagnant solution, which renovation and aeration are
difficult. A differential aeration cell is formed with the oxidation reaction being
located in the less aerated crevice, where the oxygen content is lower

Crown glass (Glass) Glass produced by a manual method where a piece of glass is
supported in a blow tube and quickly rotated to create disk or crown-glass pieces
in disk or crown-shaped forms

Cure (Structural adhesives) Process of development of an adhesive strength
properties trough a chemical reaction [NP 3672:1990]

Curing (Concrete) Set of procedures used to prevent the evaporation of water
from the concrete surface

Curing (Polymers; Polymer matrix composites) Term generally used to desig-
nate the cross-linking chemistry of thermosets. In cross-linking of thermosets
almost all of the reactive chemical groups preexisting in the resin are involved
resulting in a polymer network

Cork sheet (Cork) Product resulting from the lamination of cork blocks

Crafted slab (Ornamental stone) Slab with modified appearance as a result of
one or more treatments (e.g., thermal or mechanical) of its surface
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Cutback Bitumen (Binders and Bituminous materials) Bitumen whose viscos-
ity was reduced by adding a relatively volatile fluxing (CEN)

Cutter (Ornamental stone) Machine used for continuous cutting (milling); side
cutting tool, which is operated by a vertical or horizontal milling machine

Curing time, Setting time (Structural adhesives) Period of time necessary for an
adhesive in an assembly to cure or set under specified conditions of temperature
or pressure, or both [NP 3672:1990]

D

Decorated glass (Glass) Class of glasses (including silkscreen printed and rolled
plate glasses) that enables light transmission to be controlled, reduces solar
energy gain, and can create distinct environments, with or without visibility,
defining levels of privacy

Defect (Wood) Physical, morphological, or anatomical singularity of wood that
may limit its use

Deformability (Render; Plaster) Ability of a hardened mortar to be deformed
under the action of stresses without destruction of the structure

Degradation (Polymer) Deterioration of a material with loss of performance; the
development of the “degree of loss” may be monitored by successive
measurements of one or more selected properties (mechanical, electrical, opti-
cal, etc.). The mechanisms involved are multiple: hydrolysis, thermal degrada-
tion, rust, UV radiation, solvents, depolymerization of others

Degree of crystallinity (Polymer) Volume fraction of crystallized material
presented in a given volume of a polymer. In some civil engineering
applications, the degree of crystallinity is considered as the mass fraction of
crystallized polymer

Degree of polymerization (Polymer) Number of monomers per polymer chain
(see monomer, polymer)

Density (Ornamental stone) Mass that exists in certain unit of volume or surface
with length

Desboia (Cork) First extraction in the young cork trees

Diaclase (Ornamental stone) Natural crack in a rocky block, without having
occurred displacement throughout the crack

Diamond abrasive (Ornamental stone) Generic designation of hard and wear-
resistant substances used to wear and polish, in which the main component is
diamond

Diamond blades for sawing (Ornamental stone) Steel blades in which (welded
or brazed) diamond inserts or segments are integrated

Diamond disk (Ornamental stone) Tool whose circular contact surface with the
stone is diamond (continuous or segmented)
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Diamond drill (Ornamental stone) Tool whose circular contact surface with the
stone is achieved using diamond grit (continuous or segmented)

Differential aeration (Corrosion) Difference in dissolved oxygen concentration
at two points of the same system

Differential aeration cell (Corrosion) Concentration cell caused by a gradient of
oxygen concentrations between the two electrodes (see concentration cell)

Diluent (Organic coatings) Volatile liquid, partially or completely miscible with
its vehicle, which, added to a paint or varnish during the manufacturing process
or at the time of application, reduces its viscosity

Dispersion (Organic coatings) Intimate mixture of a liquid with a solid placed in
it in the form of finely divided particles

Dome (Ornamental stone) Construction raised in arch; arched ceiling

Double glazing (Glass) Structure consisting of two (or more) sheets of glass
separated by a spacer bar that hermetically seals the cavity width (usually filled
with dehydrated air) between the two glasses. In addition to the seal, the
presence of a desiccant agent is recommended for moisture absorption inside
the glass and to ensure long-term performance. The type of frame is crucial in
the performance of the double glass

Draining bituminous concrete (Binders and Bituminous materials) Bitumi-
nous mixture of discontinuous grain size, formulated so as to obtain a significant
proportion of empty interconnectors (20 % volume or more) to facilitate the
passage of water (CEN) (see concrete)

Dry cutting (Ornamental stone) Cutting process without the use of coolant

Dry pressed tiles (type B) (Ceramic) Tiles formed from a powder mix finely
milled, conformed in high-pressure molds (see ceramic tiles)

Dry strength (Structural adhesives) Strength of an adhesive joint determined
immediately after drying under specified conditions [NP 3672:1990].

Drying (Structural adhesives) Set of physical and/or chemical transformations
that cause an adhesive to pass from the liquid or pasty state to the solid state
[NP 3672:1990]

Drying oil (Organic coatings) Liquid animal or vegetable oils that react with
oxygen to form solid films

Ductile fracture (Glass) Type of fracture in which significant deformation (plastic
deformation) of the test specimen occurs before rupture. In ductile fracture, the
forming energy of a critical crack is much smaller than the crack’s propagation
energy

Durability (Plaster; Render; Concrete) Capacity of a building, system, compo-
nent, structure, or product to maintain a minimum performance for a given time
(lifetime) under the action of different chemical, mechanical, and climatic
conditions

Dynamic fatigue (Polymer) Test whereby the resistance of a test specimen to a
cyclic charge is measured
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E

Earlywood (Wood) Part of the growth layer formed in the initial phase of a tree’s
growth period. It is usually less dense and less dark than the xylem of latewood

Edge (Ornamental stone) Line determined by the intersection of the planes of the
faces of an element in stone. The edges may undergo different types of finishing
in the final stage of preparation of the product

Effective water content (Concrete) Difference between the total amount of
water present in the fresh concrete and the amount of water absorbed by the
aggregates

Efflorescence (Plaster; Stucco) Formation of salt crystals on the surface of a
mortar

Elastic recovery (Polymer) Test whereby the response (deformation) after inter-
ruption of a fluency test is measured (response to a rectangular voltage wave)

Elastomer (Polymer; Structural adhesives) Designation that encompasses
polymers with a mechanical behavior similar to that of natural vulcanized rubber
at room temperature: they can endure high deformation (over 100 %) without
snapping and quickly recover their initial shape and dimensions after cessation
of application of the load

Electrochemical series (Corrosion) List of chemical elements, ordered according
to the value of their standard electrochemical (reduction) potentials

Electromotive force (Corrosion) Potential difference of a galvanic cell when the
current flowing through the system is null

Embedding (Ornamental stone) Carving; damascening; introducing pieces of a
different color or texture in furniture, floors, etc.

Embossing (Ornamental stone) Carving with chisel; to mark with stamp

Emulsion (Organic coatings) Intimate mixture of two nonmiscible liquids, one of
them (the emulsionized) being dispersed in the other (the dispersing liquid) in
the form of droplets

Enamel (Organic coatings) Finish that generates a film with a more or less shiny
appearance and characterized by a good lacquering

Engobed tiles (Ceramic) Tiles to which a surface coating based on clay is applied
with a matte finish that can be permeable or impermeable. These are classified as
glazed (UGL) (see ceramic tiles)

Environmental actions (Concrete) Those chemical and physical actions to which
the concrete is exposed and which result in effects on the concrete or reinforce-
ment or embedded metal that are not considered as loads in structural design

Environmentally induced cracking (Corrosion) Corrosion involving a synergis-
tic effect between the corrosive environment and the applied mechanical stress
(see corrosion)

E-pH diagram (Corrosion) The same as the Pourbaix diagram

Equilibrium moisture content (Wood) Stabilized moisture content
corresponding to the environmental conditions of the site of application

Erosion-Corrosion (Corrosion) Increase of the rate of attack on a metal due to
relative motion between a corrosive fluid and the metal surface (see corrosion)
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Extruded tiles (type A) (Ceramic) Tiles whose pulp is conformed in the plastic
state at an extruder, with the bar being cut into tiles with predetermined
dimensions (see ceramic tiles)

Extrusive rock (Ornamental stone) Igneous rock brought to the surface of the
earth in a cast product condition

F

Facade (Ornamental stone) Vertical envelope of a building

Face (Ornamental stone) Surface of an exposed piece of stone

Falca (Cork) Virgin cork, usually from pruning and mechanically or manually
extracted (ax, adze), lengthwise according to the branch, presenting adherent
fragments of inner bark and xylem

False joint (Ornamental stones) Finishing process where nonexistent joint is
reproduced (see joint)

Fatty oil (Organic coatings) Name given to vegetal or animal oils whose basic
components are triglycerides of fatty acids

Feedstock (Ornamental stone) Material which can give rise to one or more types
of products

Fiber (Wood) Long and narrow cell (or group of cells) constituting a large part of
the xylem (mainly arranged parallel to the axis of the trunk or branches)

Fiber (Polymer matrix composites) Material with a geometry in which the
length/diameter ratio is >100 and is used as a reinforcing element

Fiberglass (Plaster; Render) Inorganic and amorphous fiber generally from sil-
ica, or modified silica, obtained by different methods (“spray,” drawing of glass
test specimen, etc.) and usually used for reinforcement, either in fabric or mesh
form

Filiform corrosion (Corrosion) Occurs very often in coated or painted surfaces
and consists in the development of very fine filaments between the metal and the
coating, which propagate along the surface, causing delamination of the coating
(see corrosion)

Filler (Structural adhesives) Relatively inert solid substance, generally inor-
ganic, added to an adhesive to improve its working properties, permanence,
strength, or other qualities (EN 923:2005 + A1:2008)

Filler (Organic coatings) Inorganic substance in the form of particles with weak
coverage power that, incorporated into a matrix (paint, among others), alters its
characteristics

Filler (Hydraulic binders; Binders and Bituminous materials) Addition of
finely grinded and chemically inert, which modify the mechanical properties
of the materials in which they are incorporated (cement, bituminous materials,
etc.) by filling the pores

Fillers (Polymer) Substances added in order to occupy the free volume of the
piece with lower cost materials (calcium carbonate, silica, kaolin, etc.)
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Filler (or stuffing) (Polymer matrix composites) Material that is usually inor-
ganic and relatively cost-reduced, added to the polymer resin, which tends to
reduce the final cost of the product and to improve performance relative to some
properties

Filonian rocks (Ornamental stone) Igneous rock that crystallized under interme-
diate conditions between plutonic and volcanic rocks

Filter press (Ornamental stone) Equipment that forms part of the water purifica-
tion system and separates the water from the sludge

Fining (Glass) Stage during which chemically and/or physically dissolved gases
in the vitreous molten glass are eliminated (inside the melting furnace)

Finishing (Organic coatings) Top layer in a painting scheme

Finishing (Ornamental stone) Final work normally made on a stone product
surface

Finishing with sand blasting (Ornamental stone) Superficial finishing in which
an abrasive mixture with sand is used and sprayed with pressure (see finishing)

Fire-retarding glass (Glass) Safety glass that prevents the passage of smoke,
flame, and heat (class of Safety Glass)

Flank (Ornamental stone) Surfaces of a slab, perpendicular to the larger faces
(see face)

Flaw (Ornamental stone) Fractured rock mass with vertical and horizontal
movement

Flexible pavement (Binders and Bituminous materials) Pavement with asphalt
and concrete top layer, supported on a base layer of non-treated granular
materials, or treated with bituminous binders

Flexural strength (Plaster; Render) Tensile strength of a mortar, determined by
the application of a three-point bending force

Flexural strength (Ornamental stone) Physical and mechanical characteristic
which assesses the ability of an element in rock (sample) to resist deformation
in the direction perpendicular to the actuating force

Float (Glass) Current process of flat glass forming. The vitreous molten
(~1,150 °C) is poured into the float chamber over a molten metallic tin (Sno)
bath. The atmosphere in the interior of the float chamber is extremely reductive
(N, with 0.5 % H,). Glass and molten tin are immiscible, exhibiting a flat contact
surface. Over the molten tin, a flat polished sheet of glass is formed, which, as
progress in the float chamber is made, cools and solidifies (patent-pending by
Pilkington Brothers, UK)

Folded chamfer (Ornamental stone) Continuous slot made on one side of a plate
to allow the introduction of anchoring systems (see anchor)

Fossil (Ornamental stone) Biological samples (animal or plant) from past ages
that have been preserved by integration into rocks of contemporary forming
Fracture (Ornamental stone) Defect or crack in a stone. Growth and propagation
process of a crack to the surface of the piece, causing its fragmentation into two

or more pieces

Fresh concrete (Concrete) Completely mixed concrete still in a condition of
being workable (see concrete)
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Fretting corrosion (Corrosion) Acceleration of corrosion by the joint action of a
corrosive medium and the movements of slipping or vibration that occur in the
contact areas between materials (see corrosion)

Frost resistance (Ornamental stone) Number of cycles in which stone resists to
frost, whereas the main causes of failure are loss of bending resistance >20 %,
volume loss in more than 1 %, or the decrease in resonance frequency of 30 % or
more. To this end, cycles of exposure of ice to ice must be undertaken (typically:
—12.5 °C) and thaw in water (typically: +20 °C)

