d Tl Wy Wg W; Wy

dC

dx
dC/dx
_ W =W,

dC/dx

dC/dx

() (2) (3)
d=2mm w;=1.4% w,=0.15 T Wi W Dw=7.7

<10 m?%st  Dye=2.5><10"m’st 7 w=0.8

= ,0:60kg/m3 ?

dc, _, d, dc,/dx D,

dac, dac, , 25
" dx " dx dC,/dx D

=—=0325
7.7

D=a+bC
D, =a+bC; D, =a+bC,

a:Dl_MCl p=— —0
C,-C, C,-C,
J :—(a+bC)d—C

dx

~Jx=aC +gc2 +d
x=I C:CO

J=a(C, - C)+ 2 - Cly

a b
D,-D 1D,-D 1 (D,-D,)C,-C,)
\]:{D— 1 0 C. -C +_l Oc2_C2 - 1 0 1 0
( 1 Cl_ 0)( 1 O) ch—CO( 1 0)}| 2|
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14

C,=——x60=105kg-m
08

_ (7.7-25)(105-1125) x 10

w=0.8 =60kg/m’

C,= % x 60 =1125kg-m™®

J kg-m2.s*=244x10"°kg-m2-s
2x10° g XK
4-5(b) (c) x(Ni)=0.4 x(Ni)=0.6
o | e | Di | DAt
0.4 0.4 8.8x10714 1073
0.6 0.24 2.45x107* | 4.08x107%

D = (X, D28 + x,D2%)p

Dyios =37x10m? s

Dyios = 782x10°m? .57

1.16cm 0.86cm 10cm
1000 100h 3.60g
r/cm w(C)/% r/cm w(C)/%
0.553 0.28 0.491 1.09
0.540 0.46 0.479 1.20
0.527 0.65 0.466 1.32
0.516 0.82 0.449 1.42
t Q
Q= JAt
A=2nrl | r
3=
2xrlt
j-_Q __pdc
2nrlt dr
. Q ar
~ 2nritdC
w(C)%-= 0.8=60kg/m* r C
r(mm) |[Cx10%kg/mm?| r(mm) |Cx10-%kg/mm?
5.53 2.10 491 8.175
54 3.45 4.79 9.00
5.27 4.875 4.66 9.90
5.16 6.15 4.49 10.65

4-2
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124

C =-1694844 +10396112r + :|_8,65924r2 y=-160.48441+103.96112 x-18.65924 52+0.989 X3
+0989r® 17
dC ) E 81
—=10396112 — 37.31848r +2.967r s
v 64
__Q1dr 5
27t r dC N
3 idr_idr
27[ % 100 % 3600 r dC r dC 44 45 46 47 48 4.9r5.(0mi.‘1]5 52 53 54 55 56 57
D
r dr/dC D r dr/dC D
(mm) (x10°mm*s™?) | (x10° mm?s™ (mm) (x10°mm*s?) | (x10° mm?s™
5.53 -8.56 2.46 491 -12.91 4.18
5.40 -9.06 2.62 4.79 -14.88 4.94
5.27 -9.70 2.93 4.66 -18.14 6.19
5.16 -10.41 3.21 4.49 -26.43 9.36
10 T T T T T T
8 - -
o ef -
=
g ab o |
2 L .
4.4 . 476 . 4I.8 . 5I.O . 5I.2 . 5i4 . 5r6
X(mm)
w(C)=0.1 930 w(C)=1
D=0.738exp[-158.98(kJ/mol)/RT] cm’s™t 0.05cm w(C)
0.1cm 0.45%
930

D=0.738exp[-158.98(kJ/mol)/RT] (cm2~s'l)
=0.738exp[-158.98/8.314x1203] (cm*s™)=9.22x10°8 (cm®s™)
X
C=C,-(C,-C,erf(—=—
( oJerf( 5 ﬁ)
C=1 Cy=0.1 C=0.45
X C,—-C 1-045

(2«/Dt) C.-C, 1-01
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X

2./Dt

x=0.05cm

=061

(= X 0.05
4D x0.61> 4x9.22x107°x0.61°
erf(£)=0.611 p

s=1.822x10%s = 5.061h

X1 X tt b
Xl XZ XZ 2
——= t,=(=)t
Dt, ./Dt, R
0.1cm 0.45% t,

t, = %)2 x1.822x10%s = 7.288x10"s = 20.24h

X = ka/t k
0.05¢m w(C) 0.45%
0.1cm 0.45% ?
erf(£)=0.611 B
T, T D: D,
X _ % eXp(_Q/RTz):(&)z
Jp, /D, exp(-Q/RT) "X
T, = h = 1203 =1318K
1-2T,(R/Q)In(X,/%,) 1-2x1203x (8.314/158980)In05
20h
a o
x/cm 0.1 0.2 0.3 0.4 0.5
of ) 5012 3981 2512 1413 524.8
a C C=Ba B
M x2
Ba = exp(—
*=—= p( 4Dt)
Ina—lnl—i
JaDt 4Dt
Ina x?
x°x1072=z 0.01 0.04 0.09 0.16 0.25
Ina=y 8.52 8.29 7.83 7.25 6.26

y=a+bz
a=8.659 b=-935.82
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D:—i: L mm?.st=371x10°mm?.s!
4bt 4 x935.82 x 3600

