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Stress Corrosion Cracking of 18-8 Austenitic Stainless Steel
in Sulfuric Acid

Mitsuo Asawa

Synopsis:

Weight loss and fracture time measurements of 18-8 stainless steel were performed with 4 N H,SO,
solution containing sodium halides of various concentrations in the temperature range 25°~98°C.

Crackings of the tensile specimens occurred within the temperature range 60°~98°C in the acid solu-
tion containing chloride, bromide, or iodide, concentrations of which were about 23X 10-2~.5% 10-1 N, 10
~4~10-3N, or 5xX10-6~5x 10-3 N respectively. The effect of temperature on the time to fracture
caused in the chloride containing solution was identical with that in the iodide containing solution
within the temperature range 45°~98°C and was also identical with that in the bromide containing
solution within the temperature range 60°~80°C. In the acid solution with chloride, applied anodic
current made the time to fracture shorter and cathodic current made it longer.

Although observed crackings were closely related to the inhibiting property of halogen ions, yet they
may be not stress sorption cracking but stress corrosion cracking, where the halogen ions may act as
passivating species on slightly deformed areas and as activating species on heavily deformed areas of
the steel. Rate-determining mechanism of these crackings may not change in the temperature range
60°~80°C.

(Received Nov. 11, 1970)
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Table 1. Chemical composition of specimens in wt %.
Sample C Si Mn P S Cr Ni
A 0-070 0-40 1-14 0-026 0-006 18-20 8-73
B 0°'058 0-45 1-82 0-032 0-004 18-65 8-45
T 200cc Z Vv, REESREE EHC 375208 50
0'12A/cm? On v~ FEREEHMMLL. EHER . [esT
WitBic AV B8 SEHO 5 8mm (WE) X T o2 <C
200mmEEX) OAFIOH TRETHY, MBITIL, = <SR
— - E o ]
16 mm (PE) X100 mm(FX) OTBEFZ FV-7o. e = \'Li?\ \
xS, BAOBEE METseE sz, & A 7
3¢-4 kg/mm? (P TH%. WRIREE 98°CTH B e *AT%;/ =
5. HEBODOREICIE, WA 7 2B 2 58 AR = \T\ X yé‘i_:%;{&
FENALSREFERA L. —EBoREHT WX, W 015 w“\%; bz T
%, WEAE COEEE A s o x—4—THlY, BH» NaBr concentration (/)
o ORI AEER 2 SR 7. Fig. 2. Weight loss of specimen A immersed in 4N
H,S0, with NaBr for 2hr as a function of
3. RERRBIUBE NaBr concentration and temperature.
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Fig. 1. Weight loss of specimen A immersed in 4N HECOWT, HHEEE 2 LT BREEEE TL

H,SO, with NaCl for 2hr as a function of
NaCl concentration and temperature.
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Fig. 4. Average corrosion rate of specimen A immers-
ed in 4N H,SO, with NaCl for 2hr as a
function of the reciprocal of the absolute
temperature and NaCl concentration.
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Fig. 5. Cathodic and anodic polarization curves of

specimen A in 4N H,SO, and 4N H,SO,

with 10-IN NaCl, 10-3N NaBr or 10-5N
Nal at 25°C.
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Photo. 1. Outside views of the same specimens as in Fig., 6.
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Fig. 6. Effect of NaCl concentration on the time
to fracture of specimen B in 4N H,SO, with
NaCl at 98°C. Stress: 344 kg/mm?2,
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Fig. 7. Effect of NaBr concentration on the time
to fracture of specimen B in 4N H,SO,
with NaBr at 98°C. Stress: 344 kg/mm?,
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Outside views and a longitudinal section of the specimen B tested in 4N H,SO,

with 10-!N NaCl, 10-3N NaBr or 5x 10-8N Nal.
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Fig. 8. Effect of Nal concentration on the time to
fracture of specimen B in 4N H,SO, with
Nal at 98°C. Stress: 34-4 kg/mm?2.

