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Crack Initiation in CERT Tests
on Type 304 Stainless Steel in Pure Water*

PETER L. ANDRESEN"

Abstract

Crack initlation has bsen datermined for Type 304 stainiess steel In constant extenslon rate
stress corrosion cracking tests. Tests have been conducted at 125, 200, and 288 C in pure
water enviranments containing 1.8, 0.2, and 0.2 ppm of diasolved oxygen, respectively. In addi-
tion to the temperatura/oxygen varlable, the Influence ot surface cendition (shot pesned and
wet ground) and sensitization heat treatment (800 Ci24 hours and welded plus 500 G124 hours
or 400 Ci 10 days) has been examined. At 288 C, crack Initiation In strongly sensitized specl-
mens occurs at fess than 20% of life. At lower temperature and/or less degree of sensitl-
zation, crack initlation occurs later in lite. Shot peening reduces the strain to Initiation, par-
ticularly at 125 C where there s a marked contrast to the wet ground condition. In general,
varlations in strain to Initlation may not be strongly reflected in strain to faliure. The limited
resuits of other investigations wera found to support the findings of this study.

TABLE 1 — Chemical Composition of 304 Stainless Steel

No. c Co Cr Cu Mn Mo NI P S Sl
78 0.076 0.13 1862 0.20 1.75 0.24 8.32 0.021 0.025 0.58
114 0.07 0.12 18.38 0.18 1.68 0.22 8.6 0.025 0.017 0.60
116 0.051 0.26 18.8 0.25 1.7 0.23 9.5 0.028 0.013 0.48
Introduction specimen was secured and exited at the upper portion of the

, Susceptibllity to streas corrosion cracking (SCC) of stalnless
: slesls and related materials in high ternperature pure water en-

(YR

vironments have led to the widaspread invastigation of the
chemical, metallurgical, and mechanical factors which con-
tribute to SCC susceptibility. Many of these studles have
tesulted from Intergranuiar atress corrosion cracking failures

- of stainless steel piping in the recircuiation lines of boiling
- water reactors.? Numerous investigations® have employed

tonstant extension rate techniques using smooth tensile
Wpecimens as an accelerated yet accurate and consistent
Measure of susceptibllity. Additionally, constant extension

© fate testing (CERT) usually acts to promota crack initiation.43
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The object of this Investigation is to provide some under-
Manding of the Initiation process in constant extension rate
testing, and to determine the effects on crack initiation of the
environment (oxygenitamperature combinations), the surface
?’"‘““0“ (wet ground and shot peened), and heat treatment
Uurnace sensitization and two welded pius low temperature
Wnsitization (LTS) conditions).

Experimental
Constant extension rate tests were performed on Instron
ﬂ:gzlt‘ 131 or 1125 tenslle machines. Influent water was chan-
M:ﬂ’le bottom of the coripression tube within which the

compression tube to the remaining volume of the autoclave.
This helped to ensure that the oxygen concentration exper-
ienced by the specimen was close to the Inlet value. Oxygen
concentration in the deionized water (conductivity <0.2
micromhos/cm) was controlied by continuous bubbling of the
appropriate argonjoxygen mixture. A flow rate of 20 cc/minute
at 10.3 MPa (1500 psi) was maintained through the ana liter
Type 316 stainless stesl autoclaves, with the solution
preheated by a coaxial heat exchanger. Analytical facllities for
pH {Beckman Model 9408), conductlivity (Beckman Salumeter),
and dissolved. oxygen concentration (Beckman Models 7001
and 7002) were used on influent and effluent Lines, and were
regularly verified using colorimetric techniques. A similar
gystem Is described in more detall in Raference 5.

