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abrasive Material such as sand, crushed chilled cast iron, crushed steel grit,
aluminum oxide, silicon carbide, flint, garnet, or crushed slag used for clean-
ing or surface roughening.

absolute pressure Pressure above zero pressure; the sum of the gage and
atmospheric pressures.

absorb To take in and engulf wholly.

absorbent A material, usually a porous solid, which takes another material
into its interior. When rain soaks into soil, the soil is an absorbent.

absorption A process in which molecules are taken up by a liquid or solid
and distributed throughout the body of that liquid or solid; the process in
which one substance is taken into the body of an absorbent. Compare with
adsorption.

ac impedance See electrochemical impedance spectroscopy.

acicular ferrite A highly substructured nonequiaxed ferrite formed upon con-
tinuous cooling by a mixed diffusion and shear mode of transformation that
begins at a temperature slightly higher than the transformation tempera-
ture range for upper bainite. It is distinguished from bainite in that it has a
limited amount of carbon available; thus, there is only a small amount of
carbide present.

acid A substance which releases hydrogen ions when dissolved in water.
Most acids will dissolve the common metals and will react with a base to
form a neutral salt and water.

acid cleaning The process of cleaning the interior surfaces of steam-generating
units by filling the unit with dilute acid accompanied by an inhibitor to pre-
vent corrosion, and subsequently draining and washing the unit and neutral-
izing the acid by a further wash of alkaline water.
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acid embrittlement A form of hydrogen embrittlement that may be induced
in some metals by acid.

acid mine drainage Drainage of water from areas that have been mined for
coal or other mineral ores; the water has a low pH, sometimes less than 2.0,
because of its contact with sulfur-bearing material.

acid rain Atmospheric precipitation with a pH below 3.6 to 5.7. Burning of
fossil fuels for heat and power is the major factor in the generation of oxides
of nitrogen and sulfur, which are converted into nitric and sulfuric acids
washed down in the rain. See also atmospheric corrosion.

acidity The quantitative capacity of water or a water solution to neutralize
an alkali or base. It is usually measured by titration with a standard solu-
tion of sodium hydroxide and expressed in terms of its calcium carbonate
equivalent. See also carbon dioxide, mineral acidity, total acidity.

activated carbon A water treatment medium, found in block, granulated, or
powdered form, which is produced by heating carbonaceous substances
(bituminous coal or cellulose-based substances such as wood or coconut
shell) to 700°C or less in the absence of air to form a carbonized char, and
then activating (oxidizing) at 800 to 1000°C with oxidizing gases such as
steam and carbon dioxide (oxygen is never used as the oxidizing gas because
its reaction with the carbon surface is too rapid and violent) to form pores,
thus creating a highly porous adsorbent material.

activated silica A material usually formed from the reaction of a dilute sili-
cate solution with a dilute acid. It is used as a coagulant aid.

activation The changing of a passive surface of a metal to a chemically active
state. Contrast with passivation.

active The negative direction of electrode potential. [Also used to describe
corrosion and its associated potential range when an electrode potential is
more negative than an adjacent depressed corrosion-rate (passive) range.]

activity A measure of the chemical potential of a substance, where chemical
potential is not equal to concentration, that allows mathematical relations
equivalent to those for ideal systems to be used to correlate changes in an
experimentally measured quantity with changes in chemical potential.

activity (ion) The ion concentration corrected for deviations from ideal
behavior. Concentration multiplied by activity coefficient.

activity coefficient A characteristic of a quantity expressing the deviation of
a solution from ideal thermodynamic behavior; often used in connection
with electrolytes.

adhesion A binding force that holds together molecules of substances whose
surfaces are in contact or near proximity.

adhesive strength The magnitude of attractive forces, generally physical in
character, between a coating and a substrate. Two principal interactions
that contribute to the adhesion are Van der Waals forces and permanent
dipole bonds.

adsorb To take in on the surface.
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adsorbent A material, usually solid, capable of holding gases, liquids, and/or
suspended matter at its surface and in exposed pores. Activated carbon is a
common adsorbent used in water treatment.

adsorption The physical process occurring when liquids, gases, or suspended
matter adhere to the surfaces of, or in the pores of, an adsorbent medium.
Adsorption is a physical process which occurs without chemical reaction.

aeration The process whereby water is brought into intimate contact with air
by spraying or cascading, or air is brought into intimate contact with water by
an air aspirator or by bubbling compressed air through the body of water.

aeration cell An oxygen concentration cell; an electrolytic cell resulting
from differences in dissolved oxygen at two points. See also differential
aeration cell.

aerobic An action or process conducted in the presence of air, such as aero-
bic digestion of organic matter by bacteria.

age hardening Hardening by aging, usually after rapid cooling or cold working.

Alclad A composite wrought product made up of an aluminum alloy core that
has on one or both surfaces a metallurgically bonded aluminum or alu-
minum alloy coating that is anodic to the core and thus electrochemically
protects the core against corrosion.

algae Small primitive plants containing chlorophyll, commonly found in
surface water. Excessive growths may create taste and odor problems and
consume dissolved oxygen during decay.

alkali A water-soluble mineral compound, usually considered to have moder-
ate strength as a base (as opposed to the caustic or strongly basic hydroxides,
although this differentiation is not always made). In general, the term is
applied to bicarbonate and carbonate compounds when they are present in
the water or solution. (See base.)

alkaline (1) Having properties of an alkali. (2) Having a pH greater than 7.

alkaline cleaner A material blended from alkali hydroxides and such alka-
line salts as borates, carbonates, phosphates, or silicates. The cleaning
action may be enhanced by the addition of surface-active agents and special
solvents.

alkalinity The quantitative capacity of a water or water solution to neutral-
ize an acid. It is usually measured by titration with a standard acid solution
of sulfuric acid and is expressed in terms of its calcium carbonate equiva-
lent. If there is not enough buffer, or anything that would reduce the shock
of acid rain by neutralization, the water is considered acid-sensitive. (See
alkali, base.)

alkyl benzene sulfonate A term applied to a family of branched chain chem-
ical compounds formerly used as detergents. Sometimes called “hard” deter-
gents because of their resistance to biological degradation, these compounds
have been largely replaced with linear alkyl sulfonate (LAS) compounds,
which are more readily degraded to simpler substances.

alpha iron The body-centered cubic form of pure iron, stable below 910°C.
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alternate-immersion test A corrosion test in which the specimens are inter-
mittently exposed to a liquid medium at definite time intervals.

alum A common name for aluminum sulfate, used as a coagulant.

aluminizing Forming an aluminum or aluminum alloy coating on a metal by
hot dipping, hot spraying, or diffusion.

amoeba A small, single-celled animal or protozoan.

amphoteric A term applied to oxides and hydroxides which can act basic
toward strong acids and acidic toward strong alkalis; substances which can
dissociate electrolytically to produce hydrogen or hydroxyl ions according to
conditions.

anaerobic In the absence of air or unreacted or free oxygen.

angstrom A unit of length equal to one ten-billionth of a meter.

anion A negatively charged ion.

anion exchange An ion-exchange process in which anions in solution are
exchanged for other anions from an ion exchanger. In demineralization, for
example, bicarbonate, chloride, and sulfate anions are removed from solu-
tion in exchange for a chemically equivalent number of hydroxide anions
from the anion-exchange resin.

annealing A generic term denoting a treatment consisting of heating to and
holding at a suitable temperature, followed by cooling at a suitable rate;
used primarily to soften metallic materials, but also to simultaneously pro-
duce desired changes in other properties or in microstructure.

anode The electrode of an electrolytic cell at which oxidation is the principal
reaction. (Electrons flow away from the anode in the external circuit. It is
usually the electrode where corrosion occurs and metal ions enter solution.)

anode corrosion efficiency The ratio of the actual corrosion (weight loss) of
an anode to the theoretical corrosion (weight loss) calculated by Faraday’s
law from the quantity of electricity that has passed.

anodic cleaning Electrolytic cleaning in which the workpiece is done by the
anode. Also called reverse-current cleaning.

anodic inhibitor An inhibitor that reduces the corrosion rate by acting on the
anodic (oxidation) reaction.

anodic polarization The change of the electrode potential in the noble (posi-
tive) direction due to current flow. (See polarization.)

anodic protection A technique to reduce corrosion of a metal surface under
some conditions by passing sufficient current to it to cause its electrode poten-
tial to enter and remain in the passive region; imposing an external electrical
potential to protect a metal from corrosive attack. (Applicable only to metals
that show active-passive behavior.) Contrast with cathodic protection.

anodizing Forming a conversion coating on a metal surface by anodic oxida-
tion; most frequently applied to aluminum.

anolyte The electrolyte adjacent to the anode of an electrolytic cell.
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antifouling Intended to prevent fouling of underwater structures, such as the
bottoms of ships; refers to the prevention of marine organisms’ attachment
or growth on a submerged metal surface, generally through chemical toxic-
ity caused by the composition of the metal or the coating layer.

antipitting agent An agent added to electroplating solutions to prevent the
formation of pits or large pores in the electrodeposit.

aqueous Pertaining to water; an aqueous solution is made by using water as
a solvent.

aquifer A layer or zone below the surface of the earth which is capable of
yielding a significant volume of water.

arrester A device, usually screening at the top, to impede the flow of large
dust particles or sparks from a stack.

artificial aging Aging above room temperature. Compare with natural aging.

ash The incombustible inorganic matter in fuel.

ASME The American Society of Mechanical Engineers.

atmospheric air Air under the prevailing atmospheric conditions.

atmospheric corrosion The gradual degradation or alteration of a material
by contact with substances present in the atmosphere, such as oxygen, car-
bon dioxide, water vapor, and sulfur and chlorine compounds.

atmospheric pressure The barometric reading of pressure exerted by the
atmosphere. At sea level, 0.101 MPa or 760 mm of mercury.

atom The smallest particle of an element that can exist either alone or in
combination.

attrition In water treatment, the process in which solids are worn down or
ground down by friction, often between particles of the same material. Filter
media and ion-exchange materials are subject to attrition during back-
washing, regeneration, and service.

austenite A solid solution of one or more elements in face-centered cubic iron.
Unless otherwise designated (such as nickel austenite), the solute is gener-
ally assumed to be carbon.

austenitic The name given to the face-centered cubic (FCC) crystal structure
of ferrous metals. Ordinary iron and steel has this structure at elevated
temperatures; certain stainless steels (300 series) also have this structure at
room temperature.

austenitizing Forming austenite by heating a ferrous alloy into the transfor-
mation range (partial austenitizing) or above the transformation range (com-
plete austenitizing). When used without qualification, the term implies
complete austenitizing.

auxiliary electrode The electrode in an electrochemical cell that is used to
transfer current to or from a test electrode, usually made of noncorroding
material.

backfill Material placed in a drilled hole to fill space around anodes, vent
pipes, and buried components of a cathodic protection system.
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backflow Flow of water in a pipe or line in a direction opposite to normal
flow. Often associated with back siphonage or the flow of possibly contami-
nated water into a potable water system.

backflow preventer A device or system installed in a water line to stop back-
flow.

backwash The process in which beds of filter or ion-exchange media are sub-
jected to flow in the direction opposite to the service flow direction to loosen
the bed and to flush suspended matter collected during the service run.

bacteria Single-celled organisms (singular form, bacterium) which lack well-
defined nuclear membranes and other specialized functional cell parts and
reproduce by cell division or spores. Bacteria may be free-living organisms
or parasites. Bacteria (along with fungi) are decomposers that break down
the wastes and bodies of dead organisms, making their components avail-
able for reuse. Bacterial cells range from about 1 to 10 �m in length and
from 0.2 to 1 �m in width. They exist almost everywhere on earth. Despite
their small size, the total weight of all bacteria in the world likely exceeds
that of all other organisms combined.

bactericide Any substance or agent which kills bacteria, both disease-causing
and non-disease-causing. Spores and nonbacterial microorganisms (e.g.,
algae, fungi, and viruses) are not necessarily killed by a bactericide.

baffle A plate or wall for deflecting gases or liquids.

bainite A metastable aggregate of ferrite and cementite resulting from the
transformation of austenite at temperatures below the pearlite range but
above the martensite start temperature.

barometric pressure Atmospheric pressure as determined by a barometer,
usually expressed in mm of mercury or MPa.

base A substance that releases hydroxyl ions when dissolved in water. Bases
react with acids to form a neutral salt and water. (See alkali.)

base exchange Synonymous with cation exchange.

batch A quantity of material treated or produced as a unit.

batch operation A process method in which a quantity of material is
processed or treated, usually with a single charge of reactant in a single
vessel, and often involving stirring. For example, the neutralization of a
specific volume of an acid with a base in a vessel, with stirring or mixing,
is a batch operation.

beach marks Macroscopic progression marks on a fatigue fracture or stress
corrosion cracking surface that indicate successive positions of the advanc-
ing crack front. The classic appearance is of irregular elliptical or semiel-
liptical rings, radiating outward from one or more origins. See also
striation.

bed The ion exchanger or filter medium in a column or other tank or opera-
tional vessel.
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bed depth The height of the ion exchanger or filter medium in the vessel
after preparation for service.

bed expansion The increase in the volume of a bed of ion-exchange or filter
medium during upflow operations, such as backwashing, caused by lifting
and separation of the medium. Usually expressed as the percent of increase
in bed depth.

bicarbonate alkalinity The alkalinity of a water due to the presence of bicar-
bonate ions (HCO3).

bioassay A test which determines the effect of a chemical on a living organism.

biochemical oxygen demand (BOD) The amount of oxygen (measured in
mg/L) required in the oxidation of organic matter by biological action under
specific standard test conditions. Widely used to measure the amount of
organic pollution in wastewater and streams.

biocide A chemical which can kill or inhibit the growth of living organisms
such as bacteria, fungi, molds, and slimes. Biocides can be harmful to
humans, too. Biocides kill spores of living organisms also, and since spores
are the most resistant of all life forms, a biocide may be properly defined as
a sterilizing agent.

biodegradable Subject to degradation to simpler substances by biological
action, such as the bacterial breakdown of detergents, sewage wastes, and
other organic matter.

black oxide A black finish on a metal produced by immersing the metal in
hot oxidizing salts or salt solutions.

blasting A method of cleaning or surface roughening by a forcibly projected
stream of sharp, angular abrasive.

bleach a strong oxidizing agent and disinfectant formulated to break down
organic matter and destroy biological organisms. Commonly refers to a
5.25% nominal solution of sodium hypochlorite (household bleach), which is
equivalent to 3 to 5% available free chlorine (strength varies with shelf life).
Sodium hypochlorite is also available commercially in concentrations of
between 5 and 15% available chlorine. Dry bleach is a dry calcium hypochlo-
rite with 70% available chlorine.

