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True or False [10 Points]

Answer with T(rue) or F(alse) to the following questions (1 point each)

A cored microstructure can develop in an alloy cooled from the melt if the
diffusion rate of the constituent atoms are too low

Brittle fracture is preceded by necking
Annealing is performed to increase the hardness of martensitic alloys.
Martensite is a metastable phase of steel

Pearlite is only formed when the overall composition of austenite lies directly in
line with the eutectoid invariant point.

In solid state reactions, the initial slow period of reaction is attributed to the time
required for nucleation.

Proeutectoid ferrite forms before pearlite in hypereutectoid steel

Dislocations move most easily in a crystal along the highest density planes along
the lowest density direction.

Phase diagrams give only equilibrium information about the stability of phases

The interstitial diffusion coefficient for a small atom diffusing in a metal is
usually larger than its diffusion coefficient via a vacancy mechanism

Multiple Choice [2 Points for each question]

Circle the appropriate answer for these questions

1. Which of the following statements is NOT true

a) The [100], [010] & [001] are equilivant in the cubic system
b) The [100] & [001] are equilivant in the cubic system

c) The [100], [010] & [001] are equilivant in the tetragonal system
)

d) The [100] & [010] are equilivant in the tetragonal system

2. The pearlite microstructure is formed

(@) in hypereutectoid steels
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(b) in hypoeutectoid steels
(c) in eutectoid steels
(d) all of the above
(e) none of the above
3. Within the elastic limit
a) Strain is produced by bond breaking and reforming
b) Stress is proportional to strain

)
)
c) Complete recovery of strain is not possible
d) Strain is produced by bond stretching

)

e) b and d, are correct

(
(
(
(
(
(f) a and b, are correct

4. A ceramic is likely to fail under which condition (consider the crack tip radius to
be equal in all cases).

(@) There is a surface flaw 2 um in length with its long axis perpendicular to the stress.
(b) There is an internal flaw 1 um in length with its long axis parallel to the stress.

(c) There is an internal flaw 4 um in length with its long axis parallel to the stress

(d) There is a surface flaw 2 um in length with its long axis parallel to the stress

(e) There is an internal flaw 1T um in length with its long axis perpendicular to the stress.

5. Aluminum-lithium alloys are hardened by
a) forming precipitates of a lithium-rich phase
b

C

decreasing the number of grains in the material

(@)
(b)
(c) a purification process
(d)

d) increasing dislocation content
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Problem 2 [5 Points for each question]

An FCC crystal is subjected to a tensile stress, o, of 140 MPa along the
TT2] direction. Calculate the force per unit length on dislocations that lie on the

1
(TT1)plane and have the following Burgers vectors: %[TIO] and 5[101]. Let a =
2

solution

(problem 5.8)

2. Given the fact that platinum is FCC with atomic weight 195, calculate the
mass of one unit cell. Then, given the density = 21.5 g/cm3, calculate the size of
the unit cell and the diameter of a Pt atom. Finally, calculate the areal density of
packing of Pt atoms on a close-packed (111) plane. (Consider the plane to pass
through the centers of the atoms.)

4.2 Thete are four ntoms per unit cell The mass of four atomns would be

195.1 21
= L3z 1)
* B 02102 .

The volunme of o unit cell would be its mags divided by Its density:

1.3x10 Elj{é - & Oxir23emd

21.5gcm
3 s
o b the culke root ol the velume, prid the diameter of 4 P1

The size of the unit ccll, a, woul
atom would be V2a/1:

. ~ B
2 = (6.0x10-2H 173 = 3.9x10-Bem;  awom dizm = 2r = 2.76x10%cm

The areal density of packing of Pt atoms oo a {11 L) phlnmt: is
found by dividing the wial arca occuppied by n.prin,s :é[ 'u:l
area of the plane, In aunit cell, the (111} ql:me w_:nLern s an
equilatcral riangle with a side of length 2, and;T ponlais
2 tolal of 2 atoms, as showin. Using the fact that 4r ..lx 2a,
and that the arca of the plane is 1/2 base X height, vr 172

|
W23 3T,

. . 2r 102}& 491
packing density = ‘_‘-.l'}_a-"i,.".:'. =
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3. If you were to plot the value of K¢ for a stressed plate with a crack lying

perpendicular to the direction of the tensile stress vs. the thickness of the plate, the
curve would descend asymptotically to a constant value.

(a) Rationalize this behavior.

(b) How would you use this fact to specify a test that would produce a value of K¢
that could be used as a material constant?

(c) Why is it that the value of Kic becomes meaningless as the yield strength is
decreased to relatively low values?

