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A. INTRODUCTION

Tin is among the longest-used metals in the service of humankind. Its origins go back millennia; and
its combination to form bronze constitutes one of our earliest essays in metallurgy. It may first have
been encountered by accident, as a result of the chance reduction of cassiterite in a charcoal fire.
Combined with copper it forms bronze, a metal that helped lift our species out of its primitive
condition.

The other component of tinplate, mild steel, is probably the metal most widely used in the modern
world. While steel is less venerable than tin and, indeed, than tinplate, its development has shaped
our present society. The combination of these two metals has proved valuable for centuries; and
remains today a material of great economic and environmental importance.

The properties and uses of these metals, the manner in which they may corrode and the factors
influencing corrosion, and the consequences of corrosion are reviewed in this chapter. Given the
major uses of the metals concerned, their interaction with other metals and with some nonmetallic
materials, other than corrodants, will, of necessity, form part of the story.

B. TIN

Tin is a soft, malleable metal with a high lustre. It displays allotopic modification, with two forms,
a- and |3-tin having densities of 5.8 and 7.3, respectively. The former, known as gray tin, is a brittle,
gray, cubic material with little strength. It is the low-temperature modification and, theoretically,
may be formed below about 130C. In practice, temperatures below zero Celsius are required; and the
tin must be very pure. Quite small levels of impurity atoms inhibit the transition; and heating to room
temperature restores the p form. This, known as white tin, is the familiar, metallic form, ductile and
malleable, with a tetragonal structure.

Room temperature represents ~60% of its Absolute melting point at 2320C, so that the
mechanical strength of tin is limited. Uses for the metal in its elemental form are, thus, restricted. It
appears, rather, in the form of alloys or coatings. Some use is made of block tin in the brewing
industry but this has largely been superseded by stainless steel. Pewter, an alloy of tin (> 90%) with
antimony and copper and, nowadays, no lead, is used in decorative work and drinking vessels; and
alloys with (decreasingly) lead, bismuth, and other metals find use in solders. Low-melting tin
alloys of quite widely differing compositions have served as die casting materials; and press tools
have been made from fusible tin alloys [I]. Solders and tinplate today form the two major uses
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for tin, with the former having recently overtaken the latter. Replacement of more toxic materials
such as lead in, for example, wine capsules and gunshot has recently provided new applications for
this metal.

1. Corrosion Behavior

1.1. Atmospheric Attack Tin is not a noble metal, but is not among the most active. It is subject to
attack both from the liquid and the vapor phases. The attack depends on the nature of the
environment. Tin remains reasonably bright for long periods at ambient temperatures in air free of
moisture and pollutants. Oxide formation occurs more quickly as the temperature increases and may
produce interference effects. Normal domestic atmospheres have only limited corrosive effects on
tin. Pollution changes this, with SO2 and H2S capable of producing darkening. The results of such
atmospheric attack tend to be formation of oxides and sulfides; the latter are coloured so that the
attack is obvious. Loss of structural integrity is not a common outcome of atmospheric attack, though
the metal is vulnerable to the halogens and vapors of strong mineral acids; and to conditions that lead
to formation of films of liquid on the metal. Solderability and electrical resistance can, however, be
affected by the formation of surface oxide films, though this is not usually a problem when the tin is
sheltered from the weather. Solders are widely used in the electronics industry, with a near-eutectic
60% tin, 40% lead composition chosen for its sharp melting point. Few corrosion problems arise in
these sheltered applications, though some care is needed in the choice and use of fluxes, which are, of
their nature, corrosive.

