lcm® 10 60
1.6x10%°m® o5 0.1773m? T,=1356K
(—AGq
n, =nexp
KT
10 60 AG; V=Nx2 N
r
3NQ, 45
r=(——
( e )
A=dar? = an(Critys
4n
10 60
(3NQ)?* 3x10x16x107% ,, w0
AQO:Aw=4n(mﬂm y = 4n( i )?® x 0177 = 252 x107%°]
2/3 -29
AGg = Agy =4m (?2132/3 y = 4n(3 x 60 X:: <10 )% x 0177 = 833x 10
cm®  Cu n:i—;%:G.ZleO22 cm™®
0 16x10
lcm® 10 60
— -20
Ng =N exp(ﬂj =6.25x10% exp(-— 252 :130 )=885x10" cm™
kT 138 %1072 x 1356
—ﬂ%ﬂ » 833x1072 B
N, =Nex =6.25x10" exp(— =2905cm
o = NP7 * P 3810 % <1356
1728K Vs=6.6cm¥mol  / 7=2.25x10°J-cm?

lcm 1um 0.0lum

T=T,

2x1x6.6x2.25x

?  AH=18066J/mol
2KV T,
AH
r
107° x1728

Mem =1728 -
tom 18066

~1728K

2x10* x6.6x225x107° x1728

= 1728

=1727.71K

1806

2x10° x 6.6 x 2
Fyoym = 1728~ x10" x66x

6

-5
25x107 x1728 ~16995K

(K)

?

18066

0.18

AV=-0.26cm?*/mol

AT =018x1728 =311K

ar __T.AvV
dp  AH

m

_ AH,AT
T, AV
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p _ 18066)(311 - Pa=1.25><1010 Pa
1728 x 0.26 x10

rmax AT 9
i exp(—AGy/kT)
rmax
M max ni=exp(-AG;/kT)
- AG/KT
AG, AGy/KT N, i
AGi Mmax Vmax
AG* = EV *|AGV|
2
AG* 1/3

AG’ =VAG, + =V’ +3AG

* 1 *
AG™ =-=V"AG,

2
?
a 0
7
B AG{‘T _ V_h
AG; Vi
B «
=90°-6 / r—e0 :
B—0 \‘-\ '
/
R r R R
AT
_ T,
AH AT
AT=—n
AH_ Dsing
a<90°-0 /
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7. Tm=1336K 55,=0.132 5=1.128 5,=1.400]-m™

\%

Vse 7 <Vsv

(1-9) Gy

AG =G, -G, :5(GL_GS)+7LV+7$L_7/SV =0

2

T

lm\

&

Ay =yiv+Vs —Vsv
o—0 AG—0

AG=0
é‘I’T'IZ:\X = Ami
AH_ AT
Omax=10nm
AyT

m 014 x 1336

Ay—0

Omax

AT

AT = 5
12 x10° x10 x

15.6K

" AH.6

max

Omax=10mm

9. (5-25)
nv

a2
10. 25cm

3cm

o =156K

AT=1.56x10"°K

ASy=AHp,

&Enlv g

G

S

L

1.2x10%-m™

AH, AT

T

m

+ Ay

AG

(1-5)

Yivt7Vse = 7Vsv

O demnmunmnn

dennunanonnsren

g ATAH
A S

/T

ASH<4R

300K
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b)

T,,=933K AH=3.97x10°J/kg Pn=2.7x10"kg/cm?
Com=1.13x10°)/kg-K Kn=6.06x10>W/cm-K 1.58g/cm®
a) Tm
(Tm_TO)/ & o To t
L N
dx )
Q

Q=AH xlx%xpm J-cm

o

|
|
|
t=—————AH xlxéxpm :
k(T —To) 2 :
5 -3 T M !
_ 3x3.97 ><1073><12.5>< 2.7x10 2 1x10%s ] -
6.06 102 x (933 — 300) 5 —
b)
X TT] ______
T=T,-(T, -Tyerf(—=
( o) (zﬁ)
/ t~dt /
et S
d_T :_Tm_TO TU—— - — —
dX |,_o / 7at M
ont Q —— X=()
dt T, -T
— kAL = 2kA-m 0t
DG aaTe ]
AH x p, x25/2]
t_(ZSxAprmjzx _[ 25x AH jzx P
2xk(T, -T,) 2T, -T,) ke,
5 2 3
=(25><3.97><10) 210757 (461 ,10%
2(933-300) )/ 6.06x107° x113x10
7.61x10% 310K I
|1
933-310 _ 1984 — erf(— %)
933-300 2+/at
x/24/at =171 a=1.98x10

| >171x 2x /198 x107° x 7.61x10* = 42cm
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11. 300K / 0.24cm*K-W™
Ka=2.2W-cm K™ / ?
?
/
ds _ h(T,-T,) _ 933—_3300 _ = 2460m et
dt PAH 024 x2.7x107 x397 x10
Biot
boit = m = L!
k, k.S
vV S 252cm®  25/4cm?
boit = h v = 25 =1184>01
k., S 024x22x4
12. ko >1 5-31 a b cd
Co a
b c d
dg]:)i;ﬁ / koCo
ki .
1 i Co <!
13.Al-Cu Tm(Al)=660°C Te=546°C
w(Cu)=5.65% w(Cu)=33% D, =3x10°
m?.s / 5um-s*t
a)w(Cu)=0.5% Al-Cu ?
?
b) w(Cu)=2% 0.5
a) 660 R
645 1
C) w(Cu)=2% 620 \
gEec \
546 /
/5.65 33
mg ko
_ Al 2 w(Cu)/%
m, = _560-546 _ 3454 K- (w(Cu)%)™

