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In this unit, you will learn:
e Subject-related knowledge: The history and major concerns of materials science
Materials engineering and engineers

e Academic skill: Searching for information
e Reading strategy: Dealing with unknown words (Part I)
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Pre-reading )

Study the six groups of materials in the
right column and try to match them
with the corresponding ages listed
chronologically in the left column.

Stone Age high strength alloys
Bronze Age iron (powered) ore
Iron Age copper, tin
2
Sieal Ao special rocks, wood,

bones, fur

aluminum, titanium,
nickel, silicon,
plastics, composites

non-ferrous &
polymer age

nanomaterials,
biomaterials

exotic materials
age

Discuss the following questions in
groups.
1. What are materials according to your
understanding? .
2. What do you know about the
classification of materials?
3. Try to list five commonly encountered

engineering materials.

From a practical standpoint, material
objects are essentially substances that
humans use to build things, including
solids, liquids, and gases. The properties
of materials might not be an exact image
of those that their elements possess.
Thus, we especially concern ourselves
with how elements are structured in
macroscopic bodies, what treatments are
used during the elaboration of materials,
or the physicochemical aggregation of
different elements — all activities that
condition the properties of materials.

The selection, modification, and
elaboration of materials to satisfy our
needs merge in the foundations of human
culture. From the very beginnings of
prehistory, humans have manipulated
substances so that they would be more
useful. To create more useful materials,
our forebears wanted to understand and
control the composition of materials,
and they often succeeded in modifying
a material’s behavior and properties
and in predicting the effects of such
manipulations.

This task developed over time, beginning
as a handicraft that employed empirical
and speculative knowledge. The history
of materials science and engineering

had already begun in the Stone Age
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An introduction to
materials science

when stones, wood, clay, and leather began to be manipulated. In the Bronze
Age, mankind discovered the value of temperature and used it to modify
materials by thermal treatments or by adding other substances. Yet, in spite of
technological improvements, materials science remained empirical until the
end of the 19th century. Materials science, as we now understand it, began with
the appearance of Mendeleev’s periodic table.

4 Since that time, some properties of elements that are
related to their position in the periodic table began to be
explained scientifically. Since the end of the 19th century,
the introduction of chemistry, physics, calculus, and modern
experimentation has brought the use and profits of materials to
a mature status. Currently, thanks to more reliable knowledge
of the structure of matter, we can design new materials atom by

atom to achieve the properties we want. At last we would have
materials that not only satisfy our requirements, but also permit
us to create new ones that were hitherto unthinkable.

5 Thanks to this science, we can even speculate about using new, alternative
materials to solve socioeconomic problems by avoiding the decimation
of natural resources or trying to reach long-range sustained economic
development. Conversely, the solution of unsolved problems improves
our theoretical knowledge as well as the scope of materials in science and
engineering.

6 In this context, materials scientists must analyze how the structure and
composition of materials relate to their properties, and the effect of the method
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of preparation of a material. Materials engineers examine the preparation,
selection, and application of materials in agreement with known and desired
properties. Engineers also incorporate technical and structural analysis and
examine key concerns: energetic, economic, ecological, aging, etc.

For materials science and engineering, changes in physicochemical properties
in response to a stimulus are highly significant. These properties can be
classified into groups according to the kind of stimulus: mechanical, thermal,
electromagnetic, chemical, and scattering.

In brief, mechanical properties, such as deformation and fracture, among others,
are responses to applied mechanical forces. Thermal properties, like thermal
conductivity and heat capacity, are affected by heat fluxes or temperature
changes. Electrical properties such as the dielectric constant or conductivity
occur in response to electromagnetic fields. Magnetic properties, like different
types of magnetism, are also a response to electromagnetic fields. In a similar
sense, optical properties, such as the refractive index or absorption, among
others, respond to electromagnetic fields having high frequency. Chemical
properties, like the chemical affinity, are responses to the existence of reagents
in the environment. And the scattering properties are responses to the impact of
particles depending on the material’s structure.

