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THE NEED FOR METAL AND MATER[ALS SCIENCE LABORATORY IN NATION'S
- ‘ RESEARCH AND DEVELOPMENT. {

A. O. INEGBENEBOR

DEPARTMENT OF MECHANICAL ENGINEERING
UNIVERSITY OF MAIDUGURI

BORNO STATE

NIGERIA.

ABSTRACT

Metal dnd Materials Scietice have a great role to play in.national dcvelomitint. This article
~- discuss some of the equipments that would be necessary in this laboratory. The techniques on
specimens preparation of materials arc discussed which arc the most important routine in the
{aboratory process. :

)
INTRODUCTION -

Metal and Materials Scierice have been a great role to play in national development. In fact,
foey are the backbone of auy fechnological developmont, Understanding the relationship between
structure 2123 propertics provides the basis for the devolopment of engineering maderials that can be
easily mamxfacturod in the laborstory. For mstance, by manpulating molecular structure, a vast
speciram of pofymers have been produced, [1]. Ako, controlling microstruciure in. the laboratory, the
development - of many new meial alloys and ceramics have emerged. Fugthermore, from the
Iaboratorics to the production floor, jugging different materials together have resalted in production
" of composites that have unique properties for use in enginoering.  In engineering rpatorial, scientific
undenstanding is vsed to shape materials into useful products. Materials processing both depends on
influence of the structire and the properties. The understanding of these processes can only be
achieved in the laboratories. For example, we can obtain directional propertics while casting or
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deforming metals. The directional ,=prop§?ﬁcs thus obtained can in tum influence the subsequent
processing and behaviour of the metal, T hcnéfofc scionce and processing must link together in order
to undcmmnd and select materials for engineering applications. In this era of structural J‘xdm' tment
G ngmmmcs (SAP), many industrics have been forced to source for local raw matorials § ,m substitute
e for nnpm1cd metals and materials. '
, " Tosucceed i in achievmg this, metal and materials science laboratory would play a great rofe.
o No oné dcmbts thet testing, measuring and quality sssurance are vital components in any new products.
'Ihc amlyms of different catastrophic failures in engineering which could result to death in some cascs
can be performed in the metal and materials scicnce laboratory. Such as intercrystalline, interpranylar
“and quasi-cicavage embriftlement as well as ductile dimples. By porforming such anatysis, death
© - occurences in industry when such catastrophic failures happencd can be prevented and help varions
onginecring manufacturers to select the necessary engincering materiats.

~ The aim of this paper therefore is to highlight the modern Iahordorics equipinents necd in
nation's rescarch and development. ‘

MODERN EQUIPMENTS NECESSARY IN THE NATION LABORATORY OF
~.-  RESEARCH AND DEVELOPMENT FOR METAL AND MATERIALS SCIEMCE.

Some of the modem equipments that are necessary ta nation rescarch and development for
meial and materials ecncncb are as followings: The univerfizl testing machine is used fo ascertain the
~machanical properties of wide range of materials inclnding, plastics, rubber, metal fabrics, yarns.
composites, foils and so on. Such festing machines provide the facility for testing in tencion.
compression, flexure and shear. The impact testing equipment, i3 ueed ko test the amonnt of enerpry
absorbed when there is collision of materials. The bardness festing wnchines are for microbordnens
and hardwearing. The stress corrosion and corrosion fatique testing cqeipment could te veed for
studying the corrosion problems in our oil and food industrics.

The scanning acoustic microscopy, #8 a relatively new technique which offers material
scientists the ability to image surface or sub-surfaco strctures acccording to variations in their clastic
propertics, It can be used in the study of ceramics, polymer, image surface or swbsimface {eatures
nondestructively and with mmimal specimen preparation. Scannining clectron microscopy (SEM) and
all its variant modes, has become increasingly used for studying, many new matorials such ag
semiconductor devices, i which such properties as morphosdogy, composition, carsier density,
temperature and luminecence efficiency have ali been assesscd.

