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5.29 Cite the relative Burgers vector—dislocation line orientations for edge,
screw, and mixed dislocations.
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Questions and Problems

5.9 For both FCC and BCC crystal structures, there are two different types
of interstitial sites. In each case, one site is larger than the other, which
site is normally occupied by impurity atoms. For FCC, this larger one
is located at the center of each edge of the unit cell; it is termed an
octahedral interstitial site. On the other hand, with BCC the larger site
type is found at 0, 1/2, 1/4 positions—that is, lying on {100} faces, and
situated midway between two unit cell edges on this face and
one-quarter of the distance between the other two unit cell edges; it is
termed a tetrahedral interstitial site. For both FCC and BCC crystal
structures, compute the radiusr of an impurity atom that will just fit
into one of these sites in terms of the atomic radiusR of the host atom.
FCCO 0 000 r=0.41R

BCCU O UUOO r=029R

industry in order to reduce the weight and improve the performance of
its aircraft. A commercial aircraft skin material having a density of
2.55 g/cm3 is desired. Compute the concentration of Li (in wt%) that is
required.
p a=2.702 g/cm®, p 1i=0.534 glcm®
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Important terms and concepts

Diffusion O O Steady-state diffusion 0 O O O O

Diffusion flux (J) OO OO

[Nonsteady-state diffusion 0 0 00O 0O 0O

Diffusion coefficient (D) OO OO Self-diffusion 0O 0O O
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Questions and Problems
6.5 (a) explain the concept of a driving force.
00 Cy=0.002 wt% N
Cs=0.50 wt% N
Cx=0.10 wt% N
c, -G, _ 0.10 —0.002 —1—orf (%)
Cs —Co 0.50-0.002 2+ Dt

X
0.8032 =erf (——)

2+ Dt
z erf(z)
0.90 0.7970
z 0.8032
0.95 0.8209

z-0.90 0.8032-0.7970
0.95-0.90 0.8209 -0.7970

2=0.9130 = ——
2+ Dt

(b) What is the driving force for steadystate diffusion?

ERERERN

6.18 At what temperature will the diffusion coefficient for the diffusion of

copper in nickel have a value of 6.5 x 10™" m%/s? Use the diffusion data

in Table 6.2 T=1152K(879 [0 )

0000 6200 DeE2.7x 10™ m'/s Qq =256kJ/mol

0oo D :Doexp(_&)mm
RT

25BJ mol
T= Q’D = Py =1155X
b m
Rint=) 831/molKxIn
S D710 /s
0 87901 [

6.D3 The wear resistance of a steel shaft is to be improved by hardening its

surface. This is to be accomplished by increasing the nitrogen content
within an outer surface layer as a result of nitrogen diffusion into the
steel. The nitrogen is to be supplied from an external nitrogen-rich gas at
an elevated and constant temperature. The initial nitrogen content of the
steel is 0.002 wt%, whereas the surface concentration is to be
maintained at 0.50 wt%. In order for this treatment to be effective, a
nitrogen content of 0.10 wt% must be established at a position 0.40 mm

below the surface. Specify appropriate heat treatments in terms of
temperature and time for temperatures between 4750 and 6250 . The
preexponential and activation energy for the diffusion of nitrogen in iron

are 3x 10" m’/s and 76,150 J/mol, respectively, over this temperature

range.

x=0.40mm=4.0% 10" m

40%107"
0710 ™ _ 40130
2~ Dt

Dt=4.7986 x 10° m?
0 De=3%x 107 m7s

Q.= 76,150 J/mol

Qq _
Dt = Do exp(— )(t) =4.7986x 10° m’
: RT
761 |
33{101m2/s=exp(— 6150J / mo \(t)

(8.31J / mol K)*T

=4.7986x 10°m?

