Problem Errata and/or Amendments
Chapter 2:

2.1-1
Look into what experimental evidence Ernest Rutherford used to arrive at his nuclear atom model (1909) to replace J.J. Thompson's "plum pudding" model (1897). Write a short explanation.

Chapter 3:

3.1-2
For each common material given below, state whether it is considered to consist of free or bonded neutral atoms, free or bonded ions, or free or bonded molecules. Defend your answers in each case.

a.
Molten sodium chloride (NaCl) table salt.

b.
Solid sodium chloride (NaCl) table salt.

c.
A solid mixture (alloy) of copper (Cu) and tin (Sn), known as bronze. [HINT:  See section 12.4.]

d.
A pure, perfectly clear diamond.

e.
A piece of pine (wood).

f.
A piece of polyvinylchloride, (C2H3Cl)x, pipe. [HINT: See section 5.5.]

g.
A plate or pane of common soda-lime (window) glass. [HINT:  See section 4.8.]

3.2-2
For the three net potential energy curves below (A, B, and C), identify which curve (by letter) corresponds to each of the materials listed below:

[Fig. P3.2-2]

a.
The highest melting point material.

b.
The mechanically weakest (least strong) solid material.

c.
The stiffest solid material.

d.
The solid material with the lowest thermal expansion rate.

e.
The most dense solid material, if all materials were composed of the same type atoms (which they would not be!). [HINT: Think about what must contribute to the mass per unit volume (i.e., g/cm3) when atoms are packed together to form a solid.]

3.4-1
The atomic radius of Mn+2 is rc= 0.067 nm, while the radius of S-2 is RA= 0.0.184 nm. What is the crystal structure of the compound MnS? Support your answer by appropriate calculations.

Chapter 4:

4.2-5
If Mg+2 ions are found as a impurity in NaCl, what type of imperfection must be created and how many of each for each Mg+2 ion?

4.4-2
Given that a Burger's vector characterizes the direction and magnitude of displacement caused by the passage of a single dislocation through a crystal, give the direction and length of the Burger’s vector for each of the following solid crystalline materials:

a.
Copper

b.
Rock salt (NaCl)

HINT:
Edge dislocations move on close-packed planes in close-packed directions. What are the close-packed planes and close-packed directions in Cu and NaCl and what are the lattice parameters of each (which you can calculate from ion sizes and crystal structures)?

4.10-1
Briefly describe how, as an engineer, you would employ crystalline imperfections to your advantage to deal with each of the following situations:

a.
Insufficiently fast solid-state diffusion. [HINT: Think about how diffusion takes place in a crystalline solid.]

b.
Softening a metal that has become extremely string and unacceptably hard and brittle due to extensive rolling while it was cold, i.e., at room temperature. [HINT: Think about how the metal deforms and what must be happening for more and more deformation to have occurred up to the point the metal couldn't be deformed easily enough.]

c.
Preventing the grains of a metal from sliding over one another at their common grain boundaries. [HINT: Think about the role of grain boundaries in this process of "creep".]

Chapter 5:

5.2-2
Using the Internet, look up the following:

a.
A network former other than SiO2, GeO2, or B2O5.

b.
A network modifier other than CaO, Na2O, or K2O.

c.
An intermediate other than PbO, TiO2, or Al2O3.

Describe, in your own words, what each of these ingredients in a glass do.

5.3-1
Using a simple representation of the mer before and after activation, show how the following polymers are synthesized by an addition polymerization reaction to create a 3-unit molecule:

a.
Polypropylene

b.
Poly(vinyl chloride)

c.
Polystyrene

5.3-3
Molecular weight data for polystyrene (PS) are tabulated below. Using these data, calculate the following:

a.
The weight-average MW

b.
The number-average MW

c.
The material's weight-p and number-average degree of polymerization.

Weight fractions of 0.05 for MW 10,000-15,000, 0.10 for MW 15,000-20,000, 0.15 for MW 20,000-25,000, 0.30 for MW 25,000-30,000, 0.20 for MW 30,000-35,000, 0.10 for MW 35,000-40,000, and 0.05 for MW 40,000-45000.

5.4-2
Use the Internet to look up an example of each of the following polymers and draw a schematic representation of each:

a.
A branched homopolymer

b.
A cross-linked homopolymer

c.
A network polymer, such as an epoxy.

d.
A grafted copolymer.

5.4-4
For a linear polymer molecule, the total chain length L depends on the bond length between chain atoms d, the total number of bonds in the chain molecule N, and the conformation angle between adjacent backbone chain atoms , as given by:

L = Nd sin (/2)


The average end-to-end distance R for a kinked and coiled chain (such as that in Figure 5.6) is:

R = d √N

5.6-1
Using the Internet, look up and then draw a schematic representation of each of the following copolymers:

a.
Acrylonitrile-butadiene-styrene (ABS)

b.
Nitrile rubber (NBR)

c.
A grafted copolymer.

5.7-2a.
The % crystallinity of a sample of a polymer consisting of a mixture of totally crystalline and totally amophorous components is given by the equation:



% crystallinity/100 = C = c(s-a)/s (c -a)


in which c and a  are the densities of the totally crystalline and of the totally amorphous components, respectively, and s is the density of the mixture.

Calculate the densities for a sample of polypropylene that is totally crystalline vs. totally amorphous given that:



(g/cm3)
% crystallinity



0.904
62.8



0.895
54.4

        b. Calculate the density of a sample that was 74.6% crystalline. 

Chapter 6:

6.1-1
Using the Internet and what you know about the structure of various materials from Chapters 2 through 5, briefly describe how each of the following properties depend how each of the following properties depends upon structure:

a.
Good ductility in a metal.

b.
Good electrical conductivity in a metal.

c.
Brittle behavior in an ionic ceramic.

d.
Good elasticity in an elastomeric polymer.

