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1: Corrosion Standards and Wear Standards
This chapter focuses on the corrosion and protection of aluminum alloys in seawater. Corrosion of aluminum alloys
under exposure to one-phase flow, even under highly turbulent conditions, is a mass transfer controlled phenomenon.

In this article authors set out a principle of pitting corrosion protection, suggested a new class of multilayer
materials with high corrosion resistance. They substantiated the choice of the layers for the multilayer material
designed for exploitation in oxidizing and non-oxidizing environment. The sphere of application of the
multilayer materials was defined. Copy the following to cite this article: Orient J Chem ;32 2. Indirect losses
associated with the structural failure, process shutdown and depressurization of equipment cause even greater
economic damage. This leads to the necessity of improving the methods of protection against corrosion and
developing new corrosion resistant materials and products. Modern chemical, petrochemical and oil refining
industries are characterized by engineering units of high capacity and processing medium that is highly
corrosive. This leads to the use of equipment with an increased metal content. It should also be noted that the
main corrosion damage is caused not only by the metal loss, but also by a high value of the products destroyed
by corrosion, high cost of corrosion preventing measures, equipment downtime, product loss, disruption of
technological processes, and environmental problems. Methods and methodology When designing a new unit,
it is important to use materials with an improved corrosion resistance, e. At the same time, there has not been
any accomplished technical solution that would make it possible to use the internal protector in order to
increase the guaranteed technical lifetime of the products operating in the conditions of an increased corrosion
attack. Pitting corrosion is typical for metals susceptible to passivation due to the presence of strong oxidants
or external anodic protection. The main condition for the pitting occurrence is an electrochemical potential
shift towards more a positive one than a certain critical value, which is known as a pitting potential.
Simultaneous presence of activating anions of fluorine, chlorine, bromine, iodine, and of such oxidizing agents
as oxygen in the solution favors pitting formation. Superficially, active haloid ions are adsorbed on the metal
surface and displace oxygen that ensures a passive state. Oxide film destruction takes place and the surface
activation occurs. Pitting formation may happen at the locations with a distorted structure, non-metallic
inclusions, and reduced concentration of chromium and other alloying elements in steel. The surface of pitting
becomes anodic, and the rest of the passive metal surface becomes cathodic. The difference in the activation
potential and the steady-state equilibrium potential is regarded as a characteristic of resistance to pitting
corrosion. The larger the difference, the more resistant to pitting corrosion the metal is. In this regard,
technical solution for producing a multilayer material with the internal protector is of a certain interest. The
corrosion process is transformed due to the multilayer structure. Pitting corrosion of the outer layer shifts to
the contact corrosion of the specific sacrificial layer Fig. Click here to View figure The key point of the
suggested technology is as follows. Instead of mono- or bimetal, a multilayer material with at least three layers
is used. Such multilayer composite can be adapted for the one-way or two-way contact with the corrosive
environment or media of a different composition. Applying a protector between the protected layers is
principally new. We have considered two cases - When a multilayer material contacts with the processing
medium containing aqueous solutions of alkalis, acid salts or acids, whose anions are not oxidizing agents; When a multilayer material contacts with the processing medium containing aqueous solutions of alkalis, acid
salts or acids, whose anions are oxidizing agents. It allows of further discussion of the first and second type
multilayer composite. Multilayer composite of the first type For the first outer layer contacting the processing
non-oxidizing medium, a material that has a sufficiently high corrosion resistance and passivity in such
environment should be selected. The material of the first layer is characterized by the anode A curve and the
cathode K curve Fig. There is an area of passivity on the anode curve. When the layer contacts with the
corrosive environment that does not contain oxidants, a fixed potential E1 is set on the layer. Schematic
arrangement of the metal polarization curves in the multilayer material: K1, K2 â€” cathodic curves of the
outer and inner layers; A1, A2 â€” anodic curves, respectively Click here to View figure As a result of the
medium action, corrosion spots in the form of pitting appear in the outer layer. These corrosion spots deepen
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over time and penetrate into the second layer. The material of the second layer is selected so that the value of
its steady-state electrochemical potential E2 in contact with the processing medium is lower than the
steady-state electrochemical potential of the first metal layer. The state of the second layer material â€” the
protector â€” is characterized by the anode A2 and cathode K2 curves. When pitting reaches the second layer
metal, the steady-state potential E12 is set due to the contact potential difference of the first and second metal
layers. When this happens, the second layer metal becomes the anode, and the first layer metal becomes the
cathode. The second layer becomes the protector, i. Anodic dissolution reaction can proceed until the
formation of a sizable cavity â€” a lens â€” in the protector. On the first layer material, depending on the
composition of the medium, the evolution of hydrogen, the reduction of oxygen or other electrochemical
reactions take place.