Corrosion rates have been measured for exposed conditions. Britton [2] quotes the work of Hiers
and Minarcik on ASTM tests on tin specimens exposed for periods of up to 20 years. Average
penetration rates in micrometers per year (jam/year) were as follows:

Rural 0.05
Industrial 0.125-0.175
Marine 0.175-0.275

1.2. Aqueous Attack The potential-pH (Pourbaix) diagram for tin [3] sets out the regions of
stability of the metal and various oxides and hydroxides in the presence of water at 298 K (Fig. 1).
The diagram does not include data for the metal in the presence of complex-forming materials. We
note that tin has no zone of stability corresponding to that of water, so that the formation of oxides
and hydroxides is to be expected. The diagram indicates that these are reasonably stable between pH
values 3 and 10, so that, in the absence of complexants, attack on the metal should be restricted.
Outside this range, general attack is quite likely, with Sn2 + or Sn4 + ions being formed at lower pH
values and stannites or stannates under more alkaline conditions. Within it, complexants or species
capable of causing local attack may cause corrosion.

Thus, in distilled water, attack on tin is limited to the production of an oxide film. This increases
in thickness with time and increased temperature; and may or may not be protective. The presence of
ions like bicarbonate or borate can lead to reinforcement of the film and enhanced protection; other
ions can give rise to film weakness and the possibility of localized attack. Some surfactants fall into
this category; and chloride is always a potential source of local attack. The formation of oxyhalide
films is possible and these can offer some protection. The decisive factor is the solubility or
otherwise of the salts formed. The protective nature of the tin oxide film may be enhanced by the use
of oxidizing agents. In practice, few difficulties are encountered in neutral or near neutral media with
tin or high-tin alloys like pewter. The latter has served for many years as a material for drinking
vessels.

Tin is, then, a base metal with a reasonably stable oxide film. It forms complexes with a range of
ligands, though the Pourbaix diagram does not show this. These complexes may be critical to the
performance of the metal.



FIGURE 1. Potential-pH (Pourbaix) diagram for tin. (Reproduced from [3] by permission of CEBELCOR/
NACE.)

Solders in contact with soft water may be attacked, though, as reported by Britton [2], attack
on the lead appears to occur preferentially. In recent years, high-tin solders have replaced lead-
containing systems in domestic heating and water distribution systems on environmental grounds,
with few incidences of failure, although some electrochemical evidence exists for attack on solder in
heating systems. A range of inhibitors is available for this application, as also for use in automobiles.
The work of Mercer [4] and his colleagues at Teddington remains definitive in this area, where
multimetal systems are common. Solders are now less common in packaging systems; and for food
packaging those remaining in use are high tin. Can failure by dissolution of solder is rare, though
certain inhibitors for automotive antifreezes have been known to attack high-lead solder side seams
in tinplate containers. Leidheiser [5] also gives a good general treatment.

Corrosion can sometimes resemble allotropic transformation (tin pest), as shown in Figure 2.
Here the corrosion is in the specimen on the "outside" of the curve.

C. TINPLATE

As we pass to a consideration of tinplate, one further aspect of the corrosion of tin should be borne in
mind. The foregoing sections have dealt largely with the resistance of tin to attack and oxidative
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FIGURE 2. Allotropic modification and corrosion of tin; corrosion occurred in the specimen on the "outside"
of the curve. (From [2]; reproduced by permission of iTRL)

action (i.e., anodic processes). Corrosion needs a cathodic process to consume electrons produced in
the anodic step. Tin has a high hydrogen overvoltage; the reduction of protons, then, takes place on
tin only with difficulty. Corrosion is likely to be slow in the absence of oxygen or other cathodic
depolarizers. Contact with a metal having a low hydrogen overvoltage, such as steel, will tend to
accelerate the attack. The initial reactions may be summarized as

Sn -> Sn2+ + 2e~

O2 + 2H2O + 4e~ -> 4OH"; H+ + e~ -> 0.5H2

with the first cathodic reaction proceeding readily on tin, while the latter takes place more readily on
a material of lower hydrogen overvoltage.



