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1,0 ABSTRACT

Results from stregs corrosion apd electrochemical. studies are
reaported for Fe-Cr-Ni alloys exposed to BaOH-HuiC sojutions at temperd-
tures below 200°C. Sensitized 30U steinless steel, as compered:to . -
annealed 304 stainlese steel is more prene to SCC, and iz wnsuitable: .
for either ancdie or cathodic protection:, Principal causge of failure -
is intergranuvlar cracking: Cathedic polarization results show that
hydrogen evolution on Fe-Cr-Ni alloys occur at approximetely -1.1 VW
{5CE). Increaze in temperature slightly shifts the hydrogen evolution
potential to less negative valuea., Cathodic kineties, relative to ancdic
kinetics, iz Independent of alley compozition, caustic concentration,
&nd tenmperature,

2.0 CONCLUSIORS -

1. Stress corrosion cracking of sensitized end vacwm annealed 30k
stainless steel was investigated in boiling ceusiic solutions {2¢-80%
WeOH) as a function of applied potentials. Oracking of sensitized speci-
mens occurred in solubions of lower concentrations {304 NaoH) compared
to that of annealed specimens {(&0% WaoH). Senzitized materisl failed
mainly because of indergranular cracking, vheress, in the case of
armealed material the principal cauze was Stransgrenular crecking. Cor-
rosion potentials were lowered with sensitization, and an inerease in
amodic dissolution kinetics was observed., Posslble reasons for such
behaviors are, a} incressed anodic -.::hmcter of chromium carbide enriched
grain boundaries resulting from sensitizetion; b) decressed resistance
of alloy due to depletion of ©r from grain boundaries; amd ¢) mechaniecal
dizintegration of chromium carbide from greln boundaries.

2. Cathodic pola.riz.atinn s'l;udies of Fe-Cr=-Hi allcys in 1l to lﬂH
NaOH over 29-90°C temperature show thet, in slmost all instances, reduc-
tion of suwrface oxides is cocmplete and hydrogen evolution oecurs at
approximately -1.1 Vv (SCE). The hydrogen evolution potential becomes
2lightly leas negative with increase in temperature. In general, effect
of alloy composition, eaustie concentration, and temperature on hydrogen
evolution kinetics ie slight. Addition of Wi to alicys slowed the
kinetics while tempersture snd caustic mmentratinn &ccelera.teﬂ it.,

3. TDesign of an apparahm a.nd exper:mental praocedure to study
stress corrosion cracking of alloys in Fuized NaOH envimnment Ar'e prea-
sented.




3.0 INTRODCTICH

This work iz being conducted in support of the LMFER activities to
jdeptify the possible incidences end extemt of caustic atress ¢orrogiom
eracking which could ceuse premature eguipment. failure, The most likely
sites where such SCC is possible are (1) in the steam generstor -at the
Na-HaO interface and (2) on exterior surfacea where Na spills or leaks
can hydrolyze to form NalH solutions in the presence of moiztwre.

Caustic SCC 15 a seriocus conslderation im iron base alloy systems
and beccmes generally wore serious with inereasing iron concentrations
in the &lloy as shown in CO0=2018-4,

This program iz approaching the problem by conducting both direct
5cC studies and fundamental studie:s zimed at wnderstanding the phenom=
enan. The work is cutlined in s series of tasks, Work performed on a
given tmsk is described. Note thet work is not performed esch guarter
on 8ll teske owing to schedule for starting the respective task and also
to vagerieg in academic acheduleg for graduate studenta.

4.0 FROGRESS IN IRDIVIDUAL TASKS

Task 1 = Teste of Engineering Geometries

A, Alms

The purpose of this work is to conduet experimenta which sim-
ulate possible failure modes in engineering geometries for the purpose
of finding what kind of corrosion phenomena might oceur in the event of
a sodium leak. From thie information more specific definitiong ecculd
be given to fundamentsel studies,

B, Rezults
None this Quarter.
Task 2 - General Effects of Alloy and Environmental
Compogition in Aguecus Bolvents on Siress
Corrosion Cracking (D, V, Subrahmsnysn)

A, Ains

The purpose of this task is to massess the general effects of
envirooment and alloy chemlatry on the incldence of caustie atress

L



corrosion cracking. Variables will include alloy chemistry, teaperature,
concentration of CH™, identity of cation, dlasolved gases including oxy-
gen, and electrochemical potential,

. B. BResults \
l]. Introduction

Sugeeptibility to strags corrosion oracking can be 5ignif-
jeantly attered by a change in the hest treatment procedure. BSensitiza-
tion isn one of such influentisl hest treatment parameters.