__0.1600
9163.7
expl———
p( T )
t
TO)
S h




475 33386 9.27

525 15500 4.31
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Questions and Problems
7.24 A cylindrical rod 380 mm long, having a diameter of 10.0 mm, is to be
subjected to a tensile load. If the rod is to experience neither plastic
deformation nor an elongation of more than 0.9 mm when the applied

load is 24,500 N, which of the four metals or alloys listed below are

possible candidates? Steel

Mol lus Yield

Tensile

of Elasticliy Stremgth Sirength
Marterial [ GPa) { MPa) { MPa)
Aldiminuem 70 255 {20
alloy
Brass alloy 100 345 420
'i"l:-||||:'| 110 250 200
ateel alloy 207 4l Dl
oo
G=—t="T_= 24500N _ _311.94MPa
md®  7(10.0X107°m)’ /4
4
3F, L
0000 o, =—
2bd
| —I Al 0.9mm
g=— - ="20= = 2.368%10~
lo lo 380mm
3F;L
0000 ©,=—-=
2TR
o 311.94MPa
E=—= — =131.73GPa
£ 2.368*%10
A Brittle O OOO0OOOO
B Plastic O OO OO0OO
C Highly elastcO0 00000

goo

gooog ,0ooo
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7.35 (a) Make a schematic plot showing the tensile true stressstrain
behavior for a typical metal alloy.

(b) Superimpose on this plot a schematic curve for the compressive true
stress-strain behavior for the same alloy. Explain any difference
between this curve and the one in part a.

(c) Now superimpose a schematic curve for the compressive engineering
stress-strain behavior for this same alloy, and explain any difference
between this curve and the one in part b.

7.D1 A large tower is to be supposed by a series of steel wires. It is
estimated that the load on each wire will be 11,100 N. Determine the
minimum required wire diameter assuming a factor of safety of 2 and a

yield strength of 1030 MPa.
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Questions and Problems

8.7. One slip system for the BCC
crystal structure is
{110}<111>. In a manner
similar to Figure 8.6 b sketch a
{110}-type plane for the BCC

structure, representing atom

positions with circles. Now,
using arrows, indicate two different <111>slip directions within this
plane.

8.8 One slip systemfor the HCP crystal structure is {0001}<1120>. In a
manner similar to Figure 8.6 b sketch a {0001}-type plane for the HCP
structure, representing atom positions with circles. Now, using arrows,
indicate two different <1120> slip directions within this plane.

8.18 Describe in your own words the three strengthening mechanisms
discussed in this chapter (i.e., grain size reduction, solid solution
strengthening, and strain hardening). Be sure to explain how
dislocations are involved in each of the strengthening techniques.

000000 grainsizereductonDO OO0 O OOO0OOO0OOOODODOO

gdododgoogogoggo

0000 solid solution strengtheningd D0 O0O0OO0OOOOOOOO

oot ouooobooooooo

0000 Strain hardeningd OO0 0000000 OODOOOOOOO

dodooooooooda

8.30 Briefly cite the differences between recovery and recrystallization
processes.
Recovery: U O0O0O0OO0OO0OOOOOOOOOOOOOOOO RN
gooogoood
Recrystallization: 000 OO0000O0OO0OOODODOOOOOOOOO
iU UUUUUg g
8.36 The average grain diameter for a brass material was measured as a
function of time at 6500, which is tabulated below at two different
times.
(a) What was the original grain diameter?
(b) What grain diameter would you predict after 150 min at 650 0O .

d=0.085mm



000000 " _d" —Kt 00 n=20

d; —ds =Kt,
d, —do =Kt,

< dy —_d’ (6.6x10%)° _(3.9x10%)*
ot -ty 90 —30

dy =,/d; —Kt, =1.02x10*mm

ds =ds +Kts =8.48x10 “mm =0.085mm

8.D6 A cylindrical rod of copper originally 16.0mm in diameter is to be cold
worked by drawing; the circular cross section will be maintained during
deformation. A cold-worked yield strength in excess of 250MPa and a
ductility of at least 12%EL are desired. Furthermore, the final diameter

must be 11.3mm. Explain how this may be accomplished.

