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Abstract

The research is to insure the soundness of the stainless steel overlaid weld metal(21/4 Cr-1Mo steel +
SUS 309L)for a pressure vessel application.

Detail studies were conducted for the PWHT influence on the microstructure and intergranular
corrosion characteristics of the overlaid weld metal as well as initiation of hydrogen embrittlement
crack(or Disbonding)when welded metal are exposed to the hydrogen atmosphere.

Hydrogen was experimentally charged to the overlaid weld metal in order to study PWHT effect on
the susceptibility of hydrogen embrittlemnt crack.

The results of this research are as follows :

1. At the bond region, austenite grain of the stainless steel side became coarsed and Cr23C6 type
carbide was precipitated at the coarsed austenitic grain boundaries. Intergranular Corrosion width(by
Strauss test) increased with increasing PWHT temperature and PWHT time.
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2. Crack was observed at the austenitic stainless steel side when hydrogen was electrolytically
charged and direction of cracking was propagated along the coarsed austenite grain boundary.

3. Hydrogen embrittlement crack susceptibility was most sensitive with PWHT condition of 630°C -
720°C in temperature and 10-30hr in time, which indicated a close relationship with stainless steel

sensitized characteristics.

4. Strauss test results indicated that it is necessary to have carbon diffusion from the base metal (21/
4 Cr-1Mo steel) to produce Cr deplete Zone at the austenite grain boundary.
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Table 1 Chemical compositions of materials used
Material P%z:tg 'I;_liCk Chemical Compositions (Wt, %)
aterials Strip Size
¢ ol Csi Mo P [ S [ Ni|Cr]CulMo|Nb]| AF

Base Metal

24 Cr-1Mo 90 0.14 10,04 [ 0,520,009 0,12 | 0.1 2,43 10,06 | 0,98 <0, 005
Steel

SUS 30¢

. 309 75X, 4t 0,13 10,40 1 2,00 | 0,016 | 0.003 | 11,09 { 21,13 | 0.03 | 0. 01

Strip
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Table 2 Chemical compositions of overlaid weld metals

Chemical Compositions(Wt, 95)
Materials Layer - -
C Si Mn P S Ni Cr Cu Mo A% Al Nb
SUS 309L 1 0.0411 0.43 | 1.67 [0.01710,006| 9,02 [17.44| 0,02 ; 0,17 | 0.05 | 0,021 | 0,01
SUS 309L 2 0,023 0.46 | 1.83 [0.018 10,005 {10,50(19,75| 0,01 | 0,04 | 0,06 |0,023| 0,01
SUS 309L 3 0.018| 0.42 | 1,84 |0.018|0.005|10,74 (20,35} 0,01 | 0,01 | 0,06 ;0,020
ééglrleo B.M 0,16 | 0.03 | 0.53 |0.007|0.011} 0.15| 2.45] 0,07 | 1,00 | 0.01 {0,005 0,005

Table 3 Welding procedure and PWHT conditions

for overlaid weld metal
Process Electro Slag Welding
Current (A) 1300~ 1400
Voltage (V) 29~30
Speed (mm/min) 150
Position Flat
Polarity D CRP
Preheating, Interpass 150~ 200 Photo. 1 Macrostructure of overlaid weld metal
Temp, ()
Pass Number 10 2.2, ZXR D4z
Overlay Weldmetal 12 5
Thickness (mm) PWHTZ 54 Fig. 1o vhepdl Al s 84174
PWHT Temp, (C) 625, 670, 690, 720, 760 Aol A8 Fofo.z Arkstel Fafak el
PWHT Time (hr) 3,10, 30, 100, 300 A A e 2 Aeeich AR Ad

S 11}2‘3&“}6‘}—?— Marbleod (HCl; CuSO+; H:

O=20ml: 4gr: 20ml)ol| & sle] HA1 4] 7},
690°C, 10hr¢] PWHT3-o] 850°C, 72hre] =7 o

o9k o dAe] S Al AR Fulsedct 2.3, QUAIEAIAlE
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el &5+ Al A (chathodic hydrogen ARl gAEEE 2 Ay aE
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Table 4 Hydrogen charged conditions

Solution 5%H.S0,+P+CS,, (3/:6gr:
60cc) Room temp,

Current density | 40(mA/cm?)

Charged time 30¢hr)

= 3 s
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Fig. 4 Effect of PWHT on corrosion depth around
grain boundary under Strauss test
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(a) PWHT :625C, 100hr (b) PWHT : 670C, 100hr

10Mm

{c) PWHT :720C, 100hr (d) PWHT : 760C, 100hr

Photo. 2 Corrosion states of specimen surface after Strauss test

(2) PWHT : 690C.,

10hr—850C, 72hr

% e

™ AL

SR S —
(b) PWHT : 690TC, 10hr (d) PWHT : 690TC, 10hr
Photo. 3 Relation between corrosion states and PWHT times of specimen surface
after Strauss test
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Photo. 4 Microstructures around the fusion boundary of PWHT materials and base metal-
removed out weld metal(left side photo.) in HNO; solution
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(¢c) PWHT : 690°C, 10hr

(d) PWHT : 720C, 10hr
Photo. 4 Continued
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Fig. 5 Hardness distribution around the fusion boundary of base metal-removed out weld

metal in HNO; solution
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Photo. 5 Relation between corrosion states and PWHT conditions of specimen
surface after Strauss test
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Martensite (Black colored)
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Type C (Martensite+Carbide layer)

Fig. 6 Schematic view of hydrogen embrittlement
crack

—_—
weld
Metal
—y
Base
PWHT 760C X300hr Joum , Metal
Photo. 6 Typical hydrogen embrittlement crack undre non load
Table 5. Crack morphology of hydrogen charged materials after several PWHT
ime (hr)
Temp. (T 3 10 30 100 300
X X X X X
800
X O © O O
760
— ICc 1Ge+TGe 1Gc 1Gc
720 X © O © O
— 1Gc 1Ge+TGce 1Gc 1Ge+TGce
X O O O
690 ©
— 1Ge IGe 1Gc IGe
X O © O @)
670
- 1Ge 1Gc+TGe 1Ge 1Gc
X X O O O
625
— — 1Ge+TGc 1Ge 1Gc
X X X X X
550

Note :
TGc : Transgranular crack

O : Crack, © : Many cracks, X : No crack, IGc :

Intergranular crack,
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