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Your Reading

Rustproofing: How We Protect Metals from Corrosion

Rust may look like a simple reddish-brown stain, but it can cause serious damage to vehicles, bridges,
pipelines, ships, buildings, tools, and machinery. As rust spreads, metal can become thinner, weaker,
and less reliable. If the damage is not discovered and repaired, a
rusted part may eventually fail.

The term rustproofing describes the different methods used to
protect iron and steel from rust. However, rustproofing does not

Galvanic corrosion can occur when two different metals are touching in the presence of water or
another conductive liquid. One of the metals may then corrode faster than it would on its own.
Stress-corrosion cracking occurs when a metal is exposed to both physical stress and a corrosive
environment. Small cracks may grow and weaken the material.

Pitting, crevice corrosion, and stress-corrosion cracking can be particularly dangerous because much of
the surface may still appear normal,

Barrier Coatings
One of the simplest rustproofing metheds is to place a barrier between the steel and its environment

Designing and Rustproof S
Good rustproofing begins with the design of an object or structure. Engineers try to prevent water,
salt, and dirt from remaining in contact with metal.
Helpful design cheices include:
+ Adding drainage holes
» Allowing wet surfaces to dry
+ Avoiding spaces that trap water
» Sealing joints
+ Separating different metals
» Protecting bolts, welds, and edges

Designing and Maintaining Rustproof Structures

usually make an object permanently immune to damage. Protective
coatings can become scratched, water can collect in hidden spaces,
and protective metals can gradually wear away. Effective
rustproofing therefore requires suitable materials, careful design, regular inspe
maintenance.

What Are Corrosion and Rust?
Corrosion is the gradual deterieration of a material because of reactions with il
metals can corrode, but not all corrosion is rust.

Rust forms specifically on iron and iron-containing alloys such as steel, Steel is |
small amount of carbon and sometimes other elements. Because most types ol

can rust when exposed to suitable ions.,

Rust is often described as iron oxide (Fe;0s). However, rust is not always one e
compound. It is usually a mixture of different iron-and-oxygen compounds that
type of rust that develops depends on the amount of moisture, oxygen, salt, pc
environment.

Rust normally forms when iron is exposed to both oxygen and water, Moist air,
condensation, and water trapped beneath dirt can all provide the moisture net
water allows charged particles «
between different areas of the
corrosion process continue,

Why Rust Damages Steel

Some metals form protective st
react with oxygen. Aluminum, f
develops a thin aluminum oxide
attaches tightly to the surface a
remaining aluminum from the ¢

Ordinary rust does not protect iron in the same way. Rust is generally rough, pt
attached to the steel. Water and oxygen can pass through the rust and reach tt
Pieces of rust may also crack or flake away, exposing fresh iron to additional co

Rust products take up more space than the iron from which they formed. This ¢
surrounding materials to crack or break apart. This problem is especially import

Comprehension and Extension
Questions

concrete. Concrete structures often contain steel bars called reinforcing
bars, or rebar. The concrete helps protect the steel, but water and chloride
salts can eventually reach the rebar through pores and cracks. As the steel
rusts, the expanding corrosion preducts push against the concrete. The
concrete may crack, loosen, or break away in a process called spalling.

Corrosion also reduces the thickness and strength of the steel itself. A bridge
support, belt, pipe, or reinforcing bar may look acceptable from a distance while having already lost a
dangerous amount of metal,

Why Salt Makes Rusting Worse

Saltwater and road salt are especially damaging to steel. When salt dissolves in water, it separates into
charged particles called ions. These ions make the water a better conductor and allow the corresion
PrOCEss 1o oCour more easily.

Chloride ions, which are found in commen salts such as sodium chloride and calcium chloride, can also
damage protective surface layers. Once chlorides reach exposed steel, they can encourage rapid and
concentrated corrosion.

Road salt can collect on vehicle frames, wheel wells, brake
components, bridges, parking structures, and roadside equipment.
Saltwater spray causes similar problems fer ships, docks, offshore
structures, and buildings near coastlines.

i Even after the visible water dries, salt may remain on the surface,

_ Some salt deposits attract water from humid air, keeping the metal
damp for longer periods. Repeated cycles of wetting and drying can
allow corrosion to CoOntinue over many years.

Warm temperatures can increase the speed of many corrosion processes. Pollution, acids, soil
conditions, and chemicals used in industrial environments may also affect how gquickly a metal
deteriorates.

Different Forms of Corrosion
Corrosion does not always spread evenly across a surface. Understanding its different forms helps
engineers choose an appropriate rustproofing method.

Uniform corrosion affects much of an exposed surface at a similar rate. The metal gradually becomes
thinner over a wide area.

Pitting corresion produces small but deep heles. A piece of metal may appear mostly undamaged
while a pit has nearly passed through it.