6.2-1
Using your personal experiences, come up with an example of an application in which each of the following individual stimuli would require a particular property or set of properties to meet the given requirement(s):

a.
External static (i.e., steady or very infrequently changing) loads or forces so that the structure did not permanently deform.

b.
External static (i.e., steady or very infrequently changing) loads or forces so that the structure did elastically deflect more than a certain amount.

c.
External dynamic (i.e., changing) loads or forces so that the structure did not fracture from sudden impact.

d.
External changing electric field that must not induce any internal currents.

e.
External magnetic field that must not give rise to any magnetically-induced forces or loads in a metal structure.

[HINT:  You are not being asked to provide values, just the type of property or properties.]

Chapter 7:

7.5-1
A rectangular cross-section bar of steel, 1/4-in (6.4 mm) thick by 2-in (50.8 mm) wide by 12-in (305 mm) long, is pulled in tension to a stress of 36,000 psi (248 MPa). If the deformation is entirely elastic, and E = 207 GPa (where 1 GPa = 103 MPa = 109 Pa) determine the following:

a.
Total elongation, L

b.
Reduction in width, W

c.
Reduction in thickness, t

d.
Actual cross-sectional area, Ai, under stress.

7.5-2
A tensile stress is to be applied parallel to the long axis of a cylindrical rod of Al-ally 6061 (an alloy of Mg and Si in Al) with a diameter of 15 mm (0.6 in). Determine the load needed to produce a 3.75x10-3 mm (1.5x10-4 in) change in length if the deformation is to be entirely elastic. The modulus E = 69 GPa (10x106 psi) and  = 0.33.

7.6-1
Gray cast iron (3.2% C in Fe) and silicon carbide (SiC) are both inherently brittle materials; the first a metal, the second a high-performance covalently-bonded ceramic. Given the data for each below, ploy their stress-strain curves on the same set of axes:


Gray Cast Iron 
Silicon Carbide


YS
N/A
N/A


TS
124 MPa (18 ksi)
825 MPa (126 ksi)


% elong.
2%
negligible


E
97 GPa (14x106 psi)
483 GPa (70x106 psi)

7.7-1a
In your own words, briefly describe the phenomenon of visco-elastic behavior or visco-elasticity commonly exhibited by polymers.

        b.
Use the Internet (search “Images”) to try to find some plots of load vs. time for the following:

1)
A hard, rigid polymer such as polycarbonate or high-impact polystyrene

2)
A soft polymer such as low-density polyethylene

3)
An elastomeric polymer such as any rubber (e.g., butadiene).

In the absence of any actual plots from the Internet, logically deduce what such plots must look like from stress-strain behavior shown in Figure 7-9.

7.8-2
Assuming you had a cylinder of pure copper (Cu) 1.000 cm in diameter and 1.00 cm long, plot the compressive load (in N) vs. compression shortening or contraction (in mm) from 0 load to the load that would just cause yielding. The yield stress for pure Cu is 69 MPa. (Assume the relationship between load and contraction is linear up to the point of yielding; which it is not.)

7.8-3a
Use the Internet to look up the compressive strengths of the following important engineering materials:

1)
Wood (some pine or fir), loaded parallel to the grain

2)
Wood (the same pine or fir), loaded perpendicular to the grain

3)
Concrete

4)
Two grades of gray cast iron.

        b.
Is wood stronger in tension or compression? Try to figure out why or why not?

        c.
Is gray cast iron stronger or weaker in compression than in tension?

7.9-1
Table 7-2 gives the formula for calculating the Brinell hardness number HB as:


HB = 2P/D[D-(D2-d2)1/2], where P is the applied load, D is the diameter of the hardened steel indenter, and d is the diameter of the hardness impression viewed from above.

a. If a 10-mm diameter Brinell hardness indenter produced an impression with a diameter of 3.0 mm in a steel alloy, when a load of 1000 kg was used, what is the calculated HB for the material?

b. What would the diameter of an impression be if the hardness of the steel alloy is HB 500 when a 1000 kg load was used?

7.10-5
The fatigue data for a particular steel are given below:



Stress amplitude
Cycles to failure



MPa(ksi)




470(68.0)
104


440(63.4)
3x104


390(56.2)
105


350(51.0)
3x105


310(45.3)
106


290(42.2)
3x106


290(42.2)
107


290(42.2)
108

a. Make an S-N plot (stress amplitude vs. logarithm of cycles to failure)

b. What is the fatigue limit for the steel?

c. What are the fatigue lifetimes at stress amplitudes of 415 MPa (60 Ksi) and 275 MPa (40 ksi)?

d. What are the fatigue strengths at 6x104 cycles and at 6x105 cycles?

7.10-8
The following creep data were taken for an aluminum ally at 400(C (750(F) and a constant stress of 25 MPa (3,625 psi):



Time (min)
Strain
Time (min)
Strain



0
0.000
16
0.120



2
0.025
18
0.153



4
0.043
20
0.176



6
0.065
22
0.193



8
0.078
24
0.218



10
0.098
26
0.255



12
0.109
28
0.307



14
0.120
30
0.368


Ignoring the usual initial, instantaneous strain:

a. Plot the data as strain vs. time

b. Determine the minimum, steady-state creep rate.

7.10-9
Figure P7.10-9 is a logarithmic plot of relaxation modulus vs. logarithm of time for poilymethylmethacrylate (PMMA) at a variety of temperatures (Source:  J.R. McLoughlin and A.V. Tobolsky, J. Colloid Sci., 7, 555, 1952; used with permssion of the Journal).


Make a plot of the logarithm of Er at 10 second, i.e., Er(10), vs. temperature and estimate the Tg for PMMA. Check your estimate against the value of Tg you find on the Internet for PMMA.

[Figure P7.10-9]

7.11-2
A tall steel radio transmission tower is to be supported by a series of steel guy wires. The load in each wire is estimated will be 14,630 N (3360 lbf).


Determine the minimum diameter required for the wires if a safety factor of 2 is to be employed, and the yield strength of the steel used in the wires is 860 Mpa (125,000 psi).

Chapter 8:

Problem 8.2-5 is no longer part of this text.

