Akita University

PRHR 2 T WIRA TR 7e 8y, 45287, 20074E10H

g

j_btl:

e |

R

e
—

=1

BMETILI =L

Y/

NIRRT -

H

7/

N

25

| =]
HA

S AN
B =]

RBEEEDRHFE

ETES - AR R

Development of High Strength Aluminum Eutectic Cast Alloys

Yoshinari Komatsu™, Shoji Goto™ and Setsuo Aso’

Abstract
Aluminum alloys are one of the most widely used structural materials because of their good mechanical

properties. Recently, however, more high strength and more high creep resistant materials are required in industry

such as air space industry. The aim of this work is to develop a new high strength Al-base eutectic casting alloy

made by commercial foundry technique. As an example, an Al-12.7 mass% Ce-5.5 mass% Ni-0.56 mass% Zr alloy

was adopted for age hardening cast alloy, on which the age hardening behavior was studied and the hardening

mechanism was discussed. The alloy showed clear age hardening behavior and the hardeness reached a peak value of

108.6 Hv for aging of 500 h at 573 K, which was about two times higher than that of as-cast state in the Al-12

mass% Ce-5 mass% Ni eutectic cast alloy. The hardening mechanism was presumed to be due to AlZr

precipitation in the Al matrix phase. Finally, the Al-12.7 mass%Ce-5.5 mass% Ni-0.56 mass% Zr alloy

was concluded to be a good candidate for new Al-base structural materials.

1. FC®IZ

TN =T LAEEIL, TOREMNEREBEDSIC
BOWTHOAEEIZ X THEMAEFRTHDH Z &2
b, RObELFEHINTWAHEME OO LESTH
5. BT CIEIMZEHRERXOR RO T HENEERE R L
DI BIZRB N T LR &AL & miRE LD BRI GE <,
FHIER D LWT VI =0 A5eDORBNEE
NTW5D., FriziEHAEa&TIE, maME< TEH
WENEREWEIZ, GRETHLIEEORBIEEN
TWah., FEEELIFTINE T, @S EAEKD
Al-Ce-Ni 26228 B L, ARG SOHIE
BEIELIRAE I 35 1T DMk & 90 O BRI DWW THFZE L
Tk =VD, Z ik R, Fig. 1 1ZRT X 91T Al-6mass%
Ni, Al-12mass%Ce, Al-12mass%Ce-5mass%Ni #Hjk D
HEEe LY, B OB HEE(10.0K/s) THiE L T
b IR SBR[ L CREE S 2 56 L AR, Tv
R=UMEEWHEST L, 220X DO TR 7oL
FELTHMmT I Enmboiviz. = OB O

2007 4 7 H 18 A B

K R P LF & IR 754 B L5 F . Department of
Materials Science and Engineering, Faculty of Engineering
and Resource Science, Akita University.

fEH A Table 1 [Z/R7. WTNOA4ETH ALNI X
Al,Ce DT NI =0 MMEEMN 10vol%ll EE &<,
MOZNHEDOT NI =T MEGWHOMEIEL 03~
05um E/NSNWTERMLNTZ. ZTRHLDOT VI =
U 2MMEAFRITEE < BV DIZE L T L =
LFMOm@EE LTORREZHE TS, LeRn->T
TS ORGSO TRICEERE & T LIRSS,
o OBEIRIRE O, MPa)iZk K TEREND Z &M
HoNnEoT.
0§, =QvOS, +(1-Qv){OF, +3.06 %b}

Gb

=QvOS, +(1-QV)OY, + (1-Q3.06== (1)

2T, QTR =T MEA M O RFEE(%),
(1-QVIET V2 =T AR OEFEE(%), Of, 1L7 /L
2 =T LMEEMHOBEIRIBEE (MPa), Of, 17 /L3
=7 ARHH O IR BREE (MPa), 3.06 (X7 /L3 =7 A
DT —F—N+F, GIET /NI =0 LRFEORIMERG
=2.58X10°MPa), b I/ X—H—AR7 FLDOKE X
(b=2.86X10""m), A ILHEALAHZ H M O HEEm) T H
5.

