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Effects of Metallurgical Variables on Creep Embritllement of Steels

Toshio TARAMATSU, Yasuo OTOGURO,

Kazuhide SHIOTSUKA, and Katsukuni HASHIMOTO

Synopsis:
The effects of metallurgical variables on creep embrittlement of steels for use of boiler and chemi~
cal reactor vessels were investigated.

The correlation between laboratory studies and failure cases of actual vessels was examined.
The following results were obtained.

(1) There existed the lowest creep ductility range for a steel at a certain Larson-Miller’s para-

meter.
(2) Most severe embrittlement ocurred in coarse grain region of HAZ (heat affected zone) ot
weldment.

In order to improve the embrittlement of the HAZ, treatments as stress relief annealing of higher

temper parameter or rapid heating similar to heat cycles in fine grain region of HAZ were most
effective.

(3) Detrimental effects due to impurities on the creep ductility ocurred only in synthetic HAZ
specimens for 11/,Cr-1/,Mo steels. The effect of P on the creep embrittlement was smaller than that

of Cu and Sb. The degree of the embrittlement corresponded to notch weakening as for the creep
rupture strength.

(4) Examination of a defect found by NDI at the welded joint in a reactor vessel showed that

the cracks initiated at the root of the weldment and that the segregation of impurities on the grain
boundaries in HAZ was extremely high.
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Table 1. Commercial boiler tubes and plates
used in the experiment I.

Heat No. of

Steel Shape and size Treatment | charge

STBA 12 50.8¢x 7t, tube LA, 4
A2048 Mn-14Mo 129t 5it, plate| N. 2

24t, 30t, plate| N.SR. 2
A302B | Mn-14Ni-14Mo|B6t, 150t, plate| N-T.SR. | 2
STBA23 114Cr-15Mo 50.84x 7t, tube LA, 3
A387-11 50t, plate} N.T. |
A387-12 ICr-14Mo | 76t, piate| N. i
STBA24 48.64x7t, tube LA, 4
A387.22 214Cr-1Mo |28t, 100t, plaFe N.T. 2

270t,  plate| NT.SR | 2

1.A. :lsothermal Annealing N. : Normalizing
T. : Tempering SR.:Stress Relief Annealing

A& TR (1) Mo 8§, Cr-Mo $if# D 7 ¥ — 7
fbie B XIETHRS L BAEOFELRET L, ouvwT ()
RER, /Mo §, 21/,Cr-1Mo SO ¥EEEFET AN
BoELELRM LB L CRELL. £Oo/R, &
e < BRCEBEBEEROEMELFFHCEE R &
Hotfen T, (M) 13/,Cr-1/;Mo flic DT WE
L) — S HRTRE ORI R X OB TTR L O
BEMATEL, SR TH—v=BTHAIIC LD
T TEOEB AN, T LEROREAFHCRE
Ui X2 R OB RREITRIZ A L, LB oER
HRB & OXEERE L.

2. 2 B A &

(1) DEGLE OB o\ Tk Table 1 @R HIR
DEA FRER LOFRA SEREER L. 70 -7
KRBT EATER 69 x 30mm (G.L.) ORBRAER W, Vs,
Mo i3 450~500°C, 1Cr-1/,Mo, 11/,Cr-1/,Mo §fi%
500~600°C, 21/,Cr-1Mo #fi% 500~650°C Tixf 10*
h{7o7c.

we (D) OEEB s\~ Tk Table 2 iR baafHRK
OTIRDER HRKE 30~80 mm) #AHIo. ZEELE
R A EONE R b5 BT, WER
w4 7 VBBREBC XY SEOBREY 5 X 1o, B A
gt BEMBGEEY 1350°C (RIR) ~900°C
GmER) & U, &g 800~500°C o Ay HIRslH]

Table 3. Chemical compositions of steels used
in the experiment ITI.

Cc Si Mn Cr Mo Others
El [0.158 0.68|0.53|1.22|054 | — —
E2 ]0.166 068,052 |1.23|054| Al |00I5
E3 [0.155|069{056|1.23|053; P 0.042
E4 |0.145{0.65 {054 | 1.22|0.54| Cu |0.064
E5 |0.149 {0.69 055 | 1.22 054 | Cu |0.182
E6 [0.153|0.67!056|1.24)055| Sb |0.022
E7 |0.148 |0.67 054 1.23|0.54| Sb | 0.042
E8 [0.156|0.66054|1.23054| Ni |0.i6
E9 |0.154|0.71 058 1.2310.54| Nb |0.02
EI0|0.154 | 0.67 055 1.21 |054| V 0.01
EIl|0.151 |0.70 | 057! 1.22| 054 | Ti |0.02

(P:0.003~0.008% $:0.007~0.011% Al:<0.002%)

% 20s L L7 ByA 7 AfEBEIRERE L
(BIF SR LE#R) MYoMmBEARE L. AME4E
Table 2 ffin$5.