33
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0= g—i = 53—25 =0171
a) w(Cu)=0.5%
T =T,- mL(CO/kO)
=660—3454(05/0171) = 650°C
o

T

5=&= 3x107°
R 5x10°

=6x10"*m

m (C, 1- -
GLZR&l k°=5x10*63'454x,2'51 017 _139x10* °c-m
D,k 3x10° 0171

w(Cu)=2%

b) @) T

TL = Tm - mL(CO/kO)
=660-— 3.454(2/0171) =620°C
5 a) 6x10“m

m (Cy1- _
GLZR%l Ko —5x10°° 3454 x21-0171
L

9 = 558 X104 OC. m’l
0 3x10 0171
c) w(Cu)=2%

5.65% Scheil

C =C.k, fL]/(k"’l) =2x0171x(f, )]/(0.171—1)

0829
fo= ( >% J = 00991 9.91%
2x017

Cs = Coko(1— o)™ =2x0171(1— f) ™ = 0342(1— fy) ™

fs 0.00 | 0.02 | 0.04 [ 006 | 0.1 | 0.2 | 03
Cs 1034035 | 036 {0368 | 0.39 | 0.45 | 0.53
fs 04 ( 05| 06 | 07 | 0.8 | 0.85 |0.901
Cs 1063|079 |1.03 (146 | 2.38 | 3.37 | 5.60

w(Cu)%

1

1

00 01 02 03 04 05 06 07 08 09 1.0
S
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14. w(Cu)=0.5% Al-Cu 5um/s
?

( y=5x10%J/cm? )

K T |mL|C0(1—k0)<&+ﬁ

2K, koD, R 2k,
Ao
k,T R?
o= mLOGCmZH [D_fj
Gc
Go=- (1-k,)C,R
kO DL
Ao
A = kTR B (0171)* x933x5x107° x5x107
(1-k,)C,D,m p,AH  (1-0171)x 05x 3x107° x 3454 x 2.7 x10° x 395x10°
=148x1077
Ao~& -l (ks +k.)/k, =15/2
G L Im |Co(1-ko)  AH
R 2K koD, 2K
_ 153454 x05x(1-0171)x5x10™° 397 x10° x2.7x10° x5x10°
4 0171x3x10° 2x44x10°
~523x10°K-m
A>1 R
R> (1-k,)C, DLAH,Om|m|_| _ (1-0171)x 05x3x 107 x 395x10° x 2.7 x10° x 3454
- KTy (0171)* x933x5x10°
=337m-s™*
15. ) w(C)=0.25%
Fe-C

w(C)=0.25% Fe-C

AT S A 1L

5 5 b w(C)=0.09%
d  w(C)=0.5% y oy w(C)=2.11%
w(C)=4.3%
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Scheil  Cg=Cpk,f" 4L k=0.09/0.5=0.18 &

fll
5\ Yk) 1/(018-1)
f“:l—( C. ] =1—(ﬂ) =057
Cok, 025x 018
0.43 y ) L

(ko)'=2.11/4.3=0.49)

y Yli~(ko )] 1/(0.49-1)

C', (ko) 05x 049
y fr f7 =043 (f7)'=043x 0985 = 0.424
f  =1-(0.57+0.424)=0.006 5 v
16. 571 Pb-Bi w(Bi)=20%
°C o 2C 30 40 50 80 70 80 90
350 : T T [ T T
Pb/L ko=13.8/35.8 =0.665 g R ‘

AL

w(Bi)=21.9%
$=(41.821.9)/(56.1-21.9) =0.58

Scheil C, =Cok,f o Pb i .
——
Y(ak) I
fpbzl—( Cspb ] 1 (Bi)

Ck, :

1/(0.665-1) 90  Bi
=1- (ﬂj = 0824
20 x 0.665
0.176 B (P

g\ Vi) 3 1/(0.58-1)
(f”)‘:l—( ¢ ] =1—( 418-219 j =0884
C'y (k) (358 -219) x 0.745

Yij 1 f/ =043x(f”)'=0176x 0884 = 0155
f =1-(0.824+0.155)=0.021

17.
QOO
il -
A=%5in60°= 312 /2 Ej;;;; | 3]

PEARSE
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YENE)
2 2 d 3
<— <—
23 A A
12
d 5 2 4 fﬂZ\/g
P23 oz
d
23" 3 J3
(”—] 8 fﬂ<—3=0.276
Vs Vs 27
f,<0.276
f,<0.276
18. 500um  1200°C
10% 2 1200°C
2.23x10%cm?s™ 7.03x10 cm?s™
2l 500pum=0.05cm
2
C= 6+Cosin%exp(— ”IPt)
1710  exp(-#°Dt/I?)=01
2 2
C t=— no1=-— (@92 01653
7D - x223x10
2 2
Si t=— no1=-——@95) __101-207x10%
7D - x703x10
Si C
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