1a. The amount of plasticily al a erack tip depends on the thickness of the cracked body. Fora thin
hest/plate in which vress comporents normal 1o the plane of the sheet can be set equal 1o 2e10
{the condizion i called planc steess), the plastic zone would be larger thap 1o 2 thick plate in which
straln componeats nosmal to the plane can e ignored (the condition of plane strain). Thus, a8 the
thickness of'a uressed plate with a crack lying perpendicular to the direction of the tensile stress
increases, K, decrepses asymptotically (o a constant value (I;),

b Simply use 2 pinte with n thickness large epough so that vou can measure the sleady state vahe

4 As the plastic zene gets big (or s the vield strengrh decrsasey — same condition), the elastic
approximation becomes less valid. Since K, is based on this epproximation, it becomes

mesmingless 35 the vield stress decreases 1o low values

5 As long as the plastic zoac is small aad the vield sscenuth is high,

4. A sheet of steel 1.5 x10” m thick having different pressures of nitrogen on
both sides at 1200°C, is permitted to achieve steady-state diffusion conditions. The
diffusion coefficients for nitrogen in steel at this temperature is 6x10"" m’/sec and
the diffusion flux is found to be 1.2x107 kg/m*-sec. The surface concentration of
nitrogen in the steel at the high-pressure side is 4 kg/m’. How far into the sheet will
the concentration of nitrogen be 2 kg/m’. Assume a linear profile.
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Problem 3 [5 points each]

1. Suppose that the activation energy for the growth stage of recrystallization of
a stainless steel spoke were 180kJ/mole. Calculate the annealing temperature
needed to triple the rate of growth that you would find at 700°C. The gas constant R
is 8.31)/K-Mole.
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2. If grain boundaries are assumed to be the major sources of dislocations in a

material, and if dislocation sources are uniformly distributed on grain boundaries,
then the dislocation density, p, must be proportional to the grain boundary area per
unit volume. Relate p to grain size d, and use this idea to show that the flow stress
should vary with grain size according to

o, =o,+kdl/2

flo

where o, is the stress needed to overcome the effects of lattice friction, solute
atoms, etc.; d is the average grain diameter, and k is a constant.
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- b mrcd D :
6.9 Dislacation density is proportienat o F‘Eﬁm“ - 1D, From Section 5.5,

we kaow that the flow stress 13 proponional to the square root of the dislocation density.
Therslare,

fNow siress = Drif
The sclationship is wsually wrtien as
flow stress = O + kD14

And is called e Hall-Feich equation.

o

3. We would like to produce a 2in thick steel wear plate for a rock-crushing
unit. To avoid frequent replacement of the wear plate, the hardness should exceed
HRC 38 within 0.25 in of the steel surface. However, the center of the plate should
have a hardness of no more than HRC 32 to assure some toughness. We have only
a water quench available to us. Design the plate, assuming that we only have the
steels given in Figure 11.5 of your book.

(add figure 11.5)

4. A manufacturer has for several years been making 16 mm diameter toggle
pins, which in service are subjected to impact loadings, by machining a mild-steel
bar and then case hardening the surface by carburizing. By mistake, the
manufacturer was supplied with 0.5% carbon-steel bar which went through the
same process

How would the properties of the pins be affected (toughness, ductility , strength). In
view of these changes in properties would you recommend that they be allowed to
go into service. Explain.
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Problem 4 [5 points each]

1. Sterling silver is Ag-7.5%Cu. Using the phase diagram below, tell what the
microstructure would look like if the alloy were melted and cooled slowly under
equilibrium conditions to room temperature, and what it would look like if it were
cooled too rapidly for equilibrium to be achieved. Make sketches to illustrate your
answer.

6.4 Recrystallization involves the motion of boundaries of new grains as they grow to
consume surrounding dislocated grains. These grain boundaries can be Pumcc‘_l by
impurity particles, and their motion can be s]_uu.-ﬂd Iduwn h;._J segrepated impurity atoms,
hath of which would be present in commercial purity aluminum.

28 1% T [m =l

Temperature, "C

400 | | | | 1 | | | |
0 =0 40 &0 &0 00
AQ Weight petsent copper il

REThe Ag-7.5% Cu alloy when slowly cooled would have no eutectic constituent, because
the eutectic line starts at 9%Cu, Therefore, the microstructure of a slowly cooled alloy
would be polycrystalline (Ag-rich) ¢ with precipitates of (Cu-rich) B, probably mostly at
the o grain boundaries. If it were cooled too rapidly for equilibrium, then the o dendrites
would be cored, and the non-equilibrium solidus line would lie below the equilibrium
solidus, as explained in Fig. 8.18. The probable result would be the presence of a eutectic
constituent, as found in the cast Pb-10%Sn alloy shdwn in Fig. 8.17.