In thinking about properties as a response to determined stimuli, we can group
materials into families that facilitate a common analysis to determine the
origin of the properties. For example, materials can be classified according to
their electrical properties; hence, there are good or poor electrical conductors.
This brings us to a taxonomy that permits us to see common features among
materials in a family, to understand the basis of a property, and to predict the
origin of new materials.

In the selective process of materials engineering, the choice of material is
limited by the required properties and the available budget. The requisite
properties are imposed by what we wish to make from the material, by

4 HPRRREICE
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environmental conditions, and by the degradation of the material. In this
selection, we have to take into account that the usage of materials and
environmental conditions will provoke their degradation, which determines the
required properties in an environment. When environmental conditions can be
controlled, material selection is defined by its usage and the budget. That is,
the economy plays a key role in materials engineering.

Materials science itself tries to analyze phenomena by the usual activities of
contemporary science, and, without relying on economic aspects, to determine
how structure, the presence of impurities and defects, production, purification,
or mechanical transformation affects material properties.

Materials science can also do the converse: As desirable properties are defined,
the material that can display them, although it might not exist in nature, is
designed. There are well-known examples of this: stainless steel, powders used
in metallurgy, ceramic materials with a controlled coefficient of expansion

(which can even be zero), conducting plastics, plastics with a high resistance
to friction, such as the one used in some aircraft radomes (a
word formed from radar dome), or glasses with a saturable
transmission coefficient.

The continuous development of new materials has also
prompted the growth of an innovative industrial sector

whose products, such as microelectronics or photonics,

have greatly transformed the relationship between humans

and their environment. Suffice it to say that with the many
appliances that are electronically controlled, with the computer
industry, with the substitution of copper by optical fibers in
telephone conductors, or with satellite communications, we
are challenged to make sense of the socioeconomic impact that
these changes imply. Countries need to modify their industrial
structure so they can survive the modifications that the new
materials technology generates.
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New words and expressions

macroscopic /,;makrou'skopik/ adj.

large enough to be seen and examined without the
aid of magnifying equipment PIHRRT WL ; 2200
elaboration /1 leba'rerfan/ n.

the process of improving and refining sth. i T.
clay /kler/ n. it

thermal /'03:mal/ adj.

relating to heat #uy; &

Mendeleev’s periodic table I T35 % T EHHE
calculus /'keaelkjulas/ n. Y

decimation /,dest'merfon/ n.

the killing or destruction of a large population of a
group or species &7 ; il

stimulus /'stimjulas/ n.

sth. that makes sth. or someone move or react #lli# ;
il ey

electromagnetic /1,lektroumaeg'netik/ adj.
LAY

scattering /'skeetorm/ adj. Bt

deformation /,dizfor'merfon/ n.

a change in the shape or form 25

fracture /'frekt fo(r)/ n.
a break, split, or crack in an object or a material

Pribes Wi

conductivity / kondak'tivati/ n.
the ability to allow electricity, heat, etc. to travel
along or through 1454k

flux /flaks/ n.
a flow or discharge Ji&; Jith

dielectric constant 4B %

magnetism /'magnitizom/ n.

6 EELE SR

the physical force that makes two metal objects
pull towards each other or push each other apart
Witk ®

optical /'optikal/ adj. S

refractive /r1'freektiv/ adj. 375

reagent /rir'erdzont/ n.

a substance that shows that another substance in a
compound exists, by causing a chemical reaction
R

taxonomy /taek'sonomi/ n.

the system of organizing things into different
groups that show their natural relationships, esp.
plants or animals (ZEd%EN ) 2%

degradation /,degra'derfon/ n.

the process of changing to a simpler form 43 ;

R s

impurity /im'pjuarati/ n.