RN
do .2 d .2
)Y m—()s
%CW =—2 2 %100
(dO)Zﬂ_[
2
16.0mm _» 11.3mm >
(—) n—(——) =«
-2 2 %100
(16.0mm)zT
2
—50.12%CW

OO0 8.19al8.19ch O %CW=50.12%0 O

O, =335MPa U %EL=4.5%0 T 000 %EL 000

gbobogobooobboooboooobood gogooog
gobogoboooooooon

oo 8190 0ddn 250MPallld 21%CW OODOOOO
gobodno 8lochbbooobbuodobodd 23%CW O 0O
gbobod 12%EL00D00000000 21%CW--0 23%CW 0

o000 225CwWOO00000 do

dl 2 5.1mm.2
(7") T )T
22.5bCW = d' 100
0.2
—_— T
)

000 dy'=12.8mm
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9.3 What is the magnitude of the maximum stress that exists at the tip of an internal

crack having a radius of curvature of 2.5 10" mm andxa crack length of 2.5
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9.16 A specimen of a 4340 steel alloy having a plane strain fracture toughness of

f—

45 MPa 4/ M is exposed to a stress of 1000 MPa. Will this specimen

experience fracture if it is known that the largest surface crack is 0.75 mm long?

Why or why not? Assume that the parameterY has a value of 1.0.
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_9.44 List four measures that may be taken to increase the resistance to fatigue of a

K, =Yovm =1.0x1000MPa 7 ¥0.75 ¥10 *m =48.53MPa +/m

>45 MPa 4/ M o= K
Y+ Ma

9.26 Tabulated below are data that were gathered from a series of Charpy impact

tests on a ductile cast iron:

Temperature () OO Impact Energy (J)

aoo
-25 124
-50 123
-75 115
-85 100
-100 73
-110 52
-125 26
-150 9
-175 6

(a) Plot the data as impact energy versus temperature.
(b) Determine a ductile-to-brittle transition temperature as that temperature
corresponding to the average of the maximum and minimum impact energies.

-1050

(c) Determine a ductile-to-brittle transition temperature as that temperature
at which the impact energy is 80 J. -9500
926 OO ODODODOODODODODODODODODODODODODODOOOOO
(000000000000
MOODODOO0ODO0D000DOODOOD00OODO —gooogogo
cuobbooooono soJyoodooon —oooodoo
9.33 The fatigue data for a brass alloy are given as follows:
(a) Make an S-N plot (stress amplitude versus logarithm cycles to failure) using
these data.
(b) Determine the fatigue strength at 5x 10° cycles. S=250MPa

(c) Determine the fatigue life for 200 MPa. N_f_iZ._ZX_lLLGQ&‘Jﬁ
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metal alloy.
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9.26 Temperature

Design Problems U 0O 0

9.D6 (a) For the thin-walled spherical tank discussedin Design Example 9.1, on
the basis of critical crack size criterion [as addressedin part (a)], rank the
following polymers from longest to shortest critical crack length: nylon 6,6
(50% relative humidity), polycarbonate, polyethylene terephthalate, and

polymethyl methacrylate. Comment on the magnitude range of the computed

values used in the ranking relative to those tabulated for metal alloys as

provided in Table 9.2. For these computations, use data contained in Tables B.4

Cycles to
Stress Amplitude(MPa) OO OO Failure U U
0ooQ
310 2x 10°
223 1x 10°
191 3x 10°
168 1x 10’
153 3x 10’
143 1x 10°
134 3x 10°

127 1x 10




and B.5 in Appendix B.