7 Y — FEEEEREIT 450,500,550°C D AEE CRE
10*h 47\, BREE 75 & ONC G WT EENME 2 RE4F & Rz L 7c.

(I DEBI-FB T, Table 3 wRT X5 1Y,
Cr-1/,Mo $fic L BILEL IR LIcil% 10kg & /BB
MRIF T L, B Table 4 WRTEULE % G L
fo. WEBGF A 2 03, BRABETY - Z7{RE ¥ T #
L, 800~500°C % 20s ‘C#d % AHGHETEL
Foo 70 — TR AR B L OIR &R A
Wy 27 ) = b E IR & ML OBIRE .

7 Y — FREMTERERIL 550°C TH) 5% 10%h ¥ T L,
10°h TORPE RO L 10° & Lot 10*h OFEkIEJI<lt
WA LT D7,

3. R B B R

3.1 EASHOBRMOI Y—THNWL

B D 27 ) — 7Rk /Mo e\ CBEER T
EnximbhnTE b, Fig. 1 wRT &5 it 450
~550°C ¢ 1000h BET 10% IFREEMET LT
Wb, 7)) — 7ML LR R S EREO D ZREH O
MEREA N5 &, DD 5 RBRA SR O
VDR L, SV IR AR g LA LR, Fl
D HACIZIEHEER 7 = 94 PRFIcEWURE T T

Table 2. Chemical compositions and SR conditions of steels used in the experiment II.

C Si Mn P S Cr Mo SR.
S1 0.26 0.26 0.84 0.020 | 0.007 _ — | 625°Cx 56 min, 6h
52 0.18 0.27 0.85 0.008 | 0.007 _ 0.49 | 650°Cx70 min, 6h
" s3 | o.11 0.22 0.52 0.011 | 0.006 | 0.25 0.98 | 675°Cx16h
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Table 4. Heat treatment conditions of steels used in the experiment III.

Procedure of treatment

Heat treatment conditions

Base metal N, T, SR N :920°Cx2h — Controlied cooling
T :720°Cx2h — Air cooling
. . . (e} 3 "
Synthetic HAZ N, Simulated Heat treat, SR SR :720°C X 2h — Furnace cooling
STBAI2 <~ 50 STBA23
50 = —-—-~ A204B(N) £ 40 a=s ——=~—=- A387-1 | (N.T)
- 4013 _____ A204B(N.SR) E 307 TN, - A387-12(N)
E 30 ———- A302B(N.TSR) 2 504
5 "
> 20 a
= 4
< ~ 5 54
w \ w 1o ~
] ~N 8-
o 10 ~,
S \1:\ gg_ —A—~_\\L R
w 7 -n >~
6 $ 40 ———— 2 ~a
AN y “~ A Ao <
a0 S ~ 30 \ﬁ\—-u- e N
-~ e » [l A ~ LN
- oY -~ ~o 1] X % o A S
$ 30 —_—\ ~ s 43 20 \ ~aey
c 20k \ - Q%t R N N 2 R -
§ 2 " AN A x e [yr™ 5 ‘500t NN o 0e0 »0'A387-12(N)
2 \ SN N e ¥ W09 —-—.ss50¢ v / 45 A3B7-11(N+T)
2 ol 45000 WG4 asA204BNY 0 meeee 6007 e S
= N, a\e Va5 eo0azos s
W |=-500¢ ™4 e M BN.SR) 50 . Ve STBA23
glmmssor N TRINSST x+A302B(NTSR) <201 Tt . nn, (A
~— > o >
40P 8 o ~o 5’\130" . o:‘<,{'> .ooo °C ’:OQ.04/< ¢
30l O \\ S;I"BA'A;IZ S 20 . » o &y s A <(4<.<.:
:\S 20 * o\\m 0 . 'g ZZ. 500¢ ° 00<<<< )
S =0F MY Y o 7Z 550°C <
g \o .\' mo 10 4 ZZ 600 6007
B ° °\° | TY SN
§’ 10} Mo e .:'.3 5007 102 102 104hr)
5 Oo, o, 54102 10° 104 105(hr)
m 5 oo\\o - [a— 1 I 1
450¢ o0 550C
‘10z 100 104 102 o> 100 550¢c e 102 102 104 105(hr)
sl 1 0 0 co0t'® : 104 b A ; h
o+ ~ ——
i o io* 10%r) 17 I8 ) 20 21
e ;‘e ; . : . L.M.Parameter, T(log t+20)x 102
: 17 18 19 20

