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Abstract — This study attempted to examine how the hydrogen embrittlement susceptibility of the STS
444 stainless steel varies under different welding conditions and how its effect on hydrogen embrittlement
differs by the impressed current density levels. For doing so, U bend test specimens was used to impress
the current density at 5, 10, 15, and 20 mA/cm? in the 0.5M H,SO, + 0.001M As,O; solution with an
electrochemical corrosion tester. The hydrogen embrittlement was assessed by observing the time to failure,
and then the microphotographs of metal structures were compared to investigate the metal- related structural
properties. The study findings suggest that the effect on hydrogen embrittlement for the STS 444 steel
significantly depends on both the welding conditions, or variations in the amount of shield gas, and the
levels of current density. In particular, as the impressed current density increases, the hydrogen embrittlement
increases rapidly.

Key words : Boiler, Stainless steel, Hydrogen embrittlement, Current density

LM B oM A¥e Holx SlE Ao] AMe]tH1 2]
2

L2 EA

BAAAEEE QIHOE PAF AHge %3 A
3= By ARe FE oTT Yo Yol I
o4 o] Fe WwHel Utk TEY 2e AR
S e Yol $53 PR Agsel WA o
ZE|QlE 22 A e Yot ARel PHE7

122 2}:cb5701@korea.com

BlQlE) 2 733 STS 304 L7 STS
316L2 vit7ht A A9 F Cl o]o] EFE $3o|
Al SYHFENELE dods EA LA Ho Hgol
AT w7 JTH-4].

oldsl EAE B3Iz} STS 4308 7|20z &
o RadR3e W P 942 Tigk NbE 3
7}et ko) EA AH|IQIElA 73R STS 4447} 71)3ks]
o] Byde] Aae A 2HAY2FAZ dA=

~43-



[} ]

.
U

FAol itk sigtolE LEldle| 27 STS
d44= S RAFGd st APE-L tds] St
SR gdd diF EAle vy & 4 o
Fagdolzie the TAE Al HATH4-7L

STS 444%= 71AI7EHE¢] 7IU0EA - = F98
71&0)A] gtod dAgls Ao Yelues 5380
B2 oERo| At 53] &5 A Follv FLaE
EA7F e AAF] Ry 234 ARjSHs v
& 18] 3R gt} ey BdEdAe FEFAE
AGH BAE oFtEE F83M UFA] && T
R ZolTH3,5,6].

FAAEE S B3 485 $E7Y
g TEY 4 glon, SFEFE ol 93
A FATES o AFERY, SEHRAFEL gAH
= Aoz BT rh6,8,10].

meld 2 d3e £32Ad wet AzE 47k U
W= A EHE 0.5M H,SO4+ 0.00IM As,0; 78 =
oA A7 FAANEARANZE SFEFAA FLE
HAFEAZ LY oy I He= AR AR &3
z27¢ g gHA|I73) AFUE Wl g dA|
H& FAl D3l zhzke] A & £4FA ¥
e g w&sh

IL AlEE o MYy

2.1 A8 xR A X ey
2 g0 ALE AFAAEE Table 13 22 3

AR 7AH AL 717 HEolEA 2HQle| 2%

A STS 44401t}

AlEHE AL TIG AFsE348E ol8-3l.em Al
FAZAL Fig. 13 2t} $H4z2AE B37MAF
WA 7| AA Table 29F 22 2702 45319
o}, A& BHS L7 A €A A (Super cleanser #1001)
1% 89L& 100°CE 7FE3ld 1087 292 F €2

AHET 150°CAA 60%-7F AZAIH T

A PHLE Table 29} 22 §HZASR 84T F

Fig. 29} 7ol 71A 71331 Press machinel A Fig. 33}

7ol AZ3le M6 2H|QEl: BE HEZ A

o -z

[
T

Electrod 91.2, End Tip 90"
Meterial

Cupper

[~ Ar back Snield Gos

Fig. 1. Electrode and torch.

Table 2. Welding condition.

Unit | Al | A2 | A3 | A4
Thickness mm 2.0
Welding current A 140
Voltage v 20
Frequency Hz 0
) Argon % 99.9
Szf;d Torch | Jmin | 20 | 15 | 10 | 5
Back | /min | 20 15 10 5
Welding speed |cm/min 50
Polarity DCSP
Cleaning status of Super cleanser #1001, 1%
material surface solution, 100°C, 10

75
61

- !

2-26.5 Hole

Fig. 2. Unfold U-bend specimen for hydrogen cracking test
(mm).
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Table 1. Chemical compositions and mechanical properties of STS 444,

Chemical C Si Mn

S Cr Mo N Nb

composition (wt %) | 0.006 0.23 0.3

0.014

0.001 18.04 1.78 0.005 0.35

Mechanical Tensile strength (kg/mm?)

Elongation (%)

Hardness Hv Density (kg/m?)

properties 50.8

34 175 7.79 x 10°

KIGAS Vol. 10. No. 1. March. 2006

_44_



SH2AHAF

F

%

Protected surface
Exposed surface (3cm?

Fig. 3. U bend specimen for hydrogen cracking test (mm).
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Fig. 4. Schematic diagram of polarization test equipment.
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0.5M H,SO, + 0.001M As,0O; solution.
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Fig. 6. Microstructures of weld zone with welding condition
Al-A4(an 100-power).
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Fig. 7. Time vs. current density of welding condition Al-
A4 in 0.5M H,SO, + 0.001M As,O; solution.
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Fig. 8. Fracture surface of U bend specimen in 0.5M H,SO,
+ 0.001M As,O; solution.
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