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INTRODUCTION:
WHY THE SCIENCE
AND ENGINEERING
OF MATERIALS
ASKELAND
REMAINS A
DEFINITIVE TEXT

Few textbooks achieve
the  status  of  being
b o t h  a  t r u s t e d
classroom  resource
and a  go-to  reference
f o r  p r a c t i c i n g
professionals.  The
S c i e n c e  A n d
Eng ineer ing  O f
Materials  Askeland

is one such work. Now
in its multiple editions,
this  foundational  text
h a s  s h a p e d  h o w
g e n e r a t i o n s  o f
e n g i n e e r s  a n d
scientists  understand
t h e  r e l a t i o n s h i p
between  a  material's
internal  structure  and
i t s  o b s e r v a b l e
p roper t i es .  What
makes  this  book  so
enduring is not simply
its  technical  accuracy
but  its  pedagogical
philosophy—the  idea
that  materials  science
is not a dry collection
of facts but a dynamic,
p r o b l e m - s o l v i n g
discipline  that  sits  at
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the  heart  of  modern
innovation.
F o r  s t u d e n t s
encountering materials
for  the  first  time,  the
s u b j e c t  c a n  f e e l
overwhelming.  There
are  metals,  ceramics,
polymers,  composites,
and  semiconductors,
each  w i th  i t s  own
vocabulary,  processing
m e t h o d s ,  a n d
p e r f o r m a n c e
characteristics.  The
S c i e n c e  A n d
E n g i n e e r i n g  O f
Materials Askeland cuts
t h r o u g h  t h i s
c o m p l e x i t y  b y
establishing  a  clear,
repeatable  framework:
structure  leads  to
properties,  properties
d e t e r m i n e
performance,  and
processing  modifies
structure.  This  four-
s t e p  c y c l e  i s  t h e
intellectual  backbone
of  the  book,  and  i t
gives  readers  a  lens

th rough  wh i ch  t o
u n d e r s t a n d  a n y
material, from the steel
i n  a  b r idge  to  the
s i l i c o n  i n  a
smartphone.
This  article  explores
the core themes of the
Askeland approach, the
key  concepts  that
m a k e  t h e  b o o k
indispensable, and why
its  integrated  view  of
s c i e n c e  a n d
engineering  is  more
relevant  today  than
ever  before.

THE
AUTHORITATIVE
VOICE: WHO IS
ASKELAND AND
WHAT DOES THE
BOOK COVER?

Donald R. Askeland is a
distinguished  educator
and professor emeritus
o f  m e t a l l u r g i c a l
engineering  at  the
University  of  Missouri-
Rolla.  His  co-authors,
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including  Pradeep  P.
Fulay  and  Wendelin  J.
Wright,  have  brought
fresh  perspectives  in
l a t e r  e d i t i o n s ,
part icular ly  in  the
areas of nanomaterials
a n d  e l e c t r o n i c
m a t e r i a l s .  T h e
co l laborat ion  has
ensured  that  The
S c i e n c e  A n d
Eng ineer ing  O f
Materials  Askeland
r e m a i n s  c u r r e n t
wi thout  los ing  i ts
original  explanatory
power.
The book is structured
to take the reader on a
logical  journey.  Early
chapters  establish  the
atomic  and  molecular
foundations.  Middle
chapters  explore  the
structure of solids and
the  mechan i cs  o f
m a t e r i a l s .  L a t e r
chapters  dive  into
specific  material
c l a s s e s — m e t a l s ,
polymers,  ceramics,

a n d
composites—followed
b y  s e c t i o n s  o n
electrical,  thermal,
magnetic,  and  optical
behavior.  The  final
chapters  address
failure  mechanisms,
c o r r o s i o n ,  a n d
materials  selection.
Th is  arch i tecture
allows  instructors  to
teach the subject in a
linear  fashion  while
also making it easy for
professionals  to  dip
into  specific  chapters
for  reference.
What  sets  the  book
a p a r t  f r o m  m a n y
competing  texts  is  its
e m p h a s i s  o n
engineering  decision-
making.  Rather  than
simply  cataloging
facts,  the  Askeland
text  teaches  students
h o w  t o  t h i n k  l i k e
materials  engineers:
h o w  t o  s e l e c t  a
material  for  a  given
application,  how  to
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interpret a stress-strain
curve,  and  how  to
b a l a n c e  c o s t ,
per formance,  and
manufacturabil ity.

