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Prevention of Hydrogen Induced Disbonding at the Interface
between Cr-Mo Steel and Stainless Steel Overlay Weldment
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Hiroyuki KOkE and Katuyoshi MivamoTo
Synopsis:

Countermeasures against hydrogen induced disbonding at the interface between 21/ Cr-1Mo steel and
overlaid stainless steel weldment in reactor vessels which are operated under high hydrogen pressures at
elevated temperatures were investigated from the viewpoint of base steel and overlaid stainless steel
respectively.

It is known that the disbonding is caused by formation of carbide after post weld heat treatment and
accumulation of hydrogen during cooling at shutdown at the interface. As for base steel, 24Cr-1Mo steel
plate with surface layer 2-3 mm thick of low carbon concentration could prevent the disbonding under
ordinary operation condition for direct desulphurizer of heavy oil. The thickness of the low carbon layer
could be decreased by decreasing the carbon concentration. It was considered that prevention of the
disbonding was realized at carbon concentration less than 0.05~0.06% at the interface.

As for overlaid stainless steel, the effect of the amount of 6 ferrite on the disbonding was investigation. It
was found that more than 18% of & ferrite after post weld heat treatment was required to prevent the
disbonding. & ferrite seemed to be effective because of decreasing hydrogen content at the interface by

increasing mean diffusion rate of hydrogen in the overlaid stainless steel.
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Table 1. Chemical composition of 214 Cr-1 Mo
steel used in the experiment.

C Si Mn P S Cr Mo Al
0.14 | 0.17 | 0.57 | 0.006 | 0.005 | 2.39 1.09 | 0.007

B IOEELEE 60mm EIBEEEL . £
DEBEEMK O BEANICHEY T 5B H L (925°Cx3h
—ZEH) BITOLBEEBRERRBOEREE 2 51
DI T 2T 2. ZOERREBOE JIXLOHEITS
WEBRBEORIARC L2 TELT 50, FEBEEROR
BB 0.5, 1, 2, 3, 5mm o 5 K%L 7.

ot Type 347 AW CHBEELTV, 5l&#Ht
% 690°Cx2lh o PWHT % L7-#, Fig. 1 0Bk
IR UIc BB A ~HER e B T % Lic.

e BPREE AT v VAR OLbIc Ik % Kk EHE

Table 2. Overlay welding materials, and chemical composition and microstructure of the weldment.

Spect- | Hoop st o e Chenical composion, of S
men electrode
Cr Ni Mn C Ni Cr Nb Nioq Creq 3F (%)

1 347S 4.7 —_ 1.2 0.048 1.53 9.48 18.42 0.61 11.7 19.3 4.6
2 308L — —_ 1.2 0. 037 1.74 8.81 17.11 — 10.9 17.7 1.8
3 308L 13.0 — 2101 0.042 1.73 8.35 18.26 — 10.9 18.9 7.6
4 308L 19.9 — 1.0 0.042 1.71 8.42 21.47 —_ 10.5 22.1 16.8
5 308L 31.0 —_ 0.9 0.043 1.61 7.94 23.69 — 9.9 24.3 35.0
6 308L 39.0 — 0.8 0.043 1.59 7.87 27.01 - 9.9 27.6 65.5

* Base composition of the flux (wt%)
15S8i04-25A1,03-15T. Ca-19MgO-Others
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RBH~DKFEF » — DIIKEE 200 kgf/cm?, HE
450°C O F —t 7 v— 7 48h BEFEL T, F0
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a : Crack through carbide layer
b : Crack along coarse austenite grain boundary

Photo. 1. Types of hydrogen induced disbonding.
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a: As welded

d : 650°C
Photo. 2. Effect of PWHT on degree of disbond-
ing detected by UST.
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Fig. 2. Effect of PWHT temperature on C con-

centration at the interface between 214 Cr-1 Mo
steel and overlaid stainless steel.
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Table 3. Relation between C content and thick-
ness of low C 234 Cr-1 Mo steel layer, and degree
of disbonding.
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a: As welded b: PWHT 600°C c¢: PWHT 700°C
Photo. 3. Microstructural change with
PWHT temperature at the interface
ordinary 214 Cr-1 Mo steel and overlaid
stainless steel.
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DRI Ul KR H S h o R R 2R T. REE
REBOEZMN lmm ¥ TIXCEDE DD LT,
TRCORBACE A RE L. WMEASREREZC L3
BNBREOMRHRE, TIIXAKRFIRR TORBRBEROEIAS
TP 0.5~1.0mm BEL LD, EREBINEEA
EFBBLTEEY AOTLE, FOHENTHICRIE
TRIENDTH B T &Yt HEROE XA 2
mm 7% L CRED RN L OTEOHEIEDHD,
0.005% &\ 5 BIERFEOF VT EIFUIFE A L Jg v
2%, 0.01, 0.05% DBEHETIIPRECEWNFETS.
b 3mm [ FiEL /o5 LERERERT, KESH
BEE Bl Ik 2S AT R A B .

