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Effect of Postweld Heat Treatment on Critical Temperature in
Hydrogen Attack of 1/2 Mo Steel Welds

Ryuichi CHIBA, Keizo OHNISHI, Kunio Isail and Keikichi MAEDA

Synopsis:

Relationship between a critical temperature in hydrogen attack and postweld heat treatment conditions
was shown by a metallurgical investigation that was conducted to make clear a preventive measure of
failures occurring in 1/2 Mo steel welds of heat exchangers and pipe lines which had been used in oil
refineries and petrochemical plants. ‘

The authors examined degradation of tensile properties, susceptibility to intergranular cracking and
bubble formation behavior in both actual welds and a simulated-heat-affected zone material (simulated
HAZ) after a hydrogen exposure in the temperature range from 320 to 500°C under a pressure of 100 or
150 kgf/cm2 (9.81 or 14.71 MPa).

Postweld heat treatment at a temperature range from 550 to 650°C produced a significant improvement
in hydrogen attack resistivity of the actual weld. In addition, an examination result of the simulated HAZ
exhibited to produce a maximum critical temperature in hydrogen attack by excuting a heat treatment at
around a temperature of 650°C. It was concluded that the highest resistivity to hydrogen attack was able to
maintain provided a postweld heat treatment would be performed in the temperature range between 625

and 650°C.
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Table 1. Chemical composition of base metals.
(wt%)
Steel Classification C Si Mn P S Ni Cr Cu Mo Al
AY Elbow 0.20 0.25 0. 66 0. 006 0. 009 0.10 0.07 0.12 0.54 0.017
B?® Shell plate 0.17 0. 30 0.74 0.014 0.012 0.18 0.21 0.21 0.51 0. 009
Cc?® Shell plate 0.22 0.30 0.73 0.010 0.016 0.12 0.09 0.20 0.55 <0.005
Note 1) 13 mm thick, 2) 20 mm thick, 3) 70 mm thick
Table 2. Welding and postweld heat treating conditions of steel B.
PWHT
Base metal Electrode Curpie)nl Voltage Traveling speed T N Holdi
( v : emperature olding
(V) (mm/ min) ) time (h)
0.5Mo E7016-Al 4 mm Dia. 170 25 150 550-650 5
10 ing Directi
Tensile Test Specimen * Rﬁwflon

taken from Welded Joint 45;@‘

===

AR HE, Steel BRI CIXENEHBHY 2 A M THS .
=V ARIEMEE S 5 v o/ 8 ERIE AT RS &
DT (BER) R REhsaRBEL, ThilK
K72y 7RI DEREHLL Tie. BRI LD &,
BEAGFIKR A E 16.2kgf/cm?, 1L 426°C Th
by, API Publication 9419 2 £ % & Fhit 0.5Mo
MOFEHBEREOREMTH S, 7ok, ZOMBHCBET
DEVBEE B O TR LT ARETH B,
KEBREC X 5 FIRME D ZLIRE DI, Steel
A O BERFO RS 1D ZFANEE IO They
625°C ¢ 5h o PWHT %L 7% obic #F REBH
(PA7HPER 7Tmm, BELERE 25mm) RfEBIL . %
f~ Steel B im o\ T, Table 2 ioRn+EBHECHET —
UL, WEEE ¥ 3 X0 550~650°C = 5h PWHT
HHELCb O X MFFERRT % fFR L. Steel G
COWTH, BEREEHO BEO 120 RKED 1/4
Oy LERE 13mm ORBFAERL, ThiE/HE
WhnEwz X v 1350°C ¥ ca&dEimsl, fXAZGEN
30kJ/em wigs KO HIE AE L. o RBRA
625~700°C = 5h o PWHT #1240 B % 3 7=
Db, WRFHESIERBRE (BRHER 50 mm, YK EE
% 6mm) H{EHIT 7-.
ThbDBEERBRA & & b EMEHEARBRA %,
FEF 100 % 7213 150 kgf/cm2, R 320~500°C ¢ 300
h KBy A i L TFmRIE, BREKEC X 5L
DE AR oo 0.2mmHg LI FoET, 350°C
~C 5h BiAFENER ML 7. BKENESO KRR

25 Dimension : mm

OUTIL, BIAERE, M L RN ETEY
B (SEM) BZgaiiote. frhadMEREY b
Faiok, BREE (TEM) ik 5@MHE, ER
BB DR BT X OXHEHT (Co & — 4y b
FIC X %) %R L7