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2: Corrosion of Metals and Their Alloys
Corrosion of metals and alloys -- Corrosion and fouling in industrial cooling water systems -- Part 1: Guidelines for
conducting pilot-scale evaluation of corrosion and fouling control additives for open recirculating cooling water systems.

This makes them the material of choice for the construction of applications for many different industries. They
are mainly used in aqueous environments, in things such as pumps, valves and piping systems. Please get in
touch to discuss specific alloy properties and to share in our experience of alloy applications, their service and
their performance, so we can supply your best solution. The properties of nickel Pure nickel is very corrosion
resistant, especially to a variety of reducing chemicals. Alloys based on nickel can tolerate more additional
alloys than stainless steel and other iron-based materials, while maintaining good stability. This flexibility has
led to the development of a variety of nickel-based alloys with multiple additional alloys, designed to be
resistant to a host of different corrosive environments. Many alloying elements can be joined with nickel to
resist corrosion in a variety of environments, and all can be supplied by NeoNickel. Nickel gives alloys
metallurgical stability: Alloys have more thermal stability and weld better. Resistance to reducing acids and
caustics is heightened Resistance to stress corrosion cracking â€” specially in chlorides and caustics â€” is
increased. The different alloying elements The different alloying elements have an impressive set of
properties, which you can see in our line cards. Chromium Resistance to oxidising corrosives and high
temperature oxidisation. Sulfidation is also improved. Resistance to pitting and crevice corrosion is boosted.
Molybdenum Resistance to reducing acids, pitting and crevice corrosion in environments containing aqueous
chloride is improved. It increases high temperature strength. Iron Resistance to high-temperature carburising
environments is improved and helps to control thermal expansion. It reduces alloy costs. Aluminium
Encourages age hardening. Resistance to oxidation and heightened temperatures is improved. Copper
Resistance to reducing acids â€” notably, non-aerated sulphuric and hydrofluoric â€” and to salts is improved.
Added to nickel-chromium-molybdenum-iron alloys, it boosts resistance to hydrochloric, phosphoric and
sulphuric acids. Niobium formerly known as Columbium Combines with carbon, and vulnerability to
intergranular corrosion caused by chromium carbide precipitation that stems from heat treatments is reduced.
Resistance to pitting and crevice corrosion is improved. Tungsten Resistance to reducing acids and localised
corrosion is improved. Weldability and strength are both boosted. Nitrogen Metallurgical stability is
heightened. Resistance to carburisation and sulfidation is also improved. Many of these elements can be
alloyed with nickel in different combinations, so a very broad range of corrosion resistant alloys is available to
suit a wide variety of environments. Because of their metallurgical stability, these alloys can be fabricated and
thermally processed without the risk of harmful consequences. Many alloys with a high nickel content can
also be strengthened by hardening processes, precipitation hardening, dispersion strengthened powder
metallurgy and carbide precipitations. Corrosion resistant alloys for your business Would you like to find out
more about corrosion resistant metal alloys, and whether they are right for you? The technical staff at
NeoNickel will be happy to discuss your specific metal alloy requirements in more detail. Contact us today for
more information.
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3: What is a Corrosion-Resistant Alloy (CRA)? - Definition from Corrosionpedia
By definition, corrosion is the physico-chemical metal-environment interaction, which causes changes in the
characteristics of the metal and thereby leads to deficiency of the role of the metal, the media, or the system involving
both of them [1,2].

Galvanic corrosion Galvanic corrosion of aluminium. A 5-mm-thick aluminium alloy plate is physically and
hence, electrically connected to a mm-thick mild steel structural support. Galvanic corrosion occurred on the
aluminium plate along the joint with the steel. Perforation of aluminium plate occurred within 2 years. In a
galvanic couple , the more active metal the anode corrodes at an accelerated rate and the more noble metal the
cathode corrodes at a slower rate. When immersed separately, each metal corrodes at its own rate. What type
of metal s to use is readily determined by following the galvanic series. For example, zinc is often used as a
sacrificial anode for steel structures. Galvanic corrosion is of major interest to the marine industry and also
anywhere water containing salts contacts pipes or metal structures. Factors such as relative size of anode ,
types of metal, and operating conditions temperature , humidity , salinity , etc. The surface area ratio of the
anode and cathode directly affects the corrosion rates of the materials. Galvanic corrosion is often prevented
by the use of sacrificial anodes. Galvanic series In any given environment one standard medium is aerated,
room-temperature seawater , one metal will be either more noble or more active than others, based on how
strongly its ions are bound to the surface. Two metals in electrical contact share the same electrons, so that the
"tug-of-war" at each surface is analogous to competition for free electrons between the two materials. Using
the electrolyte as a host for the flow of ions in the same direction, the noble metal will take electrons from the
active one. The resulting mass flow or electric current can be measured to establish a hierarchy of materials in
the medium of interest. This hierarchy is called a galvanic series and is useful in predicting and understanding
corrosion. Rust removal Often it is possible to chemically remove the products of corrosion. For example,
phosphoric acid in the form of naval jelly is often applied to ferrous tools or surfaces to remove rust.