(b) Now rank these same four polymers relative to maximum allowable
pressure according to the leak-before-break criterion, as described in the (b)

portion of Design Example 9.1. As above, comment on these values in

relation to those for the metal alloys that are tabulated in Table 9.3.
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QUESTIONS AND PROBLEMS

13.1 (a) List the four classifications of steels. (b) For each, briefly describe the

properties and typical applications.
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13.4 What is the function of alloying elements in tool steels?
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Design Problems 0O 00O
13.D1 Of the following alloys, pick the one(s) that may be strengthened by heat
treatment, cold work, or both: R50500 titanium, AZ31B magnesium, 6061
aluminum, C51000 phosphor bronze, lead, 6150 steel, 304 stainless steel, and
C17200 beryllium copper.
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13.D3 Discuss whether it would be advisable to hot work or cold work the
following metals and alloys on the basis of melting temperature, oxidation
resistance, yield strength, and degree of brittleness: tin, tungsten, aluminum
alloys, magnesium alloys, and a 4140 steel.
13D30 000000000000 ooogoog
ooooooooobuooooooobogo 41400 O
13.D4 Below is a list of metals and alloys:
Select from this list the one metal or alloy that is best suited for each of the
following applications, and cite at least one reason for

your choice: (a) The

base for a milling machine.

(b) The walls of a steam boiler. - .
Plain carbon steel Magnesium
(c) High-speed aircratft. _
Brass Zinc
(d) Drill bit. _
Gray cast iron Tool steel
(e) Cryogenic (i.e., very low ) )
Platinum Aluminum
temperature) container. _
Stainless steel Tungsten
() As a pyrotechnic (i.e., in flares o
Titanium alloy

and fireworks).

(g) High-temperature furnace elements to be used in oxidizing atmospheres.
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10.11 A 1.5kg specimen of a 90wt% Pb-10wt% Sn alloy is heated to 250 T, at
which temperature it is entirely an Ciphase solid solution (Figure 10.7). The
alloy is to be melted to the extent that 50% of the specimen is liquid, the
remainder being the {zphase. This may be accomplished either by heating the
alloy or changing its composition while holding the temperature constant.

To what temperature must the specimen be heated?

The Specimen must be heated to 295.84C.

How much tin must be added to the 1.5kg specimen at 250 % to achieve this

state?

O0( 0000000 295.84%C

(b DODOODODOO 237wt SnOO00OO00O SnO0O xkgO
_xT15*0.1
~ 15+x

=0.237

Sn

gooooooogd

000000 x=0.269kg
10.12 Consider the sugar-water phase diagram of Figure 10.1.
How much sugar will dissolve in 1500g water at 90 fox;

If the saturated liquid solution in part (a) is cooled to 20 {t, 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 €?
How much of the solid sugar will come out of solution upon cooling to 20 <C?

OO0 (@eo€dllbiobobuobooobon 571wt 0000000

0.7571 — %

00 xgOO 1500 +x OO OOOO0O0 x=4675g

()20 e 000000000000  64.2wi%
(o 0000000 15009+4675g=6175g

goboooobdg xgOoodoobod

X %100-75.71)=(6175-X) *(75.71-64.2)
000000 x=1985g

10.13 Consider a specimen of ice | which is at _10 € and 1 atm pressure. Using
Figure 10.38, the pressure _temperature phase diagram for H20, determine the
pressure to which the specimen must be raised or lowered to cause it (a) to melt,

and (b) to sublime.

Oooooo gPpOOOO

Ol 0lamd0€0000000000000000O0DOOOO 649.38
atmQ]

Ol Olatm 10€000000000000O00O0O0OOOOO 0.00237

atmt

10.14 at a pressure of 0.01 atm, determine (a) the melting temperature for ice I,
and (b) the boiling temperature for water.

00 (@0.0latmO 000 | ODOOO0OOO 1.67€CO
()0.0latm OO0 | DOOOOOOOO 17.5%€0

10.15 A magnesium-lead alloy of mass 5.5 kg consists of a solid  gphase that
has a composition that is just slightly below the solubility limit at 200 ‘C.

What mass of lead is in the alloy?

(b) If the alloy is heated to 350 “C, how much more lead may be dissolved in the
yphase without exceeding the solubility limit of this phase?