Fig. 6 OWMRTEIOMEIEL < DIETH 5. NaCl
HIEEHE, BREATELAEBEC XS THEIL, #
nSORHOBEGRTHARTAET 55, To2ho

Bz NaCl oAbz E4 <y, 2EERUEZFETS
X9, Fig. 1~3 @H LMD I STEISHTOR
BEYS XX 2TRLT Db, Fig 6~
B REH\WT, LHERI XoT HEREMMSEL 5. &
722N HORE OBIHIERR X- BE&Ehini &0
HEBERTTHD. L 2TX OFEFTIHAK
IoTHEAREAINS. Photo. 2 ¥ OH E L
¢, 0.1 NNaCl, 10-3NNaBr, 5x 10-SNNal % & A 7518
Rerh TREEF L 2SOl L I 2 R T =& L bt
HisEhoEELzA LTV, Bimx B5&, NabBr,
Nal Z X 5&h iz 2EBRE E V. NaCl K X 5Eh
KEWTR, Bz a BUERT 5 IREamBE s
WMATEH, TREFUC XS, NaBr, Nal iz X 540
BRYEZ D OEhOFREO— Dk, #hicfES g
EThdiELOLN5.

CNOHDEELD, Bine X- OBRE®OBEGREYHE X
TH5. 188 257 o L 28q1%, BOBERBC b

— 16 —




WEFOR T VL AOBABES N 1345

10° :
. '
4, !
O'5N
e t
£ '
€ 1
- 1
2 °:
2 10t O'IN \k
.:D-_ (o) r-\__\~°\ o
° 5 \, No c\rgck_
(]
g %*f”
= l
1
1
Cathodic | Anodic
l O i 1 l‘
-80 -40 0 +40

Current density (MA/cm?)

 Fig. 9. ‘Effect of anodic and cathodic polarizations
on the time to fracture of specimen B in

4N H,SO, with 0 1IN or 0-5N NaCl at 98°C.,
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Fig. 10, Effect of anodic and cathodic polarizations

on the time to fracture of sgzecimen B in
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Photo. 3. Effect of anodic(+) and cathodic(—) current densities on the cracking of the
specimen B in 4N H,SO, with 0°'5N NaCl.
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Fig. 13. Effect of temperature on the time to fra-
cture of specimen B in 4N H,SO, with
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Wxnglmb, i- Lk obinlins.
C (7)) NaX 2ELBEWP T, EhiCXOTHITS
T CO RO T E BIHREOFH L& ERERTS
D, TOELOAEIZFERLTHS. L L NaBr %
ETIBFI P TIX, 60°C LAT 7% 80°C L) ECrimgil
FrfE2E AR L REFRIANCIETHh 5.

(8) NaCl %&b TOREER O S EH
DB, MgCl, OBALRAILL, ZEOEHI LA
LIFNARITID.

AMFEI X oT, HSO0, dip X- i X 58NIE, £

O X- OEFEE (M v eEd— 2 LTOHX) KL
TWBZEMRHLPTD. LEL, X~ OifEDIR
EMATENB4ET 80506, VWhYwAEFAhiE
BEXhABRKCEARWEEZONS. %7, Cl- 28
BWHR TORhOBRIIEHIREENIC X >TXESh
TWbHDEHEZLNS. Bro, I- 2 &gk oRNIT
DVWTIE E LIRS SLETH B8, HEIRR Il X1
FTIREOCEEN Cl- 2L BRPToOEhD L &L
UTHoDT, HlhoiEd Cl- 25LBKoE &L
FILTHLZENFEINE. ULrL Br- &5
g, Fig. 13 tiLHh5 X5, BEIID
T Cl- ® I- 280 BEDEEE B2 8% 5
7. '

BT, ERITOWVWTIE, FAERZE TR RERS
IVELDTERE Wi BRI VELIREOS
2ET5.
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