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Table 1.1 Representative binary monotectic alloys.

Y s ) [yt ] G | oot
Al-Pb 1.52 | 931 | 1.52~99.9 | 1700 |Al:2.70 | Al:933.4
Al-Bi 3.4 | 930 | 34 - 981 |1570 | Poiin3a | po:600ss
Al-In 17.5 912 | 17.5 - 96.8 | 1218 |Bi: 9.80 | Bi:544.4

Cu-Pb 36.0 1228 36.0 ~ 870 (1264 | In: 7.30 In:429.6
Zn-Bi 1.9 689 1.9 ~ 84.5 873 | Cu: 8.96 | Cu:13575 -
Zn-Pb - 0.9 691 0.9 ~ 98.0 | 1071 | zZn: 714 | Zn:6926
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Fig. 2.6 Microstructures of Al-In alloys

at the middle stage of the monotectic
solidification. BEI.

(a) Monotectic composition.

(b) Hypermonotectic composition.
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Fig. 2.10 Microstructures of monotectic Al-In alloys quenched in water
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and solidified rapidly. BEI.




Fig. 2.12 Flake-like structures
in water quenched Al-In alloys.
(a) Menotectic composition.

(b) Hypomonotectic composition.
BEI.
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“Longitudinal section
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Fig. 3.5 The droplet arrays arranged

in a concentric ring pattern.

OB U ORERR o BRI ] 27 BT K T
whAcid BRI o ms T E LY. hoshA MkIARELL
M B0 3 KL AR T o By,

0.28x1078m/s 3TORER/L % M b ALBIBYK BT L Lo A0
ARG B S E LK. IRdaewsiito 13 B Ko LK
P THERT . SR B R BWTHT ST LM E LTS, IR
,{ h 9 Lz*ﬂizﬁ%&ﬁﬁ]l<4¢1ﬁ"(li§;bn§. 1 0iF M bh g B K Ly F0< pes T
BRI A TR, o URIE AR 1< Bud Fig. 3.6
_  LFRTEIR LI K La S B 2N % AL SNVIHA-N E U,

41



,

ZOO}Jm

'Fig. 3.6 Morphology and arrangemehf
behavior of L, phase at monotectic

cell boundaries. :

-

— e AR A IRALBNELR L b L A8 A M 0 R 1 THbaT, 1k
HTERM NI, mhl; 600~ 1000 K/mamEG8La LT, bk
41X 106 m/S KT o ERR K < Jo'.w‘( M 2 FY 7 AP AT AR % o 1d 4
IR BLF) LI dn AR R oS 135 1%,

42




312 AR fE A R o 1A < RITT RE 8L 0 58
Zroa AL A ) M- 1T 5 masaol Tn BAE 30 X A1) 8L ) 5000 Kim,
bOOOK/m % L T -7 ] KL B 34 1< ¥ A~ 1< fm3.smo-6m/s 0 B
/}‘( 3T BN E AR A~FEL AN o 7% A% 3 K Fijure 3.7 R ELR
AL 2.5X1078, 1L 1x1076 BI 0. 28 x 1076 m/s o AN T
‘éfj/drﬂﬁ%éﬁ\q*o 2089 KRR G BN K3 110 L M KA AR,
\fﬂ% b A% B R0 BB R K o BB B AR A,

KR LB A REZLE R ta A% ¥ Fig.3.8 Ly
AR E o KA oMU M R R VL AN Lo 31 3K7°0y |

) 4% 5 B ke b g li{lgi;;’;;l/z Thyh el . BEEI 745
hovid oy Fiko Rda i LBk ic At Ri3 A= R72(NR=conat)
;:i}f?ﬂ T3y, Figure 3.8 1d. BENELN 2500K/m o ko N
KK Gruged 5 LB ET B 19000 K/m ) B3 Potaad 5 ( BATE
2500K/m ) KL T RIEIRE > N NEA DL TR LIV R, KLY F
CRERA TR BEGELN AT B TR S A2k
hah,  RRIRESABWIE. 7X7- 59l oy R NP
R G i< kG NS ST el S P S YT B o
RRAG . R A0 B CHp LA LR, BHM T
AEAGEL L BEREoL G/RETEET R Fig. 3.9 1<Add)
PeooBAKERE) . A=< (G/R)Y, n=0.45 o fka 1% 50K,