00 (@ O00oooooono 476wt% Pb0000 55kg OO0 Mg-Pb O
O0D00000 5.5kg»0.0476=0.2618kg

(350 COO000000O000 23.81 wt% PbO

000 55kg 00O Mg-PhOOOODOODOO

5.5kg 30.2381=1.31kgL]

-~ 000000000 1.31kg-0.2618kg=1.0482kg

10.17 It is desired to produce a copper-nickel alloy that has a minimum
noncold-worked tensile strength of 350Mpa and a ductility of at least 48 %EL.

Is such an alloy possible? If so, what must be its composition? If this is not
possible, then explain why.
goooooouooooooa
O Ni (Wt%) =24.20
Oo00O0O0000 48%ELOO0OOO Ni(wt%) =100
Ni (Wwt%) =97.90
gobodoooudooooooobooobouooon

350 Mpal l CuNi O0ODOODOOO

10.18 Is it possible to have a copper-silver alloy that, at equilibrium, consists of
a Bphase of composition 92 wt% Ag -8 wt% Cu, and also a liquid phase of
composition 76 wt% Ag 24 wt% Cu? If so, what will be the approximate
temperature of the alloy? If this is not possible, explain why?
Oo794€00OoOOn Cu-Ag ODOOOOOOO Fﬁ LOOOoooon

dddooooooouooo

10.19 Is it possible to have a copper-zinc alloy that, at equilibrium, consists of
an gphase of composition 80 wt% Zn 20 wt% Cu, and also a liquid phase of
composition 95 wt% Zn-5 wit% Cu? If so, what will be the approximate
temperature of the alloy? If this is not possible, explain why.

0000 Cu-ZnOOOODOO 80wt% Zn 20wt% Cu 0 10000 95 wt%
ZnSwt Cu U000 0OD000O0O0 O 80wt%Zn 20wt% Cu O g1 000
gooooooog 89 wt% Zn -1 wt% Cull
10.20 A copper-nickel alloy of composition 70 wt% Ni -30 wt% Cu is slowly
heated from a temperature of 1300°C.

At what temperature does the first liquid phase form?

What is the composition of this liquid phase?

At what temperature does complete melting of the alloy occur?
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(d) What is the composition of the last solid remaining prior to complete

melting?
O0@ 00 Cu-NiOODODODODODOooooo 1343<CO
() OODOODOOOOODOOO 60 wt% Ni _40 wt% Culd

() J I A s v B A

(d Ooooooobooooo 78.6 wt% Ni _21.4 wt% Cul

10.21 A 50 wt% Pb_50 wt% Mg alloy is slowly cooled from 700 =C to 400<C.
At what temperature does the first solid phase form?

What is the composition of this solid phase?

At what temperature does the liquid solidify?

(d) What is the composition of this last remaining liquid phase?

O0@(@ 00 PoMgOOODOOODOODOOODOO  564%CO

(o) DODOODOOOODOOO 21 wt% Pb_79 wt% Mg O

(c DODOODODOOOO 468 €0

(d OooooobobDooooood 66.6 wt% Pb_33.4 wt% Mg O

10.22 A 90 wt% Ag_10 wt% Cu alloy is heated to a temperature within the
[}quuid phaseregion. If the composition of the liquid phase is 85 wt% Ag,
determine (a) the temperature of the alloy, (b) the composition of the E:phase,
and (c) the mass fractions of both phases.

OO0 () 00 CuAg00Ooooooooog
0000 8s50%cO

(b) OO I?u] 0000 95wt% Ag 5 wt% Cull
(o OO0DODOO0OO0DDOOOoO0OO0oDDOOOO0 DOOoOooboooooog 50 wit% [
10.24 A 30 wt% Sn_70 wt% Pb alloy is heated to a temperature within the

85 wt% Ag 15 wt% Cu 0O O

qitliquid phase region. If the mass fraction of each phase is 0.5, estimate (a) the
temperature of the alloy, and (b) the compositions of the two phases.