The effects of sensitization of 304 stainless steel has
been studied in mitrie eeid comtaining sodium. chloride,l in dilute chlo-
ride between 50-100°C temperature range,® and in nuclear and superheat
envirorments .l The regults were dependent cn the environments used. In

this repori, the behavior of caustic cracking of sengitized ztainlessz :

steel is compared with vacuum annealed stainless steel,

2. PBxperimental

B. Senzitization. Wires of 30U stainless atesl, 15 ml
diemeter, were sealed in quartz capaulez under argon atmosphere, These
capsules were held gt 1000°F for 10 hours end then air ecooled,

b, Anpealing. Procedure as in (a) was adopted st o tem-
perature of 2200°F.

Specinen loading and other experimental details were de-
seribed in previous reporte,” The experiments involved the determinaticn
of failure iimes, crack morphologies, potential-time, and eurrent-time
behavicr (under potentiostatic conditionz) for Sensitized and vacuam
annealed specimeng, a& a functicn of NalH concentration in the range
20-80% WaOH,

3. Results

a, Effect of KaOH concentration on failure timega and
crack morphologies. Figure 1 shows the effeet of senaitization on fail-
wre times of gteinless steel at different ¥YalH concentrationa. I%
can be geen that rapid fellures ogcurred in case of aensitized specimens.
Minirum NeOH concentration required to produce cracking was 50% for vac-
i ernealed specimens and 30% for sensitized specimens, Sensitization
lowered the limiting concentration of Wall to produce cracking.

The effect of Hal¥ concentration on crack morphologies of
sensitized and vacuum annealed 30% stainless steel are shown in Fig. 2,
The sigmificant featwrez in this figure are:
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(1) Btressed and sensitized 304 stainless steel
showed intergramulsar cracking at all concentrations with
a negligible transgramular character (photos 1, 5, 9, 12,
13, and 16), The unstressed specimens exhibited inter-
gramilar corrosion (photos 2, 6, 10, 14, 15, and 17).

(i1) Vacuum annealed 304 stainless steel exhibited
mixed type of cracks in BO% and 60% NaOH with a predominant
transgranular character (photos 5 and 7). The specimen which
did not fail in 50% NaOH showed a negligible amount of grain
boundary attack (photo 11). The unstressed specimens in 80%
and 60% NeOH showed generalized type of attack (photos 4 and
8). This was less severe than intergranular attack of sensi-
tized specimen under unstressed conditions.

b. Effect of NaOH concentration on corrosion potentials
and potential-time behavior. The effect of NaOH concentration on corro-
sion potentials of sensitized and vacuum armealed 304 stainless steel
specimens is shown in Fig., 3. The sensitized specimens exhibited more
negative corrosion potentisls than vacuum annealed specimens. The effect
of stressing was more pronounced at concentrations below 60% NaOH. The
potential shifts were toward less negative values for sensitized samples,
while it was toward negative wvalues for vacuum annesled specimens.

The potential-time curves for 304 stainless steel in T70%
NaOH solution are shown in Fig. 4. From these curves it can be seen
that the corrosion potentials became more negative with time, for both
gengitized and annealed specimens. This indicates that the dissclution
Eineties is favored with time. It can also be noted that the steady
state corrosion potential for sensitized specimens (-933 m‘ﬁ.i’H) are almost
the same as that for vacuum annealed specimens (-924 mVy).

