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Analysis of Crack in
Bag Cage Welds of Wire STS 304 Wire for Al Melting
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Abstract After 6 month of using, cracking of gas exhaustion bag cage of Type 304 stainless steel wire for Al melting
reverberatory furnace was founded in welds. Analysis of crack causes in the wire were tested by electrochemical
method, SEM images of structure and analysis of composition. Resulted from the test, it could be observed that cracks
in the welds were a accelerated by formed polythionic acid on surface of bag cage in sensitized region of HAZ, tensile
stress and using environment.
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Table 1. Chemical composition of type 304 stainless steel used in bag cage(wt%)

C Cr Ni P S Mn Si
ASTM A204 0.08 18.00~20.00 | 8.00~10.50 0.045 0.030 2.00 1.00
Measurement 0.109 18.10 8.22 0.053 0.015 1.259 0.753
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2.2 Observation of microstructure
£49 bag cagedlld] 4EE £ AHEEL AFHs)



QRuly £ YALEZE gas ME7)9] bag cagedX BT ZE9) 99

B

Table 2. Chemical compositions of flow gas in furnace

SOx HCl NOx

dust

150~200mg/Sm® | 30ppm | 2~4ppm | 30ppm
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23 DL-EPR(double loop-electrochemical potentio-
kinetic reactivation) test

ARlste xZo] Azl wel 445 dnlsleg
AFHoew 243r] N8 double loop electrochemical
potentiokinetic reactivation test(DL-EPR test)& 41813
th & A7elirE s EE forward scan loopoliAl
o] A F3H0a)} reverse scan loopl A8 FulA Bzt
(o] Hl2A], Rt 7ol YeRiS]t

Reactivation ratio=(Ir/la)X 100%

Ir : Maximum current of reactivation loop
Ia : Maximum current of anodic polarization loop
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Fig. 1. Microstructure of type 304 stainless steel in
weldment,
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(b) weld metal

Fig. 2. Results of DL-EPR test.
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(b) Secondary crack

(a) Intergranular stress corrosion
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Fig. 3. Scanning electron micrographs of fracture surface
of bag cage.
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Table 3. Chemical composition of EDS in line scanning

Element 0 Si S Cr Mn Fe Ni
Weight% 5225 0.57 0.95 12.14 1.01 2947 3.01
Atomic% 78.54 0.49 0.72 5.89 0.44 12.69 123
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Fig. 4. EDS spectrum of corrosion product.

testd 3= Fig. 2014 WERIct. DL-EPR test®] A3},
AR AEASE HES 0.14%, S35
ANEA3} 8] 8- 4.96%2 e} S KA RISzt
dojydths AL AT 5= A} Fig. 3(a)ys AFdH
S SEMOE #3st Bgolrh. ggo] YAE wet ¥
Al 2ol 2AFE-S Y ¢ e oSt
2E5e AYAQY AR BHEE vehith delA
AFE AE FFePIEN @A FAET 0.02%F%
& Aoz BNE AT AR BAAg AN A
o2 Azrdr

ZHQIg| A7)0l A ©agho] Fukge] wE B
£7} 27+ & #ink ole} o uislEsu "adt A7kl
ZHeshe ZAog BIEHIY 9oy old el o] AgE
BT} YA 0] 47 dojd Aoz AZRETHT]. o)
o] Az Fgo) Al 43 95t qnlsie =3
o] P25 77 A o3t YAl & F4
FEIAGSCCYS ¥oz) Aoz AztgEr}). Table 29 o}
Elt upebzto] uj7|vte] AdESol o] ko] -
2 30ppm & Vel w)7)7k Fo] 3381E0] bag
caged] HHol| F2tE0] LFu)w L5]29 7Hs FTHA|
(64 718, 19 F2) d71F &7], Aol whgsled
polythionic acidE ¥Adste] dvisie F-9olA AAF
2& dozl Aog AdHT. &, Fig. 38 E&FS
IGSCC(intergranular stress crrosion cracking)’} 3Pt
o slstg oz Zatg o} FslEe Exjel 93] A
A9 polythionic acid’} grain boundary® Wz} ZE<]
z4E g9 4F SIE s HAE A& HoE

kA e] B2 MA4E EDS(Table 3, Fig. 49 472
FoNe o] FHL 5225wt%E FAEHALH, S
o] o] 0.95wt%E A& Ho] AEAA7}F ESIAL 3

464

T 0.015wt%s} Blatstle o oF 60 =7t F7he
the] o] EARshs A& FASAT °]= bag cage
o] @4 Helo] wi7\7kaF e F3ES dir|Fe &
7], Akae) wrgol o&] FAJE polythionic acid®] A3
d5]o] &0l o WIstE Fool FA4& doeFrke
AE AT F AT 88 £ Ao AHEH STS
3049 sl oA eAagake] FARD BUE ol
30 9% &AsE X8 Heg Azt

3.d E

Qg 28] SALEE gas w1719 bag cagedlA
7o AL bag cage® WESHE gasTY B4
B3 Al £3HA L2 9] AMF71(69 7HE, 1Y FADE
Q18] FA 9 polythionic acid7} STS 3049 o 713}5-9]
oA UAIA FA-2 HAYAH O, bag cagedll <7t
g 3= o8] Fgo] 2l Aoz waE. =3
o2t STS 3042] &7}l polythionic acidel] 2]&}
T GASHEATEE WA SsiME ol
o] ¥ e AE3HE o AFY FEAYT F2o W
Aol 537t & AoE dodnt

et4o) 3gko] e STS 304L, & FA3A(T,
Cby7} FA7FEANE 321, 347 stainless steel& AMS-317
U AES 48 F 1050C2 71E3¥A 7= EAs A
g FozH #9E AT F US Aoz AzEn.

=

{1] Denny A. Jones, “Principles and Prevention of Corro-
sion”, Macmillan publishing company, 1992.

[2] Mars G. Fontana, “Corrosion Engineering”, third edi-
tion, McGraw-Hill international editions, 1987.

(3] J. B. Lee, G. T. Kim and J. W. Kim, “ Met. and
Mater”, J. Kor. Inst., Vol. 36. No.12, 1998.

{4] Vivekanand Kain, Yutaka Watanabe, Journal of
Nuclear Materials, 302, 2002.

[5] Y. S. Lim, H. P. Kim, J. S. Kim, and H. S. Kwon, “Met-
als and Materials international”, Vol. 7, No. 1, 2001.

[6] A. John Sedriks, “Corrosion of Stainless Steels”, John
Wiley and Sons, new york, 1979.

[71 R. C. Newman, K. Sieradzki, and H. S. Isaacs, “Amer-



SR 83 WALE S gas HIE7]9) bag cagedlA BAYg FE o] €l Y

ican Society for Metals and The Metallurgical”,
Vol.13A, November, p. 2015, 1982.

[8] J. K Lee, B. S, M. S., “Stress Corrosion Cracking and
Pitting of Sensitized Type 304 Stainless Steel in Chlo-
ride Solutions Containing Sulfur Species at Tempera-
tures from 50 to 200°C”, The Ohio State University,

465

p-29-31, 1986.

[9] H. P. Kim, S. S. Hwang, C. K. Rhee, K. M. Kim, J. S.
Kim, J. Corros. Sci. Soc. of korea Vol. 27, No. 1,
1998.

[10] M. C. Cha, and S. E. Chang, J. of the Korea Inst. of

Met. and Mater, Vol. 32, No. 7, 1994,



