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INTRODUCTION

Stress corrosion is an accelerated form of deterior-

ation resulting from the combined action of stresses and a

corroding medium. The term stress corrosion implies a

greater deterioration in the mechanical properties of the

material through the simultaneous action of a tensile

stress and exposure to corrosive environment than would

occur by the separate, but additive, action of these

agencies.(1) The stress required to produce stress corrosion

is often referred to as a “static stress.“ The term "static

stress" is not necessarily correct since stress corrosion

can also be produced by cyclic stresses arising from

mechanical or thermal sources.

Stress-corrosion cracking, the limiting case of stress

corrosion, may be defined as the spontaneous cracking that

may result from the combined effects of stress and c0rrosion.(2)

It is important to differentiate clearly between stress-

corrosion cracking and stress-accelerated corrosion, since

these terms are sometimes confused.

The latter case is one in which structural corrosion is

intense in the absence of stress.(2) Corrosion is accelerated

when locally strained areas resulting from stress become

anodic because of the high strain energy produced. The function
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of the effective stress, in addition to producing high

strain energy, is simply to rupture the corrosion-weakened

or embrittled material and thereby facilitate the pene-

tratlon of the corrosive medium. Penetration then proceeds

until the volume of metal remaining is insufficient to

support the applied load and mechanical rupture follows

or perforation occurs. When stress-accelerated corrosion

occurs there is a contlnuous weakening of the load-bearing

capaclty of the material which is directly proportional

to the extent of the corrosion damags.(2)

The term stress corrosion, or more appropriately stress-

corrosion cracking, should be limited to cases in which no

slgnificant corrosion damage occurs in the absence of stress.

Stress—corros1on cracking is a true case of interaction

between electrochemical reaction and mechanical forces which

produces brittle fracture in an otherwise ductile material.

Environments in which cracking occurs are those in which
A

corrosion is highly localized, usually without appreciable

general surface corrosion. There is some indication that the

initial corroslve attack occurs even in the absence of stress,

although this attack may be quite superflcial. It appears

that a presusceptibility to selectlve localized corrosion

may be a necessary condition for the development of the

stress—corros1on cracking process.
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In order for stress-corrosion cracking to occur, tensile

stress must be present. The stress may be applied or

residual but it 1s always a tensile stress. Structural

surface failures are generally attributed to the presence

of residual stresses resulting from fahrication and assembly

methods, but for the purposes of this investigation no basic

_ distinction need be made between residual stresses or

stresses produced by an applied load.

Much of the work performed on the stress-corrosion

cracking of austenitic stainle=s steels has employed 42%

magnesium chloride boiling at atmospheric pressure as a

corroding medium. Results have been expressed in various

ways, but in most cases they have been considered as a
“go"

or a
“no·go“

test. That is: if cracking were observed the

material being tested was considered to be susceptible

while if no cracking were observed the material was not

considered to be susceptible. Recently, some measure of

susceptibility has been dbtained by determining the time

to failure. Such a test requires that a method be estab-

lished whereby the rupture time can be determined, such

as the method used to determine the time to fracture for

a static tensile specimen.
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For the purposes of this investigation, a different

approach was adopted to study the susceptibility of

austenitic stainless steels to cracking. If it is assumed

that stress-corrosion cracking is composed of (l) crack

nucleation, and (2) crack propagation, it would appear

desirable to devise a method whereby these two effects

may be studied. Consequently, this investigation was

undertaken with the principal objectives as follows:

l. To determine the effect of one environmental

variable on the time for crack nucleation.

2. To determine the effect on one environmental

variable on the rate of crack propagation.

For this purpose, the environmental variable selected

was the concentration of magnesium chloride in the

corroding medium.
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REVIEW OF LITERATURE

It is a well established fact that austenitic stainless

steels are susceptible to attack by aqueous solutions which

are high in chloride concentration. In most cases where

pitting does not occur, the attack takes the fcrm of stress-

corrosion cracking. It has even been observed in industrial

waters containing as little as 12 ppm. of chlorides although

in such cases there has always existed a mechanism by which

localized concentration could occur. There have been many

theories proposed in an attempt to account for this type of

attack. To date, no satisfactcry explanation has been

offered which will explain all known facts and observations.

