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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.
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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-
directionally solidified Al-17.5mass% In

* 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.

122




' s ‘;:. ’_ )
7 ;‘& S l ;
:..'; )" .'\ ; "
- ,'.’ A
.;,8:';-'\. Y "

c “_;.-" ?‘: - ‘-,.’_‘.! " Y ’ . !? ; .
lblzﬂ'{_f,-i o |1 )] TL\ a5 e ® %] 200um
Fig. 5.12 Longitudinal section of Cu-36 mass%Pb
alloys solidified unidirectionally under low

temperature gradient.
R=4.2x%10%m/s, G= 2000K/m.

53.1.3  imdMAmBEYo By S |
(8RR E LS R 2 Ay SEAK 1w TR T A, Ko
MR L, T 1T 19 B 1) 950" m/s o
B35 v A 2 Nk TR %A 3 38 1 SR AN TR A A, nﬁo RGN |
Pemue Mida Bl b 35 KB 1193 Ko & 7h ¢ 4840 85 M po
oo Ao Lk B LK,  Figure 5.13 1< L3 ST &P
'»4/'7 x10"6m/$s ‘("ﬁ'%ﬁﬁi LI F4R.8) 1 haw Pb 8011, 3.6 kS o po i icd
MV 10. 8 kS T AN X FBXACE P45 T D L1 72KS thirid
A CP ,‘;ﬂff%’i/\t'ﬁb Ve 1x107tm/s o 331, 247
bUS T koKl 3P4 M. A vy FIK 5,114 . 5o
BB, BRI T, =% 11.9x10bm/S 0T 3 bks 9
B 1S UK gy Ko PoAg 35 3 9 F AT 0 Pb AR o Fol) md KR
o, IR o A ALK G AL PhA o A1 RN oY
a BBtk o FAKa P B ox A F 1 3 2 & F o FEBK ~ v Tt
Y |

123




R=417x10"%mn/s  R=119x10"%m/s
G= 7OQ}§/m 6= 9OOK/m

As B
fsomﬁﬁedﬁa‘

= 3.6ks [

=10.8ks JEf° ¥

= 36ks

Fig. 5.13 Morphological change of monotectic
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1193K for various time durations.
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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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(a) Longitudinal section. (b) Transverse section,
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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 ‘

198




VA LA IR X 2 3R89 170 151, 23T AM-Pb. AR-Tn. Z0-Bi.
n-Pb %0 nda A0 B < B 0 BRE s T ik s 20351 Jiade
B0 B - RE RER L NE R AR Lk TR R 0T —
VTR RN LTSN, $h0 5 B o s v1d Bis < Wi
&;1&@?&\\%;#ﬁﬂ\“ﬂ" ) 7 2R il da o 39 - |’\/7J\’ﬁ>‘(l,f<¢‘=7‘ﬁf;?f?/a\ﬁﬂ
WAL 0B B URLBHF MK, Ll BAITOLI Y IR
R )3 A B N AF LN e v B 13 7] W

1975%. ASTP Ik w1 La/;w;f ﬁg Zn- 44 2mass% Pb B A0 588
REZIL 1T, 393 ERBVIHE 0 JAR D Zn & Pb £ 8L 4L
i9. b. 14 1< Tifmww’h% gap 3R &) #1Ba /123K 1< 600 S 4u
LR LA AR ERE LK, 1L NKAARGRE D01 T W T %03
ARG 3D Fig. T AT R3340 TR ERo K213 Poid. &
PR ZnFENBETH L F 2R T o MKALIK & 45 —140 304 &« %
o INEIKIKAB L L. PhABE E KLU RS 1T RIE AL, ¥
HioTANRIHELK, FREMoMALH0b L maulity

90p SRR O HOKE BT 54 ks hu FAAFHT 9 2010 B4R Moy

(@)

;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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The wetting transition is indicated.(9)
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Table 8.2 Change in»'dihedfal angle with Zn.
composition in Cu-Pb alloys. (60)

Composition Dihedral angle(degree)
- Cu-1mass®Pb 60
Cu-3mass’Pb 70
Cu-3mass®.Pb-2mass’hZn 70

Cu-3mass®.Pb- 9mass®eZn 80

ALIn A% ~ 0 KIEE o T K KR VT 5.
N YL Lt S UL, FE

Vo S R S8 1< B U Ja SR A 0 ATk L1 A8 o b BIAE By PN
Bloy < TEEE AN 0N, 2o L8 BlA8 - AR T1i v ea BT
@ o ¥ GEAE BRI T BB AKICER T Y. Ve 38 PSenA
MART. v ma&% goﬁm%ﬁﬁx%mn\ﬁw‘ AR-BA &A% M-Pb A~

