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Abstracts

In order to develop high strength new casting aluminum alloys, a relation between microstruc-
ture and strength in multiphase eutectic alloys was analyzed from points of view of both theoreti-
cal and experimental approaches. Initially, microstructure of multiphase eutectics was discussed.
Secondary, an Al-Ce-Ni multiphase eutectic alloy was cast and examined by compression test.
Finally, strengthening mechanism of the Al-Ce-Ni multiphase eutectic alloy was analyzed. The
results obtained are as follows. Even in the conventional foundry technique the multiphase eutec-
tic alloy has large amounts of aluminide particles being very fine because of the independently
crystal nucleation. The Al-Ce-Ni multiphase eutectic alloy showed 30~200% higher strength
than commercial casting aluminum alloys. The strength consisted of strength of the aluminide
particle itself, internal stress due to dislocations in Al phase and also Orowan stress increments
due to the fine aluminide particles. This indicates the possibility in principal to develop new cast-

ing aluminum alloys.
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Table 1 Characteristics of two-phase eutectics in some binary eutectic aluminum alloys : Qu and Qv
show mass fraction and volume fraction of eutectic aluminide particles, respectively.

N Eutectic Alloy Composition and temperature Qm Qv
0
phases system for eutectic crystallization mass% | vol.%
1 | (AD-Si Al-Si 12mass%Si, 850K 105 | 109

2 | (Al)-Mg,Si | Al-Si-Mg | 8.5mass%Mg-4.5mass%Si, 868K | 16.5 11.5

3 | (A)-ALNi | Al-Ni 6mass?Ni, 913K 143 9.7
4 | (AD)-ALCe | Al-Ce 12mass%Ce, 913K 196 | 13.1
5 | (AD-AlFe | Al-Fe 2mass%Fe, 928K 7.7 6.5

Table 2 Characteristics of three-phase eutectics in some ternary eutectic aluminum alloys : Qu and Qv
show mass fraction and volume fraction of eutectic aluminide particles, respectively.

No Eutectic Alloy Composition and temperature Qm Qv
phases system for eutectic crystallization mass% | vol.%
1 | (AD)-Si-Mg,Si Al-Si-Mg Al-13mass%Si-Smass%Mg, 828K 165 | 192
2 | (AD-Si-ALNi Al-Si-Ni Al-11mass%Si-4.5mass%Ni, 838K 205 | 18.0
3 | (A1)-Mg,Si-ALNi Al-Si-Mg-Ni Al-4mass%Si-7mass%Mg-3mass%Ni, 861K 165 | 182
4 | (AD)~(Si)-Mg,Si-ALNi | Al-Si-Mg-Ni Al-12mass%Si-4mass%Mg-2mass%Ni, 821K 192 | 201
5 | (Al)-Mg,Si-AlgFeNi Al-Ni-Fe-Mg-Si | Al-1mass%Ni-1mass%Fe-7mass%Mg-4mass%Si, 863K | 14.1 16.9
6 | (Al)-ALNi-ALCe Al-Ni-Ce Al-12mass%Ce-5mass%Ni, 900K 33.0 | 259
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Figure 1 An aluminum side phase diagram of ternary sys-
tem Al-B-C: a is solid solution of aluminum
base alloy; B and C are the alloying elements:
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B1 and B, are the binary aluminide phases of
types of (Al-B) and (Al-C), respectively.
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Figure 2 Microstructures of Al-Ce-Ni system eutectic al-
loys cast at a cooling rate of 10K/s: (a) Al-
6mass%Ni, (b) Al-12mass%Ce and (c) Al-
12mass % Ce-bmass % Ni.
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Figure 3 True stress-true strain curves of the Al-Ce-Ni system eutectic alloys compressed under a strain
rate of 5.6 X 10 °/s at various temperatures : (a) pureAl, (b) Al-6mass%Ni, (c) Al-12mass%Ce
and (d) Al-12mass%Ce-Smass % Ni.
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Table 3 Dispersion parameter of aluminide particles in the Al-Ce-Ni system eutectic alloys.

Inter particle spacing
Qv /vol %
(surface to sprface)
Al3Ni AlCe Z A/ um
Al-6mass%Ni 10.2 10.2 0.56
Al-12mass%Ce 152 15.2 0.55
Al-12mass%Ce-Smass%Ni 10.0 15.9 259 0.20
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Figure 4 Temperature dependence of yield strength and maximun compressive strength of the Al-Ce-Ni
system eutectic alloys compressed under a strain rate of 5.6X107%/s at various temperatures.
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Table 4 Comparison between experiment and calculated values in yield strength of the Al-Ce-Ni system
eutectic alloys compressed at room temperature.

