21/Cr-1Mo DKAKE7 2y 7R L ETHRROBE 1639

© 1985 1ISIJ

2!/+Cr-1Mo SINAFT # vy 7 icB L3+ "B w
ﬁ % @%@ T T T
T om
Effect of Carbon on Hydrogen Attack of 2!/,Cr-1Mo Steels
Ryuichi CHIBA
Synopsis :

Susceptibility to hydrogen attack of 2 1/, Cr—1 Mo steel base metals and those simulated weld heat af-
fected zone (HAZ) was investigated. Namely, tensile properties and a growth behavior of bubble cavities
in the steels containing 0.05, 0.10 and 0.17% carbon were evaluated after an exposure to hydrogen at
temperatures 200 to 650°C under a pressure of 300 kgf/cm?.

The steel which contained 0.17% carbon exhibited a remarkable deterioration in reduction of area
at an earier period of the hydrogen exposure and a more rapid growth rate of bubble formation along grain
boundaries than the steels contained 0.05 and 0.10% carbon. It was presumed that M;C carbides
densely precipitated along the grain boundaries played a role to accelerate the growth rate of bubble
formation during a hydrogen exposure, especially in the simulated HAZ material.

Incubation periods determined by the drop of reduction of area demonstrated an apparent linear de-

crease as increasing the carbon content.
attack of the 0.179, carbon containing steel.
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An activation energy was found to be 24 220 cal/mol in hydrogen
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Table 1. Chemical composition of steels tested.

(wt%)

Steel C Si Mn P S Ni Cr Cu Mo Al As Sn Sb
1 0.05 0.18 0. 56 0. 008 0.010 0.05 2.57 0. 09 0. 86 <0.005 0. 009 0.011 0.0018
2 0. 10 0.19 0.58 0. 007 0.010 0.06 2.59 0.09 0.91 <0.005 0.010 0.011 0. 0022
3 0.17 0.26 0. 55 0. 007 0. 009 0.04 2. 46 0.08 0.93 <0. 005 0. 008 0,012 0. 0026

A and D:0.05%, B and E:0.10%C, C and F: 0.17%C
Microstructures of 21/, Cr-1Mo base metals normalized at 920°C-tempered at 690°C
for 2h (A,B and C) and simulated HAZ stress-relieved at 690°C for 15h (D,E and F).
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Fig. 1. Effect of exposure temperatures in hydrogen
for 300 h under 300 kgf/cm? on reduction of area of
simulated HAZ before and after stress relief,

HIEROE(L %Y, SR MEEf (Fig. 1 b)) Ab600
690°C = 15h SR MBE® M Lk (Fig. 1 F) o
WORLADDOTHS. SR MEFIO 3 & HkHL, 200
~250°C DAKRRE T B\ TREZ R BT Hh
3, 300°C TIRRRETL, 350 % Xor 400°C ¢ %
EFTET L. aR5HEE IOV T BIEEROZ
fLERGL, BERED 300°C 281 - BErwE LS
BETFLL (F—2%48). SR ABYiE L 7-BH HAZ
%, 550~650°C TREER LDBEED BFEER oL
fERRESEFRC I >TREY, 0.05% X0 0.10%
C &8 Tix 625°C [k, 0.17%C 458 it 575°C
B ETERERETL, 0.17%C &HMIAT 2 ZBre b~
TKET % v 7T HEZHOM & & ASHBIL 7=,

SR MEBTOBHR HAZ Wil bhic KRR ZEH DI
REEDOEL VAL, B 1 7 A% LB RILY
DEET B, Fi: 20006 Ll ETAEREE L3
R e RIEHDFTH Lick LT ERARLE T HIC
KEERIGLTRD O BRTHA 5. *7- SR QU
&S feBAY, KRR R 5 B L0
T, BPRABROBNCEHAZAE S W L TR I EH: D6
EXRD BRI DD T, FOMRILRIAET 55 710
I35 EHE L.

Fig. 2 13, SR ME#OFHE HAZ % 600°C ¢ 10
~3000h BRI HBAOTER X LMHEINHERC >
WT, BREREEOBRERLILLDTHS. 0.05%C
B LU0.10%C EHMO\Tix, 1000h IJ FoBE

NE 80 l T
g /O.IT%C /9.IO%C /0.0S%C
B cos- s > =P G
S o N\ T

£ —o™—o
2o ANEA N
[ \ \)
= a o
n
250 . \‘; .\\?
n =
[t

olal — L N

o 1 3 10 30 60 100 300 600 I00O 3000
Exposure Time, h
80— ?.05% C/O.IO’/.C —_

2 ‘2 — ﬁ—:§9\
§ 60 |t \,, N\
3 1
S C.I7%C
c 40
s \ \
[}
3 20 A\, i
[
& \

ola ~—

3 10 30 60 I00 300 600 1000 3000
Exposure Time,h

Fig. 2. Effect of holding time in hydrogen
exposure at 600°C under 300 kgf/cm? on tensile
strength and reduction of area of simulated HAZ
stress-relieved at 690°C for 15h.
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Table 2. Examination
cracking
simulated HAZ steels after exposure to hydrogen
at temperatures of 550°C to 650°C for 300h
under 300 kgf/cma3.