KBl o f B A 2 5 ~0 BB iuotE L1 3 10"°Ks/m? $2 &
0 G/RAE B b F 7 B - AR S A LT N, BFE-
e Fem i < MR Lk Lok £ AL /‘%‘?7‘16:?“2)/&13“\’@ SR
% o A A SRR R, TLNBE KDY dn kD, Fruty-LoFE
Mo F@me - Yo ok33k fade FE <17 FEEE AT W Ly Ao i
BEox33 k5T R.  M-BiAAY AL-PbEAREWTITENTS
szaﬂ)"z}"?/}ﬁ’ffﬂ\l‘?F*’\l!*-*( £ 4 L (I w{@.ﬂ\"ﬁiy\f’\b‘)}ﬁlﬁﬁ—iliﬁﬁﬁ*
Bt L, Ao ke e . *M*‘;ri%ﬁmzmﬁ Ly 4o 18X
INAH 3 panticks pushing .5 < 1) # A G BAE- e R E < HER
Ay, RSN LR e oL SR o AR Bl SRR
BoarcERLOREL. ok R. el W < L a2 IN

LI AL B4 0 A A o R g %

AQ-Tn A7~ 13 1B J RS, oY 7)\/n/‘71f\f“%}aa/>\/?&\‘\’§§7\’(% S O

230



HRIB1Y 109~ 10°KS/m2 o G/RIE 114 3 K17 BAR- 4B R 2 1< <1F
"  Fo\ FLR Y KA AR 3 N Y. 2o B8 B R0 L 1< FRR B9 IR ELE] LT
ARG % X 13 Vi da BRI (< S, T4 Bl £ A% LI BN R Ko Lo 48 o3 5
RArH0BR TP LTUBI G, — . 20 8RS LR iR
Trd. (3R B MR LK WY T o Ly T A~ 1o 1%0 hda R RS K4
B ALK Ly ATy, Ml 20 L FRTOTHY
7k e BF0 MEEE (2F) 72~ dabRG 0 745 FEA) sy
) VL RBF TS 02 0y i R AR L ih . M-BiBAY
M-Po&ATY 75 L B M- ARG L < R T BN FE LT D otaf;
CRE S0 LTI BB A B A 2 M. AKARBL
AP =R AT 13 B R - AR o S YA L A0 BRI AR
2913 0wd 98 G G/RIB oS BwT Y #KEn Fe & oLl BAE-A
MR8 <2895 Th % m Ay p o) BEAR A LA 1 1Y
Qe TEY, |
3. Cu-Pb AA T Mada R 1< & UrBE A % Lo RO R Xt
0 Vi fa B A K< BB KB i E B K B R E T o kY
Fuve Lol Yo o Tz vndk Rf A K b | A- 9= GRS
ROEF-BAAEE S < by Lo k53 FHThu, 11 #E
1%%@%@&&1“/%@;&@ RER NS %) L, #8 7411 B & L
BRI LUEP T ORBAA B L e, SRERET -3
B 4% %A Kl (i< VB SR LK L dB0 <13 panticke
pushing SLE 5 R FEF G i nal. TCKAE AL
TR VOB R < kAR e AL, Ak-3Po L fB I RE 0 bLH
PR AR AN, 0§31 Cu-PhAYE N B 13 Hhve FE
BEST. Bk L fER+0 $E Kb R ey R 8RB R T -

23/



CBEURE LHA. Tvz=InBRdRA A R AL LY 2% 13K
8L M da A A o AR K II AL 1R T (u-POAE Ao AT A
AR FRAKE LK Ph o BRI ¥ 270 09 G ARAT RN E 2.9 %,
RBRAA BRI, TuzzTnk, SRR T
o BAR BTV Yo B - 8 FE o5 ke oo FRARNIRELNA D k. Lo |
ARE Lo B LR E ~FE L)t BLNKE M o 3P Iln
LNy, PR Twz=onEilRRA ATl Lo BREF o
DB A Lo a i Bk, L8 1 B0 7Ewer o hic ikt Ak
KA )idENY.  Cu-PhAE 0 %A K L3 AT« 7\?;( .M oL
FE\2 B0 731 1< a B ) ¥ Tk ha < Bl FRABK 7B 1<
WAL LRI INY, o B LR AR N LK
R LD
ok ladfRE o KR D BRERANRTIOER LR LN SR
Fom CIRYININBIBAL ThY). Thi=Indk BT8R ik A
TR BWT VEAYRIRUTHY. 2hhoA KRR LARIER
BT Enikvid 2Lt 4/%35“3 SERE<BYY L3808 %0 LT
3nh AL U A da RIS 1K L) TREERT Y LoA80 PR % v L8
Ly o Plao FEZFILE-0 K33 RKELBLIND,
RS Bl B R misoidility gap TLo
MATEEENTY.  2Nhol2 Bl LABRKRBRE A KEwKY L FH
TERFL. 10iBA% C A B EEERL . L L TURERAE RN
b, Cto k%, Gk A4 0 FE ALK Fig. 3.3 307 Fig. 5.3
KA LR EY 1 A fa AR 1< mdacibilily gop T REERN Vi< Lo AR
O EE E L b herintiiy., LU Cu-PrAAD LI
WM Mﬂ\%@w%\ﬁrz 438 1< - % LR E LK SH A< 14 B R