Experimental
Calculated value
value
Xp 3 m Gb 1.

o3y /MPa | Qvoy, /MPa | (1—Qv)0;, / MPa (1—Qv)3.OGT/MPa Oy /MPa
Al-6mass%Ni 128 35 29 37 101
Al-12mass%Ce 119 38 28 34 100
Al-12mass%Ce-5mass%Ni 182 97 24 84 205

ot IRMEOME o SMtED0BE oV TiRO LS
KETENTX S,

05=Qvalt(1-Qv) ok 1
L THIE-THREAMOME I BT 5 E{E0SE 5T
Hb, AEBROBE, COHDERROLIICFHHT LI L
TZ 5,

THHBH, Belov Sic kA OHLBEHBEEE T 5 Al-Ce-
Ni ZEEELOERICBIAE Yy 1 —2FS Hy 2#HFEL T,
T3 = AEEYRITAEO Qv % ORI A IIKE L 2R
FSe (=1/1) ZHOTRD & S BEBRKEBTVEY,

Hy=30.3+1.7Qv(ALCe) +2.0Qv(ALNi) +11.0 Sg (2)
22T Qv(ALCe) & QW(ALND dZhZH AlCe #HE ALNI
HOGEER (vol.%) THbB, —F4, Evh—2ES He &R
R g0, ORI IRIRD & 5 BERSH 5 & —BITICH S
NTWb,

Hv=3042 (3)
AEBOEES, Al-6mass%Ni, Al-12mass%Ce, Al
12mass%Ce-Smass%Ni DE BT B 1T 2B REE (o) &
Figure 3 DfERM S 221128, 119, 182MPa TH - 72,
LA - T & Q@B L UK 5 057 He AIEME & OB %
HWwWa I Eickb, Al-6mass®BNi(Qv(ALND)=84), Al-
12mass%Ce(Qv (Al: Ce)=12.5) & & U Al-12mass%Ce-
5mass%Ni(Qv(ALND +Qv(ALCe) =25.9) W 2 HE{LHO
EES Quos 3FNFN35, 38, 9TMPa L RES o5, (1)
ROE LIFREAMOBE LB 3 HOHFSNTH S,
T o [IRHBR A A AGES T B & Eicthoish s EoEEFIC
b ESLHEIET oy LU iR @RS 5 L&D T —
7 VIEF3.06Gh/ A DME L TEA LN D, THbDL, RAT
Fzans,

A-Qon=>0-Q) {oy+3.06%b} (1)

TG RAEORIER (G=2.58X10'MPa), b {d/x—H—
2Ry FVOKREE (b=2.86X10"mm), A Es{LAAZFEEH
DFEEE, F73.06137 -5 —WTTH 5B, ofid Figure 3 Offi
AlRBF OBARBETEENA S I L& > T33MPa & B
5N 5,

—F, Fuo—7 YIRHOBEICE A EOE(EHOREUY S
A— WU ETH B, Figure2 OEEA b L ICUFEICK»
TELNI L DOEEMOIE T A — & &—FIC Table 3 I/~
T, LIEOERE S &I, SHLOA R -7 VIENEEET S

RIS

TENTEL, BonERAEFEOTERBE L L bIC
Table 4 IT/R S, RHD o B LHOEES & BEHOE
WEIGAIT & 25545 & EHEh o NERIG I & 255505
FUOA -0 VIR E L TCOFEESEEET LIGTEETS %,
o Lo OMIc 3BT —FKELohiEv, TOHRRERE L
T3 Figure 2 iR a7 & D B OAE—HB LU T hic
HEDL AR o DAIEBERENEZ OND, L L Table
4 DRERITEENI ZEERNE Z0RABE2RLTVE DL
Bbnsd, 2ol shs, @tHoxsasto—7 vIENKT
b ETEESMRELEITH L TENEFNIB~4%TEE L
TWBIERDMLE, TRbELMEERRESOMEICIEII
LB EOBEICL @b Ao -y VBT b E DR
SEGEEHOBRLOBBErRREEICEAL TV b LR
nz, “ntREREEE2I SRTEnREREETHRENS LR
TEDOE, 02O EREII X B BEEMAERICER
BhoOTHb, 20, LREMARERICTNTT 5 EEEE
ERICHERITH 5,

