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Effects of Carbide Forming Elements on Hydrogen Attack and
Embrittlement in 2 /4 Cr-1Mo Steel

Tadamichi SAKAIL, Kiyoshi ASAMI, Nobuo KONDO and Tomio HAYASHI

Synopsis:

2'/4Cr-1Mo steel was alloyed with various elements and its resistance to hydrogen attack and hydrogen
embrittlement was investigated. The results are as follows:

1) Hydrogen attack resistance is improved by V addition of more than 0.2 %. Nb,Ti,or Zr addition of
less than 0.05 % also has strong beneficial effect. However, W is useless and 0.5 % Ni is harmful.

2) Hydrogen embrittlement resistance is also improved by V addition of more than 0.2 %. However, Nb,

W, and Ni are useless and Ti and Zr are harmful.

3) Carbides in 2'/4Cr-1Mo-0.26V steel consist of Cr, Mo, Fe and V, and many fine carbides containing
10-60 % V are formed. These V-rich carbides are thought to be responsible for fining and stabilizing of
carbides, which improve resistance to hydrogen embrittlement and attack, respectively.

4) Nb and Ti are not detected in Cr-Mo-Fe carbides in 0.045%Nb or 0.028%Ti containing steel. This
suggests that the beneficial effect on hydrogen attack is due to stabilizing carbon through NbC and TiC
formation. However, since solubility of Nb and Ti in austenite is small, fine carbides whose particle number
enough to suppress hydrogen embrittlement are not formed.
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Table 1. Chemical composition of steels tested (wt%).

Steel C Si Mn Ni Cr Mo \Y Nb Ti Zr w
R1 0.15 0.30 0.47 2.19 0.99
R2 0.15 0.27 0.50 2.20 1.00
3C 0.14 0.25 0.50 2.98 0.97
\'A! 0.14 0.26 0.50 2.20 1.00 0.031
V2 0.15 0.27 0.50 2.20 1.00 0.062
V3 0.15 0.26 0.50 2.19 0.99 0.13
V4 0.14 0.05 0.51 2.21 1.00 0.24
V5 0.15 0.28 0.49 2.20 1.00 0.26
V6 0.14 0.05 0.50 2.19 0.99 0.35
N2 0.15 0.27 0.50 2.22 1.01 0.045
N3 0.15 0.28 0.50 2.20 1.00 0.11
N4 0.15 0.27 0.49 2.19 1.00 0.21
T1 0.14 0.27 0.50 2.20 1.00 0.014
T2 0.14 0.27 0.50 . 2.21 1.00 0.028
T3 0.14 0.26 0.49 2.19 0.99 0.10
T4 0.14 0.27 0.49 2.19 1.00 0.21
Z1 0.15 0.27 0.49 2.20 1.01 0.038
2 0.15 0.26 0.50 2.17 0.99 0.14
w 0.16 0.29 0.51 2.22 1.01 0.31
VN1 0.13 0.05 0.50 2.20 1.00 0.24 0.05
VN3 0.15 0.05 0.50 2.20 1.01 0.35 0.04
VTl 0.13 0.05 0.50 2.20 1.00 0.23 0.028
VT3 0.15 0.05 0.50 2.19 0.98 0.35 0.028
NC 0.14 0.25 0.50 0.50 2.20 1.00

P, S:0.006-0.010 Sn, As, Sb: <0.003 N : 20-30 ppm

Table 2. Heat treatment and tensile strength (kgf/mm?)
of tested steels.

Austenitizing and tempering* temperature (°C)

Steel |. 950 1100
620 650 690 620 650 690
R1 74.0 66.5 59.2 74.5 67.5 59.9
3C 74.4 66.4 62.6 75.7 67.7 63.4
V5 105.5 87.2 69.1 108.2 89.6 72.5
V6 91.3 72.8 93.6 74:2
N2 77.6 62.9 88.6 67.0
N4 76.9 60.1 91.0 67.4
T2 73.2 58.3 87.1 66.4
T4 78.4 60.4 97.6 76.0
Z1 74.9 60.6 78.6 64.9
w 75.0 60.6 75.2 61.8
VN1 87.3 69.5 97.6 75.8
VN3 94 .4 72.9 102.1 79.4
VTi 85.7 67.8 97.3 77.0
VT3 88.8 72.6 101.8 81.2
NC 75.2 60.4 74.6 59.7

* Tempering time : 20 h
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Fig. 1. Effect of alloying elements and their contents on
hydrogen attack in 2}4 Cr-1Mo steel.
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Photo. 1. Difference in the number of voids by hydrogen
attack between 224 Cr-IMo and 3Cr-1Mo steels.
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Fig. 2. Reduction of area before and after hydrogen charge in 2}4 Cr-1Mo steels alloyed with V,Nb and Ti.
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Photo. 2. Morphology of carbides in standard 24 Cr-1Mo steel
and 2} Cr-1Mo steels alloyed with 0.26 % V, 0.21 % Nb, and 0.21 % Ti.
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Fig. 4. Composition of carbides in 2Y4 Cr-1Mo modified steels.
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Photo. 3. Carbides in 2}4{ Cr-1Mo-0.26 V steel which have
different composition of Cr, Mo, Fe and V.
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Photo. 4. VC type carbides in 2} Cr-1Mo-0.26 V steel.
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