8.7-1
Estimate the magnitude of the maximum stress that exists at the tip of an internal crack having a tip radius of 2.5x10-4 mm (10-5 in.) and a crack length of 2.5x10-2 mm (10-3 in.) if the applied tensile stress is 170 MPa (25,000 psi). 

8.7-2
Use Figure 8-17 to estimate the theoretical stress concentration factor for each of the following component situations:

a.
A drilled hole of diameter 1/8-in. (3.2 mm) vs. 1/2-in. (12.7 mm) in a plate 1 in. (25.4 mm) vs. 2-in. (50.8 mm) wide. (That’s four conditions.)

b.
Corner radii of 1/8-in. (3.2 mm) vs. 1/2-in. (12.7 mm) in a part with an h dimension of 2 in. (50.8 mm) and w/h ratios of 1.10 and 2.00.

c.
Do you see how design can really affect the risk of failure by introducing severe stress concentrations, well above the nominal design stress?

Chapter 9:

9.3-1a.
A copper (Cu) wire must not experience a voltage drop of more than 1.0 V over a distance of 300 m when a current of 100 A passes through it. If the electrical conductivity of pure Cu is 6.0x107 (-m)-1, what must the minimum diameter of the wire be?

        b.
For the minimum diameter calculated in part (a), what would the voltage drop be if the wire were made out of pure aluminum (A0) instead of pure Cu, given the electrical conductivity of pure Al is 3.8x107 (-m)-1?

9.4-1
The electrical conductivity and electron mobility for pure copper (Cu) are 6.0x107 (-m)-1 and 0.030 m2/V-s, respectively.

a. Calculate the number of free electrons per m3 for pure Cu at room temperature.

b. What is the number of free electrons per atom of Cu? [HINT:  The density of pure Cu is 8.94 g/cm3.]

9.4-3a.
Using the data given in Figure 9-5, determine the value of o and a in Equation 9-7. Assume the temperature T to be in degrees C.

  b. Determine the value of A in Equation 9-8 for nickel (Ni) as an “impurity” in copper (Cu) using the data given in Figure 9-5.

  c.
Using your results in parts (a) and (b), estimate the electrical resistivity of Cu containing 1.8 at.% Ni at room temperature (20(C) and at 100(C.

9.5-3 Would zinc (Zn) act as an electron donor or an electron acceptor when added to the compound semiconductor GaAs> Explain your answer. [HINT:  Assume the Zn atoms substitute for some of the Ga atoms in the crystal lattice.]

9.5-4
TOUGH!


Designing an extrinsic semiconductor material to have a particular electrical conductivity at room temperature requires a trial-and-error or iterative process, because the mobility of electrons and holes is a function of the concentration of dopant added to the intrinsic semiconductor host.


To solve this problem, one would first have to assume a certain concentration of the dopant (say 1022 m-3) and calculate the conductivity that would result using values of the electron or hole mobility at the assumed concentration. Based on the value of electrical conductivity obtained, the process would have to be repeated for a different guessed dopant concentration, and the new value of conductivity would have to be calculated using the new values of mobility for the new assumed concentration of dopant. With these two values electrical conductivity, a better value of dopant concentration could be extrapolated or interpolated, and the new value for the conductivity could be calculated – using adjusted values for the mobility.


Once the desired value of electrical conductivity is obtained with a particular concentration of dopant, one would have to convert this concentration per m3 to at.%. To do this, it would be necessary to calculate the number of host atoms per m3 from:



Nhost = NA host/AWhost


and atomic percent (at.%) from:



At.% = Ndopant/(Ndopant + Nhost)


Using this approach, estimate the at.% 
f boron (B) that would have to be added to create extrinsic silicon (Si) with an electrical conductivity of 60 (W-m)-1. The following data are given (not all of which might be needed):



Si = 2.33 g/cm3


B = 2.34 g/cm3


AWSi = 10.81 amu



AWB = 28.09 amu



NA = 6.023x1023 atoms/mole



h for 1022 m-3 = 0.040 m2/V-s



h for 1021 m-3 = 0.045 m2/V-s



h for 1023 m-3 = 0.030 m2/V-s

9.6-1a.
A capacitor with parallel plates (i.e., a parallel-plate capacitor) having dimensions of 30 mm by 60 mm (1.2 in. by 2.4 in.) and a plate separation of 1.5 mm (0.060 in.) must have a minimum capacitance of 5x10-11 F or 50 pF (where 1 pF = 10-12 F) when a voltage of 600 V is applied at a frequency of 1 MHz. What value of dielectric constant would be required?

b.
From Table 9-3, which material(s) are possible candidates?


Problem 9.10-2 is no longer included in this text.

Chapter 10:

10.1-1a Use the Internet to obtain data on the modulus of elasticity, hardness (as BHN or VHN in MPa), and melting point in degrees K for the following pure metals and plot E vs. TMP and Hardness vs. TMP:  Hg; Cs or Ga; Na or K; In or Li; Sn; Cd or Pb; Zn; Al or Mg; Ag; Au; Cu; Be; Ni, Co, or Fe; Ti; Zr or Cr; Hf; Nb; Mo; and W.



What do you notice about the relationships indicated by these plots? Explain the observed relationship(s).

             b. Values obtained from www.Webelements.com are:

10.3-2a
An interesting concept for storing the excess electricity (electrical energy) that a utility can usually generate at off-peak hours (such as the middle of the night) was to convert the excess electricity into heat (by I2R heating in resistive elements, like in a toaster) and store the heat in blocks of a salt for later recovery and conversion back into steam to generate electricity when it was needed to meet peak demands. 



Use the Internet to find the value of the specific heats for several salts (e.g., NaCl, KCl, CaCl) and compare these values to the specific heats for several common metals (e.g., Al, Cu, Fe, and Ni) and see if the proposal makes sense.

          b. An additional suggestion was to heat salt blocks contained in metal or ceramic containers until the salt melted, as this would allow considerably more heat energy to be stored and, later, recovered. Why were the S to L and L to S phase changes suggested? [HINT:  Look into latent heat of fusion.]