4.2 ZHREROHDHE

ATV = L 88E LTHEREZE L LD AL
Si%& Al-Mg R0EE&EMNH 5, EHEED Al-SI ZHEE4
(B443.0) & Al-Mg %264 (A218) OFRICET 2BK
BERZNENGS, 140MPa EHESNTWE®, Zhictl
TARBRTES L=tk LR Al-Ce-Ni &€ DR REE
182MPa & 2 bHTEW I EDBF SN, T OFRKEHTET Tl
xRk, Q7 =y LR THEAZRIEE TS
OB TA2A8 T 3l Lick>TA o —7 VIR L
RBETBEDBEREDTH L, ODRICH>WVWTIEIE 2ETHRE
Lz 27wy =9 a5 TR E4 TRIREN Eodikh
5 Qv B15vol. B LU R DB ERZ W DI SEMRIIEH T
BT EEARAEEE SN, L L, BRBESGETLETEIOD
FEALEFLEE D EFonTwa, HEZ TR EETR
WaFe OBRBEIZH20MPa Th 20Xt LT, Fe-
24mass%Cr-3.2mass%C i R G4 (Fe-M:Cs B %k
HEF) TIIHIS0v0l.% b DEE D M:Cs IRILIK F2EF T 5
72 122500MPa & £ b D THWERREBEL/RT T LS
TWABWI % Al-CuAl, ® Al-ALNI ZEREESETS
Z2BOT IV = sMEEYR T E2EE T 50, Th 5 ORKE
¥ 137 4 120MPa F2ELIC 3 & M 78 S BRIERI T H 597,
LRO@ O S OMBHALIEIEHERB I SEIL-TVE LD
LS N B, HBM LI AR RBEEESEITH 575,

5% E25 (Q002F12H)



Akita University

72 BEEIETR - & WH - #N 4W&S - N. A. Belov « V.S. Zolotorevskij « BRAEETR « /IMAF K

ZOBEFIP~10K/s b OB EESMKETH 29, Thic
WU TERERDOES3~10K/s OHENSEZ VWAHERE TS,
SUSEIEICILE T 2B O CEBHIO N, TOT L
BIRDEAITEZ B ENTES, THDLBL, Al-Ce-Ni =7t
HEEEOBEAICE, &N 5 CeAl, (EAE, a=0.437
¢=1.0lnm) & ALNi (A5 &, a=06611, b=0.7336,
c=0.4812nm) ORERBEORILE 7V = v aMLEYHP R
T3, COBG, BHEKIIEEFEGSRL SO ICEVITHT
WKHERT 3Lk, o T2b0LELONG,
0, ZRROZHLFE OGS E SHEBOIME L CEsEs
HiFcx 3,

bk, BHOLOF v —7 VSN ERIC BT O
HEOENRTEE LTERHSNTVW S, KEROESOMAL
S HEMERICB Y 28 (af) o U cEsir b ic g R
BEERNTE—BREGVA o — T VIESPELNE LD
EEZoN S, EBIC alBoBE/ Ti, Zr, Mn, Fe il
EOERESBILROBNMMBESNTH L EBHOENTVWEOD
TW, IS DOEHEE Al-Ce-Ni REFE AL ICHEMT L, &
oI EEE ORI LEERZ TR T Vi =Y 4 52 O
HMURETH B EHE SN 5B,

5. ¥

BEAEHRET VI = ASSEMRT 2 HINT, SHLE
OFHEIC>OTHRI L, £7:, EBIC Al-Ce-Ni ZF &4
EAVTEBEITYL, OIS W TN, Z0iR
LIT otmmms st
I ZaRtREEE S SRTEARAREEEETRA

BOT NI =9 LB WAEEETAIEMTE, hoBE

OREEETCHHMMITHMI LI IENTE L, Tk

BloOBICER 2 EEBEOBEZPTERS NS EEL

LB,

2. Al-Ce-Ni RHBEEOEHICR, BELALOEEIIBVT
Al-Ce 3£, ALNi &, Al-Ce-Ni R DJHICHED LF
Uiz FRITHB T B BRRE & Al-Ce 25 & ALNI £ T
FhFNI119, 128MPa T& 2 @icxt L, Al-Ce-Ni G T
12182MPa b DFWVEAR L1z, CHIZTHROHEN 7 v
=T LAEEIDDPBDEVETS 5,

3. Al-Ce-Ni ZIFEEGEOBWE ZR(LERT (73 =9 afk
&Y BROMESRS, SHEPOBEMNEIETCE2EE
BLUA -9 VIEELTOFESL S » TV 3,

4, LW ->TEREZHARRICTNET 23 EREOEE
HrvizvasgaeriBohsboriifand, 1,
BERE 2 E shid—BEE LRICEYTH 2 SRS
had, 746bs, ZHLBEREEAE®RET VI =Y
LESOHEBICEDOOTHUMTS 5,

X B

1) J. E. Hatch (ed.); Aluminum: Properties and Physical
Metallurgy, ASM, Metals. Park. (1984).