Crevice corrosion develops in narrow spaces where water and chemicals become trapped. It can occur
beneath washers, inside joints, between overlapping sheets, and under deposits of dirt.
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attaching properly. The surface may need . o ie

«, scraped, blasted, sanded, or chemically treated before the coating is applie

scratched, cracked, too thin, or poorly attached. Tiny holes and missed areas
Moisture can also move beneath a loose coating and cause corrosion that is

+ful for bicycle chains, tools, cables, hinges, and moving machinery. They repel
ile, but they can wear away or collect dirt. For this reason, they must be clean

Coatings
3y covering it with ancther metal. Zing, tin, nickel, aluminum, and chromium a
»es.

pplied in several ways. In hot-dip coating, an object is dipped into molten
. electricity is used to place a thin metal layer on an object. The best coating
: object, its environment, and how long it must last.

Electroplating

«  Making important areas easy to inspect

Regular inspection is also important. Paint can crack

Galvanizing means covering iron or steel with zine. Zinc protects steel in two main ways. First, can be used up, and drains can become blocked.

creates a barrier that blocks water and oxygen, Second, zinc corrodes before the steel if the co
scratched. Because the zine is slowly used up to protect the steel, it is called a sacrificial metal
Galvanized steel is used for fences, roofing, guardrails, bolts, outdoor equipment, and vehicle |
Although galvanizing provides long-lasting protection, the zinc coating can eventually wear aw:
become severely damaged.

The most reliable rustproofing plans use several me
may use a protective coating, cathodic protection, ¢
Rustproofing is not a single permanent treatment. It
protective coatings, thoughtful design, inspection, a

Preventing Galvanic Corrasion
Galvanic corrosion can occur when:
1. Twao different metals are touching.
2. Water or another conductive liquid contacts both metals.
3. The metals react differently in that environment.
For example, a steel screw attached to a large copper sheet may corrode quickly when rainwat
collects around the connection.

Reading Comprehension Questions
1. What is the difference between corrosion ar
2. What conditions are normally required for ry
3. Why does ordinary rust fail to protect the st
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two reasons salt increases the risk of
ust a metal surface be properly prepa
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9. Compare a sacrificial-anode system with an |
10. Why are material selection, good design, ins

Engineers can reduce this problem by choosing compatible metals, separating the metals with
nenconductive washers, applying protective coatings, sealing the joint, or allowing water to dr
away.

Cathodic Protection rustoroofing?
Cathodic protection uses a more easily corroded metal or an electrical system to prote o o
In a sacrificial-anode system, zinc, magnesium, or aluminum is connected to the ste Extension Questions

metal corrodes instead of the steel. Sacrificial anodes are commonly used on ship,
pipelines, storage tanks, and offshore structures. Because the anodes are gra
be inspected and replaced.
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that uses at least three methods from the re
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An impressed-current system uses an outside power source to help,
These systems are often used on pipelines, ships, storage tanks,
make sure they are working correctly.

t a large metal struc
cks. They must be mon

e coating covers most of the ste
r damaged areas.

‘Cathodic protection is often used with a protective co
the cathedic protection system helps protect scrat

Corrosion-Resistant Alloys
An alloy is a metal made by combining a
designed to resist corrosion,

with one or more other elements. Some alloys:

Stainless steel contains chromium, which helps

thin protective layer on its surface, This makes ?
steel much more corrosion resistant than ordin.  y steel.

However, stainless steel can still corrode, espec

salty environments or narrow spaces that trap
moisture.

No alloy works perfectly in every environment.
Engineers must select a material that is suitable for the
conditions in which it will be used.
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Good rustproofing begins with the design of an object or structure. Engineers try to prevent water,
salt, and dirt from remaining in contact with metal.
Helpful design cheices include:
+ Adding drainage haoles
= Allowing wet surfaces to dry
+ Avoiding spaces that trap water
Sealing joints
Separating different metals
+ Protecting bolts, welds, and edges
Making irmportant areas easy Lo inspect

Regular inspection is also important. Paint can crack, zinc coatings can wear away, sac al anodes

can be used up, and drains can become blocked.

The most reliable rustproofing plans use several methods together. A buried pipeline, for example,
may use a protective coating, cathedic protection, careful joint design, and regular inspections.
Rustproofing is not a single permanent treatment. It is an ongoing process involving suitable materials,
protective coatings, thoughtful design, inspection, and maintenance.

Reading Comprehension Questions
1. What is the difference between corrosion and rust?
2. 'What conditions are normally required for rust to form?
3. Why does ordinary rust fail to protect the steel underneath it?
4. How can rusting steel damage reinforced concrete?
5. Explain two reasons salt increases the risk of corrosion,
6. Why must a metal surface be properly prepared before a barrier coating is applied?

Full Answer
Key

5. Ewvaluate the following statement: "Effective rustproofing should use several protective
methods instead of relying on one product.” Use evidence from the reading to support your
BNIWET.
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