HOR & R

3.1 TIARBEBOKERERR

Table 1 7R U7z Steel A (/& L OFEER) 75
BE L e AN E ¥ o FRE %, [EF 100 kgf/cm?,
FAE 400~480°C T 300h KFEEE Lickz s, 400
R LD M0°C DIREECIXBIREBCEE LB FED
Bhiehote. UL, 480°C ik WiEINERIVE T
L, %7z Photo. 1 \&iR3 X 5= A Afllo HAZ ki
REIMAFE L, #o¥eaci Photo. 2 1053 1 512,
WFRCIBOTCRIF + €7 « O BENHER IR,
¥, B KFERZEERO PWHT 251 7= Steel A &
BE#FRBE (HAZ o2k PWHT giod o
HARTIB & A EER D) ik, EEREESHEE

3.

DEFN R BTz,
3.2 BERINEOREE
BEMFHICOWT, KET 25 7 BLET PW

HT pEE» B 3570, Steel B 358 #F
% 550, 600 3 X0t 650°C ¢ 5h PWHT % #lL T
HAZ - X%5FERL, KERBEOSREEE L HE
L.

Fig. 1 3FERO BE ©— VI ok X BIEkEE
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Photo. 1. Cracks detected in heat affected zone
of as-received (A) and postweld-heat-treated (B)
elbow after exposure to hydrogen at 480°C for
300 h under 100 kgf/cm2.
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1. Hardness distribution at outer
surface side of welds of steel B before
and after postweld heat treatment for

Photo. 2. Bubble cavities detected in as-received
heat affected zone (A) and base metal zone (B)
of elbow after exposure to hydrogen at 480°C for
300 h under 100 kgf/cm2.
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Fig. 2. Tensile properties of welded joints of steel B as-
welded and postwed-heat-treated for 5h, subsequently
exposed to hydrogen for 300 h under 150 kgf/cm?2.
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150 kgf/cm?, {8 400~500°C CASEIRTE LB a0 8]
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Fig. 3. Tensile strength and reduction of area of
simulated HAZ and base metal of steel C after
exposure to hydrogen for 300 h under 100 kgf/cm?.

DTN, FOEY BHC L, ik PWHT R
fE% BHI 7201 Steel C 0FE, HAZ oW TkE
BEARYEELC.

Fig. 3 13, [EJ 100 kgf/cm?, B 320~440°C T
KFRE S 2o FHH HAZ 055K X 55 X UM IR ER
&, B (920°C EEre b L, 625°C b L) DEh &
HELTRLE D THS. PWHT RS /RVFEER
HAZ D515RM & & WEIHE R 340°C Ll L CARIRE
LEBARELLET L. TAERLT, 625 XU
650°C = 5h PWHT %4 LU7-FE HAZ 03 |E®R XX
440°C TIEBELIEBARCDL @AY Bl Lich 27,
%t OWE IR ITIRBRE 2 420°C 22 5 L&
TL, #0ETOBEREHOZLEBEREETHD
. XBic 675 % Lot 700°C CcREEM PWHT %
L-FE8 HAZ 03[3E X3 40°C CIREE LA
2oETFL, W= 675°C © PWHT %L1
DI 420°C L EoIREFEw kb, %7 700°C
= PWHT %#ilL7b 0% 400°C [ ECIER LIHE
CELIET L.

kD X 5, 400°C Ll EoKRBEER Lo TolaR%E
BT IER A PWHT B &F L CE{LL T
5o LAV Lo, PWHT BECEESY LYWL
T Bt Fig. 3 H SETEIER O T ERRIREE
DI Thbb, WEIERCBEERE L OBGY
TR R Eh oo BN ER L5 &, LTOBROD
ZECET AREBREYTHA LD, FhEEE KR
7 & v 7 OBBBRE BRAEE) &1 T Fig. 4 ©iRL
. B b X 5K, FORREEL 650°C Jifs
= PWHT %L ackbm<, PWHT BEX %
N EEE T EMETTA LRLTS. B
Fa1e, coB&HND 0.5Mo 8 HAZ OKRE7 % »
7 x5 By BET S 2ok 650°C EEED
PWHT 2B @EL CBERLINB.

