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Synopsis :

21, Cr-1Mo steels which were alloyed with V, Nb, Ta or Ti up to 0.23 at% were studied to evaluate the

effect of each carbide forming element on the hydrogen attack. Steels were quenched following the austen-
itization at 950 or 1250°C and tempered at 690°C for 19.4h, and exposed to hydrogen at 600°C and
300 kgf/cm? for 1000 or 3000 h.
". At the higher austenitizing temperature of 1250°C, alloying of these elements always decreased the bub-
ble volume density, represented by the bubble volume per unit area of the prior austenite grain boundary.
The effct in the reduction of the bubble volume density increased in the order of V, Nb, Ta and Ti, and it
correlated well with the standard free energy change for the formation of MC type carbides.

In the case of austenitization at 950°C, a little effect to decrease bubble formations was unexpectedly
found out in steels containing the higher content of Nb, Ta or Ti than that at 1250°C, and the bubble
volume density did not decrease in Nb containing steels. These results are considered to be originated
from the undissolved carbides at the lower austenitizing temperature of 950°C. In a longer exposure of
3000 h, addition of Nb, Ta or Ti with the range of 0.05 to 0.24 at%, regardless of the content, always in-
creased the bubble volume density.

Key words : Cr-Mo steel ; hydrogen attack ; carbide forming element ; bubble volume density ; austenitizing
temperature ; undissolved carbide.
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Table 1. Chemical compositions of steels (wt%).
Steel Cc Si Mn Cr Mo N \% Nb Ta Ti
Cl 0.14 0.28 0.51 2.27 0.98 0.0031
cr 0.4 0.28 0.51 2.26 0.95 0.0019
C2 0.091 0.29 0.53 2.26 0.97 0.0024
C3 0.040 0.26 0.53 2.26 0.97 0.0022
Vi 0.14 0.28 0.51 2.27 0.97 0.0029 0.044(0.048)
V2 0.15 0.29 0.51 2.25 0.97 0.0034 0.13 (0.14)
V3 0.14 0.29 0.52 2.26 0.96 0.0029 0.22 (0.24)
N1 . 0.14 0.29 0.52 2.29 0.98 0.0028 0.084(0.050)
N2 0.15 0.29 0.53 2.29 0.98 0.0032 0.24 (0.14
N3 0.15 0.30 0.53 2.30 0.99 0.0030 0.40 (0.24
Al 0.15 0.29 0.52 2.28 0.97 0.0025 0.13(0.040)
Al 0.14 0.28 0.52 2.27 0.97 0.0019 0.16(0.049)
A3 0.16 0.32 0.58 2.28 0.98 0.0018 0.93(0.29)
T1 0.14 0.28 0.52 2.27 0.96 0.0022 0.029(0.034)
T1' 0.15 0.28 0.51 2.27 0.96 0.0032 0.031(0.036)
T3 0.15 0.24 0.54 2.2 0.97 0.0032 0.21 (0.24)
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a)Cl b) V2 ¢)N2 d) A3
Bubble formation along prior austenite grain boundaries.
were austenitized at 950°C, N2 and A3 at 1250°C. Exposure time was 1000 h.
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Fig. 2. Variation of austenite grain boundary area
with contents of alloying elements and austenitizing
conditions.-
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Fig. 4. Effect of austenitizing temperatures on
bubble volume density of samples exposed to hy-
drogen for 1000 h.
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a) Austenitized at 950°C and water quenched b) Austenitized at 1250°C and water quenched
¢) Austenitized at 950°C, tempered at 690°C for 19.4h d) Austenitized at 1250°C, tempered at 690°C for 19.4 h

Photo. 2. Comparison of undissolved carbides in steel N3 austenitized at 950°C and 1 250°C.

a),c) N3 b),d) T3 e) A3
Photo. 3. -SEM photographs showing bubbles nucleated at carbides that were undissolved during
austenitizing at 950°C. Exposure times were 1000 h in a), b) and 200 h in ¢), d), e).
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mens exposed to hydrogen at 600°C, 300 kgf/cm?
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a)Cl b) N1 ¢) Al
Photo. 4. SEM photographs showing coalescence of bubbles in steels containing slight amount of

carbide forming elements. Specimens were austenitized at 950°C and exposed to hydrogen for
3000 h.

(1)2%Cr-1Mo - 81 HERAERIZKITT V, Nb,
Ta, Ti BmMOEE L, RO+ — 27 F 1 MbEp
BLUOKZERBUEFMIC L > TKESTEL .

(2)4—2FF 4 MUBREE T\ (1250°C) &1,
AKERBULHEEBIC»2b 6T, SiaBE (BMATAREY
72 ORIAWIE) 12 V, Nb, Ta, Ti O - THK
DLOERMER LA, TORERE Ti SN#AL BRVC
HIDKEL ah ot

—7, HAROHBREE Fit—-27F 1 MEGKR
BATEAEY - ) ORafE) 2o h o888 TEDERMC
Lo THAL, ZOFHRGRMEOWME & biITHAL
7. ETLKRBORETIX, BOHEIE V, Nb, Ta, Ti
DIEIZKEL R, RILMOLEE T bE MC 1L
WAEROEEARI A VF - SWHBERL .

(3)4 =27+ 1 MLBEAE (950°C) HHa i,
THAREE V OFRMC X - THA L7245, Nb, Ta, Ti
DEMZEL o TG LAWIL, #OREIIRBNIER
A< (3000h) 2% &AL 7.

—7, MRFAEEERER VORmcL- T L
ok, MOBEETEII>2WTIHEBLHEERICL - TR
AEl-@¥mLA. $2bb, 1000h Tid Ti OFEM
BAFRREEEEE * R S€7225, Nb, Ta OFEMIiE
BEALEREZRITESTY, 3000h T3 TEE LM
A

INHDERE LT, *— X5+ 4 MLoBoOREE

R L DRBOBERDBEB LY — 2551 F
EEAL 0Lt E 2 S h,

BbniZ, EMELTICH VAL IS 27
- SRAEBMF R PG R E S L ol gk
BEICRH LT T,

X 73

1) 5% &, TER— &%, 56 (1970), p. 93

2) WHERER, WIET: kLM, 71 (1985), p. 1070

3) BAR IE, EM h, HESHE: BESA5, 34
(1965), p. 773

4) KEFEH: $kEM, 28 (1941), p. 30

5) EHBM, ER E OHELE HKEEH eHE 73
(1987), p. 372

6 ) I Kozasu, H. Suzuki, M. YAMADA and H. Tacawa: ASME
MPC, 21 (1984), p. 53

7) BEIEKR, VISR @, BA B, Hiealk: SRS 123
FEAWRE, 26 (1985), p. 11

8) B, PEFHE: SLE®, 73 (1987), p. 1193

9) JISGO0551 DA — 257+ 4 MMERKIERERSE
(1977)

10) JISG 0552 D 7 = 7 4 MEakiERER L (1977)

11) C. S. SMiTH and L. GUTTMAN: Trans. AIME, 197 (1953),
p- 81

12) BEHEH, # F5E: 2k, 64 (1978), p. 430

13) T3¥E—: $kL5M, 71 (1985), p. 1639

14) A% B L£L£T¥, 10 (1971), p. 326

15) RHEE—: BFREBEFESH, 8 (1969), p. 49

16) H. LoPEZ and P. G. SHEWMON: Acta Metall., 31 (1983),
p. 1945 :

17) =Bk, S$AEME, RHEMER, Al 2 %28 70
(1984), S636

— 177 —



