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ABSTRACT

The stress corrosion cracking of sensitized Alloy 600 was investigated in
aerated solutions of sodium thiosulfate genmerally containing 1.3% boric acid.
The aim of the investigation, among others, was to determine the existence, if
any, of a threshold level of sulfur, and lithium to sulfur ratio governing the
SCC. Specimens were first solution annezled at 1135°C for 45 minutes, water
quenched, and then sensitized at 621°C for 18 hours. Reverse U-bends were
tested at room temperature, whereas slow strain rate and constant load tests
were performed at 80°C. All tests were performed in solutions open to the
atmosphere. Our results indicate that in the borated thiosulfate solution
containing 7 ppm sulfur, 5 ppm lithium as lithium hydroxide is sufficient to
inhibit SCC in U-bends. The occurrence of inhibition seems to correlate to
the rapid increase of pH and conductivity of the solution as a result of the
lithium hydroxide addition. 1In the slow strain rute tests in the borated
solution containing 0.7 ppm lithium as lithium hydroxide, significant strese
corrosion cracking is observed at a sulfur level of 30 ppb, i.e., a lithium to
sulfur ratio of 23. In a parallel test in 30 ppb sulfur level but without any
lithium hydroride, the stress corrosion cracking is more severe than that in
the lithiated environment, thus implying that lithium hydroxide plays some
role in the stress corrosion cracking inhibition. 1In the comstant load test
on a specimen held initially at a nominal stress near the yield strength of
the material, cracks continue to grow until fracture during controlled, pro-
gressive dilution of the bulk solution, leading to final lithium concentration
of 1.5 ppm and sulfur concentration (as thiosulfate) of 9.6 ppb i.e., a
lithium to sulfur ratio of about 156, although lithium hydroxide retards the
rate of crack propagation to some extent. The crack growth rate is strongly
influenced by the electrochemical potential which is primarily governed by the
local crack tip chemistry, Therefore, it may not be possible to stop a
propagating crack in the aerated solution by manipulating simply the bulk
environment,
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EXECUTIVE SUMMARY

The stress corrosion cracking (SCC) of sensitized Alloy 600 was
investigated in aerated solutions of sodium thiosulfate generally containing
1.3% boric acid. The aim of the investigation, among others, was to determine
the existence, if any, of a threshold level of sulfur, and lithium to sulfur
ratio governing the SCC. The results were to be used in the safety evaluation
of the Three Mile island Unit 1 (TMI-1) steam generators following their
return to service,

Specimens were first solution annealed at 1135°C for 45 minutes, water
quenched, and then sensitized at 621°C for 18 hours. Reverse U-bends were
tested at room temperature, whereas slow strain rate and constant load tests
were performed at B0°C, All tests were performed in solutions open to the
atmosphere.

The results indicate that in 7 ppm sulfur as thiosulfate in 1.3%Z boric
acid solution at room temperature, 5 ppm lithium as lithium hydroxide provides
adequate inhibition to SCC initiation in U-bends. The occurrence of
inhibition seems to correlate to the rapid increase of pH and conductivity of
the solution as a result of the lithium hydroxide addition. 1In the slow
strain rate tests at 80°C in the borated solution containing 0.7 ppm lithium
as lithium hydroxide, significant stress corrosion cracking is observed at a
sulfur level of 30 ppb, f.e., a lithium to sulfur ratio of 23. 1In a parallel
test in 3C ppb sulfur level but without any lithium hydroxide, the stress
corrosion cracking is more severe than that in the lithiated environment, thus
implying that lithium hydroxide plays some role in the SCC inhibition. In the
constant load test in the borated thiosulfate solution at 80°C, cracks, once
initiated, continue to grow unti] fracture in spite of controlled progressive
dilution of the bulk solution, giving lithium and sulfur concentra-tions of
9.6 ppb and 1.5 ppm respectively, i.e., a Li/S of about 156. The crack growth
rate is strongly influenced by the electrochemical potential which is
primarily governed by the local crack tip chemistry. In this context, the
sulfur and lithium concentration of the bulk environment is not as critical as
that in the crack tip region. A combination of unfavorable potential and high
crack tip strain may give an extremely high crack propagation rate which can
be explained only via a partially brittle failure mechanism,

Our tests were conducted in a simulated faulted environment which
included thiosulfate and air, none of which are likely to be present in the
steam generator during future operation. Admittedly, some sulfur is currently
present in the surface film of the steam generator tubes. But, the licensee
has proposed a chemical cleaning process(l) involving ammoniacal peroxide
treatment aimed at converting the sulfur to an innocuous species and then
removing it from the steam generator.