232



Fa RIS 0) BT by LY Mnda SEA A~ b FlA% o Vinda BB ALK o A% AN 2
nxu. ARNE mw% 90p THBEEA LK L AN E IR 7 & I
F LA V1T I 51 A S R E R R R LU R RO T B,

233



%9% i 1

Tk B R0 B 11 v K K e B8 S0 B KM L
1 o RB X TN ax. R fa /A KRB P 72 AR to jl
RSB B b BT v, KIERAAL -3
ST Y i3 wowa AR BT =8 o B %)< EpILr
! Vo Sa iR AFR I X G L NB LN FRE I NI H V0D W\am#ﬁ%"&mﬁa
B A EA R L, TR, 1B Lo RERMEMTELY
W45 3 Jrde S R B B £ 4o 1) A BBAE <o R 4 ARARE
EankEatvwiiv.  IdaAvAd f o BRABK B v S HE VL T B
WARGER I L Lo B oS na . RPE T XD 7 (AL 7]
A5 %0 Los B LFRL1E ). fhdabho B KT AR 67 1R
BB rhy. AMEE. volhdb Aot Tru L ToH
Mook B3 N 7o £ 29 A 1 L0 SR R AR 0 v iiz@”ﬁﬂ |
% 3% 4m 1R X ‘Mfym/é\fi\r\k‘t’f’aﬁﬂa“a%'i/a\iﬁffﬁ’iﬁ'?ﬁ%&é)fwwn}?z@
Ak BB RIS I piEThzako 0%, %ls"a:%’t@%ﬁff%&mﬁ’o |
mi&ﬁmwénmmoﬁ%\éﬂzaﬂ Danic LT AR da AA o AR ABN B 1T |
’Iﬁ%::@bttbt’w’ﬁtfu’ufﬁna“aﬁ@}f%«ﬁ’zﬁ%ﬂﬂﬁb:tzﬁﬁ'?tb‘(
o1 | |
%l%? Cn M o Tl Bk A A RE KT K0 AR LA
v Lﬂ%mmm"zmﬂ;@f\wammum 4\/5?[/“0)%]6’7&%%
12 9w R R 1<

ﬁ%z;%r Eaa&m Lk AR- InP\/\JaJV Cu- be\/zbmmﬂaaﬁ@,l

234



. Mada . BARSE b S v Rada B Al-In 11 H IS Cu-PbAAt f
WA L. AAYA0 ke Rt Bl FR k) 16 € VA Lonkdnred Ko Lo #E
0EF T AAE AT B0R L. A da KLE @&ﬁﬂ‘é % B s LU A v RUE] AR
Bhom AR E K. |

Ve da 3o oo v 3R SRAR AR b\jblmﬂga/p\@m Ja 5 U1 EAB o8
Blok < EE AT Lo 1 % B8 Lot ORI AR Y % crind,1i#47g
b, ok R . LAt Bfoveh FEKRTHL. Vo 6 FE B M A
DI ELETH. AM-TnAATHEL In %3 Lalay LB FEY A2
K 19 13 HiR o 1) 1S T 1K he oo FLRLET 1< BalL. dK%a% Jﬁvmﬁif\.lﬁ
. HE T BbhiNEiLidve.  —%. (u-PbA AR Cu Bl F8 ¥

aPb &} Léz?fﬁ n s ‘iﬂ)’ﬂ\}ﬁv HEAERITHY) . IR Vo da SREE MY &
FU0 I RNBAE KB Y Lo g e Fribicd s L, 48 o 5 #p i

o i SBH D% mﬁmfa#ﬁﬁ%\li\m AN . 3@"”&1 NF
A N TR/ NE A LV SIS FabqnBARIL. AT
T 1 IO ARERG % 213 NGO T A ERTRY

NPT CILE SARE A2 b 7-n R PR e BRI TH T % it
1. T da FLANAR 0 1 da R E) R4 B0 1) B K23 L A RIRTS
L. Aey1] i da JE \141%7%/\'“\ ‘

%38 T - BB L M- Tn A0 [ fa L BLAR AN & {00 A AP
o Tid. {Brda Ao AL-17. 5 masaoh In AL Btl- R BEAILO Y
# 4 0 B T - B EURE L. i B AR B v WEE Ak Lo PRIR
k. ORI snh oAby kY T &L, Yk B A S
0L E 17,1 Mo RBFR B 5 IR fa 1B AR o 1) AR IR &
|~ Ko 5 (< A SR A LI 0 ey P ANE LIRS ndk B
T 0 AR R BY Y LI IS YRY Y NN AL- Tn Ao 6B |

