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Effects of cooling rate on microstructure and properties of
VST55531 alloy
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Abstract: The microstructures and tensile properties of VST55531 alloys with different cooling rates were studied
including water cooling, air cooling and furnace cooling. The results show that when the cooling rate gets slower, the
strength decreases while the plasticity increases. When the alloy is solution treated at 900  and then aged, the main
microstructure is Widmanstatten with coarse f grain and the strength can reach 1 400 MPa with water cooling and air
cooling methods. When the alloy is solution treated at 820  and then aged, the microstructure is bi-modal with good
plasticity. The alloy has better balance of strength and plasticity under aging treatment of 820 , 1 h solution (air cooling)
and 580 ,4h.
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Table 1 Chemical composition of alloy (mass fraction, %)

Al Mo \'% Cr Zr
5.4 4.9 5.4 3.16 1.30
Fe C H
0.12 0.013 0.000 9 0.07 0.018
910 820
580
4h
5 mm 25 mm
ZNSTRON200 LZC
Axiovert 200 MAT  Zeiss JSM—840
1 VST55531 820
2 . _
Fig.1  Microstructures of VST55531 alloys after solution
treated at 820  with different cooling rates and aged at 580
2.1 for 4 h: (a) 820 , 1h, WQ; (b) 820 , 1 h, AC; (c) 820
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20 1 VST55531 s687
s a
s 1 100 MPa
p 300 MPa 400 MPa
o 900 1400
b o o MPa
A Z 1.0% 2.5%
o 850 1 300 MPa
A Z 9.0% 23.0%
2 VST55551
Table 2 Properties of VST55531 alloys after different heat
treatments
Heat treatment R/ Rpo2/ Al Z/
conditions MPa MPa % %
(820 ,1h,WQ)
(580 .4h) 1425 1390 7.0 16.5
(820 ,1h,AC)
1580 .4h) 1370 1340 9.0 23.0
(820 ,1h,FC)
(580 .4h) 1085 1040 17.5 48.5
(900 ,1h, WQ)
14 1 1. 2.
(580 . 4h) 05 375 0 5
(900 ,1h,AC)
1580 .4h) 1400 1365 4.0 6.0
(900 ,1h,FC)
114 1 12. 22.
+(580 ,4h) 0 035 > >
820
o B
a B B
a
s o o
2 VST55531 900 a B
a
Fig.2  Microstructures of VST55531 alloys after solution
treated at 900  with different cooling rates and aged at 580
a
for 4 h: (a) 900 , 1 h, WQ; (b) 900 , 1 h, AC; (c) 900 ,
1 h, FC
2.2 2.3
2 820 900
2 3



s688 2010 10
3 VSTS55531 SEM
Fig.3 SEM images of tensile fracture graphs for VST55531 alloys after heat treatment: (a), (b) (820 , 1h, AC)+(580 ,4 h, AC);
(), (d) (900 ,1h,AC)+(580 ,4h,AC)
820 (100~200 pm) 580
1 400 MPa
3) 820 lh 580 4h
( 3(a) (b))
900
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