a substance of a low quality that is contained in or
mixed with sth. else, making it less pure %5

metallurgy /me'taelodzi/ n. 154 (%)
ceramic /sr'remik/ adj. K% ; HIKHH
coefficient / kour'fifont/ n. &%

resistance /'ri'zistans/ n. FitkE; BT
radome /'rexdoum/ n. R ; RKLBtilkes
saturable /'saet [orabl/ adj.

capable of being saturated fEIRER); BRI
microelectronics /'maikraur,lek'troniks/ n.
%

photonics /fau'toniks/ n. Ja+-5
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Reading comprehension

Read Text A and fill in the following graph with major concerns of
materials science and engineering.

Properties

Major
concerns

Materials can be classified into five properties according to the kind of
stimulus. Read Text A and write down the five properties of materials

and find examples as many as possible.

Example

Property of materials

Unit 1 Materials science and engineering 7
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Language focus

The words in bold in Column A have different meanings in general
English and English for materials science. Discuss with your partner and
match them with their possible meanings in Column B.

___ 1. We especially concern ourselves with A. the process in which particles are
what treatments are used during the deflected or diffused
elaboration of materials. B. anumber expressing a relation or
___ 2. They often succeeded in modifying a property which remains the same
material's behavior and properties. in all circumstances, or for the same
__ 3. These properties can be classified substance under the same condition
into groups according to the kind C. the process of developing sth. in
of stimulus: mechanical, thermal, further detail
electromagnetic, chemical, and D. a material or device that conducts
scattering. or transmits heat or electricity,
___ 4. Electrical properties such as the especially when regarded in terms
dielectric constant or conductivity occur of its capacity to do this
in response to electromagnetic fields. E. the way in which a machine or
___ 5. Hence, there are good or poor electrical natural phenomenon works or
conductors. functions

Read the following paragraph and fill in the blanks with the common
phrases in the field of materials science below.
materials paradigm properties and performance
science and engineering failure analysis

In recent years, materials science has become more widely recognized

as a specific and distinct field of 1) . Many of the most
pressing scientific problems humans currently face are the results of

the limitations of available materials. Materials scientists emphasize
understanding how the processing of a material influences its structure,
and thus its 2) . This understanding of processing-structure-
properties relationships is called the 3) . Itis used to advance

understanding in a variety of research areas, including nanotechnology,

8 EELE SR
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biomaterials and metallurgy. Materials science is also an important part of
forensic engineering (ZET#%) and 4) - investigating

materials, products, structures or components which do not function as
intended, causing personal injury or damage to property.

Translate the following paragraph into English.

AR HANERBETAE X —P, FIESREM. S, $REsiArmIN
I E. MAERFET a2, maslETRI LG, PrLiR, 758
BMEE—TIRREANIEZSNARS, 202L2Lk, MHRFEEN T SIEA
HIEH. fla0, MBEREES. EREHIVFIEREIETE 788, MMSERTK
THIRR. ENER ESIK EMMBERRR, IRRM75E 7 AEEE, B
TITURRE. FEY, HFEENIWAER, RS ASBERNRRE.

Critical thinking

Materials scientists and engineers have to prepare for the constant changes
in materials usage. Compare the two pictures and answer the following
questions in groups.

Ferrous 50-60% 10-20% olgj%
(15-20% High strength Other _ e
low alloy steel) Aluminum steels
5-10% 2.0%

Medium and
conventional high
strength steel 8.0%

Magnesium

0.6%
MHSS, CHSS

Plastics and AHSS

Iron
6.2%

Plastics
9.3%

1997 Other metal Other materials

1,476 kg 3.7% 16.6%
Aluminum
9.6%
1. Describe the changes of major materials used in producing an
automobile in the U.S. from 1997 to 2015.
2. Give another example of changes of materials used in some
manufactured products over a period of time.