235



ﬁ@%ﬂf&mﬁ,ﬁmzﬁmmmﬁw poal

R B 20 A, SREE ) EIA Ui  E A g A |
2E) T AT 1<K AR D) Lo A8 ox 12,8167 18T L BNEAK B | 120
%L Ko L AT o $EE 76 < EE H I T 14 B KRR Y 1< |
B8 LI S ARAEASERL . M) 7R R dg o La BT N7 Sk
LA~ T g n. BRERBLNAICERLLY < - o) KB
1B B R0 B B R A R~ #47L . R BL ¢ RE
BB ove. §13nbG/RAE K | x107KS/m? >Xl.m}iil§]%4%i~v%m>ﬁ
B LT A BRI 5% v g H 30 L Hos 22009 85 Lrlade i |
AN S AT

B 18474008 13 49 2X107Ks/m2 A Loy G/RAB TR HN. :m%g}g\
IR 7 3 AU EAT & 7 N /’fﬁ\g#’éflﬁ'—ziﬂm&ﬁﬁ]ﬂ\hqn\l\/ﬁ;ﬁﬁ‘l|<'f?"§
ELlwk.  G/RIEw [x107Ks/m2 i Fvid. mRAB o H¥ KK
x (13 | B - AU <A LR T 1< A o SEEE )3 AR LK LA
B &L LR LA EMNTD.  2nho L iEd-EoM T
TR IR 1L ALBIARY K ARYD AN, 4o HORE RE 1A TSR AL TR
LIS omR|Ees i i, G/R I 0EKS/m2 0 -9 T 13 B~ |
TRE L F R LA, Lo LIKAE I LABH T o 7> T FR DN
n e, U E o T l,.\ 16.9) 69 1] 1 e AR LI AR LT Ve :

L.2 FREME 3 4B e R AR 0 B i BAF T 30y tﬁ%ﬁﬂ B 1% C U
A TR AL UL AR DB F T I R BRI S TR R T eesl v
KK L8 T 0 BRI BF AN~ %tﬂr?go oK EIGTTE
FOCTIAN V-5 JEAF ARGEN R LIPS R AT JMa;ﬁ@%ﬂﬁm%ﬁﬁl

T REPEE KBV T Bl A . B, e dReY a7 G/R(E R
Bo TR N ika I3 L B Lo 1ho A4pRE R B W

236



W da EEFEI1ES ¢ AR 40T ekt 1o L AKBA R X 1) A 4 1,
BAE T 7z 2o AR a0 B F& A L T Bl AR R
W URFRA T HRade B < d - TEMRTY Lo Fo IAFEF o 3 AL-Bi
Ab- Pb = A1 H 1IN YN & dBA e 1< Al-Bi- Pb = A8~ - 5 1 3k
B a8k B d BB FBY Eaflh T v, Ve S ALAFLE ) AN
ORI <o T~ K. AKA-BL =7 AA R E 0 4k & Fpv
CENTRLNARE N LA L Vi FAA T ?@wi&%mf@m;ﬁ@
5% B ~. Al-BLAR 0 3 BRI 0 Tk ¢ RE TR & o Rk
vo AR LB AE IR L. M-TnAA kb AT T z=Y b E ik dakA 0 5t
B < ow TR LK.
©A-Bi, AL-Ph= A B v M- Bi- Pb 2 /B0 e KR B AR
&g mE ey SRE R Aok, G/RIBRIKG LUK EIREILT S,
M-BiAATIL 5x 107 Ks/m2 . Al-Pb BEX AL-Bi-Pb A~ T 1L 2x 10 Tk s/}
SEo G/RIBRBEVT MY TA T BRHEK Lo 8 ox o P TR T BLAT L
)RR b Ly B 5 A A NG I AR FE o8 AR LT B AR I i TS
LiiRE s ny, G/RIBsh TR V. Al-BLAE T1d 39 (1~5)x
109Ks/mz2.  Al-Pb 34 vF Al-Bi- Pb AR~ 1 7 (1~2)x 107 Ks/m2? o G/R
BB Tae. Al-InAB oAy A<, ALZH) 7Y IKBRMEK L2
Fa o8 KL 69 0 B 1< g U B KARAREIR A RIART B, 3B
KBAIRS L fa T B 1T 180 AAFBAE KB TN, T¥ L. 3
i VO S KBS~ r Edy., wTRoAAREVTLGE/R
WX 107 Ks/mz &) haswsgad. A<ty 77\%'\ WK Py wid 2w b
Ko la s 75T <MLK A L ii b,
5 G/ RIBO B FM T - B 6 EE LK TV E =T WA 0lh S B
R0 REATAY, M dRE L) R L A FlBy e R |