Crack inftiation is the critical step in the thiosulfate SCC of sensi-
tized Alloy 600, and from an initiation point of view, lithium hydroxide is
very effective in the inhibition of SCC. For a few ppm of thiosulfate, a
lithium to sulfur ratio of about 10 by weight seems to be a reasonable value
for inhibition. Therefore, {f the steam generator 1s cleared as proposed by
licensee, and is operated with a water chemistry outlined in the NRC
guidelines(1), no unusual SCC problems should develop.

ix




1. INTRODUCTION

In November 1981, primary to secondary side leaks were discovered in
both of the once-through steam generators (0TSG) at Three Mile Tsland Unit 1
(T™MI1-1) (1). Subsequent inspections and failure analysis performed by the
utility and their consultants revealed widespread circumferential intergran-
ular stress corrosion cracking (SCC) in the Inconel 600 tubes in the upper
portions of both OTSG's. In January 1982, Brookhaver National Laboratory
(BNL) was requested to participate in the NRC task force evaluating the causes

of this incident and the effectiveness of the remedial actions.

These investigations showed that sensitized Alloy 600 suffers rapid SCC
in simulated pressurized water reactor primary water in the presence of
oxygen and contaminated with sulfur compounds such as sodium thiosulfate
(Na28203) and sodium tetrathionate (Na28406) (2-4), They also
indicated that the crack propagation rate decreased with decreasing concen-
tration of sulfur, implying the existence of a threshold sulfur concentration
for SCC. 1In the absence of lithium hydroxide additions, the threshold sulfur
concentration for SCC (as Na28203 added to aerated 1.3%Z boric acid at
40°C) was found to be less than 75 ppb, although the exact threshold level was
not established. The studies showed that crack propagation rate increased
with increasing temperature, with a maximum around 80-90°C. Lithium hydroxide
was found to be an effective inhibitor for SCC and at a certain critical
lithium to sulfur ratio, initiation of cracks could be prevented, and crack
growth could be hindered or complietely stopped. As a general guide, in 1,32
boric acid solution at 40°C with ppm levels of Na28203, the critical
ratio for lithium to sulfur to prevent SCC was established around 10,

Several important environmental aspects of SCC, however, were not
addressed in the earlier investigations, Nota ly among them is the question
regarding the existence of a threshold level of sulfur, especially around 80

to 90°C where the crack propagation rate was found to be very rapid. The



other issue is the temperature dependence of lithium to sulfur ratio, and the

pertinent value of this ratio at 80 to 90°C. The present investigation was
aimed primarily at these two questions, and was performed at the request of
the NRC, to aid in their safety evaluation of the TMI-]l steam generators

following their return to service.

2. EXPERIMENTAL

Tests were conducted on commercially produced nuclear grade Alloy 600
materials. Two different heats, with compositions shown in Table 1, were
used, For reverse U-bend tests (2), the tubing material (heat No. 1,
Table 1), 22mm O.D. and 1.24mm wall thickness, was used., This is the same
tubing as had been used in our previous investigations (2-4). For slow strain
rate and constant load tests, the plate material (heat no. 2, Table 2) was
used. Specimens were first solution annealed at 1135°C for 45 minutes, water
quenched, and then sensitized at 621°C for 18 hours (S4S). The yield strength
and elongation to failure, after the heat treatment, were about 210 MPa and

54% respectively for both materials,

Unless otherwise mentioned, tests were conducted in borated solutions
containing 1.3% boric acid. Reverse U-bend tes.s were performed at ambient
temperature (22°C) in the borated solution with varying amounts of thiosulfate

and lithium hydroxide, following procedures described elsewhere (2),

Slow strain rate tests were performed at a strain rate of 2 x 10-6/s
using smooth flat tensile specimens of 25mm gage length and a cross section of
5 x 2.5mm, These tests were conducted at 80°C in borated thiosulfate solution

with or without lithium hydroxide.