Functionality of the cross-linking point (Polymer) Number of substrings
connected to a cross-linking point (network node of polymer network with
minimum value 3)

Fiber saturation point or FSP (Wood) Moisture content of wood when its cell
walls are saturated with water without evidence of the presence of water in its
cellular cavities (lumens). Moisture content corresponding to the fiber saturation
point, for forest species of temperate climates being about 28-30 %

Fissure (Wood) Separation of wood fibers in the longitudinal direction

G

Galvanic corrosion (Corrosion) Electrochemical corrosion of a metal due to
electrical contact with a more noble metal in a corrosive environment. The
less noble metal oxidizes, while the more noble metal acts as the cathode (see
corrosion)

Galvanic series (Corrosion) List of metals and alloys arranged according to the
increasing value of its corrosion potential in a particular environment. A metal
that is higher in the galvanic series is nobler and behaves as a cathode when in
contact with those who are below, less noble and, therefore, tend to corrode

Galvanizing (Corrosion) Zinc coating, typically applied on steel by immersion in
a bath of molten zinc or electrolytic deposition (electrogalvanizing)

Gasket (Cork) parts whose shape and thickness are suitable as connecting
elements intended to dampen vibration, compensate for dimensional variations
of adjacent parts, and/or to ensure the watertightness of the connection

General purpose mortar (Plaster; Render) Mortar that meets the general
requirements without having special features (see mortar)

Glass (Glass) Noncrystalline (or amorphous) material traditionally obtained by
rapid cooling of a melt and characterized by glass transition temperature

Glass transition temperature, T, (Structural adhesives) Temperature to which
an adhesive or an assembly is subjected to cure the adhesive [ASTM D 907-04]

Glass transition temperature, T, (Glass; Structural adhesives; Polymer) Tem-
perature characteristic of an amorphous material (glass, polymer), below which
it is no longer in thermodynamic equilibrium; as a result, during cooling, a sharp
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increase in viscosity (glass) or elastic moduli (polymer) in the value of several
orders of magnitude can be observed (103, 104, or more). In addition to the
structure and chemical composition, T, depends on the cooling rate and the
thermal history of the sample

Glazed tiles (Ceramic) Tiles that receive a surface vitreous coating that is water-
proof. These are classified as glazed (UGL) (see ceramic tiles)

Gloss (Organic coatings) Capacity of a film to reflect or diffuse the light

Glued laminated timber (Wood) Structural product obtained by gluing wood
lamellas, usually 30 to 45 mm thick each, with the wood fibers oriented parallel
to each other

Gneiss (Ornamental stone) Regional slime metamorphic rock, shale, gray-
colored granite-like with dark-colored granular texture

Graft copolymer (Polymer) Copolymer constituted by a main chain of a given
polymer, in which substrings constituted by other monomers are grafted (see
copolymer)

Grain/Texture (Wood) Visual appearance of the wood, depending on its
anatomical structure and the width and regularity of growth layers

Grain direction (Wood) Direction of the general arrangement of wood fibers

Grain size (Ornamental stone) Average size of the grains or crystals in a rock

Granulate (Cork) Cork fragments of various sizes, from grinding, crushing, or
milling, followed by summary sieving

Granules (Cork) Fragments obtained by grinding, milling, or crushing of raw
cork, prepared cork, or cork transformed by carving and/or its waste materials
with a particle size from 0.25 to 45 mm

Gravel pit (Binders and Bituminous materials) Place from which to draw
aggregates with alluvial origin

Green wood (Wood) Wood which has not yet undergone the drying process until
or below the fibers’ saturation point

Grinding machine (Ornamental stone) Machine that prepares plates and
introduces a primary polishing before initiating the polishing operation

Grit (Ornamental stone) Small fragments in the form of granules or vanes to
which the weld metal (steel or iron) is reduced. Grit can also be formed by
corundum (mineral based on aluminum oxide, which represents a value of 9 in
the Mohs hardness scale)

Grout (Structural adhesives) Aqueous mixture of materials such as cement and
bentonite, clay, and chemicals, among others that form a suspension, an emul-
sion, or a solution

Growth layer (Wood) Layer of wood produced during one growing season. The
width of the growth layer depends on the species and growth conditions. In
species of the temperate zones each layer reflects a full year’s growth and is
called annual growth ring

Growth rate (Wood) Growth expressed by the average width of the annual
growth rings



Glossary xXiii

H

Handrail (Ornamental stone) Piece that runs along a staircase with a supporting
function bar that serves as a backboard or a parapet in any balcony

Hardened concrete (Concrete) Concrete in the solid state that has developed
some mechanical resistance (see concrete)

Hardener (Structural adhesives) Substance that initiates and/or regulates the
cross-linking reactions in adhesives [NP 3672:1990]

Hardening (Concrete) Phenomena following setting of cement paste where the
mixture (paste, mortar, or concrete) is in a solid state and is developing a certain
strength

Hardness (Plaster; Render; Ornamental stone; Polymer) Characteristic prop-
erty of a solid material, which expresses the surface resistance to permanent
deformation (penetration, risk) usually caused by a puncture

Hardwood (Wood) Wood from broad-leaved trees

Head (Ornamental stone) Mechanical drive of many machines that holds the tool

Heartwood (Wood) Part of the xylem/wood of the standing tree that does not
contain living cells or no longer conducts crude sap. The heartwood is usually
darker than the sapwood, but is not always clearly differentiable from this

Heavy aggregate (Concrete) Aggregate with >3,000 kg/m® density after drying
in oven (see aggregate)

Heavy concrete (Concrete) Concrete with a dry density of >2,600 kg/m® (see
concrete)

Hiding the (Organic coatings) Capacity of a coating to cover the color or color
differences in the substrate underneath

High strength concrete (Concrete) Concrete with a compressive strength class
higher than C50/60, in the case of normal concrete or heavy-weight concrete,
and higher than LC50/55, in the case of lightweight concrete (see concrete)

Homogenizing (Glass) Process that occurs inside the glass melting furnace and
aims to obtain a melt of uniform composition without any temperature gradient

Homopolymer (Polymer) Polymer obtained by polymerizing a single type of
chemical monomer

Hot applied adhesives (Polymer) Polymer mainly composed of thermoplastic
adhesives, applied in the form of melt and whose adhesion occurs after cooling
(see adhesives)

Hydration of cement (Concrete) Series of reactions that occur with the cement
when in contact with water causing the mixture to harden, even underwater (see
cement)

Hydraulic binders (Hydraulic binders) Substances that chemically react with
water converting the water-binder system with plastic consistency into a solid
matrix with the ability to agglomerate other solid materials. This hardening
process occurs spontaneously at room temperature. The hardened materials are
stable, both underwater and exposed to wet weather
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Hydraulic lime (Hydraulic binders) Construction material obtained through
thermal activation of limestone with significant clay content (between 6.5 and
20 % by mass) in its constitution. The clay provides the hydraulicity and the
plastic properties to the lime

Hydrogen embrittlement (Corrosion) Loss of a material’s ductility due to the
presence of hydrogen (atomic or molecular). Hydrogen can also penetrate the
metal from hydrogen-rich atmospheres, for instance, during thermal treatment or
weldings, and its presence in the crystal lattice will lead to a degradation of the
mechanical and metallurgical properties of the metal

Hydrophilic film (Glass) Film (or coating) of hydrophilic nature, i.e., with affinity
towards the water molecule (from the Greek hydros (water) and philia (affinity
towards)). A hydrophilic film deposited on a glass alters the contact angle of a
drop of water (from 30—40° to 4—7°), thereby forming a continuous thin film of
water on the glass, easier to remove

I

Igneous rock (Ornamental stone) Rock formed by the solidification of molten
material (magma)

Immiscible polymer mixtures (Polymer) Mixtures in which it is thermodynami-
cally impossible to form a single stable phase, thus occurring separation in
phases corresponding to each one of its components. That trend can be hindered
(but not eliminated) through appropriate formulation (use of “compatibilizers”)
(see polymer)

Immunity (Corrosion) State of a metal that is under the conditions that corre-
spond to its thermodynamic stability, so that corrosion is not thermodynamically
possible. It occurs when the metal’s potential is lower than the equilibrium
potential of its oxidation reaction

Impact resistance (Polymer) It is a measure of the energy per unit crack surface,
needed to break a specimen by impact, i.e., by application of a given load in a
very short time lapse. Its determination involves the measurement of the rupture
energy per unit crack surface of a representative sample extracted from a
statistical population of specimens of the same material. The impact resistance
is estimated from the required energy per unit crack surface, needed to break
50 % of the elements of the representative sample. Since the critical growth of a
crack involves a complex sequence of processes, impact resistance estimations
improve as the test conditions become closer to real situations of impact

Impermeability (Plasters; Render) Ability of mortar to prevent water penetra-
tion under a given pressure
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Impregnability (Wood) Impregnation capability of wood by liquids, for example,
a preservative

Impressed current (Corrosion) Current supplied by an external generator in a
cathodic protection system

Inorganic polymers (Polymer) Polymer whose main chain does not have carbon
atoms (see polymer)

Insect (Cork) Defect caused by larvae or insects that create galleries inside the
cork, making it usable only for granulates and/or agglomerates

Intergranular corrosion (Corrosion) Localized corrosion in the grain boundaries
(see corrosion)

Interstitial electrolyte (Corrosion) Liquid phase existing in concrete pores

Intrusive rock (Ornamental stone) Igneous rock which crystallizes in pockets of
deeper levels or between layers of other rocks

J

Joint (Ornamental stone) Connection, line, or surface where two or more objects
adhere; insert aimed at connecting two pieces or objects

K

Knot (Wood) Portion of a branch contained in the piece of timber

L

Lacquer (Polymer) Coatings consisting of polymer suspensions in which the film
formation results from evaporation of the suspension medium alone

Laminate (Polymer matrix composites) Composite material consisting of sev-
eral sheets or layers

Laminated glass (Glass) Glass consisting of two (or more) sheets of glass held
together by one (or more) of synthetic film of polyvinyl butyral (PVB). After the
placement of the film between the glass sheets, the adhesion is promoted in
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autoclave by thermal treatment under pressure. Once sealed, this composite
material (a glass and PVB sandwich) behaves like a cohesive unit and has the
appearance of a single glass. If fractured, it retains vitreous fragments with sharp
edges, preventing its fall, potential cause for accident, while continuing to act as
a barrier to the entry of people or objects (class of safety glass)

Latent hydraulic binders (Hydraulic binders) Compounds consisting of cal-
cium silicates and aluminates which harden spontaneously by reacting with
water. However, the hardening process only becomes significant in the presence
of an alkaline activator

Lathe (Ornamental stone) Cutting and sawing machine in which a frame is
integrated, made of several metal blades used for cutting stone blocks by
abrasion, caused by the blades’ traversing movement, which can be diamonded
in the case of marbles and steel only in igneous rocks (granite)

Lenticels or pores (Cork) Cylindrical or conical profile channels with irregular
section, with walls sometimes filled with powdery cortical cells that cross the
suberous tissue, from the belly to the outer layer, and that allow gas exchange
between the atmosphere and the various cell layers

Life cycle (Plaster; Render; Concrete, Bituminous binders and materials;
Ornamental stone; Env. Imp. and LCA) Period of time during which the
performance of a product remains at a level that is compatible with the function
for which it was designed, ending due to malfunction or obsolescence

Light concrete (Concrete) Concrete with a dry density between 800 and
2,000 kg/m®. It is produced partially or completely using lightweight aggregate
(see concrete)

Lightweight aggregate (Render; Plaster; Concrete) Aggregates with density
<800 kg/m’ [concrete] whose aggregate density, after drying in is
<2,000 kg/m3, and bulk density is <1,200 kg/m3 (see aggregate)

Lime (Hydraulic binders) common name of calcium oxide (CaO). To be used for
construction purposes it is obtained through thermal activation of limestone and
may include all forms of calcium and magnesium oxides or hydroxides (CaO,
MgO, Ca(OH),, Mg(OH),)

Limestone (Ornamental stone) Sedimentary rock comprised essentially by
carbonates. The two most important are calcite and dolomite

Longitudinal shear strength (Structural adhesives) Force per unit area neces-
sary to bring an adhesive joint to the point of failure, under specified conditions
by means of a force applied parallel to the joint (i.e., in a shear mode)
[NP3672:1990]

Latewood (Wood) Part of the growth layer formed in the final phase of a tree’s
growth period. It is usually denser and darker than the xylem of earlywood
Low-emissivity glass (Glass) Glass where one of the surfaces is coated with an

invisible metallic film that reflects UV radiation (class of Coated Glasses)

Layer (Organic coatings) Continuous deposit of a paint or equivalent, achieved in
one application stage only
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M

Manual molding (hand layup or wet layup) (Polymer matrix composites)
Manufacturing process in which the reinforcing layers pre-impregnated or
subsequently impregnated by the matrix are placed manually into a mold and
subsequently cured with the desired shape