237



BEA K ANV TEMYT . Mok F 7RG E- R A VTR

LIy 81G/RIBOSEE S o b Tl L2 A8 particle pusting 514

FAEFD LTI LA ABRYRIRDINIG, 1, TALFA
mhipy S E RN ARG b G/RIE® HInaTu. B- R RE

COF N BB LT, Lo R ERORIT N g, —8
03 1HITIL Ly ARSI W T o o M R < S T BES % Lo 8
AT Ho LB RENR VKRG 0 LB ERTR Y9 F] %, A'Qﬁ\ﬁam?i
Bk L v LT O T T koi%}h{ 5943 B A 1< B L R

] % 5] 1< o TR L #ﬁf;ﬁiﬁ?ﬁﬁﬂﬁin{ﬁ%\i?bo

22 Ym0 BE 0 ko Hean . B-RFBIND~0 Y Sho Rif
;‘ LI AR AR KR U 3 37 B- AR EFIROOERRG/R
4£%L%5¢1%]G/R4@.@btt*m(\a‘#}ﬂfr%ia)ﬁ’yﬁ%uii{ﬁ,ﬁ%a Yok
NAL % Hm L M- Bi A4 T 12 Al-Bi A AR | 8 B G/ RIER
B UMK AR T Y.

%54 T % RRE LK Cu-PoAR O i d R EAL I ¢ o ) AR
1. 30~ 56 masa Pb A 0 AR 10 AT IL B v RERE -
G L. N BT B AR BRI, VI ARRTET
0 FE ow T~ K. §L)|<:4/\"70)/‘3\/&\2'7‘5@;2?(@0)@‘171“;%J’i\u:
00 SEE A 1< B 0 T 1Ry b SRERE # 16 £ B L Cu- P A0 adh
SEEAE < owTIRET LK. SRS |

55 300 56 mase %6 AL 0 Gao PhAAE B JEBRA ¢~ HET e £
AR R C UG R0 31T, ahh @ {f da 407K 0 Cu-
30 masa % PbAA~T A KR &R 0 Ph Ao Cu 7> Eo4t o B T- i B
WA LI FELARK LR Va ¥a BAX @ Cu- 36 mase % Pb A5\ HE
3] K AF B A% 0 Joa3E e Ui Ph A8 o Cuzb )7 AdIkEes] Lk F

238



el ey b, RERAN LRI URRI MR
AN 15 1Y AN LA T 1 @R SadR) b & vsBudfa iR 1<K Bk T %
~% . B4R g8 LA, 0 Cu- 56 made % Pb AT 1S, ARV S G ARAN Y 1<
YK 13 cap Ko PbFE AR L AR e 3. KA R AR
50 B0 B BORT T 15 b <) | 2K T FAN 0 Phil o AR
Wiy, 6000K/moveda)EvmAgELo bt 1] (X 1076 m /s
N RBREC. PhE AR Culh o AR Lok BIRGY K HRiR
KOFBABARTIARINY, Lo, FANEL 2000 K/m o %5 1<
3 XS EAR BB G A 3T FBKC F AN 0 Po AR B AAB Lris K.
Ve Sa MEB s ) P EEEARTH P E G Le I uB B ERLIT V. .
Cu-Pb A4 Bw U Tiu 3 =T B Bda AN 1k bb X U Ly 8- Lo J8 M o F-
o RnA— Y e oo M < £ UEAT B Lo R oA
awkolf o RERE Co Lo EE LRI B v, K3ERERL
Bt - BERE 3hy AL fhda RS, T BEEA LK Lo 8115
%mraﬁm<,%m\<éw\f<cumamzwﬁfr@&>i )X ENG.
D AN L I WE TR FAKE b 49 1L ﬁx&mmmr
o e o, PRRRRe AR e RTe.  HBEK.
4mKﬁocumamm’mﬁ\z R ARTEEERA LK Lo FA oY
M. KIGT 5oy B B KR oX TIBRY). AR A IR GPOAR
O EARK L. ALICEBERENNICEYL, ST BATEL
& KA E L o %< 1d BRAYRIR)DINT. @—5&%@1’%‘@%%54«
Ut e UL Ky ER oA E BT, |
How " Cut- Po&Ao i b S B AR JE BT T Bz Ko 18
113, Cu-Pb =B b)Y i do B R Ty Pb &3 Lo Tl o FEA#)
: zi@%@ﬂ i I'BUM% aEop e ~nrpi< M, Fe Bi, Sn.

