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Effect of Prior-austenite Grain Size on Hydrogen Attack of
2YCr-1Mo Steel

Hirooki NAKAIIMA, Hirofumi MiYAJI and Shigeo YAMAMOTO

Synopsis :

The effect of the prior-austenite grain size on the hydrogen attack of 214 Cr-1Mo steel was studied.
Austenite grain size was varied by alloying of V, Nb, Ta, Ti or Al up 0.05mass% to 2% Cr-1Mo steel and
by a change of the austenitizing temperature between 950°C and 1250°C. Steels were quenched and
tempered, then exposed to hydrogen at 600°C and 29.4 MPa for 1000 h.

The volume of bubbles per unit volume and the number of bubbles along prior austenite grain boundaries
per unit area of polished surfaces were decreased by raising of the austenitizing temperature, and
furthermore by coarsening of austenite grains. They were little affected by the addition of V, Nb, Ta and
Ti, but increased by Al addition.

A small addition of Nb, Ta and Ti and the lowering of the austenitizing temperature decreased the volume
of bubbles per unit area of prior austenite grain boundaries and the number of bubbles per unit length of
prior austenite grain boundaries. This result is considered to be originated from the refining of austenite
grains. On the other hand, the addition of Al increased them, and in Al alloyed steels the lowering of the
austenitizing temperature was inffective for the decrease of them. The latter behavior was due to the
acceleration in bubble formation by the unidissolved AIN at the lower austenitizing temperature.

Key words : Cr-Mo steel; hydrogen attack; methane bubble; austenitizing temperature; austenite grain
size ; vanadium ; niobium ; tantalum ; titanium ; aluminum ; aluminum nitride ; inclusion.
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Table 1. Chemical composition of steels (mass% ).
Steel C Si Mn Cr Mo N Alloy element
B1 0.14 0.28 0.51 2.27 0.98 0.0031

B2 0.14 0.28 0.51 2.26 0.95 0.0019

\% 0.14 0.28 0.51 2.27 0.97 0.0029 vV 0.044
Nb 0.12 0.24 0.54 2.25 0.96 0.0020 Nb 0.021
Ta 0.12 0.24 0.55 2.28 0.95 0.0020 Ta 0.013
Ti 0.14 0.28 0.51 2.27 0.96 0.0032 Ti 0.031
All 0.13 0.21 0.51 2.26 0.99 0.0094 Al 0.030
Al2 0.13 0.21 0.50 2.24 0.98 0.0096 Al 0.052
Al3 0.13 0.21 0.53 2.28 0.98 0.0020 Al 0.052

P<0.002 S0.003~0.005
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Fig. 1. Variation of austenite grain size with
alloying elements and austenitizing temperature.
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Fig. 3. Number of bubbles along prior austenite érain boundaries on polished sur-
faces of steels exposed to hydrogen at 600°C and 29.4 MPa for 1 000 h.
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a) Bl b)V c)Nb d)Ti e)All fAI2
Typical distribution of bubbles on polished surfaces of steels exposed to hydrogen at 600°C
and 29.4 MPa for 1 000 h. Steels were austenitized at 950°C.
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Fig. 4. Effect of austenitizing temperature and prior-austenite grain size on the
volume density of bubbles.
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Photo. 2. An inclusion inside grain boundary bubbles and its EDX spectrum for base steel B1.
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a), b) Austenitized at 950°C
Photo. 3. SEM fractographs of steel containing aluminum and nitrogen (Al2). Fractured at 77K
after 1 000 h exposure to 600°C and 29.4 MPa hydrogen.

07+ 54 F—12&oT Al O X #1%% KD -HR,
Photo. 4 (278 T & 5 12, 7ALiRE 950°C DB B W
THEBED Al 2L omlish/iz. 3618, Z
OB S RERLRHESA, THYPOS i AN
Thb RSN, —F, vALIRE 1250°C OIS
BT, Al OIFR 2RO bk o 7.
ThonZ Edb, [iBoERIkiET yitimED
BEL L CRDEIICEZBND. 950°C T y1{biZ
BWTH, FBELBALS AIN GBI RE CBEL
Ty HRICHHTH. CORET yFIZEE LA AN
i, BANRBOBEDL X LIZBWTI RS OKREE AIN
FicHriL T, EnickbEes. 2ok K%
AIN B5EOFNHHFEERE 20, ERGEEEHE
maesn. —7, 1250°C TH y{LicBwTiE, AINIZ
Vs AT RTEBT A, DTS ELICEELT,
M7 AIN 251H 7 #E SR RO & 7% S TR O 2
THrH. DX mHAIRED AIN 12 X 5R@DH
EFARES R, MEE IR KRELAVEEZLONS.
Al1SH, A3 Al2 80 & LM V— T &
OB L EHEYRLTWAD, OB LT, AN
DEBH AT e, BEMI VT
IZA SN R ATEY ORBES Al IZXHKRE LK
AR ERISROPIEERTLE LI LB EPE

¢), d) Austenitized at 1 250°C

ZHNb.

4. #H

2YCr-1Mo O KFERRICKIFTIHA -7 F 1 b
EREEOEBORGTHME LT, 24Cr-1Mo %
Je#r L, “hiZV, Nb, Ta, Ti BLKU Al 2 2 ¥
 0.05 mass% LATFEHMT AL EbicA—AFTF 4 M
% 950~1250°C ICEZ A LWL TA— AT T
A MESRE YA, KERBLBEERBLALL D
SO ERIRE T~ BonELHBRIRDL B
NTH5.

(1)HAERREY 7 ) OKARED 5V ISRFEE LTl
% LA EAEY 2 ) oRR ERaRE, A—-AT7 A
MEBED PRI 5T, 86104 — AT 51 M
FOMKILE EBIZEA L. IS DOFIBERER,
V, Nb, Ta, Ti iRHNSHCIxEHEHM L ZIZMETH -1
A5, Al IS CIEFE L (KL 2.

(2)BA—2FF 1 MESGRREMEL D OKBE
s, ThbblIHA—RF A MESR R EES
D ORKEKES B VIRIEY — 271 MERKFREME
xR FEREKE, Nb, Ta, Ti OMERMB
FUOA—Z2FF 4 MLEBEVEKTICXL-T, 62
F—2FF A MESROMMMEE & LIS L 7,

I

—114 —



244Cr-1Mo SN KFEREIZRITTIHA — 27 4 MEdhRiE D 1327

a), b) Austenitized at 950°C
a), ¢) SE image b), d) Al X-ray image
Photo. 4. Electron probe X-ray microanalysis on fractured surfaces of steel
specimens shown in Photo. 3.
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