O0@(@ OO0 SnPbOO0OOOO A30wt%Sn_70wt%ePb OO ODOOODO
000000 os50000000O0O0 225%€O

(b O0OO0O0O0p 0000 16.4wWt% Sn_83.6wt% PO OO OO0 43.6
wt% Sn_56.4 wt% Pb[]

1026000 A0 BOOOOOOOOOO AOpUOOO BDB]DDD
O0D00ooooooDoooooDoooooooond uDﬂ]DDDDD

Dooo D00 Booo
60WI%A _40Wt%B 0.57 0.43
30Wt%A —Z0Wt%B 0.14 0.86

000 g 0000 xwt% B, ﬁ]DDDD ywt% B O O

000000 60wt%A 40wt%B OO0 0000000

0.57+(40x)=0.43( y—40)

OO0D0000 30wt%A Z0wt%B 000000

0.14%(70x)=0.86*{ y —70)

000000 x=100y=80

O 00o0dgd  90wt%A 10wt%B [0

Boooo 20wA Sowt%s O

1027000 55wt% B 45wt% A 0O A-B 000000000000 O0O
0000 050 0 BDDDDDDD EDDDDD 90 wt% B 10 wt% A0 O
ol O0O0o0o0ogo

ooooooo ob500o0Oad W.‘_‘;.[:WB

O 0000 xwt%B, 00000000

(55-x) %W gr=(90-55) % W
O00x=2000 g OOO0O 20 wt% B-80 wt% A

10.28 Is it possible to have a copper-silver alloy of composition 50 wt% Ag -50
wt% Cu, which, at equilibrium, consists of ¢ and EJ phases having mass
fractions WE0.60 and WB=0.40? If so, what will be the approximate
temperature of the alloy? If such an alloy is not possible, explain why.

000 gU B]DDDDDDDDDDDD X wt% Ag O y wt% Ag O
goodooooooono o60 oc40ODOODDOO

ogoooooood

(50-x) *0.6 =(y-50)*D.40 O OO0 2y+3x=250

O x=00 y=125 DO0O0OOOOO

xO0OOO 8000 y=113 J0O0Oooogg
gooooooooooodgo

10.29 For 11.20kg of a magnesium -ead alloy of composition 30 wt% Pb —0
wt% Mg, is it possible, at equilibrium, to have fand Mg2Pb phaseshaving
respective massesof 7.39kg and 3.81kg? If so, what will be the approximate

temperature of the alloy? If such an alloy is not possible, explain why.



D00 gff Mg2Pb 0000000 o000 xwt% PbO OO Mg2Pb OO
000 PbOODOOOODO 81wi%PbOOOIODDOOO
0oo00oood

(30-x) %7.39 =(81-30)%3.810 0O O00O x=3.7

000000000 37wi%PbO00000 gMg2Pb 000000000
00000 191 €0

11.30 At 700 €, what is the maximum solubility (a) of Cu in Ag? (b) of Ag in
Cu?

OO0 (aAgD CulODOODOOO 6wt%Cu

(byCu AgOOODDDOO 5wt% AgO

10.41 What is the principal difference between congruent and incongruent phase
transformations?
O00D0000000DO00O000O0DO0DO00bOO0ODOOo0DOn

Congruent phase transformation 000000000 0OO0OOO0OO
OO0o0DOoDbDOoo0ODoDooDooODOobOOooo0ooad

good
incongruent phase
transformation 0 0000000000000 0OOCOO0ODOOOO0ODOO
Oooooooooo

10.50 Compute the mass fractions of qyferrite and cementite in pearlite.
gobodoooudooooooobooobouooon

100000 gpOoO00o00000o0o0

2000000 gpOOOO0O0OO00O00000

3010000 00000000 20000 ppO0O00
00o00o0O00o0o0o00o00 pgpObOOoO0oooo
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10.52
between 0.022 and 0.76wt% C;Hypereutecoid alloy-those containing between
0.76 and 2.14wt%C.

(a), hypoeutectoid-consider a composition CO to the left of the eutectoid,

(b) The ferrite that is present in the pearlite as called eutectoid ferrite, whereas
the other, that formed above Te, is termed proeutectoid (meaning pre-or before
eutectoid) ferrite, as labeled in Fig.10.31.
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