(1) Potentiostatic polarization curves, cracking
behavior and crack morphologies. The potentiostatic polariza-
tion curves for sensitized ana vacuum annealed 304 stainless
gtesl are gshown in Fig. 5. The values of anodic and cathodic
currents are summarized in Table I,

It ean be seen that for the unstressed sensitized specimens
anodie peak currents are higher by one order of magnitude. The cathodic
and transpassive regions gshowed no gipnificant effects of sensitization.
Stressing had more effect on the sensitized specimens in cathodic regions,
ghifting the currents by almost two orders of magnitude.

The effect of potential on failure times in 70% boiling
NaOH is shown in Fig. 6. Sensitized specimens failed earlier then
vacuum annealed gpecimens. The potential did not have any significant
effect on the fallure times of sensitized specimens. It can alsoc be
observed that the cathodic protection is leas aspplicable for sensitized
materials.

10
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Table I = Values of Cathodic and Anodic Currents for Annesled end Sensitized
30l Stainless Steel in Boiling 704 WaOH

Current, A
Condition hodl Anodle
t 1
s : #1 Feak #2 Peak Fassive Transpassive
Vacuun Annesled 1.8 x 107 == 1,7 x 10~2 9% 104 T.2% 10 1,8 t03.3x 10°% 2.6 to 3.6 x 10-0
Unstressed-Curves
1e1e
Bensitized-Curves 1.4 % 1071 —— 4,0 x 1672 4.0 % 10 4,0k 10 4.8 to02.6x 10" 5.0 tol.5 x 10°%
Unstressed 2%2°
Vacumm Annealed
Stregsed-Qurve 3 8.2 x 102 -- 4,2 x 10
Sensitized 9.5 to 2.5 x 1077 L6 x 107*
Btressed-Curves

Lgdr
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The effect of potential on crack morphologies is shown in
Fig. 7. The observed morphological features are summarized as a function
of potential in Table II. At cathodic potentials, there was a change
from transgrenular to intergranular mode of failure as a result of sen-
gitization., The data is insufficient to drew any conclusions on the
effect of anodlc potentials.

(i1) Current-time curves. The current time curves
at cathodic potentimls are shown in Fig. 8. For sensitized
specimens, the current deecreased with time -after 100 minutes:
while the currents were almogt independent of time f'or an=-
nealed specimens. The sudden drop in current indicates the
relative ease of failure of cathodic protection for sensitized
meterials,

L, Disecussion

Experimental evidence indicates that sensitigzed 304 stain-
less steel is a poor alloy for industrial use since

(i) Cracking of sensitized specimens occurred in
solution of lower caustie concentration (30% NaOH) compared
to that of vacuum annealed specimens (60% NaOH);

(i) Corrosion potentials were lowered with gensi-
tization;

(iii) Anodie polarization curves show increased
anodie dissolution kineties for sensitized specimen,

(iv) Rapid failure of sensitized specimens cccurred
and failure was almost independent of potential in the range
of potentials studied, (Similar rapid intergranular failures
have been reported in nitriec acid and chloride, nuclear and
superheat enviromnments).1,®

The observed resulits can be explained in the following way.
Sensitization involved the intergranular precipitation of chromium car-
bide (Cr-Cs) along the grain boundaries, Also, there was a considerable
reduction in the grain size, approximately by a factor of two. These
facts are illustrated in the photomicrographs of sensitized and vacuum
annealed specimens in Fig. 9. The resistance of the alloy was signifi-
cantly lowered due to the depletion of chromium from the alloy. Graln=-
boundary enrichment of chromium carbide increased the anodic character,
leading to rapid intergranular failure and more negative corrosion
potentials, which caused the pronounced anodic pesks in the polarization
curves.

In a recemt publication, Cron, Payer and Staehle® showed
that in solutions up to pH of 1k, Cr.Cs dissolves according to the
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Table 11 = Effect of Potential on Creck Morphologies

Potential Crack Morphology
Photo No.
SR mV (SHE ) Sensitized Vacuum Annealed
152 -1154 Intergramilar--with some britile Predominantly transgranular brittle
cracks @ cracks @
3%l -1054 Intergranular--with some brittle Fredaminently transgranular brittle
cracks @ cracks
S8l% - 854 Mixed type of failure--crack Failure by active dissolution
repassivation @
T - 854 Intergranular--no crack
repassivation
8 - T54 Seme as above
9 - 654 Same as above
10 - 554 Intergranular