The first major ccntribution to an understanding of

stress-corrosion cracking was made by Dix and his associates

in 1944 on their work with aluminum alloys.(3) Their experi-

ments pointed out the basic electrochemical nature of stress-

corrosion cracking. They also outlined a generalized

mechanism which indicated that total failure can occur only

when mechanical forces are involved as well as the electro-

chemical phenomena.

Since that time the general picture of the cracking

process has not been changed appreciably.
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Many papers have been published on the stress corrosion of

various materials, but until lately very little original

work has been done in this field. Activity in this field

increased when failures began to occur in heat exchangers

for nuclear power plants when their components were con-

structed of austenitic stainless steel.

A generalized mechanism which incorporates and explains

the characteristics of stress-corrosion cracking would aid

metallurgists, design engineers and operating engineers in

their efforts to avoid such failures. Such a mechanism

should be applicable to all metal systems and still be

sufficiently flexible to account for the conditions that

are peculiar to individual failures.

The stability of the austenite in stainless steel is

largely dependent upon the nickel, nitrogen, manganese,

and carbon content. In the lower alloy grades, such as the

18-8 and related compositions, it has been demonstrated

that some of the austenite can transform into pseudo-

martensite plates as the result of cold ork. It has been

suggested that these pseudo-martensite plates are anodic

and provide a path of easy corrosion.(4) This theory has

been criticized on the basis that stress-corrosion cracking

occurs even in alloy systems where no martensite—1ike

plates can form.(5’6)
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It has also been demonstrated that stress-corrosion cracking

occurs at temperatures too high for martensite to exist.

However, this theory should not be entirely dismissed,

since when the pseudo—martensite phase is present, stress

corrosion is very rapid. It should be noted, however,

that in the presence of large quantities of martensite,

stress corrosion does not occur.

It is most difficult to be certain of the structural

characteristics of these paths of easy corrosion and why

they corrode preferentially. For example, intercrystalline

corrosion is often observed in sensitized stainless steels.

Here the path of easy corrosion is caused by chromium

depletion in localized areas, resulting from carbides being

precipitated in the grain boundaries.(7) Chlorides do not

generally cause intercrystalline corrosion unless oxidizing

agents are present, but often cause transcrystalline stress•

corrosion cracking if they can find a path of easy corrosion

across the grain boundaries.(¢)

It is thought by some that stress corrosion does not

occur in pure metals but only in alloys. Graf(9) has

postulated the two following rules for the occurrence of

the various types of cracking:
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l. Intercrystalline cracks occur in the agents that

react with the less noble component of the alloy, while

the more noble component remains completely passive.

2. Transcrystalline cracks occur only in the agents

that corrode the more noble component of the alloys as

well as the less noble, or can, at least, ionize it tran-

siently during the decomposition of the =olid solution

lattice. Therefore, the higher the electrochemical

potential of the more noble component of an alloy, the

less likely transcrystalline cracks are to occur.

The main function of stress in the cracking process

has not been fully resolved. The film rupture theory has

certain merit. According to this theory, the main function

of stress is to rupture surface films without tearing the

metal. The accelerated penetration and crack propagation

then proceeds by a type of attack which is primarily

electrochemical in nature.(l0) While it is highly possible

that film rupture, if it does occur, can play an important

part in the cracking process, there is insufficient

evidence to indicate films do rupture as a general rule.

”
s The brittle cracking process itself is not well under-

stood. It seems doubtful that the corrosive attack by
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itself can be the cause of soe of the more rapid rates

of cracking observed in stress corrosion failures. The

rate and manner by which the cracks extend, the brittle
I

character of failure, and other evidence point to the

primary role played by the stress in the mechanical-

electrochemical reaction. It seems probable that the

combined effects of stress and corrosion mutually trigger

a deformation process that results in the production of

brittle failure.(2)

Stress—corros1on cracks tend to propagate in a plane

normal to the effective tensile stress. As previously

indicated, these cracks may take an intergranular or a

transgranular path, and on some occasions, a combination

of both. It has been demonstrated that crack propagation

is a discontinuous process.(12'13) In effect, this means

that a material undergoes a series of abrupt mechanical

fractures which join together.

