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Mechanical Properties and Morphology of Interdendritic
Separation Defects in Unidirectionally Solidified Al—Si
Alloy Ingots

Toshinori Ohshima, Tadao Hayashi and Yoshikatsu Tanaka

Abstract

Effects of morphology and distribution of interdendritic separation defects on the mechanical
properties of unidirectionally solidified Al—Si alloy ingots were studied by notch bend test and

scanning electron microfractography.
The results are summarized as follows.

(1) Bending strength and absorbed energy were decreased linerly with increasing area fraction of

defects Rs in fractured surface.

(2) Defect shape factor » was suitably introduced to correct Rs for large aspect ratio of the defect.
(3) Difference in defect morphology between Al—1%Si and Al—-3%Si alloy was explained using
solid-liquid co-existing zone model associated with difference in initial solute concentration during

solidification.
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Fig.1 Experimental apparatus for uni-
directional solidification.
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Fig.2 Bending test specimen.
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Fig.15 SEM micro-fractographs of fractured surface of specimens.

Riser top 35 ; l
i s I
& g
- ~
T 2
7 U
FT 2%y 5
IS |
)
ﬂaﬁh ng @ 50\6? g g
. S 7
o4O ° oo'b 2 Al -1%Si
hel
7 PIGE I aun s S
) © m 25 -
K. o <
7%
ps QA..’ = D"“Q 5 | |
L e 0 0.5 1.0 1.5
‘{‘:,,9;’02’.3 f.a Rs x r
KAAREE .
e Qe o) P Fig.17 Relationship between bending
RS strength and area defectivity Rs
P —— multiplied by defect shape factor 7.
. - LOENRRLKEWI ERBEL/ o7z, Z
Chill d ] TS S 70 e AT He 42 B S
Al-1%Si e Al-3%Si DFERE LT, kiko k5 %K /[kdf’%ﬁ 458
hbr#EzZLND, Thbb, 2ok aHES
Fig.16 Sketches of inter-dendritic T AR LK E LRGSR L TR, ZD%E
separation defects in unidirectionally WOAI L B HIIL LT L L EA TR AL, Z

solidified tngots ORAKI B 2 BT % &rod 72 5 TR L 5



Absorbed energy / kg-m/cm?

5
s

(]

>

]

w

R

@
1

—HERE L2 ALSI GRS BT 57> K54 L SBRMOTME, 545 & HEH: S 7

40 , |
30 | \£<i .
n N _

Al-1%Si

»
=3
!
|

(V] 0.5 1.0 1.5
Rs x r

Fig.18 Relationship between absorbed ener-
gy and area defectivity Rs multiplied
by defect shape factor ».

ZENMETHH ), TOEDKRMEIT—EIC
THEMATENEN D H, = naFliskid Tk
RIGOEICEE LR BAIC L > TERIER
TEHAGEREL LD THE, Lorl, KER
DRMIIZT A7 P DIFEFEIZKE L LDHH
D, 7, BBRAELUREMITFCROEFH
M- CTHEi 2L T3, TS5 EET 2
ENERERIC L Br RIS T L LG Tl A
Vo EZTROFFEIZE > T R DERWIEL 72,
Yhbb, RMOERFHFEOBEATELZLEL
T, TNEEALTHAORKRTERZ LT 5, 4
L hnthr=4/L # REGFREH E LT, ReX 7
2y > TRIMGE R DHHIEEE T 5, Figl7T s &
U Fig1813 R X7 X HITH S & L TR = A )L
¥—BR&ERYT, Al-1%Si&4s Lo Al~
3USIAENATNIZENTYH, FbD5047%
WERIFLERBESEL N, FWEICOWTH
ERNODEIZIIEAEE L, Lid-T, KK
TR » VB Z 812k » T, MRS ot
TARMIERDHE L HIEL, F—m7% 21l % 47
I EHNTES,

3. 5 RMEREE BEMAE

Fig. 75X Fig. 8128\ T, Al—1%Si &4
DERILE Ry & RMGEE Ry 754 ¢ KAt b4 1
BRI EICDOWTHENA, 2L, Al-19%
SIE2NKMHEICLELDEE L LN B,
Fig I15oSEME®&E» L bh 5 & 512, Al—1%Si
BETI, KBIIHEKEDBERICHELTEY, &
B HBHGE DRI, 705 BE R B
THC, IBEAEBEERBICENLDEEZ LR
b, Z0ES uBE, ROBEIZERE ( b~
TIHEEITNEL 2 BNDT, Ry & Ry OXIEBIREIE
B M7z nw®, ZucxL T, Al—3%Si &4
T3, REEDIZ EA E D EHMENIEREICHEL
TEY, FHRGEOMMKILENAS (, =R
KEL->TWBIDN B, Tk S b,
REGOHE & EHEO I I3ABB 2 AL L, R,
& R i3xtisd 3,

p q

Fig.19 Schematic representation of solid-lig-
uid co-existing zone.