Tinplate itself consists of a sheet of mild, low-carbon steel, having controlled levels of copper,
phosphorus and sulfur, and coated with a layer of tin. The tin is, nowadays, universally coated by
electrodeposition from acid, halogen or, less commonly, alkaline baths. Bath chemistry has been the
object of much study; and many recipes exist to produce good coatings. Sheet thickness is commonly
~ 0.25 mm, though a range of ~0.15 to 0.5mm may be encountered; the tendency is to thinner
stock. The tin coatings are on the order of 0.4 um, though they are more commonly expressed
in terms of coating mass. Present values range from about 2 grams per square meter (g/m2) to
~ 11 g/m2 on each surface. After plating, the tin undergoes momentary fusion by inductive or
resistive heating followed by quenching in water. The matt, as-deposited coating is converted to a
bright, reflective state; and a layer of a tin-iron (FeSn2) alloy is formed between the tin and the steel
substrate. A layer of oxide arises on the tin and this is usually modified by a "passivation" treatment.
This process, using chromic acid or sodium dichromate solutions, sometimes with imposed current,
leaves some chromium species in the surface. The object of "passivation" is to control oxidation,
suppress sulphide formation in use and facilitate lacquer coating. A layer of oil, commonly dioctyl
sebacate (DOS), is applied to facilitate handling. Thus, from the inside, we have steel, alloy, tin,
oxide with chromium, and oil [6].

Tinplate finds its main application in containers for packaging. These cans may be three piece or
two piece. The former are produced by forming rectangular blanks round a mandrel and soldering
(now increasingly rare), resistance welding or, occasionally, cementing the side seam. This produces
a cylindrical body to which two ends, stamped from tinplate or another sheet material, are seamed.
Aluminium or ECCS, a mild steel coated with a mixed chromium/chrome oxide film may constitute
the end stock. Soldering changes the state of the tin and welding modifies the steel near the weld.
Both welding and cementing produce lap joints that may have exposed edges and the possibility
of crevices. Two-piece (body and end) containers are made by presswork using circular blanks.
The shallow cups formed from these are redrawn with clearance between punch, die and stock
(draw-redraw or DRD); or without (drawing and ironing, DWI). An end is seamed in place after
filling. The DRD generates no new surface, and the area of the can is substantially that of the
original blank. Prelacquered or plain stock may be used. In DWI canmaking, the surface under-
goes major deformation, with disruption of the tin coating; and it is normal to apply lacquers
after forming. The canmaking processes can change the nature of the can material, and thus,
influence corrosion [7].

1. Corrosion Behavior

External and internal attack on containers may be very different. External corrosion will be discussed
first.

U. External Corrosion

1.1.1. Atmospheric attack. The effects of condensation during, for instance, transport, and storage
of containers are those outlined by Uhlig half a century ago [9]. This may be paraphrased as "steel
plus air plus moisture equals rust." The formation of a film of moisture is important in the
atmospheric corrosion of tinplate; it may arise by condensation or from wetting. In the dry condition,
slow growth of oxide is the expected outcome; but if humidity control is inadequate, rust may arise.
In this context, the tinplate behaves much as steel. Tin, in these conditions, behaves as a cathode for
steel, in accordance with its more noble position in the electromotive series. The only protection it
offers is as a physical barrier. Thus, rusting is the expected outcome for neutral or near-neutral films
of condensation. Changes in this may arise if the nature of the film is changed. The presence of
contaminants may alter the processes. Contamination by, for example, cleaning materials may make
the film alkaline; spillage of food products may lower the pH. In either case, given the amphoteric
nature of tin, detinning may arise.



1 .L 2. Liquid-phase attack. The most obvious examples here would be attack by process or cooling
water on the outer surfaces of cans. While many cans are processed in steam at temperatures of about
1210C, some are processed in water at high temperature and pressure. In either case, rapid cooling of
the cans, to prevent growth of spoilage organisms, is needed; and this will normally be in water.
Whether static retorts, hydrostats or continuous cookers are used, the tinplate will be exposed to
water, at temperatures from 40 to 10O0C, and in the presence of varying concentrations of air [8]. The
situation may be aggravated by spillage of product or residues of cleaning agents, as described
above; and other water treatments may play a role. Biological control of such waters is of vital
importance for reasons of public health. Again, treatments may be employed to deal with hard
waters. The agents used for these purposes may aggravate attack; and the interaction between
hardness treatments, microbial control and corrosion and its prevention is one of the more interesting
problems associated with the use of water. As water is often used in a "mains to waste" mode, in
these applications, the use of inhibitors may be limited by economic factors. Breakthrough of
chloride from water softening systems may, as we might expect, give rise to pitting; and
complexation as a result of contamination may accompany pH changes.