3.3.1.3  FuFaKE0s| RN L 3R 0y d A ER 0 AR
3N TEBRRIIIR Gruged B 19000 K [m 0 i) Bt oy 4L TId 5x16°
/s AT o BB T BRI BAIK . (5~10) X 1070m/S 0 FEE

43



"mW/30009 ©3 0006
70 sjuatpei8 sinjeaadwal ISpun SIIBI yan0x8 snotiea 3B ATTRUOTIIOSITPTUN

POTIITPTIOS .SAOTT® UL %SSew ¢*/T-TV FO §9IN]ONI3s ?3Tsodwod snoaqrg [°§¢ ‘814

L .
—————
- -
————————————
——————
—————
e cems—

uo1}oas Jeuipniibuon

ru h

wli]

‘UOI109S 9SIdASURI|




wE _ , l ® present work (G=5(|)00~6000Klm )]
- 50+ I l O present work (G=2500K/m) ___ |
— ' A Potard et al (G=2500K/m )
< ~ O Gruget et al (G =19000K/m)

. 30r © ™~ ° . O -

~ .

g ~ \ [ )
o 20- " 1
8 o~ A ®

) ~ ~
.g \A \
I 101 ~ - -
2 ~
k= . . !

0.5 1 5 10

Growth rate , R / 10°m/s

Fig. 3.8 Change in inter-fiber spacing with growth rate.
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Fig. 3.11 Periodical perturbation
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Fig. 3.14
of fibrous
solidified

R = 0.28

G/R = 8.

Monotectic growth front morphology
composite in Al-17.5mass? In alloys
unidirectionally. BEI.

x 10-6 m/s, G = 2500K/m.

9 x 109Ks/m2.
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Fig. 3.15  Monotectic growth front morphology

of fibrous composite in Al-17.5mass?% In alloys
solidified unidirectionally. BEI.

R=2.5x 106 m/s, G = 5200K/m.

G/R = 2.1 x 109Ks/m2.




Fig. 3. 16 Monotectlc growth front morphology
of fibrous composite in Al- 17.5 mass% In alloys
SOlldlfled unidirectionally. BEI.
= 3.6 x 105 m/s, G = 6000K/m.
G/R = 1.7 x 10%9Ks/m?.
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Fig. 3.17 Solute distribution in the vicinity of the
monotectic growth front.
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. Fig. 3.18 Periodical oscilation of solid - liquid .

interface and formation of the regularly arrayed

‘Lo droplets. BEIL.

0.44 x 1076 m/s, G = 400K/m.

G/R =0.91 x 109Ks/m?.

R =
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Fig. 3.19 Condensation and aggregation of Ljp constltuent
at the depress1ons formed in the finely and perlodlcally

‘ perturbed growth front BEI.
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F1g 3.21 Disappearance of fine Lj droplets
and spheroidizing of funnel-like Ly droplets
by thermal treatment at 903K for 3.6ks. BEI.
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Fig. 3.22 Aggregation of Ly constituent in 4
the depressions and periodical formation of .
funnel-like Lj droplets. BEI.
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Fig. 3.23 Irregularity of the lateral
arrangement of L, droplets enhances as
decreasing G/ R. BEI.
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Fig. 3.24 Irregular monotectic growth
front to form a random dispersion of Lg
droplets at low G/ R. BEI. :
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Fig. 3.25 Optical micrographs of uni-
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* alloys grown at G /R of 4 x 109Ks/m?.

(a) Quenched during growth.
(b) Cooled down to room temperature'.
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Fig. 3.29 Microstructural instability and coarsening
processes of cylindrical fibers.m“

(a) Ostwald ripening.

(b) Rayleigh instability.
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. Al-1,5mass%Pb alloys solidified

-« J1.0 x 10%s/m.

. . Fig. 4.11 Transverse section of
fibrous composite structure in

. unidirectionally at G /R of‘

100um

Fig. 4.12 Transverse sections
of Al-1.5mass%Pb alloys
solidified unidirectionally

at G/R of 2.7 x 10°Ks/m2,
Microstructure consist of

(a) fibrous composite structure
and - (b) Al single phase
structure.
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Interfacial energies in some monotectic alloys.
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Fig. 5.3 Longitudinal section showing |,
cap-like Pb drops superimposed on the
monotectic composite in hypermonotectic

Cu-56 mass% Pb alloys.
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. Fig. 5.9 Microstructures of Cu-36 mass?Pb alloys solidified
unidirectionally at low growth rate.