blister A raised area, often dome-shaped, resulting from either loss of adhe-
sion between a coating or deposit and the base metal or delamination under
the pressure of expanding gas trapped in a metal in a near-subsurface zone.

blowdown The withdrawal of water containing a high concentration of solids
from an evaporating-water system (such as a boiler system) in order to 
maintain the solids-to-water concentration ratio within specified limits.
Blowdown is normally performed in boiler and cooling-water operations. The
term may also refer to removal of other solutions of undesirable quality from
a system or vessel.

blowdown valve A valve generally used to continuously regulate the concen-
tration of solids in the boiler; not a drain valve.
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BOD Abbreviation for biochemical oxygen demand.

boiler A closed vessel in which water is heated, steam is generated, steam is
superheated, or any combination thereof is done, under pressure or vacuum by
the application of heat from combustible fuels, electricity, or nuclear energy.

boiler efficiency A term often substituted for combustion efficiency or ther-
mal efficiency. True boiler efficiency is the measure of fuel-to-steam efficiency.

boiler water A term construed to mean a representative sample of the circu-
lating water in the boiler after the generated steam has been separated and
before the incoming feedwater or added chemical becomes mixed with it so
that its composition is affected.

bond coat A preliminary (or prime) coat of material that improves adherence
of the subsequent spray deposit.

bonding force The force that holds two atoms together; it results from a
decrease in energy as two atoms are brought closer to each other.

brackish water Water having salinity values ranging from approximately
500 to 5000 parts per million (milligrams per liter).

breakdown potential The least noble potential at which pitting or crevice
corrosion, or both, will initiate and propagate.

breakpoint chlorination A chlorination procedure in which chlorine is added
until the chlorine demand is satisfied and a dip (breakpoint) in the chlorine
residual occurs. Further additions of chlorine produce a chlorine residual
proportional to the amount added.

breakthrough The appearance in the effluent from a water conditioner of the
material being removed by the conditioner, such as hardness in the effluent of
a softener or turbidity in the effluent of a mechanical filter; an indication that
regeneration, backwashing, or other treatment is necessary for further service.

brine A strong solution of salt(s) (usually sodium chloride and other salts too)
with total dissolved solids concentrations in the range of 40,000 to 300,000
or more milligrams per liter. Potassium or sodium chloride brine is used in
the regeneration stage of cation- and/or anion-exchange water treatment
equipment.

brittle fracture Separation of a solid accompanied by little or no macroscopic
plastic deformation. Typically, brittle fracture occurs by rapid crack propa-
gation with less expenditure of energy than for ductile fracture.

buffer A chemical substance which stabilizes pH values in solutions.

buffer capacity A measure of the capacity of a solution or liquid to neutral-
ize acids or bases. This is a measure of the capacity of water to offer a resis-
tance to changes in pH.

bunker oil Residual fuel oil of high viscosity, commonly used in marine and
stationary steam power plants (no. 6 fuel oil).

bypass A connection or a valve system that allows untreated water to flow
through a water system while a water treatment unit is being regenerated,
backwashed, or serviced.
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calcareous coating or deposit A layer consisting of a mixture of calcium car-
bonate and magnesium hydroxide deposited on surfaces being cathodically
protected because of the increased pH adjacent to the protected surface.

calcium One of the principal elements in the earth’s crust. When dissolved
in water, calcium is a factor contributing to the formation of scale and insol-
uble soap curds, which are a means of clearly identifying hard water.

calcium carbonate equivalent A common basis for expressing the concentra-
tion of hardness and other salts in chemically equivalent terms to simplify
certain calculations; signifies that the concentration of a dissolved mineral
is chemically equivalent to the stated concentration of calcium carbonate.

calcium hypochlorite A chemical compound, [Ca(ClO)2�4H2O], used as a
bleach and as a source of chlorine in water treatment; specifically useful
because it is stable as a dry powder and can be formed into tablets.

calomel electrode An electrode widely used as a reference electrode of
known potential in electrometric measurement of acidity and alkalinity, cor-
rosion studies, voltammetry, and measurement of the potentials of other
electrodes. See also electrode potential, reference electrode.

calorie The mean calorie is 1/100 of the heat required to raise the tempera-
ture of 1 g of water from 0 to 100°C at a constant atmospheric pressure. It is
about equal to the quantity of heat required to raise 1 g of water 1°C. Another
definition is: A calorie is 4.1860 joules.

capillary action A phenomenon in which water or many other liquids will
rise above the normal liquid level in a tiny tube or capillary, as a result 
of attraction between molecules of the liquid for each other and the walls of
the tube.

carbide A chemical compound formed between carbon and a metal or metals;
examples are tungsten carbide, tantalum carbide, titanium carbide, chromium
carbide.

carbon chloroform extract The matter adsorbed from a stream of water by
activated carbon, then extracted from the activated carbon with chloroform,
using a specific standardized procedure; a measure of the organic matter in
a water.

carbon dioxide A gas present in the atmosphere and formed by the decay of
organic matter. The gas in carbonated beverages; in water, it forms car-
bonic acid.

carbonaceous Materials of or derived from organic substances such as coal,
lignite, peat, etc.

carbonaceous exchanger Ion-exchange material produced by the sulfona-
tion of carbonaceous matter.

carbonate alkalinity Alkalinity due to the presence of the carbonate ion
(CO3

2�).

carbonate hardness Hardness due to the presence of calcium and magne-
sium bicarbonates and carbonates in water; the smaller of the total hard-
ness and the total alkalinity. (See temporary hardness.)
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carboxylic An organic acidic group (COOH) which contributes cation-
exchange ability to some resins.

carburizing flame A nonstandard term for reducing flame.

CASS test See copper-accelerated salt-spray test.

cathode The electrode of an electrolytic cell at which reduction is the princi-
pal reaction. Electrons flow toward the cathode in the external circuit.

cathodic corrosion Corrosion of a metal when it is a cathode. (This usually
happens to metals because of a rise in pH at the cathode or as a result of the
formation of hydrides.)

cathodic disbondment The destruction of adhesion between a coating and
its substrate by products of a cathodic reaction.

cathodic inhibitor An inhibitor that reduces the corrosion rate by acting on
the cathodic (reduction) reaction.

cathodic pickling Electrolytic pickling in which the work is done by the
cathode.

cathodic polarization A change in the electrode potential in the active (neg-
ative) direction as a result of current flow. (See polarization.)

cathodic protection A corrosion control system in which the metal to be pro-
tected is made to serve as a cathode, either by the deliberate establishment
of a galvanic cell or by impressed current. (See anodic protection.)

cathodic reaction Electrode reaction equivalent to a transfer of negative
charge from the electronic to the ionic conductor. A cathodic reaction is a
reduction process.

catholyte The electrolyte adjacent to the cathode of an electrolytic cell.

cation A positively charged ion.

cation exchange Ion-exchange process in which cations in solution are
exchanged for other cations from an ion exchanger.

caustic Any substance capable of burning or destroying animal flesh or tissue.
The term is usually applied to strong bases.

caustic cracking Stress corrosion cracking of metals in caustic solutions.
(See also stress corrosion cracking.)

caustic dip A strongly alkaline solution into which metal is immersed for
etching, for neutralizing acid, or for removing organic materials such as
greases or paints.

caustic embrittlement See caustic cracking.

caustic soda The common name for sodium hydroxide.

cavitation The formation and rapid collapse within a liquid of cavities or
bubbles that contain vapor or gas or both.

cavitation damage The degradation of a solid body resulting from its expo-
sure to cavitation. (This may include loss of material, surface deformation,
or changes in properties or appearance.)

956 Appendix B

0765162_AppB_Roberge   9/1/99 6:51  Page 956



cavitation erosion Progressive loss of original material from a solid surface
as a result of continuing exposure to cavitation.

cementation coating A coating developed on a metal surface by a high-
temperature diffusion process (such as carburization, calorizing, or
chromizing).

cementite A compound of iron and carbon known chemically as iron carbide
and having the approximate chemical formula Fe3C. It is characterized by
an orthorhombic crystal structure.

cermet A physical mixture of ceramics and metals; examples are alumina
plus nickel and zirconia plus nickel.

chalking The development of loose removable powder at the surface of an
organic coating, usually caused by weathering.

checking The development of slight breaks in a coating that do not penetrate
to the underlying surface.

checks Numerous, very fine cracks in a coating or at the surface of a metal
part. Checks may appear during processing or during service and are most
often associated with thermal treatment or thermal cycling. Also called
check marks, checking, or heat checks.

chelate A molecular structure in which a heterocyclic ring can be formed by
the unshared electrons of neighboring atoms or a coordination compound in
which a heterocyclic ring is formed by a metal bound to two atoms of the
associated ligand. See also complexation.

chelating agent A chemical compound sometimes fed to water to tie up unde-
sirable metal ions, keep them in solution, and eliminate or reduce their nor-
mal effects. (See sequestering agent.)

chelation The process of forming complex chemical compounds in which cer-
tain metal ions are bound into stable ring structures, keeping the ions in
solution and eliminating or reducing their normal (and often undesirable)
effects. Similar to the process of sequestration.

chemical conversion coating A protective or decorative nonmetallic coating
produced in situ by chemical reaction of a metal with a chosen environment.
(Such a coating is often used to prepare the surface prior to the application
of an organic coating.)

chemical oxygen demand The amount of oxygen required for the chemical
oxidation of organic matter in a wastewater sample.

chemical potential In a thermodynamic system with several constituents,
the rate of change of the Gibbs function of the system with respect to the
change in the number of moles of a particular constituent.

chemical stability Resistance to attack by chemical action.

chemical vapor deposition A coating process, similar to gas carburizing and
carbonitriding, in which a reactant atmosphere gas is fed into a processing
chamber, where it decomposes at the surface of the workpiece, liberating one
material for either absorption by or accumulation on the workpiece. A sec-
ond material is liberated in gas form and is removed from the processing
chamber along with excess atmospheric gas.
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chemisorption A process related to adsorption in which atoms or molecules
of reacting substances are held to the surface atoms of a catalyst by electro-
static forces having about the same strength as chemical bonds.
Chemisorption differs from physical adsorption chiefly in the strength of
bonding, which is much greater in chemisorption than in adsorption.

chlorides Salts of chloride that are generally soluble. High concentrations
contribute to corrosion problems.

chlorination The treatment process in which chlorine gas or a chlorine solu-
tion is added to water for disinfection and control of microorganisms.
Chlorination is also used in the oxidation of dissolved iron, manganese, and
hydrogen sulfide impurities.

chlorinator A device designed to feed chlorine gas or solutions of its com-
pounds, such as hypochlorite, into a water supply.

chlorine A gas, Cl2, widely used in the disinfection of water and as an oxi-
dizing agent for organic matter, iron, etc.

chlorine demand A measure of the amount of chlorine which will be con-
sumed by organic matter and other oxidizable substances in a water before
a chlorine residual will be found. Chlorine demand represents the difference
between the total chlorine fed and the chlorine residual.

chlorinity The total halogen ion content as titrated by the addition of silver
nitrate, expressed in parts per thousand (o/oo).

chromadizing Improving paint adhesion on aluminum or aluminum alloys,
mainly aircraft skins, by treatment with a solution of ’ chromic acid. Also
called chromodizing or chromatizing. Not to be confused with chromating
or chromizing.

chromate treatment A treatment of metal in a solution of a hexavalent
chromium compound to produce a conversion coating consisting of trivalent
and hexavalent chromium compounds.

chromating Performing a chromate treatment.

chromizing A surface treatment at elevated temperature, generally carried
out in pack, vapor, or salt bath, in which an alloy is formed by the inward
diffusion of chromium into the base metal.

clad metal A composite metal containing two or more layers that have been
bonded together. The bonding may have been accomplished by co-rolling, 
co-extrusion, welding, diffusion bonding, casting, heavy chemical deposition,
or heavy electroplating.

cladding A surfacing variation in which surfacing material is deposited or
applied, usually to improve corrosion or heat resistance.

cleavage Splitting (fracture) of a crystal on a crystallographic plane of low
index.

cleavage fracture A fracture, usually of polycrystalline metal, in which most
of the grains have failed by cleavage, resulting in bright reflecting facets. It
is associated with low-energy brittle fracture.

958 Appendix B

0765162_AppB_Roberge   9/1/99 6:51  Page 958



coagulant A material, such as alum, which will form a gelatinous precipitate
in water and cause the agglomeration of finely divided particles into larger
particles, which can then be removed by settling and/or filtration.

coagulant aid A material which is not a coagulant, but which improves the
effectiveness of a coagulant by forming larger or heavier particles, speeding
the reactions, or permitting reduced coagulant dosage.

coagulation The clumping together of very fine colloidal (less than 0.1 �m in
size) and dispersed (0.1 to 100 �m in size) particles into larger visible
agglomerates of these particles (usually between 100 and 1000 �m in size),
caused by the use of chemicals (coagulants). The chemicals neutralize the
electric charges of the fine particles and cause destabilization of the parti-
cles. This clumping together makes it easier to separate the solids from the
water by settling, skimming, draining, or filtering.

coalescence The union or growing together of colloidal particles into a
group or larger unit as a result of molecular attraction on the surfaces of
the particles.

coating strength (1) A measure of the cohesive bond within a coating, as
opposed to the coating-to-substrate bond (adhesive strength). (2) The tensile
strength of a coating, usually expressed in kPa.

coating stress The stresses in a coating resulting from rapid cooling of
molten material or semimolten particles as they come into contact with
the substrate. Coating stresses are a combination of body and textural
stresses.

