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Effects of Alloying Elements on Mechanical and Metallurgical
Properties of Cr-Mo-V-Ti-B Pressure Vessel Steels

Tohry ISHIGURO, Keizo OHNisHI and Juro WATANABE

Synopsis:

Recently, larger and thicker reactor vessels have been required in hydrogenation processes in order to

search the scale merit and to upgrade the service temperature and pressure.

The objective of the present

work is to develop a heavy-section Cr-Mo pressure vessel steel with enhanced design stress intensity and
higher resistance to hydrogen attack, by conducting a set of experiments with regard to the effect of micro

alloying elements.

Effects of Cr, Mo, V, Ti, B and Si were investigated on various properties such as hardenability, tensile
strength, impact toughness, creep rupture strength, hydrogen attack susceptibility and weldability. As
a results of this alloy modification program, the best composition was found out to be low Si-3% Cr-1%,

Mo-1/4% V-Ti-B.
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Table 1. Chemical compositions of the samples.

(wt %)
No. C Si Mn P S Cr Mo v Ti B
A 0.13 0,02 0. 50 0, 007 0, 008 2.25 1.01 0.25 0,021 0. 0021
B 0.13 0.01 0. 50 0. 004 0, 005 2.73 1.00 0.24 0,021 0. 0023
C 0.13 0.01 0. 50 0. 007 0. 004 3.14 0.97 0,24 0.019 0. 0025
D 0,08 0.01 0,51 0, 007 0. 006 3.16 0.99 0.25 0. 020 0.0018
E 0,10 0.03 0. 50 0, 006 0, 007 3.25 0.99 0,25 0.020 0, 0020
F 0,18 0.01 0.50 0. 007 0. 004 3.19 1.00 0.26 0.019 0. 0024
G ) 0,12 0.01 0. 50 0, 010 0, 004 3.12 0. 49 0.24 0.019 0, 0023
H 0.12 0.01 0.51 0,012 0, 005 3.18 1.00 0.25 0. 020 0, 0025
1 0.12 0,01 0,51 0,013 0, 007 3.22 1. 56 0.25 0.023 0. 0024
J 0.14 0.02 0. 50 0, 005 0. 005 3.19 1,03 0.07 0. 026 0, 0026
K 0.14 0.02 0. 49 0. 005 0, 005 3.18 1,04 0.15 0.025 0. 0025
L 0.14 0.02 0. 49 0. 006 0. 005 3.14 1.0l 0.31 0,027 0. 0026
M 0.16 0.02 0.53 0. 006 0. 006 2.26 0.97 0.05 0,024 0, 0023
N 0.15 0.01 0.53 0. 015 0. 005 2.27 1.02 0. 10 0,021 0. 0018
(0] 0.15 0.03 0.48 0. 005 0. 005 2.26 1.00 0.25 0,018 0. 0021
P 0.15 0,03 0,48 0. 005 0, 005 5.01 0.99 0.07 0.018 0. 0021
Q 0.15 0.01 0. 50 0. 006 0, 007 4.99 1. 00 0.19 0. 020 0. 0020
R (2) 0,16 0.02 0. 49 0, 004 0. 006 5. 04 0, 98 0,32 0,019 0, 0021
S 0.12 0. 24 0. 49 0,011 0, 004 3.12 1,00 0.25 0. 021 0. 0021
(1) Sn: 0.015%
(2) Sn: 0.017%
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Fig. 3. Procedures of the y-groove constrain
welding test.
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Fig. 4. Continuous cooling transformation dia-
grams of a 3Cr-1Mo steel and a low Si-3Cr-
1Mo-1/4V-Ti-B steel.
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Fig. 5. Effects of alloying elements on tensile and
Charpy impact toughness of Cr-Mo-V-Ti-B steels.
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Table 2. Chemical compositions of the Y-groove test samples.

(wt %)
C Si Mn P S Cr Mo \'A
1Cr base 0.15/0. 16 0.02/0.03 0.53/0. 56 0, 00470, 005 0, 003/0. 005 0.98/1.02 0,98/1.05 0.01/0.31
2Cr base 0.14/0, 15 0.02/0. 03 0.56/0. 57 0. 004/0. 005 0. 004/0. 005 2.05/2.18 0,99/1.05 0,01/0. 31
3Cr base 0.14/0.15 0.01/0. 03 0.53/0. 59 0. 004/0. 007 0. 004/0. 006 2.94/3.12 0.95/1.07 0.01/0. 29
4Cr base 0.14/0, 15 0, 02/0.03 0.52/0. 55 0. 006/0. 007 0. 005/0, 006 4,04/4.13 0.97/1.03 0.01/0. 39
5Cr base 0.14/0.15 0.02/0.03 0. 53/0. 55 0. 007/0. 008 0. 006/0, 007 5.01/5.13 1,01/1.05 ©0,01/0.31
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Fig. 10. Effects of Cr and V content on SR
cracking Susceptibility of Cr-Mo-V steels.
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992 % L MW #7714 (1985) 8%
Table 3. Chemical compositions of the samples used for X ray diffraction analysis.
(wt %)
C Si Mn P S Cr Mo v Ti B
Vi 0.14 0.03 0.47 0,003 0.004 1.04 0.99 0.25 0.018 0.0023
\'# 0.15 0.02 0.45 0.004 0.004 2.26 101 0.25 0.019 0.0023
V3 0.15 0.02 0.47 0.004 0,005 3.20 0.98 0.24 0.022 0.0025
V4 0.15 0.01 0.47 0. 004 0.005 5.03 0.98 0.25 0,023 0.0022
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Fig. 12. X-ray diffraction analysis of Cr-Mo-V-
Ti-B steels with various Cr contents.
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