Type 304 stainless stesl was used in this investigation,
and the compositions are presented in Table 1 along with the
experiment identification number. Spacimens for experiment
numbers 78 (heat C-17882) and 114 (heat 48888) were solution
annealed at 1100 C for 30 minutas and water quenched. They
were then centerless, wet ground (using a 100 grit wheel} to
6.35 mm diameter by 38 mm gage length (Figure 1), ancapsu-
lated in quartz tubes evacuated to 10~ torr, and furnace sen-
sitized to 800 C for 24 hours. The gage section of specimens
for experiment number 114 waere then shot peened with size
550 ceramic shot at 0.012 intensity to provide a hardened sur-

'Submltterm face layer. This hardened layer fails mechanically at ~ 2%
1987, or publication May, 1981, revised September, strain, resulting In shear cracks of ~ 50 micron depth. This ap-
'Corpor.te R proach has been used to diminish the time required for crack
tric o esearch and Development Center, General Elec- initiation,? as well as to simuiate conditions which occur when
mpany, Schenectady, New York. welds are ground severely.
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FIGURE 1 — Schematic of test specimen. Dimensions in
inches.

Specimaens for experiment number 116 (heat THB656) were
machined from a 254 mm diameter pipe weld so that the weld
was centered in the gage section. The final machining step in-
volved wet, centerless grinding. Specimens wers encapsulated
in quartz tubes evacuated to 10~ 8 torr and heat treated either
at 500 C for 24 hours or 400 C for 10 days.

Specimens were tested under thrae oxygen/tempaerature
congitions: (1) 1.8 ppm oxygen and 125 C; (2) 0.2 ppm oxygen
and 200 C; and (3) 0.2 ppm oxygen and 288 C. Most of the tests
were conducted at a nominal strain rate of 2 x 10~ 3 minute -1,
although some were conducted at 1,33 x 10-3 minute 1.

Severai techniques for monitoring crack initiation were in-
vestigated. Sophisticated acoustic emission equipment
(Dunegan-Endevco Model 3000 series system, including
models 302A, 303, 402, 502 920, 921, and 922 modules) was
employed ta identity crack Inltiation in-situ, without test inter-
ruption. These attempts involved tests at 288 C in a miniature
autoclave, from which a long rod-type specimen with a reduc-
ed gage section extended. The acoustic emission system
operated successtully at gains In excess of 80 db, yet It was
not capable of detecting the early stages of cracking.

Ultrasonic techniques were also investigated. The grain
slze and acoustic attenuation of the stainless steel prevented
measurements of the required accuracy, especially for very
small flaws in relatively long specimens. Even in a more com-
pact experimantal sample, a flaw depth of 0.5 mm couid not be
congistently detected.

Potential drop techniques were alsc investigated,
although a prefiaw must be introduced on the surface In order
for this technique to perform satisfactorily. It was feit that
crack Initlation from a flawed surface would not adequately
represent the smooth sample behavior.

The technique which was finally employed involved
periodic Interruption of the test and visual (stereoscopic) in-

spection of the sample surface at 20X to 50X. Cracks of
face length 0.5 mm and shorter were consistently dete
anywhere on the surface. Assuming a thumbnail crack -
having the same radius of curvature as the specimen,
would corraspond to a crack penetration of less than 0.03 -
In fact, however, this techriique Is extremely time consyr
and crack detection is limited by the degree of patlence
ticed in the selection and implementation. of the interryp =
interval. Evidence of cracking cbtainaed by visual examing - -
of the surfaca was often ¢onfirmed by metaliographic exa
ation.

Tests ware interrupted by slowly unloading the spec;
and cooling the autoclave. Continuation of the test occurre
the reverse order, with specimans preloaded to approximz -
90% of the load on interruption. Measurements of “mac
strain” (crosshead speed times tima) and specimen reduc
in area and elongation were made at each interruption,
the lattar used in this repoit, .

Most samples werae interrupted many times until initlg
was observed. To ensure that the unioading and reioac
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FIGURE 2 — Estimate of oxygen temparatuie combins
tions giving SCC of sensitized 304 atainless steel In high
purity water. Superscript numbars denote avarage orack
propagation rate in cwisecond (x107) and line denotes
best estimate (with shaded area baing uncertainty Ir
isovelocity line for 2 x 10~® cm/sscond). Data obtainec
in constant extension rate tests on shot pssned specl
mens sensitized at 800 C for 24 hours, strained at 2.1 x
10-7 second ~ 1. From Reference 5.