COD The abbreviation for chemical oxygen demand.

cold cracking A type of weld cracking that usually occurs below 203°C.
Cracking may occur during or after cooling to room temperature, sometimes
with a considerable time delay. Three factors combine to produce cold
cracks: stress (for example, from thermal expansion and contraction), hydro-
gen (from hydrogen-containing welding consumables), and a susceptible
microstructure (plate martensite is most susceptible to cracking, ferritic and
bainitic structures are least susceptible).

cold working Deforming metal plastically under conditions of temperature
and strain rate that induce strain hardening. Usually, but not necessarily,
conducted at room temperature. Contrast with hot working.

coliform bacteria A group of microorganisms used as indicators of water
contamination and the possible presence of pathogenic (disease-producing)
bacteria.

colloid Very finely divided solid particles which do not settle out of a solu-
tion; intermediate between a true dissolved particle and a suspended solid,
which will settle out of solution. The removal of colloidal particles usually
requires coagulation.

combined available chlorine The chlorine present as chloramine or other
chlorine derivatives in a water, but still available for disinfection and the
oxidation of organic matter. Combined chlorine compounds are more stable
than free chlorine forms, but are somewhat slower in disinfection action.
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combined carbon Carbon in iron or steel that is combined chemically with
other elements, not in the free state as graphite or temper carbon.

combustion The rapid chemical combination of oxygen with the combustible
elements of a fuel, resulting in the release of heat.

combustion efficiency The effectiveness of the burner in completely burning
the fuel. A well-designed burner will operate with as little as 10 to 20 percent
excess air, while converting all combustibles in the fuel to useful energy.

compensated hardness A calculated value based on the total hardness, the
magnesium-to-calcium ratio, and the sodium concentration of a water. It is
used to correct for the reductions in hardness removal capacity caused by
these factors in zeolite exchange water softeners.

complexation The formation of complex chemical species by the coordination
of groups of atoms, termed ligands, to a central ion, commonly a metal ion.
Generally, the ligand coordinates by providing a pair of electrons that form an
ionic or covalent bond to the central ion.

compressive stress A stress that causes an elastic body to deform in the
direction of the applied load.

concentration cell An electrolytic cell, the emf of which is caused by a dif-
ference in the concentration of some component in the electrolyte. (This
difference leads to the formation of discrete cathode and anode regions.)

concentration polarization That portion of the polarization of a cell produced
by concentration changes resulting from passage of current through the
electrolyte.

condensate Condensed water resulting from the removal of latent heat from
steam.

conductivity (1) A material property relating heat flux (heat transferred per
unit area per unit time) to a temperature difference. (2) The ability of a
water sample to transmit electric current under a set of standard conditions.
Usually expressed as microhm conductance.

connate water Water deposited simultaneously with rock and held with
essentially no flow; usually occurs deep in the earth, and usually is high in
minerals as a result of long contact.

continuity bond A metallic connection that provides electrical continuity
between metal structures.

continuous blowdown The uninterrupted removal of concentrated boiler
water from a boiler to control total solids concentration in the remaining water.

convection The transmission of heat by the circulation of a liquid or gas. It
may be natural, with the circulation caused by buoyancy effects due to tem-
perature differences, or forced, with circulation caused by a mechanical
device such as a fan or pump.

conversion coating A coating consisting of ’ a compound of the surface metal
produced by chemical or electrochemical treatments of the metal. Examples
include chromate coatings on zinc, cadmium, magnesium, and aluminum and
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oxide and phosphate coatings on steel. See also chromate treatment
and phosphating.

copper-accelerated salt-spray (CASS) test An accelerated corrosion test for
some electrodeposits for anodic coatings on aluminum.

corrodkote test An accelerated corrosion test for electrodeposits.

corrosion A chemical or electrochemical reaction between a material, usually
a metal, and its environment that produces a deterioration of the material
and its properties.

corrosion fatigue The process in which a metal fractures prematurely under
conditions of simultaneous corrosion and repeated cyclic loading at lower
stress levels or after fewer cycles than would be required in the absence of
the corrosive environment.

corrosion fatigue strength The maximum repeated stress that can be
endured by a metal without failure under definite conditions of corrosion and
fatigue and for a specific number of stress cycles and a specified period of time.

corrosion potential The potential of a corroding surface in an electrolyte rel-
ative to that of a reference electrode measured under open-circuit conditions.

corrosion product A substance formed as a result of corrosion.

corrosion rate The amount of corrosion occurring per unit time (for example,
mass change per unit area per unit time, penetration per unit time).

corrosion resistance The ability of a metal to withstand corrosion in a given
corrosion system.

corrosivity The tendency of an environment to cause corrosion in a given
corrosion system.

counterelectrode See auxiliary electrode.

crazing A network of checks or cracks appearing on a coated surface.

creep Time-dependent strain occurring under stress. The creep strain
occurring at a diminishing rate is called primary creep; that occurring at a
minimum and almost constant rate, secondary creep; and that occurring at
an accelerating rate, tertiary creep.

Crenothrix polyspora A genus of filamentous bacteria which utilize iron in
their metabolism and cause staining, plugging, and taste and odor problems
in water systems. (See iron bacteria.)

crevice corrosion Localized corrosion of a metal surface at or immediately
adjacent to an area that is shielded from full exposure to the environment
because of close proximity between the metal and the surface of another
material.

critical anodic current density The maximum anodic current density
observed in the active region for a metal or alloy electrode that exhibits active-
passive behavior in an environment.

critical flaw size The size of a flaw (defect) in a structure that will cause fail-
ure at a particular stress level.
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critical humidity The relative humidity above which the atmospheric corro-
sion rate of some metals increases sharply.

critical pitting potential The least noble potential where pitting corrosion
will initiate and propagate. (See breakdown potential.)

cross-sectional area The area of a plane at a right angle to the direction of
flow through a tank or vessel; often expressed in square feet and related to
the flow rate (for example, 5 gallons per minute per square foot of ion-
exchanger bed area).

current density The electric current to or from a unit area of an electrode
surface.

current efficiency The ratio of the electrochemical equivalent current density
for a specific reaction to the total applied current density.

deactivation The process of prior removal of the active corrosive con-
stituents, usually oxygen, from a corrosive liquid by controlled corrosion of
expendable metal or by other chemical means, thereby making the liquid
less corrosive.

deaeration Removal of air and gases from boiler feedwater prior to its intro-
duction into a boiler.

dealloying See parting.

dechlorination The removal of chlorine residual.

defect A discontinuity or discontinuities that by nature or accumulated
effect (for example, total crack length) render a part or product unable to
meet minimum applicable acceptance standards or specifications.

degasification Removal of gases from samples of steam taken for purity test.
Removal of CO2 from water, as in the ion-exchange method of softening.

degrease To remove oil or grease from the surface of the workpiece.

deionization The removal of all ionized minerals and salts from a solution by
a two-phase ion-exchange process. Positively charged ions are removed 
by a cation-exchange resin in exchange for a chemically equivalent amount
of hydrogen ions. Negatively charged ions are removed by an anion-
exchange resin in exchange for a chemically equivalent amount of hydrox-
ide ions.

deliquescent The process of melting or becoming liquid by absorbing mois-
ture from the air.

demineralization The removal of ionized minerals and salts from a solution
by a two-phase ion-exchange procedure, similar to deionization (the two
terms are often used interchangeably).

dendrite A crystal that has a treelike branching pattern; most evident in cast
metals slowly cooled through the solidification range.

denickelification Corrosion in which nickel is selectively leached from nickel-
containing alloys. Most commonly observed in copper-nickel alloys after
extended service in fresh water.
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density The mass of a substance per specified unit of volume; for example,
pounds per cubic foot. True density is the mass per unit volume excluding
pores; apparent density is the mass per unit volume including pores. (See
specific gravity.)

deoxidizing (1) The removal of oxygen from molten metals by use of suitable
deoxidixers. (2) Sometimes, the removal of undesirable elements other than
oxygen by the introduction of elements or compounds that readily react with
them. (3) In metal finishing, the removal of oxide films from metal surfaces
by chemical or electrochemical reaction.

depolarization Not a preferred term; see polarization.

deposit A foreign substance which comes from the environment that adheres
to a surface of a material.

deposit corrosion Localized corrosion under or around a deposit or collection
of material on a metal surface. (See also crevice corrosion).

descaling Removing the thick layer of oxides formed on some metals at ele-
vated temperatures.

desiccant A chemical used to attract and remove moisture from air or gas.

design load The load for which a steam generating unit is designed; consid-
ered the maximum load to be carried.

design pressure The pressure used in the design of a boiler for the purpose
of calculating the minimum permissible thickness or physical characteris-
tics of the different parts of the boiler.

detergent Any material with cleaning powers, including soaps, synthetic
detergents, many alkaline materials and solvents, and abrasives. In popu-
lar usage, the term is often used to mean the synthetic detergents such as
ABS or LAS. (See alkyl benzene sulfonate, linear alkyl sulfonate.)

dew point The temperature at which moisture will condense from humid
vapors into a liquid state.

dezincification Corrosion in which zinc is selectively leached from zinc-
containing alloys; most commonly found in copper-zinc alloys containing
less than 83% copper after extended service in water containing dissolved
oxygen. The parting of zinc from an alloy (in some brasses, zinc is lost,
leaving a weak, brittle, porous, copper-rich residue behind).

dialysis The separation of components of a solution by diffusion through a
semipermeable membrane which is capable of passing certain ions or mol-
ecules while rejecting others. (See electrodialysis, semipermeable
membrane.)

diaphragm pump A type of positive displacement pump in which the recip-
rocating piston is separated from the solution by a flexible diaphragm, thus
protecting the piston from corrosion and erosion, and avoiding problems
with packing and seals.

diatomaceous earth A processed natural material, the skeletons of diatoms,
used as a filter medium.
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diatomite Another name for diatomaceous earth.

dielectric fitting A plumbing fitting made of or containing an electrical non-
conductor, such as plastic; used to separate dissimilar metals in a plumbing
system to control galvanic corrosion.

dielectric shield In a cathodic protection system, an electrically nonconduc-
tive material, such as a coating, plastic sheet, or pipe, that is placed between
an anode and an adjacent cathode to avoid current wastage and improve
current distribution, usually on the cathode.

differential aeration cell (oxygen concentration cell) A concentration cell
caused by differences in oxygen concentration along the surface of a metal
in an electrolyte. (See concentration cell.)

diffusion Spreading of a constituent in a gas, liquid, or solid, tending to
make the composition of all parts uniform.

diffusion coating Any process whereby a base metal or alloy is either 
(1) coated with another metal or alloy and heated to a sufficient temperature
in a suitable environment or (2) exposed to a gaseous or liquid medium con-
taining the other metal or alloy, thus causing diffusion of the coating or of
the other metal or alloy into the base metal, with resultant changes in the
composition and properties of its surface.

diffusion limited current density The current density, often referred to as
limiting current density, that corresponds to the maximum transfer rate
that a particular species can sustain as a result of the limitation of diffusion.

digestion The process in which complex materials are broken down into
simpler substances; may be due to chemical, biological, or a combination of
reactions.

disbondment The destruction of adhesion between a coating and the surface
coated.

discontinuity Any interruption in the normal physical structure or configu-
ration of a part, such as cracks, laps, seams, inclusions, or porosity. A dis-
continuity may or may not affect the usefulness of the part.

disinfection A process in which vegetative bacteria are killed. It may involve
disinfecting agents such as chlorine or physical processes such as heating.

dislocation A linear imperfection in a crystalline array of atoms. Two basic
types are recognized: (1) An edge dislocation corresponds to the row of mis-
matched atoms along the edge formed by an extra, partial plane of atoms
within the body of a crystal; (2) a screw dislocation corresponds to the axis
of a spiral structure in a crystal, characterized by a distortion that joins nor-
mally parallel planes together to form a continuous helical ramp.

dissociation The process by which a chemical compound breaks down into
simpler constituents, such as CO2 and H2O, at high temperature.

dissolved solids The weight of matter in true solution in a stated volume of
water; includes both inorganic and organic matter; usually determined by
weighing the residue after evaporation of the water.
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distillate fuels Liquid fuels, usually distilled from crude petroleum.

distillation Vaporization of a substance with subsequent recovery of the
vapor by condensation. Often used in a less precise sense to refer to vapor-
ization of volatile constituents of a fuel without subsequent condensation.

distilled water Water with a higher purity, produced by vaporization and
condensation.

dolomite A specific form of limestone containing chemically equivalent con-
centrations of calcium and magnesium carbonates; the term is sometimes
applied to limestone with compositions similar to that of true dolomite.

double layer The interface between an electrode or a suspended particle and
an electrolyte created by charge-charge interaction (charge separation),
leading to an alignment of oppositely charged ions at the surface of the elec-
trode or particle.

downtime The amount of time a piece of equipment is not operational.

drain A pipe or conduit in a piping system which carries liquids to waste by
gravity; sometimes the term is limited to liquids other than sewage.

drain line A tube or pipe from a water conditioning unit that carries backwash
water, regeneration wastes, and/or rinse water to a drain or waste system.

drainage Conduction of electric current from an underground metallic struc-
ture by means of a metallic conductor. Forced drainage is that applied to
underground metallic structures by means of an applied electromotive force
or sacrificial anode. Natural drainage is that from an underground structure
to a more negative (more anodic) structure, such as the negative bus of a
trolley substation.

dry corrosion See gaseous corrosion, hot corrosion.

dry steam Steam containing no moisture. Commercially, dry steam contain-
ing not more than 1�2 percent moisture.

ductile fracture Fracture characterized by tearing of metal accompanied by
appreciable gross plastic deformation and expenditure of considerable energy.
Contrast with brittle fracture.

ductility The ability of a material to deform plastically without fracturing;
measured by elongation or reduction of area in a tensile test, by height of
cupping in an Erichsen test, or by other means.

dynamic Active, alive, or tending to produce motion, as opposed to static,
resting, or fixed.

dynamic system A system or process in which motion occurs or which
includes active forces, as opposed to static conditions with no motion.

economizer A device that utilizes waste heat by transferring heat from flue
gases to warm incoming feedwater.

effluent The stream emerging from a unit, system, or process, such as the
softened water from an ion-exchange softener.
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electrochemical admittance The reciprocal of the electrochemical imped-
ance, I/E.

electrochemical cell An electrochemical system consisting of an anode and
a cathode in metallic contact and immersed in an electrolyte. (The anode
and cathode may be different metals or dissimilar areas on the same metal
surface.)

electrochemical impedance spectroscopy (EIS) The frequency-dependent,
complex-valued proportionality factor, E/I, between the applied potential
(or current) and the response current (or potential) in an electrochemical
cell. This factor becomes the impedance when the perturbation and response
are related linearly (the factor value is independent of the perturbation
magnitude) and the response is caused only by the perturbation. The value
may be related to the corrosion rate when the measurement is made at the
corrosion potential.

electrochemical potential (electrochemical tension) The partial derivative
of the total electrochemical free energy of the system with respect to the
number of moles of the constituent in a solution when all other factors are
constant. (It is analogous to the chemical potential of the constituent, except
that it includes the electrical as well as the chemical contributions to the
free energy.)

electrode potential The potential of an electrode in an electrolyte as mea-
sured against a reference electrode. (The electrode potential does not include
any resistance losses in potential in either the solution or the external cir-
cuit. It represents the reversible work to move a unit charge from the elec-
trode surface through the solution to the reference electrode.)

electrodialysis A process in which a direct current is applied to a cell to draw
charged ions through ion-selective semipermeable membranes, thus remov-
ing the ions from the solution.

electrolysis Production of chemical changes in the electrolyte by the passage
of current through an electrochemical cell.

electrolyte A nonmetallic substance that carries an electric current, or a sub-
stance which, when dissolved in water, separates into ions which can carry
an electric current.