#50% boiling sodium hydroxide solution
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Fig. 8 - Effect of Sensitization on Current-Time Behavior in
Cathodie Region
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Senaitized at 1100°F for 10 hr and air-cooled 150

Vaecuum annealed - 2200°F for 2 hr and air-cooled 150K

Figure 9 - Effect of Heat Treatment on Structure of
304 Stainless Steel
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following equilibrium,
2CrCa + 21HZ0 = T0rz05 + 6C(s) + U2H' + L2e (1)

end E = -0.489 - 0,0591 pH, In 30% Na)H (pH = 14.8) the equilibirum poten-
tial is -1.605 mV at 115°C. The lack of correlation between cbserved

and calculated values indicate that the alternative equilibria could be
that governing the formation of Cr0.°" species as given below,

Cr-Cs + 30Ha0 = 7Cr03™ + 3005~ + 6OHT + 33e (2)
and E = 0,464 - 0,1182pH + 0.0197 log[CcrC2™] . (2)

But the sbove two equilibria give rise to far negative equilibrium poten-
tials, approximately 2-3 V.

Another alternative could be stress assisted intergranular
mechanical disintegration of carbide., This assumption is based on the
cbservations of grain boundaries becoming clean upon prolonged exposure
to sodium hydroxide (see photomicrographs in Fig. 2). This may possibly
account for the potential independence of failure times, The net elec-
trochemical currents cbserved could be caused by the remaining Fe, Ni
and Cr components in the lattice.

Tagk 3 - General Effect of Alloy and Envirommental
Composition on Stress Corrosion Cracking
in Spdium Base Envircoments Containing NaCH

A, Alms

The purpose of this task is to perform a parallel program to
that in Task 2 except for the enviromment being a sodium bese.

B. HResults
None this Guarter.

Task 4 - Dissolution and Passivation Behavior
(K. G. Sheth)

A, Aims

This task is asimed at obtaining information on the kineties
of oxidation and reduction processes in electrochemically accessible
(i.e., ionically conducting) environments. This includes aqueous and
fused salt environments ag opposed to ligquid metals. This work will
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define those regions where activated dissolution and pessivation cccurs
as a function of alloy, temperature, and eovironmentel composition, The
definition of these regions will proviée a guide to where atress corro-
gion might ocour and alsc will provide direct informstion on corrosicon
reies,

B. EResulis
1, Introduction

The present work is to invesiigste the effects of temperg-
ture, i, and zlloy concentration on the polarizaticn behavior of Fe-Ni
and (Fe + 20Cr) - Hi alloys, Compositions of varlous slloys used for
this investigation are given in a previcus report. These alloys were
selected with a view in mind to study the effect of nickel in Fe=Ni.

The corrodent or the electrolyte used for these investiga-
tioms was 1, 5, and 10N NaoH, Temperatures studied were in the range

25-90°C.

Results of anodie polarization studies were reported in
(00-2018-18(Q-5). In this report results of cathodic pelarizetion stud-
ies are presented,

2. Experimental

The experimental set up and procedurs was similar to that
described elsewhere.’s® Cethodic polarization was performed at 600 mV/hr,
starting at the corrosion potential of the sample and ending in the hy-
drogen evoluticn regiocn.

3. Results

Cathodic polarization curves of alloys #2, 3, b4, 12, 51, 55,
58, and £2 st 70°C in canstic solutions of strength 1, 5, and 10N are
ghown in Figs, 10 to 15, In these fipures pelarization curves of several
&lloys are plotted together to show the effect of composition. The effect
of temperature on polarization behavior of individual alloys in 10N HalH
sre shown in Figa, 16 to 23. Tafel slopes for hydrogen evolution reaction
(HER) obtained from the above figures are liated in Tables IIY and IV es a
function of canstic concentration end temperature, respectively.