TABLE 2 — Summary of Test Conditions

Test Heat Surface Straln
Temparature Specimen Treatment Condltion Rate Min-'
78AJ,K 600 C/24 hours AM 2 x 10-8
288 C 114BW,X,2 800 C/24 hours sP 1.33 x 10-%
(0.2ppm O,) 116A13 500 C/24 hours AM 2 x 105
116A15 400 C/10d AM 2 x 10-3
200 C 78AT,U 800 C/24 hours AM 2 x 10-5
(0.2 ppm Q) 116A10,12 500 C/24 haurs AM 2 x 10-5
116A14 400 C/10d AM 2 x10-3
126 C 78AC,D,H 800 C/24 hours AM 1.33 x 105
(1.8 ppm Oy 11488, T,UV 600 C/24 hours SP 133 x 105

AM = As-machined {wet ground)
SP = Shot peened

ca falal-1-Tal-1la1 SR N Y 1|



TABLE 3 — Summary of Results of Test Interruption

Initiation Estimate

Test %€ %e Crack
Temperature Specimen No Crack Crack Sizel! Y€ % of Life

78AJ,K 22 3.5 small 3 20
114BW,X,2 —_ 4.7 small 4 15
288 C 116A13 38 5.9 small 5 30
116A15 7.4 12 large 9 50
78AT,U 7 5.3 small 5 24
200C 116A10,12 5.2 0.8 small ] 40
116A14 27 36 small® 36 99
125 C 78AC,0,H 20 26 small® 25 95
114B8,TUV - 3 med 2 20

()gize range; small < 0.06 mm, medium < 0.2 mm.

@very smail IG crack; ductile failure.

T 1 ) i I 1 i 800
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FIGURE 3 — Stress-strain hehavior of as-machined, sen-
sitized (800 C/24 hour) Type 304 stainless stesl tested
under CERT conditions at 288 C at 0.2 ppm oxygen. Ar.
rows and accompanying photographs show the Initia-
tion of cracking.

method inherent in test interruption did not strongly Influence
crack Initlation, some additional specimens were tested and
Interrupted only once to confirm the results obtained by
repeatas intarruption. The resuits of these latter tests always
asgreed closely with the previous data. Determination of the
probable time to Initiation between observations was based on
experlence and the size of the first cracks observed. Accuracy
of the rasulits is limited by the Interruption Interval empioyed,
specimen and test variations, and the statistical nature of the
Initiatlon process, Nonetheless, agreement between duplicate

experiments was within approximately £ 20% ot the strain to
Initiation,

Results and Discussion

ChoiA summary of the tast conditions is shown in Table 2. The
o ::e of the oxygen/temperature combinations which were
prep oyed In this investigation were gulded by the conditions
u“sent during a normal BWR start up. At 200 and 288 C, the
mea of 0.2 ppm oxygen is In keeping with reactor
ehe I:uraments. At 126 C, the water chemistry in a BWR Is
fasm?lng quita rapidly, and hydrogen peroxide is present as a
choi of the radiolytic combination of oxygen and water. The

ce of the 1.8 ppm oxygen concentration was based on

Vol. 38, No. 1, January, 1982
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FIGURE 4 — Stress-strain behavior of shot peensd, sen-
sitized (800 C/24 hour) Type 304 stainiess sieel tested
under CERT conditions at 288 C at 0.2 ppm oxygen. Ar-
rows and accompanying photographs show the Initla.
tlon of cracking.

work® which has shown that this concentration of oxygen
represents a peak In crack growth rate (Figure 2).