CORE PRINCIPLES:
THE STRUCTURE-
PROPERTIES-
PERFORMANCE
TRIAD

At  the  heart  of  The
S c i e n c e  A n d
Eng ineer ing  O f
Materials  Askeland
l i e s  a  s i m p l e  b u t
profound  idea:  the
properties of a material
are not arbitrary. They
are the direct result of
its  internal  structure,
w h i c h  i t s e l f  i s
determined  by  the
material's  composition
and  the  processing
steps it has undergone.
T h i s  s t r u c t u r e -
p r o p e r t i e s -
performance  triad  is
the  central  organizing
principle of the book.

Atomic
Structure
and
Bonding
The journey begins  at
the  a tomic  sca le .
Askeland  carefully
explains how the type
of  bonding—ionic,
covalent,  metallic,  or
secondary—governs
near ly  everything
about  a  material 's
behavior. For example,
the high melting point
o f  c e r a m i c s ,  t h e
electrical  conductivity
of  metals,  and  the
flexibility  of  polymers
all  trace  back  to  the
nature  of  the  bonds
holding  their  atoms
t o g e t h e r .  T h e
treatment of bonding is
t h o r o u g h  b u t
access ib le ,  us ing
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analogies  and  real-
world  examples  to
m a k e  a b s t r a c t
concepts  concrete.

Crystal
Structure
s and
Defects
O n c e  b o n d i n g  i s
understood,  the  text
m o v e s  t o  a t o m i c
arrangement.  The
discussion  of  crystal
lattices, unit cells, and
Bravais  lattices  is  a
standard feature of any
materials textbook, but
Askeland  adds  depth
by  connecting  these
geometric  concepts  to
engineering  realities.
Why does iron change
its crystal  structure at
high  temperatures?
How  do  dislocations
allow metals to deform

plastically  rather  than
s h a t t e r ?  T h e s e
q u e s t i o n s  a r e
answered  with  clarity
and  quan t i t a t i ve
precision.  The  chapter
on  defects—point
defects,  line  defects,
and  planar  defects—is
particularly  strong,
showing  readers  how
imperfections  are  not
always  undesirable;
t h e y  c a n  b e
e n g i n e e r e d  t o
strengthen materials or
enable  semiconductor
behavior.

Mechanic
al
Propertie
s and
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Testing
T h e  e n g i n e e r i n g
perspective  is  most
visible in the treatment
o f  m e c h a n i c a l
behavior.  The  Science
And  Engineering  Of
Materials  Askeland
devotes  substantial
space  to  stress  and
strain,  elast ic  and
plastic  deformation,
hardness,  toughness,
and  creep.  Stress-
strain  diagrams  are
dissected in detail, and
the  book  emphasizes
how to interpret these
curves  fo r  des ign
purposes. The concept
of the factor of safety
is introduced not as an
arbitrary rule but as a
logical consequence of
material variability and
uncertainty  in  service
conditions.  Students
learn  why  a  material
t h a t  p e r f o r m s
beautifully in a lab test

m a y  f a i l
catastrophically  in  the
field,  and  how  to
account  for  that  gap
through proper testing
and design margins.

PROCESSING AND
ITS IMPACT ON
STRUCTURE

O n e  o f  t h e  g r e a t
s t r e n g t h s  o f  t h e
Askeland  approach  is
its  insistence  that
processing  is  not  an
afterthought  but  a
fundamental  part  of
materials  engineering.
Thermal  processing  of
m e t a l s — s u c h  a s
annealing,  quenching,
and  tempering—is
explained  in  terms  of
phase  transformations
and  microstructural
evolution.  The  iron-
carbon phase diagram
is a centerpiece of this
discussion,  and  the
book  walks  readers
through  eutectic  and
eutectoid  reactions,
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t h e  f o r m a t i o n  o f
pearlite,  bainite,  and
martensite,  and  the
resulting  mechanical
properties.  This  is  not
merely descriptive; it is
predictive.  A  student
who  understands  the
phase  transformations
can  anticipate  how
changing a processing
temperature or cooling
rate  will  alter  the  final
material's  hardness,
ductility,  or  strength.
Similarly,  the  book
covers  the  processing
of polymers, ceramics,
and  composites  with
the  same  integrative
l og i c .  Ex t rus i on ,
injection  molding,
sintering,  and  lay-up
techniques  are  al l
explained  in  terms  of
how  they  influence
molecular  orientation,
grain  growth,  or  fiber
alignment. The result is
a  coherent  picture  of
processing  as  a  lever
that engineers can pull

to  achieve  desired
m a t e r i a l
characteristics.

