Interfacial Defects

4.27 For an FCC single crystal, would you expect thefawe energy for §100) plane to be greater or
less than that for §111) plane? Why? (Note: You may want to consult thatieol to Problem 3.54 at the end of
Chapter 3.)

Solution

The surface energy for a crystallographic plani deipend on its packing density [i.e., the pladansity
(Section 3.11)]—that is, the higher the packingditynthe greater the number of nearest-neighbmmst and the

more atomic bonds in that plane that are satisfaedl, consequently, the lower the surface energsom the

solution to Problem 3.54, planar densities for HCAD) and (111) planes aﬂ-:-l—2 and%, respectively—that
4R 2R4/3
is 0—225 ando'—22g (whereR is the atomic radius). Thus, since the planasiteffor (111) is greater, it will have the
R R

lower surface energy.

Grain Size Determination

4.32 (a) Using the intercept method, determine the ayergrain size, in millimeters, of the specimen
whose microstructure is shown in Figure 4.14(bk asleast seven straight-line segments.
(b) Estimate the ASTM grain size number for thisemial.

Solution

(a) Below is shown the photomicrograph of Figurg44h), on which seven straight line segments, each of

which is 60 mm long has been constructed; thess lare labeled “1” through “7”.



In order to determine the average grain diamétés,necessary to count the number of grains seteted

by each of these line segments. These data arateth below.

Line Number No. Grains Intersected

11
10
9
8.5
7
10
8
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The average number of grain boundary intersectionshese lines was 9.1. Therefore, the average lkngth

intersected is just

60mm _ 6.59 mm
9.1
Hence, the average grain diametkris
q = ave line length intersecte _ 6.59 mm _ 6.59x 102 mm

magnification 100



(b) This portion of the problem calls for us &timate the ASTM grain size number for this saméenial.
The average grain size numbey s related to the number of grains per squarhk,iN¢ at a magnification of 100
according to Equation 4.16. Inasmuch as the magtibn is 10&, the value oiN is measured directly from the

micrograph. The photomicrograph on which has lrstructed a square 1 in. on a side is shown below

1 ’/3\4
The total number of complete grains within this aguis approximately 10 (taking into account griaactions).

Now, in order to solve fon in Equation 4.16, it is first necessary to takgalathms as
logN = (n- 1) log 2

From whichn equals

log N

n= +1
log 2
-1091C 443
log 2

4.35 Determine the ASTM grain size number if 25 graimsgguare inch are measured at a magnificationGff.6

Solution

This problem asks that we determine the ASTM gs&e number if 8 grains per square inch are medsur

at a magnification of 600. In order to solve thisblem we make use of Equation 4.17:



2
M n-1
Nyl =2
M[looj

whereN,, = the number of grains per square inch at magniéinaVl, andn is the ASTM grain size number.

Solving the above equation for and realizing thal,, = 8, whileM = 600, we have

log Ny, +2 log [1MOO]
n= +1
log 2
log 8 + 2 log [688]
= 100/, 192
log 2

CHAPTER 5

5.1 Briefly explain the difference between self-diffasand interdiffusion.
Solution

Self-diffusion is atomic migration in pure metal®., when all atoms exchanging positions aréhefdgame

type. Interdiffusion is diffusion of atoms of oneetal into another metal.

5.4 Briefly explain the concept of steady state apfilies to diffusion.
Solution

Steady-state diffusion is the situation whereia tate of diffusion into a given system is just &g the
rate of diffusion out, such that there is no netusulation or depletion of diffusing species--ithe diffusion flux

is independent of time.

5.6 The purification of hydrogen gas by diffusion thghua palladium sheet was discussed in Section G@npute
the number of kilograms of hydrogen that pass per lthrough a 5-mm-thick sheet of palladium hawvangarea of
0.20 nf at 500C. Assume a diffusion coefficient of x@0® nf/s, that the concentrations at the high- and low-
pressure sides of the plate are 2.4 and 0.6 kgydfdgen per cubic meter of palladium, and that dtestate

conditions have been attained.



