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Influence of Alloying Elements on the Precipitation Phase and
High-temperature Endurance Property of Blade Steel KT5331
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Abstract: The influence of alloying elements on equilibrium precipitation phases of KT5331 were studied
by Factsage software and experiment.The results show that the amount of M,;C, carbide is determined by
C content in steel.The fluctuation of Cr Mo content in steel has effect on precipitation temperature of M,,
Cs-The amount of Laves phase is determined by the W content.Based on the influence of alloying elements
on the precipitated phase the influence of alloying elements on the high-temperature endurance property
of KT5331 steel was analyzed.The results showed that in order to achieve high temperature durability of
KT5331 steel the C content should be reduced and the Cr and W elements are at the lower level and the
Mo element content is at the middle or upper limit.
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Table 1 The contents of alloy elements in KT5331 steel %
C Mn Si Cr Ni Mo \ Co v Nb B N
0.08 ~ 0.35~ <0.10 10.00~ 0.30~ 0.10~ 2.40~ 2.50~ 0.15~ 0.05~ 0.01~ 0.010~
0.13 0.65 = 12.00 0.70 0.40 3.00 3.50 0.25 0.12 0.04 0.035
0.11 0.462 0.075 10.33 0.602 0.253 2.70 3.03 0.203 0.10 0.01 0.014
1 0.16 0.52 0.07 10.25 0.66 0.33 2.41 3.19 0.21 0.09 0.01 0.019
0.11 0.50 0.09 10.07 0.62 0.23 2.33 3.17 0.21 0.12 0.01 0.019
3 0.11 0.43 0.05 10.00 0.62 0.25 2.25 3.16 0.20 0.11 0.01 0.019
KT5331 + 2 KT5331 720.660 °C
@150 mm . Table 2 The compos.ition of precipitations at 720 °C
and 660 °C in KT5331 steel
1 100 °C x45 min 720 °C %90 o
i - Ic -
min ; 660 °C o W o Vo
245 MPa. L 720 57 6 21 10
KT5331 ( 1 26 660 60 5 17 11
720 6 61 31 0.6
) KT5331 Laves 660 7 61 31 0.4
C.Cr-W.Mo o
660 °C.245 MPa 1 C/Cr/W /Mo
; N M,,C, o 1 M,, Cq
(SEM) C<Mo Cr
° My Co W M,
o) Cs o C
0.05% M,,C, 48.5 C; Mo
2.1 0.30% M,,C, 29 C;
Cr 0.30% M,,C,
° 4.5%C., (=720°C ) M,Cq
2 KT5331 C Mo M,,
o M,;Cy Cr.Fe Mo+ Cq Cr W M,,Cq
4 ; Laves W.Fe Cr. o C 0.05% 600 C M,,Cq
Mo o 0.92%; Mo 0.30% 600 °C
2.2 M,,Cq 0.10% -
1 C.Cr W, KT5331 C C M,, C;
Mo M,,Cs  Laves o C M,, C;
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Fig.1 Effect of C/Cr/W /Mo on the precipitation of M,,C
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Table 3 The content of Mo in phases when the
.. . Laves o C
precipitated phase begins to nucleate %
Mo M,;Cs Mo Laves Mo M23 C6 W
Laves o
0.10 5.9 0.24 Laves 6% Cr KT5331
0.25 9.0 0.91
0.40 11.2 1.87 Cr Cr Cr
Laves o
2 C/Cr/W/Mo Laves 3 1 M,; G
o 2 600 ~ 660 °C Laves Laves o
\4 Mo. C 3(a) i1 M,, Cq
Laves Cr 2.3 ;2 3 M,,Cy o
M,;Cy o W 0.60% 3(b) o1 2 Laves :
600 °C Laves 0.98%; Mo 3 Laves 1.2 o
0.30% 600 C Laves 0. (660 C) M,;Cy  Laves
28%; G 0.05% 600 C Laves 4 o
0.18% 4 1
Laves W W 660 °C .245 MPa
Laves o Isik 0
> 12Cr-AMo Laves 4 1 2.3
Mo 1% 2.3 o 2.3
Laves Mo ; 3 2 3
Mo Laves Mo 3. 4
Laves Mo KT5331 °
Mo Mo M,;C; Laves o
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Fig.2 Effect of C/Cr/W /Mo on the precipitation of Laves
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Fig.3 The precipitation of M,;C¢ and Laves in KT5331 steels
5(a) .(b) KT5331 W Cr 7 KT5331
1~ Cr 4 o
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° Table 4 The amount of M,;C, and Laves at 660 °C %
M,,C Laves
Bre M,;C6 Laves
° 1 2.94 2.31
2 M,, Cq Laves 2 1.90 2.30
M,C;, Cr W ; Laves 3 1.92 2.7
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Fig.4 The morphology of precipitation at 660 °C 245 MPa for more than 50 h
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Fig.5 The morphology of precipitation phase in KT5331 steel at tempered state
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