Recently, Edeleanu proposed a theory for crack

propagation during stress corros1on.(14) According to

this theory, while there may be some acceleration of

corrosion by stress, anodic stressed areas do not con-

tribute significantly to the total crack extension.
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Therefore, this theory does not depend upon stress having a

substantial influence on the rate of cracking at the tip

of a crack. Since cracking is not assumed to be due to pene-

tration caused by corrosion, mechanical failure or cleavage

must play a part in the failure. Edeleanu therefore pro-

posed the following mechanism:

(l) Corrosion, for some reason not yet determined, can

assist the initiation of cleavage.

(2) Susceptible alloys are such that cleavage cracks

once initiated can penetrate into sound material for an appre-

ciable distance before halting.

(3) The process is a repetitive one which includes a

relatively slow electrochemical stage and a rapid mechanical

stage.

There is apparently no true minimum or threshold stress

for a specified alloy, above which stress-corrosion cracking

may occur and below which it will never occur. Even the

apparent threshold stress below which stress-corrosion cracking

will occur only after a very long period is markedly influenced

by the heat and mechanical treatment of the particular alloy

being considered. Since it is impossible to estimate accurately

the residual stress existing in a material, any attempt to define

the threshold stress can lead only to confusion.
(15)
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It is obvious that many variables, exclusive of the

stress level and the corrosive environment, affect the

susceptibility of a given material to stress—corrosion

cracking. The composition of the alloy under consideration

is of prime importance. It is known that the addition of

nickel to austenitic stainless steels decreases the tendency

for cracking to occur.(l6) Inconel, although not considered

to be a stainless steel, contains approximately 73% nickel

and appears to be completely resistent to stress•corrosion

cracking in boiling magnesium chloride. It should be noted

here that inconel can be susceptible to stress corrosion in

some other environment, since in theory any alloy can be

made to crack by the stress•corrosion process provided the

stress level and corrosive medium are favorable.

Oxygen is an important factor in the acceleration of

stress corrosion of stainless steels in certain media.

Although the role of oxygen is not completely understood,

there is a strong indication that some oxygen is necessary

for stress corrosion to occur. This amount is small and

will vary with the alloy and with test conditions.(l7)

Any successful theory of stress-corrosion cracking in

metals must explain why the combined action of stress and
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chemical environment can lead to an apparently brittle

fracture in a material which is otherwise considered to be

ductile. Moreover, it must explain why the phencmenon is

observed only in certain classes of alloys tested under

chemical environments of a highly specific nature. A

successful mechanlsm for the stress-corrosion cracking of

austenitic stainless steels should account for the bene-

ficial effects of nickel.

Although no mechanism to date accounts for all of the

variables observed in stress-corrosion cracking, Harwood(2)

has proposed an electrochemical-mechanical mechanism which

encopasses partially or completely much of the overall

picture. His theory for the most probable process by which

stress-corrosion cracking might occur is as follows:

l. Localized electrochemical corrosion occurs along

narrow paths producing trench-like fissures. It is most

probable that the advancing edges of these fissures have

, extremely sharp radii of curvature, possibly of atomic

dimensions. More than one such crevice may be produced,

but one usually sharpens to a greater extent than the others.

2. As the fissure grws deeper and sharper a stress

concentration is developed at its tip. At a sufficiently
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high stress, lccalized plastic deformation occurs at the

tip of the fissure. This deformation, which is limited

to the region ahead of the apex of the notch, initiates

a hrittle crack.

3. Depending on the geometry of the specimen, rigidity

of the loading fixture, test conditions, and certain energy

ccnditions inherent in the brittle crack propagation, a

‘
crack may propagate through the entire specimen, causing

instantaneous failure or it may stop after progressing some

„ finite distance.

