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Disbonding of Overlay Weldment in V-modified 24 Cr - 1 Mo Steels
Junichi SHIMOMURA, Yoshifumi NAKANO, Syozaburo NAKANO and Syuzo UEDA

Synopsis :

The effect of V on the disbonding between 2 - Cr-1 Mo steels and austenitic stainless steel overlay was
studied metallurgically. The addition of V into the base metal increases resistance to disbonding
significantly. STEM and EDX observation showed that the fine precipitates are different in morphology,
distribution and composition between V-modified and ordinary steels. The analyses of hydrogen diffusion
and hydrogen evolution indicated that the fine precipiates in V-modified steel trap hydrogen and as a result
increase the solubility of hydrogen and decrease the diffusion of hydrogen. Theoretical calculation of hy-
drogen distribution during cooling from high temperature and high pressure conditions showed that both
diffusion and solubility of hydrogen in the base metal affects the concentration of hydrogen at the interface
between base metal and stainless steel overlay. It is concluded that the fine precipitates in V-modified
steel increase resistance to disbonding by reducing the concentration of hydrogen at the interface during
cooling.

Key words : pressure vessel steel; Cr-Mo steel ; overlay disbonding ; overlay welding ; hydrogen diffusion ;

hydrogen trapping ; hydrogen solubility.
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Table 1. Chemical composition of plate (mass%).
[} Si Mn P S Cr Mo
V-modified 0.125 0.09 0.49 0.005 0.001 2.35 1.00
Ordinary 0.140 0.10 0.53 0.004 0.003 2.45 1.03
\% Nb Ti B Al REM N
V-modified 0.29 0.027 0.009 0.001 0.019 0.008 0.0043
Ordinary — — — — 0.020 — 0.0037
Table 2. Chemical composition of hoop (mass%).

C Si Mn P S Ni Cr Nb N

0.021 0.18 2.36 0.024 0.004 11.22 21.49 0.88 0.0235

Nt

Fig. 1. Geometry of specimen for disbonding test.
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Fig. 2. Cooling pattern after exposure to H; in
disbonding test.
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Fig. 3. Apparatus for hydrogen evolution test.
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a) V-modified steel b) Ordinary steel
Photo. 1. Micrographs of the interface between
base metal and austenitic stainless steel overlay
weld metal.
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Fig. 4. Disbonding characteristics of V-modified
and ordinary 24 Cr-1 Mo steels.
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Fig. 5. EPMA analysis of elements at the inter-
face between base metal and austenitic stainless
steel overlay weld metal.
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Photo. 2. STEM images and EDX
spectra of precipitates in V-modified
and ordinary 24 Cr-1 Mo steels.
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Fig. 6. Evolution rate of hydrogen at the heating
"rate of 0.2°C/s in V-modified and ordinary 2 +
Cr-1 Mo steels.
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Fig. 7. Evolution rate of hydrogen at the heating
rate of 0.05°C/s in V-modified and ordinary 24+
Cr-1 Mo steels.
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Table 3. Hydrogen diffusion and trapping in ordinary and V-modified 23- Cr-1 Mo steels.
Evolution
Diffusion
‘Steel 25°C (mz /) Amount : T. (K) Ea
(10™8Nems/g- Fe) 0.05°C/s 0.2°C/s (kJ/mol)
V-modified 1.0x10710 5.96 407 488 21
Ordinary 3.4X10710 1.01 346 436 13
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Fig. 8. Relation between diffusion coefficient of
hydrogen and temperature used to evaluate hy-
drogen distribution.
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Fig. 9. Relation between solubility of hydrogen at
0.098 MPa(1 atm)H; and temperature used to evalu-
ate hydrogen distribution.
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Fig. 10. Hydrogen distribution in overlayed speci-
mens after being cooled from 450°C and 14.7 MPa
H, and held at 25°C.
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Fig. 11. Change in maximum concentration of hy-
drogen with time after the start of cooling.
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