Table 3 115[3EREA & s ES) 100 kgf/cm?, &
e 320~440°C CAFERFZ I LRBI OV ToXFE
BEE e O SEM 1tk B Elihe KlEF +r ET 4D
FAEFEREY RLEb0THSH. PWHT 2l &7\ H3
HAZ izt 320°C CIRBE L-BAIIEhEk X
VEHlF v €F 1 13FEDHRT, 340 X 360°C D
BRCIVRAEhIGEF v €T « dRDON/. X
7= 625 % X O 650°C ¢ PWHT %L 7=d Ociy,
420°C AT OAERFEC W CEIIREE Lishotke
ZFHER LT 675 s x ot 700°C = PWHT #%jEL7:
3o, 400°C PToRBE ciEhsrBEeeT, 420
°C BIVCFRUECIERELLBEAECRELL. Tib
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Fig. 4. Relationship between postweld heat treat-
ment temperature and critical temperature in hy-
drogen attack of simulated HAZ of steel C after
exposure to hydrogen for 300 h under 100 kgf/cm?.

H, 675 XV 700°C v PWHT % L7 DDElh
BZME, 625 kXU 650°C v PWHT %#HilLid D
DENID BT EERL TS, ¥ PWHT RE
EEZICHED ElhRAE 28y, Fig. 3 o MmIUEE
DELHEME BIF—FKL TS ZELHBLE. ek
Table 3 1243, HBD oD BH Iz oW THE LR
ZARLTED, 420°C L EoKFRBC S\ TERNR
B Lfe. LisioT, 625 35 1% 650°C = PWHT %
ML 7B HAZ i e TR O BB M0 08
EHBIINSG. R, 7254 - =54 v AkkE
BT 2BMORRACET 5 KEHKE L Eh~DEBENR,

Table 3. Effect of postweld heat treatment on
intergranular cracking in simulated HAZ of steel
C after exposure to hydrogen at 320 to 440°C for
300 h under 100 kgf/cmz.

Hest weatment | 2008 So00ed B O)
Material
Tem;()oeé'?ture gxgledégﬁ 320 | 340 | 360 | 400 | 420 | 440
- - cle @|—{—1|—
625 s |lol—|o|olo|e .
Shﬁ‘;}?ed 650 5 ol—1ololole
675 5 ol—|ololol|e
700 s |o|l—|o|o|o|e
Base 920 1
metal” 25 19— |o|o|0o|e

Note 1) O: Non Crack ©: Small Cracks @: Large Cracks
2) Used as reference material

T EBEETABEHAZO LRI bR
TN TDTH B,

Photo. 3 1% 420°C ¢ KKMLEE X7 HE HAZ
DIze BT IRLI DT, 625 L0 650°C ¢
PWHT % L 3B X E8h 820 bh, 675 %
X 700°C = PWHT %L1 d OizA+ — 25 5
1 P DGR RCHOLERABRE IR TV, Dk
5 isEiNE X ORHICER® bt Eihig, SEM B2 &
% & Photo. 4 WRT X3 AR LTk, 675°C
T PWHT % L8 HAZ iR R
THRIMEE L TH D, Tk Tz s LT
=74 PE7 =254 bORRECROCENIEER LT

Photo. 3. Microstructures of simu-
lated HAZ of steel C heat-treated
at 625°C (A), 650°C (B), 675°C
(C) and 700°C (D), subsequently
exposed to hydrogen at 420°C for
300 h under 100 kgf/cms.
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Photo. 4. Cracks detected in simulated HAZ post-
weld-heat-treated at 675°C (A) and normalized-
tempered base metal (B) of steel C after exposure
to hydrogen at 420°C for 300 h under100 kgf/cm?.
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AFREBEABRC LD, MEMREEOE TN I VIEDD
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CRFELTRY, BRIEEZ PWHT BEO B 21
. 650°C F-ciz EHE L, 650°C ®#Ex 700°C % T
MR T35 2 B L . )

Pl X 57 PWHT ohFix, PWHT i X %8
B R DL TR FE L T 5 EBbi T 5 A8
S Chuvwie®, B HAZ wounwto SEM kLT
TEM 2 I 2 R0 BRSERED Mo 0
ST & KRBT 217> CRE L.

625~700°C = PWHT %L #~FHE HAZ ofK%
#lew x5 L, PWHT REDOERE D= Y » 2
ARDOH YD Ak L, Fi: Photo. 5 1TR¥
L OIIBA — AT 4 MRLFCIR 5 FTHSL R BF
R L, 51 675 3 Xt 700°C ik Fic ke
W7t RD bh b X S icisofk.