electrolytic cell An assembly, consisting of a vessel, electrodes, and an elec-
trolyte, in which electrolysis can be carried out.

electrolytic cleaning A process of removing soil, scale, or corrosion products
from a metal surface by subjecting it as an electrode to an electric current
in an electrolytic bath.

electromotive force series (emf series) A list of elements arranged accord-
ing to their standard electrode potentials, with “noble” metals such as gold
being positive and “active” metals such as zinc being negative.

electron A fundamental particle found in the atom that carries a single neg-
ative charge.

electroplating Electrodepositing a metal or alloy in an adherent form on an
object serving as a cathode.
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electropolishing A technique in which a high polish is produced by making
the specimen the anode in an electrolytic cell, where preferential dissolution
at high points smooths the surface; commonly used to prepare metallo-
graphic specimens.

electrostatic precipitator A device for collecting dust, mist, or fumes from a
gas stream by placing an electric charge on the particles and removing those
particles onto a collecting electrode.

elution The stripping of ions from an ion-exchange material by other ions,
either because of greater affinity or because of much higher concentration.

embrittlement The severe loss of ductility or toughness or both of a material,
usually a metal or alloy.

endpoint The point at which a process is stopped because a predetermined
value of a measurable variable has been reached.

endurance limit The maximum stress that a material can withstand for an
infinitely large number of fatigue cycles; the maximum cyclic stress level
that a metal can withstand without fatigue failure. See also fatigue
strength.

environmental cracking Brittle fracture of a normally ductile material in
which the corrosive effect of the environment is a causative factor.
Environmental cracking is a general term that includes corrosion fatigue,
high-temperature hydrogen attack, hydrogen blistering, hydrogen embrit-
tlement, liquid metal embrittlement, solid metal embrittlement, stress cor-
rosion cracking, and sulfide stress cracking.

equilibrium The state in which the action of multiple forces produces a
steady balance.

equilibrium (reversible) potential The potential of an electrode in an elec-
trolytic solution when the forward rate of a given reaction is exactly equal
to the reverse rate. (The equilibrium potential can be defined only with
respect to a specific electrochemical reaction.)

equilibrium reaction A chemical reaction which proceeds primarily in one
direction until the concentrations of reactants and products reach an equi-
librium.

equivalent weight The weight in grams of an element, compound, or ion
which would react with or replace 1 g of hydrogen; the molecular weight in
grams divided by the valence.

erosion The progressive loss of material from a solid surface as a result of
mechanical interaction between that surface and a fluid, a multicomponent
fluid, or solid particles carried with the fluid.

erosion-corrosion A conjoint action involving corrosion and erosion in the
presence of a moving corrosive fluid; it leads to the accelerated loss of
material.

evaporation The change of state from a liquid to a vapor.

evaporation rate The number of pounds of water evaporated in a unit of time.
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exchange current density The rate of charge transfer per unit area when an
electrode reaches dynamic equilibrium (at its reversible potential) in a solu-
tion; that is, the rate of anodic charge transfer (oxidation) balances the rate
of cathodic charge transfer (reduction).

exfoliation Corrosion that proceeds laterally from the sites of initiation along
planes parallel to the surface, generally at grain boundaries; it forms corro-
sion products that force metal away from the body of the materials, giving
rise to a layered appearance.

expansion joint A joint that permits movement to eliminate stress due to
expansion.

external circuit The wires, connectors, measuring devices, current sources,
etc., that are used to bring about or measure the desired electrical conditions
within the test cell.

fatigue strength The maximum stress that can be sustained for a specified
number of cycles without failure, with the stress being completely reversed
within each cycle unless otherwise staled.

feed pump A pump that supplies water to a boiler.

feedwater Water introduced into a boiler during operation. It includes make-
up and return condensate.

feedwater treatment The treatment of boiler feedwater by the addition of
chemicals to prevent the formation of scale or to eliminate other objection-
able characteristics.

ferrite A solid solution of one or more elements in body-centered cubic iron.
Unless otherwise designated (for instance, as chromium ferrite), the solute is
generally assumed to be carbon. On some equilibrium diagrams, there are two
ferrite regions separated by an austenite area. The lower area is alpha ferrite;
the upper, delta ferrite. If there is no designation, alpha ferrite is assumed.

ferritic Pertaining to the body-centered cubic (BCC) crystal structure of
many ferrous (iron-based) metals.

filiform corrosion Corrosion that occurs under some coatings in the form of
randomly distributed threadlike filaments.

film A thin, not necessarily visible layer of material.

filter Porous material through which fluids or fluid and solid mixtures are
passed to separate matter held in suspension.

filtrate The effluent liquid from a filter.

fin An extended surface, a solid, experiencing energy transfer by conduction
within its boundaries as well as energy transfer with its surroundings by
convection and/or radiation, used to enhance heat transfer by increasing
surface area.

fin tube A tube with one or more fins.

fired pressure vessel A vessel containing a fluid under pressure that is
exposed to heat from the combustion of fuel.
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firetube A type of boiler design in which combustion gases flow inside the
tubes and water flows outside the tubes.

fish eyes Areas on a steel fracture surface having a characteristic white,
crystalline appearance.

flakes Short, discontinuous internal fissures in wrought metals attributed to
stresses produced by localized transformation and decreased solubility of
hydrogen during cooling after hot working. In a fracture surface, flakes
appear as bright, silvery areas; on an etched surface, they appear as short,
discontinuous cracks.

flame spraying A thermal spraying process in which an oxyfuel gas flame is
the source of heat for melting the surfacing material. Compressed gas may
or may not be used for atomizing and propelling the surfacing material to
the substrate.

flammability Susceptibility to combustion.

flash point The lowest temperature at which, under specified conditions, fuel
oil gives off enough vapor to flash into a momentary flame when ignited.

flashing The process of producing steam by discharging water into a region
with a pressure lower than the saturation pressure that corresponds to the
water temperature

floc An agglomeration of finely divided suspended particles in a larger, usu-
ally gelatinous particle, the result of physical attraction or adhesion to a
coagulant compound.

flocculation The process of causing a floc to form by gentle stirring or mix-
ing after treatment with a coagulant.

flow control A device designed to limit or restrict the flow of water or regen-
erant; may include a throttling valve, an orifice of fixed diameter, or a
pressure-compensating orifice.

flue A passage for products of combustion.

flue gas The gaseous product of combustion in the flue to the stack.

flush tank A tank or chamber in which water is stored for rapid release.

flush valve A self-closing valve designed to release a large volume of water
when tripped.

foaming The continuous formation of bubbles which have sufficiently high
surface tension to remain as bubbles beyond the disengaging surface.

fogged metal A metal whose luster has been reduced because of a surface
film, usually a corrosion product layer.

forced circulation The circulation of water in a boiler by mechanical means
external to the boiler.

forced-draft fan A fan supplying air under pressure to the fuel-burning
equipment.

foreign structure Any metallic structure that is not intended as part of a
cathodic protection system of interest.
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fouling The accumulation of refuse in gas passages or on heat-absorbing
surfaces, resulting in undesirable restriction to the flow of gas or heat.

fouling organism Any aquatic organism with a sessile adult stage that
attaches to and fouls underwater structures of ships.

fractography Descriptive treatment of fracture, especially in metals, with
specific reference to photographs of the fracture surface. Macrofractography
involves photographs at low magnification (�25�); microfractography, pho-
tographs at high magnification (�25�).

fracture mechanics A quantitative analysis for evaluating structural
behavior in terms of applied stress, crack length, and specimen or machine
component geometry.

fracture toughness A generic term for measures of resistance to extension of
a crack. The term is sometimes restricted to results of fracture mechanics
tests, which are directly applicable in fracture control; however, it commonly
includes results from simple tests of notched or precracked specimens that
are not based on fracture mechanics analysis. Results from tests of the latter
type are often useful for fracture control, based on either service experience
or empirical correlations with fracture mechanics tests. See also stress-
intensity factor.

free ash Ash which is not included in the fixed ash.

free available chlorine The concentration of residual chlorine present as dis-
solved gas, hypochlorous acid, or hypochlorite, and not combined with ammo-
nia or in other less readily available forms.

free carbon The part of the total carbon in steel or cast iron that is present
in elemental form as graphite or temper carbon. Contrast with combined
carbon.

free carbon dioxide Carbon dioxide present in water as the gas or as car-
bonic acid, but not combined in carbonates or bicarbonates.

free corrosion potential Corrosion potential in the absence of net electric
current flowing to or from the metal surface.

free ferrite Ferrite that is formed directly from the decomposition of hypoeu-
tectoid austenite during cooling, without the simultaneous formation of
cementite, also called proeutectoid ferrite.

free machining Pertains to the machining characteristics of an alloy to
which one or more ingredients have been introduced to give small broken
chips, lower power consumption, better surface finish, and longer tool life;
among such additions are sulfur or lead to steel, lead to brass, lead and bis-
muth to aluminum, and sulfur or selenium to stainless steel.

fretting Surface damage resulting from relative motion between surfaces in
contact under pressure.

fretting corrosion The deterioration at the interface between contacting sur-
faces as the result of corrosion and slight oscillatory slip between the two
surfaces.
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fuel A substance containing combustible material used for generating heat.

Gallionella ferruginea A genus of stalked, ribbonlike bacteria which uti-
lize iron in their metabolism and cause staining, plugging, and odor prob-
lems in water systems. (See iron bacteria.)

galvanic cell A cell which generates an electric current, consisting of dissim-
ilar metals in contact with each other and with an electrolyte.

galvanic corrosion Accelerated corrosion of a metal because of an electrical
contact with a more noble metal or nonmetallic conductor in a corrosive elec-
trolyte.

galvanic couple A pair of dissimilar conductors, commonly metals in electri-
cal contact. (See galvanic corrosion).

galvanic current The electric current between metals or conductive non-
metals in a galvanic couple.

galvanic series A list of metals and alloys arranged according to their rela-
tive corrosion potentials in a given environment.

galvanize To coat a metal surface with zinc using any of various processes.

galvanneal To produce a zinc-iron alloy coating on iron or steel by keeping
the coating molten after hot-dip galvanizing until the zinc alloys completely
with the base metal.

galvanodynamic Refers to a technique in which current that is continuously
varied at a selected rate is applied to an electrode in an electrolyte.

galvanostaircase A galvanostep technique for polarizing an electrode in a
series of constant current steps, with the time duration and current incre-
ments or decrements equal for each step.

galvanostatic An experimental technique in which an electrode is main-
tained at a constant current in an electrolyte.

galvanostep A technique in which an electrode is polarized in a series of cur-
rent increments or decrements.

gamma iron The face-centered cubic form of pure iron, stable from 910 to
l400°C.

gas pressure regulator A spring-loaded, dead-weighted, or pressure-
balanced device which will maintain the gas pressure to a supply line.

gaseous corrosion Corrosion with gas as the only corrosive agent and with-
out any aqueous phase on the surface of the metal; also called dry corrosion.

gate valve A valve with a closing element that is a disk which is moved
across the stream, often in a groove or slot for support against pressure.

gage pressure The pressure above atmospheric pressure.

gel zeolite A synthetic sodium aluminosilicate ion exchanger.

general corrosion A form of deterioration that is distributed more or less
uniformly over a surface; see uniform corrosion.
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Gibbs free energy Thermodynamic function; also called free energy, free
enthalpy, or Gibbs function.

glass electrode A glass membrane electrode used to measure pH or hydrogen-
ion activity.

globe valve A valve in which the closing element is a sphere or a flat or
rounded gasket which is moved into or onto a round port.

grab sample A single sample of material collected at one place and one time.

grain An individual crystal in a polycrystalline metal or alloy; it may or may
not contain twinned regions and subgrains; a portion of a solid metal (usu-
ally a fraction of an inch in size) in which the atoms are arranged in an
orderly pattern.

grain boundary A narrow zone in a metal corresponding to the transition
from one crystallographic orientation to another, thus separating one grain
from another, with the atoms in each grain arranged in an orderly pattern;
the irregular junction of two adjacent grains.

grain-boundary corrosion Same as intergranular corrosion.

grain dropping The dislodgment and loss of a grain or grains (crystals) from
a metal surface as a result of intergranular corrosion.

grains (water) A unit of measure commonly used in water analysis for 
the measurement of impurities in water [17.1 grains 	 1 part per mil-
lion (ppm)].

grains per cubic foot The term for expressing dust loading in weight per
unit of gas volume (7000 grains equals 1 pound).

gram (g) The basic unit of weight (mass) of the metric system, originally
intended to be the weight of 1 cubic centimeter of water at 4°C.

gram-milliequivalent The equivalent weight of a substance in grams, divided
by one thousand.

graphitic corrosion The deterioration of metallic constituents in gray cast
iron, leaving the graphitic particles intact. (The term graphitization is com-
monly used to identify this form of corrosion but is not recommended
because of its use in metallurgy for the decomposition of carbide to
graphite.) See also parting, selective leaching.

graphitization A metallurgical term describing the formation of graphite in
iron or steel, usually from decomposition of iron carbide at elevated temper-
atures. Not recommended as a term to describe graphitic corrosion.

gravimetric Measurement of matter on the basis of weight.

green rot A form of high-temperature corrosion of chromium-bearing alloys
in which green chromium oxide (Cr2O3) forms, but certain other alloy con-
stituents remain metallic; some simultaneous carburization is sometimes
observed.

groundbed A buried item, such as junk steel or graphite rods, that serves as
the anode for the cathodic protection of pipelines or other buried structures.
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handhole An access opening in a pressure part usually not exceeding 18 cm
in its longest dimension.

handhole cover A handhole closure.

hard water Water which contains calcium or magnesium in an amount such
that an excessive amount of soap is required in order to form a lather.

hardness A measure of the amount of calcium and magnesium salts in
water, usually expressed as grains per gallon or ppm of CaCO3.

head A measure of the pressure at a point in a water system.

head loss The same as pressure drop.

heat balance An accounting of the distribution of the heat input, output, and
losses.

heat exchanger A vessel in which heat is transferred from one medium to
another.

heat release rate A rate that describes the heat available per square foot of
heat-absorbing surface in the furnace or per cubic foot of volume.

heating surface A surface which is exposed to products of combustion on one
side and water on the other. This surface is measured on the side receiving
the heat.

heating value The quantity of heat released by a fuel through complete
combustion. It is commonly expressed in Btu per pound, per gallon, or per
cubic foot.

hot corrosion An accelerated corrosion of metal surfaces that results from
the combined effect of oxidation and reactions with sulfur compounds and
other contaminants, such as chlorides, to form a molten salt on a metal sur-
face which fluxes, destroys, or disrupts the normal protective oxide.

hot cracking In weldments, a process caused by the segregation at grain
boundaries of low-melting constituents in the weld metal. Hot cracking can
be minimized by the use of low-impurity welding materials and proper joint
design. Also called solidification cracking.

hot dip coating A metallic coating obtained by dipping the base metal into a
molten metal.

hot shortness A tendency for some alloys to separate along grain boundaries
when stressed or deformed at temperatures near the melting point. Hot
shortness is caused by a low-melting constituent, often present in only
minute amounts, that is segregated at grain boundaries.

hot working Deforming metal plastically at such a temperature and strain
rate that recrystallization takes place simultaneously with the deformation,
thus avoiding any strain hardening.

