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All work must be clearly shown with proper
units in the final answer to receive full credit. 1 (12 pts) “(
Check that all parts are answered.
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Problem 1: Short Answer :
a) For aluminum (Al), would its density increase or decrease if the temperature is increased (no explanation

necessary). (2 pts)
Vecrense:

b) FeO has rock salt (NaCl) structure, would you expect the activation energy for Schottky defects to be hig
or the activation energy for Frenkel defects to be higher (no explanation necessary). A Schottky defect is
cation vacancy and anion vacancy, and a Frenkel defect is a cation vacancy and cation interstitial. (2 pts)

Sty At acttuston enegy 7= hgler 5

¢) When comparing aluminum (Al) with aluminum nitride (AIN), state for each material property below
which material (Al or AIN) will have the higher value (4 pts) -
Elastic modulus A4 N
Hardness A|N ./ ' \
Fracture toughness 4[N *~ il
Melting temperature /) S i

d) FeO has a molecular weight of 71.844 g/mole and a density of 5.74 g/cm3 In one mole of Fe:%g;go, there is
0.992 mole of Fe per 1 mole of O.- In one mole of Fep 99,0, what is the number density of Fe gions/m3)?
Assume there are no impurities in this material and no oxygen defects. (4 pts) X
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Problem 2: Crystal Structure (

Assume AIN has zinc blende (ZnS) structure. Using an effective radius of 0.070 nm for N and 0.120 nm for 4,

atomic weight of 14.0 g/mole for N and 27.0 g/mole for Al, determine the following:
a) Calculate the atomic packing factor (APF) of AIN (5 pts)
b) Calculate the density of AIN (5 pts)
¢) What would the number density (number per volume) of

defect is a cation vacancy and cation interstitial pair). Assume activation en

does not vary with temperature. (5 pts) .
d) The packing of atoms of different sizes (a larger one and a smaller one) usually results in higher APF, so why is the .

AIN lower than that of pure Al which has FCC structure? (5 pts)
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S tensile strength. The toughness of this metal alloy is 325 MJ/m’. If a sample
of this alloy originally 10.0 cm was elongated 6% (or strain of 0.06), which is greater than the yielcll strain and the

find drawing one to be helpful)
(1) The yield strength and tensile strength of the alloy (same value) _
(2) The total strain at which fracture occurred. Le -0~
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5. Mg-Ni Phase Diagram N . . il
The magnesium-nickel (Mg-Ni) phase diagram is shown below: Nllls FCC and Mg is HCP, an?t%; I‘;IfCSI; uﬁ;";ﬁ 18 )
shown below. There are two intermetallic phases, one is Mg;Ni which occurs only at a compos A S
the other is MgNi, which occurs only at a composition of 83 wt% Ni. Answer the following:
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Comparing pure Mg to pure Ni, state whether each material property listed below is higher for Mg, higher for
Ni, or whether the property is the same for both metals (5 pts)

(1)  Elastic modulus (E)
)(g, (i)  Fracture toughness (Kic) #s= |
(iii) Self-Diffusion coefficient (D) at 400C X
(iv) Coordination number (CN) 24me
(v)  Atomic packing factor (APF) Same.
(a) Fill in all blank regions on the phase diagram (there are five) If you use symbols such as ¢, B, etc. yowsmust
specify what elements or intermetallics are in these phases. (5 pts) / oL = Fehin //\:1/& %
‘ . iy o B > Rekn A ( both A ez
(b) What is the maximum solubility of Mg in N O pwe .

(c) What is the composition range (wt% Mg), if any, in whip%—f\]i can be prgitaﬁon hardened with Mg? (2 pts)
» ) Yo ~
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(d) For a sample originally of 100g total weight, at 88 wt% Ni (eutectic composition), right belqlvs{ the eutectic

temperature, determine the grams of Ni in each phase (specify the phase). (6 pts) .
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(e) A sample was originally 100g total weight and it was determined that the sample had pg’mary Mg>Ni (recall that
MgoNi occurs at 54 wt% Ni) and eutectic constituents (eutectic constituents are alternating layers of two
different phases). If it was determined that there was 30.0 g Ni in only the primary Mg;Ni, determine the
original composition. (8 pts)
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N4=6.023 x 1023 molecules/mol
k= 1.38 x 1023 J/atom-K = 8.62 x 10~ eV/atom-K
R =8.31 J/mol-K
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