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N, gas. The techniques used are open-circuit, potentiodynamic (Tafel plots) and
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CHAPTER I



CHAPTER 1

INTRODUCTION
AND LITERATURE REVIEW

English metallurgist Harry Brearly, working on a project to improve
rifle barrels, accidentally discovered, in 1913, that adding chromium to low
carbon steel gives it stain resistance. In addition to iron, carbon, and
chromium, modern stainiess steels may also contain other elements, such as
nickel, niobium, molybdenum, and titanium. Nickel, molybdenum, niobium
and chromium enhance the corrosion resistance of stainless steel. It is the
addition of a minimum of 12 % chromium to the steel that makes it resists
rust, or stain 'less' than other types of steel. The chromium in the steel
combines with oxygen in the atmosphere to form a thin, invisible layer of

chrome-containing oxide, called the passive film.

1- Types of stainless steels:

Stainless steels are generally subdivided according to their
metallographic structures into three main categories, a) Austenitic stainless
steels forming a family of stainless steels made up of two groups of materials
[1] which are chromium-manganese-nickel types, or 200 series, and the
chromium-nickel types, or 300 series. Austenitic steels have austenite as their
primary phase (face centered cubic crystal). These are not hardenable by heat
treatment (i.e. changing the structure and shape of steel by applying stress at
low temperature). The most familiar stainless steel is probably Type 304,
sometimes called T 304 or simply 304. Type 304 surgical stainless steel is an
austenitic steel containing 18-20 % chromium and 8-10 % nickel, and Type
316 (similar to 304 with Mo added to increase opposition to various forms of
deterioration), they offer the most resistance to corrosion in numerous

standard services. Applications include cooking utensils, food processing



equipment, exterior architecture, equipment for the chemical industry, truck
tailors, and kitchen sinks. b) Ferritic stainless steels which have ferrite
(body centered cubic crystal) as their main phase. These steels contain iron
and chromium, based on the type 430 composition of 17 % chromium.
Ferritic steel is less ductile (i.e. ability to change shape without fracture) and
is not hardenable by heat treatment. c¢) Martensitic stainless steels
(orthorhombic martensite microstructure) are low carbon steels built around
the type 410 composition of iron, 12 % chromium, and 0.12 % carbon. They
may be tempered and hardened. Martensite gives steel great hardness, but it
also reduces its toughness and makes it brittle, so few steels are fully

hardened.

There are also other grades of stainless steels, such as precipitation-
hardened, duplex, and cast stainless steels. Stainless steel can be produced in
a variety of finishes and textures and can be tinted over a broad spectrum of
colors. From the corrosion point of view, the austenitic alloys, especially
those belonging to the 300 series exhibit resistance properties superior to

those of the ferritic or martensitic steels.

2- Tvpes of corrosion in stainless steels:

Johnson [2] reported that in the bioprocessing industry, stainless steels,
because of the environment, would be subject to pitting corrosion, crevice
corrosion and possibly stress corrosion cracking. It was shown that the

resistance increased with an increase in the chromium, moltybdenum, nitrogen

and nickel content of the stainless steels.

Karlberg and Wranglen [3] studied the mechanism of crevice corrosion
of stainless Cr steels in neutral 3 % NaCl solution. It was found that

immediately after the start of an experiment, both pH and potential of steel