(RO DDZENZNDIEIZ DWW T EHE ek B 1<
& 5 50 FE R K OVERER O O FEAT L 7245 3 & Table



Akita University

26 AMRTFI - TRRIETR - R

Fig. 1 Microstructures of Al-Ce-Ni system eutectic alloys
cast at a cooling rate of 10K/s: (a) Al-6mass%Ni, (b)
Al-12mass%Ce and (c) Al-12mass%Ce-5mass%Ni.
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Table 1 Dispersion parameter of aluminide particles in the

Al-Ce-Ni system eutectic alloys.

Inter-particle
Qv /vol.% spacing
(surface to surface)

ALNi | Al4Ce | X A /pum
Al-6mass%Ni 10.2 0 10.2 0.45
Al-12mass%Ce 0 152 | 15.2 0.41
Al-12mass%Ce
_Smass%Ni 10.0 159 | 259 0.27
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Table 2 Comparison between experimental and calculated values in yield stress of the Al-Ce-Ni system eutectic alloys

compressed under a strain rate of 5.6x107%/s at room temperature.

Experimental Calculated value
value
Gb
oo /MPa | Qvoy,/MPa | (1-Qv)ods /MPa (1-QV)3.06 ==/MPa 08 /MPa
Al-6mass%Ni 103 28 23 49 100
Al-12mass%Ce 97 31 21 51 103
Al-12mass%Ce-5mass%Ni 179 94 19 68 181




Akita University

2. RBAHE

2.1 HBRAFDOES

BRANZ, fll Al A > = $(99.997mass%), EfF Ni
(99.97mass%), Ktk Ce (99.9mass%) ¥ L VKR Zr
(99.6mass%) &= #H & LT, b EELA L EJE K
AR CIAME A2 1TV Al-20mass%Ni, Al-20mass%Ce
B L O Al-Smass%Zr OREE&=ER L. oo
A4 % AW T, Al-Ce-Ni =7t RIRFEX I L O Al-Zr
TRRINEREL LICHEYEREALT, TAIUE
PH AT TR L 721 90x20x100mm D &Rz A Te
ok, BEM Al-12mass%Ce-5mass%Ni-
0.5mass%Zr DIFEE A Iy FEAERIL =, 2 l8,
OB Zr RIS 5 72 DI GRE IR
FERRIEEE X0 %9 200K EiRICHREF L7z, F728A A
% OREEHE X 10K/s Thoto. Hohidibese
A4y bbb, UKBIREHE M TIZED
9.0%x9.0x3.0 mm D K& S OARARER 2 ERL L, B
SHEGLERARER v & L7z, 72, i & RIBFICEHE
HRERZ1T 9 72912 ¢ 4.0X 12.0mm O FFRER A %
GIHIINTIC L v e L 7=,
2.2 EpshE@ 0 E

573, 623, 673, 723, 773K D% —CIREIZERE L
FERBLSFEZHAVWD Z Licky, KA E4EeRAR
% 0~2000h &= TOFTE DR, K&K H Tz L
TREZDEE 2 U 7=, FERDALBR#R IR 7= 72 B2 273~
278K DOIKAKFITHEE AN D Z &2 X 0 Kk oIy
THEVLERRER i 245 7=. 72d, BERhBVLHE T IR
EENIAETEEICK L TRHESKREThH - 2.
2.3 ESHIE

Behi b %@ 2 SRBRICK VM L., £
PN IRED LR % Jifi U 7= 5Bk i D i & = A U —f&bF
BRI OWMT VI T REZRA WA T7HELZ G HT
HZ Bk SR B ZoFmEICH LT,
~ A7ty — RSB EIT o7, B SEBRIC
A By B — A S RN HV-112)2 W,
FROH & CHE kg, W EAINEER 155 O5MT
1To7z. 7ok, 1 {HOREBRAICOZ 5 B0 S HlE
ATV, ZNO DS OYBEL & - T S B4
WELEZ. 20X L THELNH SME 2 B EL
LBRIFRIC R L TRt my b5 2 L2k,
F B D BRI B D ZE R R h AR AL il R & 4572
2.4 AR