Manufacturing dimension (W) (Ceramic) Specified length, width, and thickness
of a tile which must be consistent within allowable tolerances

Marble (Ornamental stone) Metamorphosed limestone of granular sugar-type
texture formed by the recrystallization of a carbonate rock. Commercially, the
group of marbles includes rocks that are prone to develop polishing, such as
limestone, crystalline, and microcrystalline

Marbling (Cork) Cork area infested by a bluish fungus, sometimes frequent,
providing a visual change which is disadvantageous for some applications (see
cork)

Mat (mats and fabrics) (Polymer matrix composites) Reinforcement geometry
embodied in a flat form in which fibers may be disposed in various directions
through a large array of products with short or continuous fibers arranged
randomly (chopped strand mat or continuous strand mat, respectively), biaxially
(typically 0°/90° or 45°/—45°) or triaxially (typically 0°/45°/—45°) oriented
continuous fibers, which may or may not be interlaced (woven fabrics or
nonwoven fabrics, respectively)

Matrix (Polymer matrix composites) Material, usually polymeric in nature, that
embeds the reinforcing fibers

Melting (Glass) Raw materials (weighted, mixed, and pre-heated), after being
introduced into the melting furnace, suffer heating, dehydration, decomposition,
and solid state chemical reactions, yielding a viscous and glassy molten material

MEMS (Nanomaterials) According to the Anglo-Saxon nomenclature, it refers to
Micro-Electro-Mechanical Systems

Metamorphic rock (Ornamental stone) Includes all the rocks that were formed
from parent or preexisting rock by a type of metamorphism

Mill column (Ornamental) Vertical cutting machine (with pedestal and
countertop)

Milling machine (Ornamental stone) Machine for manufacturing special shapes,
computer controlled; pantograph

Mimic (Nanomaterials) In nanotechnology, it means to copy a natural (biological
or mineral) nanostructure

Mineral plastering mortar (Plaster; Render) Mixture of one or more inorganic
binders, aggregates, with eventual additions and/or admixtures, used for indoor
plastering or outside (see mortar)

Mirror glass (Glass) Float glass with a surface coating which gives it specific
optical and thermal performances. Mirror glass allows the maximization of the
reflection component of light and minimization of the transmission component
(class of Coated Glasses)

Miscible polymer mixtures (Polymer) Thermodynamic equilibrium mixtures
constituting a single phase (see polymer)
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Mixed inhibitor (Corrosion) Inhibitor which acts both on the anodic and cathodic
areas of the metal

Modified Bitumen (Binders and bituminous materials) Bitumen whose rheo-
logical properties were modified during the manufacturing process through the
use of a chemical agent such as natural rubber, synthetic polymer, sulfur, and
certain organometallic compounds. Modified bitumens can be used directly or in
the fluidized or emulsified form or even, for example, with natural asphalt

Modular dimension (M) (Ceramic) Tiles and dimension-based modules M, 2 M,
3 M, and 5 M and also in their multiples or subdivisions, except tiles with surface
area <9,000 mm?. Note: M =100 mm

Modulus of elasticity or Young’s modulus (Concrete) The load that is necessary
to apply on concrete, under a pure elastic regime, to obtain a unit elongation

Moisture content (Wood) Mass of water in wood, expressed as weight percentage
relative to the oven dry mass of that wood

Monolayer coating (Plaster; Render) Mortar designed for coating, applied in a
single layer, which fulfills all the protective and decorative functions achieved
by a multilayer system

Monomer (Polymer) It can be used in various purposes: (1) “chemical monomer,”
that is, the smaller chemical unit that is repeated throughout the polymeric chain;
(2) in chemical engineering jargon, “monomer” designates the feedstock
introduced into the polymerization reactor, even consisting of oligomers and
does not coincide with the ‘“chemical monomer”; and (3) in the physical
modeling of polymer chains, it denotes the Kuhn segment or thermodynamic
segment (physical monomer)

Mortar (Structural adhesives) Product able to maintain in a state of adhesion two
surfaces of one or more materials which are far apart from one another. Due to
the high volume that mortar must make up, it must have special characteristics: it
should be a penetrating material in order to fill inaccessible areas; it should be
able to eliminate the air trapped during curing, and be sufficiently stable to avoid
the separation of the components under gravity (i.e., segregation)

Mortar (Plaster; Render) Mixture of one or more organic or inorganic binders,
aggregates, fillers, additions, and/or admixtures

Mortar made on site or traditional mortar (Plasters; Render) Mortar compris-
ing primary constituents (e.g., binders, aggregates, and water) dosed and mixed
on site (see mortar)

Mosaic (Ornamental stone) Tile

Mounting holes (Ornamental stone) Openings that allow the realization of a
fixing operation through bolting or clamping systems

Mud (or sludge) (Ornamental stone) Concentrated slurry produced by the pro-
cesses of sawing, cutting, and polishing. Usually, mud is the product originating
from carbonate rocks and sludge from siliceous rocks

Multiblade (Ornamental stone) Cutting machine that uses a variable number of
diamonded disks

Multidisk cutter (Ornamental stone) Bridge sawing machine using multiple
disks simultaneously
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N

Nano (Nanomaterials) (Symbol n) is a prefix meaning one billionth. It was first
used in the metric system, for example, a nanometer (nm) is one billionth of a
meter, i.e., 10~ m, and equals the length of 10 hydrogen atoms or 5 silicon atoms
aligned. Nano originates from the Greek word for dwarf (véwog)

Nanomaterial (Nanomaterials) Artificial nanomaterial (or nanostructure) with at
least one critical dimension (height, length, depth) below 100 nm. Nanomaterials
may be classified into OD (nanoparticles), 1D (nanotubes, nanofibers, and
nanofilaments), 2D (nanofilms and nanocoatings), and 3D (bulk), which repre-
sent the number of dimensions not confined to nanoscale

Nanotechnology (Nanomaterials) Focuses on the study and development of new
functional artificial materials/systems whose structures and components
exhibited novel and significantly improved physical, chemical, and biological
properties, due to their nanoscale size

Natural durability (Wood) Intrinsic resistance to attack by wood destroying
organisms (fungi, insects, and marine wood borer)

Neutral rock (Ornamental stone) Igneous rock containing more than 52 wt% and
less than 66 wt% silica

Noble metal (Corrosion) Metal that is resistant to corrosion and oxidation in
moist air and that can be found in nature under its metallic (unoxidized) form

Nominal size (Ceramic) Dimension used to designate the product

Nominal size (Ornamental stone) Any specific measurements for the manufac-
ture of a slab, for which the actual dimensions should be set within the tolerances
allowed

Nonreactive coatings (Polymer) Produced from hot applying polymeric waxes,
S0 as to obtain a convenient viscosity

o

Obsidian (Glass) Natural glass, usually of volcanic origin, which by its relative
abundance has supposedly been the more commonly used in artifacts throughout
prehistory

Onyx (Ornamental stone) Zoned mineral, with dullness, which is considered a
variety of fine agate

Opacity (Organic coatings) Ability of a paint to cover, after drying, color or
differences in color in the applied basis; also called Hiding power.

Open circuit potential (Corrosion) The same as (see corrosion potential)

Open time, open assembly time (Structural adhesives) Maximum time interval
between adhesive application to the adherents and assembly of the adhesive joint
for the adhesion to be effective [NP 3672:1990]
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Ordinary glass (Glass) (Float) Flat glass just annealed (the simplest manufactured
flat glass)

Ovendry wood (Wood) Wood with a moisture content of 0 %. The anhydrous
state of wood is achieved through its drying in a ventilated oven at a temperature
(103 2 °C) until a constant mass is achieved

Oxidation (Corrosion) Electrochemical reaction in which a species loses
electrons

P

Paint system (Organic coatings) Set of paints, lacquers, or similar products that,
when applied sequentially in a convenient order, correspond to the coating

Parquet (Cork) Agglomerated cork tiles of various sizes for floor coatings, with a
density usually greater than 400 kg/m® (see cork)

Passivation (Corrosion) Very significant decrease in the corrosion rate of a metal
due to the formation of a protective film of corrosion products (oxides/
hydroxides) (see corrosion)

Passivation potential (Corrosion) Minimum value of the potential that allows
passivation of a given metal in a particular environment (see corrosion)

Passive metal (Corrosion) Metal that, once oxidized, forms a protective film of
oxides/hydroxides. Although being in thermodynamic conditions corresponding
to its oxidation, the corrosion rate of the metal is very slow (passive corrosion)
due to the shielding effect of the protective film

Pavement (Binders and bituminous materials) Part of the road specially
prepared for vehicle traffic

Peel strength (Structural adhesives) Force per unit width applied at an angle
between 90 and 180° relative to the adhesive joint needed to bring an adhesive
joint to the point of failure or to maintain a specific rate of failure
[NP 3672:1990]

Permeability (Organic coatings) Capacity of a dry film to let substances such as
oxygen, water, and ions to diffuse across it

Photocatalytic film (Glass) Film (or coating), generally consisting of titania
deposited on one surface of the float glass. This film is photo-activated by UV
radiation; the oxygen species produced in the photocatalytic reactions crack, in a
gradual yet continuous manner, chemical bonds of the organic compounds
deposited on the glass

Piece (Cork) Piece of cork of small dimensions (<400 sz)

Pith (Wood) Central core of the tree trunk surrounded by the first growth layers,
formed mainly by parenchymal tissue

Pitting corrosion (Corrosion) Localized form of corrosion that causes holes with
a small area and that can reach a considerable depth. It is usually associated with
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passive metals in environments containing aggressive ions such as halides
(see corrosion)

Plank (Cork) Prepared cork of a quality susceptible to further transformation
through hoist

Plaster and lime mortar (Plaster; Render) Mortar containing at least 50 %wt
calcium sulfate as a main binder and more than 5 % lime (calcium hydroxide)
(see mortar)

Plaster mortar (Plaster; Render) Mortar containing at least 50 wt% of calcium
sulfate as a main binder and no more than 5 wt% of lime (calcium hydroxide)
(see mortar)

Plaster system (multilayer) (Plaster; Render) Sequence of mortar layers applied
on a substrate, possibly reinforced and/or pre-treated

Plastic viscosity (Concrete) Angular coefficient of the curve representing the
shear stress versus shear strain rate above the yield stress value

Plasticizer (Plaster; Render; Concrete) Admixture that allows a reduction of the
amount of mixing water without affecting the consistency, or allowing an
increase in fluidity, without affecting the amount of mixing water, or both effects
simultaneously

Plate (Cork) Rigid or semirigid piece generally rectangular-shaped whose thick-
ness is significantly smaller than other dimensions

Plate (Ornamental stone) Flat surface of a semifinished product without finished
edges and obtained by sawing or cutting disks

Polymer (Polymer; Polymer matrix composites; Structural adhesives)
Macromolecules (large molecules) consisting of chains of small identical
molecules, monomers, which are chemically linked together. [Glossary of
basic terms in polymer science—IUPAC Recommendations 1996]

Polymer alloys (Polymer) Polymer blends thermodynamically immiscible, visu-
ally homogeneous, with a controlled morphology in a reproducible manner. The
control of morphology is usually achieved by the use of “compatibilizers” that
stabilize the interfaces

Polymer mixtures (Polymer) Mixtures of chains of at least two different
polymers (see polymer)

Polymer network (Polymer) Network formed by polymer chains; network nodes
are designated by cross-linking points

Polymeric biomaterials (Polymer) Polymer used as biomaterials (which can be
in direct contact with living tissues without adverse effects) (see polymer)

Polymeric fiber (Polymer) Synthetic fiber produced from thermoplastic polymers
of high molecular weight, in which a high degree of crystallinity was induced by
suitable processing methods (spinning, drawing by draw rolls, etc.)

