rAkita University

MY HE10E FE2E5 41~50 (1997
=4,
o X

Ostwald EZ# SHHLBIEBERICET S
SRETEEHOTF A

SIs koK
/l:ly

E*

=

7N

W ML R OB IR

GRS 2l

R4 EORM

A

Prediction of High-temperature Deformation Behavior
in Precipitation Hardened Alloy with Ostwald Ripening

by

Manshan Lu?, Shoji GoroMt, Setuo Asoff, Yoshinari Komarsu™, Wu Livt

ABSTRACT

A predicting method was proposed of high-temperature deformation behav-
ior with Ostwald ripening of Si precipitates for over-aging stage in Al —1.03
mass % Si alloy based on the Void-hardening mechanism. The evaluation was
carried out of the time dependence of strain, threshold stress, dispersion pa-
rameters of Si precipitates and stress-strain curves. The effects of temperature
ranging from 523K to 723K and stress ranging from 6.7 MPa to 90 MPa on
deformation behaviors were examined by this predicting method. The influence
of Ostwald ripening of Si precipitates on high-temperature deformation behav-
1ours was revealed in Al-Si precipitation-hardening alloy. The results were in
good agreement with experimental ones.

Key Words : predicting method, Al-Si alloy, Ostwald ripening, particle radius,
Void-hardening, threshold stress, high-temperature deformation,
interparticle distance.
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Fig. 1 TEM micrograph showing the attractive
interaction between dislocations and Si
precipitates in Al—1.03mass % Si alloy
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Fig. 2 TEM photograph of Si precipitates in Al—
1.03 mass%Si alloy aged at 473K for 100
hr
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Fig. 3 Schematic view of the intersection of a
slip plane with a spherical particle of
radius (r)
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Table 1 Initial values of dispersion parameters of Si precipitates and threshold stress
at various temperatures in A1—1.03 mass % Si alloy

temperature 473K

523K 573K 623K 673K 723K
T/Tm 0.536 0.592 0.649 0.706 0.762 0.819
7692
=0012[1- 9.7 -
fr [1-exp( T )] 0.012 0.0119 0.0117 0.0111 0.00987  0.00731
In 4
= 2 fr 3 7 2
r,=(r,) (fr_ )~ (cm) 9.60X 107 958107 9.52X107 935X10°7 899X 107 8.14x 107
m

-1
€% = 1447(fy) * To (em)

1268X10°5 1271X10°

1274107 1284% 105 1.309X 105 1.378X 1075

T -
E“’ = 43302X10°7 [1n (1.8308X 107 F, ) + 0.65]
CS

1204X103 12001073 1.194X103 1.180X 1073 1.144X10°3 1.056X 1073
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Fig. 4 The change of mean particle radius r of

Si precipitates during deformation at
various temperatures in Al—1.03 mass %
Si alloys
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Fig. 5 The change of mean interparticle spacing
©, of Si precipitates during deformation
at various temperatures in Al1—1.03 mass
%Si alloys
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Fig. 6 The change of threshold stresses 0. dur-
ing deformation at various temperatures
in Al1—1.03 mass % Si alloys
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Fig. 7 Strain-time curves at 573K under differ-
ent stresses in Al—1.03 mass % Si alloys




A*kita University

H1I0% F2 5 (19D

1.0E-03 T T T
(1)

1.0E-04

1.0E-05

_ 1.0E-06 4
L ]
w
1.0E-07 A
(1) 75MPa
1.06-08 (2)70MPa | |
(3) 68MPa
(4) 65MPa
1.0£-08 L L L
0 25000 56000 75000 100000
t/s

Fig. 8 Strain rate-time curves at 523K in Al—
1.03 mass % Si alloy
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Fig. 10 Effect of Ostwald growth on the relation between strain rate € and
steady-state stress ¢ at 623 K for Al—1.03 mass %Si alloy
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Fig. 11 The relation between strain rate and steady-state stress for
Al—1.03mass % Si under Ostwald grown for 1200 s

(1) Al-1.03mass %Si &4 ® Si kT L&D
HEERRRGIETH S, LEHF-T, AEOERE
Fiostd 2 L& WIRJHIEEN ESTRL T S Bl % 1o
T RIETTHEOERA Kb HM T 2,

(2) A1-1.03mass %Si 4L OEHRELEEH % Filll T
XL L5, SYMHEEHOCERNCHITE 5%
EoREAEL LT/,

(3) Ostwald BkEiz & -~ T, SitiHkT N8 5
A= —FEEHEE & bicbT 5, 2O8E, L
EVIETREEREE ESiBDL, po2 oA
EROBOGEEEETDH b,

@) EREFHREOERE, B0 T4EN
NS ODEFE OB E & bicEBIcENT 3 v,
WO BMER 7 Y - TIROTEEERT., £ O I
BFEIGAIBECEEEE, FLEESEVESIREH
ZThH 5,

(5) Z0f¥, ERHEE IR E & bR ZE 1L
L, Z0Z(EEEOAIZLE2HTH 30RO
BEEBITEPL LN > TEREBIRE~NES, *
DHEEIZEMIEIBEVESZEEETH 5,

6) O AEEEEFIEIOBGRER LI L2 WG
HWENE T ERTRES NI, LEVIEHDO LN



Akita University

50 B2 - RERIE - ARAEETR - AR - B R

R ETZEREICHERET 5, /o Filliigg &
KB SRS oNFEMBERFEF RS —H LT,
(D Liztb->T, APFETRREL CHRYETEEF L
REBOMENCH LCHEHATETH 5, T7H8bBIK
XD SH SN ZIRBERFOEARRE, WERFOILR
BB L U Ostwald FREICET 2 89HEEH R
i, FROEREAB BT 2RTEEHERER TRl
TEHEIENTES,

B &

i, AHEO 1945 The British Cou
ncil ], The Daiwa Anglo-Japanese Foundatio
n, 19TEERFHFREMSERMNT (O BLTED
BERBEFLOHEMRES L > TiITON DT
Hbo TlAMNEZTEDDICH2Y, Malcolm Mec
lean & (Imperial College, Department of Mate
rials, London) WKRERBHEEZ VT Wk, TC
KL TERHOBAERT 2IRETH 5,

EEXH

D FmER, HEMEoBNR, BRE, BY, HAS
BEFE, 1983, P71

2) J.Rosler, E. Arzt : Acta Met., 38 (1990), 671.

3 B M, ®EEEsE B4 EIK, MR, 8
B BMYIEEMEE 9 (1996), 30.

4) R.0.Scattergood, D.J.Bacon : Phil.Mag., A
31 (1975), 179.

5) Ying-Hwa Yeh, Hideharu Nakashima, Hiro-
aki Kurishita, Shoji Goto, Hideo Yoshinaga :
Mater. Trans. JIM, 32 (1991), 52.

6) R.O.Scattergood, D.J.Bacon : Acta Met., 30
(1982), 1665.

7) Fuyuki Yoshida, Junji Sugamoto, Hideharu
Nakashima, Hideo Yoshinaga : Mater. Trans.,
JIM, 35 (1994), 576.

8 &= i, BEIER, BREHEDER, DMATE, #
B RMYESEME, 10 (1997, 79.

9) Shin-ichiro Fujikawa, Ken-ichi Hirano, Yoshi-
aki Fukushima : Metall. Trans., 9A (1978),

1811.

1) BN B, KEILA : BESRF2E 35 197D,

406.

1D # ks, R 3t 858, 36 (1986), 768.



	sz005c.pdf
	sz006a
	sz006b
	sz007a
	sz007b
	sz008a
	sz008b
	sz009a
	sz009b
	sz010a



