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High Temperature Properties and Weldability of 1Cr-1Mo-1/4V-B

Heat Resistant Steel

Synopsis:

Kazuo TANCSAKI

For the purpose of application to boiler main steam pipes, the continuous cooling transformation, high
temperature strength, weldability by restrained crack test, creep—rupture strength and the oxidation resis—
tance of a newly-developed 1Cr-1Mo-1/4V-0.003B steel have been investigated.

This steel has a better hardenability than 1Cr—1Mo—1/4V steel. The high temperature strength of this
steel does not decrease with the decrease of cooling rate from 1 400 °C/h to 300 °C/h and does not change
appreciably by the hot bending thermal cycle. The 105 h creep—rupture strength at 600 °C of this steel
as the base metal is 8.4 kg/mm? and that as a welded joint is 6.1 kg/mm?2. These values are 2 times and
1.5 times higher than those of 21/,Cr-1Mo steel respectively. The improvement of high temperature
strength is mainly due to the upper bainite structure with uniformly dispersed fine VC carbides. Further—
more, the weldability and the oxidation resistance at temperatures below 650 °C of this steel are

comparable to those of 21/,Cr-1Mo steel. Thus this steel is favourable for the boiler main steam pipe

application.
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Table 1. Chemical composition of base metals and deposited metal of 1Cr-1Mo-1/,V-B steel (%).

Steel C Si Mn P S Cr

Mo A\Y Ti Al B Remarks

Base metal 1 | 0.17 | 0.33 | 0.60 |0.011/0.013| 0.97

0.96 | 0.21 | 0.12 | 0.02 [0.003 | for general tests

4 2 {0.18]0.22|0.66 |0.011 0.011} 0.97

0.96 | 0.20 | 0.13 | 0.01 |0.003 | for Testrained
crack test

Deposited 0.08 | 0.42 | 0.48 |0.020/0.010| 0.41

metal

Welding rod used:
1.20 | 0.16 | 0.12 | 0.01 |0.004 | 1/,Cr-1Mo-t/4,-B
steel
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TC : Thermal cycle, MHT : Maximum heating temperature

Fig. 3.

Fig. 4. Relation between temperature and strain
with the restrained welding of 1Cr—1Mo—
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Table 2. 10%h creep-rupture strength obtained from Master rupture curves of 1Cr-1Mo-1/,V-B
steel, 1Cr-1Mo-1/,V steel and 21/,Cr-1Mo steel ( kg/ mm?2).

1Cr-1Mo-1/,V-B steel 1CrIMo=/aV T 9 1/,Gr-1Mo steel
Testing
300°C/h cooled and tempered
temperature | 1400°C/h|300°C/h
: NT NT
Q) o o Hot bending Welded
TC @ | TC @ |Jont
550 16.0 15.5 16.5 13.2 12.0 16.8 8.8
575 12.0 11.6 12.0 10.6 8.7 10.8 6.3
600 8.4 8.4 8.4 8.0 6.1 6.4 4.2

NT : Normalized and tempered, CT : Cooled and tempered, TG : Thermal cycle
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1T X % Master gEfph#ia 7R L, Table 2 X zhds 53k
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Photo. 2. Electron microstructures of 1Cr-1Mo-1/,V-B steel creep-ruptured at 600°C.

Table 3. Chemical composition of the steel used (%).

Steel No. C Si Mn P S Cr Mo \Y% Ti Al B
1 0.10 0.35 0.93 0.009 | 0.011 1.31 0.96 0.34 0.13 0.01 0.003
2 0.12 0.29 0.86 0.008 | 0.014 1.36 1.00 0.34 0.12 0.02 0.005
3 0.15 0.35 | 0.78 0.010 | 0.012 1.39 0.95 0.35 0.12 0.02 0.002
4 0.18 0.36 0.80 0.009 | 0.012 1.36 0.93 0.%4 0.12 0.02 0.002

% 7z STaNe® 511 Ti+B B %W i3 Zr+B o B &7
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Fig. 9. Effects of C content on high temperature
tensile properties of 1Cr-1Mo-1/4V-B
steel.
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