3. What factors may motivate the development and application of new materials?

Unit 1 Materials science and engineering
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Researching task

Academic skill: Searching for information

Information can come from virtually anywhere — media, blogs, personal experiences,
books, journal and magazine articles, expert opinions, encyclopedias, and web

pages, etc.

1. Types of information

Type ‘ Use
¢ To find information or opinions about popular culture.
Magazine ¢ To find up-to-date information about current events.
9 ¢ To find non-scholarly articles about topics of interest within the subject of the
magazine.
_ To get help f holarl h.
Academic | 10 9et help for your scholarly researc .
ournal ¢ To find out what has been studied on your topic.
J ¢ To find bibliographies that point to other relevant research.
e To find articles on specific topics.
Database I e pecific fop! .
¢ To find online journals or news articles.
¢ To find editorials, commentaries, expert or popular opinions.
Newspaper . .
e To find current local, national or world news.
. e To find virtually any topic.
Library . . . :
. e To find hard copies of current or back issue of journals, books, newspapers or
9 magazines.
¢ To find information from all levels of government — central to local.
. ¢ To find expert or popular opinions.
Website o . . . . . . .
¢ To find information of various types of media, e.g. illustrations, audio and video
information.

2. Searching for information
Author / Title search
Searching by author and / or title obviously assumes that you are searching for

a particular author, book or article, probably in either a database or a library
catalog. Here are some tips:

10 MPREREREE
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e When searching by author, put the author'’s last name first, e.g. “Kotler,
Philip”, not “Philip Kotler”, if he is from an English-speaking country. Search
the author’s full name in Chinese order if he is a Chinese. Sometimes, the
author could be an organization, so give the full name of the organization as
it commonly appears, e.g. “World Bank”.

e When searching by title, it helps if you enter the title as correctly as possible.

Keyword search

It is basically a way of searching through subject or topic. Most library catalogs

and databases will include an option to search by keyword as an alternative to
author and title. The first step of keyword search is to decide the key word(s) or
phrase(s). Normally, the word(s) or phrase(s) which can cover the topic you search
can be selected as keyword(s). A good research topic usually contains two or three
concepts. For example, you need to write a paper on “The Impact of Cognitive Styles
on Design Students’ Spatial Knowledge”. We can break the topic into concepts, like
“cognitive styles” and “spatial knowledge”, which can be used as keywords. Then
type them in a search bar in a database, EBSCOhost for instance. In a database, there

are usually two ways of search, i.e., basic search and advanced search.

Basic search (see Fig. 1) generates a large number of sources for you to
differentiate, which is an exhausting task. But advanced search (see Fig. 2), which
provides more choices for further conditioning, can make the work lighter. There
are many variables that can be chosen to refine the search. And you can define
the relationship between the keywords by choosing “and”, “or” or "not” based on

the results you intend to obtain.

E7E#Z: Academic Search Complete, B3 | R EIRE

[Cognitive Styles Spatial Knowledge XJ eI RIA

RRETY BEARR SELF HRHELR

Fig. 1 Basic search

Materials science and engineering 11
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E7E# % Academic Search Complete, B3 | IR EIRE
[ ‘ﬁ&—¢$& (i) v} Bl BRI

[AND v}[ ‘ﬂ&—¢?£& (T ) v}

[AND v}[ ‘n‘i?%—/r%zﬁﬁ(ﬂii) v} @O

HEARE SHRER HRHELFR

Fig. 2 Advanced search

As “cognitive styles” is a broader topic and “spatial knowledge” is more specific,
they can be typed in the upper and middle search bars respectively. More relevant
results will appear. You can then refine the search by selecting a specific variable. In

this case, “subject” ( F&LE ) can be chosen to filter the results (See Fig. 3).