10.4-2
The period of a simple pendulum (i.e., the time it takes for the pendulum to complete one complete cycle from left to right back to left) is given by T = 2(L/g)1/2, where T is the period (in seconds), L is the length of the pendulum stem, and g is the acceleration of gravity = 9.8 m/s2 (32.14 ft/s2).



If a grandfather clock has a pendulum stem that is 45 in. (114 cm) long and is made from brass (70%Cu-30%Zn) with a CTE l = 19.9x10-6(C-1 (11.1x10-6(F-1), how many seconds will the clock lose every 24 hours and every 8 days (8x24=192 hrs) between re-winding, if the temperature of the room averages 72(F (22(C) but the clock was calibrated for an operating temperature of 68(F (20(C)?

10.4-3
For the grandfather clock in 10.4-2, what value of linear coefficient of thermal expansion would be required to assure an accuracy of 1 second per year (365 days) if the temperature in the room containing the clock varied +9(F (+5(C) from the calibration temperature of 68(F (20(C)? Is this a reasonable and obtainable CTE for a metal or alloy?

10.5-1
Why does the best available stove-top cookware (i.e., pots and pans) have either a pure copper (Cu) layer roll-bonded to the stainless steel vessel or either a brazed on or embedded disk of pure aluminum (Al)?

10.5-3
The values of electrical resistivity (which is the reciprocal of electrical conductivity, 1/) and thermal conductivity for copper (Cu) and carbon diamond are 1.72x10-8 and 1.5x10-2 -m and 388 and 3150 W/m-K, respectively. Think about the type of bonding in these pure materials and explain why diamond is an electrical insulator but the best of all thermal conductors.

10.6-1
Thermostats (used to control temperature in rooms in buildings and homes) employ a bi-metal strip consisting of two metals with different CTEs roll-bonded together. The differential expansion and contraction causes the strip to bend and open or close electrical contacts to shut off or call for heat.


What difference in CTE between the two metals comprising a bimetal strip would be required to cause a 8-in. (400 mm) long coiled strip 0.25-in. x 0.050-in. (6.3 mm x 1.25 mm) to deflect 0.0.040-in. (1.0 mm) when the temperature drops 9(F (5(C)? )? [HINT:  Check the Internet to see how a bimetal strip operates in a thermostat and try to simplify the problem, as to conduct a precise analysis would be very difficult and unnecessary for practical design answers. For example, assume the coiled strip is actually stretched straight.]" This is a TOUGH problem!

10.6-2
Mechanical engineers use what is known as a 3-bar analog to calculate thermal stresses induced by temperature changes on materials/parts with different CTEs. The two end bars are given one value of CTE and the middle bar is given another value (i.e., the end bars and the middle bars are different materials).



Using the Internet to look up “3-bar analog” with “differential CTE”, calculate the following:

a. The direction (compression or tension) and magnitude of the stress developed in the middle bar of the CTE of the end and middle bars are 5x10-6 (C-1 and 11x10-6 (C-1, respectively, when the temperature drops by 200(C from where the bars are all stress free. Assume the bars are all 40 cm long.

b. If the bars in the 3-bar analog in a above were stress free at their initial and peak temperature, how much would the arrangement need to drop to cause the middle bar to just yield if it had a yield strength of 69 MPa, a modukus of elasticity of 115 GPa, and the CTEs for the end bars and the middle bar were 5x10-6(C-1 and 20x10-6(C-1, respectively? Assume the end bars were infinitely strong and infinitely stiff, so will not change length from stress. Also, assume the values of CTE are independent of temperature, which they are not.
Chapter 11:

11.1-3
What important change to the structure of each of the following materials occurs as an unintentional consequence of the given processing method, and defend your answer:

a. Cold drawing a pure copper (Cu) wire. [HINT:  Think about why pure copper is usually used.]

b. Arc welding a piece of carbon steel and allowing it to cool very quickly following welding. [HINT:  See section 11-8.]

c. Drawing a filament of a long-chain semi-crystalline polymer with an initially low degree of crystallization.

d. Heating an age-hardened aluminum (Al) alloy during arc welding and alloying it to cool very rapidly in the region just outside the weld itself (i.e., in the “heat-affected zone”).

11.1-4
In order to select a process (or series of processes, i.e., a processing route) to fabricate a part, it is necessary to consider the structure and properties of the material to be processed, usually by thinking about the properties first and structure that gives rise to them second.


From your personal knowledge or experiences, or by using the Internet, which process or processing route would be most compatible with the given material in each situation listed below, and defend your answer.

a. Cold forming or hot forming a high strength alloy containing two solid solution phases at room temperature by only one at elevated temperature,

b. Melt casting or cold (or “slip”) casting (using a slurry of fine powder in a fluid binder) to produce small, complicated parts from a high temperature ceramic.

c. Milling or grinding to shape a hard ceramic produce a complicated shape to precise dimensions. [HINT:  Use the Internet to look up “milling” and “grinding”.]

d. Casting (i.e., melting and solidifying) or molding an amorphous thermoplastic polymer part. [HINT:  Use the Internet to look up “molding” versus “casting”, and think about what happens when an amorphous thermoplastic is heated up.]

11.3-1
Strengthening mechanisms for metals are often used in combinations to provide additive strengths for a structural/mechanical application.


For each of the metallic materials (i.e., pure metals or alloys) that follow, identify the various strengthening mechanisms being employed:

a. A heat-treatable Al alloy with a “T3” temper designation. [HINT:  Use the Internet to look up “alumimum alloy temper designations”.]

b. A “spring-temper” copper-beryllium (Cu-Be) alloy.

c. A heat-treatable Ni-based superalloy such as Inconel 718 or Alloy 718.

d. A “250 grade” maraging steel.

11.4-2
Using the data given by the plots in Figure 11-3 for a 70 wt.% Cu/30wt.% Zn yellow brass:

a. Determine the values for the constant o and ky in Equation 11-1.

b. Using the values for o and ky determined in part a, predict the yield strengths of this alloy when the average grain diameter is 5x10-2 mm and 1x10-3 mm, respectively. [Remember, grain diameter is plotted on a logarithmic scale from largest to smallest on the upper y-axis.]

