Solutions to Homework 2

4-2, 4-4, 4-11, 4-23, 5-9, 5-11, 5-26, 5D2, 14-2, 14-7, 14-13, 14-23

[image: image1.png]4.2 Determination of the numbsr of vacancies per cublc meter in gold at 900°C (1173 K) requires the

utiization of Equations (4.1) and (4.2) as folows:
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blem we are asked the elements listed form with Cu the three pe
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5%, 2) the

ition types. For complet
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[image: image3.png](&) Ni, Pd, and Pt meet all of the ciiteria and thus form substitutional solid sclutions having complete
solbilty.

(b) Ag. Al, Go. Cr, Fe, and Zn form substitutional solid solutions of incomplete solubility. Al these

metals have either BCC or radii

andthat

(CP crystal structures, and/or the difference between their atomi

Cuare greater than 15%, and/or have a valence different than 2+

H. and O form interstitial solid solutions. These elements have atomic radi that are
sigrificantly smaller than the atomic radius of Cu.




[image: image4.png]441 In this problem we are asked to determine the concentrations, in atom percent, of the Ag-Aur
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[image: image5.png]4.23 This problems asks that we

ompute the unit cell edge length for a 95wt PS5 wize C

alloy. First
of all, the atoric radii for Cu and Pt (Table 3.1) are 0.1278 and 0.1387 nm, respectively. Also, using




[image: image6.png]Equation (3.5) it s possible to compute the unit cell volume, and inasruch as the unit cellis cub

the uni

Il edge length is just the cube root of the volume. jever, itis first necessary

alculate the density and atormic weight of this alloy using Equations (4.10a) and (4.11a). For
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[image: image8.png]59 This problems asks for us to compte the diffusion flux of hydrogen gas through a 1-mm thick plate of
ifon at 250°C when the pressres on the two sides are 0.15 and 7.5 MPa. Utimately we will smploy

Equation (5.3) to solve this problem. Hor

er, it first becomes necessary to determine the

concentrat

of hydrogen at each face using Equation (5.11). At the low pressure (or B) side

. 27.200 J/mol
Ciygy = [134x 102 015 MPa exp |- S-Zp ol
Heg) = (134X 107 P | @At Iimol-Kj2s0 + 273 K]

2.93x 10

o

Vihereas, for the high presstre (or A) side

27,200 J/mol

Cyay = [1:34 X102 W75 TP TN T e
Hay = (184 PP | g3t Jmal-Kjzs0 + 273 K)

7.02 %107 wio




[image: image9.png]We onvert ime of solid. At

ncentrations in weight peroent to mass of hydrogen per unit

g
iron. From the dersity of ron (797 g
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T
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ntration gradient is just the difference betwesn these

divided by the thickness of the iron membrane; thatis

7.82 x 10~ kg/m® - 552 x 1073 kg/m®

107 m

At this time it bec f the diffusion

mes n

Equation (5.8). Thus,
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And, finally, the diffusion flux is

nputed using Equation (5.3) by taking the negative product of this

diffusion cosfficient and the concentration gradient, as

~[6.41x10? mPis|(- 475 kym*|= 3.05x 10 kgm?





[image: image11.png]5.1 We are asked to compute the diffusion time required for a specific nonsteady-state diffusic

situation. It s first necessary to use Equation (5.5
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[image: image12.png]whersin, C, = 0.45,C_ =020, C_ =130, and x =2 rm =2 x 107 m. Thus,
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Now, from Table 5.2, at 1000°C (1273 K)

D = (23x10° mP/s| exp

148,000 J/mol
@3t Jimol-K)1273 K

Thus,
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[image: image14.png]lemitis n n (5.7) which takes on the form

526 To solve this essary to employ Equati





[image: image15.png]At900°C, and using the data from Table 5.2
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[image: image17.png]Thus, equating the Fick's law expressions i

fporating the given equations for the difiusion

efficients and concentrat

s in terms of partial presstres leads
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[image: image18.png]14.2 The mer structures called for are sketohed b
(@) Polyvinyl flucride

(b) Polychiorotiflucrosthylene

(¢} Polyvinyl alcchel





[image: image19.png]14.7 (a) From the tabulated data, ws are asked to compute W, the numbsr-average molsc

lar weight

This is carried out below,
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Bange Meantl, 5
5000.20000 14000 005

2000032000 25000 015 a%00
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W, = Y xM; = 47,720 gimol

(b} From the tabulated data, we are asked to compute W, the weight- average molecular weight

This determination is performed as follows:

Molecular wt.

Bange Meantl, 5 sl
5000.20000 14000 002 220
2000052000 25000 008 2080
5200044000 38,000 017 s460
44,000-5,000 50,000 029 14500
56,000:68,000 52000 023 14280
58,000:80,000 74,000 ots 1240
8000022000 86,000 005 400

M, = 3w, = 52,720 gimol

(¢) We are now asked if the number-average deqree of polymerization is 477, which of the polymers
in Table 14.3 s thiz material? Itis necessary to compte T in Equation (14.42) as

B, _ 47720 gmol
a7

100.04 g/mol

The mer molecular weights of the polymers fisted in Table 14.3 are as follows:
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petrafiuorosthylene--100.02 gimol
olypropylene-42.08 gimol
olystyrene--104.14 gimol

ymethyl methacrylate--100.11 glmel

Phe
Nylon 6622632 gfmel

formaldshyde-133.16 g/mol

PET-192.16 gimel

yearbonate--254 27 g/mol

Therefore, polytetrafiuoroethylen is the material since itz mer molecular

eight is closest to that

lulated abor

(d) The weight-average degree of polymerization may be calculated using Equation (14.4b), since

W,y and M were computed in portions (b) and (c)

of this problem. Thus





[image: image22.png]14.13 W are asked to sketch portions of a linear polypropylene molecu for different configurations,

(a) Syndiotactic polypropylene
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[image: image24.png]olymer consisting of 60 wt% ethylens and 40 Wt propylene, we are asked to determine
the fraction of both mer types.
In 100 g of this material, there are 60

oHy) molecular weight is

ethylene and 40 g of propylens. The ethylens

misthylene) = 2(A) + 4(A,)

28,05 g/mol

The propylens (CH) molscular weight s

mipi

pylene) = 3(A) + A

3)(12.01 gimal) + (6)(1.008 g/mi

208 g/mol

Therefore, in 100 g of this material, there are

209 ___ 5 14mol of ethylene
2805 o/mol
and
209 ___ .05 mol of propylene
7208 g/mal
Thus, the fractian of the sthylens mer, f(ethylens),is just
flethylene) = 2t ML ___ oo

214 mol + 0.25 mol
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