
Prac. 17 MATERIALS AND MINERAL SCIENCES CP1ans
Course C: Microstructure

Introduction to microstructure – ANSWERS

1.2

a) Pure quartz consists of a single component (SiO2) and a single phase. Some of the quartz crystals on
display may be of the smokey variety, in which case there willbe some impurities. Main defects are
the surfaces of the crystals themselves. Some examples consist of several large crystals intergrown,
so there will be grain boundaries. Some internal flaws are visible.

b) Hot-dip galvanized steel, as the name suggests, is made bydipping steel sheet into molten zinc
(melting point 693 K). Zinc crystallises (CP6) at nucleation sites distributed randomly on the steel
surface, and grains grow by dendritic growth (CP5). Zinc is hcp hence the six-fold symmetry, and
the shiny grains are known as “spangles”. (Presence of lead (common impurity in zinc, though may
be added to zinc melt) increases grain size and defines shine (distribution of lead precipitates across
surface).)

c) There are two components and two phases caused by exsolution. Defects are the interfaces between
intergrown lamellae.

d) There is one component (CaSiO3) and two phases (glass and crystal). Defects correspond to the
interfaces between crystalline needles and glass matrix.

e) Granite contains many components and many phases. Each mineral is a separate phase, distin-
guished by its colour and habit. There may be 10’s of components, including Na2O, K2O, CaO,
SiO2, Al2O3, MgO, FeO etc. The students are not expected to know exactly what is in this rock
or what the phases are called, we only want them to appreciatethat a natural rock is, in general,
a many component system containing many different phases. Main defects visible are the grain
boundaries between phases. Some minerals may show twinningor cleavage.

2.1

1) Olivine rock shows well-equilibrated grain microstructure (note presence of ideal 120° angle be-
tween grain boundaries where three grains intersect). Grains are in all different crystallographic
orientations, hence the variety of the birefringent colours seen. Field of view (at least on my
microscope) was just under 3 mm. Grain size quite variable, but of the order 0.2 mm. Grain
size controlled by cooling rate (slower cooling gives larger grains). Other microstructural features
include curving cracks in the olivine grains.

2) Nice widmanstatten microstructure. Exsolved phases form lamellae in specific crystallographic
orientations. Take this opportunity to talk to the studentsabout the need for lattice matching across
interfaces, symmetry etc.

3) Primary dendrites surrounded by eutectic intergrowth. At low magnification the lamellae within the
eutectic intergrowth are hard to resolve, giving the impression that it is a single phase. Using the
intermediate power lens, however, the intergrowth can clearly be seen, indicating that it is a two-
phase intergrowth formed when two phases solidify contemporaneously. It won’t be immediately
obvious to the students whether the dendrite blobs or the eutectic intergrowth formed first. One
clue is that the dendrite blobs appear to form inclusions in the eutectic matrix, indicating that the
dendrites formed first.

3.2 To just resolve the grating (as explained in greater length in the next section) we need the zeroth and first
order diffraction spots to form an image. The anglea gives the greatest angle with which an incoming
ray can enter the microscope and still contribute to the image.
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m = 1 m = 0

α

(We needn’t worry about the refractive index asn » 1, this is needed when using oil immersion lenses.)

lines/mm dhkl/mm sinqhkl = l /dhkl
100 10.00 0.05
300 3.33 0.15
600 1.67 0.30

So reading off N.A. on the microscope lens and comparing it tothe third column should tell us whether
it should be possible to resolve the grating with that numberof rulings per mm.

3.3 focal length of lens: e.g.,u = 153 mm,v = 747 mm) f = 127 mm.
When we first considered diffraction from lattice planes in Course A, we saw

dhkl

real space

d*
hkl

diffraction pattern

(reciprocal space)

that the spacingd*
hkl of the spots of the diffraction pattern of planes of spacingdhkl (e.g., diffraction

grating) is the reciprocal of the spacing of the planes,

d*
hkl µ 1

dhkl
.

In fact we choose the reciprocal lattice vectors to make thisrelation an equality.
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Extending this reciprocal relation notion, the information of large length scale features in the object
is contained in a small piece of the diffraction pattern, andconversly the information for small features
is spread over a large piece of diffraction pattern. Ignoring the large scale zebra outline for a moment,
what would count as “large scale” or “small scale” for the diffraction grating? We can decompose the
square wave of a regular diffraction grating into varying length scales, or spatial frequency parts, as
follows:
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The function representing the grating in the first column canbe written as the sum of terms in the
second column. The third column is the sum of the terms in the second column up to that row, and
the fourth column is the intensity, so|3rdcolumn|2. Looking at the intensities, the first term (very large
scale) is just the average intensity through the grating. The 2nd row shows the light / dark variation
along the length of the grating. At this point we can imagine that there is a diffraction grating present.
Adding further terms, going to smaller length scales, higher spatial frequencies, allowing a larger piece
of diffraction pattern to form an image, sharpens up the image, increases its resolution.

The diffraction pattern of the grating is a series of spots. The central spot (zeroth order) corresponds
to the constant term above. The next spot (first order) is the second term above. So allowing those two
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spots through the adjustable aperture forms a poorly resolved image of the diffraction grating.

minimum pattern

(Function of period 2̀, f (x) = 1
2 +Pn odd

2
np sin npx` , intensity|f (x)|2.)
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