The Hall-Petch relationship is given by Equation 11-1 as y=o+kyd-1/2.

11.5-2a.
Using Figure 11-5, what is the approximate ductility (as %EL) of a brass that has a yield strength of 50 ksi (345 MPa)?

b. What is the tensile strength of a brass with a ductility of 15%EL after cold working?

11.6-1
Solid solution strengthening by alloying (i.e., intentionally adding a controlled concentration of a solute) is an extremely important and widely used method of strengthening metals. Added solute atoms usually substitute for host or solvent atoms on the host’s lattice, but if small enough (such as H, C, O, and N), can go into interstitial sites in the host’s lattice.


Use the Internet to look up the yield strength, tensile strength, and ductility (as %EL) for each of the following pairs of pure metals and a single-phase solid solution strengthened alloy look up, write down, and compare the values for the pure metal and for the alloy:

a. Pure Cu versus Cu with 30 wt.% Zn (a yellow brass).

b. Pure Cu versus Cu with 30 wt.% Ni (a Monel).

c. Pure Ti versus Ti with 6 wt.% Al and 4 wt.% V (CP vs. Ti-6-4).

d. Pure Fe versus an AISI-SAE 1008 carbon steel with 0.08 wt.% C. [This alloy is not really a single phase alloy, but it nearly is.]

All materials are in the annealed condition.


Why is the strength of pure iron (Fe) increased by such a small addition of carbon (C) compared to how much the strength of the other alloys is increased by larger concentrations of solute?

11.6-2
Use the Internet to find out what happens to the electrical conductivity of pure copper (Cu) when even small concentrations of virtually any solute are added. Explain this behavior. What is OFHC and why is it used?

11.7-1
Many important engineering alloys are used that consist of two solid solution phases at room temperature in order to obtain higher strength.


For each of the alloys in the list below, use the Internet to find an appropriate phase diagram (as indicated) and/or search for the alloy to identify the following:

a. The crystal structure of each of the two solid solution phases.

b. The maximum solubility of the solute in the solvent-rich  solid solution.

c. The yield strength, tensile strength, and ductility (as %EL) for pure Pb, pure Sn, and the eutectic 37-63 Pb-Sn alloy.

The two-phase alloys are:

(
Binary copper-silver (Cu-Ag) alloy.

(
Binary lead-tin (Pb-Sn) solder alloy.

11.7-2
Many important two-phase alloys rely on precipitation of a second phase intermetallic or, occasionally, ceramic compound from a single-phase solid solution to impart strength by age hardening.


For each of the age-hardenable alloys listed below, use the Internet to find an appropriate binary phase diagram and/or search for the alloy to identify the following:

a. The solid solution parent phase and the precipitated compound phase.

b. The maximum solubility of the solute in the solvent at some elevated temperature. Also give the temperature.

c. The annealed (i.e., solutionized) and aged yield strength, tensile strength, and ductility (as %EL) of some Cu-Be alloy and of AA2024-O and AA2024-T3.

The age hardenable alloys are:

(
Copper-beryllium (Cu-Be).

(
Aluminum-copper (Al-Cu) AA2024-O (annealed) and -T3 (aged) temper. [HINT:  Look at the left, Al-rich side of the phase diagram only.]

11.8-1
Use the Internet to search for “martensite tranformations in metals or alloys” and try to identify four alloys in which this quench hardening transformation occurs.


BONUS:  Do martensite transformations always result in an as-quenched phase that is as strong and as hard as ferrous martensite? Why or why not?

Problem 11.10-2 no longer exists in this text.

Chapter 12:

12.2-1
How many components (C) and how many phases (P) are there in each of the following example systems (assuming RT and 1 atm. pressure):

a. Common solid table salt (NaCl)?

b. Common table salt completely dissolved in water?

c. Sweet cherry-flavored Slurpies( or shaved ice cones, [HINT:  Consider “sweet” to mean pure sucrose sugar and “cherry” to be a pure substance”.]

d. Lemon-scented water mist. [HINT:  Consider “lemon” to be a pure substance and recognize mist is created at room temperature.]

e. Carbonated water. [HINT:  Think of seltzer.]

f. Solid Fe-Cr-Ni stainless steel with 0.08% C.

12.3-1
Using the Internet to look up the phase diagram of sucrose (C12H22O11) in water, and recognizing that sugar solutions can freeze, answer the following questions:

a. How much sugar will dissolve in 1 liter of water at 60(C (140(F) and at 90(C (194(F)? [HINT:  1 ml of water weighs 1 g.]

b. If the saturated solutions in part a are cooled to 20(C (68(F), some of the sugar will precipitate out as a solid. What will be the composition of the saturated liquid solution (in wt.% sugar) at 20(C (68(F)?

c. How much of the solid sugar (in grams) will come out of each solution at 20(C (68(F)?

12.3-4
Go to www.copper.org/applications/industrial/DesignGuide/discuss02.html and find the plot of tensile strength (TS) vs. Electrical Conductivity (as %IACS), with ultra-pure Cu at 100%. Why do dispersion strengthened alloys have higher electrical conductivity than either solid solution strengthened or precipitation strengthened alloys? Why do precipitation strengthened alloys have higher strength than solid solution strengthened alloys?

12.4-1
Using the P-T phase diagram available after an "image" search on Googel.com at www.mainsquare.org (actually, from www.colorado.edu), answer the following questions:


a. For ice (Ih) at -13(C and 1 atm. pressure, to what must the pressure (in Pa and atm.) be adjusted for the ice Ih to melt?


b. As in part a, but for ice Ih to sublime?


c. At a pressure of 0.01 atm, what is the melting point of ice Ih?


d. What is the boiling point of water at 0.1 atm?