Polymerization (Polymer; Polymer matrix composites) Chemical reaction lead-
ing to the formation and growth of macromolecular chains from smaller
molecules (monomers) or smaller chains formed by a reduced number of
monomers (oligomers) also designated prepolymers (see monomer, polymer)

Polymerization agent (Polymer matrix composites) Product added to the base
resin in small amounts to induce polymerization reactions
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Porosity (Cork) Area occupied by lenticular channels, measured by flat cut

Porosity (Plaster; Renders) (Ornamental stone) Ratio between the volume of
pores and/or interstices and the material’s total volume, usually expressed as a
percentage

Pot life, Working life (Structural adhesives) Period of time during which an
adhesive, prepared for application, can be used [NP 3672:1990]

Pourbaix diagram (Corrosion) Graphical representation of the equilibrium
potential of the various species of a metal as a function of pH. It allows defining
areas of immunity, corrosion, and passivation

Pozzolan (Hydraulic binders; Concrete) Siliceous or aluminosilicate
compounds that react with water in the presence of calcium hydroxide—
liberated upon cement hydration—and forming additional hydrated calcium
silicates and aluminates. For example, natural, pozzolan, fly ash, and silica fume

Precast concrete product (Concrete) Concrete product cast and cured in a place
other than the final location of use (factory produced or site manufactured)

Pre-dosed mortar (Plaster; Render) Mortars whose components are dosed at the
plant and supplied at work, where they are mixed (see mortar)

Preparation (Cork) Sorting, classification, boiling, cutting of extracted cork

Prepolymer (Polymer) Chains consisting of a small number of monomers
(oligomers) that are to be subsequently polymerized (see monomer, polymer,
polymerization)

Preservative (Wood) Substance or mixture of chemicals that, once adequately
applied, prevent or hinder for a certain period of time the action by some or
several organisms capable of destroying or affecting wood

Preservative treatment (Wood) Treatment with a product that aims to increase
the resistance of wood to biological alterations

Pressed mud (or sludge) (Ornamental stone) Product (concentrated slurry)
resulting from the pressing filter

Primer (Organic coatings) Organic layer applied directly onto a substrate to
improve adhesion and/or durability of the painted system

Primer (Structural adhesives) Coating applied to a substrate, prior to the appli-
cation of an adhesive, to improve adhesion and/or durability of the bond
[NP 3672:1990]

Printed glass (Glass) Float glass, colorless or colored, printed with a motif on one
side. The printed glass is obtained by drawing and rolling right after the float
chamber (offline). It is in the rolling step that the engraving of the motif (present
on one of the working rolls) occurs (class of Decorated Glass)

Producer (Concrete) Person or entity that produces fresh concrete

Prospecting (Ornamental stone) Geological and mining work for recognizing the
economic value of a reservoir or a mining region

Pultrusion (Polymer matrix composites) Continuous process for manufacturing
composite materials of constant cross section, wherein the reinforcing fibers are
pulled to the interior of a heated mold with the shape required to be produced and
impregnated (either before or simultaneously) by the polymer matrix
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Pumice (Ornamental stone) Eruptive or magmatic rock with vitreous texture,
with low density, also known as pomito, used to polish or clean and in some
regions is used as a construction material for coverings and external paving

Q

Quality assurance (Structural adhesives) All planned and systematic actions
necessary to ensure that the final product will perform the intended function
Quality control (Structural adhesives) Activities related to the characteristics,
methods and procedures of materials to monitor the compliance of
predetermined quantitative and qualitative criteria

Quartzite (Ornamental stone) Metamorphic rock comprised of quartz grains
bound together by a siliceous cement

R

Random copolymer (Polymer) Copolymer wherein the constituent monomers
are randomly distributed in the chain (see copolymer)

Ready-mix concrete (Concrete) Concrete delivered to the user in a fresh state.
According to NP EN 206-1, the following are also considered ready-mix
concretes:(1) concrete produced outside the construction site by the user, (2) con-
crete produced in the construction site, but not by user (see concrete)

Ready-mix mortar (Plaster; Render) Mortar dosed and mixed in plant (see
mortar)

Real dimension (Ornamental stone) Any of the dimensions of a slab obtained by
direct measurement

Reduction (Corrosion) Electrochemical reaction in which a chemical species
gains electrons

Regranulates (Cork) Granules obtained by grinding, milling, or crushing of
agglomerated cork

Reheating (Glass) Mandatory cooling process after forming (unitary operation),
in which the glass is subjected to a slow and controlled cooling in order to reduce
internal stresses

Reinforcement (Plaster; Render, Polymer; Polymer matrix composites, Con-
crete) Products that are added to the matrix (resin, mortar, plaster, etc.) with the
aim of improving mechanical properties (glass fibers, carbon fibers, Kevlar
fibers, among others); steel rebars introduced into the concrete to enhance the
tensile strength to the composite

Resilience (Polymer) Material’s ability to externally return the elastic deforma-
tion energy stored during deformation
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Resin (Polymer; Polymer matrix composites; Structural adhesives) In the
narrow sense, it means a viscous liquid exuded by various plants (particularly
conifers) which solidifies in the presence of air. In a broad sense, it is a solid,
semisolid or liquid, amorphous, thermoplastic, or thermosetting organic sub-
stance, which is a poor conductor of electricity, generally insoluble in water but,
under specific conditions, soluble in certain organic solvents or water. They can
be natural, artificial, or synthetic [NP 3672:1990]

Resin (synthetic; thermosetting) (Polymer; Polymer matrix composites) Syn-
thetic resin obtained by a polymerization chemical reaction, which results in a
(cross-linking) three-dimensional molecular structure with cross-links, complex
and partially amorphous; as a result of its irreversible nature, thermosetting
resin, once cured, cannot be reprocessed (see resin)

Resin (synthetic; thermoplastic) (polymer; polymer matrix composites) Plas-
tic resin is an utilitarian name for the “compound” which feeds the polymer
processing units (extrusion, injection, thermoforming, etc.); it includes the
“pure” polymer, additives (processing aids, plasticizers, antioxidants, pigments,
colorants, anti-foaming agents, antistatic agents, etc.), fillers, and
reinforcements. The “formulation” of thermoplastics before processing is cur-
rently named compounding: resins are compounded thermoplastic polymers (see
resin)

Resistance to segregation (Concrete) Ability of concrete to remain homogeneous
while in the fresh state

Resistance to wear by abrasion (Ornamental stone) Physical and mechanical
characteristic assessing the degree or strength in a rock to breakdown, caused by
all sorts of materials with which it is in contact

Rest potential (Corrosion) The same as (see corrosion potential)

Retarder (Plaster; Render) Adjuvant that inhibits the onset of the setting up

Rheology (Concrete) Science that studies the deformation and flow of matter,
describing the relationships between stress, deformation, deformation rate and time

Rigid pavement (Binders and bituminous materials) Pavement with top layer
performed in cement concrete

Riser (Ornamental stone) Riser background strip, perpendicular to the surface of
the riser

Roughness (Plaster; Render) Characteristic of surface texture in a mortar

Rubber (Structural adhesives) Raw material, natural or synthetic elastic polymer
(elastomer) which forms the basis of the compound used in many rubber
products. In products, family of polymeric materials which are flexible and
elastic; rubber can be substantially deformed under stress, but recovers quickly
to near its original shape when the stress is removed; it is usually made from a
mixture of materials (solid or liquid); and in most products the base polymer is
cross-linked by either chemical or physical links [ISO 1382:2012]
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Sacrificial anode (Corrosion) Active metal used as an anode in cathodic protec-
tion, corroding or dissolving over time

Safety glass (Glass) Class of glass with a safety/protection performance regarding
property, spaces, or persons (Laminate glass, Tempered glass, and Fire-retarding
glass are included)

Sandblasted or shot blasting (Ornamental stone) Surface finishing, etching or
the like using sand, steel grit, or iron

Sapwood (Wood) Part of the xylem (wood) that in the standing tree contains
living cells and leads the crude sap. The sapwood is usually lighter/paler than
the heartwood but not always clearly distinguishable from this

Schistose rock (Ornamental stone) Rock that has minerals with an arrangement
in parallel layers, e.g., slate, schist

Scrap (Cork) Reproduction cork with inferior quality, incapable of further use in
the production of natural stoppers cork (see cork)

Screen-printed glass (Glass) Float glass decorated by screen printing technique.
The frit is applied serigraphically in three distinct patterns—dots, lines, or full
coverage. Depending on the standard, the end product is transparent, translucent,
or opaque (class of Decorated Glass)

Sealant (Structural adhesives) Adhesive material, used to fill gaps where move-
ment can occur in service and which, when set, has elastic properties. The term
“sealant” is also used for a material filling a void against the ingress or egress of
a fluid under pressure [EN 923:2005 + A1:2008]

Seals (Polymer) Used in isolating one or more components (or a determined
region of space) preventing penetration of liquids or gases in the region to be
isolated. They play no structural function, beyond that which can directly result
from the isolation needs

Selective leaching (Corrosion) Preferential dissolution of one constituent element
of an alloy (see corrosion)

Self-Cleaning glass (Glass) Glass with a surface coating bearing hydrophilic or
photocatalytic properties, giving it self-sufficiency when it comes to cleaning,
reducing maintenance costs of buildings (class of Coated Glass)

Self-healing (Nanomaterials) Property of a system or device which has the ability
to detect faults and make the necessary adjustments to repair them without the
need for human intervention

Service class (Wood) Class established according to the environmental conditions
to which the structure, or part of it is exposed, intended to derive timber design
stresses and allow calculation of deformations in these environmental conditions

Setting up (Concrete) Progressive loss of plasticity of the water-cement mixture

Shaving (Cork) Dry and hard outer part of cork consisting of dead tissues in parts
of the cork oak previously subjected to extraction and that are externally
adherent to the new suberous tissue formed
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Shear strength (Plaster; Render) Resistance determined by the application of a
force exerted parallel to the plane of adhesion

Sheets (Cork) Rectangular pieces with a thickness between 1 and 5 mm, resulting
from the flat cut of cork blocks

Shelf life; Storage life (Structural adhesives) Time interval during which the
adhesive retains intact its initial characteristics under certain environmental
conditions [NP 3672:1990]

Shipping-dry wood (Cork) Wood having a moisture content sufficiently low to
prevent the action of chromogenic molds and fungi or rot during its transport
(usually water content below 20 %)

Shock resistance (Ornamental stone) Physical and mechanical characteristic
which assesses the resistance to impact. It uses a standard methodology in
which a previously controlled mass is dropped in the rock’s surface from
initially set heights until a fracture becomes apparent

Shrinkage (Plaster; Render; Concrete; Wood) Dimensional reduction of an
element relative to its original size. Shrinkage occurs during, e.g., the hardening
of a mortar or by reduction of moisture content of wood

Shrinkage Coefficient (Wood) Shrinkage in a given anatomical direction of wood
due to a reduction of 1 % of its moisture content, in the range between 0 % and
the fiber saturation point

Single blade machine (Ornamental stone) Equipment that has only one blade,
which is used for primary sawing and block trimming

Sizings (Polymer matrix composites) Chemical treatment apply to fibers’
surfaces in order to enhance their surface resistance and protect them from
damage during the manufacturing process

Slab (Ornamental stone) Any element in natural stone used as a paving material
whose nominal width usually exceeds 150 mm and, generally, is twice the
thickness

Sleeks (or lines) (Ornamental stone) Thin inclined joints almost imperceptible
on a stone

Slip resistance (Ornamental stone) Friction between the floor and a friction tester
in a sliding test under well-defined circumstances and in accordance with the
applicable standard

Slubbed (Ornamental stone) Surface finish via a thermal change that alters and
modifies the structure of the grains and pores of the stone giving it a rough visual
aspect; the process can be done manually by torch or by automatic machine

Slurry seal (asphalt slurry) (Ligand and bituminous materials) Surface treat-
ment consisting in situ application of a mixture of mineral aggregate, bituminous
emulsion, and additives

Soft (Cork) Agglomerate consisting of cork, usually with a density <350 kg/m?
and used for decorative or special purposes

Softwood (Wood) Wood from trees of the botanical group of Gymnosperms,
conifers

Soleto (Ornamental stone) Thin slate plate

Solid materials (Ornamental stone) Products that usually have a thickness
greater than 100 mm



Glossary XXXVii

Specification of concrete (Concrete) Final compilation of documented technical
requirements given to the producer in terms of performance or composition
Static fatigue (Polymer) Test whereby the breaking strength of a test specimen

subjected to a constant load, i.e., under flow conditions, is measured

Steel (Steel) Alloy primarily constituted of iron and carbon (2 wt%). It may
contain other metallic elements

Strands (or beams) (Polymer matrix composites) Geometry of reinforcing fibers
materialized by sets of quasi-parallel continuous filaments, non-twisted
(rovings) or twisted (yarns)

Strength class (Wood) Result of the classification of structural timber based on
particular values of its mechanical properties and density

Structural adhesive (Structural adhesives) Adhesive involved in the integrity of
a structure that is able to withstand high loads without failure over extended
periods [NP 3672:1990] (see adhesive)

Stress corrosion cracking (Corrosion) Deterioration of the material due to the
synergic action of applied or residual tension and a corrosive environment. The
fracture occurs in the time interval shorter than expected from the sum of
isolated actions of stress and of the aggressive environment (see corrosion)

Stress relief (Polymer) Test which measures the time response to a degree of
mechanical deformation

Stripe (Ornamental stone) Narrow mineral body in relation to other dimensions,
which runs across some rocks

Stripping or extraction (Cork) Periodic extraction of the bark (cork) of the trunk
and branches of the live cork oak

Structural adhesives (Structural adhesives) Adhesive forming bonds capable of
sustaining in a structure a specified strength for a defined long period of time
[EN923:2005 + A1:2008]

Substrate, Adherend (Structural adhesives) Material (surface) that is, or is
intended to be, held to another material by an adhesive [NP 3672:1990]

Superplasticizer (Plaster; Render; Concrete) Admixture that allows a strong
reduction of the amount of mixing water without affecting consistency, or
allowing an increase in fluidity, without affecting the amount of mixing water,
or both effects simultaneously

Supplementary cementitious materials (Hydraulic binders) See cementitious
materials

Support (Plaster; Render) Surface on which the mortar is applied

Surface coating (Bituminous binders and materials) Surface treatment
consisting in successively applying at least one layer of binder and at least one
layer of gravel

Surface tension (Structural adhesives) Reversible work required to create a unit
area on the surface of the material