R ERBROERFIL X 5 PWHT o CR4T
MHOBHEL H ST, B ERBEEAT v L
A & DBERMEBEO MR O THHE L 2.

a, b:As welded
C;0.010% ¢;0.5mm
¢, d: PWHT(690°Cx 21h)
C;0.010% t;0.5mm
Photo. 4.  Microstructural change
with PWHT at the interface between
low carbon 214 Cr-1Mo steel and

overlaid stainless steel.
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a : As welded
C 0.01% 0.5 mmt

b : PWHT

C 0.01% 0.5 mm¢

c: PWHT
C 0.01% 3.0mm?

Fig. 3. Lineal analysis of carbon by EPMA near the interface between 214 Cr-Mo steel and overlaid

stainless steel.
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Fig. 4. Effect of thickness of low carbon layer
on C concentration at the interface between 21}
Cr-1Mo steel and overlaid stainless steel.
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Fig. 5. Carbon concentration change in the
surface layer.
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Fig. 6. Compositional change in the vicinity of
the interface between A and B metals during
heating.
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Table 4. Calculated carbon content at the inter-
_ face between 214 Cr-1 Mo steel and stainless steel
overlay weldment.

* 0.5 1.0 2.0 3.0 5.0

%

0.005 0.064 0.050 0.027 0.016 0.006

0.010 0. 067 0.054 0.031 0.021 0.011

0. 050 0.091 0.081 0.065 0.058 0.050

* Thickness of low carbon layer (mm)
*x C content of low carbon layer (%)

o
-
o

0.05% C Layer
------ 0.01% C Layer
e (.005% C Layer

o
—_
(=]

@ Disbonding
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\E\
\8>~~
-
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1 1 ! ! P~
1 2 3 4 5
Thickness of low C 2J4 Cr—1Mo
steel layer (mm)

Carbon concentration (%)

Fig. 7. Carbon concentration at the interface
between 214 Cr-1 Mo steel and overlaid stainless
steel.
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BT OHRA — AT >4 SRR T 5 RIS
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DOHFTOEFET D WBCILERER KM EH R O R E
RE, ABBEOBROBARBOR W REL LI BLDL
Ezbhb. COMENLETOBREYELTOIEL
Th, HIBOEED S LFHRE L cHBEEI L Ty
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Table 5. Amount of § ferrite in overlaid stain-
less steel and UST defect indicating disbonding.

o Ferrite (%)
Soect - UST
pecimen Sc LER Ferrite meter d(e%e)ct
diagram As welded | After PWHT
1 4.6 4.3 3.5 24.0
2 1.8 4.5 6.2 4.6
3 7.6 8.2 7.8 12.0
4 16.8 13.2 12.6 8.4
5 35.0 29.0 18.6 0
6 65.5 >50 21.0 0
251 >
-=--o-== Schaeffer Diagram
201 (As Welded)
:\; ——0— Ferrite Meter
~ (PWHT)
B
‘©
o
5
D
0 [ ] ®.

| |
10 20 30 40 50 60
Amount of § ferrite (%)

Fig. 8. Relationship between UST defect 2 in
area and amount of § ferrite.
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Hhak Ui b, & OEEFRMEIL Scuasrrier 8K
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M X BB DOHE S LOKAROERTH B LE L
bRTwb. BiEROUWTIE Photo. 5 3 X 51,
ABL3 & 5 o g LR RICH 0P R KL e
Ve LB EBEEBEORM EAT v v ARBERTOKED
£, M OKEOEBROBERFEI A — AT &
A VATV VAT HETREWZ ML T, A —A
T4 PR TORKROIBEEVFEF /NI W Lt
RT5bFTHAEDT, WEREEAT v VAT 7
= T4 P EERIRT, FHNWCKEOLEEEY 5D
BT ERAKROEBREN2 2RV DDEEX NS,
FLT, ThHIBERCET AT v v ARAOKERE
YW ERT, BRCEETIHAF —AT >+ 1 bEd
RGN R BT 5300 Thel, ERRIEBITHED

) e
o i

Base -metal

a) No. 3 specimen 6 F 7.8% b) No. 5 Specimen 6 F 18.6%
UST defect 12% UST defect free

Photo. 5. Microphotographs near the interface
between 214 Cr-1 Mo steel and stainless steel over-
lay weldment.
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