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Relationship between Microstructure and Hydrogen Absorption Behavior in a V-bearing High Strength Steel

Takehiro TSUCHIDA, Toru HARA and Kaneaki TSUZAKI

Synopsis : Hydrogen thermal desorption analysis and TEM observation were performed to understand the relationship between microstructure and hy-
drogen absorption behavior in a V-bearing steel (0.4C—1.0Cr-0.7Mo-0.35V; mass%). The hydrogen absorption behavior was changed by
controlling (V, X)C precipitation with change of tempering temperature from 300 to 700°C. Hydrogen was absorbed into the specimen by ca-
thodic charging at a constant condition, and its content was examined by thermal desorption analysis. Energy-filtering and high-resolution
TEM methods were employed to observe the size and distribution of (V,X)C precipitates. When the specimen was tempered at around
600°C, the absorbed hydrogen content was markedly increased; 3 times higher than that of the as-quenched specimen. TEM observation
showed that this significant hydrogen absorption was attributed to nano-scale (V,X)C coherent precipitates. When the specimen was tem-
pered at 700°C, the absorbed hydrogen content was decreased but was still as high as that of the as-quenched specimen. This was due to
spherical (V, X)C incoherent precipitates with about 20 nm in diameter. It was estimated from hydrogen desorption profiles that activation en-

ergy of hydrogen evolution from trapping sites for the fine coherent precipitates was similar to that for dislocations and lower than that for the

coarse incoherent precipitates.
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Table 1. Chemical compositions (mass%) and heat treat-
ment conditions of V-bearing high strength steels
reported in some references. This information
was used to determine the chemical composition
and heat treatment condition for the present V-
bearing steel shown in Table 2.

Steel{ C Si {Mn | Cr | Mo V__| Others Ta Tt Ref.
A 03 | 098|051 ] 199] 039|035 920°C  |430~510°C 18)
B [041]007]051]| 1.2 | 058 ] 035 920°C 590°C
C [034]018]029) 125|063 025 920°C  |500~600°C| 16)
D ]035]|005]031|152(101] 03 855~970°C{400~600°C| 17)
E

049 | 0.28 | 0.31 | 1.02 | 0.68 ]| 0.32 |[Nb:0.033] 900°C__ |550~650°C| 7,20)
Ta: austenitizing temperature, Tt: tempering temperature

Table 2. Chemical compositions of the steels used in the
present study (mass%).

Steel | C [ si [Mm] P [s [or[M ][V AT][N 0
Stee-V | 040 [ 031 | 033 [ 0.01 [0.003] 1.00 | 0.70 | 035 | 0.04 | 0002 [ 0.0008
SteerC | 041 | 0008 [<0.002{<0.002] 0.001 |<0.001]<0.002]<0.001{ 0.003 [ 0.001 | 0.0006
0.020
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Fig. 1. Mass fraction of NaCl-type (V, X)C calculated by

Thermo-Calc for the present V-bearing steel. It is
expected that 0.38 mass% of (V,X)C retained at
920°C, the austenitizing temperature used in the
present study.
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Fig. 2. Light micrographs showing (a) prior-austenite grain structure and (b) lath martensite structure in the as-quenched V-bear-
ing steel. Austenite grain size is not uniform in the present steel.
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Fig. 3. Change in Vickers hardness (load: 49N) with tem- Fig. 4. Hydrogen evolution curves of the as-quenched

pering temperature for the V-bearing steel and the
Fe—0.4C steel. The specimens were held for 90 min
at tempering temperature, followed by water
quenching. The V-bearing steel showed high resis-
tance to tempering softening.
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specimen and the specimens tempered at 400°C,
600°C and 700°C for the V-bearing steel. The heat-
ing rate was 100°C/h. The specimens were hydro-
gen-charged by cathodic charging for 9h before the
thermal analysis.
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Fig. 5. Hydrogen evolution curves of the as-quenched
specimen and the specimens tempered at 400°C
and 600°C for the Fe—0.4%C steel.
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Fig. 6. Relationship between absorbed hydrogen content
and tempering temperature for the V-bearing and
Fe—0.4%C steels. Marked increase in hydrogen ab-
sorption was observed in the V-bearing steel tem-
pered at around 600°C.
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Fig. 7. Bright field TEM micrographs taken from the V-
bearing steel tempered at 600°C (a) and 700°C (b).
Dislocation density became low when the speci-
men was tempered at 700°C.
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EF-TEM elemental-mapping showing V-containing
particles for the V-bearing steel; as-quenched (a),
tempered at 400°C (b), 600°C (c), and 700°C (d).
Spherical particles of 20nm in diameter were ob-
served in all of the specimens. In a limited region,
coarse particles of about 100nm in diameter were
recognized , as indicated by the arrow in Fig. 8(b).

Fig. 8.
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An example of EDX analysis for the matrix (a) and
spherical particles (b) shown in Fig. 8. The parti-
cles contain V and Mo.
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Fig. 10. HREM image showing fine plate precipitate in the
V-bearing steel tempered at 600°C (a) and EDX
analysis results for the matrix and the fine precipi-
tate (b).
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Fig. 11. Influence of austenitizing temperature on absorb-
ed hydrogen content of the specimens tempered at
500°C and 600°C for the V-bearing steel. The hy-
drogen content increases with austenitizing tem-

perature for the specimen tempered at 600°C.
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Fig. 12. Relationship between the absorbed hydrogen con-

tent and the calculated mass fraction of v, X)C
precipitated at 600°C. The specimens were
quenched from 840, 920°C and 1200°C, followed
by tempering at 600°C. The mass fraction of ,
X)C precipitated at 600°C was estimated from the
difference between the mass fraction of V. X)C
precipitated at 600°C and that at austenitizing
temperature.
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Fig. 13. In(¢/T2) vs. (1/T,) plot for the V-bearing steel
tempered at 600°C. ¢ is the heating rate [K/s] in
the thermal analysis and T, is the temperature [K]
at which the maximum hydrogen desorption es-
cape occurs. The trap activation energy was ob-
tained to be 29.2 kJ/mol.
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