Cathodic polarization curves in Figs. 10 to 23 211 show
identical behaviors. There are two distinet regions, a) oxlde reduction
region, where the surface oxides on the samples are reduced; and b)
hydrogen evelution region, where, after the oxides have been reduced,
hydrogen eveolution occurs, In almost all cases, oxide reduction waz
complete at potentials of -1.1 V{SCE)., There appears to be no signifi-
cant trend in pelarizationr curves becguse of Wi addition.
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Takle III - Tafel Slopes for HER in Various
Cauetic Solutions at 70°C

Aoy Slope, b (mv)

Ko. - Caustic Concentration
1N 5H 10K
2 80 B85 T5
3 o« 75 62
L >+ 125 90
1= 0 ~ 100 ~ G0
51 13 135 125
5% ns 920 72
58 1=5 110 125
62 100 100 100

Table IV - Tafel Slopes for HER at Various
Temperstures in 10K NaOH

Slape, b (mv)

Aié“? Temperature (°C}
B 25 50 TO 20
g 100 w o ~T5 ~ TS
3 125 80 &2 110
4 130 100 o0 125
12 100 100 ~ 100 w10
51 110 120 125 115
35 112 137 110 75
o8 125 125 125 T2
£2 130 130 100 B0
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Caustic econcentration had little effect on hydrogen evolution
reaction. O'Brien and Seto’ polarized commereisl 304 stainless steel in
caustic solutions of strength 0.1-10M, and reported that HER pelential
shifts to elightly noble side with incrsasing concentrations, In their
ecase, solutions were seturated with helium which might have caused thixz
change,

Increnase in itemperature was found to shift HER potentiale
to more noble side (Figs. 16 %o 23). The potential shift was approxi-
mately 150 m¥ when temperature changed from 25 to 90°C; thia trend ie in
agreement with that reported in literature, Batarmkov ef al.® have stud-
ied the cathodic polarization of Fe in SN KOH as a function of tempera-
ture in the range -20 to +20°(C, and have reported thet the incresse in
temperature shifted HER potential to more noble values.

Tafal slopes for HER of the alloys were in the range of
75=135 m¥. With a few excepticns, addition of Hi to Fe-Ni and Fe-Cr-Hi
increased their Tefel slopes; wherees, in general, increasec in cauwstic
concentration and temperature decreased the Talel slopes, Although HER
has been studied on pure metals, there are few comparable works on
Fe-Ni-Cr alloys., Tafel alopes obtained by O'Brien and Seto’ fall in the
range of 105-134 mV and, thus, are in agreement with the present work,
It is interesting to mention in their findings that addition of NaF, NaCl,
HaIl, Bally, and Lallg 2id not significantly affect the rate of hydrogen
evolution, O'Brien and Seto reported that the anions F~, C1™, and I
were probably repelled from the highly negatively charged metal surface,

The results of cathodic polarization studies will be useful
in applying cathodic protection to metzls, and also in avoiding meisl
failuwres because of hydrogen embrittlement.

Task 5 = Effect of Fnvironment on Mechandstic Behavior
(F. 0. Du)

A. Aim=z
The aim of thi= work is fto find the effecis of enviromental
variables on the course of mechanistic processes associated with caustic
3CC. Thies work emphesizes effects of envircnmental chemistry, as oppesed
to Task T whieh emphasizes effects of meiallurgical varisbles. Thiz work
alao helps to interpret work in Task 6,
B. Results
1. Introduction

The oatline of the experiments and the design of the -
apparatuz to be uzed for thie tagk are presented,
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Fuged sodium hydroxide is poseibly a good coolent for nuclear
power reactors since a) it has good hest tranafer and fluid flow charac-
teristics; b) it has good moderating ability because of its stability
gt high temperstures with respect to both thermal disaociation and radiaa-
tion demege:® c) ite vapor preasure iz low at high temperatures; 4) it
hag camparatively small cross secticn for capture of thermal neutrons;
and finally, e) it is reedily available and emnnnica.‘]ljr cheap at compared
to other coolants.

To dste little informetion is available on the behavior of
structural meterisls in the sggressively corrogive enviromment of fused
NaCH, The early work'© 1% done at Battalle Memorial Inetitute, Oak Ridge
National Laboratory, snd Lewis Flight Propulsion Laboratory was directed
rimarily toward finding suitable mntainers for fused NalH, Mozt of
these dais are still classified, ¥ ?