Transmission electron microscopy (TEM) & onc of many modem fechmigues nsed 1o
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investigate and assess the pfoperﬁcq of many new engincering maloriala. Electron diffraction, is the
best icchmqwcs for pmvxdmg information. nbom local smuﬁmc on a range of scales extending from
8 atomic dimensions to a fow microns,
e ’!;Fluorescmt light microscopy of inorganic materials. This cquipment 13 used to cxamine
, ceramics,compositcs, sprayed coating or concrete for porosity. This equipment comcs into being due
,;to_dﬁﬁp\ﬂhcs in establishing whether the black holes obscrved microscopically are true perority or
havc been caused by the abragsive microsectioning process. To assiat in the identification of the true
) ‘: s;gj}gct{up, vacnum impregnation with an expoxy-containing flzorescent dye can be used. Fluovescend
g light microscopy is a method of producing a contrast between aveas impregnatediwith the resin-leaded
B “dye and the main material strcture. This i achicved by selecting filter combinations which reflect and
transmit specific wavelength of ight.  The 3460 metals snakyser, in the workhorse for routine
; mxhk:ﬁ(m control, which can be wsed to analyse composition of motals in foundrics, forges, swinimie
and casting operations. The nation laboratoty, nm:y :icquirc such couwipment to heilittes the
developments of new alloys metals for the engineering purpose.
The nation taboratory needs to take a look at the frequent power faikere at National Flectric
Power Anthority (NEPA) as-a result of the malfunction of the engincering components. Since thore
enginearing components are operafing at high femperature, there are need fo have modem equipmenis
to be used for testing high temperature matcerials. The uniaxial creep testing equipment which has the
ability to interpret and predict behaviour of materials is an ideal for the nation lal’pmtnry.
For the purposc of this paper techniques on speciimens prepacation for motaflogranhy el
electron microscopy examination will be discussed. Thia s because specimens preparation for

examination is the most important routine in the metal and matenals science laboratory.

METALLOGRAPHY SPECIMEN PREPARATION t

Before a metal or material oan be viewed undor the optical microscopy, o ascertain the
structure and properties which would provide the basis for developmont of new materials
understanding the specimen preparation is roquired. The Bouvsied [2] concept, which deseribed tho
method of specimens preperations for motallography examination comid be adopted. This methnd
showed that the traditional way 10 achicve sampic integrity is {0 v2e svcceesively finer abrasives.

Thus depends on the depth of the deformed layer before any abirastve are used and the Himit

at which each abrasive will no longer bring the murface clorer to tcarity. It is also betlor to make
allowance for the residual stress. Residual stress roveals itrell more shviously in cofler materiaby,

somctimes resulting in twinning. To allow for residual stress 25 % shonid he added to the disrension



of the deformed laycr in the case of hard materials, and 50 % for soft materials. After achieving the
ophmum condﬁmn of the abraded surface which have been gromnd on silicon carbide papers. The

next stage i polishing to 1 um diamond finish which rmust be done cnrvﬁs&y 80 got to correct surfree
. _for v:cwmg. .

-Ei;ichRO’N MICROSCOPY SPECIMEN PREPARATION

, The h:gh resofution attainable with transmission electro microscope (TEM), which provide
(ﬁmcmmgmﬁcnnon up to many thousand times, make this an understanding technique for cxamining
the microstructure of materials unique. However, the thicknens of the spccu:wm st be restrictod
10 100-200 nm (depending on material and clectrom beam energy) to svaond wndue absorption of the
incident electrons. It has therefore be necessary to dovelop methods for prepanng | thinehng
syk-cimens of materials with widely differing mechanical and chomica! properties.

For some metals, scmiconductors and ofher inorpanic materials, chomical etching and
clectrolytie techniqures are suitablo to thin the material to-perforation. The arens found the perforation
are usuafly mﬂ]ctcnﬂy transparent to clectrons to allow micrographs (o be taken. Difienltics 2oen
when materials are not homogencous; preferential etching may occur, sccond phases may be teached
out and in semiconductors, p-type material may ctch at a different rate from n-type material. Even
when a material can be controliably etched, the etchment may form » conltaminnling fayer on the
surface. -

astaing and Labories [3] developed a new preparation method to avold the difficulties
encountered when attempting to thin alnminium slloys containing 4 % copper by clectrolytic polishing.
With the electrolytic technique, an oxide layer formed and some redeposition of copper ocenred. The
ALCu precipitations ciched more slowly than maxtrix and give risc to relict sm‘xcturc. As goon as hole
appeared, the edges dissolved rapidly, leaving few thin arcas. Instead of clectrolytic polishing, they
used a two stage process involving mechanical followed by etching of both faces in succcusion with

a parallel beam of 2000 eV jon. The resulting specimen was clear, without oxide films, an enhanced
rate, and the rate of erosion (about 0.05 un min™) was controflable.

Although this method and others have helped to .get thinning specimens for clectron
transmission microscopy (TEM), as more new materials arc being produced, more new methods of
thirming specimens preparation are cmmgxng, such as.ion bedth technology. ‘}uch*prcpamtzon will help

the nation fprepare the sctmconducwr malenals that may have been developed locally for the
clectron microscopy examination.




CONCLUSION . | ‘

This paper has covered a few equipments that can be used in metal and materials science

Labbratmy in nation’s research and development. The techniques on spccnncns proparation of
" sateials for examination through metallography and electron microscopy are discussed. With this
#. " piece of information in the report, the nced for metal and Materials Science Laboratordes can be

o justified.
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