EARZE.: Academic Search Complete, BR& B | EHFHIRE

[ Cognitive Styles

(a0 ~ | spatial Knowledge | #—4%8 (7)) |
[AND 'M ‘ii?%~/|\$5§(ﬁfﬁ) v} ®E
EARR SRRER HRDELF
EEIEvES v
FARB AR 1. The Impact Of Cognitive Styles On Design Students'
SU cognitive styles Spatial Environments
AND spatial knowledge

Fig. 3

Snowball search

It is a good way if your topic has a key work or author. You can trace the citations
of that author using a specialized citation database, such as the Social Science

Citation Index to obtain other key works or authors. You will follow the stream of
research up to the near present and see the way in which the work or the author

has influenced the subsequent studies.
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3. Evaluating information

Once you have found information that satisfies the requirements of your research, you
should evaluate it. Evaluating information encourages you to think critically about the

reliability, validity, accuracy, authority, timeliness, point of view or bias of information.

When evaluating information, you can use the five criteria AAOCC, namely,
Authority, Accuracy, Objectivity, Currency and Coverage. They can be applied to
check all information.

1) Authority of information
e Who published it?
e What institution published it?
e Does the publisher list his or her qualifications?
2) Accuracy of information
* Who provided it, and can you contact him or her?
e Does it provide enough details?
e Has it been cited correctly?
3) Objectivity of information
e Whatis the purpose of it, or why was it published?
e Isitbiased?
e What opinions (if any) are expressed by the author?
4) Currency of information
e  When was it published?
e  When was it updated?
e How up-to-date is it?
5) Coverage of information
e Do citations in it complement the research?
e Isitall text or a balance of text and image?
e Isitfree oris there a fee to obtain it?

Task

Most engineering materials can be divided into five major classes: metallic
materials, polymeric materials, ceramic materials, composite materials, and
electronic materials. Make use of the Internet and search information of the
applications of the five materials with the help of keywords. Then report
your findings to the class.

Materials science and engineering
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Reading strategy

Dealing with unknown words (Part I)

The ability to deal with unknown words is a

key reading skill in the reading process. Itis a
vital skill because you are almost certain to find
unknown or unfamiliar words in any text. The
skill is not necessarily to “know” the words, but
to guess the meaning of them so that you can
read and understand the whole text. Here are
several different ways that can help you guess

the meaning of an unknown word.

Guessing by explanation

Sometimes, you will find that the meaning of an
unfamiliar word is given to you in the text. In this
case, what you need to do is keep on reading
and do not stop at the moment when you find
an unfamiliar word. And you will find that the
meaning of it has already been given to you in

the text. For example:

The history of materials science and
engineering had already begun in the Stone
Age when stones, wood, clay, and leather
began to be manipulated.
You might feel confused at the first sight of
“Stone Age”. But there is a clause immediately
after the unfamiliar phrase, that is, “when
stones, wood, clay, and leather began to be
manipulated”. Then you will understand what

age the “Stone Age” is.

Guessing by synonyms and antonyms

This is a very useful skill to learn. What you

Task

should do here is look at other words which
relate to that word and work out what it may
mean. These words may be either synonyms
(words with a similar meaning) or antonyms

(words with an opposite meaning). For example:

This brings us to a taxonomy that permits us
to see common features among materials
in a family, to understand the basis of a
property, and to predict the origin of new

materials.

Here you can work out the meaning of
"taxonomy” by its synonym “family”. All you need
to do is read the rest part of the sentence and

think of the meaning of it.

Sometimes, when you come across an unknown
word, besides guessing it, you can also ignore
the word, especially when the word starts with a
capital letter or is in italics, which means that it is
in all probability a proper name or a loanword.
In this case, you should waste no time in trying
to understand the exact meaning of the word.

For example:

Materials science, as we now understand it,
began with the appearance of Mendeleev's
periodic table.

The word “Mendeleev's” is a word that you
should learn to ignore because it starts with a
capital letter and is therefore a name of a certain

person.