BRI HERE SO Mo Bk YOXEEINC L h AE I
nrcpiens Fig. 5 wind sxb chsb. BH HAZ
ks Mo Eir (b odifEE =F ¥ — 28Z X
wmabisE (EDX) X% SWfECIX Z2N H 5D,
PWHT o EFL L3 Mo 2L, BH
HAZ L oo 7- 510 £ U fe B i 2T o Mo @

Photo. 5. Scanning electron micro-
graphs of simulated HAZ of steel
C after postweld heat treatment at
625°C (A), 650°C (B), 675°C (C)
and 700°C (D). '
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Fig. 5. Molybdenum content in residue extracted
from heat treated simulated HAZ and base metal
of steel C.

SPRERIE Fig. 5 o FBRICRT 50 ThHh, MC eh
o Mo BixSEd S LEBEED LR EoTHEmL TV
e b0, ¥-BEH HAZ oBEo XgET
L 5&, PWHT % 625~700°C G L= & OF~<Tic
M,C it nm@E I, Fhiex LT, o
WO BE B L & F 35 XU 600~700°C B S LA
Lt d oic MyC 75 500 MyCo RAEAAFE S e,

4. = =

(1) BEMFHOKET ., 7EHH

Al & DRBERD HAZ oM RElhs &
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PWHT iy BHMEABEI R EBbR 5. il
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BEXRME ECER L TR D kEBRE CIT o s
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Sl ESS I LA e h ot ¢, HAZ D Eh B D 7
WDRELLBROD D = LRI, KL, D
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REDFE W TS 2 LILTE ok

(2) KRBT %o 7 BHMEAEFHER L OBR

PWHT REOHEBIHEE HAZ o ToREL X
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MROBANBRDIKET % » 7 DRFEENEL,
675~700°C © PWHT % i & trLAF DHENED
FobhsZ ENHBL, ToHSREhOBEK XD
THHER I .

B HAZ oXkER7 % » 7k X1+ PWHT %)
i, 625~650°C DOEEEHFE CIXEED & LPR XD
RILH DO REMCER LT 5. it 0.5Mo /o
AT MpCe 7213 Mo,C o ff i X 5 3 » & F48
S e AR HHERE O XREBIHTC s\ Tt MyC o2
ARE I, ¥ Mo oW X 5 &, PWHT jEiE
PHEGEE Mo B, 625~650°C - PWHT %
WLBELD H 675~700°C v PWHT %ML i34
‘DI Mo & EENE Dl Licsi>T, PWHT
X 5RO Mo Bt MyC shad Mo
BEBHC X588 LEx LR,

BRZER O5SMo 8 C7 = 54 b - 2 —35 4 MERKD
bODRMCHOFEREIC LB E, BELLE LI M,
C, MyCs 35108 Mo,C 232z ikl abh
TWBMNY, FLEELOPFRICH T, M EL
THW R (Steel C) i MG iXRE ST\ 5
5, Mo,C ixFE S hich o, Mo,C #FX¥s1c
EEROREEORESL ELARETHD, FixiE 700
°C T 10h Bl ERF-FhEi 3+ 5.

PBEDz nt, <434 vEKEYETLHEE HAZ
E7 T4 R =F4F (RAFA4 1) b3
B iz, PWHT #7383 & LItk 5 RI{IEHOHT
HEBNRELOTHS Z b2, Lichi>T, B
3 HAZ 1= 675 33 1 ¢¢ 700°C = PWHT %L1~
BADOKET % » 7 L DR RENRZMED, 625 703
650°C ‘= PWHT %L 7284 TGO
RALYOBICHERT % L\ 2 io\v. E-EHE HAZ -
EEM OB HEL Bz, Table 3 RLU 7z
X5, 625 FXor 650°C - PWHT » L% BH
HAZ R\ WCERARE LEWVIRBAHET L, B#H
DENLATRMEDO DS & & LY L.

SEM ¥ X 0" TEM & X 282w X >, PWHT
BED_ EFE>TRIEPBRER KL LTS Z &A%
b, Fic 675 I X 700°C ¢ PWHT %L1
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Fig. 6. Schematic illustration showing contribu-
ting factors to hydrogen attack susceptibility of 0.5
Mo base metal and its weld.
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