[HINT: 1 atm pressure=101,325 Pa (about 105)=1.01325 bar=760 torr or 760 mm Hg]"

12.4-2
There are many interesting one-component pressure-temperature (P-T) phase diagrams available on the Internet. One is for pure sulfur (S).

Using the phase diagram for pure sulfur (S) available on the Internet after an "image" search on Googel.com under "phase diagram for sulfur", answer the following questions:


a. Why does the phase boundary line between the liquid and vapor phases of S end where it does, while the other phase boundary lines between single-phase regions, while not obvious on this particular version of the phase diagram, do not end, but, rather, continue on?


b. Which solid phase of pure S has the higher density, rhombic or monoclinic?


c. What is the crystalline phase of S at standard pressure and temperature (i.e., 1 atm. and RT)?


d. List any triple points on the P-T phase diagram for pure S

12.4-3
Use the Internet to find the P-T phase diagram for pure carbon (C). Download a copy and use it to answer the following questions:

a. What solid phase of C exists under equilibrium at standard atmospheric conditions (i.e., RT and 1 atm. pressure)? [HINT:  Convert 1 atm. to GPa, knowing that 1 atm~105 Pa]

b. At what temperature does the equilibrium form of C melt at 1 atm. pressure?

c. To what pressure would graphite have to be subjected to form solid that is 100% diamond at room temperature?

Problem 12.6-1 no longer exists in this text. The following problems have been renumbered.

12.6-1
Construct the phase diagram for the binary tungsten-molybdenum (W-Mo) system from the following data:



Wt.% W
Solidus Temp.
Liquidus Temp.




((C)
((C)



0
2623
2623



20
2680
2750



40
2780
2980



50
2835
2965



60
2920
3045



80
3120
3230



100
3387
3387

a. What type of binary phase diagram is this?

b. What are the crystal structures and atomic radii for W and Mo?

c. Does the type of phase diagram make sense based on Hume-Rothery’s rules?

[HINT:  You can print out graph paper from the Internet.]

12.6-2
Use the Internet to find and download a copy of the binary phase diagram for silver-copper (Ag-Cu), and answer the following questions:

a. The crystal structure of both Ag and Cu is FCC, while the atomic radii are rAg = 0.144 nm and rCu = 0.128 nm, respectively. Is the type of phase diagram for Ag-Cu what is predicted by Hume-Rothery’s rules? Why?

b. What is the maximum soli solubility of Cu in Ag? At what temperature?

c. What is the maximum solid solubility of Ag in Cu? At what temperature?

d. Write the eutectic reaction that occurs in the Ag-Cu phase diagram, indicating the reactant and product phase(s), and the temperature and the composition (as wt.% Ag) at which the reaction takes place.

e. At what temperature does the first solid phase form in an alloy with 10 wt.% Ag?

[HINT:  Search for the phase diagram as an “Images”.]

12.7-1
Use the Internet to find the phase diagram for the magnesium-lead (Mg-Pb) binary alloy system by searching under “Images”, and answer the following questions:

a. Write the complete reaction for each and every eutectic that occurs in the system, including reactant and product phase(s), and temperature and composition at which the reaction(s) take(s) place.

b. Locate and indentify each and every congruent melting transformation on the diagram, given the liquid and solid phase, temperature, and composition for each.

c. What are the composition of the solid and of the liquid phases in equilibrium in an alloy containing 40 wt.% Pb at 550(C?

d. Can you explain why Pb has a much higher solubility in Mg than vice versa from Hume-Rothery’s rules?

12.7-2
Use the Internet to find the phase diagram for the aluminum-copper (Al-Cu) binary alloy system by searching under “Images”, and answer the following questions:

a. Properly label all of the phase regions with the phase(s) present under equilibrium.

b. List all congruent melting transformations, a eutectic reactions, a peritectic reaction, and a eutectoid reaction, giving the phase(s) involved, temperature, and composition.

c. Explain why alloys with 4- wt.% Cu can be age hardened.

[HINT:  Try the version of the phase diagram on www.owlnet.rice.edu.]

12.7-3
Use the Internet to find the phase diagram for the copper-tin (Cu-Sn) binary alloy system (in which bronze alloys are found) by searching under “Images”, and answer the following questions:

a. Identify by the proper formula the various line (or very narrow composition-range) compounds found in this system. [HINT:  There are five!]

b. For each, give the formation temperature  and approximate composition in both weight (wt.) and atomic (at.) percent.

12.8-1
Use the Internet to find the phase diagram for the iron-carbon (Fe-C) alloy system by searching under “Images”, select image137.jpg, and answer the following questions:


a. Look up the crystal structure of the ferrite (-ferrite) phase, and draw a unit cell, showing the location of all Fe atoms and a possible C interstitial


b. Look up the crystal structure of the gamma austenite (-austenite) phase, and draw a unit cell, showing the location of all Fe atoms and a possible C interstitial


c. Look up the structure of Fe3C (cementite) and down-load a copy of the unit cell. What type of transformation, if any, occurs with Fe3C?

d. Give the eutectic, peritectic, and eutectoid reactions found on the diagram.

12.9-1
Use the Internet to find the phase diagram for the zirconium oxide-calcium oxide (ZrO2-CaO) binary ceramic alloy system by searching under “Images”, and answer the following questions:


a-c. List all of the invariant reactions and transformations by type, phase(s) involved, and temperature and composition at which the reaction of transformation takes place. [HINT: There are five; two congruent melting transformations, one eutectic reaction, and two eutectoid reactions.]


d. Also, What allotropic transformations (or polymorphic forms) of ZrO2 exist, giving the forms and temperature ranges.

Chapter 13:

13.1-1
Heat is widely used to intentionally develop the microstructure (e.g., phases, constituents, morphologies, grain sizes, grain texture, etc.) of metallic alloys as well as pure crystalline elements (including silicon). Processes can involve melting and solidification, surface diffusion, and/or various solid-state phase transformations.


Give three fundamentally different reasons for using heat to cause controlled melting and solidification to achieve desired structures and/or properties. Be sure to include the structure and property change(s) sought. [HINT:  Think about manufacturing processes involving melting and solidification, as well as applications requiring melting and solidification.]