239



Zu b Sio biE RO K « $AR A oLk Cu-Pb-X (X1 44E 0 h= 1 k)
LHHRE >, BdRE KB LI oMK L 0S8y B =
LERETED IR T~ AK10IBFi b Ltai
BB 1< BT Ly 3B o) 8K B < A & I 1< Cu-Pb-AL . Cu-Pb-Zn 5
| 31 Cu-Pb-Sioz 2880 2B AA oW -BR BB 17w, Fzik |
oA A% ) i da RE R8BI BB oMK ¢ LafBa g Ao T
135 0 1< ) o R AR AN Y NRE P
| Ve BRSO Ca- 36 masacs P AVAE 81 BEE| LT 1S 1% A o BRE BASRS
VIS F AR KA L1 Lo 8 (PbH) o SR EFE BRI A NN, 20 AENK
3~ Smasath o ME AT R LIS R e FHKEEL, L0
RERAR LT, 3K 5~ EmasdohZn, 2massds Si 0 ihpo 24,1
YL Bo K 4 NI AE L1 H LN F AN, ‘
 Cu-PhAAAK AL T S0 8IS BB AT b eSS L E
f*mf\azcz/vzm%u;v%afu?ﬁz%ﬁ‘ﬁuqz;t\ Cu—Pb/%\/&\mmJ?artf:\:mxsﬁ
BRI ADIT U BleE K LaFi e Cu (BB 0 BB A E (BT 5 B
) miecibility gap AMFENIBRT B, {ord R RE <KHS
193908, TindBEMS. L8, LaiBo bk Tt /fﬁ]agaﬁi@
BB By Ao RFB I - N Ted B S NE. | AL Zn, Si
B3y ﬁzf\:‘muw\Cu—Pbé@\zerf];i,’z@%:uziﬂ Cu-Pb-AM & S X
| Ca-Po-Za AR B v LI 89 7 BBAE IR ARAE MR 155 AL Cu-Pb-Sid

BB wIHK o Ly F o 823 VA o 155 K.

B7E " %aaf\/i\cf)/ﬁ@ O Tl BOAVRE LB R ol 7'V~f‘71’\'€\

BRBIBE =180 THES L RARK eo IR TH 17K & -Gt FLE LK
Bl A BAAA BT Bi o A b S0l ko < .
inke¥: ﬁa/&%m%' ;bﬁ%aaf\/m&,fimqf{m B UNE TR

R

240



3% T 1< 51 bR da M- Tn AR~ B S8 <> TR ~ K

PLALBY INERAK o BRI A T It M-SR RN T E0 AR
Tk ESE o A A AR L. B R B T ek S, T A=Y 729
< miseclility gop TABEERM UK B2 A8 (LA ) T ot G~ B 1<K
VREBES R 15y ny,  LABH S0 Ko 1240, = A e R R AR
R T BPE0 FH AR X K2V 13 e 1 Y, |

Bifda BA~0 T ) PELUEC 9 L a .l E <R
miscibitity gop CHHER UK Lot AT HERARBE RIS
< Lo AR L 0 B E AR FBRIL L. LR Lo RRERERE TS
b -T2 T V-3 YIRS UKL UK Ly FBRE S ok Ly FBY & SR T S Seijd -
1EU %,

38R Ba KRN ) Al- 30mass% In A K G 1< 85 Uy )bl o AL 2 15w (8l
CENEEo Vet RRE BTy Y M2 )72 F IR In F B T 24—
R TR UK BAI B o R £ k. B ERIRE LI
BRI B UK TT500AR oy o Ty EENK 3608
1049 (43 € 0B B WAL T T Al-30mass % InAAE TBRE RET
7411 R WKA\?'IJ'F‘(“/{}@\E??Q%L’M\“?755”6—?13;—3‘79j}:ticlt‘l\ A
M <3 - AAEGR E 13D b TARk . ARER RS . #E0TERRM
BHpb R TR BHF 1] /@*@ba\"sﬂ Loy, e Blef IKBUINES T T
AL C R S R0 R WL N ko, AT A BR Lo
BUORE R BB BN, B Er THA o E R 2 bl T INK,

% 8% T ik & R B A L Tl R ARE Sk R R R AR
MLILLK, }KI’\7¥\/§9’[%’C'BHQﬂ‘l(i‘%f”x?)bii“?AM&\}ilﬁ@ﬂ%;
o Vo SEBALIR 8 0 01 o AR < R % KB AR
B L. UMDY S B R < By B S, LU, Lo RAA 3FER

241



O FBIINE-XT A Lo RAE KowTUIRZI LK, 3H1RE 2 7% 7o <
VoL Cue PhAAE o b Al- Tn A8 Ao dfn T L BRI & 0 TG
T LT TR TV WS Oe T REDY P-4 y: S
TR 1T 1Ko |

k. Tuz=y kol BB 3 M- In A AR o i 8¢
hy Cu-PbAA LT, vmmﬁa&z@mﬁﬁ?% 13 H 110 :%f:rﬂii&
WA BB B, TR el A-InaAe Rpad Ve oo R R 1<
S)ABEER LK L AN B E AT o HLT, (u-Ph A0 sh a1 L
AR BAERHI TR S aY Sl Ak U iEea Bl TH L AL HNT
S bn\l/;ﬁfﬁl/ﬁﬂt\‘m”}utm%ﬁt&\iﬁi’é’ﬁiﬁ”/%ﬁm'2:&0)7"?%11\17»\/
z YL @F}M/.i\:f\n\f_;")m%s@,m\“ Lh3nr, Ak ARiortE
@B L EMRS. LA, LR 30 1 Ea - X7 SR E SR N RS
2. WIRoAAK B LY MR 1) TREL AN LK LI BMEE RY
- R e OR b s K |