'R =11.1 x 10"%n/s,¢ = 6000K/m.
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Fig. 5.10 Microstructures of Cu-36 mass?Pb alloys
isolidified unidirectionally at low growth rate.
R=2.8x 10 °m/s,6 = 6000K/m.
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Fig. 5.11 Microstructures of Cu-36 mass%Pb alloys.
solidified unidirectionally at low growth rate.
R =0.83 x 10"°m/s,G = 6000K/m.
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Fig. 5.16 Growth front morphology of the monotectic
composite. R = 83.3 x 10~ %m/s, G = 2000K/m.
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Fig.5.18 Microstructure and growth front morphology
of Cu-36 mass%Pb alloys solidified unidirectionally,
R =11.1 x 107%n/s, G = 6000K/m,
(a) Longitudinal section of solidified structure.
(b) Quenched at Pb rich region,.
(c) Quenched at Cu rich region.
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Fig. 5.20 Solute distribution in the vicinity of
the quenched growth front in Cu-36 mass?% Pb alloy,
R=11.1 x 10~ m/s G = 6000K/m.
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Fig. 5.21 Microstructure and growth front morphology -
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Fig. 5.22 Aggregation of Ly phase at
the peripherical edge of the growth front.
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Fig. 5.23 Solute distribution in the vicinity of the
quenched growth front in Cu-36 mass?Pb alloy.
R =0.83 x 107%n/s, ¢ = 6000K/m.
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Fig. 6.26 Influenée of
Zn on the distribution
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in Cu-Pb alloys.
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1g 7.1 Macro- and microstructure showing gravity segregation
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7.3 AWCRNEDT B 538k Al-30 mast%In
4%54E707/;i:ﬁﬂ |

7.3.1 B &y

MNEHTRET TN AT bR R fa A o B 1L SR E L8 %
ble 7.1x%4, NASA o TAC O S¥ @ (1971~ 19738 ) vA1k %%
A 510 S BCNE AT S B RER AR NG L I D). tdas
FALL 2RIT R0 RN 1T h A K. TAO LR 49~
bR IH 20177 3B £\ Pb- Zn- Sb /a\&ufm 7Ho by 2-Ko |
ST RAT CASTP) KB Zn-Ph A 0 5 B B ZMEw 17 1 I
XA o HH E R0 13Ny LR A Lk F@EHL V19
INTV Y, " NASAo SPAR 3@ < 5114, M FER RN vy Lo
A B LN SR 0 BONERIKEE (1074w 1079 . 313 40
L) S FIR LT AL Tn A0 SBA8  HE KR o 3% 3oy o
@'M“/ KRBT 1977590 % . TEXUS 3 evdiony Moy b &

Table 7.1 Space experiments on the solldlflcatlon of
monotectlc alloys.

Project ' Year Alloy - |
Skylab - 1974 Pb-Zn-Sb
TP ( Apolio - Soyuz
AS Test Proje:t ) 1875 Zn-Pb
1975 Al -Pb ;
SPAR ( Space Processing 1976 Al-In ( twice)
. 'Applications Rocket ) 1979 | Al-In
' 1981 Al ~1In
TEXUS ( Technologische 1977 Al-Pb, Al-In
Experimente unter Zn-Bi
Schwerelosingkeit ) 1978 Zn-Bi , Zn-Pb
NASDA TT500A rocket 1983 Al-In ‘
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;Flg 7.19 Solldlfled structures of hypermonotectlc
Zn-44.2 mass% Pb alloys.
(a) Under terrestrial condition.

(b) Under micro-gravity condition.
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(a) Al-35mass’In alloy (b) Al-73.9mass®In alloy

Fig. 7.20 Microstructures of hypermonotectic Al-In

alloys solidified under micro-gravity condition.
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2 (a) Starting material.

“(b) Rapidly solidified after melting at 1183K for 600s without stirring.

(e) Rapidly solidified after melting at 1183K for 600s wit,h"stirring for 120s.
- (d) Rapidly solidified after melting and stirring at 1023 to 1183K for 4203 .
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Fig. 7.24 Appearance of starting material
.and graphite container for the experiment in
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Fig. 7.28 Macrostructure of Al-30 mass?% In alloy melted and
solidified under micro-gravity condition.

Fig. 7.29 Microstructure of Al-30mass%In alloy melted and-

solidified under micro-gravity condition.
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