The first geoal of thiz work is to svaluate the hehavicr of
structurnl materisls wnder stress in fused HalH system. Hopefully, dats
obtalned will designate the best type of slloy for this aystem. The sec-
cnd goal is to wnderstand the wechanism thet takes place prior to the
cnset of crack propasgation. Analyeis of deta can possibly answer some of
the questicns speculatively pocad, The following are a fow examplas:
Doee the materjal start to crack due %o embrittlement cauaed by the envi-
ronment? I8 it becsuse the slloy undergoes & rapid thinning and suddenly
cannct support the high stresses from the constant load? If a0, what ia
the nmechaniam of rapid thimning? Could general correzion be due to large
golubility at elevated temperatures? Is there & threshold stress below
which 5CC does not occur? What is the stress level at which onset of
crack propsgation ensues? A host of other interesting questions could
be snumerated, The answers will lie in the evidence provided by date
gathered.

2. Experimental
Turee types of 3CC tesis are proposed to be performed on five
different alloys: {1) Static bending 5CC test, {2) static tensile SC¢
test, and {3) dynamic 3CC test. The alloys chosen for investigation are
63304, 58430, Incoloy 800, Inconel 60¢, end Croley {284 Cr + 19 Mo).
The informaiion sought from these experimmtﬂ is;

a. Welight changes per unit aresa asnd their corresponding
dimensicnel changes,

b. The inflvence of stress level on rupture time.
¢, The influence of bath temperature on rupture time,
d. The specimen having highest resistance toa 3CC,

€. Metsllographic anelysis of corrosion products,
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. Length of erack, number of cracks, maximm oragk depth
as & funetion of time, stress level and bath temperature.

£, Embrittlsment test of épeciuan by microhardness testing
of the inner surfacea, Other technigues, suth aa etch-
ing, way be employed to reveal microstructwral changes.

h, Other undesirable changea in mechapical vroperties of the
thin sections, v

i, Omset of cracking by plotting total number of cracks. va.
stress level and exirapolation of the curve,

J» nset of crackling by analysias of recorder readings.

k., Potenliel vs, time diagrem of specimens pulled in tension
at conatant load,

l. Influence of strees levels cn the pobential of specimens
at constant tewperature,

{s) Apparatus and specimens--Design of the spparatus is
glven in Fig., 24, The alloy specimens are in the form of annealed sheets
miiled to sizes shown in Figs. 25 and 26.

{b) Experimental operating t atureg==The melting point
of pure fused HalH is « However, Hormal E&st Breeder Reactor oper-
ates in the temperature range 450 to 800°C. Tt ia, therefore, plenned to
investigate thia full range of temperature.

(o) DBlanketing atmosphera--FalH ia very hyproscopic and
can resdily absord moisture and COz from the air. It is, therefore,
necessary to proteet the fuzed WalH from exposure to slr during the
gourge of the axperiment, Any of the followlng inert pgages can be used
in thiz investigation for providing a blanketing atmoaphers:

Argon--Ured irn eystems vhere a heayy gaz is degirable, It
tends to protect open-iidded veszgels.

Heliwm-—Principally used as a cover gas for a nuclesr power
systen, thus if cloze simutation to rsactor condi-
ticne are aspired, this gas should be uwsed,

Mitrogen--The cover gap recommended for meat applicaticns,
weinly because it ia the least expensive.

(4} Reference electrode--In 1921, Baum®™ was the firast to
use an inert alloy electrode in fused FelH for the mepsurement of rela-
tive potentials. It was observed by Agar and Boudsn®™ , and later by
Tux,22'2% thet an inert electrode could be uged to follow the progress
of a reaction by measuring the change in potemtial between a reference
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and an indicstor eleetreods. They have shown that the deposition of oxys
gen from fused sodium hydroxide is eccompanied by n considerable overpo-
tential, and thiz overpotentinl wvaries in an crderly manner with the
current density, The reference electrode, which waa a fine wire of either
gold or platinum, acted ns & reverzible oxygen electrode, The nickel
container (pot) itself served ag the cathode. The overpotential is given
directly by the potentiel difference between the anode snd the reversible
reference electrode, Recently, Ivan Dirmoik™® and Stern snd Carlton®t
uged the seme technigque. This technique could also be smployed in the
present imvestigetions.