Swelling (Wood) Increase in size/volume of wood due to the increase of its
moisture content
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Tack coat (Binders and bituminous materials) Application of a bituminous film,
intended to ensure the connection between two layers, so as to improve thick-
ness. It can sometimes be done by applying gravel

Tempered glass (Glass) Safety glass treated chemically or thermally to improve
its mechanical performance. Tempered glass is two to five times more resistant
than ordinary glass (float glass simply annealed). Tempered glass fractures into
small pieces of not sharp edges, preventing injury to persons (class of safety
glass)

Tensile strength (Plaster; Renders) Capacity of the mortar to withstand a tensile
force applied perpendicular to its surface

Thermal dynamic mechanic analysis (Polymer) Dynamic-mechanical tests
where the temperature varies with time at a constant rate (heating or cooling)

Thermal insulation material (Plaster; Renders) Low heat transfer coefficient
material that makes it possible to reduce heat transfer between two media

Thermal linear expansion (Ornamental stone) Physical characteristic which
evaluates the expansion/shrinkage of the stone by the action of temperature
variations

Thermal shock resistance (Ornamental stone) Assesses changes in rocks caused
by abrupt alterations in temperature. Usually, the test consists of 20 alternating
cycles of heating at 105 °C and immersing in water at 20 °C

Thermoplastic (Polymer) Polymer consisting essentially of linear chains, even-
tually with some ramifications. When heated, it becomes plastic and can be
molded reversibly

Thermoplastic elastomers (Polymer) Are elastomers physically cross-linked
through segregation effects. They consist of block copolymers presenting segre-
gation, and constituted by two or more blocks having very different glass
temperatures. At low temperature, all blocks are glassy; at high temperatures
all blocks become molten and can be processed as thermoplastics. At intermedi-
ate temperatures, some blocks are molten and others not; if the microstructure is
constituted by a continuous phase of molten blocks, and the glassy blocks are
segregated as nodules dispersed in the molten phase, these nodules act as active
fillers, chemically bound to the molten subchains, and the material behaves like
cross-linked elastomers (see elastomers)

Thermoset (Polymer) polymer network obtained by polymerization of multifunc-
tional monomers; each monomer reacts with three or more other monomers, and
the final result is a tight network (high mesh number). As the polymerization
proceeds, the material hardens irreversibly

Thick cork (Cork) Cork (board) that has a thickness of 18-25 lines (see line)

Thin cork (Cork) Cork (plank) having 9-12 lines (see line)

Thixotropy (Structural adhesives) Decrease of apparent viscosity under
shear stress, followed by a gradual recovery when the stress is removed
[EN 923:2005 + A1:2008]
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Tightness (Ornamental stone) A characteristic of something that is resistant to
penetration; does not allow gas exchange

Tile (Cork) Part, usually square or rectangular, for floor or wall covering

Tile (Ornamental stone) Plates or tiles in square or rectangular format, for floor

To age (Ornamental stone) Manufacturing processes which give a visual aspect
of the aging stone, either through mechanical, washing, or release processes for
chemicals that corrode stones

Topcoat (Organic coatings) Paint, varnish, or lacquer that can be used as a final
layer in a paint system

Top face (Ornamental stone) Slab surface within view, when applied (see face)

Total dosage of water (Concrete) Sum of the amount of water introduced into the
mixer with the water present inside and on the surface of the aggregates, in the
additions and admixtures used as a suspension and with the added ice or steam
heating

Transversal deformability (Renders; Plaster) Flexion recorded at the center of a
mortar specimen of mortar subjected to a load at three points.

Travertine (Ornamental stone) Sedimentary carbonate rock of chemical origin,
in which the limestone is distributed in layers in a compact set

Trimming (Ornamental stone) Face milling and trimming of blocks or pieces of
stone before manufacture

Thermal modification (Wood) Treatment of wood at elevated temperatures
(above 150 °C) in the absence of oxygen. The process changes the chemical
composition of wood, and in particular the hemicellulose components

Thermal tempering (Glass) Ordinary glass (simply annealed glass) is subjected
to a heat treatment where it is reheated to the softening point (~680 °C for soda-
lime silicate glasses), and then rapidly cooled. Minimum surface pressure is
69 MPa. For the temper to be considered effective, after fracture the area of the
ten biggest pieces of glass should not exceed 6.5 cm?. If, after heat treatment,
cooling is slow, the glass will become only two times stronger than ordinary
glass and if it breaks, it will do so in linear fragments with an area higher than
that of tempered glass, but still easy to keep in the support (thermally toughened
glass). Surface compression is then between 21 and 69 MPa

U

Unglazed tiles (Ceramic) Tiles that receive no superficial vitreous coating. They
are classified as unglazed (UGL) (see ceramic tiles)

Uniform corrosion (Corrosion) Corrosion that develops at the same rate over the
entire metal surface (as opposed to forms of localized corrosion) (see corrosion)

Use class (Wood) Scenario with higher or lower probability of an attack to wood
by the main biological agents capable of degradation (taking into account their
preferred development conditions) that can be associated to the various
environments of wood application in construction
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Vascular cambium (Wood) Tissue forming a narrow bed of meristematic cells
that in the living tree generates phloem cells to the outside and xylem cells
(wood) towards the interior

Ventilated facade (Ornamental stone) External application of stone to walls of
buildings by a system of metal anchorage by which the latter receive ventilation
(natural or forced) (see front)

Verification (Concrete) Confirmation by examination of objective evidence that
specified requirements have been satisfied

Visual strength grade (Wood) Result of sorting timbers by means of visual
inspection (according to set limits for defects and singularities) into a grade to
which characteristic values of strength, stiffness, and density may be allocated

Vitreous relaxation temperature or vitreous glass temperature, T, (Glass;
Structural adhesives; Polymer) Characteristic temperature of an amorphous
material (glass, polymer), below which it is no longer in thermodynamic equi-
librium; as a result, during cooling, a sharp increase in viscosity (glass) or elastic
moduli (polymer) in the value of several orders of magnitude can be observed
(103, 104, or more). In addition to the structure and chemical composition, T,
depends on the cooling rate and the thermal history of the sample

Volcanic rock (Ornamental stone) Class of igneous rocks that leaked or were
ejected to the earth’s surface or close to it

Vulcanization (Polymer) Elastomer cross-linking process (natural rubber and
others) with the use of sulfur. In the broadest sense, it is sometimes used to
refer to the general process of elastomer cross-linking, even without using sulfur

W

Waiting time (Structural adhesives) Minimum time required between applica-
tion of the adhesive and the union of substrates [NP 3672:1990]

Wane (Wood) Portion of the original surface of the trunk, with or without bark,
present in a piece of sawn timber

Warping (Wood) Distortion of a timber piece resulting from the sawing, drying,
or storage process

Washing with acid (Ornamental stone) Process used to give an antique look to rocks

Water absorption (Ceramic) Weight percentage of absorbed water according to
EN ISO 10545-3 Norm

Water jet (Ornamental stone) Cutting process using water at high pressure

Water retention (Plaster; Render) Ability of a fresh hydraulic mortar to retain mixing
water when exposed to the support’s suction, allowing its normal hardening

Water vapor permeability (Plaster; Render) Flow of water vapor that traverses
mortar, under conditions of equilibrium, per surface area and vapor pressure unit
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Water/cement ratio (Concrete) Mass ratio between the effective water content
and cement content in fresh concrete

Wear layer (Binders and bituminous materials) Top layer of a pavement in
direct contact with traffic

Wedding veil (surface veil) (Polymer matrix composites) Mat with reduced
thickness with short fibers arranged randomly usually applied to the surface of
the laminate

Wet cutting (Ornamental stone) Water- or liquid-based sawing or cutting process

Wet strength (Ceramic) Resistance of a glued joint determined immediately after
removal of a liquid in which it has been immersed under specified conditions
[NP 3672:1990]

Wet strength (Structural adhesives) Strength of an adhesive joint determined
immediately after removal from a liquid in which it has been immersed under
specified conditions [NP 3672:1990]

Wettability (Structural adhesives) Ability of a liquid (adhesive) to spread on a
specific solid surface [EN 923:2005 + A1:2008]

Wetting power or wettability (Plaster; Render) Ability of a fresh mortar to wet
the associated support or material, facilitating adherence

Wired glass (Glass) Glass that incorporates a square metal mesh. If fractured, it
retains glassy fragments of sharp edges, preventing its fall, potential cause for
accident, while continuing to act as a barrier to the entry of people or objects
(class of safety glass)

Workability (Plaster; Render; Concrete) Greater or lesser ease with which a
concrete or mortar is transported, placed, consolidated, and hardened,
maintaining its homogeneity during these operations

Working region (Glass) Range of viscosities (103 and 106.5 Pa-s) where it is
possible to mould the glass

Weld decay (Corrosion) Localized corrosion of certain metals (particularly aus-
tenitic stainless steel) in areas near the weld beads (see corrosion, intergranular
corrosion)

Wood modification (Wood) Process whereby permanent changes occur in the
chemical structure of the chemical components, so altering behavior and
performance

X

Xylem/Wood (Wood) Cellulosic matter lying between the pith and the bark of a
tree
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Yield stress (Concrete) Minimum tension to start the flow of concrete

Yellow spot (Cork) Yellow or light gray stain, sometimes with mildew odor,
which thrives in moist environments from the back to the belly of the board,
caused by a fungus. It is a defect that excludes the use of cork for cork stoppers
(see cork)
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Abstract

Hydraulic binders play a vital role in the economic and social development
because they are essential components of concrete, the most widely used con-
struction material. Nowadays, Portland cement is the most predominantly used
hydraulic binder due to its properties and widespread availability. Cement
manufacture consumes large amount of non-renewable raw materials and
energy, and it is a carbon-intensive process. Many efforts are, therefore, being
undertaken towards the developing “greener” hydraulic binders. Concomitantly,
binders must also correspond to market demand in terms of performance and
aesthetic as well as fulfill mandatory regulations. In order to pursue these goals,
different approaches have been followed including the improvement of the
cement manufacturing process, production of blended cements, and testing
innovative hydraulic binders with a different chemistry. This chapter presents
a brief history of hydraulic binder’s discovery and use as well as the environ-
mental and economic context of cement industry. It, then, describes the chemis-
try and properties of currently most used hydraulic binders—common cements
and hydraulic limes—and that of the more promising binders for future
applications, namely special Portland cements, aluminous cements, calcium
sulfoaluminate cements, and alkali-activated cements.
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1.1 Introduction

The expression binder material designates substances that harden independently
and bind other solid materials, conferring cohesion and resistance to the system
[1]. Binders can agglomerate solids or join them along their contact surfaces. This
expression comprises construction materials of distinct nature and properties, with
different applications and economic importance.

Hydraulic binders are substances that chemically react with water, by converting
the water-binder system with plastic consistency into a solid matrix with the ability
to agglomerate other solid materials. This hardening process takes place spontane-
ously at room temperature, both underwater and exposed to wet weather.

Table 1.1 presents the classification of binder materials, according to their
affinity for water, and presents examples of materials and their applications.

Hydraulic binders, particularly cement, are a commodity in mankind’s economic
and social development, due to their relevant role in the constitution of concrete,’
which is the most currently used material in the world.

Table 1.1 Classification of binder materials, according to their affinity for water

Binder | Affinity for water Examples
Materials Applications
Hydrophile Aerial « Plaster * Ceramic
Solid inorganic « Sets and hardens in « Air lime * Mortar
substance that contact with air. Hardened
chemically material is not stable in
reacts with water
water Hydraulic » Cement » Concrete
« Sets and hardens both in | « Hydraulic * Mortar
contact with air and limes * Grout
underwater. Hardened « Blast furnace
material retains stability slag
and resistance in both
environments
Hydrophobe « Hydrocarbon » Waterproofing
(bitumen, tar) * Flooring
Organic substance that is a viscous liquid ora | « Polymer * Surface
colloid which hardens by heat treatment, (glues, resin) coating

solvent evaporation, or chemical reaction
between the components. Water does not
interfere with the hardening process and the
hardened material repels it

! Concrete is a composite material composed of a hydraulic binder, inert aggregates (fine and
coarse), water and, sometimes, additives. When the mixture contains only fine aggregates (with
maximum dimension up to 4 mm), the resulting material is a mortar. If no aggregates are added,
the resulting material is a grout. In this chapter, these construction materials—concrete, mortar,
and grout—are indiscriminately referred to as “cement-based materials.”
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SiO,
Silica fume
Clays Natural pozzolans
Blastfurnace \ Siliceous fly
slag ashes

Calcareous fly Metakaolin

ashes
Common cements
Natural cement \
Hydraulic lime / /\\ Aluminate cements
CaO

ALOs

Fig. 1.1 Ternary CaO-SiO,—Al,O3 phase diagram showing the composition of the hydraulic
binders and other often-associated materials

Hydraulic binders are mainly composed of silica (SiO,), alumina (Al,O3), and
lime (CaO). The specific chemico-mineralogical composition of each binder
determines its reactivity with water, and thus its binding properties. Figure 1.1
schematically presents the composition of the hydraulic binders and other materials
that are often associated with them (and that will be examined in this chapter) in the
Ca0-Si0,—Al,03 phase diagram.