Corrosion removal should not be confused with electropolishing , which removes some layers of the
underlying metal to make a smooth surface. For example, phosphoric acid may also be used to electropolish
copper but it does this by removing copper, not the products of copper corrosion. Resistance to corrosion[ edit
] Some metals are more intrinsically resistant to corrosion than others for some examples, see galvanic series.
There are various ways of protecting metals from corrosion oxidation including painting, hot dip galvanizing ,
and combinations of these. The materials most resistant to corrosion are those for which corrosion is
thermodynamically unfavorable. Any corrosion products of gold or platinum tend to decompose
spontaneously into pure metal, which is why these elements can be found in metallic form on Earth and have
long been valued. More common "base" metals can only be protected by more temporary means. Some metals
have naturally slow reaction kinetics , even though their corrosion is thermodynamically favorable. These
include such metals as zinc , magnesium , and cadmium. While corrosion of these metals is continuous and
ongoing, it happens at an acceptably slow rate. An extreme example is graphite , which releases large amounts
of energy upon oxidation , but has such slow kinetics that it is effectively immune to electrochemical
corrosion under normal conditions. The chemical composition and microstructure of a passive film are
different from the underlying metal. Typical passive film thickness on aluminium, stainless steels, and alloys
is within 10 nanometers. The passive film is different from oxide layers that are formed upon heating and are
in the micrometer thickness range â€” the passive film recovers if removed or damaged whereas the oxide
layer does not. Passivation in natural environments such as air, water and soil at moderate pH is seen in such
materials as aluminium , stainless steel , titanium , and silicon. Passivation is primarily determined by
metallurgical and environmental factors. The effect of pH is summarized using Pourbaix diagrams , but many
other factors are influential. Some conditions that inhibit passivation include high pH for aluminium and zinc,
low pH or the presence of chloride ions for stainless steel, high temperature for titanium in which case the
oxide dissolves into the metal, rather than the electrolyte and fluoride ions for silicon. On the other hand,
unusual conditions may result in passivation of materials that are normally unprotected, as the alkaline
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environment of concrete does for steel rebar. Exposure to a liquid metal such as mercury or hot solder can
often circumvent passivation mechanisms. Corrosion in passivated materials[ edit ] Passivation is extremely
useful in mitigating corrosion damage, however even a high-quality alloy will corrode if its ability to form a
passivating film is hindered. Proper selection of the right grade of material for the specific environment is
important for the long-lasting performance of this group of materials. If breakdown occurs in the passive film
due to chemical or mechanical factors, the resulting major modes of corrosion may include pitting corrosion ,
crevice corrosion , and stress corrosion cracking. In the worst case, almost all of the surface will remain
protected, but tiny local fluctuations will degrade the oxide film in a few critical points. Corrosion at these
points will be greatly amplified, and can cause corrosion pits of several types, depending upon conditions.
While the corrosion pits only nucleate under fairly extreme circumstances, they can continue to grow even
when conditions return to normal, since the interior of a pit is naturally deprived of oxygen and locally the pH
decreases to very low values and the corrosion rate increases due to an autocatalytic process. In extreme cases,
the sharp tips of extremely long and narrow corrosion pits can cause stress concentration to the point that
otherwise tough alloys can shatter; a thin film pierced by an invisibly small hole can hide a thumb sized pit
from view. These problems are especially dangerous because they are difficult to detect before a part or
structure fails. Pitting results when a small hole, or cavity, forms in the metal, usually as a result of
de-passivation of a small area. This area becomes anodic, while part of the remaining metal becomes cathodic,
producing a localized galvanic reaction. The deterioration of this small area penetrates the metal and can lead
to failure. This form of corrosion is often difficult to detect due to the fact that it is usually relatively small and
may be covered and hidden by corrosion-produced compounds. Weld decay and knifeline attack[ edit ]
Normal microstructure of Type stainless steel surface Sensitized metallic microstructure, showing wider
intergranular boundaries Stainless steel can pose special corrosion challenges, since its passivating behavior
relies on the presence of a major alloying component chromium , at least Because of the elevated
temperatures of welding and heat treatment, chromium carbides can form in the grain boundaries of stainless
alloys. This chemical reaction robs the material of chromium in the zone near the grain boundary, making
those areas much less resistant to corrosion. This creates a galvanic couple with the well-protected alloy
nearby, which leads to "weld decay" corrosion of the grain boundaries in the heat affected zones in highly
corrosive environments. This process can seriously reduce the mechanical strength of welded joints over time.
