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Properties of Materials98-BS-ll

3 Hours Duration

Notes:

If doubt exists as to the interpretation of any question, the candidate is urged to submit
with the answer paper, a clear statement of any assumption made.

(i)

Candidates may use one of two calculators, the Casio Q!: Sharp approved models. This is
a " closed book" examination.

Any five questions constitute a complete paper. Only the first five questions as they
appear in your answer book will be marked.

-
All questions are of equal value.

Information:

Atomic Weights (g.mol-1)

14.01

35.5
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N
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Pb
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S
Sn

12.01
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118.7

H 1.01

O 16.00

Ag 107.9

Constants and Conversions

0.602 x 10-24 mol-]

13.8 x 10-24 J.K-l

8.314 J. mol-l .K-l

0.16 x 10-18 J

°c + 273

4.18 J

Avagadro's number, NA
Boltzmann's constant, k
Universal gas constant, R
1 eV
K
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Questions:

The selection of engineering materials for component design is done by
matching engineering properties of the material to the service conditions
required of the component. Using this criterion perform a materials selection
for an 8 lb sledge hammer for driving steel fence posts into the ground.

1

2. (a) The solubility of tin in solid lead at 200°C is 18% Sn. The solubility of lead in the
molten metal at the same temperature is 43% Pb. What is the composition of an
alloy containing 60% liquid and 40% solid a. at 200°C?

Distinguish between coherent and incoherent precipitates.
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Which of the alloys (1,2,3, and/ or 4) in the figure above could be strengthened
by age hardening? (Assume that J3 forms a coherent precipitate in a). Outline
the complete procedure for the age hardening process.

(c)
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X-ray data gives the lattice constant of silver to be 0.4073 nrn and its structure face
centered cubic. Calculate. the density (g.cm-3) and atomic radius (nrn) of silver.

3. (a)

An activation energy of 1.8 eV is required to fom1 a vacancy in a metal. At 700°C there
is one vacancy for every thousand atoms. At what temperature will there be one
vacancy for every six hundred atoms?

A neoprene rubber radiator hose contains 93 wt% polymerized chloroprene (C~5Cl)n
and 7 wt% sulphur. What fraction of the possible cross-links is joined by vulcanization?
Assume that all the sulphur is used for cross-links. (Hint: there is one C=C site for each

chloroprene mer).

4. (a)

How do porosity and grain size affect the tensile strength of ceramic materials?(b)

What are glass network modifiers? How do they affect the silica-glass network? Why
are they added to silica glass?

(c)

Indicate whether the following statements about a 1080 steel are correct or incorrect

and justify your answer.

(i)

(ii)

(iii)

(iv)

The hardness of pearlite is a fixed value.
Martensite is obtained by the isothermal transformation of austenite.
Retained austenite indicates the quench was too rapid.
For maximum machinability the steel should be spherodised

Glass fibres in nylon provide reinforcement. If the nylon contains 10 vol% of E glass,
what fraction of the applied force is carried by the glass fibres?

(Eg1ass = lOx 106 psi, Enylon = 0.5 X 106 psi)

(b)

Predict the coordination number for CsCl given that the ionic radii are
Cs+ = 0.167 nm, Cl- = 0.181 nm. Sketch the unit cell.

6. (a)

Using a sketch show how the modulus varies with temperature for a partially crystalline
nylon. How would the curve change if the degree of crystallinity increases? Decreases?

(b)

What factors must be considered when designing a fibre reinforced composite?(c)
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A 3" x V4" strip of annealed C26000brass (70Cu-30Zn) is cut into nine 6" lengths,
Each strip is put through a rolling mill with the distance between the rolls set from
0.250" down to 0.050" in intervals of 0.025", (Thus the first sample is rolled at 0.250",
the second at 0.225'!, 'and so on). The hardness of each sample is then measured using a
Rockwell superficial tester (similar to regular Rockwell except lighter loads are used,
thus better for thinner materials). Sketch the graph of hardness vs cold work. Explain

the nature of the graph.

(a)7.

(b) The sample that was rolled to 0.100" is now cut into seven (7) approximately equal
pieces. Each piece is annealed for 10 minutes in a vacuum furnace. The temperature of
the furnace is varied from 100°C to 700°C in intervals of 100°C. (Each piece is
annealed at ~ temperature). After annealing the pieces are water quenched, dried and
then their hardness measured using the same hardness tester. Sketch the graph of
hardness vs annealing temperature and explain the nature of the graph.

Indicate whether the following statements are correct or incorrect and justify each

answer .
8. (a)

A high concentration of oxidising acid may render a metal more corrosion

resistant.
(i)

When an etched microstructure is observed under the microscope, the
grain boundaries were anodic during the etching process.

Oxygen dissolved in water has no effect on the corrosion rate of iron that

is exposed to water.

Aluminum rivets in a steel structure should have longer life against
corrosion than steel rivets in an aluminum structure.

A sign manufacturer makes small signs of 18% Cr, 8% Ni, 0.08% C stainless steel by
welding letters to a plate of the same material, using a weld rod of the same material.

Corrosion occurs 3/4" from the weld.

(b)

Write the ion-electron equations.(i)

Why is the stainless steel not "stainless"?
(ii)

What could be done to prevent the corrosion without changing the
composition of the parts and without painting?
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