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Ideally, the teaching of Materials Science or Engine~ring Materials by 
engineers is .unnecessary but in the same sense that all of engineering is un­
necessary. Engineering has been defined in many ways, but the essential fea­
tures of any definition generally incorporate some words dealing with the laws 
of nature, economics, the benefit of mankind and judgment. Materials obey 
certain physical laws, economics is involved in their use, benefits are de­
rived from their use, and judgments have to be made in their use so, by. def­
inition then, Materials does fall within the scope of engineering •. Given c·on­
di tions where the laws of nature are lmown, economics is fully understood, and 
the benefits to mankind are clearly evident, there is not much left to the ex­
ercising of judgment, and the need for engineers would disappear. This is not 
likely to happen in the foreseeable future, so we can dismiss the ideal case · 
and get to the case at point. 

. 

If ~ngineering· consists of a mixture of mathematics, science, economics, 
utilitarian ends and judgments, cantt this be simply broken into its compo­
nent parts, be taught by specialists, and then be brought together to. produce 
engineers? The answer is that this is essen~ially what we do in our various 
engineering currlculums. The mathematics and sciences are taught .in the ear­
ly years, their economic application, the development of judgment in making 
alternate choices occur later in the programs. In terms of ECPD accreditation, 
the sciences, engineering sciences, then the analysis, syntheses and design. 

Where does Engineering Materials fit in these curriculums? Not in the 
early years with the sciences since it is not a science, but an engineering 
science. It is different from the usual engineering sciences in that instead 
of being based only on physics, is also based on chemistry. It is this dual 
base that causes so much difficulty i n teaching Engineering r1ateria·1s. Most 
engineers, with the exception of the Chemical, Metallure ical and Ceramic 
groups, elect only one year of chemistry while the chemistry that is needed 
is Physical Chemistry and this, in most schools, is not a first year chem­
istry course. The Chemical Engineers then as a group have a decided advan­
tage over most other engineers in that they .have the science base on which a 
good materials course can be taught. A further advantage in most chemical 
engineering curric,;,lums is that they invariably have course work on Thermo­
dynamics , and Rate Operations and both of these courses provide an additional 
set of foundations for the materials course work. 

Given then a person with tra~n i ne in mathematics, physics, chemistry, 
thermodynamics, possibly rate-operations, and engineering · science training 
in mechanics and strength of materials, i t isn't a particularly difficult task 
to put tor:ether a ?-1aterials Science or Engineering Materials course that has 
real depth and meaningfulness. · 

. 
One of the first things to be done before discussing what to teach chem­

ical engineers is to determine the scope of the materials field. To many en­
gineers the word materials means the selection of a aubstance for a particular 
application. To an electrical engineer it is the electronic properties of 
conduction, semi-conduction~ insulating or magnetic properties. To a mechan­
ical engineer it is a structural material with the emphasis on the elastic, 
plastic or shock resistance. To chemical engineers it is a structural mater­
ial but subjected to corrosive environments. So it goes on down to a civil 
engineer to whom materials means concrete, asphalt and reinforcing bars. These 
engineers are primarily concerned with the specification of materials for var-
ious end uses. · 

Another group of engineers, equally as large or even larger, are inter­
ested in the manufacture and production of materials. These are primarily 
chemical, metallurgical and ceramic engineers whose principal concezwn is to 
prepare or take given raw materials and to convert these into intermediate 
products which are to later appear in some finished form. Steel, petroleum, 
plastics, textiles, paints, cements, solvents, etc., are but a few of what 
might be termed the materials industries but are more commonly lmown as the 
chemical industries. 