results of intergranular
in base metals and stress-relieved-

Crack detection by
Carbon Classification optical microscope?
% of material
550°C | 575°C | 600°C | 625°C | 650°C
Base metal O O ©
0. 05
Simulated HAZV | O O O ©
Base metal O O ©
0.10
Simulated HAZV | O O @] ©
Base metal O [)) [ )
0,17
Simulated HAZV | O © [ ] o

1) Stress-relieved at 690°C for 15h
2) O: No crack, ©: Lightly cracked, @: Obviously cracked
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KERBROBH 7t bORER HAZ ou T, #
FRERERH* v+ €7 s OFEYTAET 500K, B
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e L.

Table 2 1%, 550~650°C ¢ 300 h kKR FEHEDEH
& SR ABE LB HAZ Oy EMEEEsE
ERLACLDTHAS. 0.06%C kLo 0.10%4C %41
B L BH HAZ i1 625°C I ToOARRZTICE T
BARERRD R 650°C Tk WASE RrRER)
PR Ehic. RESGHE 0.17% ofHciz 625°C
Pk, BH HAZ i 575°C L EOAERBEC ST
Ehpr@obh, 0.05%C o0 0.10%C ik
BHE B LU TR S LB OB REN RS OB o
A L.

B# LB HAZ x a5l v €7 4 © B4R
Bk Photo. 3 WWiRT L) THB. T, 600°C

A, B and C : Base metals exposed for
3000 h

D, E and F : Simulated HAZ steels
exposed for 1000 h

Photo, 2. Fractographs of base
metal and stress-relieved-simula-
ted HAZ steel tensile test
specimens containing 0.052,C (A
and D), 0.109,C (B and E) and

0.1794C (C and F), Exposed to
+ hydrogen at 600°C under 300
kgf/cm?.
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Fig. 5. Relationship between density of bubble
cavities along grain boundaries and reduction of
area of 21/,Cr-1Mo steels containing 0.179,C,

Exposed to hydrogen at 600°C under 300 kgf/cma2.

TELLE N EDFER IR
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REBDORND 21/,Cr-1Mo  SREIH 7o b OV WHE
HAZ oiREEO R, MAENWEZES JOKES
vy ET s OREEFH O AR LY, RESGHE 0.17%
DOMEIDOKKT7 52 » 7 BZHIT 0.05%C K L0 0.10%
CoOFERENDBEL NI L8 bk Iht. T
febhb, RESEEOHMMT X b, BLic Photo. 1 iR
Lo X 5 B 0B @B bh, ¥7-HH HAZ
TRV TUIES 1 7 A2 L ) a0 Kb & R{ESp D
BEBENAR T H, b SR MER B T R{ICHIEH
HIaeore, thboERNEEL THNACKT 5K
BREL ZOBRREBBCECTECLEELDRL. £
T, AMETIILO X 5 wRRBERYEEC TS0
CEBEMREE L RILYO XBEFT 21T o7,

Photo. 4 i1, 0.10%C 3 08 0.17%C % &4t &

A, B and C : Base metals; D, E and
F : Simulated HAZ steels

. Photo. 3. Bubble cavity forma-
 tion along grain boundaries
observed in base metal and
stress-relieved-simulated HAZ
- steel specimens containing 0.05
2%C (A and D), 0.109%C (B
. and E) and 0.179,C(C and F),
Exposed to hydrogen at 600°C
for 1000 h under 300 kgf/cm2.

B HAZ cownwt, il v 7y 2K » BB LK
KR ESORBEY R L0 THS. 0.17%CEHMD
PR E L ORI OBRITHEIL 0.10%C orh Xy

LELLEL, B 0.17%C BB HAZ ol FiTiis
KT EROCEE LTS E B L. ¥
TSEORHM DO~ + U » 7 AR M s RT B HER
Bdbhht-h, BYE HAZ gizzhrizs A £ Rdbh
fehoto.

B#isbotic SR BEOFE HAZ » oL
B OB & XREIFTRE L Table 3 wiRnd&%
DThDH. (LRI S & OFM (BROBROBRKE)
CRTAERY YR LICLDT, EMOREEEEDSE
Wi DiEE Cr, Mo kU Fe B2i% <, F1/#e
BH HAZ ol kv, B HAZ it Fe B2%
{ Cr XU Mo Btz EAHBLA. F4X
MEHTRE R X %5 &, 0.06%C &Mt MG,
(Cr-Fe);C; %5 L 18 CrysCe 23, 0.10%C 35 L 08 0.17%
C2eFTrBHcohb 30,1 Mo,C L[
EI3ht. ThreRL T, BEH HAZ C3RESEFE
Bk MC DAL FE I hi.