A stainless steel is said to be "sensitized" if chromium carbides are formed in the microstructure. A typical
microstructure of a normalized type stainless steel shows no signs of sensitization, while a heavily sensitized
steel shows the presence of grain boundary precipitates. The dark lines in the sensitized microstructure are
networks of chromium carbides formed along the grain boundaries. As its name implies, corrosion is limited
to a very narrow zone adjacent to the weld, often only a few micrometers across, making it even less
noticeable. Crevice corrosion Corrosion in the crevice between the tube and tube sheet both made of type
stainless steel of a heat exchanger in a seawater desalination plant [4] Crevice corrosion is a localized form of
corrosion occurring in confined spaces crevices , to which the access of the working fluid from the
environment is limited. Formation of a differential aeration cell leads to corrosion inside the crevices.
Examples of crevices are gaps and contact areas between parts, under gaskets or seals, inside cracks and
seams, spaces filled with deposits and under sludge piles. Crevice corrosion is influenced by the crevice type
metal-metal, metal-nonmetal , crevice geometry size, surface finish , and metallurgical and environmental
factors. The susceptibility to crevice corrosion can be evaluated with ASTM standard procedures. Microbial
corrosion Microbial corrosion , or commonly known as microbiologically influenced corrosion MIC , is a
corrosion caused or promoted by microorganisms , usually chemoautotrophs. It can apply to both metallic and
non-metallic materials, in the presence or absence of oxygen. Sulfate-reducing bacteria are active in the
absence of oxygen anaerobic ; they produce hydrogen sulfide , causing sulfide stress cracking. In the presence
of oxygen aerobic , some bacteria may directly oxidize iron to iron oxides and hydroxides, other bacteria
oxidize sulfur and produce sulfuric acid causing biogenic sulfide corrosion. Concentration cells can form in
the deposits of corrosion products, leading to localized corrosion. Accelerated low-water corrosion ALWC is a
particularly aggressive form of MIC that affects steel piles in seawater near the low water tide mark. It is
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characterized by an orange sludge, which smells of hydrogen sulfide when treated with acid. Corrosion rates
can be very high and design corrosion allowances can soon be exceeded leading to premature failure of the
steel pile. For unprotected piles, sacrificial anodes can be installed locally to the affected areas to inhibit the
corrosion or a complete retrofitted sacrificial anode system can be installed. Affected areas can also be treated
using cathodic protection, using either sacrificial anodes or applying current to an inert anode to produce a
calcareous deposit, which will help shield the metal from further attack. Sulfidation High-temperature
corrosion is chemical deterioration of a material typically a metal as a result of heating. This non-galvanic
form of corrosion can occur when a metal is subjected to a hot atmosphere containing oxygen, sulfur, or other
compounds capable of oxidizing or assisting the oxidation of the material concerned. For example, materials
used in aerospace, power generation and even in car engines have to resist sustained periods at high
temperature in which they may be exposed to an atmosphere containing potentially highly corrosive products
of combustion. The products of high-temperature corrosion can potentially be turned to the advantage of the
engineer. The formation of oxides on stainless steels, for example, can provide a protective layer preventing
further atmospheric attack, allowing for a material to be used for sustained periods at both room and high
temperatures in hostile conditions. Such high-temperature corrosion products, in the form of compacted oxide
layer glazes , prevent or reduce wear during high-temperature sliding contact of metallic or metallic and
ceramic surfaces. Metal dusting Metal dusting is a catastrophic form of corrosion that occurs when susceptible
materials are exposed to environments with high carbon activities, such as synthesis gas and other high-CO
environments. The corrosion manifests itself as a break-up of bulk metal to metal powder. The suspected
mechanism is firstly the deposition of a graphite layer on the surface of the metal, usually from carbon
monoxide CO in the vapor phase. This graphite layer is then thought to form metastable M3C species where
M is the metal , which migrate away from the metal surface. However, in some regimes no M3C species is
observed indicating a direct transfer of metal atoms into the graphite layer. Protection from corrosion[ edit ]
The US military shrink wraps equipment such as helicopters to protect them from corrosion and thus save
millions of dollars Various treatments are used to slow corrosion damage to metallic objects which are
exposed to the weather, salt water, acids, or other hostile environments. Some unprotected metallic alloys are
extremely vulnerable to corrosion, such as those used in neodymium magnets , which can spall or crumble
into powder even in dry, temperature-stable indoor environments unless properly treated to discourage
corrosion. Surface treatments[ edit ] When surface treatments are used to retard corrosion, great care must be
taken to ensure complete coverage, without gaps, cracks, or pinhole defects.