The strain to crack Initiation and its fraction of the failure
strain as measured by interrupted CERT tests are summarized
in Table 3. Selected stress-strain behavior is shown in Figures
3 through 8 for the three temperatures studied. Representa.
tive photographs showing initiating cracks are overlayed with
arrows to identify the strain at which the test was interrupted
and the photographs taken, Test interruption and stereoscopic
axamination often occurred at more frequent Intervals than
are Indicated in these figures. Complete documentation of the
development of cracking was not done in all cases. The Initial
avidence of cracking was confirmed during subsequent inter-
ruptions to ensure that crack initiation had been properly iden-
tified and that cracks continued to propagate. This practice
also demonstrated that, for shot peened samples, mechanical
shear cracks which formed on initial straining (at a level of
several percent strain) did not result In immediate intergran-
ular propagation. Thus, it is not generally accurate to compute
average crack propagation rates based on the strain required
to initiate shear cracks in the shot peened layer. A similar
phenomenon was not observed in the other types of
specimens examined in this study, where cracks continued to
grow once initiated.
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FIGURE 5 — Stress-strain behavior of as-machined, sen-
sltized (800 C/24 hour) Type 304 stainless steel tested
under CERT conditions at 200 C at 0.2 ppm oxygen. Ar.
rows and accompanying photographs show the Initia-
tion of eracking.
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FIGURE 8 — Stress -strain hehavior of as-machined,
weided and low temperature sensitized (400 C/10 days)
Type 304 stainless steel tested under CERT conditions
at 200 C at 0.2 ppm oxygen. Arrows and accompanying
photographs show the Initiation of cracking.

The effect of ternperature on initiation is shown graphi-
cally in Figure 9. Note that theoxygen concentration at 200 and
288 C was maintained at 0.2 ppm, while at 125 C, it was 1.8
ppm. In all cases, the percentage of iife to initiation increased
as temperature dacreased, For the two closed polnts represen-
ting initiation at approximately 100% of life, failure occurred
by ductile rupture, although in both cases there were one or
rhoreé small intergranular cracks outside of the necked region.
At any temperature, the strain to initiation for the various
materials examined also parallels the percentage of life to In-
itiation. Points representing the percentage af life to Initiation
are used as a basis for the curves, primarily since this helps to
normalize any test-tc-test and sample-to-sample variations.

This data compares well with that of Staehle, et a/® who
have conducted limited interrupted CERT testing on sensitized
Type 304 stainless steel at a strain rate of 10 -8 second - 6 x
103 minute—") and at a dissolved oxygen concentration of 8
Ppm. In one test conducted at 250 C, no cracking was observed
at 2% strain, while intergranular cracks of medium size (~1
mm surface length) were observed at 9% strain. Strain to
failure was not reported, but is estimated to be 20% based on
the data of this and other? studies. In another test® conducted
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FIGURE 7 — Strass-sirain hehavior of as-machined, 5
sitized (800 C/24 hours) Type 304 stainless steel tes
under CERT conditions at 125 C at 1.8 ppm oxygen.
tows and accompanying photographs show the In: .
tion of cracking.
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FIGURE 8 — Streas-strain hehavior of shot psenad, se:
sitized (800 C/24 hours) Type 304 stainiess stesl taste
under CERT conditions at 125 C at 1.8 ppm oxygen. A
rows and accompanying photographs show the Initialo
of cracking.