4. Mechanical extension of the crevice exposes clean

metallic surfaces, and corrosive agent is immediately drawn

into the crack by capillary action. A period of rapid

corrosion then follcws. 1It may well be that this stage of

rapid corrosion aids in the penetration of the crack, but

lateral corrosion will also cccur, resulting in branching

at each point of arrest. It seems reasonable to believe

that the major factor in penetration of a crack is the result

of mechanical action rather than electrochemical attack.

5. Acceleration of the corrosion rate, as a result of

exposure of unfilmed metal surfaces to a corroding environment,
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rapidly decreases owing to polarization and reformation of

films, caused by electrolyte concentration changes at the
‘

narrow tip of an arrested crack.

6. Conditions similar to stage l now prevail again,

and slow localized corrosion continues until a sufficiently

high stress concentration is produced which initiates

deformation and crack formation. The entire cycle of events

is repeated until failure occurs because of crack propagation,

or the reduction of the load-bearing cross-sectional area.

This mechanism consists of two essential stages——a

period of localized electrochemical attack followed by a

relatively rapid mechanical cracking stage. This general

picture of the cracking process has been substantiated by

Edeleanu,(14) Leu and
He11e,(l8) Fontana,(l9) and others.

Fontana has suggested that the mechanism of crack initi-

ation is closely associated with the adsorption of chloride

ions on the surface at breaks in the protective film. He

has also taken a motion picture of stress·corrosion cracking

of a magnesium base alloy which shows that crack propa-

gation occurs in short periodic bursts.

Nielsen further substantiated the theory that cracking

occurs in periodic bursts rather than cataclysmically.(2o)
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By attaching a microphone to a specimen of stainless steel

which was undergoing stress—corrosion cracking, he actually

recorded the sounds produced during the cracking process.

At certain periodic intervals, the recording indicated

that the cracking process was very rapid and intense.

° The term susceptibility, as it is presently used, is

far frm an ideal criterion as a measure of stress·

corrosion cracking. Formerly, if a specimen failed or

showed cracking, it was considered susceptible. More

recently, the time to failure has been used as a measure

of susceptibility. Neither of these measures has proved

to be satisfactory. Susceptibility should be redefined

in terms of the time to nucleate the first crack and rate

of crack propagation. If the operator of a stainless

steel heat exchange: could predict even approximately

the time a particular component needed replacement,

failure could be avoided and shut—down time could be

appreciably decreased.
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EXPERIMENTAL PROCEDURE

A. Descriptlon of Apparatus

All specimens used in this investigation were exposed

in a standard corrosion testing apparatus consisting of a

flask equipped with a reflux condenser.

This apparatus permitted exposure at atmospheric

boiling without any sensible change in the composition

of the corrosive medium.

B. Materials and Specimens

The grade of austenitic stainless steel chosen for

this investigation was AISI Type 304. This particular

grade was chosen because a survey of the literature revealed

that AISI 304 was susceptible to stress—corros1on cracking

in a relatively short time and exhiblts a crack pattern

typical of those observed for other grades of austenitic

stainless steels.

Sheet stock of AISI 304, 0.0625 inches thick, was

supplied by the Allegheny Ludlum Steel Corporation. The

heat analysis of this stock is as follows:

Carbon—---——·0.060% Silicon——·-0.540%

Manganese-·——1.66% Chromium--•18.55%

Phosporous---0.035% Nickel—--—-—8.91%

Sulfur——---——O . 14%
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The sheet stock was sheared to a length of 5.0 inches

and a width of 0.625 inches. Each specimen was sheared

from the same piece of sheet stock transversely to the

direction of rolling. After the shearing operation, each

specimen was milled longitudinally to a width of 0.50 inches.

A hole 0.172 inches in diameter was drilled 0.50 inches

from each end of each specimen. Each specimen was then

formed around a steel mandrel 1.0 inch in diameter.

Stainless steel screws were inserted through the drilled

holes and tightened until the inside dimension at the top

of each specimen conforms to the 1.0 inch diameter of the

curved section. This operation produces the typical horse-

shoe shaped specimen, sometimes known as the U-bend specimen.