8. o-Fe 20
10mm 90 ?  oFe D,=0.0011cm%s™
Q=11.53kJ.mol™

c=cC Zb sin X
I o r-——-—- 1
b : I
1 nmX 2 nmX : :
bn:chosianHj—cOsianx . ! 107 :
0 I | 1 :
Coyp | | | | ! '
=—{(-—-cosnn +—)+ (—cos2nn — cosNx) | I
| nm nm nm 1 !
C HtanLieaet e ey
% [1- cosnn]
T
b, =4C,/nz n
2 1 2]+1 )
T 2]+1 |
j+ 2j+1,,
X Dt
RZZHI = m)expl (=15 D]
Col Col/10
01l = j sin 2 nxdx]exp[—(@n)2 Dt]
8I =1 2 j+l ,
=— ex Dt
n2§(2j+1) p[=( )" Dt]
=0
01r? T, 1> 0lr?
= exp[-(—)" Dt t= In
5 pl (I) ] 57" g
20°C
D= 0.00llexp(—&) =9678x10°cm? s
8.314 x 293
2 2
t=—— 01 - N2 _ 21910%s = 6.08h
n° x9.678x10 8
21906s
9. 920 10mm w(C) 0.1%
0.9% 0.4% 20h

45



D=8.072><10"cm?s™

720s 0.25mm
Dt 807 x10° x 72000
n=100 m=40 T=—-= > =58x10"°
I 10
2 2
m 340 _
R=T—=58x10"°—-=929x107% <05
n 100
Cy=0.1 C,=09 Ci=0.4 20h I=0 C=0.9
I (mm) w(C)/% I (mm) w(C)/% I (mm) w(C)/% I (mm) w(C)/%
025 [0.7535262| 2.75 [0.1090982| 5.25 |0.1000061| 7.75 [0.1113975
0.5 0.6147078| 3.00 |0.1046513| 5.0 |0.1000127| 8.00 |0.1194679
0.75 |0.4900116| 3.25 |0.1022729| 5.75 |0.1000312| 8.25 [0.1317958
1.00 |0.3838322| 350 [0.1010618| 6.00 |0.1000761| 8.50 |0.1496764
1.25 |0.2981085| 3.75 |0.1004743| 6.25 |0.1001779| 8.75 |0.1742907
150 |0.2324704| 4.00 [0.1002027| 6.50 |0.1003982| 9.00 |0.2064371
1.75 |0.1847887| 4.25 |0.1000892| 6.75 |0.1008524| 9.25 |0.2462544
2.00 |0.1519143| 450 |0.1000326| 7.00 [0.1017443| 9.50 |0.2930154
225 |0.1393032| 4.4.75 |0.1000127| 7.25 [0.1034119| 9.75 |0.3450723
250 |0.1170093| 5.00 |0.1000060| 7.50 |0.1063785| 10.0 | 0.4000000
1.0
0.8
0.6
g
B y
ul N A
00 e e
0 1 2 3 4 5 6 7 8 9 10
X (mm)
506.6
10. a=A/pc, A P Cp
915°C 24 |
A G T
5s Imin 0 :
(
02 06 10 20 40 8.0cm : - 925
; !
725°C a=0.127cm’s™ 100 :
|
I
dT d%T i
oA Vol 2
-' E
I
T = A+ Berf(x/2//at) il
- %12
x=0, T=Tg=24°C; x=c0, T=915°C

A=24 B=915-24=891
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T =24+89lerf (

)
2./at

5s
X cm x/2/at erf(p) T °C
0 0 0 24
0.2 0.125 0.1393 148.1
0.6 0.376 0.4051 384.0
1.0 0.627 0.6247 500.6
15 0.941 0.8209 755.4
2.0 1.255 0.9231 846.5
4.0 251 0.9992 914.3
8.0 5.02 0.9999 914.9
10s
X cm x/2/at erf(f) T °C
0 0 0 24
0.2 0.036 0.0406 60.2
0.6 0.109 0.1225 133.0
1.0 0.181 0.2020 203.9
15 0.272 0.2995 291.0
2.0 0.362 0.3913 372.6
4.0 0.725 0.6948 643.0
8.0 1.449 0.9660 884.7

o 1 2 3 4 5
x(cm)