Huey test Corrosion testing in a boiling solution of nitric acid. This test is mainly
used to detect the susceptibility to intergranular corrosion of stainless steel.

humidity test A corrosion test involving exposure of specimens at controlled
levels of humidity and temperature.
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hydration The chemical combination of water into a substance.

hydrocarbon A chemical compound of hydrogen and carbon.

hydrogen blistering The formation of blisters on or below a metal surface as
a result of excessive internal hydrogen pressure. (Hydrogen may be formed
during cleaning, plating, corrosion, etc.)

hydrogen damage A general term for the embrittlement, cracking, blister-
ing, and hydride formation that can occur when hydrogen is present in some
metals.

hydrogen embrittlement Hydrogen-induced cracking or severe loss of duc-
tility caused by the presence of hydrogen in the metal.

hydrogen-induced cracking (HIC) Same as hydrogen embrittlement.

hydrogen overvoltage Overvoltage associated with the liberation of hydro-
gen gas.

hydrolysis (1) Decomposition or alteration of a chemical substance by water.
(2) In aqueous solutions of electrolytes, the reactions of cations with water
to produce a weak base or of anions to produce a weak acid.

hydrophilic Having an affinity for water.

hydrophobic Lacking an affinity for, repelling, or failing to absorb or adsorb
water.

hydrostatic test A strength and tightness test of a closed pressure vessel by
water pressure; a pressure test procedure in which a vessel or system is
filled with water, purged of air, sealed, subjected to water pressure, and
examined for leaks, distortion, and/or mechanical failure.

hydroxide A chemical compound containing hydroxyl (OH) ion. (See
hydroxyl.)

hydroxyl The OH anion, which has a single negative charge and provides the
characteristics common to bases.

hygroscopic Possessing a marked ability to accelerate the condensation of
water vapor; applied to condensation nuclei composed of salts that yield
aqueous solutions with a very low equilibrium vapor pressure compared
with that of pure water at the same temperature.

hypochlorite The OCl anion; calcium and sodium hypochlorite are commonly
used as bleaches and disinfecting agents.

ignition The initiation of combustion.

immersion plating Depositing a metallic coating on a metal immersed in a
liquid solution, without the aid of an external electric current. Also called
dip plating.

immunity A state of resistance to corrosion or anodic dissolution of a metal
caused by thermodynamic stability of the metal.

impingement corrosion A form of erosion-corrosion generally associated with
the local impingement of a high-velocity flowing fluid against a solid surface.
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impressed current An electric current supplied by a device employing a
power source that is external to the electrode system. (An example is direct
current for cathodic protection.)

inclusions Particles of foreign material in a metallic matrix. The particles
are usually compounds (such as oxides, sulfides, or silicates), but may be of
any substance that is foreign to (and essentially insoluble in) the matrix.

incubation period A period prior to the detection of corrosion during which
the metal is in contact with a corrodent.

indicator A material which can be used to show the endpoint of a chemical
reaction, usually by a color change, or a chemical concentration, usually by
a depth or shade of color.

industrial atmosphere An atmosphere in an area of heavy industry, with
soot, fly ash, and sulfur compounds as the principal constituents.

inert anode An anode that is insoluble in the electrolyte under the conditions
prevailing in the electrolysis.

influent The stream entering a unit, stream, or process, such as the hard
water entering an ion-exchange water softener.

inhibitor A chemical substance or combination of substances that, when pre-
sent in the proper concentration and forms in the environment, prevents or
reduces corrosion.

injector A device utilizing a steam jet to entrain and deliver feedwater into a
boiler.

inorganic Being or composed of matter other than hydrocarbons and their
derivatives; matter that is not of plant or animal origin. 

inorganic matter Matter which is not derived from living organisms and con-
tains no organically produced carbon; includes rocks, minerals, and metals.
Contrast with organic matter.

inorganic zinc-rich paint A coating containing a zinc powder pigment in an
inorganic vehicle.

insulation A material of low thermal conductivity used to reduce heat losses.

intensiostatic See galvanostatic.

intercrystalline corrosion See intergranular corrosion.

intergranular Between crystals or grains.

intergranular corrosion Preferential corrosion at or adjacent to the grain
boundaries of a metal or alloy.

intergranular cracking Cracking or fracturing that occurs between the
grains or crystals in a polycrystalline aggregate. Also called intercrystalline
cracking.

intergranular fracture Brittle fracture of a metal in which the fracture is
between the grains, or crystals, that form the metal. Also called intercrys-
talline fracture. Contrast with transgranular fracture.
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interlock A device to test for the existence of a required condition, and to fur-
nish proof of that condition to the primary safety control circuit.

intermittent blowdown The blowing down of boiler water at intervals.

internal oxidation The formation of isolated particles of corrosion products
beneath the metal surface. (This occurs as the result of preferential oxida-
tion of certain alloy constituents by inward diffusion of oxygen, nitrogen,
sulfur, etc.)

internal treatment The treatment of boiler water by introducing chemicals
directly into the boiler.

intumescence The swelling or bubbling of a coating, usually because of heat-
ing (a term currently used in space and fire protection applications).

ion An atom or group of atoms that has gained or lost one or more outer elec-
trons and thus carries an electric charge. Positive ions, or cations, are defi-
cient in outer electrons. Negative ions, or anions, have an excess of outer
electrons.

ion exchange (1) The reversible interchange of ions between a liquid and a
solid, with no substantial structural changes in the solid. (2) A reversible
process in which ions are released from an insoluble permanent material 
in exchange for other ions in a surrounding solution; the direction of the
exchange depends upon the affinities of the ion exchanger for the ions pre-
sent and the concentrations of the ions in the solution.

ion exchanger A permanent, insoluble material which contains ions that will
exchange reversibly with other ions in a surrounding solution. Both cation
and anion exchangers are used in water conditioning.

ionization The process in which atoms gain or lose electrons; sometimes used
as synonymous with dissociation, the separation of molecules into charged
ions in solution.

ionization constant A constant specific for each partially ionizable chemical
compound that expresses the ratio of the concentration of ions from the com-
pound to the concentration of undissociated compound.

iron bacteria Microorganisms which are capable of utilizing ferrous iron,
either from the water or from steel pipe, in their metabolism and precipi-
tating ferric hydroxide in their sheaths and gelatinous deposits. These
organisms tend to collect in pipelines and tanks during periods of low flow,
and to break loose in slugs of turbid water to create staining, taste, and odor
problems.

isocorrosion diagram A graph or chart that shows constant corrosion behav-
ior with changing solution (environment) composition and temperature.

KISCC Abbreviation for the critical value of the plane strain stress-intensity
factor that will produce crack propagation by stress corrosion cracking of a
given material in a given environment.

knifeline attack Intergranular corrosion of an alloy, usually stabilized stain-
less steel, along a line adjoining or in contact with a weld after heating into
the sensitization temperature range.
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Kraft process A wood-pulping process in which sodium sulfate is used in the
caustic soda pulp-digestion liquor.

laminar flow The flow of fluid in which the flow paths are in smooth, paral-
lel lines, with essentially no mixing and no turbulence.

Langelier index A calculated number used to predict the calcium carbonate
(CaCO3) stability of a water; that is, whether a water will precipitate, dis-
solve, or be in equilibrium with calcium carbonate. It is sometimes erro-
neously assumed that any water that tends to dissolve calcium carbonate
will always be corrosive.

leakage The uncontrolled quantity of fluid which enters or leaves an enclosure.

lime The common name for calcium oxide (CaO); hydrated lime is calcium
hydroxide [Ca(OH)2].

lime scale Hard-water scale containing a high percentage of calcium carbonate.

limestone A sedimentary rock, largely calcium carbonate but usually also
containing significant amounts of magnesium carbonate.

linear alkyl sulfonate A term applied to a family of straight chain chemical
compounds, widely used as detergents; sometimes called “soft” detergents
because they are more readily degraded to simpler substances by biological
action than the previously used alkyl benzene sulfonate.

lining The material used on the furnace side of a furnace wall. It is usually
of high-grade refractory tile or brick or plastic refractory material.

liquid metal embrittlement Catastrophic brittle failure of a normally ductile
metal when it is brought into contact with a liquid metal and is subse-
quently stressed in tension.

liter The basic metric unit of volume; 3.785 L equal 1 U.S. gal; 1 L of water
weighs 1000 g.

load The rate of output required; also the weight carried.

load factor The ratio of the average load in a given period to the maximum
load carried during that period.

local action corrosion Corrosion caused by local corrosion cells on a metal
surface.

local cell A galvanic cell resulting from inhomogeneities between areas on a
metal surface in an electrolyte. The inhomogeneities may be of a physical or
chemical nature in either the metal or its environment.

local corrosion cell An electrochemical cell created on a metal surface
because of a difference in potential between adjacent areas on that surface.

localized corrosion Corrosion at discrete sites; for example, pitting, crevice
corrosion, and stress corrosion cracking.

long-line current Electric current through the earth from an anodic to a
cathodic area of a continuous metallic structure. (Usually used only where
the areas are separated by considerable distance and where the current
results from concentration-cell action.)
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low-water cutoff A safety device that shuts off a boiler or burner in the event
of low water, preventing pressure vessel failure.

lug Any projection, such as an ear, used for supporting or grasping.

Luggin probe or Luggin-Haber capillary A device used in measuring the
potential of an electrode with a significant current density imposed on its
surface. (The probe minimizes the IR drop that would otherwise be included
in the measurement without significantly disturbing the current distribution
on the specimen.)

M alkalinity Methyl orange alkalinity. (See total alkalinity.)

MAG The metal active gas welding process; it uses CO2 and argon-CO2
mixtures.

makeup The water added to boiler feedwater to compensate for that lost
through exhaust, blowdown, leakage, etc.

manganese greensand Greensand which has been processed to incorporate
the higher oxides of manganese in its pores and on its surface. The product
has a mild oxidizing power, and is often used in the oxidation and precipi-
tation of iron, manganese, and/or hydrogen sulfide, and their removal from
water.

manganese zeolite Synthetic gel zeolite which has been processed in the
same manner as manganese greensand and is used for similar purposes.

manhole An opening in a pressure vessel of sufficient size to permit a person
to enter.

manifold A pipe or header for collection of a fluid from or distribution of a
fluid to a number of pipes or tubes.

maximum allowable working pressure The maximum gage pressure per-
missible in a completed boiler. This pressure is based upon either proof tests
or calculations for every pressure part of a vessel using nominal thickness
exclusive of allowances for corrosion and thickness required for loadings
other than pressure. It is the basis for the settings of the pressure-relieving
devices protecting the vessel.

maximum continuous load The maximum load which can be maintained for
a specified period.

MCL Abbreviation for maximum contaminant level; the maximum allowable
concentration of a contaminant in water as established in the U.S. EPA
drinking water regulations.

mechanical filter A filter primarily designed for the removal of suspended
solid particles, as opposed to filters with additional capabilities.

media The plural form of medium.

medium A material used in a filter bed to form a barrier to the passage of
certain suspended solids or dissolved molecules.

metal dusting Accelerated deterioration of metals in carbonaceous gases at
elevated temperatures, forming a dustlike corrosion product.
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metallizing See thermal spraying.

methylene blue active substances Chemical compounds which react with
methylene blue to form a blue compound which can be used to estimate the
concentration by measurement of the depth of color. Substances measured
include ABS and LAS types of detergents; thus the term is commonly used
as an expression of detergent concentration.

microbiologically influenced corrosion (MIC) Corrosion that is affected by
the action of microorganisms in the environment.

micrometer Formally known as micron, a linear measure equal to one mil-
lionth of a meter or 0.00003937 inch. The symbol for the micrometer is �m.

micron See micrometer.

microstructure The structure of a prepared surface of a metal as revealed by
a microscope at a magnification exceeding 25�.

MIG The metal inert gas (argon or other) welding process.

mil One thousandth of an inch.

mill scale The heavy oxide layer formed during hot fabrication or heat treat-
ment of metals.

mineral A term applied to inorganic substances such as rocks and similar
matter found in the earth strata, as opposed to organic substances such as
plant and animal matter. Minerals normally have definite chemical compo-
sition and crystal structure.

mineral acidity Acidity due to the presence of inorganic acids such as
hydrochloric, sulfuric, and nitric acids, as opposed to acidity due to carbonic
acid or organic acids.

mixed potential The potential of a specimen (or specimens in a galvanic
couple) when two or more electrochemical reactions are occurring simul-
taneously.

MMA The manual metal arc welding process.

moisture Water in the liquid or vapor phase.

moisture in steam Particles of water carried in steam, expressed as the per-
centage by weight.

moisture loss The boiler flue gas loss representing the difference between
the heat content of the moisture in the exit gases and that at the tempera-
ture of the ambient air.

molal solution The concentration of a solution expressed in moles of solute
divided by 1000 g of solvent.

molar solution An aqueous solution that contains 1 mole (gram-molecular
weight) of solute in 1 L of the solution.

mole The mass (in grams) numerically equal to the relative molecular mass of
a substance. It is the amount of substance of a system that contains as many
elementary units (6.02 � 1023 atoms of an element or 6.02 � 1023 molecules of
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a chemical compound) as there are atoms of carbon in 0.012 kg of the pure
nuclide C12. The weight of one mole of an element is equal to its atomic weight
in grams; the weight of one mole of a compound is equal to its molecular
weight in grams.

molecule The simplest combination of atoms that will form a specific chem-
ical compound; the smallest particle of a substance which will still retain the
essential composition and properties of that substance, and which can be
broken down only into atoms and simpler substances.

Moneypenny-Strauss test Corrosion testing in a copper sulfate solution con-
taining sulfuric acid; used to detect the susceptibility of stainless steel to
intergranular corrosion.

monomer A molecule, usually an organic compound, having the ability to
join with a number of identical molecules to form a polymer.

most probable number (MPN) The term used to indicate the number of
microorganisms which, according to statistical theory, would be most likely
to produce the results observed in certain bacteriological tests; usually
expressed as a number per 100 mL of water.