13.1-4
Heat can also cause unintentional and unwanted changes to the structure and/or properties of crystalline or semi-crystalline materials, often degrading needed or planned performance.


Give three examples of unintentional and unwanted changes from heat. Be sure to include the structure and property change(s) affected. [HINT:  Think about manufacturing processes and service environments.]

13.2-1
Pure nickel (Ni) solidifies homogeneously for an average supercooling or undercooling (TMP-T) of 319(C on a melting point (TMP) of 1455(C. If the latent heat of fusion (Hf) and surface free energy  are -2.53x109 J/m3 and 0.255 J/m2, respectively, calculate the following:

a. The critical radius r*

b. The activation energy G*

c. The number of atoms of Ni found in a spherical nucleus of critical radius r*, given that the lattice parameter ao for FCC Ni is 0.360 nm.

13.3-1
Hydrogen gas is purified by causing it to diffusion through a thin sheet (diaphragm) of palladium (Pd). Having a much smaller atom size than other gases in air, hydrogen diffuses much faster by an interstitial mechanism.


If the diffusion coefficient of hydrogen in palladium is 1.0x10-8 m2/s, how many kilograms of hydrogen will pass per hour through a 4.0-mm thick sheet of palladium having an area of 0.10 m2 at 600(C? Assume that the concentrations of hydrogen at the high-pressure and low-pressure sides of the palladium sheet are 2.0 and 0.5 kg of hydrogen per cubic meter of palladium and that the source and sink are very large volumes.

13.4-2
Use the Internet to look up and download the phase diagram for the molybdenum-tungsten (Mo-W) binary system. For an alloy containing 30 wt.% W, answer the following questions:

a. The temperature at which the first solid phase forms.

b. The identification (crystal structure and solution or compound) and composition of the first solid to form.

c. Draw an accurate sketch of the microstructure developed at a temperature of 3025(C, being careful to get the proportions of phases right.

d. What is the composition of each phase present at 3025(C in a 30 wt.% W alloy?

e. What are the approximate proportions of each phase present in part d?

f. Draw an accurate sketch of the microstructure developed at room temperature in at 30 wt.% W alloy.

13.5-1
Use the Internet to locate and download the equilibrium phase diagram for the copper-silver (Cu-Ag) binary alloy system. Use the Cu-Ag phase diagram to answer the following questions:

a. What is the temperature and composition of the first solid to form an alloy with 20 wt.% Cu?

b. At what temperature is the transformation of the alloy in part a completed?

c. At what temperature do the first particles of the Cu-rich 2nd phase form and what is the composition of the phase that first forms?

d. Draw an accurate sketch of the microstructure developed at a temperature of 778(C under equilibrium, being careful to get the proportions correct.

e. For an alloy of 20 wt.% Cu, what phases of what compositions and in what proportions of each have developed at 100(C?

f. What are the compositions of the two phases present at 778(C under equilibrium?

g. What are the proportions of the pro-eutectic phase and of the eutectic at 778(C under equilibrium?

h. Draw an accurate sketch of the microstructure developed at 78C in a 40 wt.% alloy under equilibrium, being careful to get the proportions right.

13.6-1
For the 20 wt.% Cu alloy in 13.5-1, draw an accurate sketch of the microstructure developed under conditions of non-equilibrium at:

a. 900(C

b. 778(C

13.7-1
Eutectoid transformations often result in lamellar microstructures consisting of alternating layers of the two solid phases S2 and S3 formed by a generic reaction S1(S2+S3. In the carbon steels, (-ferrite+cementite. The rate of diffusion of carbon in iron at the temperature of isothermal transformation affects the thickness of the layers of -ferrite and cementite to produce coarse or fine pearlite.


Using what you know about diffusion (from section 13-3) and what you know about how eutectoids are formed (from Figure 13-20), give a rough comparison between the layer thicknesses expected for isothermal transformation at 550(C versus 700(C.


You are given that Do for C in -Fe is 2.3x10-5 m2/s and the activation energy Qd is 148 kJ/mol.


[HINT:  Consider Equation 13-19 and make comparisons for the same available times for diffusion.]

13.8-1
Using the isothermal transformation diagram for a carbon steel of eutectoid composition (obtained from the Internet), specify the final microstructure (in terms of microstructure present and approximate percentages of each phase or constituent present) for small samples allowed to equilibrate at 760(C (1400(F) following each of the cooling paths below:

a.
Cool rapidly to 700(C (1290(F), hold for 10 s, then quench to RT.

b.
Reheat the specimen in part a to 700(C (1290(F) for 20 h.

c.
Rapidly cool to 600(C (1110(F), hold for 4 s, rapidly cool to 450(C (840(F), hold 10 s, then quench to RT.

d.
Cool rapidly to 400(C (750(F), hold for 200 s, the quench to RT.

e.
Cool rapidly to 400(C (750(F), hold for 20 s, the quench to RT.

f.
Rapidly cool to 250(C (480(F), hold for 100 s, then quench to RT in water. Reheat to 315(C (600(F) for 1 h and slowly cool to RT.

13.8-3
Using the isothermal transformation diagram for a hyper-eutectoid carbon steel with about 1.10-1.20 wt.% carbon (from the Intenet), determine the final microstructure present after equilibrating the austenite at 920(C (1690(F) and then performing the following treatments:

a. Rapidly cool to 700(C (1290(F), hold for 105 s, then quench to RT.

b. Rapidly cool to 400(C (750(F), hold for 500 s, then quench to RT.

c. Rapidly cool to 250(C (480(F), hold for 103 s, then quench to RT.

d. Rapidly cool to 650(C (1200(F), hold at this temperature for 3 s, rapidly cool to 400(C (750(F), hold for 25 s, then quench to RT.