A third group, usually chemical, metallurgical or mechanical engineers, 
are concerned with taking materials in bulk form and in fabricating them 
to finished shapes for direct use by other engineers. Casting, extruding, 
forming, blending, treating and in general processing them for ultimate use. 
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. ·••-~ ~~•t· two group•, 1n ad~1t1o~.·. to .kno\fi~g enough about materials to 
.. · · 1Jhea for. uae, muat alao know how to manufacture, process and t:re~t 
.e ... aater1ala · ao they wil~ have the ~•quired . properties tor ultimate usage. · 

.. ·· : 1• :a auoh more •~vere requirement th~ aill:lPlJ' knowing what the ult,mate 
art.lea are, and ·a• 7ou will note, chemical ~ngineera are predominantlJ' 

· ••·· !n then aeoond ·and third groups. It 1a f'o:r this :reason that I believe 
. : .-.::Jlb• ••tel'1al1 b·ook g1Ten to a chemical, metaliurglcal or materials en-

r ·•1hc:1uld· be pitched to a higher level than one would give to civil, 
. : •1i-r,l,a·l · or ·mechanical .engineer. These other fields would ce:rtainlJ' profit 

· ·• .. ii.)lore intenal ve treatment of' materials science, but their lack or prep­. · .1•• -pr.1no1pally in • ohemiatry and thermodJnamica, makes this an extremely 
; .:· rtoult ·-teaohing aaaignment. 

::-. '•-··th•' · tb•J · should be taught from as basic a standpoint aa is practicable 
;~w11m •. a Tie-., .to understanding wh7 materials have certain properties, :rather 
.. ~'1>1n . attempting• to teach . them how to produce, process o:r specify materials. 
·.Su•ld.11& ·the vb.J', one can uauall7 deduce the how, while the converaeis not 
:.~ • . · 0~ ecoaaionall7 geta into arguments with scientists about this point. _8•• ·t••l that it 11 their job .to teach the why, and the engineers• job to 
··:i;•aoh · the how. Thia may have been true in some caaea in the past but is not 
··tru.e ot mlJ\J engineering fields todaJ'. There are differences, of course, be­
. ··tveem.. aoientiata and engineers but the teaching of' why• s and how• s is not the 
41at1ngu1ahing teature. To me, the principal difference between the two is 
·thlas a .ao1entiat generalizes while an engineer must particularize. Solid 
a,ate phyaiciata are ·quite content with order-of-magnitude agreement between 
the01'J' and tact, and chemists are practicall7 always concerned with thermo­
cl,n·amto equllibr112m. As engineers, however, we cant t design processes to 
order• of magnitude .and we are more concerned with kinetics o:r the rate of 
approach to equilibrium than we are with ·where 1t✓1a. True, we need the sci-

,e~o• to tell where we are going, but how we get there la our prpblem. There 
~• a Taat difference between lmowing about materials from a physics and ehem­

.·1•~~ atandpoint and knowing about them from an engineering standpoint. we 
llfU•t ·b• tam11iar- with the sciences but the scientists can and do get along 
. ·:T•.!1 ~~~1 · ~1 thout the . engineering. . . · . 

. . . 
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~:.,.:;.;,. :•.~, ::::M~teriala have a chemical constitution and therefore chemistry is cer-
f~~n·lt impo.rtant. They do exist in various environments: electrical, mag­
· 11et1~, :mechanical and the:rm11l fields, and they will obey certain physical 
·lava; therefore, · physics is important. If crystalline, structure is impor­
:tantJ 1f' non-crystalline, the degree of lack of structure is important, etc. 
lt 11 quite fruitleaa to argue which is the more important sime if they 
field uaetul information, the engineer can use them; maybe not in the way the 
aoieatiata think the7 should be used, but nevertheless, he uses them. Another 
var ot stating this I heard from the late G.G. Brown: "A scientist is one who 
aolvea the problems he can solve while an engineer is one who solves the prob­
lems~• must solve." This is certainly true in regard to the materials field • 

.,lbe phyalc.!sts wprk almost entirely in those fields where properties are 
4et·eran1ned by electrons such as conduction, semi-conduction and magnetism. 
Ohemi• ta are . a little broader and more apt to be experimentalists, but their 
,effort• are more along the lines or analysis, studies of non-stoichiometry, 
.pha1e .. equilibria, etc. Important studies 1 t is true, but not importan·t to the 
·•s1neer until they become useful. 

