Unit 1 Materials Science and Engineering

Transportation,housing,clothing.communication,recreation and food production-virtually every
segment of our everyday lives is influenced fo one degree or another by material. Historically, the
development and advancement of societies have been intimately tied to the members’  abilities to
produce and manipulate materials to fill their needs.
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The earliest humans has access to only a very limited number of materials, those that occur
naturally stone, wood. clay, skins, and so on. With time they discovered techniques for producing
materials that had properties superior to those of natural ones: these new materials included
pottery and various metals. Furthermore., it was discovered that the properties of a material could
be altered by heat treatment and by the addition of other substance.
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At this point, materials utilization was totally a selection process, that is, deciding from a given,
rather limited set of materials the one that was the best suited for an application by virtue of its
characteristic. It was not until relatively recent times that scientist came to understand the
relationships between the structural elments of materials and their properties. (&2 7% H))
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This knowledge. acquired in the past 60 years or so, has empowered them to fashion, to a large
degree, the characteristic of materials. Thus, tens of thousands of different materials have
evolved with rather specialized characteristics that meet the needs of our modern and complex
society.
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The development of many technologies that make our existence so comfortable has been
intimately associated with the accessibility of suitable materials. Advancement in the
understanding of a material type is often the forerunner to the stepwise progression of a
technology.
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Materials science is an interdisciplinary study that combines chemistry, physics, metallurgy,
engineering and very recently life sciences. One aspect of materials science involves studying
and designing materials to make them useful and reliable in the service of humankind.
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In materials science there is also an emphasis on developing and using knowledge to understand
how the properties of materials can be controllably designed by varying the compositions,
structures, and the way in which the bulk and surface phase materials are processed.
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In contrast, materials engineering is , on the basis of those structure properties correlations,
designing or engineering the structure of a materials to produce a predeterminded set of properties.
In other words, materials engineering mainly deals with the use of materials in design and how
materials are manufactured.
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In brief, the structure of a material usually relates to the arrangement of its internal components.
Subatomic structure involves electrons within the individual atoms and interactions with their
nuclei. On an atomic level, structure encompasses the organization of atoms or molecules relative
to one another.
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The next large structural realm, which contains large groups of atoms that are normally
agglomerated together, is termed “microscopic” meaning that which is subject to direct
observation using some type of microscope. Finally, structural elements that may be viewed with
the naked eye are termed “macroscopic”.
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Virtually all important properties of solid materials may be grouped into six different categories:
mechanical, electrical, thermal, magnetic, optical, and deteriorative. For each there is a
characteristic type of stimulus capable of provoking different responses.
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Thus, the interrelationship between processing, structure, properties, and performance is linear as
follows:

Processing — structure — properties — performance
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Why do we study materials? Many an applied scientist or engineer, whether mechanical,

civil, chemical, or electrical, will at one time or another be exposed to a design problem involving
materials. Examples might include a transmission gear, the superstructure for a building, an oil
refinery component, or an integrated circuit chip. Of course, materials scientists and engineers are

specialists who are totally involved in the investigation and design of materials.

Many times, a materials problem is one of selecting the right material from the many thousands
that are available. There are several criteria on which the final decision is normally based. First of
all, the in-service conditions must be characterized, for these will dictate the properties required of
the material. On only rare occasions does a material possess the maximum or ideal combination of
properties. Thus, it may be necessary to trade off one characteristic for another. The classic
example involves strength and ductility; normally, a material having a high strength will have only
a limited ductility. In such cases a reasonable compromise between two or more properties may be

necessary.

A second selection consideration is any deterioration of material properties that may occur
during service operation. For example, significant reductions in mechanical strength may result
from exposure to elevated temperatures or corrosive environments.

Finally, probably the overriding consideration is that of economics: What will the finished product
cost? A material may be found that has the ideal set of properties but is prohibitively expensive.
Here again, some compromise is inevitable, The cost of a finished piece also includes any expense
incurred during fabrication to produce the desired shape.

The more familiar an engineer or scientist is with the various characteristics and structure -
property relationships, as well as processing techniques of materials, the more proficient and

confident he or she will be to make judicious materials choices based on these criteria.