at 121 C, no cracking was observad at 12% strain, whil:
tergranular cracks were observed at 23% straln. Stra
failure vaiues listed varied widely at 33% and 49%. Since
33% value is similar to the strain to tailure measured in thi
vastigation, it will be used below. .
Assuming that at 250 C, the initiation reportec
Reference 6 occurred at (approximately) 7%, then initlatior
curred at 35% of life. At 121 C, Initiation occurred at (app:
mately) 20%, indicating that initlation takes place at 60° -
life. The 250 C result compares favorably with (although s-
what higher than) the results obtained In this investigatio-
121 C, the trend is toward a higher value, and is generali
keeping with the findings of this work, At this low
termperature, there Is a high degres of sensitivity to sur
condition, as will be discussed. The surface condition was
specified in Refarence 8, and may readily have been a
susceptible condition than the wet ground condition use
this investigation, although it was less susceptible than
shot peened condition. )
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FIGURE 9 — The etfect of temperature on crack Initla-
tion showing that initlation occurs at lower atrains and
percentages of life at higher temperstures. Note that the
oxygen concentration changes from 0.2 ppm tor the
tests at 200 and 288 C 10 1.8 ppm for the 125 C tests.
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The effect of surface condition is shown in Figure 10,
Comparing the two typas of samples sensitized at 800 C for 24
hours, it can be seen that, at 288 C, shot peening only mildly
accelerates initiation over the as-machined (wet ground) sur-
face {Figures 9@ and 10). However, at 125 G, the differencein
straln to initiation is dramatic, with the as-machined sample
{(wet ground surface) being aimost completely resistant to
crack Initiation, and the shot peened sampie exhibiting crack
initiation at nearly the same percentage of lifeaswas observed
at 288 C. Clearly, at lower temperatures, shot peening greatly
acceleratas crack inltlation, presumably as a result of the sur-
tace “precracks” which form as the hardened surface layer is
strained.

Notethat thedetermination of crack initiation in this study
was basad on growth of Intergranular cracking as determined
by surface examination and confirmed by metallographic
cross section. The appearance of smail mechanical shear
cracks has been shown to occur at low strains on shot peened
surfaces,? although growth of Intergranular cracks was not
observed in this study untli later in life. Nonpropagating stress
corrosion cracks have been discussed by Parkins® and Ford,'°
although In both Instances, lcading conditions {e.g., constant
load) or alloy environment system are differant In response
than the system under study. For example, Ford'® has shown
that when carbon or low alloy steels are tested in high
temperature water at low frequency or constant load, corro-
sion products prevent solution access to the crack tip and
cracks cease to propagate. Ford'! has also shown that this
will not occur In sensitized stainless steel under similar condi-
tions and that the conditions used In this study are conducive
to stable crack growth.

The degree of sensitization also effects the strain to In-
itiation, and Figure 11 presents the results on an arbitrary
scale of dagree of sensitization, although other workers’ have
shown that this general trend In sensitization is observed
using the standard ASTM measures of sensitization. It is im-
portant to recognize that the specimens sensitized at 500 and
400 C were machined from welded 254 mm diameter pipe, and.
that these heat treatments {known as low temperature sen-
sitization? enhance sensitization by accelerating the diffu-
sien of chromlum to preexisting carbides. If carbide "‘sseding”
had not oceurred as a result of welding, heat treatments of this
duration would result In no observabla increase in aansitiza-
tion over the solution annealed conditlon. Previous work” has
also shown that strain to failure in CERT indicates that the 500
C/24 hour heat treatment is more severe than the 400 C/10 day
treatment. Crack initiation and failure always occurred In the
heat affected zone.

Figure 11 shows that strain to initlation increases mono-
tonically with decreasing tempaerature of heat treatment. In
agreement with previous results on tha effects of surface con-
dition, variations in degree of sensitization are iess significant
at 288 C than at lower temperatures, As the temperature of
heat treatment Is lowered, the concentration of chromium In
thermodynamic equllibrium with the chromium in the MaCq
carbide decreases; that is, the “tevel”” of chromlum deplation
increases. However, at the same time, the width of the
depleted region becomes narrower as a result of the steeper
diffusion gradient which develcps at lower temperatures, This
has heen exarnined experimentaily and theoretically in Ref-
arence 7. It would seem, therefore, that in the temperature
range examined, initlation of cracking is more sensitive to the
width of chromium depleted region (for axample, the width at
which the chrormium concentration is below 12%) than it Is to
the depth of the concentration trough. Presumably, the deep,
narrow trough formed at 400 C after a 10 day heat treatment Is
too narrow to be fully “visible™ to the 200 or 268 C test environ-

ment,
The strain to initiation does not influence the straln to

faiilure in an additive fashion. For example. at 288 C, there is a
ditference in strain to initiation of 6% between samples 78J,K
(600 Cr24 hours)and 116A16 (400 C/10 days). However thestrain
to failure ditfers only about 3%, an indicatlon that crack pro-
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pagation occurs more rapidly at the higher stresses/strains
present in the latter sample.