Cu-Ph AAm1d AM-Tn A4 v~ 1 Ja R ARAN o8 By FRASAR] IALE L 151,
misoibility gop @ MBRIRE S R [0 M dRIC IS $o UTHEEAT %
Lo FFEEX K3V, 3RCu- PO AL-TIn Akl L jMel,
RroMof@acing 4B R 0o Aibednal wng/@z L swRry LA
Y& 1% YUY M) ’fa;}“w 0 Cu-Pb =8~k AL, Zn, »Si 2RNY EA
okt ko gy, Vil RE S, UTHEE T Y Ly HB0) AR FEF o BT Uy
L#a-LoAa Mo Fmz Fux - oS A LT 4o M o PR B BB RS oX Cu-Pb |
EEE b A-In AR A 1L %, | |

Vg i B E 0 A1 BAR ORI LK Lo a8 BB ANE AR
3N, IE T, 7,V3:‘7Aﬁ,.«4}zﬂ;afn>@g;wmmﬂfa@mw'
TR B ERA ITBlU T h%. BAAE Mk LNy BB FE |

242




B EodEwvid. 1L AARE R KBy L 180 ke L¥r T30k
AN sy B faRfe ) TEEE ATy Lo o R EF e Lidd L,
ot o FE i - 9 K33RAILIND,

243



(8)
(9
(10)

(11)
(12)

(13)

(14)

(15)

(16)

(17)

AR L BAEAHUs S A ATREL, (1982), 1436.

A %, KW sk N3 A, Per —E& do@ 4= : H-
A58 rmEA AR TR FRMKYYE | (1980), 51
wagk . WADH EMRPA . 33 (1969), 60,

J.D.Livingston and H.E.Cline : Trans. Met. Soc. AIME,
245 (1969 ), 351.

R.N.Grugel and A.Hellawell : Met. Trans., 12A (1981),
669.

R.A.Parr and M.H.Johnston : Met. Trans., 9A (1978),
1825. '

R.N.Grugel and A.Hellawell : Met. Tranms., 13A (1982),
493.

G A.Chadwick : Brit. J. Appl. Phys., 16 (1965), 1095.
J.W.Cahn : Met. Trans., 10A (1979), 119.

C.Potard : Proc.'of 3rd European Symp. on Material
Science in Space, Grenoble 24-27 April 1979-ESA SP 142.

B.Derby and J.J.Favier : Acta Met., 31 (1983 ), 1123.

N.Eustathopoulos, D.Chatain and C.Vahlas : Scripta o
Met., 18 (1984), 1. |

B.Derby, D.Camel and J.J.Favier : J. Cryst. Growth, 65
(1983), 280. “

B.Toloui, A.J.Macleod and D.D.Double : Conference In
situ Composites , Bostom, U.S.A., (1981).

B.Vinet and C.Potard : J. Cryst. Growth, 61 ( 1983),
355. '

Metals Handbook Committee, Metals Handbook , ASM, 8
(1973).

R.J.Knight, Che-Yu Li and C.W.Spencer : Trans. Met.
Soc. AIME, 227 (1963), 19.

244



(18)
(19)
(20)
(21)

(22)
(23)
(24)
(25)

(26)
(27)
(28)
(29)
(30)
(31)
(32)
(33)
(34)

(35)
(36)

e e A e s e

W.A.Tiller : Liquid Metals and Solidification , ASM,
Cleveland, Ohio, ( 1958), 276.

K.A.Jackson and J.D.Hunt : Trans. Met. Soc. AIME, 236
(1966 ), 1129.

M.C.Flemings : Solidification Processing , McGraw-Hill|
New York, (1974), 93.

R.Elliott : Eutectic Solidification Processing ,
Butterworths, ( 1983), 337.

S.Marich : Met. Trams., 1 (1970), 2953.
S .Marich and D.Jaffrey : Met. Trans., 2 (1971), 2681.
Lord Rayleigh : Lond. Math. Soc. Proc. 10 ( 1879),4.

T.F.Marinis and R.F.Sekerka : Proc. of In situ compo-

sites Iv, (1981), 315.

I F.Mondolfo : Aluminum Alloys : Structure and Proper-—

ties, (1976).

Liagtak , WAEA . Nh B, eV Ty bay : A,
20 (1970), 611.

