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Exmeximont #3 - Metallogranhy

Introduction

Metels have charccteriectic structures. If the struchure is visible to
the neked eye or under very low magnificatlion, it 45 called a mocrostructure.
Structnres obeerved under the metallurgical microscope are called
mierostructures.

As a metal cools from the ligeid stete, it begins to eolidify {cryotallize)
et mpany pointe, forming mimute crystals. These crystals then grow into
the liquid, very often groving arms or projections into the liculd; these
projectionc are called dendrites. Each of the minute crystals forms
independent of the others, thus each has its own erystel orientation. The
crystale then grov until dheir boundaries impinge cn neighboring erystals. ;

The tiny crystals ave graing; their boundaries, grain boundaries.
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Iet us consider what hoppens vhen we etch the struchuve with a corroding
solution. The grain boundaries tend to be preferentially attacked , as they
are high energy sress. The grains are of random orientstions: some of these
orientations are more susceptible to chemical atitack than others » thus some
of the grains will be etched more than others. Our etched surface, in
cross~section, might look something like this:
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The etchant delinemtes the microstzucture, which can be observed under
ocwitoble maygnification in the watallurgical microscope. The opacity of
metols dictaten the use of incident refloctad light. The 1:1.;_-:11% reflected
2nd seattered fram & grain boundxy will aiffer from that reflected and
seattered from the graing themoelves; 23e0 the grains will scatter differently.
depending on their orientation and etching properties. Thus the struciue
is easily and clearly observable.

in order to produce & good IMALE, the surfoce mst be perfectly Llat
ond snooth--it chonld cppear 26 G nirvor suwrface before etching. The tech-
nigues of preparing a ppeciven for metallographic analysls ore & bit tedions
end. require praciice. Hetallogranhy is often more of an g% then a science.

Technigues for the preperation of capples for both macio-~ and
microscopic enalysis are gescribed in the Appendix.

The micropiructures of metals are mmerous and varied. The rate of
cooling variefithe size and shaepe of the grains. In alloy cystoms often two
aifferent types of crystel struckture form during colidification, thus two
gepexete phoses can be gistinguished. They cen appesr in many ways, depending
on the thermal trcatments and compositions of the particular alloys- The
two phases cen be uni.formly distributed ac o eutectic sirxucture; one phe.ce
may be surrounded by a uniform matrix of the second phose (hyper- oF
hypo-eutectic); the grains can be 2 storted or modified due to cold-working
or thermal treatments {quenching); twins, slip lines, and other typical
structures are all easily seen. Many of these strnctures will be obgerved
in the lsb. Specimens of fulure experiments may 2180 be metellogrephically
exemined by you later in the quarter -

Procedure, Resulis, Questions:

1. Six metallurgical microccopss will be set up end 12 polighed, etched,
end lebeled spscimens will be provided. Examine all 12 specimens end
sketeh what you observe. Try your hand at poliching and etching some
of the other samples provided.

5. Obgerve and skebch the maerogtructures provided.

3. Identify the basic structure types and try to deduce the type of elloy
and treatpents involved. Tdentify and explain the differcnt types of
grains found in the macroetched ssmples--note any pipe, voids, ebc.

which you observed.

Which of the samples most correspond o the "expected" structures of
1ast week's phase diagram samples?
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What determines the resolution limit of +the optieal miexoscope? Can
you optimize the resclutlon in any way?

6. VWhat ie polprized light? Vhol ere some of its advaninges for metallurgi-
cal microscopy?

7. Explain dork-field illvmination. Does it have any cdvantapes over
bright-field? Can it be used with polarized light?

8. Be sure you know how a metallurgical wicroscope functions, and how
ard vhy metsl structures etch.

9. What is wreng with Fig. T on page 1T Why?
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Aupendix: Metallographic Sample Preparation, by R. ¥. Krenzer
s
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Macroscoplc Exemination

Macroscopic examination wefers to the investigation of large areas of
metals end alloys by means of direct ohservailon or with the aid of a low-
povered microscope (up o about 10X). his type of exarmination ds widely
used for quality control pwposes to detect defective moterial. Macro-
scople examination reveals such data as location and extent of scgregation,
detection of febrlieating defects, residunl Ingot defects, end £low lines
in forged materigls.