The effects of heat-to-heat variability have not baen exam-
ined for the three heats empioyed in this study. Variation in IG-
SCC susceptibllity betwseen 13 heats of Type 304 stainless
steel tested in CERT was reported by Clarke, et a/.'® However,
their tests were conducted on ailoys ranging in carbon content
from 0.040% to 0.070% and wera testad in the as-raceived (mill
annealed) conditions and following a low termperature sensiti-
zatlon (LTS) treatment at 500 C for 24 hours, A wide variation
exists In the microstructure as a result of “'mill annealing”,
and this can be magnified by the LTS treatment, during which
no new carbides nucleate and increased sensitization occurs
only as a result of carbide growth. By contrast, in this in-
vastigation two of the alloys ware very similar in composition
and were tested In the furnace annealed condition followed by
a 800 C heat treatment for 24 hours. The third alloy was sen-
sitized by welding followed by LTS. These heat treatments
yield a far more consistent and predictable degree of sen-
sitization than the mill annealed condition. Additionally, heat-
to-heat variations would be expected to affect tests at lower
ternperatures more than at higher temperatures,’ and,
therefore, teats on the welded + LTS material (#116) were
limited to 200 and 288 C. Any remaining effects of heat-to-heat
variation were minimized by normalizing the observed
behavior using a life-to-Initiation paramater.

Very little quantitative work has been published on crack
Initiation In CERT with which to compare the results of this in-
vestigation. Several workers have made qualitative determina-
tlons of crack Initlation. Povich® conducted CERT studies on
stainiess steels In high temperature water and found that shot
peening promotes susceptibility to IGSCC of furnace sensi-
tized Type 304, hypothesizing that Initiation at reiatively low
leveis of strain during the test may account for the detrimental
effects of peening, a supposition which is clearly supported in
this study.

Matsushima, et a/,'® studied the effect of surface prepara-
tion on the.initiation of SCC in 300 C water containing 800 ppm
chioride, apparently under constant load conditions. They
made the qualitative determination that Initiation occurred
more readlly on mechanicaily polished surfaces than on
chemically or electrochemically polished surfaces, They pro-
posad that the surface condition atfects Initiation through its
Influence on the surface tlim established during polishing.
They observed that the oxide fiims grown in high temperature
water on the chemically or electrochemically polished
specimens were dense and adherent, in contrast to the porous
and nonadharent oxide on mechatically polished specimens.

Solomon has also observed the beneficial effects of elec-
tropollshing in CERT tests.’® The selactropolished surfaces
failed at higher strains and usuaily resulted in the formation of
only a single crack, in contrast to mechanically polished
samples where many cracks formed along the gage section.

Andrasen, et a/,'" have observed crack Initiation In an-
neaied and sensitized 304 stainless steel in water containing
100 ppm chloride at temperatures from 150 to 280 C. They
found that transgranular cracking Initlated from pits which
developed at potentials above a threshold value for anneailed
materlal. Above the yleld stress, there was essentially no ef-
fect of strain rate, with initiation time in constant ioad and
CERT tests being similar. However, Initiation In sensitized
material was not associated with pitting and, in the chioride
environment, occurred readlly at stresses as iow as half of the
yleld stress and at potentials substantlally below the
threshold value for annealed material.

Conclusions
1. The condition of the specimen surface plays an impor-
tant role In Iinfluencing crack initiation behavior in Type 304
stainless steel. Shot peening (and presumably any treat-
ment which inflicts heavy cold work on the sample surfaca)
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promotes  crack initiation. Intergranular siress corrog
cracking proceeds from mechanical shear cracks in the g
peened surtace at low percentages of life, although initiat
of IGSCC does not immediately follow the appearance of :
shear cracks.