In general, few problems arise. Careful control of process temperatures and times and of cooling
times are needed to ensure product safety; good practice in this area will normally result in the
avoidance of corrosion problems. However, poor drying of cans may not only pose microbiological
problems; it may also initiate corrosion which may only develop later. Poor practice regarding the
external packaging of the cans may make things worse. Shrink wrapping wet cans may trap water
with the obvious consequences. Uptake of contaminants from cartons may give problems; in
particular, chloride may be leached from board in contact with the cans and may cause local attack.
Spillage of product from a damaged or corroded can may cause attack on other cans; and may lead to
perforation of these, further spillage and the loss of the whole pallet.

Cathodic disbondment of external lacquers can arise when the cans are in contact with aluminium
retort baskets and the latter undergo attack from, say, traces of alkaline cleaning agents. As most food
cans are processed externally plain, that is, unlacquered, this is not a widespread problem. Some
coated food containers are used; and aerosol containers, which are usually lacquered, are pressure
tested in a water bath, giving the possibility of corrosion as for food cans.

To summarize, external attack is likely in many ways to resemble that on steel. Rusting, pitting,
and perforation are risks for this metal; while detinning will be possible under some circumstances.
Of the problems listed above, can perforation is the most serious. In addition to product loss, there
exists the risk of ingress of foreign material into the cans, of which the most serious would be
microbes in food cans.

1.2. Internal Corrosion Internal corrosion may be very different from external corrosion. Though
the material remains the same, the corrodants and conditions are not. For external attack, we are
concerned with, essentially, water modified by contaminants in the presence of air, though retorts are
purged to reduce air content. Inside the can, the air supply is limited; and the corrodant media may
vary enormously. Food and beverages, domestic cleaners, paints, and decorative materials, industrial
products, pharmaceuticals, and aerosol products are among the possibilities [1O].

These, in turn, may show great variation. Formulated products may vary according to the func-
tional requirements, materials and commercial factors, regulatory constraints and market needs.
Natural products, too, may vary greatly. Thus, for example, the type and strain of fruit, where it is
grown, sunshine, rain, soil condition, use of fertilizers and pesticides, time of harvest, crop treatment,
filling, and processing can all affect the corrosive nature of the product. Internally, then, we are faced
with a wide range of potentially corrosive media. Let us examine the most important of these product
areas, food and beverages.

Of great commercial and humanitarian importance, this area also serves to illustrate the important
corrosion characteristics of tinplate. We recall the characteristic corrosion properties of tin as
formation of oxides stable over a reasonable pH range; a high hydrogen overvoltage; and the ability
to form complexes. These determine tin's behavior inside the can.



The third characteristic, that of forming complexes, changes the electrochemical situation greatly
from that obtaining on the exterior of the can. The dissolution reaction presented previously may be
modified as follows:

where L represents a suitable ligand such as citrate. Tin ions readily form complexes with the
so-called "fruit acids," such as citric, tartaric, and malic. This produces a diminution in the
concentration of free tin ions in solution, which encourages further dissolution and, in accordance
with the Nernst equation, depresses the potential of the tin. This becomes sufficiently negative for the
"normal" polarity of the tin-iron couple to be reversed, with tin "active" (negative) to the steel. It
may, thus, act as a sacrificial anode. This example of cathodic protection, arising from the
complexing action of the natural acids, is vital to the functioning of tinplate cans. The relatively large
area of tin exposed in a plain can is an effective protective anode for the small area of steel that is
exposed at pores in the tin coating. Should this polarity be reversed, the tin would act as a forcing
cathode for attack on the steel. The importance of the complexation has been widely recognized; and
many workers have treated this question. In fact, Gouda et al. [11] suggested that this is the most
important factor in tinplate corrosion. This view probably underestimates the importance of the
initial step, tin oxidation; and the factors controlling this step. In order to form complexes of tin ions,
it is helpful to have produced some tin ions. Thus, we must consider what determines the ease with
which tin forms its ions.

