Homework #4

Due: Feb 19, 2008

1. (@) The equilibrium number of vacancies N, for a given quantity of material depends on and
increases with temperature according to

N, =N exp(—kQ—_IV_j

m = exp(_&j
N KT

Assume Q, is 4eV, and therefore the fraction of vacant sites in Si at 1683K and 300K are
respectively:

So, the fraction of vacant sites is:

4eV
(8.62x10°° eV/K)(1683K)

T=1683K, NN = exp[— j:1.06><1012

4eV
(8.62x10°° eV /K)(300K)

T=300K, NN = exp(— } =6.66x107"

(b) The number of atomic sites per cubic meter for Si is according to:
N = N,o
A

_ (6.02x10% atom/mol)(2.4 g/cm?)
28.09¢g/mol

=5.14x10% atom/cm®

Thus, the number of vacancies at 27°C (300K) is equal to

N, =N exp[—kQ—_Iﬁj

= (5.14x10% atoms/cm®) exp| — _54eV
(8.62x107° eV/K)(300K)

=3.425x10~* vacancies/cm®

2. Assume that there is total 100g austenite with the concentration of 2.14 weight% carbon. So
then the mass of C and Fe are 2.14g and 97.86g, respectively.
And the atom percent of C and Fe are:



N 2149
A 12.011g/mol B )
Cc o & M, B 214g N 97869 =9.23mol%

A. A, 12.011g/mol 55.847g/mol
S R 55.847 g /mol ) 0
Cre = me Mg B 2.149 97.86g =90.77mol%
+

A A, 12011g/mol ' 55.847g/mol

3. (a) The mole percent of the four elements are: 17.3mol% Ni, 5.5mol% Zn, 2.2mol% Cu,
75mol% Au. Assume that there is totally 100mol white gold, and then the mass of the four

elements are:
my; =Ny X Ay =17.3mol x58.71g/mol =1015.5¢g

m,, =n,, x A, =5.5mol x65.4g/mol =359.7¢
Mg, =N, X Az, = 2.2mol x63.5g/mol =139.7g
m,, =N, X A,, =75mol x197 g/mol =14775¢

m,_., =1015.5g +359.7g +139.7g +14775g =16289.9¢

total

So the weight percent of the four elements are:

co =M 100=191590 100-6.2wt%

N M, ~16289.9¢
C, =M 100= 2979 100- 2 2mt%
M. 16289.9¢
Co, =Moo w100 = 3279100 - 0.8wt%
m.. 16289.9¢
Co =M 100 = 4759100 - 90.7wt%
m 16289.9g

total
(b) The weight of Ni in a pendant that weights 7 gram is:
My = Cpi XMy = 6.2Wt%x 79 =0.434¢

4. The number of atoms per cubic centimeter of a) Cu and b) Au are:



NCu — N ApCu
Ay
_ (6.02x10% atom/mol )(8.40g/cm®)

63.5g/mol
=8.0x10% atom/cm®

N = Nabay

Au
AAU
_ (6.02x10% atom/mol)(19.32 g /cm®)
196.9.g/mol

=5.9x10% atom/cm®

5. The alloy density can be expressed by

oo = 100
ave & + &
P P

Cll'Ai + C%Az
CA CA
P P>
So the density of the composition in problem 3 is

B 100
Pe”C C, G C.
P P2 Ps P

or pave =

100
6.2wt% N 2.2wt% N 0.8wt% N 90.7wt%
8.9g/cm® 7.14g/cm® 8.96g/cm® 19.32g/cm®

=17.28g/cm®

5.9 (a) For Li" substituting for Ca?" in Ca0, oxygen vacancies would be created. For each Li'
substituting for Ca2", one positive charge is removed:; in order to maintain charge neutrality, a single negative
charge may be removed. Negative charges are eliminated by creating oxygen vacancies, and for every two Li~ ions
added, a single oxygen vacancy is formed.

(b) For CI substituting for 0% in CaO, calcium vacancies would be created. For each CI” substituting for
an O, one negative charge is removed; in order to maintain charge neutrality, two C1 ions will lead to the

formation of one calcium vacancy.



5.20 We are asked in this problem to determine the approximate density of a high-leaded brass that has a

composition of 64.5 wt% Cu, 33.5 wt% Zn, and 2 wt% Pb. In order to solve this problem. Equation 5.10a is

modified to take the following form:

100

Pave ~ ~ ~
¢ C C C
—u , —Zo , Db
Peu Pzn Pph

And, using the density values for Cu, Zn, and Pb appear inside the front cover of the text, the density is computed as

follows:

_ 100

Pave 64.5 wt% 335 wt% 2 wt%
+ +
8.94 g/ cm3 713 g/ 01113 11.35 g/cm

=8.27 g.--"cm3

5.28 The Burgers vector and dislocation line are perpendicular for edge dislocations, parallel for screw

dislocations, and neither perpendicular nor parallel for mixed dislocations.

5.32 (a) The surface energy will be greater than the grain boundary energy. For grain boundaries, some
atoms on one side of a boundary will bond to atoms on the other side: such is not the case for surface atoms.
Theretfore, there will be fewer unsatisfied bonds along a grain boundary.

(b) The small-angle grain boundary energy is lower than for a high-angle one because more atoms bond

across the boundary for the small-angle, and, thus, there are fewer unsatisfied bonds.