L.M.Parameter, T(log t+20)x10-2

Fig. 1. Relations between creep rupture properties
and Larson-Miller’s parameter for 1/, Mo
and 1/, Mo-1/, Ni steels.
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P. DB GEY CTORBEITLNE, 19~20 D5t b ic
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CEX5EE2LhD. ZDOZ ki PIcKERING DRI
HBXBRTEDY, 7V — FRkHORE% T. P.
TRIEEEZ L2 ELBELTW5. Thbbo ok
EAEVY, JETT & ERE s 5 BRI BIR T 5 b o
THBH. D VRRLHUOERKE LERIOZKBIC & b
IR RPBREDET (URRIHDOILIR, ikl bBIdE

Fig. 2. Relation between creep rupture properties
and Larson-Miller’s parameter for 1 Cr-
1/, Mo and 11/, Cr-1/, Mo steels.
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Fig.53. Relations between creep rupture properties
and Larson-Miller’s parameter for base
metal and synthetic HAZ of steel S, (625

°Gx6h SR).
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Fig. 4. Relations between creep rupture properties
and Larson-Miller’s parameter for base
metal and synthetic HAZ of steel 52, (650
°Ci X 70 min SR).
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Fig. 5. Relations between creep rupture properties
and Larson-Miller’s parameter for base
metal and synthetic HAZ of steel S3, (675
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WrELLAETSZ EcBEEED D EEL BRS.
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WL OCHETAHZ EXFETE S, 1350°C g o
BEW1 72 10— 7{BED 900~1200°C L o T
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WBY A 2 ABRZT BT, 7 ) — T ENLERLSERR
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Photo. 1 1= 21/,Cr-1Mo > 7 v — SRR D

a) Synthetic HAZ (peak temp. 1 350°C+800°C), ¢ 22 kg/mm?2, tr 405h, el. 619
b) Synthetic HAZ (peak temp. 900°C),
c¢) Synthetic HAZ (peak temp. 1200°C),
d) Synthetic HAZ (peak temp. 1350°C),

Photo. 1. Fracture profiles of creep ruptured specimens of steel S3, (550°C).

¢ 22 kg/mm?, tr 1364h, el. 189,
¢ 22 kg/ mm?, tr 1007h, el. 169
¢ 15 kg/mm?, tr 6480h, el. 79,
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Fig. 6. Creep rupture properties of smoothed and
notched specimens for steels El and E7,
(550°C).
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Fig. 7. Effects of impurity elements on creep
rupture strength of smoothed and notched
synthetic HAZ (1350°C) specimens of
11/, Gr-1/, Mo steel, (550°C).
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Fig. 8. Relations between creep rupture ductility
and impurity elements, (550°C, 10°h).
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a) El1l base metal,

c) E7 base metal,

12 kg/ mm?, tr 2755h, el. 77.59%,

17.5 kg / mm?2, tr 853h, el. 66.5%

g

b) El1 synthetic HAZ, ¢ 15 kg/mm?2, tr 3018h, el. 40.5%
g
o

d) E7 synthetic HAZ,

12 kg/ mm?, tr 2143h, el. 9.0%

Photo. 2. Microstruetures of creep ruptured specimens of steele E7 and EIl.
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a) Macrostructure of weldment
b) Crack propagation into HAZ /base metal boundary
¢) Microcracks around main crack in HAZ

d) » ”

in HAZ /base metal boundary

e) Void formed around microcracks in HAZ

f) ” ”

in HAZ /base metal boundary

Photo. 3. Macrostructure and microstructures of weldment in the reactor vessel made of
11/,Cr-1/,Mo steel which had been used for 8 years at about 500°C.

Table 5. Chemical compositions of steel used for Auger electron emission analysis, (wt%).

C Si Mn P S Cu

Cr Mo As Sn Sb

0.14 0.72 0.53 0.015| 0.010 0.18

1.24 0.52 0.021 0.018 0.004
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Fig. 9. Normalized auger peak intensities of Sb
and P as a function of Ar ion sputtering
time for the fractured surface of steel E7
which was embritlled at 550°C for 1437
h under the stress of 12 kg/ mm?2.
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Fig. 10. Auger specirum of fracture surface of
specimen cut from HAZ region in the
weldment of the reactor vessel.

Table 6. Results of Auger electron emission
analysis, (Ix/Ipe)-

Base metal HAZ
;ain boundaries |cleavage surface | grain boundaries | cleavage surface

Carbon_ 0.034 0.042 0.i135 0.080

Phosphorous 0.032 0.013 0.164 —_
Copper 0.005 0.007 0.033 _

Molybdenum 0.027 -— 0.043 —

Antimony 0.003 0.002 0.003 0.005

Arsenic 0.002 0.008 0.005 Q.007

Tin 0.008 —_ 0.008 —
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