Constant load tests were performed on smooth flat tensile specimens and in
some cases, on notrhed flat tensile specimens of the same gage areas mentioned

above. For these tests, an MTS servo hydraulic machine was used under load

control, The specimens were slowly strained in the appropriate environment




maintained at 80°C until the desired stross level (nominal) was obtained. The
straining was then discontinued. The displacement signal from the machine was
monitored on a strip chart recorder and used to obtain crack growth informa-
tion, For more accurate crack growth data, notched specimens were used and

crack growth calibration was obtained on replicate dummy specimens,

All tests were conducted in solutions open to the atmosphere. Potential
control, when desired, was obtained with a PAR Model 173 potentiostat. All
potentials were measured and are reported versus a saturated calomel elec-
trode. Solution conductivity and pH were measured, when necessary, with a
Radiometer Copenhagen CDM 3 conductivity meter and an Orion Research Model
901 pH meter, respectively.

-

3. RESULTS AND DISCUSSION

3.1 U-Bend Tests

The relationship between time to fai ure and lithium concentration in
borated thiosulfate solution containing 7 ppm sulfur (1.1 x 10-4 M
Na28203) at room temperature is shown in Figure 1. The time to failure
reported is the time when a through-wall crack was first noticed under a

stereo microscope.

It ie evident that SCC occurred rapidly in the presence of up to 2 ppm of
lithium and the time to failure was rather independent of lithium concentra-
tion up to this level, However, no SCC was observed in six months at a
lithium level of 5 ppm, i.e., a lithium to sulfur ratio of about 0.7, thus
indicating that a threshold concentration of lithium hydroxide is required for
inhibition of 8CC in U-bends.

Lumsden et al., (5) have recently investigated the effect of lithium
hydroxide on the composition of surface film of semsitized Alloy 600 in boric
acid solution wi¢ch and without sodium thiosulfate., In boric acid, the film
consists of a nickel-chromium mixed hydroxide (passive film), which in the

presence ot thiosulfate contains large amounts of sulfur, Lithium hydroxide

-



as well as sodium hydroxide prevent the incorporation of sulfur and breakdown
of the passive film, and in 1.3% boric acid solution with 7 ppm sodium thio-
sulfate, a few ppm of lithium hydroxide is sufficient to achieve this (5).
OQur results in Figure 1 are conmsistent with the observation of Lumsden et al.
(5). S8CC in U-bends is gemerally initiation controlled, and therefore lithium
hydroxide can modify the film composition to prevent initiation. The exist-
ence of a critical amount of hydroxide implies that the boric acid needs to
dissociate to generate enough HB407~ ions before they can either dis-
place or possibly prevent ingress of §203F 1ons into the surface

film.

Figure 2(a) and (b) show the variation of conductance and pH respectively
of a borated thiosulfate solution containing 7 ppm sulfur, with progressive
addition of lithium hyroxide. The conductance is fairly conmstant up to about
1 or 2 ppm of lithivm and the change of pH is also very small in this region,
vhere U-bends suffered rapid SCC. The conductivity and pH both rise rapidly
and generally linearly from 2 ppm of lithium and beyond, and this 1is the

region where inhibition seems to be very effective.

3.2 Slow Strain Rate Tests

Figure 3 shows the average crack propagation rate based on the deepest
crack and the total testing time, in slow strain tests at 80°C in borated
thiosulfate solution with varying amounts of sulfur as Na25203. No
lithium hydroxide was present in these enviromments. The propagation rate 1
rather independent of the sulfur concentration at 30 and 60 ppb level of
sulfur and at 90 ppb, the rate is somewhat higher. In all these tests, the
specimens exhibited considerable elomgation -- 40%, 397 and 34% at 30, 60 and
90 ppb sulfur level and the maximum stress was 543, 543 and 513 MPa respec-
tively at these three concentrations. The open circuit potentials of the

specimens varied between =290 to =350 mV during the tests.

Another slow strain rate test was performed at B0°C in borated solution
I

containing 30 ppb sulfur and 0.7 ppm lithium as hydroxide. The crack propa-

gation rate, elongation to failure and maximum stress were 0,5 um/s, 537 MPa

-y =




and 371 respectively. Thus, the crack propagation rate in this case was

somewhat slcower thaw that shown in Figure 3 where no lithium was added.

Figures 4(a) and (b) show scanning electron micrographe of the fracture
surfaces of specimens after the tests in 30 ppb sulfur without and with
0.7 ppm lithium respectively. Note that the cracking wes a little less
extensive in the lithiated enviromment. Figures 5(a) and (b) illustrate
additional SEM wicrographs of the above two cases respectively, showing
evidence of extensive plastic deformation in both environments. Note that,
in spite of a lithium to sulfur ratio of about 23, i.e., a lithium of 0.7 ppm
and sulfur of 30 ppb, the specimens in these tests at 80°C still suffered SCC,
whereas previous tests (2) at 40°C with 0.7 ppm sulfur, showed inhibition of
SCC at a lithivm to sulfur ratio of around 10. Ths present test results thus
indicate that the critical lithium to sulfur ratio for inhibition increases

with increasing temperature.