The nature of irhomogeneities in metals and the extent to which they
exiet sre best determined by meero-etching the surface and examining the
specimen with the wneided eye or o low-powered microscope. The mecro-etched
sections may reveal conditione in the metal thel are related to one or more
of thé folloving conditions:

1. Crystelline heterogeneity - which depends on the manner of solidifica-
tion and erystelline growth of the metal.

2, Chemical heterogeneity - which depends on segregatilon of constituents
of the alloy.

3. Mechsnical heterogeneity - which arises from any process which intro-
duces permonent stresses into the melal or alloy.

When & suitable specimen hos been obtained by such operations as shearing,
cutting, grinding, or machining, the external surface of the metal may have
flowed, thus concealing the internal structure.- If the surfece flow is
extensive, it is generclly necessary to remove the outer layer of the metal
by Plrst grinding through a series of coarse papers and finally using a
600 grit paper.

Prior to etching the sample, eny grease or oil on the gurfece should be
removed. The specimen is then placed in o container of water heated to the
desired etching temperature, end meintained in the water bath until the
entire specimen has reached the same tomperature throughout. The prebeated
gpecimen is then transferred to & vessel containing the eteching reagent,
end campletely submerged for the required length of time.

The specimen is then removed and thorcughly ringed with water, alcohol
and dried. '

Some of the struciures revealed by macroscopic examinetion include the
following: : '




1. Dendritic Structures:

The grain structure of mest cast metels consigts of relatively large,
clongated crystals celled dendrites, which result from crystallizatlon
characteristics of the mebal. The presence of a dendritic structure usually
indieates the existence of chemical inbomogeneitles, end represents &
relatively weak and brittle pattern vhen compered vith fine, equiexed grains
of most metels that have been subjected to mechanical working apd heebt
treatment.

2. (Columpnar Structure:

In meny cast metels, a cclumnar structure can be identified at the edges
of ‘the section, resulting from a slow rate of solidification. During
poligification, the colimasr grains grow normal to the walls of the mold
ot approximately the same rate until Purther growih is obstructed by contact
of other sinilar grains groving from opgosite walls. The planes between
the grains are potential sources of wonkness and the colwsnmar strueture is
thus undesirable. '

3. Piping:

As a metel solidifies, considerable contraction takes place, resuliing
in & shrinkage cavity, or pipe. The presence of pipe will lower considersbly
the mechanical properties of a metal, end upon mechonical working of the
cagting, the pipe will become o flaw in the metal.

L, Bilowholes:

Biowholes sre voids left in the structure as a result of entrapment of
gases by the medal dwring golidification.

5. Intexnal Cracks:

Tnternal crecks, elso csglied flakes, hairline eracks, or cooling cracks,
result from unfavorable ccoling conditions after hot-working. These cracks
are discontinuities in the wetal and are sources of failure vhen the piece
is subjected to more mechanical working or heat treatment.

6 . POI‘OEi‘hy:

Porosity refers to the presence of emall voids in a metel and cen resuwlt
from insufficient supply of molten meiel during gsolidification or to the
evolution of geses. If the volds resuli f£yom shrinkapge, they are termed
as pipes, or if they yesult from ges evolution, they ave termed as blowholes.




T, Toclugions:

Large nommetallic inelusions, such as slag or molding sand ere clearly
vigible by macroscopic examination due to differences in color and luster
patucen the inclusion and the metallic matrix.

8. Flow linea:

Tlow lines ore & normal effeck of rolled or Forged materials, sad in
wrought metels, inclusias and segregated areas are gtretched out in the
direction of flow of ‘the petal. Afior mneroetehing, fiow lines appear a8
thin lines which indicate the direction in which the metal has flowed during
+he forming Operation.

Piching Procedures for Macroetching

L. Steel

Use a 50% HC1, 50 Hp0 by volume at 160°F. FEich until structure is
revesled, veually in 20 to k5 minutes.

2. Aluminum

Uge 10 gms. NaOH in 90 ml. . Eich by immersicn for 5 to 15 minutes
et 140 to 160F. Wash in water, dip in concentrated HNOy to remove surface
products, and rinse egein in water and dry-

3. Copper and Copper Bage Alloys

Use HNC3 giinted with varying cmounts of water. Etch by immersion et
room itempersture until structure 1s revealed.

