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of B Added Cr-Mo Steels
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Synopsis : ]

In the heavy oil upgrading and coal liquefaction processes, higher service temperature and bigher hy-
drogen pressure of the reactor vessel have required heavily sectional steel used as vessels for high pressure
apprications with enhanced design stress intensity values and improved resistance to hydrogen environ-
ment. As a result of a previous alloy modification study, a 3Cr—1Mo-1/4V-Ti-B steel with enhanced
design stress intensity values had been developed. In this study, the hydrogen attack susceptibility of
the newly developed steel was examined in the view point of the role of Cr and V-Ti-B additions.

The increasing Cr content and the V-Ti-B additions remarkably improved the resistance to hydrogen
attack. The species of precipitating carbide were identified by X-ray diffraction on the extracted de-
posits of Cr—Mo and Cr-Mo—V-Ti-B steels with various Cr contents. Both intensities of Fez;C and Mo,C,
which were unstable under high temperature, were decreased as the Cr content was increased. In the
microalloyed steels, Fe,C and Mo,C were futher decreased due to the precipitation of VC carbide. The
improved resistance to the hydrogen attack in the developed steel was considered to be achieved through

changes in the type of precipitating carbides.
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Table 1. Chemical compositions of the samples.
(wt%)
No C Si Mn P S Cr Mo \% Ti B
E 0.15 0.03 0. 46 0. 003 0.004 1.05 0.99 tr. tr. tr.
F 0.16 0.01 0. 46 0. 003 0.007 2,28 1.00 tr. tr. .
G 0.15 0.01 0. 46 0. 003 0. 004 3.20 1.00 tr. tr. tr.
H 0.15 0.01 0. 46 0. 004 0. 005 5.02 0. 99 tr. tr. tr.
I 0.15 0.01 0. 44 0. 004 0. 004 1.03 0.98 0.25 0.018 0.0023
J 0.15 0.02 0, 45 0. 004 0.004 2.26 1.01 0.25 0.019 0.0023
K 0.15 0.02 0. 47 0. 004 0. 005 3,20 0.98 0.24 0. 005 0. 0025
L 0.15 0.01 0. 47 0. 004 0. 005 5.03 0.98 0.25 0.023 0.0022
tr. =trace B
Table 2. Tensile properties of the samples used
(1) Base Metal : 920C x3h AC k test
690C x8h AG for the hydrogen attack test.
(2) Simulated HAZ
1350C Base Metal HAZ
Sample TS RA. TS RA.
kg/mm? % kg/mm? %
E 50.9 70.7 64.6 73.3
PWHT Cr-Mo F 60. 1 76.6 63. 4 76.6
690°C G 60. 2 78.2 66.0 73.3
H 63. 4 75.0 66.0 73.3
1 70,7 73.3 89.9 55.6
8h - AC Cr-Mo-V- ] 65.3 75.1 77.1 7.5
Ti-B K 63.3 75.0 78.5 70.6
L 69. 1 78.8 80. 4 70.7

(3) Specimen /
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{4) Conditions of Hydrogen Attack Test

® H: Pressure: 300Kgf/en
® Exposure Time:300h
* Temperature : 550 to 650°C

S

Fig. 1. Procedures of the hydrogen attack test.
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1. Miro structure of the samples from

weld joint after long time exposure in hydrogen.
(550°C, 300kg/cm2, 11 500h)
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Fig. 2. Results of the long time hydrogen attack
test for the sample from the 3Cr-1Mo-1/4V-Ti-B

forged shell sample.
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(b) Reduction of area

Fig. 3. Effects of the Cr content and the micro-alloying addition on the tensile properties
of the base metal samples after the exposure to high temperature, high pressure hydrogen.
(TS : tensile strength, RA : reduction of area, AS : before the exposure, HA : after the

exposure)
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Fig. 4. Effects of the Cr content and the micro-alloying addition on the tensile properties of
the synthetic HAZ samples after the exposure to high temperature, high pressure hydrogen.
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Fig. 5. Relation between hydrogen attack suscep-
tibility and Cr content in the Cr-Mo and the
Cr-Mo-V-Ti-B steels.
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Photo. 2. Fracture surfaces in
the tensile specimens of the 2!/,
Cr-1Mo and 21/,Cr-1Mo-1/4V-
Ti-B synthetic HAZ after the
exposure to 600°C, 300kg/cm?
hydrogen.

Photo. 3. Hydrogen attack bubbles
observed in the 3Cr-1Mo and 3Cr-
IMo-1/4V-Ti-B steels after the
exposure to 650°C, 300kg/cm? hy-
drogen.

Photo. 4. Micro structure of the
21/,Cr-1Mo and 2!/,Cr-1Mo-
1/4V-Ti-B synthetic HAZ sam-
ples after the exposure to 650°C,
300 kg/cm? hydrogen.
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Fig. 6. Effects of the Cr content on the decar-
burization in the Cr-Mo and Cr-Mo-V-Ti-B
steels after the exposure to high temperature,
high pressure hydrogen.
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Fig. 7. X ray diffraction analysis for the 1Cr-1Mo and 3Cr-1Mo steel samples.
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Fig. 8. X ray diffraction analysis for the 21/,Cr-
1Mo and 2!/,Cr-1Mo-1/,V-Ti-B synthetic HAZ

samples.
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precipitated carbides in the base
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ples of the 21/,Cr-1Mo steel.
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Fig. 9. Effects of the Cr content on the type
of precipitated carbides in the Cr-Mo and Cr-
Mo-V-Ti-B steels.
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