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10.14 (a) Superheating and supercooling correspond, respectively, to heating or cooling above or below a
phase transition temperature without the occurrence of the transformation.
(b) These phenomena occur because right at the phase transition temperature, the driving force is not

sufficient to cause the transformation to occur. The driving force is enhanced during superheating or supercooling.
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Isothermal Transformation Diagrams

10.15 We are called upon to consider the isothermal transformation of an iron-carbon alloy of eutectoid
composition.

(@) From Figure 10.22, a horizontal line at 675°C intersects the 50% and reaction completion curves at
about 80 and 300 seconds, respectively; these are the times asked for in the problem statement.

(b) The pearlite formed will be coarse pearlite. From Figure 10.30(a), the hardness of an alloy of
composition 0.76 wt% C that consists of coarse pearlite is about 205 HB (93 HRB).
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10.16 The microstructures of pearlite, bainite, and spheroidite all consist of o-ferrite and cementite phases.
For pearlite, the two phases exist as layers which alternate with one another. Bainite consists of very fine and
parallel needle-shaped particles of cementite that are surrounded an a-ferrite matrix. For spheroidite, the matrix is
ferrite, and the cementite phase is in the shape of sphere-shaped particles.

Bainite is harder and stronger than pearlite, which, in turn, is harder and stronger than spheroidite.
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10.24 Below is shown a continuous cooling transformation diagram for a 0.35 wt% C iron-carbon alloy,
with continuous cooling paths that will produce (a) fine pearlite and proeutectoid ferrite; (b) martensite; (c)
martensite and proeutectoid ferrite; (d) coarse pearlite and proeutectoid ferrite; and (e) martensite, fine pearlite,

and proeutectoid ferrite.
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10.25 Two important differences between continuous cooling transformation diagrams for plain carbon
and alloy steels are: (1) for an alloy steel, a bainite nose will be present, which nose will be absent for plain carbon
alloys; and (2) the pearlite-proeutectoid noses for plain carbon steel alloys are positioned at shorter times than for

the alloy steels.
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10.29 For moderately rapid cooling, the time allowed for carbon diffusion is not as great as for slower
cooling rates. Therefore, the diffusion distance is shorter, and thinner layers of ferrite and cementite form (i.e., fine

pearlite forms).
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10.31 Two reasons why martensite is so hard and brittle are: (1) there are relatively few operable slip
systems for the body-centered tetragonal crystal structure, and (2) virtually all of the carbon is in solid solution,

which produces a solid-solution hardening effect.
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10.33 This question asks for an explanation as to why the hardness of tempered martensite diminishes with
tempering time (at constant temperature) and with increasing temperature (at constant tempering time). The
hardness of tempered martensite depends on the ferrite-cementite phase boundary area; since these phase
boundaries are barriers to dislocation motion, the greater the area the harder the alloy. The microstructure of
tempered martensite consists of small sphere-like particles of cementite embedded within a ferrite matrix. As the
size of the cementite particles increases, the phase boundary area diminishes, and the alloy becomes softer.
Therefore, with increasing tempering time, the cementite particles grow, the phase boundary area decreases, and the
hardness diminishes. As the tempering temperature is increased, the rate of cementite particle growth also

increases, and the alloy softens, again, because of the decrease in phase boundary area.
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