MPN The abbreviation for most probable number.

nanometer Abbreviated nm, a unit of length equal to one thousandth of a
micrometer.

natural aging Spontaneous aging of a supersaturated solid solution at room
temperature. Compare with artificial aging.

natural circulation The circulation of water in a boiler caused by differences
in density.

natural gas Gaseous fuel occurring in nature.

negative charge The electric charge on an electrode or ion in solution result-
ing from the presence of an excess of electrons. (See anion, electron.)

negative head A condition of negative pressure or partial vacuum.

negative pressure A pressure below the surrounding atmospheric pressure
at a specific point; a partial vacuum.

Nernst equation An equation that expresses the exact electromotive force of
a cell in terms of the activities of the products and reactants of the cell.

neutral In electrical systems, the term used to indicate neither an excess nor
a lack of electrons; a condition of balance between positive and negative
charges. In chemistry, the term used to indicate a balance between acids and
bases; the neutral point on the pH scale is 7.0, indicating the presence of
equal numbers of free hydrogen (acidic) and hydroxide (basic) ions.

neutralization The addition of either an acid or a base to a solution as required
to produce a neutral solution. The use of alkaline or basic materials to neu-
tralize the acidity of some waters is a common practice in water conditioning.

neutralizer A common designation for alkaline materials such as calcite (cal-
cium carbonate) or magnesia (magnesium oxide) used in the neutralization
of acid waters.
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neutron embrittlement Embrittlement resulting from bombardment with
neutrons, usually encountered in metals that have been exposed to a neu-
tron flux in the core of a reactor. In steels, neutron embrittlement is evi-
denced by a rise in the ductile-to-brittle transition temperature.

nitriding Introducing nitrogen into the surface layer of a solid ferrous alloy
by holding it at a suitable temperature in contact with a nitrogenous mate-
rial, usually ammonia or molten cyanide of appropriate composition.
Quenching is not required to produce a hard case.

nitrocarburizing Any of several processes in which both nitrogen and carbon
are absorbed into the surface layers of a ferrous material at temperatures
below the lower critical temperature and, by diffusion, create a concentra-
tion gradient. Nitrocarburizing is performed primarily to provide an anti-
scuffling surface layer and to improve fatigue resistance.

noble The positive (increasingly oxidizing) direction of electrode potential.

noble metal A metal with a standard electrode potential that is more noble
(positive) than that of hydrogen.

noble potential A potential more cathodic (positive) than the standard
hydrogen potential.

noncarbonate hardness Water hardness due to the presence of compounds
such as calcium and magnesium chlorides, sulfates, or nitrates; the excess
of total hardness over total alkalinity.

normal solution An aqueous solution containing one gram equivalent weight
of the active reagent in one liter of the solution.

normal stress The stress component perpendicular to a plane on which
forces act.

normalizing Heating a ferrous alloy to a suitable temperature above the
transformation range and then cooling it in air to a temperature substan-
tially below the transformation range.

NOx Abbreviation for all of the family of oxides of nitrogen.

nozzle A short flanged or welded neck connection on a drum or shell for the
outlet or inlet of fluids; also, a projecting spout through which a fluid flows.

occluded cell An electrochemical cell created at a localized site on a metal
surface which has been partially obstructed from the bulk environment.

oil burner A burner for firing oil.

open-circuit potential The potential of an electrode measured with respect to
a reference electrode or another electrode when no current flows to or from it.

operating pressure The pressure at which a boiler or any other vessel is
operated.

organic matter Substances of or derived from plant or animal matter.
Organic matter is characterized by its carbon-hydrogen structure.

osmosis A process of diffusion of a solvent such as water through a semi-
permeable membrane which will transmit the solvent but impede most
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dissolved substances. The normal flow of solvent is from the dilute solu-
tion to the concentrated solution in an attempt to bring the solutions on
both sides of the membrane to equilibrium.

overpressure The minimum operating pressure of a hot-water boiler that is
sufficient to prevent the water from steaming.

overvoltage The change in potential of an electrode from its equilibrium or
steady-state value when current is applied.

oxidation Loss of electrons by a constituent of a chemical reaction. Also
refers to the corrosion of a metal that is exposed to an oxidizing gas at ele-
vated temperatures.

oxidized surface (on steel) A surface having a thin, tightly adhering, oxi-
dized skin (from straw to blue in color), extending in from the edge of a coil
or sheet.

oxidizing agent A compound that causes oxidation, thereby itself being
reduced.

oxidizing atmosphere An atmosphere which tends to promote the oxidation
of immersed materials.

oxygen attack Corrosion or pitting in a boiler caused by oxygen.

oxygen concentration cell A galvanic cell resulting from differences in oxy-
gen concentration between two locations; see differential aeration cell.

ozone A powerfully oxidizing allotropic form of the element oxygen. The
ozone molecule contains three atoms (O3).

P alkalinity Phenolphthalein alkalinity of a water as determined by titration
with standard acid solution to the phenolphthalein endpoint (pH approxi-
mately 8.3). It includes both carbonate and hydroxide alkalinity.

particle size (1) A measure of dust size, expressed in micrometers or percent
passing through a standard mesh screen. (2) The size of a particle suspended
in water as determined by its smallest dimension.

parting The selective corrosion of one or more components of a solid solution
alloy.

parting limit The minimum concentration of a more noble component in an
alloy above which parting does not occur in a specific environment.

parts per billion (ppb) A measure of proportion by weight, equivalent to one
unit weight of a material per billion (109) unit weights of compound. One
part per billion is equivalent to 1 mg/Mg.

parts per million (ppm) A measure of proportion by weight, equivalent to one
unit weight of a material per million (106) unit weights of compound. One
part per million is equivalent to 1 mg/kg.

pass A confined passageway containing a heating surface through which a
fluid flows in essentially one direction.

passivation The process in metal corrosion by which metals become passive.
(See passive.)
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passivator A type of inhibitor which appreciably changes the potential of a
metal to a more noble (positive) value.

passive The state of a metal surface characterized by low corrosion rates in
a potential region that is strongly oxidizing for the metal.

passive-active cell A corrosion cell in which the anode is a metal in the
active state and the cathode is the same metal in the passive state.

passivity A condition in which a piece of metal, because of an impervious cov-
ering of oxide or other compound, has a potential that is much more positive
than that of the metal in the active state.

patina The coating, usually green, that forms on the surface of metals such
as copper and copper alloys exposed to the atmosphere; also used to describe
the appearance of a weathered surface of any metal.

pearlite A metastable lamellar aggregate of ferrite and cementite resulting
from the transformation of austenite at temperatures above the bainite range.

perfect combustion The complete oxidation of all the combustible con-
stituents of a fuel, utilizing all the oxygen supplied.

permanent hardness Water hardness due to the presence of the chlorides
and sulfates of calcium and magnesium, which will not precipitate by boil-
ing. This term has been largely replaced by noncarbonate hardness.

permanganate Generally refers to potassium permanganate, a chemical
compound used in water treatment.

petroleum Naturally occurring mineral oil consisting predominantly of
hydrocarbons.

pH A measure of the degree of acidity or alkalinity (basicity) of a solution; the
negative logarithm of the hydrogen-ion activity. At 25°C, 7.0 is the neutral
value. Decreasing values below 7.0 indicate increasing acidity; increasing
values above 7.0, increasing basicity.

phosphating Forming an adherent phosphate coating on a metal by immer-
sion in a suitable aqueous phosphate solution. Also called phosphatizing.

physical vapor deposition A coating process in which the cleaned and
masked component to be coated is heated and rotated on a spindle above the
streaming vapor generated by melting and evaporating a coating material
source bar with a focused electron beam in an evacuated chamber.

physisorption The binding of an adsorbate to the surface of a solid by forces
whose energy levels approximate those of condensation. Contrast with
chemisorption.

pickle A solution or process used to loosen or remove corrosion products such
as scale or tarnish.

pickling Removing surface oxides from metals by chemical or electrochemical
reaction.

pitting Corrosion of a metal surface, confined to a point or small area, that
takes the form of cavities.
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pitting factor Ratio of the depth of the deepest pit resulting from corrosion to
the average penetration as calculated from weight loss.

pitting resistance equivalent number An empirical relationship to predict
the pitting resistance of austenitic and duplex stainless steels. It is expressed
as PREN 	 Cr 
 3.3 (Mo 
 0.5 W) 
 16N.

pK The reciprocal of the logarithm of the ionization constant of a chemical
compound.

plane strain The stress condition in linear elastic fracture mechanics in
which there is zero strain in a direction normal to both the axis of applied
tensile stress and the direction of crack growth (that is, parallel to the crack
front); most nearly achieved in loading of thick plates along a direction par-
allel to the plate surface. Under plane-strain conditions, the plane of frac-
ture instability is normal to the axis of the principal tensile stress.

plasma spraying A thermal spraying process in which the coating material
is melted with heat from a plasma torch that generates a nontransferred
arc. Molten coating material is propelled against the base metal by the hot,
ionized gas issuing from the torch.

plastic deformation The permanent (inelastic) distortion of metals under
applied stresses that strain the material beyond its elastic limit.

plasticity The property that enables a material to undergo permanent defor-
mation without rupture.

pOH The negative logarithm of the hydroxyl ion concentration. The pOH is
related to the pH by the expression pH 
 pOH 	 14.

polarization The change from the open-circuit electrode potential as the
result of the passage of current.

polarization admittance The reciprocal of polarization resistance (di/dE).

polarization curve A plot of current density versus electrode potential for a
specific electrode-electrolyte combination.

polarization resistance The slope (dE/di) at the corrosion potential of a
potential (E) versus current density (i) curve. It is inversely proportional to
the corrosion current density when the polarization resistance technique is
applicable. The term is also used to describe the method of measuring cor-
rosion rates using this slope.

polymer A chain of organic molecules produced by the joining of primary
units called monomers.

polyphosphate A form of phosphate polymer consisting of a series of con-
densed phosphoric acids containing more than one atom of phosphorus.
Polyphosphate is used as a sequestering agent to control iron and hardness,
and as a coating agent that forms a thin passivating film on metal surfaces
to control corrosion.

porosity A measure of the volume of internal pores, or voids, in ion exchang-
ers and filter media; sometimes expressed as a ratio to the total volume of
the medium. (See void volume.)
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positive charge The net electric charge on an electrode or ion in solution as
a result of the removal of electrons.

postchlorination The application of chlorine to a water following other water
treatment processes.

potential-pH diagram See Pourbaix diagram.

potentiodynamic (potentiokinetic) A technique wherein the potential of an
electrode with respect to a reference electrode is varied at a selected rate by
application of a current through the electrolyte.

potentiostaircase A potentiostep technique for polarizing an electrode in a
series of constant-potential steps, with the time duration and potential
increments or decrements equal for each step.

potentiostat An instrument for automatically maintaining an electrode in an
electrolyte at a constant potential or controlled potentials with respect to a
suitable reference electrode.

potentiostatic The technique for maintaining a constant electrode potential.

potentiostep A technique in which an electrode is polarized in a series of
potential increments or decrements.

poultice corrosion A term used in the automotive industry to describe the
corrosion of vehicle body parts caused by to the collection of road salts and
debris on ledges and in pockets that are kept moist by weather and wash-
ing. Also called deposit corrosion or attack.

Pourbaix diagram (potential-pH diagram) A graphical representation show-
ing regions of thermodynamic stability of species in metal–water electrolyte
systems.

powder metallurgy The art of producing metal powders and utilizing metal
powders for production of massive materials and shaped objects.

prechlorination The application of chlorine to a water prior to other water
treatment processes.

precious metal One of the relatively scarce and valuable metals: gold, silver,
and the platinum-group metals. Also called noble metal.

precipitate To separate materials from a solution by the formation of insolu-
ble matter by chemical reaction and removal of this insoluble matter.

precipitation The removal of solid or liquid particles from a fluid.

precipitation hardening Hardening caused by the precipitation of a con-
stituent from a supersaturated solid solution. See also age hardening.

precipitation heat treatment Artificial aging in which a constituent is pre-
cipitated from a supersaturated solid solution.

precracked specimen A specimen that is notched and subjected to alternat-
ing stresses until a crack develops at the root of the notch.

preheated air Air at a temperature exceeding that of the ambient air.

pressure Force per unit of area.
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pressure differential A difference or change in pressure detected between
two points in a system as a result of differences in elevation and/or pressure
drop caused by flow.

pressure drop The difference in pressure between two points in a system,
caused by resistance to flow.

pressure vessel A closed vessel or container designed to confine a fluid at a
pressure above atmospheric pressure.

primary current distribution The current distribution in an electrolytic cell
that is free of polarization.

primary passive potential (passivation potential) The potential correspond-
ing to the maximum active current density (critical anodic current density)
of an electrode that exhibits active-passive corrosion behavior.

primer (prime coat) The first coat of paint applied to a surface, formulated to
have good bonding and wetting characteristics. It may or may not contain
inhibiting pigments.

priming The discharge of steam containing excessive quantities of water in
suspension from a boiler, as a result of violent ebullition.

principal stress (normal) The maximum or minimum value at the normal
stress at a point in a plane considered with respect to all possible orienta-
tions of the considered plane. On such principal planes, the shear stress is
zero. There are three principal stresses on three mutually perpendicular
planes. The state of stress at a point may be (1) uniaxial, a state of stress in
which two of the three principal stresses are zero, (2) biaxial, a state of stress
in which only one of the three principal stresses is zero, or (3) triaxial, a state
of stress in which none of the principal stresses is zero. Multiaxial stress
refers to either biaxial or triaxial stress.

process steam Steam used for industrial purposes other than producing
power.

products of combustion The gases, vapors, and solids resulting from the
combustion of fuel.

profile Anchor pattern on a surface produced by abrasive blasting or acid
treatment.

protection potential The most noble potential where pitting and crevice cor-
rosion will not propagate.

protective potential The threshold value of the corrosion potential that has
to be reached to enter a protective potential range. The term is used in
cathodic protection to refer to the minimum potential required to control
corrosion.

protective potential range A range of corrosion potential values in which an
acceptable corrosion resistance is achieved for a particular purpose.

purge To introduce air into a vessel’s flue passages in such a volume and
manner as to completely replace the air or gas-air mixture contained
therein.
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radiation damage A general term for the alteration of properties of a mater-
ial arising from exposure to ionizing radiation (penetrating radiation), such
as x-rays, gamma rays, neutrons, heavy-particle radiation, or fission frag-
ments in nuclear fuel material.

rate of blowdown A rate normally expressed as a percentage of the water fed.

raw water Untreated water, or any water before it reaches a specific water
treatment device or process.

reaction A chemical transformation or change brought about by the interac-
tion of two substances.

reactive metal A metal that readily combines with oxygen at elevated tem-
peratures to form very stable oxides, for example, titanium, zirconium, and
beryllium.