{e) Strain ghuges and recorders: The following bloek dia-
grem shows the verious equipments required: '

Streln Gauge EBEqulpoent

Static Load
Alternating Current
Direct Current
b .‘r
oy ) ¥ +
ﬁi:ﬁazno:z"gﬁ:dw:y delf-balancing Bridge with sensitive Bridge with out-
suplified and recorded with automatic galvanoweter, mell or [ | put smplified,
by osellloscope snd recorder deflection method cperating pen
caters andl ink recorder




b Strain gauges are normelly comnected to wheatztone bridge
circuits to give direct readings of quemtities ctherwise not directly

obtainable from & single gauvge, It is alsc possible by different arrange-
mente of the gouges to avold certeln wnwanted strain effects,

(i} For tension stress: Figure 27 shows & back-to-
back arrengement of gauges which is particularly useful in
eliminating bonding stresses in thin sheets under direct
stress., A dummy gauege must be enployed and only one arm of
the bridge must Le active,

(i1) For bending stress: Figure 28 shows a similar
arrangement for eliminsting the sxisl stress in bending. In
this cage, ocne gauge scts as the dummy for the other and two
arms of the bridge sre active, which doubles the senaltivity.

{f} Procedure--Static bending test: The aspperatus showm
in Fig. 25 will be uBed to impart fibrax (bending) stress on the apecimens,
One end of the specimens will be clamped in s holder and the other end
attached to long rods extending cuteide of both the contsiner {pot}, snd
the crucible furnace, The bending apparetue, the container (pot), and
eclid HaOd pellets will be traneferred to & dry box having absolute inert
gas atmosphere. The container will be Pilled with NalH pellets and bend-
ing apparatus mounted inside jit., The top plug will be bolted to the
flange of the container and firmly sealed., Thus, ssaembly of the teat
system in inert atmosphere will keep moisture end alir ewey from hygro-
scople NaoH, Finally, this aszaembly will be placed in a cruclble furnace,

When the desired operating temperature in the crucibls
furnace has been reached, the shaft supporting the bending apparatus
assembly wilt be pushed down to expcas the apecimens to fusged NaCh,
De=ad welghts will be placed on the rods extending cuteide of the fur-
nace, Both loed and sinking of the rod will be recorded. Xnowing the
cross-sectional area of the specimens at bending plane, meximum stresa
ean be calculated, Deflection of the cantilever beam and strain can
be ecalcalated from sinking of the rod.

The preferred method of registering strein is to attech
strain ganges to speclmens, and monitor them with & recorder. The re-
corder is also expecied to detect the cnset of cracking from the sudden
changes in strain. The time at which this occurs can be detected with-
out the presence of the experimenter.

The cantilever bending experiment was chosen because it is
the simplest design. It can transmit and coufine meximm etresses st
the gpecimen surfaces to the vicinity of the hinge. Both tensile stress
and campressive stress ere simultaneously imparted to the sample, Since
only the tensile siressce are responsible for initiating S0, it is ob=-
vious that the lnvestigator can have a wide range of flexibility 88 to
! imparting the level of stress intensity end confining it te¢ one particular
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face of the specimen, Information cen be obtained on the relative damages
imparted to aspecimens at each particuler streazs level, e¢.gZ., the number
of crecks introduced. Number of cracks can be verified with a high mag-
nification optical microscope.

The level of stress necessary to initiate cracking will be
eagier to define as compared to establishing & critical level of atress
for crack propagatiom. The onset of cracking can be determined by sub-
jecting specimens through comptant load ¢r constant strain; constant load
being the eazier of the two, Thus, when the constant load approach is
employed, the gtart of cracking can be detected by the sudden increase
in gtresgez on the remaining {(intact) metal, Further, cracking of the
remginder meta). will bhe accelersted by 4 combination of increased stress
and ptregz concentration produced from the notch effect, For the con-
stant strain approsch, the inditiation of ecracking lesada to some relaxs=-
tiom and resulting reduction of atress.