UEnk 51z Al—1%Si &4+, Al—3%Si
BETIERILKMBOERIEE A IEEIC R > T
5% T, EEERIC BT 2 EEEBREY HE
REE, TFHERIERIC ) &0 < IR E IR E O BIME
LB I NSO, Figl9 3 @ EESBOBERL
KB THN, £EBBRBEIDPBEaBIIEa 2N
%, D BIEMPIC AR L 2 KETH Y, W
AP DFEE I EMICE T L N T2 BERE
13N, q AR IC BB L 724K T,
AR DBEEIIRA DRI A - Th b RRERE
THZeHTED, Fig20 3 W8IAHIEBE L BE
BREER S OMFR2ERMIRT.G IZIBEDE,
Co 3B EIRE, T, T 3HAEG B L CEES
THY), TLIIEBOBBRKTEREETHL, ok
N, KEEHBICBT2pBBLVqBNHESR



8 EABTEHSEMERLES A S

Co=1 Co=
N G
W\ '
\
2\ N [
5 A TN
s \Ts . TL
g (! p-q
§ ! \(Ts \L
(1% I

— Concentration

— Distance

Fig.20 Schematic illustration for relation
between initial solute concentration
and morphology of solidification
zone in nonequilibrium solidification.
G : Temperature gradiant.

G : Initial solute concentration.

T, : Liquidus

T; : Solidus

Ts: Actual temperature of solidifica-
tion end.

13, MHIEEBE G T 4abb Simic k> TRY
L2 E0brb, SiENDEWAI-3%SIEET
13, 9B P M E L SRTELSFET 20T, K
AR RN K E WIKEAMR D q BERE T
REL, FoOBEBRRRE LS, — 5, Al-1%
SiA&IcBWTiE, QBT L Tp k< %
T HNT, KGHFEIT S BN p GEERE T4
Fb, 2O, RBIZHERKT > F74 FoER
HICEBET 2 M ROBHNICBWTEKRENS
DT, FOMMRIIES TR, W THEWF
WEh b, 2NE I, pPEWAKENEERICE
W, MR ERRIEARLEL BT, &b
W THEEHNe, SEZOAMEIIEL L
), —RRIC MRER RO 2 A U B AT
KENZ LIZHEETLENIH A 5, THUHE
LT, Al-Si&4 &gk ngsis, 0.5
~1.0%SIOMMN TR A E X b 2 &GS
nTwas,©-nix, Al-Cuy, Al-Mgk L
Al—Zn ZIZ BT LR TH ) ™, KREBRNKS

RE—HTHLNTH 5,

%7z, Figl7 5L U Figl8izWTAI-1%

Si & DRI Al-3%Si 420 ENn %

\l-THY, KWME R Nfiis s AT FRIZK
THERRE Lo, ZHUI, Al— 1 %Si 48T,

BT IR OB & 70 B I 2 ST D &S

i, =)y 7 AD a HOEMDFERICKE

W, Kb L UOBEIC L 2=A+ 2AERH

HRN=ENTZEIZLBINEFEZ LS,
B, RERSBHOEREILHE L THELH

vz, LB TR E R TR,

EEHIE, KB FICE 0B E R T 5,

4. #&

Al-1%Si6%EbB L Al-3%Si &64&N—)
Tk [ S0 % o ¢, LR S & RILKRRG &,
MDA Z RET L, KR &5,

(1) Al—1%Si &%z ks Hato s 5 i

KA E ), @WIShz > TR REL

TR RFE L ERERO KD % h - 12,

(2) Al—3%Si &£z mH L DIEMEIC &

L -, Htkid SIEAR, i~ L&

L, Z1Uz & L% - TR KRERA ML 72,

(3) Kbfs & MEHEOBIRIE, BE LK

T RACKRMGERZZERB L -T2 EAT 2

ZrIZE o TROER XN,

(4) Al—1%Si &% & Al— 3 %Si &40 K

TREDHEIL, AENEFBIEIC BT 2 W%

gy, HEBEEATEIZL DA

ANns,

ij

X ®

(1) KEBBRHE, ZhNK SEE%E  0FXEBE¥S®%,
48 (1984), 823,

(2) HtGes, KEE—, PHSH  EEA¥L
IR ey, 110 (1982), 81,

(3) ASME Boiler and Pressure Vessel Code
Section XI Appendix A (1977),

(4) Sfsibas, KRR BAREESE 29(1965),
1152,

(5) K¥—, KER#E, SHLE BXeB¥S
FWIA S MEEEE, (1983) 303,

(6) W. 1. Pumphery and J. V. Lyons : J. Inst.
Metals, 73 (1947), 439,

(M #wERE, AGRBER, LMILE: &Y,



—HIRE L 72 AI-Si &€ B 57> F I 4 F SBREOTE, 29 L MR D W

50 (1978), 425,
(8) BEIEEHE, THRET, P . BEEBYLH,

44 (1980), 1089,
(FBF 60 £ 12 A 3 BSZH)






