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Metallurgical Factors Affecting the Creep Ductility of the
Weld HAZ of Cr-Mo Pressure Vessel Steels
Thoru ISHIGURO, Yoshikuni MURAKAMI, Tadayoshi TSUKEDA and Keizo OHNISHI
Synopsis:

Recently, the intergranular creep cracking was found at the weld joints of high temperature reactors
made by the 1 1/4Cr-0.5Mo pressure vessel steel. The cracking is caused by the fact that the coarse grain
region of weld heat affected zone of low creep rupture ductility is located at the stress concentration sites.

For the purpose of suitable material selections, creep rupture behavior of the synthetic HAZ was stud—
ied for various Cr-Mo steels containing 1 to 5% chromium. Both the creep rupture ductility and notched
sensitivity of the weld HAZ were found to be remarkablely improved by increasing Cr contents.

Effects of the Cr content on the rupture ductility were discussed on various metallurgical view points,
Some results imply that improved rupture ductility caused by higher Cr contents is attributed to reducing
r/a transformation temperatures, avoiding the formation of high density Mo,C carbides and decreasing

the size of grain boundary carbides.

In order to prevent the creep cracking of the weld Joint, therefore, the application of Cr-Mo steels of
higher Cr content is recommended for the pressure vessel used in higher temperatures over 500°C.
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Table 1. Chemical compositions of the samples (wt ).
No.. c Si Mn 2 S Cr Mo Al As Sn
A 0.14 0.30 0.5  0.013 0.010 1.16 0.57 0.031 0.008 0.009
B 0.15 0.58 0.49 0.008 0.008 1.35 0.49 0.027 0.008 0.010
c 0.15 0.01 0.48 0.009 0.008 2.42 1.06 0.004 0.006 0.009
D 0.15 0.01 0.48 0.008 0.008 3.02 1.00 0.005 0.007 0.007
E 0.15 0.03 0.46 0.003 0.004 1.05 0.9 0.008 0.003 0.003
F 0.16 0.0l 0.46 0.007 0.004 2.28 1.00 0.005 0.003 0.003
G 0.15 0.01 0.46 0.003 0.004 3.20 1.00 0.005 0.003 0.003
H 0.15 0.01 0.46 0.004 0.005 5.02 0.99 0.005 .0.003 0.003
AWA, B,C,D commercial heat (920°C Normalizing, 650°C Tempering)
E,F,G,H experimental heat
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Fig. 2. Specimens used for the creep
rupture test.
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Fig. 3. Results of the creep rupture test of the
11/,Cr-0.5Mo base and HAZ samples.
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Fig. 4. Results of the creep rupture test for
the weld HAZ samples.
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Photo. 1. Micrographs of the axial
cross section in creep rupture spec-
imens of the HAZ sample.

Photo. 2. Grain boundary creep voids observed
in the rupture specimen of the 11/,Cr-0.5Mo HAZ
sample (550°C, 12 kgf/mm?2, 2 311 h).
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Fig. 5. Effects of the PWHT condition on creep

rupture properties of the 11/,Cr-0.5Mo HAZ
sample.
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Fig. 6. Effects of Cr contents on creep rupture
properties of the Cr-Mo weld HAZ sample.
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Fig. 7. Effects of the Cr content on the Vickers
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Photo. 3. T ranssion electron micrographs of
the 11/,Cr-0.5Mo and 2!/,Cr-1Mo weld HAZ
samples (PWHT : 690°C, 8h).
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Fig. 8. Effects of the Cr content on the trans-
formation temperature from 1350°C of the Cr-
Mo weld HAZ sample.
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Fig. 9. Effects of the cooling rate from 1350°C
on the Charpy impact energy of 11/,Cr-0.5Mo
and 21/,Cr-1Mo weld HAZ sample.
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Fig. 10. Effects of the cooling rate from 1 350°C
on the creep rupture properties of the Cr-Mo
weld HAZ sample. ‘
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Fig. 11. Effects of the cooling rate from 1 350°C
on the creep strength of the 1!/,Cr-0.5Mo and
21/,Cr-1Mo weld HAZ samples.
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Fig. 12. Results of the chemical analysis of the
extracted carbide of the HAZ samples containing
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Table 2. Summary of the X-ray diffraction anal-
ysis of the precipitated carbide for HAZ samples.