C. Corrosive Environment

In the preliminary work to develop a suitable corrosive

environment to investigate stress—corrosion cracking, it

was decided that certain properties of the testing solution

were mandatory. These were that all austenitic stainless

alloys under high stress would crack; cracking would be

limited to some time less than 300 hours; the solution

would not attack the surface of the alloy by pitting or

intergranular corrosion; and the solution must be reasonably

stable.(2l)
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Subsequent investigation indicated that magnesium

chloride solution approached the requirements of the

desired testing solution. It was also noted that magnesium

chloride solutions having boiling points below 275OF did

not produce cracking in molybdenum bearing stainless steels.

To produce cracking, the concentration of the magnesium

chloride solution had to be raised to a level where the

boiling point was in the vicinity of 30OOF.(2l)

For the sake of standardizing the test solution, a

concentration of 42 per cent magnesium chloride by weight

, was chosen. The boiling point of this solution is 309OF

at atmospheric pressure.

The initial work during this investigation was confined

to exposure to solutions containing 42 per cent magnesium

_ chloride. This was done by placing a horseshoe shaped

specimen in a 500 gram solution for some predetermined

time. The contents of a 500 gram solution of 42 per cent

magnesium chloride are approximately 448 grams of MgCl2.6H20

and 52 cubic centimeters of demineralized water.
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In order to study the effects of concentration on the

rate of crack propagation, solutions containing 40 and 44

per cent magnesium chloride were also employed. These

tests were also run using a 500 gram solution containing

the appropriate amounts of MgCl2.6H20 and demineralized

water.

D. Metallographic Examination

After each specimen was exposed in the corrosive

environment for some predetermined time, it was thoroughly

washed and dried. Each specimen was then ground on the

100, 240, 320, 400, and 600 mesh grinding papers, polished

on the rough and fine polishing wheels, and etched in aqua

regia (3HCl•1HN03) to reveal the microstructure and crack

pattern. Crack depths were measured microscopically in

microns using a filar eyepiece. The measurements were

recorded and the maximum and average crack depths were

determined. The average crack depth was determined using

the formula

ä = sum of the crack depth.
number of cracks

Several photomicrographs were taken on the research

metallograph to demonstrate the appearance of AISI 304 after

various treatments.
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RESULTS

Data were accumulated for AISI 304 in varying con-

centrations of magnesium chloride to show the feasibility

of measuring the susceptibility of any particular alloy

to stress corrosion in terms of time to crack nucleation

and rate of crack propagation.

The results of crack measurements are shown in

Table I. The data in Table I are expressed graphically

in Figures l through 4. In Figures l, 2, and 3 it will

be noticed that a straight line relationship exists between

maximum crack depth and time of exposure. This relationship

has been expressed as an empirical equation. Figure 4 shows

that as the concentration of the chloride ion increases,

the time to crack nucleation decreases.

(
The photomicrographs (Figures 5 through 9) show that

both transgranular and intergranular cracking occurred.

Figures 5 and 6 of the as-received material show structural

characteristics representative of the material, while

Figures 7 through 9 illustrate cracking representative

for each concentration.

From the figures and the data it will be noted that

there is some scatter for tests run at all concentrations.
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There was some departure from straight line values for the

maximum and mean crack depth curves, particularly at 40

and 44 per cent concentration. In theory, as the time of

exposure increases the number of cracks should increase

or reach some peak value and level off. The decrease

in the number of cracks observed in certain specimens is

not consistent with the overall picture and is a signi-

ficant departure from theoretical behavior.

There were a number of sources of error involved

in this investigation, the two most prominent being non-

uniform bending during the forming of the specimens and

differences in the specimens themselves. The photo-

micrographs of the as-received material show stringers

elongated in the direction of rolling and localized carbide

precipitation. The presence or absence of either of these

constituents may have a substantial influence on the

number of cracks nucleated during exposure.