Hydraulic binders are classified according to their reactivity, in:

e Active, if they have the ability to react spontaneously with water (e.g., hydraulic
lime, cement)

e Latent, if they require the presence of a suitable alkali activator (Sect. 1.4.2.1) to
present a significant hydration extent (e.g., blast furnace slag)

Combined active and latent hydraulic binders originate composite hydraulic
binders [2]. There are other materials that, in spite of not spontaneously reacting
with water, acquire hydraulic properties in the presence of calcium hydroxide.
These materials are called pozzolans or pozzolanic materials (Sect. 1.4.2.1) and
can be both of natural origin or industrial by-products such as fly ash and
silica fume.

The geographic abundance [3] of limestone and clay, which are the raw
materials for the manufacture of hydraulic binders has certainly determined the
beginning of their use as building materials since ancient times. This has also led to
the discovery of their hydraulic properties, albeit in a semi-empirical way.

The first identified hydraulic binder—designated by hydraulic lime—was
obtained from heat treatment (calcination) at about 1,000 °C of impure limestone,”

2The thermal activation of limestone containing impurities below 5 % gives rise to a binder
product without hydraulic properties, which is called air lime.
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containing from 6.5 to 20 % of clay (Sect. 1.5.1). This binder was the precursor of
another hydraulic binder designated by natural cement. This binder is produced
from limestone containing higher clay content (between 20 and 40 %) activated at
higher temperatures (between 1,000 and 1,300 °C) [4, 5] leading to improved
mechanical properties [6]. In fact, the term cement was introduced to designate
hydraulic binders whose mortars showed higher strength than those obtained from
hydraulic lime [7].

Technological advances in the cement manufacturing, namely using calcination
temperatures higher than 1,300 °C led to the developments of the Portland artificial
cements (Sect. 1.4) with even improved mechanical properties.

Portland cement has a very expressive current global consumption of 2,800
million tons in 2007, which is equivalent to about 400 kg/per capita [8] and is
still the most predominant hydraulic binder used in construction. Moreover, it is
possible to establish a direct relationship between the consumption of cement and a
country’s standard of living [9]. The widespread use of cement in the future still
seems unavoidable. In fact, it is estimated a significant increase in the cement
consumption worldwide, in the coming years, despite the slowdown in its exponen-
tial consumption growth in the latest years due the current global crisis.

However, from an environmental perspective, the best available technology for
the production of Portland cement is inherently vulnerable, particularly considering
CO, emissions (Sect. 1.3). Current sustainability concerns include greater consid-
eration for environmental impacts and for long-term consequences of constructive
interventions, as well as the need for a rational management of limited material and
financial resources. It is, therefore, urgent to develop innovative hydraulic binders.

Future binders should: (1) have an environmentally optimized production pro-
cess, using smaller amounts of natural raw materials and fuel, as well as having
lower CO, emissions, (2) use by-products from other industries, thus contributing
to the mitigation and valorization of solid wastes, (3) have higher durability,
(4) have a less costly maintenance, and (5) be more diversified and technologically
oriented to the market requirements, concerning aesthetics and multi-functionality.

The new twenty-first-century approach in regard to construction materials
foresees that cement will be one of a wide range of substances, with or without
hydraulic properties, synthesized and employed by the cement industry. This will
correspond to a paradigm shift: the “cement industry” will transform itself in the
“hydraulic binder’s industry” [9].

Understanding hydraulic binders at their fundamental level—to which the pres-
ent chapter aims to contribute—provides: (1) researchers with scientific basis to
support the development of novel, sustainable and inexpensive materials that are
able to meet their functional requirements during their whole service life, and
(2) engineers and architects with knowledge to support more correct decisions on
design, execution, and site maintenance considering ecological and socio-economic
costs of their interventions.

This chapter starts with an overview of the hydraulic binder’s historical evolu-
tion (Sect. 1.2) followed by the economic and environmental context of their
production industry (Sect. 1.3). Thereafter, it describes the hydraulic binders with
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a more generalized use—namely, common cements (Sect. 1.4), hydraulic limes
(Sect. 1.5.1), and special Portland cements (Sect. 1.5.2), and finally, presents the
most promising binders for the future—namely, aluminous cements, calcium
sulfoaluminate cements, and alkali-activated cements (Sects. 1.5.3—1.5.5).

1.2  History of Hydraulic Binders

The early use of natural inorganic materials in construction dates back to the
Neolithic period (8000-25008c) [5, 10]. The discovery of hydraulic binding
properties of calcareous materials must have been fortuitous. Later, their applica-
tion became generalized, with remarkable quality, in the Roman Empire. Many of
the constructions where they were used by the Romans still remain in good
condition. However, with the fall of this Empire, the use of those binders was
interrupted and the knowledge of its production process was lost.

In the eighteenth century, the interest for these materials reappeared. Systematic
studies made henceforth and the subsequent technological progress has granted
their chronological evolution. Calcareous materials used as hydraulic binders
evolved from hydraulic limestone to natural cement and finally to artificial cement.
The chemical composition of all these hydraulic binders is not significantly differ-
ent, as evidenced by the schematic representation in the CaO-SiO,—Al,O; phase
diagram (Fig. 1.1). Their differences are essentially found at the mineralogical
level, due to raw materials composition and production process. There are, how-
ever, some important differences: hydraulic lime as high levels of free calcium
oxide (CaO); natural cements contain significant quantities of calcium silicates,
especially dicalcium silicate (2Ca0-Si0,) and contemporary artificial cements
present a greater amount of tricalcium silicate (3Ca0-Si0,) in relation to dicalcium
silicate [11]. The hydraulicity of these binders is related to the amount of calcium
combined with other constituents, namely in the form of silicate [6].

Table 1.2 presents the most significant events in the history of hydraulic binder’s
evolution.

1.3  Hydraulic Binder’s Industry Context

This section addresses the economic and environmental importance of the hydraulic
binder’s industry. As already mentioned, more than 95 % of hydraulic binders
consumed worldwide are common cements [12—17]. Therefore, the only data
available concerning the production of common cements may be considered as
good indicators of the hydraulic binder’s industry context.

Figure 1.2 shows that the global cement production has had an exponential
growth from ten million tons in 1990 to 2,814 million tons in 2007 [5, 8]. Moreover,
the cement production, which became more significant after the 1960s, more than
duplicated in the last two decades. Considering the current global economic crisis,
this growth trend is expected to slow down. However, a significant overall growth
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Table 1.2 Chronology of the most significant events in the international history of the hydraulic
binder’s evolution of [5, 6, 9, 20, 32]

Year
2500 BC

800 BC
300-500 BC

Middle Ages

1756

1796
1812-1813

1824

1877

1887 and 1897

1900

Twentieth
century

Event

Egyptians: used mortars made with a binder obtained by gypsum calcination
in, for example, the Pyramids of Giza

Greeks and Cretences: used slaked lime mortars with sand

Romans: used mortars made with volcanic origin soils, grinded lime, and sand.
These mortars besides having higher strength were able to harden in water.
Since the best volcanic soil for this purpose was found near the Italian town of
Pozzuoli, this soil was designated as pozzolan. Later on, this designation
included other substances with similar cementitious properties. These mortars
were used, for example, in the construction of the Patheon (127 Bc) and the
Coliseum (82 Bc), in Rome, and the structures still stand today

In the Middle Ages, the knowledge to produce high-quality mortars was lost,
and its use was discontinued

John Smeaton (English): identified and (re)used the hydraulic properties of
lime mixed with pozzolans, for the first time after the Roman Empire, when
was rebuilding the Eddystone Lighthouse in Cornwall

James Parker (English): patented the discovery of natural hydraulic cement
production from calcined impure limestone containing lime

Louis Vicat (French): established the principle of artificial hydraulic lime
manufacture from synthetic mixtures of limestone and clay

Joseph Aspdin (English): registered the first artificial cement patent, which he
named “Portland cement,” by analogy with a stone quarried on the English
Island of Portland, which had a similar color, and reputation for quality and
durability. This patented cement was produced by burning limestone with
finely ground clay in a kiln until the occurrence of CO, emissions. This
synthesized product was then ground into finished cement with higher
mechanical strength than previously prepared binders. The cements currently
referred to by the same name are technologically more evolved

The association of German cement manufacturers, Verein Deutscher
Zementwerke (VDZ), published the first Cement Standard to provide cement
quality guarantee

Le Chatelier (French) and Tornebohm (Swedish): began the first scientific
studies in the field of cement chemistry

* The first rotary kiln to produce cement was built in Essex, England. Inside
this kiln, the material’s temperature profile allows the formation of
mineralogical different products that contribute to increase the strength of the
final materials. This kiln also allows the production of more homogeneous
cements and on a larger scale

* Pierre Giron (French, working in the USA) added, for the first time, gypsum
to cement during the final grinding, which resulted in a significant
development of the cement’s chemical composition and allowed the
optimization of cement hardening

Mechanical properties of cement were consolidated by rapid scientific and
technological developments. The most relevant factors were: (1) increase of
the tricalcium silicate/dicalcium silicate ratio (although the content in silicates
remained unchanged), (2) increase of cement particle’s fineness,

(continued)
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Table 1.2 (continued)
Year Event

(3) development of organic additives, including superplasticizers (synthetic
polymers with exceptional ability to disperse cement particles). These changes
lead to a 4-5 times increase in the strength of the concrete prepared with
cement (Sect. 1.4.1)

2000 The European Committee for Standardization (CEN) published the first
standard—EN 197-1:2000—to harmonize the quality of common cements
among the member states of the European Union (Sect. 1.4) and to eliminate
technical barriers in cement trade

Fig. 1.2 World production 3000 -
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in cement production is still anticipated, at least until the mid-twenty-first century
[5, 8, 12].

Such significant values of cement production require that the cement industry
addresses its environmental impact in a global context. The major factors
contributing for the ecological fragility of this industry are [18, 19]:

o Consumption of raw materials: about 1.7 tons per ton of cement produced.

e Fuel consumption: about 1.8 GJ per ton of cement produced. This value is
relatively low when compared to other building materials, such as iron, which
consumes 40 GJ per ton. However, the large amount of cement produced makes
this industry responsible for about 2 % of global primary energy consumption
and for almost 5 % of global industrial energy consumption.

e CO, emissions: about 1 ton of CO, emission per ton of cement produced. CO,
sources are mainly the fuel and the decarbonation of limestone. This industry
contributes for 57 % of global CO, anthropogenic emissions.

In this context, opportunities to mitigate the environmental impact of cement
industry include: the use of alternative raw materials, namely by-products from
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other industries; the optimization of the plants energy consumption; the reduction
of limestone proportion in cement products as well as the use of industrial
by-products as partial surrogates of the cement itself. Similarly, it is necessary to
promote improvements in cement durability in order to increase their service life
and thus minimize the need for replacement as well as to develop other “greener”
hydraulic binders.

1.4 Common Cements

Nowadays, a wide variety of cements is produced in almost all countries of the
world. Raw materials, mainly clay and limestone, are rigorously proportioned and
heated to about 1,450 °C to form a product consisting of calcium silicates and
aluminates, called “clinker.” This product, is finely ground with gypsum to produce
the “Portland cement.” The use of cementitious materials or minerals either as
partial replacement for clinker or as additions to cement produces “blended
cements” (Sect. 1.4.2). The current available technology and knowledge ensure
the production of cements with a statistically homogeneous and reproducible
composition.

The terms “clinker” and ‘“Portland cement” have a widespread acceptance.
However, there are a number of other terms, namely to designate blended cements
and other hydraulic binders whose definitions are not consensual in scientific and
technical literature. This lack of consistency in terminology and in the criteria for
the evaluation of materials properties is extensible to quality standards set by
different countries, among which there is often no equivalence.

In the European Union, the European Committee for Standardization (CEN®)
elaborated the standard EN 197-1:2000 [20] which specifies the composition, the
requirements (mechanical, physical, chemical, and durability), and the conformity
criteria that cements and their constituents must meet to be certified. These cements
are designated as “common cements,” abbreviated CEM and are classified based on
the composition and strength.