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4: Mechanism of Pitting Corrosion Protection of Metals and Alloys : Oriental Journal of Chemistry
Using Metal Alloys to Prevent Corrosion. Nickel-based metal alloys have excellent corrosion resistance properties. This
makes them the material of choice for the construction of applications for many different industries.

Corrosion protection through cold spray might be the answer. Magnesium is the lightest of all structural
metals, weighing 35 percent less than aluminum and 78 percent less than steel. Lightweight characteristics and
wide availability make magnesium alloys suitable for mass production of components in cars and light trucks.
However, the percentage of magnesium alloys used in automobiles has been traditionally low, with an average
of about 10 pounds in a typical domestic model. The reasons for the limited use of magnesium alloys are
associated with the intrinsic properties of this family of alloys: Increasingly demanding applications in
aerospace and the militaryâ€”such as housings for helicopter transmissions, compressors, and engines, as well
as forgings for critical gearbox componentsâ€”traditionally have driven the development of magnesium and
related technologies, resulting in better availability of creep-resistant and corrosion-resistant magnesium
alloys, as well as better corrosion-protective coatings. And while the corrosion rates of modern, high-grade
magnesium alloys are acceptable for interior applications, the automotive exterior environments are extremely
harsh for bare and even coated magnesium parts. First, road salts and slurries can easily damage conventional
electrocoat paints, creating sites for rapid electrochemical dissolution of magnesium. Second, being the most
reactive or anodic metal in the electrochemical series, magnesium is prone to severe galvanic attack when in
contact with other metals. In automotive structural components such as engine cradles, road salts and debris
can accumulate around the bolts and washers that mechanically affix magnesium parts to the car frame. Such
sites may become prone to galvanic corrosion see Figure 2. Therefore, finding cost-effective solutions for
protecting magnesium alloys from corrosion has become paramount. One of the best ways to combat galvanic
corrosion of magnesium is to use isolation materials to prevent direct contact between bare magnesium and the
dissimilar metal. If a high torque load is required, such isolation materials must be made of special metals or
other inorganic substances that minimize excessive deformation upon loading. In particular, the use of
aluminum washers can significantly reduce magnesium corrosion; however, the effectiveness of such
corrosion protection is directly related to the chemical composition of the aluminum washer being used see
Figure 3. Cold Spray Technology Cold spray is an emerging, solid-state spraying process in which the coating
materials are not melted in the spray gun; instead, the kinetic energy of supersonically accelerated solid
particles is converted into interfacial heat upon impact with the substrate, producing a combination of
mechanical and metallurgical bonding. Cold spray can produce thick coatings with porosity of less than 0.
Cold spray technology is based on the fact that every metal displays a temperature-dependent critical particle
velocity above which bonding to the substrate may occur. Figure 1 Magnesium alloys are used to fabricate a
variety of automotive components. Photo courtesy of Alan A. In high-pressure cold spraying, pressurized
helium or nitrogen to pounds per square inch is used as a carrier gas to accelerate the spray material to
supersonic speed. The gas is heated and then forced through a converging-diverging nozzle de Laval , where it
accelerates up to 1, meters per second. Spray powder is axially injected upstream of the nozzle. Low-pressure
cold spraying uses pressurized nitrogen or air 70 to PSI , and the spray powder is injected downstream of the
diverging section of the nozzle. Low-pressure systems are portable and more economical to operate, while
particle velocities can be as high as m per second. These portable systems can spray aluminum, copper, zinc,
and other metal combinations. The portability makes low-pressure cold spraying suitable for field maintenance
and repairs. Corrosion Protection by Cold Spray Metallic coating for corrosion protection is one of many
potential applications for cold spray, given the economical, technical, and environmental challenges posed by
current corrosion protection methods. Aluminum provides superior general corrosion resistance, and cold
spray is an effective way to deposit thick metallic aluminum coatings on magnesium-alloy surfaces with
minimal surface preparation and without mechanically or thermally compromising the substrate properties see
Figure 4. The presence of aluminum on the surface has been shown to reduce the general and galvanic
corrosion tendency of magnesium components see Figure 5a. In many cases, only areas surrounding steel
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fasteners require protection against galvanic corrosion, and cold spray can locally protect exposed magnesium
surfaces see Figure 5b. Corrosion protection by cold spray is promising to address many of the shortcomings
associated with classical methods for corrosion protection of magnesium alloys. However, more research is
required to understand and optimize the cold spray process. Many material combinations and cold spray
procedures have yet to be developed in the endless pursuit of innovative and better ways to use the materials
of the future.