As with all corrosion processes, the electrons produced in the oxidation step must be consumed if
the reaction is to continue. The cathodic process that consumes the electrons is often rate controlling;
and this is the case with tin dissolution. For the dissolution and subsequent complexation of tin, an
effective cathodic depolarizer is needed. As tin has a high overvoltage for the hydrogen evolution
reaction (HER), protons are unlikely to form useful depolarizers, at least on the tin. Reduction of
hydrogen can proceed easily on steel; and, in the absence of other depolarizers, it is this reduction on
the steel exposed at pores in the tin coating that controls detinning. As tin acts protectively, the iron
dissolution is suppressed and loss of tin is the corrosion reaction encountered. In the situation
described of the "well-packed can," in which air has been excluded, the detinning will proceed
slowly; and the can will have a useful life of years. As tin dissolves, steel may become exposed,
allowing reduction of protons and more rapid detinning; so that the process can become self-
accelerating. This is, indeed, what is observed in practice. As the corrosion progresses, hydrogen gas
produced at the steel may build up in the can. This will, initially reduce the vacuum in the can arising
from processing; and, later, cause positive pressure to build up, which eventually causes the can to
swell. A swollen can is unsaleable because a swell as a result of hydrogen build up (a "hydrogen
swell") is not distinguishable in the kitchen from swells produced by gases arising from microbial
activity. Thus, the time taken for a can to swell is a measure of its useful life; and an old measure of
shelf life was the time taken for 50% of a test batch to swell. Nowadays, the amount of tin dissolved
would be a more usual measure. A limit of 200mg/kg (ppm) seems to enjoy general favor with
regulatory bodies, a value consistent with the low oral toxicity of tin. This limit can be reasonably
easily met in modern well-packed cans of good quality. Pressure has arisen for much lower limits,
perhaps as low as 25 mg/kg, which would be difficult to achieve in a plain can.

Where other depolarizers are possible, the situation changes. If cans are packed with too much
residual oxygen in the headspace, as a result of poor packing practice, the oxygen can undergo ready
reduction on the tin surface leading to rapid loss of tin, exposure of iron and premature can failure.
Some foods or drinks may contain natural depolarizers. Fruit colors such as anthocyanins may be
readily reduced on tin with consequences similar to oxygen. In addition, the reductive bleaching of
these materials leads to color changes in the product that may be unacceptable.



In all cases, control is by way of the cathodic process, either by controlling the depolarizers or the
reaction surface. Good packing practice, with hot filling and steam injection or vacuum closing can
reduce the headspace oxygen to an acceptable level; the residual oxygen is quickly consumed and the
reaction rate becomes slow. The choice of good tinplate, free of defects and with a high tin coating
mass to reduce steel exposure, helps reduce the risk of proton discharge on steel. Can manufacturing
and handling practices that reduce the risk of scratches and dents help reduce steel exposure with the
same beneficial effects [1O]. Reduction of fruit colors is minimized by the use of lacquered tinplate to
reduce the tin area available for reduction. This also reduces the relative tin/iron surface area ratio,
with some loss in cathodic protection; but a balance has to be struck and, in practice, lacquered cans
are very successful.