2. Describe the changes that would occur in an alloy of Ag-70% Cu cooled
from the liquid state to room temperature. Sketch the resulting microstructure and
give the relative amount of each phase and each micro-structural constituent (i.e.,
primary phase and eutectic).
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<8 In a Ag-70%Cu alloy cooled slowly from the
liquid phase, dendrites of  would begin to form at
about 930°C, and the microstructure at 781°C would
comprise about 2/3 B and 1/3 liquid of the eutectic
composition. This last liquid would solidify into the
eutectic constituent, comprising about 1/4 [ and 3/4
«. Upon further cooling ta room temperature, ot
would precipitate in the primary § dendrites (cf. Fig.
8.15), and some P would precipitate from the ¢ in
the eutectic, probably on the boundaries of the

cutectic and primary .

3. Given below is the microstructure of a Ag-Cu alloy of unknown
composition. Deduce what the composition is and explain your reasoning. (Hint:
Focus first on the eutectic constituent, and decide which phase is which, based on
the phase diagram given in question 1 of this problem. Use area density to
approximate fraction of each phase)
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&#& The figure shows a microstructure with about 1/4 primary phase and 3/4 eutectic
constituent. The Ag-Cu phase diagram shown in Fig. 8.21(a) indicates the the majority
phase in the eutectic would be the o phase. Thus, the matrix phase in the eutectic would be
. This is obviously the same as the primary phase; therefore, the latter is also ¢ Thus, the
composition of the alloy is 3/4 of the way from 91%Ag to 72%Ag, if we assume that the
alloy was cooled fairly rapidly from 780°C to room temperature and that the microstructure
is not very different from what it was after solidification, Thus,

3/4(91-72) = 14
91-14 = TT%RAg
-
4. The hardenability curves shown below both start at essentially the same

hardness; explain why. Describe the expected microstructure at a distance of two
inches from the quenched end in each steel.
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10.3 Figure 10.7 shows the Jominy hardenability curves for a 1040 and a 4340 steel. Right
at the quenched end, both steels are fully martensitic. Since they both have the same carbon
content, they should both have the same hardness. (The hardness of martensite depends
only on the carbon content.)

At 2 inches from the quenched end, the 4340 steel has a hardness of about S0Rc,
down from about 59Rc at the quenched end. This is the result of formation of some ferrite,
probably less than 10%; the rest of the microstucture would be martensite and bainite. The
1040 steel has 2 hardness of about 12Re at this point, meaning that the micrdstructure is
entirely ferrite and coarse pearlite.
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Problem 5 [5 Points each]

1. The skins of most commercial airplanes are fabricated from panels of
precipitation-hardened aluminum-based alloys. However, these alloys cannot be
used for many supersonic military aircraft; these require skins of stainless steel or
titanium alloys, which results in a weight penalty. Explain why aluminum-based
alloys cannot be used, considering the fact that supersonic flight entails
aerodynamic heating by collisions of the aircraft with gas molecules in the air.

Also Explain why high-purity aluminum recrystallizes at a much lower temperature
than commercial purity aluminum.

6.4 Recrystallizatian involves the motion of boundaries of new grains as they grow to
consume surrounding dislocated grains. These gramn boundaries can be ]_Juuu:d_ by
impurity particles, and their motion can be slowed down by segregated impurity atoms,

L . v gl i
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-
11.§ Acrodynamic healing of the airplanc skin would lead to over- ageing. and thus
softening vf the skin, which is an important structural componcnt of the airplanc.
2. Copper with 2% beryllium is a precipitation-hardening alloy; the Cu-rich

end of the phase diagram is given here. Describe the experiments you would do to
devise the heat treatment that gives the maximum hardness in this alloy. (Keep it as
simple as possible.)
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11.6 For maximuin possible hardening, pick an alloy near 2.5% Be; this will give the
maximum volume fraction of precipitate. Solution treat at around 00°C; do not go above
about 860", because liquation could oecur if there is some non-equilibrium y] phase

present. Age specimens at a series of low temperatures (e.g., 200 to 400°C) to see which 2
pives the maximum hardness in an economically reasonable ageing time.

3. What kind of solvus line is needed for precipitation hardening? Explain your
answer.

a1 The solubility of the second phase must
decrease with decreasing temperature so that
a solution treatment and subsequent il o+ (7
supersaturation is possible.

¥ ¥ B>

4. What other important characteristics must an alloy system have in order to
exhibit precipitation hardening? Explain your answer.

#.2 An alloy system which is 10 exhibit precipitation hardening must be able to form a
finely dispersed precipitate so that dislocations will be forced to cut through the second-
phase particles, rather than loop around them. This requires a large AGy (large
undercooling) and a small interfacial energy. Thus, the system must be capable of
forming a coherent, or semi-coherent, precipitate; this is often a metastable precurser to
the equilibrium second phase.

a2,