%];f%'}gk ’ 2?/2.%,975; ’ /]\‘% % H 7“1>'77'§'17 :ﬁyi.\ﬁ&’
21 (1971), 463. |

Hansen : Constitution of binary alloys , MchaW-Hilhl,
New York, ( 1958).

Ax B0, NEEM, RRE- , BAMKE Fk BRI
$e48 , HRER, (1958), 62. |

D.Chatain, C.Vahlas and Eustathopoulos : Acta Met.,
32 (1984), 227.

D.R.Uhlmann and B.Chalmers . Appl. Ph}?s., 35
(1964), 2986.

L.R.Morris and W.C.Wihegard . J. Cryst. Growth, 5
(1969), 36l. '

W.Claus and L.Hermann : Metallwirtsch., 18 (1939),
957.

W.Claus : Metallwirtsch., 13 (1934), 226.
dn A, HERE-KP o ERAMAKEDN, e XA

245



(37)
(38)

(39)
( 40)
(41)
(42)
(43)

( 44)

(45)
(46)

(47)

(48)

(49)
(50)

(51)
(52)

(53)

(54)

.(1966) .

- P.F.Clancy : Proc. of the 4th European Symposium on

M.L.Mackay, L.J.Gawley and G.R. Kingsbway : automotive
engineering, 113 (1976), 1.

revmyp , AwBk . WA L AR AR AR TR IR,
(1975). ‘

wm e, @ mE : aAeRIER 46 (1982), 645
W.T.Anderson : TRW 292457-6017-RU-00, (1975).

L.L.Lancy and C.Y;Ang . NASA SP-412, ( 1977 ), 403.
K.Lohberg and V.Dietl : NASA TM 78125, (1977), VIIT-1.

S.H.Gells and A.J.Markworth : NASA T™ 78125, ( 1977),
VI-1.

S.H.Gells and A.J.Markworth . ATIAA Journal, 16 ( 1978),
431. '

H.M.Steeg : Final report project TEXUS-I, (1978).

H.Fredriksson : Final report project TEXUS—Ii; (1978)
146.

T.Carlberg and H.Fredriksson : Met. Trans., L1lA
(1980), 1665. ’

Material Science under Micro-gravity , (1983), 99.

International critical table ,_1_(1928).

U.Lindborg and K Torssell : Trans. Met. Soc. AIME, 242 | .
(1968), 94. ’

Fot-8th A AR o B it BAERTR (1971) |

@M%Y EE  : NASDA-PSPC-2769 mEmeE , 5558-105
(1983).

Yu.V.Naidich and G .A.Kolesnichenko : Phenomena_in

metallurgical process. Proc. of International Confer-

ence , (1965), 218.

S H.Gells, A.J.Markworth and C.E.Mobley : PXOC: of the

4th European Symposium on Material Science under

Micro-gravity , ( 1983 ), 307.

246



(55) A.Kneissl and p.Pfefferkorn : ibid., 55.
(56) B.Derby : ibid., 277.
(57) J.W.Cahn : J. Chem. Phys., 39(1977), 3667.

(58) N.Eustathopoulos, L.Coudurier, J.C.Joud and;P.Desre :
. Cryst. Growth, _211_3_(1976), 105.

J
(59) N.Euststhopoulos‘, L.Coudurier, J.C.Joud and P.Desre :
"J. Chimie Phys., 71 (1974), 1465.
(60) C

(61) BRE . AL, 53y A, AR aﬁ\@\&)’?/&f%&\,
42 (1978), 453. | '

(62) LBEE, 2R, REEA , R R, =FFE B
g Ak S A , 44 (1980), 316.

.S.Smith : Trans. AIME, 175 (1948), 15.°

e At S S e RO TR RS [ eemasa v



W B

A AR AR RUTH B 29 Bt BB < P LR
L \%&%T’W‘ZU\/-i\ﬁk):f-)?ﬂflﬁﬁ”%@/b/zf&%@l\\/]%-?‘%’}}cﬁﬁ
2% o5 R R#oE e k1T, |
ARk igdn bk, PTG O3 10 & S PR
P RTY LT & 53 A EIVE A AT s AR A IR R
i) BAE Y HEF LTS isw\mk\%%izamw.t%;cé |
o YBPEE wRIKBILK, IR SRR B UL %itﬁ?ub)’iﬁo

$on o i ] BRI E LTWIRKS, ax 3B M LT A AUk B9k
Y AL L T L - |
FE0% NE R BHTR ). W =t O BEAEF) S HUTI
fo@ b A bod, How i RER K BenutTavdlk.  ARATALILN%

Lhr). YMREEo KL g, g Mransd o HE 1 Y

e o wiivk o RKEILK, xp A A M. ATAAN L

%m%mm»jumzfmmmf;m o YA TIVELR,
snbyofen YBERHVIFR iﬂ’w bilyLrrid.

8g fo 59 5% 12 R

248