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5: Metal Alloys and Corrosion Prevention - From NeoNickel
The development of new alloys, designed to protect against corrosion in specific environments, is constantly under
production. Hastelloy nickel alloys, Nirosta steels, and Timetal titanium alloys are all examples of alloys designed for
corrosion prevention.

Velocity fluid flow Concentration solution constituents The concept of pH is complex. It is related to, but not
synonymous with, hydrogen concentration or amount of acid. While corrosion obeys well-known laws of
electrochemistry and thermodynamics, many variables that influence the behavior of a metal in its
environment can result in accelerated corrosion or failure in one case and complete protection in another,
similar case. Avoiding detrimental corrosion requires the interdisciplinary approach of the designer, the
metallurgist, and the chemist. Sooner or later, nearly everyone in these fields will be faced with major
corrosion issues. It is necessary to learn to recognize the forms of corrosion and the parameters that must be
controlled to avoid or mitigate corrosion. The theory of corrosion from the thermodynamic and kinetic points
of view covers the principles of electrochemistry, diffusion, and dissolution as they apply to aqueous corrosion
and high-temperature corrosion in salts, liquid metals, and gases. We can face the various forms of corrosion,
and we must know how to recognize them, as well as the driving conditions or parameters that influence each
form of the corrosion, for it is the control of these parameters which can minimize or eliminate corrosion. All
corrosion processes show some common features. Thermodynamic principles can be applied to determine
which processes can occur and how strong the tendency is for the changes to take place. Kinetic laws then
describe the rates of the reactions. There are, however, substantial differences in the fundamentals of corrosion
in such environments as aqueous solutions, non-aqueous liquids, and gases. Corrosion and Environment
Corrosion in aqueous solutions. Although atmospheric air is the most common environment, aqueous
solutions, including natural waters, atmospheric moisture, and rain, as well as man-made solutions, are the
environments most frequently associated with corrosion problems. Because of the ionic conductivity of the
environment, corrosion is due to electrochemical reactions and is strongly effected by such factors as the
electrode potential and acidity of the solution. Corrosion of metals in aqueous environments. This type of
corrosion is almost always electrochemical in nature. It occurs when two or more electrochemical reactions
take place on a metal surface. As a result, some of the elements of the metal or alloy change from a metallic
state into a non-metallic state. The products of corrosion may be dissolved species or solid corrosion products.
In either case, the energy of the system is lowered as the metal converts to a lower-energy form. Rusting of
steel is the best-known example of a conversion of the metal iron into a nonmetallic corrosion product rust.
The change in the energy of the system is the driving force for the corrosion process and is a subject of
thermodynamics. Thermodynamics examines and quantifies the tendency for corrosion and its partial
processes to occur. It does not predict if the changes actually will occur and at what rate. Thermodynamics can
predict, however, under what conditions the metal is stable and corrosion cannot occur. Corrosion in Molten
Salts and Liquid Metals. These are more specific but important areas of corrosion in liquid environments. Both
have been strongly associated with the nuclear industry, for which much of the research has been performed,
but there are numerous non-nuclear applications as well. In gaseous corrosion, the environment is
nonconductive, and the ionic processes are restricted to the surface of the metal and the corrosion product
layers. Because the reaction rates of industrial metals with common gases are low at room temperature,
gaseous corrosion, generically called oxidation, is usually an industrial problem only at high temperatures
when diffusion processes are dominant. Forms of Corrosion Over the years, corrosion scientists and engineers
have recognized that corrosion manifests itself in forms that have certain similarities and therefore can be
categorized into specific groups. However, many of these forms are not unique but involve mechanisms that
have over lapping characteristics that may influence or control initiation or propagation of a specific type of
corrosion. The most familiar and often used categorization of corrosion is: This classification of corrosion was
based on visual characteristics of the morphology of attack. Other prominent corrosion authors have avoided a
classification format and have simply discussed the classical types of corrosion for example, pitting and
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crevice corrosion as they relate to specific metals and alloys. Forms of corrosion are:
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6: Book Corrosion and protection of light metal alloys download
Corrosion of metals and alloys -- Accelerated testing involving cyclic exposure to salt mist, dry and wet conditions This
document specifies the apparatus and test procedure to be used in conducting accelerated corrosion tests for the
comparative evaluation of metallic materials with or without permanent corrosion protection or temporary.