This happy situation with good cathodic protection of steel by tin is not universal. A number of
factors may change it. The relative complexing actions of the fruit acids on tin and iron are not
identical. Changes in the acids can influence the corrosion. Thus, in pears, the ratio of citric to malic
acids may vary. This may depend on the strain of fruit and upon its degree of ripeness at harvest time.
As the citric/malic ratio diminishes, the extent to which the tin potential is negative to that of steel is
reduced. This may progress to the stage at which the tin is no longer negative to the steel; and it may,
in fact become positive. In this case, its cathodic protection becomes ineffective and its value is as a
physical barrier coating on the steel. Should suitable cathodic species be available, the tin may act as
a cathode for attack on the steel, causing local dissolution of this metal.

Even in well-packed cans without fruit colors, such depolarizers may arise as a result of farming
practices. The use of nitrate fertilizers is common; and residues of this may be present in the fruit or
vegetables. Nitrate offers a multielectron reduction path, starting with nitrate-nitrite and continuing
to hydroxylamine and ammonia. This can readily support anodic processes; and nitrate-induced
detinning has been a major area of interest in food packaging with studies at Thionville, Parma,
Chipping Campden, and in industrial laboratories worldwide. There does seem to be a threshold pH
above which the effect does not occur; but when conditions allow, nitrate can produce rapid loss of
tin. It may also, of course, support attack on steel when the tin is a cathode in the system.

Pesticide residues may also play a role in steel attack. Dithiocarbamates are known to promote
attack on the steel. The mechanism is believed to involve the formation of sulfide species on the
surface, causing loss of protection from the tin. This can lead to quite severe attack on the base steel.

Some products are themselves likely to attack steel. Thus, Cola-type drinks, having phosphate as
well as citrate ions and a low pH, tend to be iron dissolvers. The electrochemical testing of these
materials reveals that protection by tin is doubtful at best; and that a situation with steel anodic to tin
is common. As these products are normally packed in lacquered cans, the potential effects of a large
tin cathode are minimized, so that perforation is uncommon. The prior treatment of the steel can be
important, with steels that have been worked more being more vulnerable. Thus, double reduced
steel, which has had extra cold reduction, or drawn and wall ironed (DWI) steel may be more readily
corrodible than normally processed material.

A further form of corrosion that can affect both metals involves the formation of sulfides. Meats,
fish, and some vegetables such as peas contain sulfur-bonded protein species. During processing,
these may break down to yield hydrogen sulfide. This readily reacts with both tin and steel. The
products are colored, tin sulfide being bluish and iron sulfide black. They are among the less soluble
compounds of these metals; and offer no food contamination problems. However, they are unsightly
and the consumer is likely to reject packs showing this defect. The solution is to use internal lacquers
pigmented with zinc carbonate or oxide. The sulfide can react with this; but the resulting zinc
compound is off-white and causes no concern to the consumer.

2. Tin-Iron Alloy

The tin-iron alloy in tinplate is an interesting material. It appears to be a true intermetallic and is
quite brittle. Though some differences have arisen over its composition, the accepted stoichiometry
is FeSn2.



It forms principally during the "flow melting" or refusion process. Examination of non flow
melted (NFM), as-plated, matt material reveals that some alloy is formed during the plating process.
This is present only to the extent of ~ 1% of the level found on flow melted material.

The alloy tends to adopt a cathodic or positive potential with respect to both tin and steel. It is an
effective electrode for proton discharge. Nonetheless, performance of tinplate in packing acid fruits
is better with a highly continuous alloy layer at the bottom of the pores in the tin coating.

This arises as a result of its impermeability to atomic hydrogen. The latter is formed during
proton reduction and is known to diffuse readily through mild steel. The higher the rate of diffusion,
the faster is the potential corrosion. Tin offers a barrier to hydrogen diffusion; so also does FeSn2,
hence the value of a continuous alloy coating. Some of the empirical "Special Property Tests"
developed by industry recognize this. Thus the alloy tin couple (ATC) test and the aerated medium
polarization (AMP) test sought to assess the resistance of the alloy. Serious deformation, as in DWI
canmaking, of course, destroys the brittle alloy.