In tha experimental setup deseribed above the variables,
such 28 lond {stress), deflectiom {strain}, bath tempersture (fused NaOH),
and envircmment sbove fused NelH (inert gnses), can be easily controlled,

Static tengile SCC test: The apparatus, asgzembly, and pro-
cedure will be similsy to that deacribed above, 4 difference between
the two setups will be in design of the load rod. In the present cage,

2 rod will be actuated to pull the gpecimen in tension instead Of bending
it, Avother Adfference will be that the Individusal ppacimen will bhe
exposad to isolsted fused NaOH bath, i.e,, one specimen to one container,
This will enable the inwestigatcor to perform potentiometrie measuremsnts.
In the bending test, vhere both compreezive and tenalle giresases exiszt,
it is difficult to ascertalin which stress iz reapcnsible for the changes
in potential, The tensile test ie a widely knowm standard type of te=at,
and it iz aimple to perforn,

Inmamic SCC teat: The spparatus, szsembly, and procedure
will be zimiler to that deseribed in the static bending test. In addi-
tion, & shaft mounted propeller will be uded in the bath to set fused
KaOH in dynamic motion againsi static apecimenz, The test is aimed at
stimulating the actwal conditions of reactor heat transfer system, where
fuged NaCH will be in meoiion with rempect %o the static boller tubes.

Task & - The Straining Electrods and Transient
Tissolution

A. Adms

In other work at 05U it has been shown that the straining elec-
trode provides a good method for identifying those regiona of electro-
chenical potentisl where 3CC is moat likely. The purpose of this task
iz to extend thiz wnderstanding to canatic systems.
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b B. Results . e

Bone thlas Quarter.

Task 7 - Initiaticn snd Propegation of Cracke - .

A, Aims
The aim of this work is to study initistion and propagation pro-
ceages in gingle crystals of Fe-Cr-Ri alloys. Special atteniion will be
pald to the crystallography of imitistion on fracture proceases, " This
work emphasizes metadllurgical verisbles.
B. Results

YHone thie Guarter.

Task § = Corroalon Frocessss in Crevices

A, Alms
The aim of this work is to define eleatrocﬁemimal [rocesEeE in
crevicea aasoniated with ceuatic envirommenta, Cravice effecta include
accslerated corrosion as well ag tha formstion of inscluble ccrrogiom
products which expand and exert substantisl forcesz, Eoth of these pro-
cegses can be very destructive.
B. Results

None this Quarter,

Tagk 9 = Dizaclution at Grain Boundaries

A. Aims
Canstic SCC fregquently occurs intergranularly and substantial
intergranular asttack is cbeerved frequently when alloys are exposed to
caustic envirconments, The purpcee of this work is to ‘define the smount
#nd mechaniem of intergranular corrcaion and alac that portion which ia
aceelerated by stress, .
B, Results

None thiz Querter,
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Task L0 - Local Diasolution Frocefses on Jmustle
Enviroments

A. Aima
The aim of this work iz to investigete initlation processes
using thin foils which can be exposed to the emvironment, stressed,
and subzequently examined in the electron microscope,

B, Resulbts
None this Querier.

Task 1l = Metallurgical Structure

A. Aims

The susceptibility of many alloys to SCC can be drestically
altered by changing the metallurgical strcture, Such changes can be
affected by cold work precipitetion hardening, special hest treatmente
and changez in alloy compoeition to produce cerisin phases. Thiz work
will eonsider possibilities for applying these procedures for preventing
8CC.,

B. Results

Hone thizs Quarter,

Task 12 -~ Detailad Nature of the Passive Film

A. Aime
The aim of this task iz to define the detailed sspecta of chem-
istry and strmucture of the protective £film on the surface of Fe-Lr-Ni
alloys in ecaustic enviroments. This effect is importent because all
chemical resctions and stresa corrogicn eracking are related direstly to
the chemical or mechanical breakdown of these protective filma,
B. Reaultsz

Hene this Quarter,
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