Regarding the composition, there are 27 products in common cements family,
grouped into five main types. Cements are always made of clinker and gypsum
(Sect. 1.4.1) and, depending on its type, they can also contain the following addition
(s): blast furnace slag, silica fume, pozzolans, fly ash, burnt shale,4 and limestone
(Table 1.3). According to the standard EN 197-1:2000, if these additions content is
higher than 5 % by mass, they are also considered main constituents (Sect. 1.4.2).
When especially selected inorganic materials are added at less than 5 % by mass,

3 CEN arises from the French designation “Comité Européan de Normalization.”

“Silica fume, fly ash, and burnt shale are also pozzolanic materials (or pozzolans). However, the
standard EN 197-1:2000 adopts the terminology “pozzolan” for natural pozzolanic materials, with
the exception of burnt shale. Silica fume and fly ash have pozzolanic properties but they are
industrial by-products, not naturally occurring (Sect. 1.4.2).
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Table 1.3 Designation, notation, and composition of the main types of common cements defined
in the standard EN 197-1:2000 [20]

Composition (%, by mass)

Clinker®
Main types Notation | (%) Other main constituent rather than clinker
Portland CEM I 95-100
cement
Portland CEM I 65-94 Up to 35 % of an addition”
composite
cement
Blast furnace CEM III |5-64 36-95 % blast furnace slag®
cement
Pozzolanic CEM IV | 45-89 11-65 % of pozzolanic materials (of one type or a
cement mixture of several types)ﬂl
Composite CEM V 20-64 Mixture of: (1) 18-50 % of blast furnace slag and
cement (2) 18-50 % of natural pozzolan and/or fly ash

“Content of gypsum in cements composition is not specified by the standard. However, since
gypsum is always present (Sect. 1.4.1), it is considered as being included in the percentage set by
the standard to the clinker

"Considers different subclassifications depending on the addition(s) present on cement constitution
“Considers subclassifications depending on the slag content

dConsiders subclassifications depending on the additions present

they are designated “minor additional constituents” and do not affect cement’s
classification. Common cements can also include organic compounds in their
constitution which are added to improve the manufacturing process or the cement
properties. These compounds shall not exceed 1 %, by mass, of cement.

Common cements are also classified into six reference strength classes
depending on the value of their compressive strength at 28 days of hydration.
Annex I includes a table presenting the correspondence between the designation
and notation of common cements with the respective composition and mechanical
and physical requirements, as defined in the standard EN 197-1:2000
[20]. Examples of common cements identification are also given.

Figure 1.3 shows the percentage of the different types of common cements
produced and sold in the European market over the years. There is a clear progres-
sive decrease in production and sale of cement type CEM I accompanied by an
increasing production and sale of blended cements, mainly type CEM II. This
change in the type of common cement used is due to the environmental, economic,
and technological reasons listed in Sect. 1.4.2.1.

Chemical and mineralogical composition of cements determines the microstruc-
ture of the hardened materials and hence their macroscopic properties. The under-
standing of the correlation between the microstructure and the properties
contributes to a proper assessment of the behavior of the cement-based materials
throughout their life and service (Sect. 1.4.1.3).

Cement-based materials have a complex microstructural organization, which is
highly heterogeneous on local chemico-mineralogical composition. As such, in the
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Fig. 1.3 Types of common cements (according to standard EN 197-1:2000) produced and sold in
the European market [8]

Table 1.4 Oxides symbols in accordance with the notation used in the cement chemistry

Oxide CaO 8102 Ale'; FeZO3 MgO NazO Kzo SO'; C02 Hzo
Symbol |C S A F M N K 3 c H

Table 1.5 Abbreviated notation of the main chemical components of cement

Impure
Composite Composition Abbreviation | phase
Tricalcium silicate 3Ca0-Si0, C5S Alite
Dicalcium silicate 2Ca0-Si0, C,S Belite
Tricalcium aluminate 3Ca0-Al,05 C5A
Tetracalcium aluminoferrite 4Ca0-Al,05-Fe,0;3 | C4AF Celite
Calcium hydroxide Ca(OH), CH Portlandite
Calcium sulfate CaSO, CS -
Gypsum CaS0,4-2H,0 CSH, -
Calcium silicates hydrated (variable xCa0-SiO,-y H,O C-S-H

chemical composition)

domain of the cement chemistry, the compounds are referred to by the use of a simplified
notation (different from the usual nomenclature of chemical formulas) in which:

e The chemical elements are expressed in terms of their oxide forms.

» The oxides are represented by the first letter of their chemical formula (Table 1.4).

o The proportion in which the oxides are present in the compound is written in
index (Table 1.5).

However, it should be noted that the notation does not mean that the oxides have
a separate existence in the structure, i.e., it has no chemical meaning.
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1.4.1 Portland Cement

This section addresses the manufacturing process, the composition, the hydration
mechanism, and the microstructure—properties correlation of the Portland cement
type CEM I, specified in the standard EN 197-1:2001 [20].

1.4.1.1 Manufacturing Process

The physical and chemical phenomena that occur during the cement manufacturing
process determine the chemico-mineralogical composition of the final cement prod-
uct and its compliance with the compulsory specifications. Figure 1.4 shows a scheme
of the manufacturing process of Portland cement which main steps are:

* Raw materials preparation
* Clinker production
« Final grinding of clinker with gypsum

Raw Materials Preparation
* Raw materials constituents

Cement is produced mainly from a mixture of limestone (about 75 %) and clay
(about 25 %). Quarried limestone is a rock consisting of calcium carbonate
(CaCO;3) containing impurities such as silica (SiO,), clay (Mx/n
[xA1203~Si02]-zH20),5 iron oxide (Fe,03), and magnesium oxide (MgO) [2].

To ensure the appropriate chemical composition of the final product, the
mixture proportions of these raw materials may require a correction of some
chemical elements by adding, small amounts of corrective materials such as
quartz and iron ore [21].

Limestone and clay are extracted from the quarries in blocks with a maximum
size of 1-2 m and crushed to reduce their size until 25-200 mm [22]. Thereafter,
they are stored into silos equipped with pre-homogenization systems. Good
homogeneity of each raw material is essential for final product quality and
plant efficiency [22].

* Raw materials blend mill

The fineness and particle size distribution of the raw materials blend also
influence the clinker manufacture process and, hence, the quality of the final
product. As such the production of clinker requires that in the raw materials
blend, the limestone particles size is less than 125 pm and that the other raw
materials particles size is less than 45 pm. Typically, 85 % of the raw materials
particles size is less than 90 pm [2, 21, 23].

The finely ground raw materials blend, known as raw meal, is, then, stored in
other silos also equipped with homogenization systems [22] before to proceed
for the following step which is the clinker production.

5 Clay is a natural hydrated aluminosilicate Mx/n[xAl,0O5-Si0,]-zH,0, wherein M represents metal
ions, usually alkali (Na*, K*), Mg®*, and Fe**.
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¢ Quality control of raw materials

To minimize the variation in cement quality its manufacturing process requires
a rigorous and effective control of raw materials processing, proportioning, and
characterization—namely, in terms of chemical composition and particle size
distribution. As such, raw materials quality checks are, typically, carried out at
regular predetermined intervals of time that can be of 1, 2, or 4 h in different
sampling points: both before and after the raw mill and after the raw meal silo.

Currently, most of cement plants has at-line and online technologically
advanced control systems equipped with automatic sampling systems, real-
time chemical analyzers, and the ability to access to specific software, from
remote locations, that automatically determines the necessary corrections. Clin-
ker production is also strictly controlled—namely, the temperature profile in the
preheater, kiln, and cooler.

To produce Portland cement clinker the chemical composition of the kiln feedstock
must respect the relations, between the main oxides present in raw materials, shown
in Table 1.6.

The Lime Saturation Factor (LSF) is a theoretical relationship that quantifies the
lime content available in raw material to combine with the silica and alumina.
Therefore, the control of this ratio value is important to ensure the absence of “free
Ca0.” Theoretically, when the value of LSF is equal to 1, the total CaO react, and
when it is higher than 1 there is an excess in the lime content that will persist in the
final product in the form of “free CaO” (see below “clinker production”).

The Silica Ratio (SR) is an empirical relationship that governs the silicates
phases in the clinker. The SR value is inversely proportional to the amount of
liquid formed in the kiln because only the alumina and ferric phases melt. There-
fore, the higher the value of this ratio, the lower is liquid content in the kiln and,
thus, the occurrence of chemical reactions is more difficult (see below “Production
of Cement Clinker”).

The Alumina Ratio (AR) determines: (1) the proportion of alumina to ferric
phase in the clinker, which affect the properties of the final product (2) the temper-
ature at which the liquid is formed in the kiln.

Production of Cement Clinker
* Chemical-mineralogical transformations in the preheater and the kiln
The transformation of raw material’s constituents into the clinker’s constituents
comprises a complex set of interdependent, simultaneous or successive, chemico-

Table 1.6 Relations between the main oxides present in raw materials to produce Portland
cement clinker [2]

Designation Ratio® Values
1 1 CaO |
Lime saturation factor (LSF) 380 SOTT18 ALC: 1065 Fo;0; 0.92-0.98
o - Si0, —
Silica ratio (SR) ALOAE0; 2-3
Alumina ratio (AF) ALO; 14
Fe, 03

“Chemical formulas denote the corresponding oxide mass percentage
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mineralogical transformations. These transformations which mechanisms are not
yet totally clarified [2, 5, 23, 24] occur, essentially, in two of the plant’s
equipments: preheater tower and kiln, as represented in Fig. 1.5.

The raw meal enters at the top of the preheater tower (which is set of cyclones)
[5, 25] and falls in counterflow with the hot gases coming from the kiln. During
this process, the heat is transferred efficiently from the hot gases to the raw meal
leading to the occurrence, mainly, of dehydration and decomposition of the clay
and the decarbonation of about 40 % of the limestone (CaCO3; — CaO + CO,).

Thereafter, the raw meal enters into a large cylindrical kiln whose diameter and
length are about 5 and 80 m, respectively. The kiln is installed with an inclination
from 2.5 to 5 % and is animated with a rotation speed of 1.5-2.5 r.p.m. to facilitate
the slightly move of the material from the entrance towards the heated output end.

1 — | —

Preheater Calcination transition clinkerization Cooling
zone zone zone zone
(1 min) (28 min) (5 min) (10 min) (2 min)
g 14:20"
g : c L 1400
= 1 o
9 | _
= 2oL 1200
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& £ 2l 1000
1} =]
3 S5
=3 2. 21 800
= 5=
.g . = 1 600
iy e T
§ Silica Lty 1 400
2 =<
z a4 200
L 4 CAF
1 :
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Retention time 5 10 15 20 25 30 35 40 45 (min)

Fig. 1.5 Schematic representation of phase transformations occurring in the preheater and kiln
during clinker production



1

Hydraulic Binders 15

Figure 1.5 shows that at the kiln entrance the material’s temperature is
typically between 700 and 800 °C. Throughout more than half the length of
the kiln—calcination zone—occurs the decarbonation of limestone. Since this
reaction is strongly endothermic, the temperature does not increase significantly.
Simultaneously, begin the formation of belite (C+S — C,S), of calcium alumi-
nate (C+ A — C,A7) and of calcium aluminoferrite (C + A + F — C,(A,F)) from
the reaction of the newly formed CaO with the other phases of silica, alumina,
and ferrite.

When the decomposition of limestone is completed, the following kiln zone
called transition zone begins, in which at around 5 min and at about 10 % of
kiln’s length, the temperature of the materials increases rapidly from 900 to
1,250 °C. In this zone, there is a significant additional formation of belite and the
aluminate phases, which were formed earlier, begin to originate tricalcium
aluminate (C3A) and tetracalcium aluminoferrate (C4AF).

Thereafter, the materials proceed to the hottest kiln zone called clinkerization
zone, where, at the approximated temperature of 1,330 °C, the aluminate, ferrite,
and part of belite phases melt [23, 24]. Thus, henceforward the chemical
reactions take place in a semisolid state that facilitates the atomic diffusion
and reaction between the elements, providing the necessary conditions to the
formation of alite, mainly from the reaction of the belite with residual CaO (C,S
+C — C35). This compound is mainly responsible for the high mechanical
strength of modern cements.

The highest temperature reached in the kiln is approximately 1,420 °C
(Fig. 1.5) at about 4/5 of the kiln’s end [26]. The material that emerges from
this zone is called clinker and is, mainly, composed of various phases of which
the most important are alite, belite, and aluminate and ferrite. Theoretically, the
reaction of C;3S formation consumes all the CaO still available in the kiln.
However, approximately 0.5-1 % of CaO always remain uncombined and is,
often, referred to as “free CaO” or “free lime.”

Cooling of clinker
The thermal history of clinker cooling—which occurs in the kiln’s cooling

zone—has a significant influence on its mineralogical composition and is impor-

tant to achieve the best strength-giving properties of the final product. As such, it
is essential, that the clinker is cooled down very quickly [24, 27], mainly at the
beginning (occurring a decrease from the clinkering temperature to about

1,350 °C in 1 s) in order to:

Preserve, in a metastable state, the more reactive polymorphic forms of the

C\S and p-C,S (these compounds are only thermodynamically stable at

temperatures above 670 °C and 1,275 °C, respectively).

— Ensure that there is no significant transport of material between clinker
phases, i.e., that the different phases crystallize with little mutual
interference.

— Promote nucleation of more crystals (instead of crystals growth) that
facilitates the subsequent grinding phase.

The clinker of common cements emerging from the kiln is rounded nodules
having a typical diameter up to 40 mm (Fig. 1.6).
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Fig. 1.6 Clinker at kiln exit

Table 1.7 Crystal size of tricalcium and dicalcium silicate clinker phases, which typically are
individualized [27]

Crystals
Phase Size (pm) Morphology
C5S 25-65 Hexagonal
C,S 20-40 Rounded

« Composition and microstructure of clinker

As previously referred, clinker is composed essentially by the following
phases: C3S—30-70 %; C,S—10-30 %; C3A—5-10 %, and C4ZAF—5-15 %
(values represents the percentages, by mass, of their typical occurrence). The
standard EN 197-1:2000 specifies that Portland cement clinker shall consist of at
least two-thirds, by mass, of calcium silicates (C3S and C,S), the mass ratio C/S
shall not be less than 2 and that the content of magnesium oxide (M) shall not
exceed 5 %, by mass.