725°C

x/Z\/a
dT d_ 2 2
——891 erf 891— e’d
m lerf( J_) il j i
]e—x2/4at

. d X
— 8oLe W/ = (T
dt 2\/_ t«/a;zt
t x 725°C
725-24

X ) _
24/at 891

-891[

erf( = 0.7868
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XZ

=088 l=—
2\/at 4a(0.88)>
725°C
dT :_Sgla(088)3 “osey _ 16045
dt |56 ¢ \/_X x?
X (cm) 0 0.2 0.6 1.0 15 2.0 4.0 8.0
dT/dt (°C/s)| o« [4011.1| 445.6| 160 71.3 | 40.1 | 10.0 2.5
11.  10°Pa(latm)25 13x10*cms™
19x10°cm
V=13x10*cm-s™ d =19x10°cm
2
=£[d2 =Y
6
v/ = 0921
1 / 13><104><19><106
=0447cm?
0921
12. M
M r2 j
C(r,t) = ———exp| -———
(r.0) 8(nDt)¥? p( 4Dt
r~r+dr
t 2
D=74/6
p r~r+dr
1 M r? 2
dr=—d4nr?—— e "MPgp—— g lntgp
PAE=" ™ gDt 2J_(Dt)3/2
r2
0 0 o 3
_ gy ADL_Fr
{ J;Z\/_(Dt)” 2ﬁ(Dt)3/2£ 2
r_z _ 1 Te—rz/4Dtdr3 _ J‘rz —r2/4Dtdr __ 6+ Dt Trde—rz/wt
7Dt 5 V7Dt §
R o /4Dt g = 12DtJ‘ ~r*/4pty r — 6Dt
0 T % 24/ Dt

r’ =nd® = 6Dt I'=n/t
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6t 6
13. oFe 10%s!  o-Fe a=2.904x10""m
4-5
Dy=0.0081cm?:s? D, = %d ’z vexp(A;m ) a-Fe
d=a/2 a=2.904x10""m Z=4
AS, = RIn2D0__ g314 000081 _ 4565 mol*
d°Zv (2904 x107°) x4 x10
14. D,
Ds Dv/ Ds:(foxv)_l Xy
d fozl
1 Q
DS = gdZZfOXVveXp(—ﬁ)
1 Q
D, = Ed 27(1- xv)vexp(—ﬁ)
D, 1-x, _ 1
Ds fOXV - fOXV
15. D, =72x10"° exp(—wj m?.s*
RT
D, =14x10" exp(—wj m?.s* 2x10°m
RT
5x10°m 527°C  727°C  927°C
?
D,,, = D + (1~ )D, f
d 6
3 d’s
2
f~ 3d35 z§=7.5><10*5
d
D
w f&+(1— f)= f&+1
DI DI DI
K |D (mz‘sil) Dy (mz'sil) Dapp (mz'sil) Dapp/DI
800 2.82x107Y7 | 1.86x1071 | 1.42x107%° |  50.47
1000 8.5x107% | 2.78x1071° | 2.94x107*4 3.44
1200 3.86x1071% | 1.69x10° | 5.13x107*® 1.33
1200K Dyp Dy
16. 4-26 500°C 2
<« > 10



D, = O.lexp(—%/mm]m2 s, p cm/iem®
RT
Dapp:f&.}.lzf&:loz O—O
D| D| D|

,5 _ a
2D _ 72x10°exp(-190000/RxT73) 7 oo 10s B

f=102—L= —
D, 01x10~*exp(—82000/R x 773)
{112} {112} ET
(av/3/2) x (av2/2) =a*/6 1 4
10a%+/6/4
. 42f :4><3.62><105:5l92><10,6/a2
10a?24/6  10a’y/6
17. 4-36 A-B T, - B
X1 « X, B A B
a L B I
- ?
B An  Ag A B
A X Xo
B x X1
X% xP
C

AZ

C*(l, - Az) +C#(l, + Az) = Cl, + C,1,
_L(C,-C")+1,(C,-C”)

AZ

c*-c’
C
_ Cl, +C,l, «
I +1,
AG
18.A-B 4-37 A B T, a p
T, B

D =7.4x10"cm’s™  Df =2.0x10"%cm?s™

C = A+ Berf (x/2/Dt)
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o ¥t w(B)%

dC _, d [_ R R YA
o dB I M 80.T1 /—
B
= me /4Dt T b= D } A o B
a | |
x=0, Co=C%r=24.7; ! ! =
x=—w, C=0 A 247 804 B
A=247, B=247 wBY% =
A B
C* = 247(1—erf(——)
24Dt
s
x=0, C/=C"*=804; x=w, C/=1 A=804, B=196
A B
« X
C :80.4+19.6erf(2\/a)
g v
D,(dC”/dx),_, — D, (dC*/dx),_,
- (Cﬂ/a _ Ca/ﬂ)
a p
dce| 247 dc’| 196
dx o D, t dx o D 4t
_196,/D, -247,D, 196y2x10 " ~247474x10 _126x10” N
(804 - 24.7) V(804 -247) Jt
19. InD-1/T D Dy Q
Dlemist| 107 10° 10 | 10"
TIK 1350 | 1100 950 800
InD  UT
In(D/cm?sY) | -18.421 -20.723 -23.026 -25.026
Ut 7.407x10* | 9.09x10* | 1.053x10° | 1.25x10%
InD = —8.315—1372]_55% _
r=0.9982 g
InD, = -8315 =
D, =" =245x10"cm?-s!
Q = Rx 1372155 = 8314 x 1372155 o000 00008 00009 00010 00011 00022 03013

UT
=114.08kJ - mol ™
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