2. The degree of sensitization. affects crack initiatj, ..
both in terms of strain to initiation and percentage of lifetg -
itiation. Crack initlation is apparentiy infiuenced by the wic
{at a given concentration) of the chromium delsted zone m,
than the minimum concentration of chromium,

3. CERT tests tend ta becoma initiation limitad as
severity of the environment (temperature) and/or mate
(degree of sensitization, surface condition) decreases.

4. The effect of increasing temperature is to dramaticg
reduce the strain to initiation, particularly for the m¢
marginal conditlons of lower degrees of sensitization and e
susceptible surface conditions. ,

5. The resuits of this investigation are in general agre
mant with the limited data available in the litarature,
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Discussion

Comparative Corrosion Tests on
Steel Plates Rolled from Continuously Cast
Slabs and Rolled from Mold Cast Ingots*

“ne following is a discussion of the paper entitled "“Com-
sarative Corrosion Tests on Steel Plates Rolled from Continu-
susly Cas* Stabs and Rolled from Mold Cast Ingots,” by Ake
Josetsscn and Kaarina Lounarmaa, published in Corrosion,
Jol. 37. p. 279 (1981) May.

DISCUSSION by G. Wranglen, Royal Institute of Technology,
Dept. of Applied Electrochemistry and Corrosion Science,
Stockholm 70, Sweden.

in the abova paper, it is shown that continuously cast steel
CCS), “reheated according to normal routine,” (A) does not
zorrode faster, and (B) does not contain a higher relative fre-
Juency o active sulfides, as revealed by the microcorresion
‘es1 (MCT), than ingot cast steel (ICS).

Although Josefsson and Lounaraa take pains to quote
*wo early and preliminary accounts by this writer of the widely
wnown Soviet ice-breaker case, where the heat affected zone
'HAZ) in CCS on one side of the welds did corrode rapidiy
ahereas the HAZ in ICS on the other side of the same welds
¢ not corrode at all, they fail to mention that in a more de-
‘ailed study, presented in 1971 and published in 19741 |
*eached the same conclusions {A) and (B), stated above, which
‘:;;_;ggn repeated in a paper presented in 1974 and published
. s

Generally speaking, MnS inclusions in carbon steel have
::ee_n shown to initiate: (a) Surface rusting of polished steel,
#fich may be mitigated by removal of surtace sulfides by acid
Sckling® or by adding Ce, forming sparingly soiuble Ce-
f“?ulfides;“ and (b} various forms of localized attack such as
#Ming in both acid® and neutral® solutions, weld corrosion,’
Tydrogen®10 ang stress corrosion cracking,’®!" and corrosion
"hgue..‘z

In these respects, some Mn$S inclusions are more active
nd hence induce attack more rapidly than others.

On the other hand, it has been known for 50 years that the
Seneral corrosion of carban steel during extended exposure in
mﬂwater is under cathodic control anq therefore not in-
Naluced by minor variations in composition and structure.
o rally, this also applies to slag inclusions. It is equally well
Sifo:n’ however, that localized corrosion in or aiong welds is

gly dependent upon both composition and structure.’ It,

fetore, does not seem justified, from tests relating to

: e
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general corrosion in water, to state that the MCT is “entirely
devoid of prognostic value as a criterion for corrosion resist-
ance,” particularly since several other authors” 112 have
found the MCT to be relevant in explaining various forms of
localized corrosion. Indeed, in one investigation,” intense cor-
rosion of the HAZ in 3% NaCl could be predicted by the MCT
but not with polarization curves.

Recently, the MCT, by using dry instead of wet polish-
ing,’® has been extended to water soluble sulfides, such as
CaS and Mg$S, which have been found to strongly accelarate
the corrosion of both carbon'* and stainless steel,'s as well as
of nodular cast iron. "
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REPLY by Ake Josefsson, Svenskt Stal AB, Borlange, Sweden
and Kaarina Lounamaa, Rautaruukki Oy Helsingki, Finland.

Thanking Professor Wranglén for his discussion, we apologize
for nat having noted the modifying statements in his later pub-
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