reassociation The recombination of the products of dissociation.

recirculation The reintroduction of part of the flowing fluid to repeat the
cycle of circulation.

recrystallization (1) Formation of a new, strain-free grain structure from
that existing in cold worked metal, usually accomplished by heating. (2) The
change from one crystal structure to another, as occurs on heating or cooling
through a critical temperature.

red water Water which has a reddish or brownish appearance as a result of
the presence of precipitated iron and/or iron bacteria.

redox potential The potential of a reversible oxidation-reduction electrode
measured with respect to a reference electrode, corrected to the hydrogen
electrode, in a given electrolyte.

reducing agent A compound that causes reduction, thereby itself becoming
oxidized.

reducing atmosphere An atmosphere which tends to (1) promote the
removal of oxygen from a chemical compound or (2) promote the reduction
of immersed materials.

reducing flame A gas flame resulting from combustion of a mixture contain-
ing too much fuel or too little air.

reduction The gain of electrons by a constituent of a chemical reaction.

reference electrode A nonpolarizable electrode with a known and highly
reproducible potential.

refractory Brickwork or castable used in boilers to protect metal surfaces
and for boiler baffles.

refractory metal A metal having an extremely high melting point, for exam-
ple, tungsten, molybdenum, tantalum, niobium, chromium, vanadium, and
rhenium. In the broad sense, this term refers to metals having melting
points above the range for iron, cobalt, and nickel.

regenerant A solution of a chemical compound used to restore the capacity of
an ion-exchange system. Sodium chloride brine is used as a regenerant for
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ion-exchange water softeners, and acids and bases are used as regenerants
for the cation and anion resins used in demineralization.

regeneration The process of restoring an ion-exchange medium to a usable
state after exhaustion. In general, it includes the backwash, regenerant
introduction, and fresh water rinse steps necessary to prepare a water soft-
ener exchange bed for service. Specifically, the term may be applied to the
step in which the regenerant solution is passed through the exchanger bed
(salt brine for softeners, acid and bases for deionizers).

relative humidity The ratio, expressed as a percentage, of the amount of
water vapor present in a given volume of air at a given temperature to the
amount required to saturate the air at that temperature.

relief valve (safety relief valve) An automatic pressure-relieving device actu-
ated by the pressure upstream of the valve and characterized by an opening
pop action with further increase in lift with an increase in pressure over the
popping pressure.

residual The amount of a specific material remaining in the water following
a water treatment process. The term may refer to material remaining as a
result of incomplete removal or to material meant to remain in the treated
water.

residual chlorine Chlorine remaining in a treated water after a specified
period of contact time to provide continuing protection throughout a distri-
bution system; the difference between the total chlorine added and that 
consumed by oxidizable matter.

residual stress Stresses that remain within a body as a result of plastic
deformation.

resin Synthetic organic ion-exchange material, such as the high-capacity
cation-exchange resin widely used in water softeners.

rest potential See open-circuit potential.

reverse osmosis A process that reverses, by the application of pressure, the
natural process of osmosis so that water passes from the more concentrated
to the more dilute solution through a semipermeable membrane, thus pro-
ducing a stream of water up to 98 percent free of dissolved solids.

ringworm corrosion Localized corrosion frequently observed in oil-well tub-
ing in which a circumferential attack is observed near a region of metal
“upset.”

riser (1) That section of pipeline extending from the ocean floor up to the
platform; also, the vertical tube in a steam generator convection bank that
circulates water and steam upward. (2) A reservoir of molten metal con-
nected to a casting to provide additional metal to the casting, required as the
result of shrinkage before and during solidification.

rust A corrosion product consisting primarily of hydrated iron oxide. (The
term is properly applied only to ferrous alloys.)

safety shut-off valve A manually opened, electrically latched, electrically oper-
ated safety valve designed to automatically shut off fuel when deenergized.
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safety valve A spring-loaded valve that automatically opens when pressure
attains the valve setting, used to prevent excessive pressure from building
up in a boiler.

saline water Water containing an excessive amount of dissolved salts, usually
over 5000 mg/L.

salinity The total proportion of salts in seawater, often estimated empirically
as chlorinity � 1.80655; also expressed in parts per thousand (o/oo).

salt In chemistry, a class of chemical compounds which can be formed by the
neutralization of an acid with a base; the common name for the specific
chemical compound sodium chloride, used in the regeneration of ion-
exchange water softeners.

salt splitting The process in which neutral salts in water are converted to
their corresponding acids or bases by ion-exchange resins containing strongly
acidic or strongly basic functional groups.

sampling The removal of a portion of a material for examination or analysis.

saturated air Air which contains the maximum amount of water vapor that
it can hold at its temperature and pressure.

saturated steam Steam at the temperature and pressure at which evapora-
tion occurs.

saturated temperature The temperature at which evaporation occurs at a
particular pressure.

scale A deposit of mineral solids on the interior surfaces of water lines and
containers, often formed when water containing the carbonates or bicarbon-
ates of calcium and magnesium is heated.

season cracking See stress corrosion cracking.

secondary treatment Treatment of boiler feedwater or internal treatment of
boiler water after primary treatment.

sediment Matter in water which can be removed from suspension by gravity
or mechanical means.

sedimentation The process in which solid suspended particles settle out of
water, usually when the water has little or no movement. Also called settling.

segregation The tendency of refuse of varying compositions to deposit selec-
tively in different parts of the unit.

selective leaching Removal of one element from a solid alloy by corrosion
processes.

semipermeable membrane Typically a thin organic film which allows the
passage of some ions or materials while preventing the passage of others.
Some membranes will allow only the passage of cations.

septic A condition existing during the digestion of organic matter, such as
that in sewage, by anaerobic bacteria in the absence of air. A common
process for the treatment of household sewage in septic tanks, and in spe-
cially designed digesters in municipal sewage treatment systems.
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sequestering agent A chemical compound sometimes fed into water to tie up
undesirable ions, keep them in solution, and eliminate or reduce the normal
effects of the ions. For example, polyphosphates are sequestering agents
which sequester hardness and prevent reactions with soap. If the ions
involved are metal ions, sequestering agents may also be chelating agents.

sequestration A chemical reaction in which certain ions are bound into a sta-
ble, water-soluble compound, thus preventing undesirable action by the ions.

service run That portion of the operating cycle of a water conditioning unit
in which treated water is being delivered, as opposed to the period when the
unit is being backwashed, recharged, or regenerated.

service water General-purpose water which may or may not have been
treated for a special purpose.

shear That type of force that causes or tends to cause two contiguous parts
of the same body to slide relative to each other in a direction parallel to their
plane of contact.

shear strength The stress required to produce fracture in the plane of cross
section, the conditions of loading being such that the directions of force and
of resistance are parallel and opposite, although their paths are offset a
specified minimum amount. The maximum load divided by the original
cross-sectional area of a section separated by shear.

shell The cylindrical portion of a pressure vessel.

shielded The separation of metallic parts by an electrical nonconductor;
insulated by other than an air gap.

sigma phase A hard, brittle, nonmagnetic intermediate phase with a tetrag-
onal crystal structure, containing 30 atoms per unit cell, occurring in many
binary and ternary alloys of the transition elements.

sigma-phase embrittlement Embrittlement of iron-chromium alloys (most
notably austenitic stainless steels) caused by precipitation at grain bound-
aries of the hard, brittle intermetallic sigma phase during long periods of
exposure to temperatures between approximately 560 and 980°C. Sigma-
phase embrittlement results in severe loss in toughness and ductility, and
can make the embrittled material susceptible to intergranular corrosion.

silica gel or siliceous gel A synthetic hydrated sodium aluminosilicate with
ion-exchange properties, once widely used in ion-exchange water softeners.

slip Plastic deformation by the irreversible shear displacement (translation)
of one part of a crystal relative to another in a definite crystallographic
direction and usually on a specific crystallographic plane.

slow-strain-rate technique An experimental technique for evaluating sus-
ceptibility to stress corrosion cracking. It involves pulling the specimen to
failure in uniaxial tension at a controlled slow strain rate while the speci-
men is in the test environment and examining the specimen for evidence of
stress corrosion cracking.

sludge The semifluid solid matter collected at the bottom of a system tank
or watercourse as a result of the sedimentation or settling of suspended
solids or precipitates.
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slug A large “dose” of chemical treatment applied internally to a steam boiler
intermittently. The term is also sometimes used instead of priming to denote
a discharge of water through a boiler steam outlet in relatively large inter-
mittent amounts.

slushing compound An obsolete term describing oil or grease coatings used
to provide temporary protection against atmospheric corrosion.

smelt Molten slag; in the pulp and paper industry, the cooking chemicals
tapped from the recovery boiler as molten material and dissolved in the
smelt tank as green liquor.

smoke Small gas-borne particles of carbon or soot, less than 1 �m in size
and of sufficient number to be observable, resulting from incomplete com-
bustion of carbonaceous materials.

s-n diagram A plot showing the relationship of stress s and the number of
cycles n before fracture in fatigue testing.

soda ash The common name for sodium carbonate, Na2CO3, a chemical
compound used as an alkalinity builder in some soap and detergent formu-
lations to neutralize acid water, and in the lime-soda water treatment
process.

sodium chloride The chemical name for common salt.

sodium cycle The cation-exchange process in which sodium on the ion-
exchange resin is exchanged for hardness and other ions in water. Sodium
chloride is the common regenerant used in this process.

soft water Water which contains little or no calcium or magnesium salts,
or water from which scale-forming impurities have been removed or
reduced.

softening The act of reducing scale-forming calcium and magnesium impu-
rities from water.

solid solution A single, solid, homogeneous crystalline phase containing two
or more chemical species.

solute (1) A component of either a liquid or a solid solution that is present to
a lesser or minor extent; the component that is dissolved in the solution. (2)
The substance which is dissolved in and by a solvent. Dissolved solids, such
as the minerals found in water, are solutes.

solution (1) A homogeneous dispersion of two or more kinds of molecular or
ionic species. Solutions may be composed of any combination of liquids,
solids, or gases, but they always consist of a single phase. (2) A liquid, such
as boiler water, containing dissolved substances.

solution feeder A device, such as a power-driven pump or an eductor system,
designed to feed a solution of a water treatment chemical into the water sys-
tem, usually in proportion to flow.

solution heat treatment Heating an alloy to a suitable temperature, holding
it at that temperature long enough to cause one or more constituents to
enter into solid solution, and then cooling it rapidly enough to hold these
constituents in solution.
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solvent The component of either a liquid or a solid solution that is present to
a greater or major extent; the liquid, such as water, in which other materi-
als (solutes) are dissolved.

solvent degreasing The removal of oil, grease, and other soluble contami-
nants from the surface of the workpiece by immersion in suitable cleaners.

soot Unburned particles of carbon derived from hydrocarbons.

sour gas A gaseous environment containing hydrogen sulfide and carbon
dioxide in hydrocarbon reservoirs. Prolonged exposure to sour gas can lead
to hydrogen damage, sulfide-stress cracking, and/or stress corrosion crack-
ing in ferrous alloys.

sour water Wastewaters containing fetid materials, usually sulfur compounds.

spalling The flaking or separation of a sprayed coating; the spontaneous
chipping, fragmentation, or separation of a surface or surface coating; the
breaking off of the surface of refractory material as a result of internal
stresses.

specific conductance The measure of the electrical conductance of water or
a water solution at a specific temperature, usually 25°C.

specific gravity The ratio of the weight of a specific volume of a substance to
the weight of the same volume of pure water at 4°C.

specific humidity The weight of water vapor in a gas–water vapor mixture
per unit weight of dry gas.

spheroidite An aggregate of iron or alloy carbides of essentially spherical
shape dispersed throughout a matrix of ferrite.

splat A single thin, flattened sprayed particle.

splat cooling An extremely rapid, high rate of cooling, leading to the forma-
tion of metastable phases and an amorphous microstructure in thermal
spraying deposits.

spray angle The angle included between the sides of the cone formed by liq-
uid discharged from mechanical, rotary atomizers and by some forms of
steam or air atomizers.

spray nozzle A nozzle from which a liquid fuel is discharged in the form of a
spray.

sputtering A coating process in which thermally emitted electrons collide
with inert gas atoms, which accelerate toward and hit a negatively charged
electrode that is a target of the coating material. The impacting ions dis-
lodge atoms of the target material, which are in turn projected to and
deposited on the substrate to form the coating.

stack A vertical conduit which, because of the difference in density between
internal and external gases, develops a draft at its base.

stack draft The magnitude of the draft measured at the inlet to the stack.

stagnation The condition of being free from movement or lacking circulation.
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standard electrode potential The reversible potential for an electrode
process when all products and reactions are at unit activity on a scale in
which the potential for the standard hydrogen half cell is zero.

static pressure The measure of potential energy of a fluid.

static system A system or process in which the reactants are not flowing or
moving; the opposite of dynamic system.

steam The vapor phase of water, unmixed with other gases.

steam-generating unit A unit to which water, fuel, and air are supplied and
in which steam is generated. It consists of a boiler furnace and fuel-burning
equipment, and may include as component parts water walls, a superheater,
a reheater, an economizer, an air heater, or any combination thereof.

steam separator A device for removing the entrained water from steam.

strain The unit of change in the size or shape of a body as a result of force.

strain hardening An increase in hardness and strength caused by plastic
deformation at temperatures below the recrystallization range.

strain rate The time rate of straining for the usual tensile test.

strainer A device, such as a filter, to retain solid particles while allowing a
liquid to pass.

stratification Nonhomogeneity existing transversely in a gas stream.

stray current Current flowing through paths other than the intended circuit.

stray current corrosion The corrosion caused by electric current from a
source external to the intended electric circuit, for example, extraneous cur-
rent in the earth.

stress The intensity of the internally distributed forces or components of
forces that resist a change in the volume or shape of a material that is or has
been subjected to external forces. Stress is expressed in force per unit area
and is calculated on the basis of the original dimensions of the cross section
of the specimen.

stress concentration factor (Kt) A multiplying factor for applied stress that
allows for the presence of a structural discontinuity such as a notch or hole;
Kt equals the ratio of the greatest stress in the region of the discontinuity to
the nominal stress for the entire section.

stress corrosion cracking A cracking process that requires the simultaneous
action of a corrodent and sustained tensile stress. (This excludes corrosion-
reduced sections which fail by fast fracture. It also excludes intercrystalline
or transcrystalline corrosion, which can cause an alloy to disintegrate with-
out either applied or residual stress.)