Overview[ edit ] Dissimilar metals and alloys have different electrode potentials , and when two or more come
into contact in an electrolyte, one metal acts as anode and the other as cathode. This leads to the metal at the
anode corroding more quickly than it otherwise would and corrosion at the cathode being inhibited. The
presence of an electrolyte and an electrical conducting path between the metals is essential for galvanic
corrosion to occur. The electrolyte provides a means for ion migration whereby ions move to prevent charge
build-up that would otherwise stop the reaction. In some cases, this type of reaction is intentionally
encouraged. For example, low-cost household batteries typically contain carbon-zinc cells. As part of a closed
circuit the electron pathway , the zinc within the cell will corrode preferentially the ion pathway as an essential
part of the battery producing electricity. Another example is the cathodic protection of buried or submerged
structures as well as hot water storage tanks. In this case, sacrificial anodes work as part of a galvanic couple,
promoting corrosion of the anode, while protecting the cathode metal. In other cases, such as mixed metals in
piping for example, copper, cast iron and other cast metals , galvanic corrosion will contribute to accelerated
corrosion of parts of the system. Corrosion inhibitors such as sodium nitrite or sodium molybdate can be
injected into these systems to reduce the galvanic potential. However, the application of these corrosion
inhibitors must be monitored closely. If the application of corrosion inhibitors increases the conductivity of the
water within the system, the galvanic corrosion potential can be greatly increased. Acidity or alkalinity pH is
also a major consideration with regard to closed loop bimetallic circulating systems. Should the pH and
corrosion inhibition doses be incorrect, galvanic corrosion will be accelerated. In most HVAC systems, the use
of sacrificial anodes and cathodes is not an option, as they would need to be applied within the plumbing of
the system and, over time, would corrode and release particles that could cause potential mechanical damage
to circulating pumps, heat exchangers, etc. Even when the protective zinc coating is broken, the underlying
steel is not attacked. Instead, the zinc is corroded because it is less noble; only after it has been consumed can
rusting of the base metal occur in earnest. By contrast, with a traditional tin can , the opposite of a protective
effect occurs: Statue of Liberty[ edit ] Galvanic corrosion in the Statue of Liberty Regular maintenance checks
discovered that the Statue of Liberty suffered from galvanic corrosion A spectacular example of galvanic
corrosion occurred in the Statue of Liberty when regular maintenance checks in the s revealed that corrosion
had taken place between the outer copper skin and the wrought iron support structure. An extensive renovation
requiring complete disassembly of the statue replaced the original insulation with PTFE. The structure was far
from unsafe owing to the large number of unaffected connections, but it was regarded as a precautionary
measure to preserve a national symbol of the United States. In an experiment, the Royal Navy in had tried
fitting the hull of the frigate HMS Alarm with ounce copper plating. Upon her return from a voyage to the
West Indies, it was found that although the copper remained in fine condition and had indeed deterred
shipworm, it had also become detached from the wooden hull in many places because the iron nails used
during its installation " Closer inspection revealed that water-resistant brown paper trapped under the nail head
had inadvertently protected some of the nails: The copper sheathing had been delivered to the dockyard
wrapped in the paper which was not always removed before the sheets were nailed to the hull. The conclusion
therefore reported to the Admiralty in was that iron should not be allowed direct contact with copper in sea
water. Without electrical isolation between the steel and aluminium, the aluminium hull acts as an anode to the
stainless steel, resulting in aggressive galvanic corrosion. Improper use of aluminum in contact with stainless
steel had caused rapid corrosion in the presence of salt water. After a few hours the foil develops small holes
where it touches the lasagna, and the food surface becomes covered with small spots composed of corroded
aluminum. If the aluminum foil only touches the electrolyte in small areas, the galvanic corrosion is
concentrated, and corrosion can occur fairly rapidly. If an aluminum baking pan is used instead, the rate of
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corrosion is markedly reduced, but still may occur. Electrolytic cleaning[ edit ] The common technique of
cleaning silverware by immersion of the silver and a piece of aluminum in an electrolytic bath usually sodium
bicarbonate is an example of galvanic corrosion. The process involves electrochemical reduction of silver
sulfide molecules generally speaking, silver is not easily corroded by oxygen. Sulfur atoms are stripped off the
silver sulfide, transferring them onto and thereby corroding a piece of aluminum foil a much more reactive
metal , leaving pure silver behind. No silver is lost in the process. Electrically insulate the two metals from
each other. If they are not in electrical contact, no galvanic coupling will occur. This can be achieved by using
non-conductive materials between metals of different electropotential. Piping can be isolated with a spool of
pipe made of plastic materials, or made of metal material internally coated or lined. It is important that the
spool be a sufficient length to be effective. For reasons of safety, this should not be attempted where an
electrical earthing system uses the pipework for its ground or has equipotential bonding. Metal boats
connected to a shore line electrical power feed will normally have to have the hull connected to earth for
safety reasons. However the end of that earth connection is likely to be a copper rod buried within the marina,
resulting in a steel-copper "battery" of about 0. For such cases, the use of a galvanic isolator is essential,
typically two semiconductor diodes in series, in parallel with two diodes conducting in the opposite direction.