PR IRRE DO KA ERBA ITHRDOE W L - ¢,
KI5 He IR Ee, (LAWY D oAy & OFEREE A EN
HLDONEFRD7=20, SEMIZ K DB EA21T -
7o, RRBVLEE % O AERB A IZ OV I X O

hRFE G SO 27

RKE—7, IKE—7 Otk ORE & FERIED
AEOMBR AL 2 i U, SBHRE O & T & &
HRE A BB (SEM)IC L 0 Ji 7=,
2.5 EMHER

W 7o Wi b 26 8h & R L 72 623 K O FEZhIEE C,
JEfERER A (¢ 4.0X12.0mm) (2% L T# ) ELFR
L7z, Bonz@ B OFR 6l X Ok kEe—
7B LOERKYE—7 ORi# & #FiEREBORBR AT
WC, Bl S L TEAE TR O BEfR & i T B 72 ISR
B ZIT o7, RBREMII=RIE T O T 2 %
5.6x107%/s & L, @ & 12.0 m?DRER A % 2h 7217 T 6.0
m F CIEM Sz, JEMFERBRSOE DN EE O
THOT —ZNHEIE ) —HOT Al g Red 7.

3. RBRERBLUBE

3.1 FREE(C R

Fig. 2 IX Al-12.7mass%Ce-5.5mass%Ni-0.56mass%
Zr G54 % 573~773K Ol TH) 1000h & THREZhEL
HIXE7-b00FRICBT 2 IBEDHERETHD.
WTFNOREICEBWW T MY —7 2F53 5 —E
WlboF®EEZ R L, HIORKE—7ICELEE,
WRFNZ L DI NME T L TWDDONFERTE 5.
i S O RKE— 7 IXMRRRNIC 72 5 1% EBHE BN
TEY, Al~ b v 7 AF O R IEBANES 72 & ik
REZECIIX B W CTIRORE—Z I L, £ D
%, MENETFLTWEOREBEDLNZ., Z0E4E
AR OWT, RO S X 573K OFFhIEE T
500h FEhEVLER 7= ¢ O C Hv=108.2 D% 1~ L 7=.
—WRIZ, Al-Zr It R E A DFFZ T, GP.zone X°
A Ze SR S VT, RERV IS ALZr O
EARBHHT 22 Lk o T—Bili{bd 2 2 &35

1 10 100 500 10000
130 5 : — LT L 00
120 } asnrrarandll ceeeead S KO—. oo ssacasd .
i : i i 573(K)
T‘D e E < R s el , . L .
{ : ! ! { ., 623(K)
x A0 | . s PRy i  873(K
b 90 |- . o i i . o S O £y
% : i e $ /i 723(K)
£ 80 T WY et
T * /1780
E 60 F— i e —
3 S
_g 50 b sasns - radassssanffracsgrssthannnsans
> as cast state
40 | - . - - ; 2
: hardness of pure Al
20 '
1 10 10° 10 10 10 10 1w 10°
Aging time, t, s
Fig. 2 Age hardening curves of Al-12.7mass%Ce-5.5

mass%Ni-0.56mass%Zr cast alloy.
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Fig. 3  Age hardening curves of Al-12.7mass%Ce-5.5
mass%Ni-0.56mass%Zr cast alloy.
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Fig. 4 Microstructures of the Al-12.7mass%Ce-5.5mass%Ni
-0.56 mass%Zr alloy aged at 623 K.
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Fig. 5 True stress-true strain curves for the specimens
of pure Al and the Al-12.7mass%Ce-5.5 mass%Ni-0.56
mass%Zr alloy aged at 623 K, which were compressed
at room temperature.
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Fig. 6 Schematic view of dislocation motion in Al
matrix of the age hardened cast alloy.
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