The necessary procedure of experimentation employed

for this investigation may also partially account for

some of the scatter observed in the data. This procedure

does not permit following the cracks in any given specimen
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during the test because each specimen must be removed from

the exposure medium at some predetermined time for micro-

scopic examination. Once removed, a specimen cannot be

replaced in the corroding medium and expected to follow

its original crack pattern. The factors previously

mentioned, coupled with other sources of error such as

possible aging over a prolonged period of time and non-

uniform surface conditions may well account for much of

the scatter observed in the data.
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DISCUSSION OF RESULTS

It is evident from the tables and figures presented

in this thesis that a definite time for crack nucleation

does exist. This threshold time can be expected to vary

with test conditions, concentration of the corrosive

environment, and the effective tensile stress level.

Of the two curves plotted for each concentration in

Figures l, 2, and 3 (maximum crack depth and mean crack

depth), the maximum crack depth curve is the more signi-

ficant. The deepest crack in any specimen will be the

one which ultimately causes failure. The mean crack

depth measures not only the cracks which are nucleated

first but also those which are nucleated long after the

cracking process has started. Although the deepest crack

in a specimen is not necessarily nucleated first, it is

obviously nucleated quite early during the cracking process.

It must therefore be assumed that the minimum time to

crack nucleation is located at the point where the extra-

polated section of the maximum crack depth curve intersects

the time abscissa. The curves for the maximum and mean

crack depth curves do not necessarily intersect at the
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same point on the time abscissa because the slope of the

mean crack depth curve will largely be determined by the

number of cracks nucleated.

Figure 4 shows that as the concentration of the

chloride ion in the corroding medium increases, the time

to crack nucleation decreases. This result is substantiated

by the existing theories on the stress-corrosion cracking

of 18-8 austenitic stainless steels.

Of the three concentrations investigated, the specimens

exposed to 42 per cent magnesium chloride more closely

approached an ideal behavior than did the specimens exposed

to 40 and 44 per cent magnesium chloride. It will be noted

that there is little scatter for the points plotted for

specimens exposed to 42 per cent magnesium chloride shown

in Figure 2. The change in slope of the mean crack depth

curve in Figure 2 can be explained by the fact that as

time of exposure increases, one crack tends to get ahead

of the others. This "runaway” crack essentially relieves

the tensile stresses necessary to cause the propagation

of other cracks, and the mean crack depth for specimens

exposed for long periods of time tends to level off.
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It will later be shown that as time of exposure increases,

the rate of crack propagation decreases, indicating that

stress relief occurs.

The specimens exposed to 40 and 44 per cent magnesium

chloride did not behave exactly as those exposed to 42 per

cent magnesium chloride. There is some scatter in the

data and the mean crack depth curves did not level off as

expected. This behavior may be attributed to a difference

in potential between the corroding medium and the stainless

steel specimens. It is also possible that aging may be

responsible to some extent for this behavior, since there

was a considerable time lapse between the time the 42 per

cent specimens were run and the time the 40 and 44 per cent

specimens were run. Nitrides may have precipitated out of

solid solution and produced localized strain aging and a

corresponding increase local stresses.

The straight line relationship that exists between

the maximum crack depth and the time of exposure may be

expressed by the empirical equation Log t = D/M + Log C

where D is the maximum crack depth in microns, t is the

time of exposure, M is a function of the rate of crack

propagation, and C is the time for crack nucleation.
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By rearranging this equation and differentiating with

respect to time the rate of crack propagation may be

determined. The rate of crack propagation is given by

the expression dm/dt = 0.4343 M/t. It may be seen from

this expression that the rate of crack propagation decreases

with time. The terms M and C are constants characteristic

of the conditions of exposure, and are given as followsz

At 40% MgCl2: M = 1687 microns and C = 270 minutes
log time

At 42% MgCl2z M = 962 microns and C = 5.4 minutes
log time

At 44% MgC12: M = 894 micrcns and C = 2.0 minutes
log time

From the photomicrographs it is evident that both

transgranular and intergranular cracking has occurred in

the specimens used for this investigation. Transgranular

cracking is predominant in fully austenitic stainless

steels. However, it may be seen in Figure 6 that carbide

precipitation has occurred at the grain boundaries. These

undissolved carbides are usually thought to be of the form

(CrFe)4C.(22) The precipitation of this carbide from the

austenite leaves the area imediately adjacent to the

grain boundaries depleted in chromium content and con-

sequently anodic with respect to the austenitic grains.
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These anodic areas which are low in chromium content provide

a path of easy corrosion along which intergranular cracking

may proceed.