METALS,
CERAMICS,
POLYMERS, AND
COMPOSITES: A
BALANCED
TREATMENT

Metals
and
Alloys
Given  Aske land 's
b a c k g r o u n d  i n
metallurgy,  it  is  no
su rp r i se  tha t  the
treatment  of  metals
a n d  a l l o y s  i s
p a r t i c u l a r l y
authoritative.  Ferrous
alloys, including steels
and cast irons, receive
detailed  attention,  as
do  nonferrous  alloys
based  on  aluminum,
copper,  titanium,  and
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n i c k e l .  T h e  b o o k
explains  how  alloying
e l e m e n t s  m o d i f y
crystal structures, how
precipitation hardening
works  at  the  atomic
l e v e l ,  a n d  h o w
corrosion  resistance
c a n  b e  e n h a n c e d
through  composition
and  heat  treatment.
T h e  e n g i n e e r i n g
a p p l i c a t i o n s  a r e
d i v e r s e ,  f r o m
a u t o m o t i v e
c o m p o n e n t s  t o
aerospace  structures,
giving students a sense
o f  t he  b read th  o f
metallic  materials  in
use  today.

Ceramics
and
Glasses
Ceramics  are  often
perceived  as  brittle
and  difficult  to  work

with, but The Science
And  Engineering  Of
Materials  Askeland
shows them in a more
nuanced light. The text
explains  the  covalent
and ionic bonding that
gives  ceramics  their
h i g h  s t r e n g t h ,
h a r d n e s s ,  a n d
t e m p e r a t u r e
resistance,  but  also
t h e i r  i n h e r e n t
b r i t t l e n e s s .  T h e
engineering  challenge
i s  t o  e x p l o i t  t h e
desirable  properties
while  managing  the
l i m i t a t i o n s .
Applications  in  cutting
too l s ,  e l ec t ron i c
s u b s t r a t e s ,  a n d
biomedical  implants
are  explored,  and  the
emerging  field  of
structural ceramics for
h i g h - t e m p e r a t u r e
e n g i n e s  i s  g i v e n
thoughtful coverage.
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Polymers
Polymeric materials are
presented  with  the
same  scientific  rigor
applied to metals. The
distinction  between
thermoplastics  and
thermosets  is  made
clear, and the concept
of  molecular  weight,
crystallinity,  and glass
transition  temperature
are explained in terms
that connect directly to
mechanical  behavior.
T h e  b o o k  a l s o
addresses the growing
importance of polymer
c o m p o s i t e s ,
e l a s t o m e r s ,  a n d
adhesives  in  modern
engineering.  Students
learn why polyethylene
is  flexible  while
polycarbonate is tough,
and  how  processing
techniques  like  fiber
drawing  and  b low
mo ld i ng  p roduce
oriented  molecular

s t r u c t u r e s  t h a t
enhance performance.

Composit
es and
Hybrid
Materials
Composites  represent
a  special  opportunity
for engineers to design
materials  from  the
g r o u n d  u p .  T h e
Askeland  text  covers
the  principles  of  fiber-
reinforced  composites,
including  the  rule  of
mixtures for predicting
stiffness  and  strength.
The role of the matrix,
the  fiber-matrix
interface,  and  the
o r i e n t a t i o n  o f
reinforcement  are  all
examined.  Beyond
traditional  fiberglass
and  carbon  fiber
composites,  the  book
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touches  on  emerging
hybr id  mater ia ls ,
natural  composites,
a n d  s t r u c t u r a l
b i o m a t e r i a l s ,
b r o a d e n i n g  t h e
reader's perspective on
what a material can be.

BEYOND
MECHANICAL
BEHAVIOR:
FUNCTIONAL
PROPERTIES

Modern  mater ia ls
science is  about more
than  strength  and
t o u g h n e s s .  T h e
S c i e n c e  A n d
Eng ineer ing  O f
Materials  Askeland
i n c l u d e s
c o m p r e h e n s i v e
coverage  of  electrical,
thermal, magnetic, and
optical  properties.  The
semiconductor  section
is particularly relevant,
explaining  the  band
t h e o r y  o f  s o l i d s ,
doping,  p-n  junctions,
and  the  operat ing

principles  of  diodes
and transistors. For the
practicing  engineer,
this  background  is
e s s e n t i a l  f o r
understanding  the
materials behind every
electronic  device.
S i m i l a r l y ,  t h e
discussion of magnetic
materials—hard  and
soft  magnets,  ferrites,
a n d  m a g n e t i c
r e c o r d i n g
m e d i a — p r e p a r e s
students  for  work  in
data  storage,  electric
motors,  and  sensors.
Optical  properties,
including  absorption,
reflection,  refraction,
and  laser  behavior,
r o u n d  o u t  t h e
functional  materials
coverage.