Read Text B and apply the skills above to deal with the underlined words.
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1 Materials science is primarily concerned with the search for basic knowledge
about the structure, properties, and processing of materials. Materials
engineering is mainly concerned with the use of fundamental and applied
knowledge of materials so that the materials can be converted into necessary
products desired by society. Materials science is at the basic knowledge end of
the materials knowledge spectrum and materials engineering is at the applied
knowledge end. And there is no demarcation line between the two.

2 Materials science heavily relies on physics, chemistry, and engineering fields
such as mechanical and electrical engineering. Physical properties of materials
are usually the deciding factor in choosing which material should be used for
a particular application. Such factors also include composition and structure of
materials (chemistry), fracture and stress analysis (mechanical engineering),
conductivity (electrical engineering), optical and thermal properties (physics), to
name a few. Materials science also deals with processing and production methods,

W MEULIndd 15
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and many peripheral areas such as crystallography, microscopy, mineralogy,
photonics, and powder diffraction. Due to the diversity of the subject areas covered
by materials science, the study of it has taken an interdisciplinary trend.

3 The production and processing of materials into finished goods constitutes a large
part of our present economy. Engineers, who are knowledgeable about the structure
and properties of materials, design manufactured products, select suitable materials
and develop the required processing systems for the production.

4 Materials engineers may specialize in understanding specific types of materials.
Ceramic engineers develop ceramic materials and the processing methods of
making them into useful products, from high-temperature rocket nozzles to glass
for LCD flat panel displays. Composites engineers develop materials with special,
engineered properties for applications in aircraft, automobiles, etc. Metallurgical
engineers specialize in metals, such as steel and aluminum, usually in the alloyed
form with additions of other elements to provide specific properties. Plastics
engineers develop and test new plastics, known as polymers, for new applications.
Semiconductor processing engineers develop new microelectronic materials for
computing, sensing, etc. Research and development engineers work to create new
materials or modify the properties of existing ones, while design engineers use
existing, modified, or new materials to design new products or systems.

5 For engineers, the search for new materials never ends. For example,
mechanical engineers search for higher-temperature materials so that
jet engines can operate more efficiently. Electrical engineers search for
new materials so that electronic devices can operate faster and at higher
temperatures. Aerospace engineers search for materials with higher strength-
to-weight ratios for aircraft and space vehicles. Chemical engineers look for
more highly corrosion resistant materials. These are only a few examples of the

crystallography n. &k, 4555 powder diffraction ¥y=R7i75t
microscopy n. \BiEi rocket nozzle k5% HLIETHE
mineralogy n. i3 flat panel display “F# i 7R 5
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search by engineers for new and improved materials. In many cases, what was
impossible yesterday is a reality today!

Materials engineers generally work in offices where they have access

to computers and equipment. Others work in factories or research and
development laboratories. Materials engineers may work in teams with
scientists and engineers from other backgrounds. They typically work full time
and may work overtime hours when necessary.

It’s not easy to become a materials engineer. In America, materials engineers
must have at least a bachelor’s degree in materials science and engineering or a
related engineering field. Completing internships and cooperative engineering
programs while in school can be helpful in getting hired as a materials engineer.

Besides, the following five skills are necessary for a materials engineer.

Analytical skills. Materials engineers often work on engineering projects, so
they have to determine what materials should be used and how they should be
structured to withstand different conditions.

Math skills. Materials engineers use the principles of calculus and other
advanced topics in math for analysis, design, and troubleshooting in their work.

Problem-solving skills. Materials engineers are supposed to figure out why a
product might have failed, design a solution, and then conduct tests to make
sure that the product does not fail again. That means they should be able to
identify the root cause when many factors could be at fault.

Communication skills. While working with technicians, technologists, and
other engineers, materials engineers should be able to state concepts and
directions clearly. When speaking with managers, who may not have an
engineering background, they should also be able to communicate effectively.

Writing skills. More often than not, materials engineers need to make plans
and reports, both of which should be clearly understood. Therefore, a materials
engineer is always a good writer.
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