Typically, clinker particles larger than 3-5 pm are polymineral [28],
consisting of silicate crystals—which size and morphology are described in
Table 1.7—surrounded by an interstitial matrix consisting of aluminate and
ferrite phases. Nature, size, and morphology of crystals formed are determined
by the composition of raw materials and the manufacturing process conditions.
Figure 1.7 shows an image of a clinker particle cross-section obtained by optical
microscopy.

The potential mineralogical composition of a Portland cement clinker can be
estimated from the results of its chemical composition analysis [2, 29] using
Bogue’s equations, shown in Table 1.8. However, it should be kept in mind that
these relations were established based on CaO-SiO,—Al,O3-Fe,0O; phase dia-
gram at clinkerization temperature, considering two assumptions which are
unlikely to occur:
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Fig. 1.7 Cross-section
image of a clinker particle
obtained by optical
microscopy

Table 1.8 Bogue’s equations (chemical formulas represent the mass percentages of the oxides)

Phase Oxides content (obtained by chemical analysis)

C4AF =3.043 (Fe,03)

CiA =2.650 (Al,03) — 1.692 (Fe,03)

B-C,S =—3.071 (CaO) +8.602 (5i0,) +5.068 (Al,03) + 1.0785 (Fe,O3) or
=2.8675 (Si0,) — 0.7544 (C5S)

(&) =4.071 (Ca0) — 7.602 (SiO,) — 6.718 (Al,O3) — 1.430 (Fe,05)

— Chemical equilibrium between crystallized phases is maintained during and
after the cooling of the clinker.

— The main phases of clinker are pure, i.e., no alterations in phase diagram are
considered due to the presence of interstitial or substitutional ions in the
crystal structures of clinker phases.

Despite the mineralogical composition estimated by the Bogue’s equations is
not absolutely accurate (typically underestimating C;S content and
overestimating C,S content), the calculations are so easy to perform that these
relations are still commonly used in industry [2]. However, nowadays, most
cement plants are equipped with the experimental X-ray diffraction technique, to
perform a quantitative analysis of clinker phases automatically and in real time.

As referred above, the compounds that constitute the clinker are not as simple
as the chemical formulas written above might indicate. In fact, they are not pure,
often containing other elements in their crystal lattices. In addition, free oxides
may also exist, for example, CaO and MgO. The minor constituents present in
the clinker can: (1) be originated from the raw materials, (2) be introduced
during the manufacturing process, particularly from fuel or from the refractory
lining inside the kiln, or (3) be deliberately added. Although their content, in
general, does not exceed 1 % by mass [2, 23, 30], these compounds influence the
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Fig. 1.8 Gypsum at clinker
mill inlet

production process and chemico-mineralogical composition of the clinker, and
therefore affect the properties of the final product.
¢ Final grinding of clinker with gypsum

Cement is the product obtained by intergrinding the clinker with 3-8 % by
mass of gypsum (CaSOy4-2H,0 or CSH,). Figure 1.8 shows a typical photo of the
gypsum at the clinker grinding mill inlet. In most cement plants, the final
grinding of the clinker/gypsum blends are carried out in ball mills consisting
of a tube rotating about a horizontal axis and that uses steel balls as grinding
media [31].

Gypsum is added to the cement as set regulator, since it:

— Slows down C3A hydration, preventing the occurrence of “quick” (flash) set
of cement (Sect. 1.4.1.2).
— Accelerates calcium silicates hydration leading to an increase in the compres-

sive strength development, mainly, during the early ages [2].

However, excess of calcium sulfate added to the cement is likely to promote
dimensional instability in the hardened cement, due the formation of expansive
hydrated compounds, such as ettringite (C¢AS3Hs,).

The increase of the specific surface area of the cement particles, i.e., the
increase of fineness, accelerates the hydration rate and therefore, accelerates
strength development, mainly at early ages. As such, the final grinding is a major
factor influencing the class of strength of the cement. Figure 1.9 shows a photo of
Portland cement type CEM 1 52.5 R, at the clinker mill exit.

The specific surface area (SSA) of cement particles of the ordinary early
strength Portland cements (as defined in standard EN 197-1) ranges from
300 to 340 m?/kg, whereas SSA of cement particles of high early strength
cements ranges from 400 to 550 m*/kg [29]. For cements with additions content
lower than 20 % by mass, 90 % of cement particles should be finer than 90 pm
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Fig. 1.9 Portland cement
type CEM I 52,5R

[23]. When the content of additions is higher than 20 %, 90-95 % of the particles
should be finer than 45 pm [30].

The other main constituents, beside clinker, considered in standard EN 197-1
for common cements—namely, blast furnace slag, silica fume, pozzolan, fly ash,

shale, and limestone—may be added to the cement at this final grinding step
(Sect. 1.4.2).

1.4.1.2 Hydration

The mixture of cement with water initiates a series of chemical hydration reactions.
These reactions occur at different rates and mutually influence each other, leading
to chemical, physical, and mechanical changes of the system. The hydrated
compounds bind to each other, giving adhesive and cohesive properties to cement.
At the macroscopic scale, the hydration process leads to the conversion of the
water-cement system into a solid matrix. This matrix is microscopically uneven and
porous and serves as a binder in cement-based materials. The cement hydration
mechanism is complex and is, still, not fully understood.

The hydration reactions of cement constituents—C3S, C,S, C3A, and C4AF and
CS—are exothermic [32]. Figure 1.10 shows a scheme of the typical evolution of
heat released as a function of hydration time.

It is commonly accepted to divide the scheme shown in Fig. 1.10 into five
distinct areas and associate each of them with a distinct period (stages) of the
hydration mechanism of a polymineralic cement particle. These periods (phases)
are described below [2] and schematically represented in Fig. 1.11:

Pre-induction—In the first few minutes after mixing cement with water, there is a
short period of fast reactions. In this period, mainly C3A and C4AF react with
water and CS leading to the formation of a layer of an amorphous gel, rich in
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Fig. 1.10 Schematic heat evolution as a function of cement hydration time (and correspondence
with the periods (or stages) of the cement hydration mechanism)

alumina, around the cement particles. Short rods of ettringite (AFt) are also
detectable. This reaction is responsible for the initial significant amount of heat
released.

Induction (or dormant) period—Chemical reactions occur in a small scale
originating a negligible heat released.

Acceleration (or post-induction) period—there is a reacceleration of hydration
reactions and heat release which reaches a maximum at a time that is usually
less than 12 h after the initial mixing. This behavior is mainly due to the
hydration reactions of calcium silicates, namely C3S forming a layer of C-S-H
gel around the cement particles, which are commonly called “outer C-S-H.”
These reactions induce a lost of plasticity in the cement paste that becomes a
non-deformable rigid material (without, however, significant strength) in a
process called setting. At the end of this period, about 30 % of the cement has
hydrated, and the cement paste has undergone both initial and final setting.

Post-acceleration period—there occurs a gradual decrease in hydration reaction
rate leading to a progressive decrease of heat release. The hydration of calcium
silicates continues with a progressive increased contribution of the hydration of
B-C,S. The C-S-H gel begins to deposit inside of the hydration shell formed in
the previous hydration periods and is called “Inner C-S-H.” After about 18 h of
cement hydration, a secondary hydration reaction of the aluminates (C3A and
C4AF) restarts, forming additional AFt crystals which are markedly more acicu-
lar than those formed earlier. Sometimes, this process has associated a signifi-
cant heat released.

Diffusion-limited reaction period—After 1-3 days of cement hydration, reactions
significantly slow down owing to the diffusional limitation of compounds in the
solid state. “Inner C-S-H” continues to form and a new aluminate phase appears,
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Fig. 1.11 Scheme of the different periods (or stages) of the hydration mechanism of a
polymineral cement particle: CsS tricalcium silicate, C,S dicalcium silicate, C3A tricalcium
aluminate, C,AF tetracalcium aluminoferrite, C-S-H calcium silicate hydrate, AFt calcium
trisulfoaluminate hydrated, AFm calcium monosulfoaluminate hydrated

the calcium monosulfoaluminate hydrated (AFm). Hydration of cement pro-
ceeds throughout years, essentially forming additional “inner C-S-H” from
B-CsS.

Table 1.9 shows the hydration reactions of clinker main constituents, assuming
that they are pure.

Calcium silicates hydrated (C-S-H), formed from the hydration of C;S and C,S,
constitute 50-60 % of the solid phases present in hardened Portland cement pastes.
They are the primarily responsible for the binding properties and high mechanical
resistance developed by these materials.

When C3;A comes into contact with water tends to hydrate rapidly, forming
C3AHg and causing a “quick” (flash) setting that gives rise to a material with low
mechanical strength. Moreover, the premature material’s stiffening makes difficult
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Table 1.9 Hydration reactions of clinker main constituents

Compound Reaction
CsS C3S+(3+y—x)H— C,SHy+ (3 —x)CH
(portlandite)
C,S CS+(2+y—x)H— C,SHy + (2 —x)CH
(portlandite)
CsA Without gypsum 2C3A + 21H — C4AH); + CoAHg — 2C3AHg + 9H
With gypsum C3A + 3CSH; + 26H — CgAS3;H3, — 3C4ASH),
(ettringite) (AFm)
C4AF C4AF + 3C§H2 +xH — CG (A7 F) §3H32 - 3C4(As7 F)ngz
(AFY) (AFm)

Note: Calcium silicates hydrated have a variable chemical composition, CxSHy. In the domain of
the cement chemistry, these compounds adopted the abbreviated notation C-S-H (Table 1.5)

the hydration of the other cement constituents to proceed. As such, gypsum, CSH,,
is added to control C3;A hydration (Sect. 1.4.1.1). In the presence of gypsum, the
hydration of C3A forms ettringite (Table 1.9) that act as a protective barrier against
the continuation of the C;A hydration and that allow the hydration of other cement
constituents. Gypsum is, therefore, a regulator set that is always added to the
common cements.

Both, the hydration of C;A and C4AF ends up forming a calcium mono
sulfoaluminate hydrated, AFm, more stable than AFt phases such as ettringite
(Table 1.9).

1.4.1.3 Correlation Microstructure-Properties

The microstructure of the cement-based materials is essentially determined by the
compounds formed during the hydration reactions of the clinker’s constituents
(Table 1.9). The mechanism of cement hydration, whose periods (stages) have
been previously described (Sect. 1.4.1.2) depends on different factors, such as:
(1) type of cement used, in terms of its chemico-mineralogical composition and
fineness, (2) water/cement ratio, (3) mixing procedure, (4) environmental
conditions; (5) nature, number, and size of aggregates or other additives.

Figures 1.12 and 1.13 show images obtained by scanning electron microscopy
(SEM) of the microstructure of hydrated cement pastes. The image shown in
Fig. 1.12 was obtained by SEM in the secondary electron mode (SE) from a fracture
surface of a hardened cement pastes. SEM-SE imaging of cement pastes provides
images with low contrast. As such, observations have to be made in the inner
surface of the pores and cavities, where products were able to freely crystallize
[33]. Figure 1.12a shows acicular AFt crystals dispersed in a fibrous matrix of
C-S-H. Figure 1.12b, and Fig. 1.12(c) show AFt crystals and dendritic (plate-like
snow) crystals, corresponding to the typical crystallization morphology of CH. As
expected, cement pastes with higher hydration time show more numerous as well as
longer and thicker acicular AFt crystals (compare Fig. 1.12a with b and c).

In the images obtained by SEM in the backscattering electron mode (BSE), from
polished flat surfaces, the contrast is mainly due to the differences in the chemical
composition of the phases present in the hydrated cement pastes. Chemical
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Fig. 1.12 Images of the microstructure of Portland cement pastes obtained by scanning electron
microscopy in secondary electron mode (JEOL JSM-7001-F) from a fracture surface. (a) Az 2 days
of hydration: acicular crystals of calcium sulfoaluminates hydrated (AFt) dispersed in a fibrous
matrix of calcium silicates hydrated (C-S-H); (b, ¢) at 28 days of hydration: acicular AFt crystals
and crystals showing the dendritic typical crystallization morphology of calcium hydroxide (CH)

Fe
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Fig. 1.13 Image of the microstructure of a Portland cement paste (at 28 days of hydration)
obtained by scanning electron microscopy in backscattered electron mode from a flat-polished
surface and corresponding energy-dispersive X-ray spectra (Jeol JSM-7001-F). Note: Peaks were
standardized to the calcium peak high and the intensity has arbitrary units

elements with higher electron density (heavier atoms) give rise to higher brightness.
Thus, SEM-BSE images can be used to detect contrasts between areas with
different chemical composition providing relevant information on the chemical
composition, namely if associated with local chemical analysis using energy-
dispersive X-ray spectroscopy (EDX).

Moreover, the analysis of flat-polished surfaces also provides information on
spatial distribution of solid phases and pores, as well as their interrelation mode in
the internal structure, in a wide range of magnifications (~20-1