The principal reason then engineers should teach materials science is that 
they are 1n a better position to judge what are the useful parts of the var-
1ou1 sciences that are applicable to this field. For example, many materials 
are claeaitied aa crystalline solids, therefore a knowledge of crystallography 
la .neoeaeary. The whole load such as one would get in a typical two-course 
1equenoe in Mineralogy or GeologJ'? Obviously not. There is nothing wrong 
vtth these electionaJ one can even make a strong case .for such a program. It 
l·• just that there are large portions of this work that are of no direct use­
tuln•••• now or in the near future, for the engineer. The parts we need, we 
-Deed badlJ but not ~o the extent that we would elect the entire package. 
Slaoe cryatallographers are usually adamant about modifying the existing course 
~- i.extract the applicable parts and teach it ourselves. This same extractive 
·.-,eration 11 carried out on various portions ot chemistry, physics, and even 
~-siaering courses, to yield a body of information which can be called mater-

.. ,:1 ,: ao·ienoe. 
-

· ;i,.: · .Chend.oal engineering students certainly obtain a su:rfei t of thermody-
• · .1n their training. It occurs in the early heat and material balance 

. · .91., in the ph71ical ohemistry, in the regular chemical engineering the:r­
., · em101 oour1ea. The difficulty in using this in materials science in-
-~. otion 11 that tor .the moat part all thia prior work ia ip the liquid o:r 
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gaseous state, and the student has to be ~hown its applicability to the solid 
state. The extensive training most engineers receive in engineering mechanics 
has to be reoriented from the macroscopic scale to the microscopic. In many 
respects a course in materials science consists in nothing more than taking 
material previously presented in a different context and reorienting it, adding 
new application information and welding the mixture into an engineering course, 
To insist, as many scientists do~ that this can1 t be done is to deny reality. 
It's done because it has to be done. We cantt afford the time for the unhur­
ried, comprehensive, historical, and rigorous approach that they insist upon. 
The fields of metallurgical and ceramic engineering are two which were formed 
largely because they did not constitute a respectable part of either chemistry 
or physics since their suoject matter dldn•t obey the rules. Because of in­
dustrial and engineering pressures for improved materials of these types, they 
became engineering disciplines and were forced to develop their own science 
along with the engineering applications. Their success in accomplishing this 
is largely responsible for the current enthusiasm of solid state physicists 
and chemists for working in these fields. 

, 
As in all engineering courses, the syllabus of a course on materials 

science for chemical engineers changes from semester to· semester as new de­
velopments occur. Of the order of one-half of the material doesn't change and 
this is the basic science. Topics such as atomic and molecular structure, 
crystallography, phase equilibria, thermodynamics, kinetics, bonding and elec­
tron theory make up the bulk of this material. The teaching of this material 
does not introduce any new material to the chemical enginee~; he has touched 
on much of this in several courses in physics, chemistry and engineering. The 
transl tion from the macroscopic to the microscopic scale in e'lastici ty and 
plasticity and the introduction to lattice defects opens up the whole concept 
of defect structures which is so important to the understanding of many solid 
state phenomena. The extension of electron theory to zone theory and the con­
cept of electronic defects leads to electrical and magnetic phenomena. Having 
discussed the inrluence of electrical, thermal, magnetic and stress fields on 
solids, 1t1 s an easy step then to discuss the tensorial relationships between 
these to pick up the cross-effects such as thermoeleotricity, piezoelectrici­
ty, magnetostriction, etc. In the development of this work the emphasis is 
always on the usefulness relative to engineering with engineering applica­
tions stressed wherever possible • 

• 

More recently emphasis has shifted towards the structure of liquids and 
its applicability to polymeric materials and amorphous materials such as the 
glasses. An area which is fast developing is that of surface phemomena. Its 
relevance to engineering problems in oxidation, corrosion, catalytic activity, 
lubrication, wear, etc., are treated although this subject matter is nowhere 
near as well developed a body of information as the bulk properties, yet it 
is probably of more immediate significance to the engineer than the bulk prop­
erties. 

You will note from this brief description of the course that is taught 
to chemical engineers that this is not a course in how to specify materials, 
how to make them or how to process them. It is aimed instead at trying to 
understand why they have certain properties and why processing or treating 
them can modify these properties. Subsequent course work builds on this course 
and deals more specifically with metals, ceramics, plastics, etc. While I eee 
no reason why this course could not be taught by non-engineere, it is my feel­
ing that in order to bridge the gap between the science and the engineering it 
would take someone with an engineering background since the principal gain is 
to engineering, not to science. 
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