2) L. F. Mondolfo: Aluminum Alloys: Structure and
Properties, Butterworths, London/Boston (1979).

3) V. 1. Dobatkin (ed.); Plavka i litye alyuminievykh
splavov (Melting and Casting of Aluminum Alloys),

T YIS

Moscow, Metallurgiya (1983).

4) A. G. Prygunova, N. A. Belov, Yu. N. Taran etc: Atlas
struktur i fraktigramm promyshlennykh siluminov,
Moscows, MISIS (1996).

5) V. L. Dobatkin: Rapidly solidified aluminum alloys,
Moscow, VILS (1995).

6) A. Inoue, Y. Horio, Y. H. Kim and T. Masumoto:
Elevated-Temperature Strength of an AlgNisCe; Fe;
Amorphous Alloy Containing Nanoscale fcc-Al Parti-
cles, Metall. Trans., Japan Inst. Met., vol. 33 (1992)
669.

7) S. L. Langenbeck, J. M. Cox and R. F. Simeng: Proc.
Int. Conf. Rapidly Solidified Powder Aluminum Alloys,
ASTM STP 890, M. E. Fine and E. A. Starke Jr. (ed.),
Filadelfia, ASTM, (1986) p450~463.

8) S. Dermarkar: Proc. Int. Conf. Rapidly Solidified
Powder Aluminum Alloys, ASTM STP 890, M. E. Fine
and E. A. Starke Jr. (ed.), Filadelfia, ASTM, (1986)
pl54~165.

9) N. A. Belov and V. S. Zolotorevskij: Prospects for new
aluminum alloys based on multiphase eutectics, Journal
of Advanced Materials vol.5 No.3 (2001) pl~8.

10) N. A. Belov and E. S. Naumova: Perspectives of
development of aluminum eutectic casting alloys on the
base of Al-Ce-Ni system, Metally No.6 (1996)
p146~152.

11) N. A. Belov, E. A. Naumova, D. G. Eskin :
alloys of the Al-Ce-Ni system
approach to alloy design : Materials Science and
Engineering A vol. 271 (1999) p134~142.

12) S. Goto, S. Yamashita, T. Mimura and H. Yoshinaga:
Yield strength of Al-CuAl; lamellar-eutectic composites

Casting

microstructural

at high temperatures, Trans. Japan Inst. Metals vol.27
No.7 (1986) P512~523.

13) N. A. Belov and Yu. V. Lavrishchev: Optimization of
the composition and structure of heat-resistant casting
aluminum alloys with addition of cerium, iron, nickel
and zirconium, Metally No.6 (2000) p37~43.

14) P. B. Hirsh and F. J. Humphreys: Physics of strength
of Plasticity, Ed. By Argon. M. I. T. Press. (1969
pl89.

15) J. Gilbert Kaufman (ed.). Properties of Aluminum
Alloys: Tensile, Creep and Fatique Data at High and

Handbound: Publisher:
Copublication of the Aluminum Association, Inc. and
ASM (1999) p269

16) C. Liu, S. Aso, S. Goto and Y. Komatsu: High
Temperature Compressive Strength of High Chromium

Low Temperatures,

White Cast Iron, dJournal of Japan Foundry
Engineering Society vol.70 No.11 (1998) p793~799.

17) C. Liu, S. Aso, S. Goto and Y. Komatsu: Mechanical
Properties of Chromium White Cast Irons at High
Temperature: Int. J. of The Soc. of Mat. Eng. For

B/15E E 25 (002F125)




Akita University

ZRNEERE L ZOHEASERE T VL =Y L &2HRE~OHEH 73

Resources vol.7 No.2 (1999) p350~358. Transition Metals: Principles of Development of

18) N. A. Belov: Principles of Optimising the structure of Materials for Key Technologies, Journal of Advanced
Creep-Resisting Casting Aluminum Alloys Using Materials, vol.1 No.4 (1994) p321~329.

ENZEy s F15% E25 (200246125



	sz040a.pdf
	sz040b
	sz041a
	sz041b
	sz042a
	sz042b
	sz043a
	sz043b