13.8-5
Briefly describe the simplest continuous cooling heat treatment to produce the following microstructures in AISI-SAE 4340 low-alloy steel:

a. 100% as-quenched martensite

b. 50% martensite + 50% bainite

c. A mixture of martensite+ferrite+bainite

d. A mixture of martensite+ferrite+pearlite+bainite

e. A mixture of ferrite+pearlite.

Chapter 14:

14.1-1
Strain can be used by the metal producer and by manufacturers for several purposes, including:  (1) the achievement of desired shapes; (2) the achievement of desired properties; and (3) the development of desired microstructures.


Using the Internet, as well as your personal knowledge and experience, give two examples of each of the above; one from the metal producer and one from the manufacturer of metals products.

Chapter 15:

15.2-4
While most synthetic composites use inherently strong, hard, but brittle phases to reinforce an inherently less strong, more ductile or tougher matrix phase, this is usually not the case in natural composites. In natural composites, the harder phase is often the matrix, and the tougher phase the reinforcement. 


Find, and discuss, two examples found in nature.


Two examples among natural composites in which a hard matrix phase used for structural strength and/or stiffness has its inherent brittleness offset by a toughening reinforcing phase are:

15.4-3
A large-particle composite cermet contains 85 vol.% titanium carbide (TiC) in a cobalt (Co) matrix. The values of the thermal conductivity for TiC and Co are 27 and 69 W/m-K, respectively.


Estimate the minimum and maximum thermal conductivity values for the cermet.

15.6-3
Single-crystal aluminum oxide (as sapphire) whiskers have a specific gravity of 4.0, a modulus of elasticity as high as E=1500 GPa/220x106 psi, and a tensile strength as high as TS=20 GPa/3x106 psi. Polycrystalline Al2O3 has a specific gravity of 3.95, a modulus as high as E=379 GPa/(55x106 psi), and a tensile strength as high as TS=1.38 GPa/0.2x106 psi. Al alloy 6061 has a specific gravity of 2.70, a modulus of elasticity of E=69 GPa/10x106 psi, and a tensile yield strength of YS=55 GPa/8 ksi.


Using these data, calculate the estimate the moduli for whisker-reinforced compared to fiber-reinforced composites containing a constant 20 vol.% of reinforcement. [HINT:  Consider the maximum and minimum possibilities for both composites.]

15.6-4
An interesting application of continuous and aligned fiber-reinforced composites has been for power transmission cables. One example is the use of continuous, aligned -Al2O3 fibers in pure aluminum (Al), at a volume percentage of around 3%. Given the properties listed below, explain why this was done. [HINT:  Consider both the electrical and strength properties of the cable.]



Al2O3 fibers:
Pure Al


Density (g/cm3)
3.95
2.71


Modulus E (GPa/106 psi)
379/55x106
69 GPa/10x106

Ten. Yield Str. YS (MPa/ksi)
1380/200
34/5


El. Resistivity (-m)
1012
2.9x10-8

15.7-2
Commercially-pure (CP) and alloyed titanium have been reinforced to create metal-matrix composites, predominantly for military aerospace applications. In most cases, continuous, aligned fibers are used.


Calculate the maximum and minimum expected values of modulus of elasticity for a composite containing 30 vol.% of the following fibers in CP Ti and T-6Al-4V alloys, using the data given below:



Density of CP Ti = 4.51 g/cm3


Density of Ti-6Al-4V = 4.43 g/cm3



Modulus of elasticity of CP Ti = 103 GPa/14.9x106 psi



Modulus of elasticity of Ti-6Al-4V = 114 GPa/16.5x106 psi



Density of Graphite = 1.78-2.15 g/cm3


Density of SiC = 3.0 g/cm3



Modulus of elasticity of Graphite = 228-724 GPa (32-100x106 



psi)



Modulus of elasticity of SiC = 400 GPa (60x106 psi)

Chapter 16:

16.2-1
Write the full oxidation-reduction chemical reaction for each of the situations given below. For each situation, state which metal is being oxidizing and by what chemical element, ion, molecule, or radical.

a. Iron in an aqueous solution of hydrochloric acid.

b. Iron in fresh water in a lake.

c. Stannous chloride reacted to produce stannic chloride. [HINT:  Show only what happens to the stannous chloride without worrying about the other reactant.]

16.2-2
Write the possible oxidation and reduction half-reactions that occur when pure aluminum is immersed in each of the following solutions:

a. Aqueous solution of HCl.

b. Aqueous solution of NaOH.

16.3-1
Electroplated cadmium (Cd) is sometimes used to protect steel fasteners.

a. Compute the voltage at 25(C (77(F) for an electrochemical cell containing a pure cadmium (Cd) electrode in a 1M solution of Cd2+ ions and a pure iron (Fe) electrode in a 1M solution of Fe2+ ions.

b. Write the spontaneous reaction and explain whether the original statement is reasonable or not.

c. What is the cell voltage if the concentration of Cd2+ and Fe2+ are changed to 0.04M and 0.2M, respectively, at 25(C (77(F)?

d. What is the voltage if the solutions in part c are heated to 60(C (140(F)?

e. What, if any, advantage, is there to heating the plating solutions?

16.3-4
From the galvanic series in Table 16-2, cite three practical metals or alloys that could be used to galvanically protect pure copper (Cu) in electrical or microelectronic circuits. [HINT:  Use the Internet to see how printed circuits are protected from corrosion.]

Chapter 17:

17.7-1
Biomimetics has in the past, and will in the future, transform our lives; nowhere more than in medicine.


Use the Internet to look up and describe each of the following:

a. Mussel or barnacle-based adhesives.

b. Synthetic silk.

c. Respirocytes.

d. Neuromorphic cells for replacement of retinae or cochleae.

e. Artificial photosyntheis. [HINT:  This may still be a fantasy!]

17.8-1
Carbon nano-technology appears to hold great potential for new materials with unique behaviors and responses.

Use the Internet to look up and describe the following:

a. Single-wall carbon nano-tubes (SWCNTs).

b. Multiple-wall carbon nano-tubes (MWCNTs).

c. Nano-pipettes.

d. Nano-cones.

e. Nano-horns.