Microscopic Examination of Yetals

A sample for microscopic examination mist have & plane surfzce free
of scyatches end the atructure must be ravealed and not altered during
preparation. To accomplish this,the specimen must be corefully ground and
polished end chemically etched O yeveal the structure.

Grinding

After a specimen has been cub to the proper size and mounted in a speci-
men holder, the mext operation is to prepars & smeoth surface to he examined
by grinding the specimen down through a series of different grit pepers
(rormally 240, k0O, 600).




The edges of the specimen mount should be beveled to prevent selzing
auring oubsequent grinding end polishing operations. When the surface has
been uniformly flattened on one peper, ihe specimen is -then growund on
the next finer grit poper. The sample is rotated 90° on chenging paypers so
that cne can easily tell when the scratches from the coarser praceding paper
have been replaced by & finer set of scraiches. This procedure 1s repeated
threugh successively finer grinding popers wntil the 600 grit paper is
reached. The specimen shonld be carefully rinsed between each paper to
prevent contamdnation of the finer papers with grit from the coarser papers.

Polishing

Polishing is carried out on polishing laps. The wheel is covered vith
a suitable cldth swuch as broadcloth, billiard eloth, ete., 2nd is impregrated
with a polishing media such as alumina, magnesia, rouge, dismond paste, etc.
The most compon media is alumina because of its relatively low cost and
good abrasive characteristics.

The specimen is polished on the wheel by firmly holding the specimen
and revolving it around the wheel in the opposite direction of the wheel's
rotation. Keep the wheel well lubricated with a suspension of alumina to
gveld seizure, which will tear the cloth.

The Piret polishing operation uses & 5 micron cloth with a falrly cosrse
alumine (¥o. 33. After removing ell of the grinding seratches, rinse the
specimen with water and dry in & wern blast of air. Proceed to the next
wheel with & 1 micron cloth using & finer alumina (No. 3). The specimen
can be observed under the microscope to determine if all of the pelishing
seratches arve removed. Durdng any stege of grinding or polishing 1% is
imporiant to remove all scratches from the previous operation before moving
on to the next finer paper or cloth.

Btching

The polished surface should be plane and free from scratches. To the
neked eve the surfoce should heve a featureless mirror-like surface, and
in the "as polished" condition, the surface will only show such characteristics
as Inclusions, voids, ond major differvences in phases. To prepave the surface
for microscoplic examination the specimen must be selectively etched to bring
out the eontrast between the phases present.

Tron snd sheel are generally etched in en oxidizing ecid such as nitric
{25 ml. conec. HNO5, 75 ml- Hz0). There are slso several other etching
reagents used depénding uponthe desired results. (See ASM Handbook) .
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Hydrofluorie acid (0.5 ml. conc. IF, 99.5 ml. E.EO) is generally used
for etching elwrdmm and its alloys. The acid is swsbbed on the surfoce
with eoft cotton for 15 seconds and then rineed clean. A complete list of
sluminma etches it given in the "ASM Metels Hendbook" and in "Principles
of Metellogrephic lsboratory Practice' by Kebl.

The Metallographbic Microscope

S8ince metal surfaces cannot be illumipsted by trancmitted light it is
necessary o use vertical illumination to make possible direct examipatlon
of the fine grain structure and structural characteristics of & suitebly
preparsd surfece. Tae magnification can be varied in two ways by chanieg Jrvq
the eye-piece or the objective. A neminel megnificetion is chtained by
mltiptying together the magnification of the eye-piece and the objective.

The light is reflected onto the surface of the specimen by a series
of mirrors end condensevs. The metal surface reflects the light through
the objective lens and eye-plece to the observer's eye. The amount of
light refiected by different structural features of & metal. will vary
according to their orientaztion with the light source and composition.

The Metallograph

The metallograph is used to record whet is observed thxo ‘the micro-
scope on Film. This equipment consists of three main parts, (1) the light
source, (2) an inverted microscope, and (3) the cemera. The use of the
motallograph will be demonstrated at the beginning of the labvoratory period.