For the purpose of this investigation, the applied

stress is considered to be the same in each specimen.

Total deformation in any one specimen was essentially

the same as that for any other specimen. No satisfactory

stress analysis for the U—bend specimen has ever been

made although this specimen has been extensively used by

many investigators. It should be noted that the forming

operation caused permanent deformation which far exceeded

the yield strength for AISI 304 (35,000 psi. annealed).

Beyond the yield strength, plastic deformation begins

and the laws of elastic stress and strain no longer apply.

The stresses existing at the root of a crack must

be considered in deducing any theory of crack propagation.

In theory, the root of a pure crack has an infinitely

small radius and an infinitely large curvature. Con-

sequently, the applied stress at the root of a pure crack

will be infinitely large. Obviously, this type of stress

cannot be present at the roots of cracks in specimens
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employed for this investigation or failure would be instan-

taneous. However, it has been suggested that the width

of crack roots can be of atomic dimensions.(2'14'l5)

If this assumption is correct, the stress at the root of

a crack, while not being infinite, will have a stress

concentration factor far in excess of the tensile strength

of the material under consideration. This trend of thought

substantiates the existing theories on stress—corrosion

cracking which promote the idea that the cracking stage

itself is primarily mechanical in nature.
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SUMMARY AND CONCLUSIONS

Experiments have been performed to determine the sus-

ceptibility of AISI 304 to stress·corrosi0n cracking in

I
boiling magnesium chloride solutions in terms of time to

crack nucleation and rate of crack propagation. From

the experiments performed using U-bend specimens the

conclusions of this investigation may be stated as followsz

1. The susceptibility can be measured quantitatively

in terms of time to crack nucleation and rate of crack

propagation. The maximum crack propagation can be expressed

by the empirical equation Log t ¤ D/M + Log C where M and C

are constants characteristic of the conditions of exposure.

2. The constant M, which is a function of the rate

of crack propagation, increases with a decrease in chloride

ion concentration. It can be evaluated by selecting

appropriate values from the curve for maximum crack depth

and substituting in the empirical equation.

3. The constant C also increases with a decrease

in chloride ion concentration. It can be evaluated by

extrapolation of the maximum crack depth curve to the

time abscissa.
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4. The rate of crack propagation has been found to

decrease with time. It may be determined by different-

iating the empirical equation with respect to time.

5. Microscopic examination showed that cracking was

both intergranular and transgranular. There are some

indications that intergranular cracking was more pronounced

at the low concentration of the chloride ion.

6. A definite distinction can be made between mean

crack depth and maximum crack depth. It appears that a

number of cracks become inactive with time. This can

be explained either by stress relief as the result of crack

propagation or by an increase in the cathodic area

surrounding active cracks.

7. The results obtained with these experiments justify

continuation of the work to determine factors affecting

susceptibility in terms of constants M and C.
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ABSTRACT

This thesis presents the work performed to evaluate

the susceptibility of AISI 304 to stress—corrosion cracking

in terms of time to crack nucleation and rate of crack

propagation. U-bend specimens were exposed to magnesium

chloride solutions boiling at atmospheric pressure for

some predetermined time. The concentrations of magnesium

chloride employed were 40, 42, and 44 per cent by weight.

After exposure, specimens were microscopically examined

and crack depths were measured and recorded.

It was found that a straight—line relationship existed

between maximum crack depth and exposure time which may be

expressed by the empirical equation Log t = D/M + Log C.

The constants M and C are characteristic of the conditions of

exposure and increase with a decrease in chloride ion con-

centration. The rate of crack propagation was found to

be inversely proportional to time.

Microscopic examination revealed that cracking was both

transgranular and intergranular. There are indications that

intergranular cracking was more pronounced at the low

concentrations of the chloride ion.

The results obtained justify the continuation of the

work to determine factors affecting susceptibility in

terms of constants M and C.


