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e Subject-related knowledge: The history and major concerns of materials science

Materials engineering and engineers
¢ Academic skill: Searching for information
* Reading strategy: Dealing with unknown words (Part I)



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.

Age l Material
Stone Age high strength alloys
|
Bronze Age iron (powered) ore
| 7
Iron Age copper, tin
Steel Ag special rocks, wood,

bones, fur

|
aluminum, titanium,
nickel, silicon,
plastics, composites

non-ferrous &
- polymer age

' exotic materials nanomaterials,
age biomaterials

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.

R

[¥]

i 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.

3 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



An introduction to TextA
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.

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.

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.

In this context, materials scientists must analyze how the structure and

composition of materials relate to their properties, and the effect of the method

Lnit 1 Materials science and engineering 3
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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



3 The continuous development of new materials has also

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.

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.

Materials science and engineering 5



New words and expressions

macroscopic /,makrav'skopik/ adj.

large enough to be seen and examined without the
aid of magnifying equipment ARETT UL s 220
elaboration /1,lba're1fan/ n.

the process of improving and refining sth. /)il T.
clay /kler/ n. #+

thermal /'03:mal/ adj.
relating to heat 4, $UEH

Mendeleev's periodic table | HEFRITTE %
calculus /'kelkjolas/ n. fBr

decimation / desr'meifan/ n.

the killing or destruction of a large population of a
group or species 5K ; Fll i

stimulus /'stimjolas/ n.

sth. that makes sth. or someone move or react $llif{ ;
R

electromagnetic /1 lektrovmag'netik/ adj.
HLE Y

seattering /'sketorin/ adj. #HH

deformation / di:fo:'merfan/ n.

a change in the shape or form &7

fracture /'fraekt [o(r)/ n.

a break, split, or crack in an object or a material

Hribrs M

conductivity / kondak'tivati/ n.
the ability to allow electricity, heat, etc. to travel
along or through 1% 5%

flux /flaks/ n.
a flow or discharge i & it

dielectric constant /M FHEEL

magnetism /'magnitizom/ n.

|6 APREREE

the physical force that makes two metal objects
pull towards each other or push each other apart
Wi wEh

optical /'pptikal/ adj. Y1)

refractive /ri'fraektiv/ adj. it

reagent /riz'erdzont/ a.

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

taxonomy /tek'sonomi/ n.

the system of organizing things into different
groups that show their natural relationships, esp.
plants or animals ( EIHE%E ) H2F

degradation /, degra‘deifan/ n.

the process of changing to a simpler form 43
P

impurity /im'pjoarati/ n.

a substance of a low quality that is contained in or
mixed with sth. else, making it less pure 4%/it

metallurgy /me'telod31/ n. 1G4 (%)
ceramic /si'remik/ adj. B HiIFRRY
coefficient / kovur'fifont/ n. %

resistance /'rr'zistons/ n. fitk: B

radome /'rerdovm/ n. REGS; KBRS
saturable /'sat [orabl/ adj.

capable of being saturated fEREM; ol ffL i
microelectronics /'maikraor, lek'troniks/ n.
o

photonics /fav'toniks/ n. Y12



Reading comprehension

EJ 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.

Property of materials Example

Linit 7 Materials science and engineering



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.

Column A

We especially concern ourselves with
what treatments are used during the
elaboration of materials.

. They often succeeded in modifying a
material's behavior and properties.

. the process in which particles are

deflected or diffused

a number expressing a relation or
property which remains the same
in all circumstances, or for the same

3. These properties can be classified substance under the same condition
: into groups according to the kind ] . the process of developing sth. in
} of stimulus: mechanical, thermal, | ‘ further detail
electromagnetic, chemical, and | B. amatterialor 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

w in response to electromagnetic fields. E. the way in which a machine or
5. Hence, there are good or poor electrical |
conductors.

natural phenomenon works or
functions

¥4 Read the following paragraph and fill in the blanks with the common
paragrap
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)

properties relationships is called the 3)

. This understanding of processing-structure-
. Itis used to advance
understanding in a variety of research areas, including nanotechnology,

8 MEFLE



biomaterials and metallurgy. Materials science is also an important part of
forensic engineering ((ZETL#E) and 4) —investigating
materials, products, structures or components which do not function as
intended, causing personal injury or damage to property.

£l Translate the following paragraph into English.
AEIHENIERBETLUEN T, GIIAEEHMT. FEITME. $kISIHMTRIN
IS, MAHEREET AL, magWiET R WAHEREW, LA, #8
HEE—HEBANTESNART . 20tHELsR, MHRZE#EN TSI
BIER. B, FBEEESS. EREMEIEFEREIESE) ¥1788, MFISHI K
THHRER. BUWEH. £SR. EMHHEERRR, IRKSE T AZERNES, €
TITUaYER. B, BFEINTWAER, MEERZFASGHERRRRE.

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.

Medium and
agrissiliin conventional high
0,
06% strength steel 8.0%
MHSS, CHSS
Plastics and AHSS

10-20% 10.3% Mid steel
Other Other i

Aluminum steels
5-10% 2.0%

Ferrous 50-60%
(15-20% High strength
low alloy steel) L

Iron
- 6.2%

Plastics
93%

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?

Materials science and engineering 9



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.
¢ To find up-to-date information about current events.

Magazine : : . . o )
9 * To find non-scholarly articles about topics of interest within the subject of the
magazine.
Academic * To get help for your scholarly research.
iGurtial ‘¢ To find out what has been studied on your topic.
J * To find bibliographies that point to other relevant research.
* To find articles on specific topics.
Database . o ;
¢ To find online journals or news articles.
Newspaper ‘e To find editorials, commentaries, expert or popular opinions.
; PAPET e 1o find current local, national or world news.
ik e To find virtually any topic.
catal(r)y * 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

¢ 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 MERPELEE



*  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”.

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

Keyword search

Itis 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

the results you intend to obtain.

IE#E#ER . Academic Search Complete. B =230 | IR HIERE

"o
’

or” or “not"” based on

L Cognitive Styles Spatial Knowledge

8 - = [z

RERERr EARE SREE EEFERLR

Fig. 1 Basic search

Unit 1

= NS —————

Materials science and engineering 11



IEE#E: Academic Search Complete, 7250 | HESIEE

L BE—ATER (T v}

LAND -J[ R (T ) v}

[ano - ][ BEAFR(TR) v | (+)(=

EXNTE BRRE HEHZLR

Eg. 2 Ac}gncea;arch

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” ( £#E ) can be chosen to filter the results (See Fig. 3).

E7#E#%E. Academic Search Complete, 8 =48 | it &EE

[Cognitive Styles l SU F&E 'J

[AND '][ Spatial Knowledge EE—AFE (Tik) 'J

[AND ']

BExE®R

N

—

wE—eR (TH) v (3)(=

8

o

BRE BEHLRLER

ERTEES -
T ‘ 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.

12 bhERbEsEs