Solution

This problem calls for the mass of hydrogen, pmurhthat diffuses through a Pd sheet. It firstdmes
necessary to employ both Equations 5.1a and 5a3nb@ing these expressions and solving for the migdds

M = JAt = - DAt£
AX

= - (1.0 x 108 m%s)(0.20 n?) (3600 S/’_*EO.G - 24 kg/n?J
5x 103m

=2.6x 103 kg/h
5.17 Using the data in Table 5.2, compute the value &dhe diffusion of zinc in copper at 650°C.

Solution

Incorporating the appropriate data from Tableibt@ Equation 5.8 leads to

D = (2.4 x 10° m?/s) exp -

189,000 J/mol }
(8.31 J/mol- K)(650+ 273 K)

=4.8x 1018 m/s

Note: this problem may also be solved using the “Diffus module in theMSEsoftware. Open the “Diffusion”
module, click on the “D vs 1/T Plot” submodule, ghén do the following:

1. In the left-hand window that appears, clicktha “Zn-Cu” pair under the “Diffusing Species”-“ldb
Metal” headings.

2. Next, at the bottom of this window, click thedd Curve” button.

3. Alog D versus 1/T plot then appears, withiree Ifor the temperature dependence of the diffusion
coefficient for Zn in Cu. Now under “Temp Range”the boxes appearing below “T Max” change the taure
to either “650” C or “923” K. At the top of thisucve is a diamond-shaped cursor. Click-and-dragdiirsor down
the line to the point at which the entry under themperature (T):” label reads 923 K (inasmuch fas ts the

Kelvin equivalent of 650°C). Finally, the diffusiccoefficient value at this temperature is givememthe label

“Diff Coeff (D):". For this problem, the value &7 x 1016 mZs.



5.21The diffusion coefficients for iron in nickel areven at two temperatures:

T (K) D (n¥/s)
1273 9.4 x 10%
1473 2.4 x 10t

(a) Determine the values ofand the activation energyy4Q

(b) What is the magnitude of D at 1100°C (1373 K)?

Solution

(a) Using Equation 5.9a, we set up two simultaiseequations witkQy andD, as unknowns as follows:

R{T

RT,

Now, solving forQ, in terms of temperaturdy andT, (1273K and 147) andD, andD,, (9.4 x 1016 and 2.4x

1014 m?s), we get

InD, - InD

__ 1 2
Qi = 1 1
L)

[In (9.4 x 10716) - In(2.4 x 10'14)]
1 1
1273 K 1473 K

= - (8.31 J/mol-K)

= 252,400 J/mol

Now, solving forD, from Equation 5.8 (and using the 1273 K valu®pf

Qq
DO = D1 expg ——
RT1

252,400 J/mol J
K

= (9.4 x 1016 m?/s) ex;{
(8.31 J/mol- K)(1273



=2.2x10° m?is

(b) Using these values Bfy andQy, D at 1373K is just

D = (2.2 x 105 m?/s) exr{— 252,400 J/mol KJ

(8.31 J/mol- K)(1373

=5.4x 10 m?/s

Note: this problem may also be solved using the “Diffus module in theMSEsoftware. Open the “Diffusion”
module, click on the “D and QI from Experimental Data” submodule, and then dofeflewing:

1. In the left-hand window that appears, entertito temperatures from the table in the book (273"
and “1473”, in the first two boxes under the colufabeled “T (K)”. Next, enter the correspondindfusion
coefficient values (viz. “9.4e-16" and “2.4e-14").

3. Next, at the bottom of this window, click tt&lot data” button.

4. A log D versus 1/T plot then appears, withire [for the temperature dependence for this diffusi

system. At the top of this window are give valémsD, andQy; for this specific problem these values are %17

10> m?/s and 252 kJd/mol, respectively
5. To solve the (b) part of the problem we utilthe diamond-shaped cursor that is located abghef the
line on this plot.Click-and-drag this cursor down the line to therpait which the entry under the “Temperature

(T):” label reads “1373”. The value of the diffasi coefficient at this temperature is given under label “Diff

Coeff (D):”. For our problem, this value is 5.01° mé/s.