Do BEAKEE S JOEFEMERE O XEEITH
Bab, 0.17%C &SRR T > TERNCHRIR
DRICGHHTH L, BCHEB HAZ izzo X 57K
OB OB, L D BRIL2>TWAZ EAHER A
. ¥ BB HAZ et MC DAt o RIESrisH =
Y, SLCHHEBEORS A I, BHRHE~NT
Fe BN&E otz Eab, MG LIS o RIS T DOF
M Uiehotoh, i Fh 52 XBEF OB
ELTTthos#EZEIN%. HH HAZ w+47: SR
MERHEL T MG LA D RIEWHHTH LA 2B
oy, 21/,Cr-1Mo g iz 0.5 Mo S ds\»
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Table 3. Chemical analysis of residue and X-ray diffraction of carbides extracted from
normalized-tempered base metals and stress-relieved-simulated HAZ steels.

Corbon % Classifica.ition Chemical composition % in material electrolized Carbide§ Iderftified by
of material ) Mn Cr Mo Fe X-ray diffraction?®

0.05 Base metal 0.05 0.18 0, 11 0,23 EeLC, (Cr, Fe);Cj, Cry3Cs
' Simulated HAZ 0.03 0.02 0,09 0.20 Fe,;C

0.10 Base metal 0. 06 0. 45 0.33 0.38 ieﬁ, (Cr, Fe)7Cj, Cry3Cq, Mo,C
. Simulated HAZ 0.06 0. 36 0.32 0.53 Fe;C

0.17 Base metal 0.17 0,74 0. 42 0.38 BE, (Cr, Fe)7Cj, Cry3Cq, Mo,C
. Simulated HAZ 0.09 0.52 0. 39 1.23 Fe;C

1) Electrolyzed in methanol solution containing 10 wt% acethylacetone and 1 wt% teramethyl ammonium chloride.
2) Precipitates underlined show carbides exhibiting stronger intensity.

Photo, 4. Electron micrographs of base metals

containing 0.10%C (A) and 0.179%C (B)
normalized at 920°C-tempered at 690°C for 2 h,
and of simulated HAZ steels containing 0.109,C
(C) and 0.1795C (D) stress-relieved at 690°C
for 15h.
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TR HAZ iz, BB IR MG 5 XU
Mo,C D I 5 le RE RIS Lic ot & 3,
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5. IeRBMB IOEH HAZ c@Hd R - S0+ +
¥'7 4 (3B Photo. 3 W/RL7: X 5ic, 1000h £5%
"o 0.17%C GHMTIE LS, BB HAZ ¥
WTRBREF + €7 4 DAL T 5 2 EHHBI L 7.
Fig. 5 RKIRLAX 5, *+ ¥F 4 © BRikELE2 S
LT LD, BMEEMDO*+ € F 4 Of
(FE) ZHEL, Th&MENER O BErEh3e
TRl T A, ¥4 €7 4 OFEIEINT 5 B & Wik
IFEROE T T BRI L —FT5 2 LR X H,
WA R DR E 3 X OBEHKIEM: © F— 2525 0.17
%C ERMOEREMERD . Fig. 6 2BH s L
B HAZ oBRIEMZ2ERE I oBKE L<
RLIcbDTHY, ZOXDIH ARRHENIUS DRI HEY
TLANTOEEb=F L F -2 RDBZENTE, F
At 24220 cal/mol G ot = DOfEIL a PhoRE
DB 3513 5 IEHAb = % v — (20 100 cal /mol)® 1
hR&EL, ¥ 2/,Cr-1Mo D SHRBEHED bR
izt (27000 cal/mol)? X b § R/ &V Lichd
2T, 0.1T5CEBMDKET 5 » 711 5 HEE R
LTIV, BE B MyC RE4H HE X
NI RBSRWOBERCEES LictBbh 5.

— 77 —



1646 % & A

% 71 4 (1985) 14

Exposure Temperature,’C
650 600 550 500 450
T T T

5000 R
Q=24220 cal/mol
Base Metal
1000+ -
s
8 500} .
A
[
o
g imulated HAZ
S 100t 4
3
Q
£ 50r 1

10 " ) "
108 14 L2l 129 138
1/7T(K)x103

Fig. 6. Incubation periods in hydrogen attack of
21/,Cr-1Mo steel containing 0.179; carbon as a
function of reciprocal absolute temperatures in
hydrogen exposure.
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