stress-intensity factor A scaling factor, usually denoted by the symbol K,
used in linear-elastic fracture mechanics to describe the intensification of
applied stress at the tip of a crack of known size and shape. At the onset 
of rapid crack propagation in any structure containing a crack, the factor is
called the critical stress-intensity factor, or the fracture toughness.
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stress raisers Changes in contour or discontinuities in structure that cause
local increases in stress.

stress-relief cracking A cracking process that occurs when susceptible alloys
are subjected to thermal stress relief after welding to reduce residual stresses
and improve toughness. Stress-relief cracking occurs only in metals that can
precipitation-harden during such elevated-temperature exposure; it usually
occurs at stress raisers, is intergranular in nature, and is generally observed
in the coarse-grained region of the weld heat-affected zone. Also called post-
weld heat treatment cracking.

stress relieving Heat treatment carried out in steel to reduce internal
stresses.

striation A fatigue fracture feature, often observed in electron micrographs,
that indicates the position of the crack front after each succeeding cycle of
stress. The distance between striations indicates the advance of the crack
front across the crystal during one stress cycle, and a line normal to the stri-
ation indicates the direction of local crack propagation.

stud A projecting pin serving as a support or means of attachment.

subsurface The material, workpiece, or substance on which the coating is
deposited.

subsurface corrosion See internal oxidation.

sulfate-reducing bacteria (SRB) A group of bacteria which are capable of
reducing sulfates in water to hydrogen sulfide gas, thus producing obnox-
ious tastes and odors. These bacteria have no sanitary significance and are
classed as nuisance organisms.

sulfidation The reaction of a metal or alloy with a sulfur-containing species
to produce a sulfur compound that forms on or beneath the surface of the
metal or alloy.

sulfonic acid A specific acidic group (SO3H�) which gives certain cation-
exchange resins their ion-exchange capability.

superchlorination The addition of excess amounts of chlorine to a water sup-
ply to speed chemical reactions or ensure disinfection with short contact
time. The chlorine residual following superchlorination is high enough to be
unpalatable, and thus dechlorination is commonly employed before the
water is used.

superheated steam Steam with its temperature raised above that of satura-
tion. The temperature in excess of its saturation temperature is referred to
as superheat.

supernatant The clear liquid lying above a sediment or precipitate.

surface-active agent The material in a soap or detergent formulation which
promotes the penetration of the fabric by water, the loosening of the soil
from surfaces, and the suspension of many soils; the actual cleaning agent
in soap and detergent formulations.

surface blowoff The removal of water, foam, etc., from the surface at the
water level in a boiler; the equipment for such removal.
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surface tension The result of attraction between molecules of a liquid which
causes the surface of the liquid to act as a thin elastic film under tension.
Surface tension causes water to form spherical drops and reduces penetra-
tion into fabrics. Soaps, detergents, and wetting agents reduce surface ten-
sion and increase penetration by water.

surfactant A contraction of the term surface-active agent; usually an organic
compound whose molecules contain a hydrophilic group at one end and a
lipophilic group at the other.

surge The sudden displacement or movement of water in a closed vessel or
drum.

suspended solids Solid particles in water which are not in solution.

synthetic detergent A synthetic cleaning agent, such as linear alkyl sul-
fonate and alkyl benzene sulfonate. Synthetic detergents react with water
hardness, but the products are soluble.

Système International (SI) The system of measurement, otherwise known as
the metric system, used in most countries around the world. It is based on
factors of 10, and is convenient to use for scientific calculations and with
numbers that are very small or very large.

Tafel slope The slope of the straight-line portion of a polarization curve, usu-
ally occurring at more than 50 mV from the open-circuit potential, when the
curve is presented in a semilogarithmic plot in terms of volts per logarith-
mic cycle of current density (commonly referred to as volts per decade).

TDS The abbreviation for total dissolved solids.

temporary hardness Water hardness due to the presence of calcium and
magnesium carbonates and bicarbonates, which can be precipitated by heat-
ing the water. Now largely replaced by the term carbonate hardness.

tensile strength In tensile testing, the ratio of maximum load to original
cross-sectional area; also called ultimate tensile strength.

tensile stress A stress that causes two parts of an elastic body on either
side of a typical stress plane to pull apart; contrast with compressive
stress.

tension The force or load that produces elongation.

terne An alloy of lead containing 3 to 15% Sn, used as a hot-dip coating for
steel sheet or plate. Terne coatings, which are smooth and dull in appear-
ance, give the steel better corrosion resistance and enhance its ability to be
formed, soldered, or painted.

therm A unit of heat applied especially to gas; 1 therm 	 100,000 Btu.

thermal shock A cycle of temperature swings that result in failure of metal
as a result of expansion and contraction.

thermal spraying A group of coating or welding processes in which finely
divided metallic or nonmetallic materials are deposited in a molten or semi-
molten condition to form a coating. (The coating material may be in the form
of powder, ceramic rod, wire, or molten materials.)
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thermocouple A device for measuring temperatures, consisting of lengths of
two dissimilar metals or alloys that are electrically joined at one end and
connected to a voltage-measuring instrument at the other end. When one
junction is hotter than the other, a thermal electromotive force is produced
that is roughly proportional to the difference in temperature between the
hot and cold junctions.

thermogalvanic corrosion The corrosive effect resulting from the galvanic
cell caused by a thermal gradient across the metal surface.

threshold A very low concentration of a substance in water. The term is
sometimes used to indicate the concentration which can just be detected.

threshold stress For stress corrosion cracking, the critical cross-sectional
stress at the onset of cracking under specified conditions.

throughput volume The amount of solution passed through an ion-exchange
bed before the ion exchanger is exhausted.

throwing power The relationship between the current density at a point on
a surface and the point’s distance from the counterelectrode. The greater the
ratio of the surface resistivity shown by the electrode reaction to the volume
resistivity of the electrolyte, the better is the throwing power of the process
tinning.

TIG The tungsten inert gas welding process.

tile A preformed refractory, usually applied to shapes other than standard
brick.

titration An analytical process in which a standard solution in a calibrated
vessel is added to a measured volume of sample until an endpoint, such as
a color change, is reached. From the volume of the sample and the volume
of standard solution used, the concentration of a specific material may be
calculated.

total acidity The total of all forms of acidity, including mineral acidity, car-
bon dioxide, and acid salts. Total acidity is usually determined by titration
with a standard base solution to the phenolphthalein endpoint (pH 8.3).

total alkalinity The alkalinity of a water as determined by titration with a
standard acid solution to the methyl orange endpoint (pH approximately
4.5); sometimes abbreviated as M alkalinity. Total alkalinity includes many
alkalinity components, such as hydroxides, carbonates, and bicarbonates.

total carbon The sum of the free carbon and combined carbon (including car-
bon in solution) in a ferrous alloy.

total chlorine The total concentration of chlorine in a water, including com-
bined and free chlorine.

total dissolved solids (TDS) The weight of solids per unit volume of water
which are in true solution, usually determined by the evaporation of a
measured volume of filtered water and determination of the residue
weight.

total hardness The sum of all hardness constituents in a water, expressed as
their equivalent concentration of calcium carbonate. Primarily the result of
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calcium and magnesium in solution, but may include small amounts of metals
such as iron, which can act like calcium and magnesium in certain reactions.

total pressure The sum of the static and velocity pressures.

total solids The weight of all solids, dissolved and suspended, organic and
inorganic, per unit volume of water; usually determined by the evaporation
of a measured volume of water at 105°C in a preweighted dish.

total solids concentration The weight of dissolved and suspended impurities
in a unit weight of boiler water, usually expressed in ppm.

toughness The ability of a metal to absorb energy and deform plastically
before fracturing.

trace A very small concentration of a material, high enough to be detected
but too low to be measured by standard analytical methods.

transcrystalline See transgranular.

transference The movement of ions through the electrolyte associated with
the passage of the electric current; also called transport or migration.

transgranular Through or across crystals or grains.

transgranular cracking Cracking or fracturing that occurs through or across
a crystal or grain; also called transcrystalline cracking.

transgranular fracture Fracture through or across the crystals or grains of a
metal.

transition metal A metal in which the available electron energy levels are
occupied in such a way that the d band contains less than its maximum
number of 10 electrons per atom, for example, iron, cobalt, nickel, and tung-
sten. The distinctive properties of the transition metals result from the
incompletely filled d levels.

transpassive region The region of an anodic polarization curve, noble to and
above the passive potential range, in which there is a significant increase in
current density (increased metal dissolution) as the potential becomes more
positive (noble).

transpassive state A state of anodically passivated metal characterized by a
considerable increase in the corrosion current, in the absence of pitting,
when the potential is increased.

trap A receptacle for the collection of undesirable material.

treated water Water which has been chemically treated to make it suitable
for boiler feed.

tube A hollow cylinder for conveying fluids.

tube hole A hole in a drum, heater, or tube sheet to accommodate a tube.

tuberculation The formation of localized corrosion products scattered over
the surface in the form of knoblike mounds called tubercles. Also, the
process in which blisterlike growths of metal oxides develop in pipes as a
result of the corrosion of the pipe metal. Iron oxide tubercles often develop
over pits in iron or steel pipe, and can seriously restrict the flow of water.
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turbidity A measure of the cloudiness of water, the result of finely divided
particulate matter suspended in the water; usually reported in arbitrary
units determined by measurements of light scattering.

turbulent flow A type of flow characterized by crosscurrents and eddies.
Turbulence may be caused by surface roughness or protrusions in pipes,
bends and fittings, changes in channel size, or excessive flow rates; turbu-
lence significantly increases pressure drops. Contrast laminar flow.

U-bend specimen A horseshoe-shaped test piece used to detect the suscepti-
bility of a material to stress corrosion cracking.

ultimate strength The maximum stress a material can sustain without frac-
ture, determined by dividing maximum load by the original cross-sectional
area of the specimen.

undercutting A step in the sequence of surface preparation involving the
removal of substrate material.

unfired pressure vessel A vessel designed to withstand internal pressure
that is neither subjected to heat from products of combustion nor an integral
part of a fired-pressure-vessel system.

uniform corrosion Corrosion that proceeds at about the same rate at all
points on a metal surface.

vacuum deposition Condensation of thin metal coatings on the cool surface
of work in a vacuum.

valence A whole number (positive or negative) representing the power of one
element to combine with another. In general terms, the valence number rep-
resents the number of electrons in an atom or combined group of atoms
which can be easily given up or accepted in order to react with or bond to
another atom or group of atoms to form a molecule.

vapor The gaseous product of evaporation.

vapor deposition See chemical vapor deposition, physical vapor depo-
sition, sputtering.

vapor plating Deposition of a metal or compound on a heated surface by
reduction or decomposition of a volatile compound at a temperature below
the melting points of the deposit and the base material.

vaporization The change from the liquid or solid phase to the vapor phase.

velocity pressure The measure of the kinetic energy of a fluid.

vent An opening in a vessel or other enclosed space for the removal of gas or
vapor.

vertical firing An arrangement of a burner such that air and fuel are dis-
charged into the furnace in practically a vertical direction.

viable Alive and capable of continued life.

virus The smallest form of life known to be capable of producing disease or
infection, usually considered to be of large molecular size. Viruses multiply
by assembly of component fragments in living cells rather than by cell divi-
sion, like most bacteria.
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viscosity The resistance of fluids to flow, as a result of internal forces and
friction between molecules, which increases as temperature decreases.

void volume The volume of the spaces between particles of ion exchanger, 
filter media, or other granular material; often expressed as a percentage of
the total volume occupied by the material.

voids A term generally applied to paints to describe holidays, holes, and
skips in a film; also used to describe shrinkage in castings and welds.

volatile Capable of vaporization at a relatively low temperature.

volatile matter Those products given off by a material as gas or vapor,
determined by definite prescribed methods.

volatile solids Matter which remains as a residue after evaporation at 105
or 180°C, but which is lost after ignition at 600°C. Includes most forms of
organic matter.

volumetric Referring to measurement by volume rather than by weight.

wash primer A thin, inhibiting paint, usually chromate pigmented with a
polyvinyl butyrate binder.

waste heat Sensible heat in noncombustible gases discharged to the envi-
ronment.

water A liquid composed of 2 parts of hydrogen and 16 parts oxygen by
weight.

water conditioning Virtually any form of water treatment designed to
improve the aesthetic quality of water through the neutralization, inhibi-
tion, or removal of undesirable substances.

water softener A material that removes hardness (CaCO3) from water
through an ion exchange of sodium with calcium and magnesium.

water softening The removal of calcium and magnesium, the ions which are
the principal cause of hardness, from water.

water table The level of the top of the zone of saturation, in which free water
exists in the pores and crevices of rocks and other earth strata.

water tube A tube in a boiler having water and steam on the inside and heat
applied to the outside.

weak base load fraction x The sum of the chloride, sulfate, and nitrate. Also
referred to as the theoretical mineral acidity (TMA).

weep A term usually applied to a minute leak in a boiler joint at which
droplets (or tears) of water form very slowly.

weld cracking Cracking that occurs in the weld metal.

weld decay Intergranular corrosion, usually of stainless steels or certain
nickel-base alloys, that occurs as the result of sensitization in the heat-
affected zone during the welding operation; not a preferred term.

wet-bulb temperature The lowest temperature which a water-wetted body
will attain when exposed to an air current. This is the temperature of adia-
batic saturation, and can be used to measure humidity.
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wet steam Steam containing moisture.

wetness A term used to designate the percentage of water in steam. also
used to describe the presence of a water film on heating surface interiors.

wetting A condition in which the interfacial tension between a liquid and a
solid is such that the contact angle is 0 to 90°.

wetting agent A substance that reduces the surface tension of a liquid, there-
by causing it to spread more readily on a solid surface.

white rust Zinc oxide, the powdery product of corrosion of zinc or zinc-coated
surfaces.

windbox A chamber below the grate or surrounding a burner, through which
air under pressure is supplied for combustion of the fuel.

windbox pressure The static pressure in the windbox of a burner or stoker.

work hardening Same as strain hardening.

working electrode The test or specimen electrode in an electrochemical cell.

yield Evidence of plastic deformation in structural materials. Also called
creep or plastic flow.

yield point The first stress in a material, usually less than the maximum
attainable stress, at which an increase in strain occurs without an increase
in stress.

yield strength The stress at which a material exhibits a specified deviation
from proportionality of stress and strain. An offset of 0.2 percent is used for
many metals.

yield stress The stress level in a material at or above the yield strength but
below the ultimate strength, i.e., a stress in the plastic range.

zeolite A group of hydrated sodium aluminosilicates, either natural or syn-
thetic, with ion-exchange properties. (See gel zeolite.)

zone of aeration The layer in the ground above an aquifer where the avail-
able voids are filled with air. Water falling on the ground percolates through
this zone on its way to the aquifer.

zone of saturation The layer in the ground in which all of the available voids
are filled with water.
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