D. CONSEQUENCES OF CORROSION

Two consequences are of major significance: product contamination and package integrity. The first
relates, of course, to metal pick-up. Tin and its simple inorganic compounds are, for practical
purposes, nontoxic. Cats fed orange juice with some thousands of milligrams per kilogram (mg/kg)
tin become sick; and human volunteers encounter gastrointestinal upset at some hundreds of
milligrams per kilogram. Since 1890, there have been only a few well-documented cases of
intoxication by intake of tin in food. All involved thousands of milligrams per kilogram tin; and in
each case the problem had arisen by inappropriate use of containers. The effects were, happily,
transient in all cases. Nevertheless, a limit of 200-mg/kg tin is applied in most parts of the world. At
this level, organoleptic changes become apparent; and visual changes may arise. Tin in beer can give
rise to haze; and the color of some foods may be affected. Some foods (e.g., asparagus) benefit from
the presence of a little dissolved tin, which preserves the color.

Iron is no more toxic than is tin; and no problems of iron poisoning have been reported. Flavor
and color changes are, however, a consequence of iron pick-up and most food producers specify low
iron content. Thus, iron at a few milligrams per kilogram can affect the taste of soft drinks; and the
manufacturers specify sub-parts per million levels after 6 months' storage. In the case of both tin and
iron, it is often the commercial demands rather than the regulations that determine the limits, the
former frequently being the more rigorous.

Perforation and loss of package integrity is a more serious matter. The function of the package is
to contain the product, protect it from the environment and vice versa; and deliver it to the user,
all without costing too much. Perforation of the container, be it through the wall or a seam, allows
loss of product. This may, in turn, contaminate or cause attack on other containers. Importantly,
perforation may also allow ingress of foreign material, in particular microorganisms. After
processing, the contents of a food can are in a state of commercial sterility. This means that they are
free of viable forms of microbes having public health significance; and of microbes not having public
health significance capable of growing and reproducing under normal conditions of ambient storage.
Thus, processed foods in intact cans are safe. If microbes gain ingress as a result of perforation, this
no longer holds; and a risk of poisoning may arise.

This occurrence is very rare. Only one case comes to mind, over the last three decades, of
pathogenic contamination as a result of corrosion perforation. The internal steel score of meat cans
packed with too much air and in a high-chloride environment failed by perforation, allowing ingress
of Clostridium botulinum. Normal industrial test procedures detected the situation; and the cans
never reached the market. Given the many thousands of millions of food and beverage cans packed
each year, the absence of real problems is encouraging.

For nonfood products, the risks to life are less apparent; commercial aspects will be important.
Loss of product, and market, may be significant. Contamination both of other products and the



environment may arise. The uses of tin and tinplate mean that the risks of catastrophic failure
associated with bridges and oil rigs are diminished. However, tinplate has long been used to
manufacture automotive brake reservoirs/master cylinders, and failure here could be disastrous.
Again, the failure by corrosion of a tin alloy bearing on a marine drive shaft can have serious
consequences, especially if the vessel is an oil tanker on a lee shore.

These two examples of consequential failure of devices or machines as a result of corrosion of a
tinplate or tin component, reflect the uses and corrosion characteristics of these materials. For
obvious reasons tin finds no structural uses; and tin, as a coating on structural steel, would offer few
benefits. Zinc, cadmium, and such protective coatings are more usual, though tin-zinc alloys have
some uses here.

The impact of tin corrosion may be out of all proportion to the actual loss of metal. The failure of
a small component may give rise to much greater losses. For example, failure of an electronic device
in say, a space probe, may vitiate an entire mission. While other causes, for example, tin whiskering
may produce such problems, corrosion and oxidation may play a role.

Tin has been described as a "technologist's metal," because of its critical use in small quantities.
Even the usage in tinplate demands only modest tonnage because of the thin coatings used.
Nonetheless, the metal has an important impact on our lives. Its corrosion behavior is of great
significance; and it is of note that the important function of preserving foods by canning depends to a
great extent on the unique corrosion characteristics of tin.
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