This prevents any current while the applied voltage is less than 1. There will still be a very minor leakage of
current through the diodes, which may result in slightly faster corrosion than normal. Ensure there is no
contact with an electrolyte. This can be done by using water-repellent compounds such as greases, or by
coating the metals with an impermeable protective layer, such as a suitable paint, varnish, or plastic. If it is not
possible to coat both, the coating should be applied to the more noble, the material with higher potential. This
is advisable because if the coating is applied only on the more active material, in case of damage to the coating
there will be a large cathode area and a very small anode area, and for the exposed anodic area the corrosion
rate will be correspondingly high. Using antioxidant paste is beneficial for preventing corrosion between
copper and aluminum electrical connections. The paste consists of a lower nobility metal than aluminum or
copper. Choose metals that have similar electropotentials. The more closely matched the individual potentials,
the lesser the potential difference and hence the lesser the galvanic current. Using the same metal for all
construction is the easiest way of matching potentials. Electroplating or other plating can also help. This tends
to use more noble metals that resist corrosion better. Chrome , nickel , silver and gold can all be used.
Galvanizing with zinc protects the steel base metal by sacrificial anodic action. Cathodic protection uses one
or more sacrificial anodes made of a metal which is more active than the protected metal. Alloys of metals
commonly used for sacrificial anodes include zinc, magnesium , and aluminium. This approach is
commonplace in water heaters and many buried or immersed metallic structures. Cathodic Protection can also
be applied by connecting a direct current DC electrical power supply to oppose the corrosive galvanic current.
See impressed current cathodic protection Galvanic series[ edit ] Galvanized mild steel cable ladder with
corrosion around stainless steel bolts All metals can be classified into a galvanic series representing the
electrical potential they develop in a given electrolyte against a standard reference electrode. The relative
position of two metals on such a series gives a good indication of which metal is more likely to corrode more
quickly. However, other factors such as water aeration and flow rate can influence the rate of the process
markedly. Anodic index[ edit ] Sacrificial anode to protect a boat The compatibility of two different metals
may be predicted by consideration of their anodic index. This parameter is a measure of the electrochemical
voltage that will be developed between the metal and gold. To find the relative voltage of a pair of metals it is
only required to subtract their anodic indices. For controlled environments, in which temperature and humidity
are controlled, 0. For harsh environments, such as outdoors, high humidity, and salt environments, there
should be not more than 0. The finishing and plating selected allow the dissimilar materials to be in contact,
while protecting the base materials from corrosion. This is why sterling silver and stainless steel tableware
should never be placed together in a dishwasher at the same time, as the steel items will likely experience
corrosion by the end of the cycle soap and water having served as the chemical electrolyte, and heat having
accelerated the process.
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7: Corrosion - Wikipedia
Pitting corrosion is typical for metals susceptible to passivation due to the presence of strong oxidants or external anodic
protection. The main condition for the pitting occurrence is an electrochemical potential shift towards more a positive one
than a certain critical value, which is known as a pitting potential.

8: High Temp, Corrosion Resistant Alloys from National Electronic Alloys
"Protection of Metals and Physical Chemistry of Surfaces" is the new title of the journal "Protection of Metals" (as of year
). PEER REVIEW We use a single blind blind peer review format.

9: Corrosion Materials â€“ Products
Corrosion of Aluminum and Aluminum Alloys (#G) that often corrode other metals. It is also corrosion resistant to many
acids. Alkalis are among the few.
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