Conditions Relative Intensity (1

Sample of
PWHT  FesC  Mo:C  MyCs  MjsCe
660°C, 8h s S w —
IC(”;E‘)M° 690°C, 8h s S W —
720°C, 8h s s M
660°C, 8h s s M M
21/‘?1‘;')1M° 690°C, 8h M s S M
720°C, 8h w M S s
660°C, 8h w M s M
30(’('3‘)M° 690°C, 8h — W M S
720°C. 8h - - w S
660°C, 8h — — M s
50&{1)‘“ 690°C. 8h — — w S
720°C. 8h — — — S

(1) Determination of relative intensities was performed
for each sample.
8 : Strong, M : Medium, W : Weak
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Photo. 4. Carbides precipitated at
pre-Austenite grain boundary of
the Cr-Mo HAZ sample.
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5. ZOBRCEWCTHNAOKMSRIEHILT UL H
HIhTwiws, BA—27 94 P RRECHHLE
Ry 1 X1k Cr EFEREOEVHER S\ WTH b
KEW. 79 — THEEEE DK 1Cr-1Mo #fic B B
o 0.5pmoF—FOBEKEESE 41 HOBRIFL
Lok r/a BENSRER TE TS, 1350°C
D HOEHF 7 MK L, PWHT Qi
DEEE LD THA S, ThHoRAHEOME KR
VOBEEIRATOK AN LET I SRS hURSH Y
WRIRBD, 7)) —HEMEEOHILOER L2
T ENEZ BRI 5. Fig. 10 @R L HEE & Bk
JEHE & DBIEM I SRR RCY OV 1 AHFEL TS
PDEHEBRIS.
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Lo LEESEESENR M OBRERE & i L <
AN EWERERE TMBAIh 50, a0
KAt & BB X BRI PREH O BRSO
B, BHEIRLL 7Y - THENEEYRTOTHA
5., BEOENEZBA Cr-Mo flicks T, Cr §FE
THAZ 07 ) — 7HMERCERREEY 5 2 TF
b, Cr Bo

o BEAMER EER X AEREREAERESL

o Mo,C RILHOITHEEOBWA XK 7 Y

— 7 ERE R OER

o ZFHERE{E T X B MARLH oML
e EDEAEH X ) HAZ oBMEE0 M EF S L
TWhbLDEEZLRA.

5. F & 0®

BE - BEEHAEBMEE LTERZh5EED Cr-
Mo ¢ HAZ H¥i{bio 7 v — 7 M E LML, £
F&tc Bl Ui st pbRERT 5> ECoREMT —
2B, AR IVBORCHRYE LDNIHTO
EBYTHS.

(1) 1,5 5% o Cr §EREYHTS Cr-Mo #i
HAZ o7 v — 7HiER I Cr §F BRIV XE S h
Tk, 00°CxWx 57V — 7 REBCERTIED
783 214 Cr-1Mo #7c L Cr §FRO®/VHEHC X
bﬁﬁ?b:tﬁﬁ%féé&

(2) HAZ 07— 7HEMEEDE TR 7 ) — 78
B ) REFROFRL L), ICHRFOFET S
BERFRTO 2 ) - FEAREREHE LT 5.

(3) PWHT BEEO ERIIEMEREYEETLER
o 1 oTHHa, 1Cr-0.5Mo, 1Y, Cr-0.5Mo #§ HAZ

TEFDRRIT/PE BRI B,
(4) Cr SHEEOHME 7> HAZE 7y —7

W EEHE: oD [R] EiT
o WE AN LRI X 5 HAZ I (KRB RE
1
o ZPEER B DERBITIC X AR R R L o it
o Mo,C AL HIHEEE © WA X BRA7 Y
— 7 EREH DK
itX Cr BHofERcERL TV L0 EEZ DR
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