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Effects of minor Sc and Zr on fatigue crack development
characteristics of 2524SZ alloy sheet

GUO Jia-lin!, YIN Zhi-min', WANG Hua', HE Zhen-bo" 2, SHANG Bao-chuan'

(1. School of Materials Science and Engineering, Central South University, Changsha 410083, China;
2. Northeast Light Alloy Co. Ltd, Harbin 150060, China)

Abstract: The microstructures and properties of 2524-T3 alloy sheet and 2524SZ-T3 alloy sheet with minor Sc and Zr,
were investigated by tensile test, OM and TEM analysis. The effects of minor Sc and Zr on the fatigue crack development
characteristics of 2524SZ alloy sheet were studied. The results show that in 2524SZ aluminum alloy, minor Sc and Zr
exist as secondary Aly(Sc, Zr) precipitates which can partly prohibit recrystallization, and the matrix mainly consists of
subgrain. At the similar AK value, the fatigue crack propagation rates of 2524 and 2524SZ alloy sheets are 4.50 and 2.35
um/cycle, respectively, showing that minor Sc and Zr can obviously decrease the fatigue crack propagation velocity.
Subgrain structure and Al;(Sc, Zr) precipitates are responsible for the decrease of the fatigue crack propagation velocity
of 2524SZ alloy.
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828
2524 2 mm/min MTS-810
AK (da/dN)
2524 no2l tack 1Y AK
Sc Zr+Li Mn+Zr Sc+Zr Al-Cu-Mg  2X24 Keller
POLYVER-MET
Sc+Zr
( 1:3) —20
W(AICuSc) TECNAI G* 20
WARNER™ Mn Zr Zr+Sc 2X24 200 kV
Sc+Zr
2
(3l 2.1
2524 ( 252487 ) T3 2
2524 2524S7 T3 T3 2524 252487
252487 Cu 0.43% Sc Zr
252487 24
2524 MPa 5% 21 MPa
T3 AK
1 1 252487
1
2 T3
1.1 Table 2 Tensile properties of two alloy sheets at T3 condition
AHOy O'b/MPa Go_z/MPa 55/%
2. 14 mm 2524 488 359 203
498 2.0 mm
252487 464 380 15.3
96 h ( T3 )
1 Cu ( ) 4%
[14] 1072
4% :
1073
1 3
&
Table 1 Chemical composition of alloys (mass fraction, %) = !
Alloy Cu Mg Mn Fe Si %
=
2524 4.23 1.41 0.56 0.08 0.06 =
1 _5 L
2524SZ 380 140 029 003  0.03 = 10
* — 2524-T3 alloy
Alloy Ti Cr Zr Sc Al o — 2524SZ-T3 alloy
. . - - . 107 — ' ' -
2524 0.02 0.004 Bal 100 10! 10
252487 0.05 - 0.06 0.05 Bal. AK/(MPa-m'?)
12 1 T3
AK
T3 Fig.1 Relationship between fatigue crack growth rate and AK
CSS—44100 for two alloy sheets at T3 condition
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Sc  Zr 252487 829
AKin pum/cycle( 3) Sc  Zr
AK=30 MPam'? 2524  2524SZ T3 2504
4.50 2.35
2.2
3 T3 AK=30 MPa'm'” 3
da/dN
Table 3 Fatigue crack growth rate da/dN of two alloy sheets 2 2@ (©) 3 2524
at T3 condition when stress intensity factor range AK=30 Sc Zr 252487
MPa-m"? 2(b) (@ (o
Alloy  Condition AK/(MPa-m'?) (da/dNy/(um-cycle )
2524 T3 30.05 4.50 2524
252487 T3 30.00 2.35 AlMn 2524
(110)Al5(Sc, Zr)
2 T3 TEM

Fig.2 OM and TEM images of two alloy sheets at T3 condition (metallographic microstructure at lengthwise direction): (a)
2524-T3 alloy, OM; (b) 2524-T3 alloy, TEM; (c) 2524SZ-T3 alloy, OM ; (d), (e) 2524SZ-T3 alloy, TEM; (f) 2524SZ-T3 alloy,

electron diffraction pattern
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2524S7 2.3
2524S7 AK

2(f)) Al;(Sc, Zr) 3 3

3 T3
Fig.3 Fracture characteristics of fatigue crack growth of two alloy sheets at T3 condition: (a) Low rate expansion zone, 2524-T3
alloy; (b), (c) Steady state expansion zone, 2524-T3 alloy; (d) Fast rate expansion zone, 2524-T3 alloy; (e) Low rate expansion zone,
2524SZ-T3 alloy; (f), (g) Steady state expansion zone, 2524SZ-T3 alloy; (h) Fast rate expansion zone, 2524SZ-T3 alloy
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( )
2524 252457
( 3@a) 2524SZ Aly(Se, Zr)
( 3(e))
( Aly(Sc, Zr)
3(b), (c), (f) (g)) 2524 2524S7Z
200 100 nm
( 3(d) (h) 252487 2524
2524S7
252487, Aly(Sc, Zr)
3
3.1 Sc Zr
Sc  Zr 2524
R 2d)
Sc  Zr
Al;(Sc, Zr) ( 2(e))
4
[14] 2(d) 252487 1) Sc  Zr 252487
Als(Sc, Zr)
3.2 sc Zr Aly(Sc,Zr)
Sc Zr 2524 SZ 002
2524 S7 Cu 2524
2) (AK=30 MPa'm'?)
2524 2524SZ T3
Sc  Zr 4.50 2.35 um/cycle Sc Zr
Aly(Se, Zr) 2524
3) 2524SZ
250487 Aly(Sc, Zr) 252457
Al;(Sc,Zr)
Sc Zr 252487 002
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