FAILURE,
DEGRADATION,
AND MATERIALS
SELECTION

N o  e n g i n e e r i n g
education  is  complete
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w i t h o u t  a n
unders tand ing  o f
failure.  The  Askeland
text devotes significant
attention  to  fracture
mechanics,  fatigue,
creep,  and  corrosion.
T h e  d i s t i n c t i o n
between  ductile  and
br i t t le  f racture  is
i l l u s t r a t e d  w i t h
fractography and real-
world  case  studies.
Fatigue is explained as
a  process  of  crack
i n i t i a t i o n  a n d
propagation,  with  the
important  concept  of
e n d u r a n c e  l i m i t
introduced  for  ferrous
materials.  Creep  is
presented  in  terms  of
t i m e - d e p e n d e n t
deformation  at  high
temperatures,  using
the  Larson-Mi l le r
parameter  to  predict
long-term  behavior.
Corrosion is treated as
b o t h  a n
e l e c t r o c h e m i c a l
phenomenon  and  an

engineering  problem.
T h e  b o o k  c o v e r s
galvanic  corrosion,
crevice  corrosion,
pitting, stress corrosion
cracking, and hydrogen
embrittlement,  along
w i t h  p r a c t i c a l
protection  methods
such  as  coat ings ,
cathodic  protection,
a n d  m a t e r i a l s
selection.  This  section
i s  i n v a l u a b l e  f o r
engineers  working  in
chemical  processing,
marine  environments,
or infrastructure where
corrosion is  a  primary
concern.

WHY THE SCIENCE
AND ENGINEERING
OF MATERIALS
ASKELAND
MATTERS TODAY

I n  an  e ra  o f  rap id
technological  change,
the  fundamenta ls
remain  essential.  The
S c i e n c e  A n d
E n g i n e e r i n g  O f
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Materials  Askeland
equips  students  and
professionals  with  a
way  of  thinking  that
transcends  any  single
material or application.
Whether the challenge
is developing a lighter
a l l oy  f o r  e l ec t r i c
v e h i c l e s ,  a
biocompatible  polymer
for  medical  implants,
or  a  more  efficient
semiconductor for solar
cells, the same logical
framework  applies:
u n d e r s t a n d  t h e
structure,  predict  the
properties,  control  the
p r o c e s s i n g ,  a n d
e v a l u a t e  t h e
performance.
T h e  b o o k  a l s o
a d d r e s s e s
sustainabi l i ty  and
e n v i r o n m e n t a l
cons iderat ions ,  a
growing  priority  in
materials  engineering.
D i s c u s s i o n s  o f
recycling,  life  cycle
ana lys i s ,  and  the

environmental  impact
of  material  extraction
a n d  p r o c e s s i n g
encourage  readers  to
consider  the  broader
consequences  of  their
material  choices.  This
f o r w a r d - l o o k i n g
perspective  ensures
that  the  text  remains
r e l e v a n t  a s  t h e
engineering  profession
evolves.

CONCLUSION

The  Science  And
Eng ineer ing  O f
Materials  Askeland
i s  m o r e  t h a n  a
t e x t b o o k ;  i t  i s  a
c o m p r e h e n s i v e
introduction  to  a  field
that  touches  every
aspect  of  modern life.
Its enduring popularity
is  a  testament  to  its
clarity,  depth,  and
practical  orientation.
By connecting atomic-
scale  phenomena  to
e n g i n e e r i n g - s c a l e
decisions,  Askeland



The Science And Engineering Of Materials
Askeland 13

13

and  his  co-authors
h a v e  c r e a t e d  a
resource  that  serves
b o t h  t h e  n o v i c e
s t u d e n t  a n d  t h e
e x p e r i e n c e d
prac t i t i one r .  Fo r
anyone  serious  about
understanding  how
materials  work  and
how  to  choose  them
wise l y ,  t h i s  book

r e m a i n s  a n
indispensable  guide.
T h e  p r i n c i p l e s  i t
teaches—structure,
properties,  processing,
and  performance—are
the  foundation  upon
which  all  materials
innovation is built, and
they  will  continue  to
shape  the  engineers
and  technologies  of
tomorrow.


