January 25, 1993 I MAKE-UP : FINAL EXAMINATION Time: Two hrs.
ENG. 170A

1(a). Using the attached iron-carbon phase diagram, distinguish between the three
following types of plain-carbon steels : (i) eutectoid (ii) hypoeutectoid and (iii)
hypereutectoid.

1(b). Describe the structural changes that take place when a plain-carbon eutec-
toid steel is slow-cooled from the austenitic region (950°C) to just below the
eutectoid temperature. Calculate the amounts of the two phases present in a 8-kg
steel body.

1(c). A 0.35%C hypo-eutectoid plain-carbon steel is slow-cooled from 950°C to a
temperature just slightly below 727°C. Calculate the weight percent of proeutec-
toid ferrite in the steel.

2. Using the attached TTT-diagram, draw schematic time-temperature cooling paths
for a 1080 steel which will produce the following microstructures: Start with the
steels in the austenitic condition at t = O sec and T = 850°C. (i) 100% martensite
(ii) 50% martensite + 50% coarse pearlite (iii) 100% fine pearlite (iv) 50% mar-
tensite + 50% upper bainite (v) 100% upper bainite and (vi) 100% lower bainite.

3. The structures of an isoprene monomer and isoprene polymer are shown in the

fi d (b), bel
igures, (a) and (b), below. ‘J: (l:_iHs H fg CH3$
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(5
Calculate the percentage of sulfur (by weight) if all the possible cross-links in
the isoprene molecule are filled. Atomic weights : C 12.011, H 1.008, S 32.064.

4(a). At what temperature will the conductivity of silicon be one-half the value
at 22°C? The band gap is 1.1 eV and the Boltzmann constant k = 8.61x10™> eV/°K.
4(b). An extrinsic semiconductor is made by adding boron to silicon to give an
electrical resistivity of 1.80 ohm.meter. What type of semiconduction prevails in
this material? Calculate the concentrition of charge—carriegs per cubic meter in
the doped-silicon. Assume pp = 0.08 m4/V.s and jp = 0.048 m°/V.s.

5. Calculate a theoretical value for the saturation magnetization and saturation
induction for nickel, assuming all unpaired 3d electrons contribute to Zhe magne-
tization. Nickel is FCC and a = 0.352 nm. One_Bohr magneton = 9.27x10-24 A.mZ
and the permeability in vacuum (upo) is 47107/ T.m/A, respectively.

6. A unidirectional carbon-fiber-epoxy-resin composite contains 62% by volume of
carbon-fiber and 38vol% epoxy-resin. The densities are 1.75 g/cm3 and 1.20 g/cm R
repectively. (i) What are the weight percentages of the carbon and resin fractions
of the composite? (ii) What is the average density of the composite?
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Fe-Fe,C Phase Diagram. The lower-left corner receives prime attention in heat-treating
of steels (Fig. 7-3.1). (In calculations, 0.77 percent is commonly rounded to 0.8 percent.)
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