3.3 Constant Load Test

These tests were aimed at determining two aspects of SCC more critically,
namely, the existence of a ihtenhold sulfur, and a critical lithium to sulfur
ratio for crack inhibition. A smooth tensile specimen was immersed in a
borated solution containing 6.4 ppm sulfur, (1074 M Na28203) without
any lithium hydroxide. The temperature was raised to 80°C and theu load was
slowly increased at a stressing rate of 0.027 MPa/s, unti a nominal load of
210 MPa (yield strength) was reached. The load was held constant at this
leve. *hroughout the test. The specimen potential was -16 mV at thbis point.
The displacement signal from the MTS machine soon began to move steadily
indicating crack growth, In about 30 minutes, several cracks could be
detected visually., The solutior was then progressively diluted with a boric
scid - lithium hydroxide mixture heated to 80°C. At each lithium to sulfur
ratio value thus established, the displacement signal was recorded for a
sufficient length of time until it was established that the crack was still
growing. The stremgth of boric acid was maintained at 1.3% throughout the

test.
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Figure 6 shows the rate of change of the displacement signal with time
against lithium to sulfur ratio. Since the specimen had several cracks, all
of which were contributing, perhaps at different rates, to the incicase of the
displacement signal, quantitative crack growth measurement was not possible
from the rate of change of displacement, although a reasonable qualitative
corvelation could generally be made. Thus, it appears that the crack growth
was in two stages, with a transition from the high to the low growth rate
occurring around a lithium to sulfur ratio between 2 to 5. The open circuit
potential of the specimen moved in the noble direction with each dilution of
the solution, i.e., increase of the lithium to sulfur ratio and was about
+55 mV after the [inal dilution. The final dilution corresponded to a lithium
to sulfur ratio of 150. The crack continued to grow at this level and the
specimen failed in a few hours, with an average propagation rate of 74 nm/s
based on the total time to failure. Using the percentage of testing time
spent in the high and low crack growth regions, the average crack growth rates

in these two regions are approximately 147 and 21 nm/s respectively.

Note that in the slow strain rate tests described ian Figure 3, the
average crack propagation rate in borated thiosulfate solution with 30 ppb
sulfur, where the specimen potential is between =-290 and -350 mV, is only
about 1 om/s, whereas in similar concentration of sulfur and even with
lithivm present, the growth rate is much higher in the present case, where
the potential is much more anodic. Thus, it is evident that the crack growth
rate in this environment is primarily under electrochemical control which to a
large extent is determined by the crack chemistry. It is possible that the
growing crack in this case is very tight and with progressive addition of
lithium and dilution of sulfur, the local crack chemistry does not change
sufficiently to inhibit the crack. Some change within the crack probably
occurs, which accounts for the slowing down of the growth rate. However, even
the slow growth rate is sufficient to allow the crack to outrun any further

chemical repair processes.



In an earlier test at 40°C with & pecimen held under displacement con-
trol, a lithium to sulfur ratio of abou ) was established as the inhibition
criterion (3). The present test was at a higher temperature of 80°C and under
load control where the stress intensity actually increases as the crack grows
in contrast to the earlier displacement control test (3) where the stress
intensity may decrease with crack growth, These two factors are primarily

responsible for the more severe crack growth results in the present case.

At the end of the final dilution, the sulfur and lithium concentrations
were only 9,6 ppb and 1.5 ppm respectively. From the relatively high and
rether steady crack growth rate even 1in this environment, one may anticipate
that there is probably no threshold sulfur level for stopping a propagating
crack. In fact, the sulfur concentration in the bulk solution mav be

irrelevent in this context,

3.3.1

Since the SCC was found to be so strongly influenced by the potential in
the previous test, further tests were conducted to establish the potential
dependence of growth rate, For this, a high conductivity solution of 0.1 M
thiosulfate, without any boric acid and lithium hydroxide, was chosen. The
temperature was 80°C and the specimen was a notched tensile one, with a prior
crack growth calibration on a dummy sample, fhe load was ramped up at a

nominal stressing rate of 0.08 MPa/s and held steady at 70 MPa. The lower

curve in Figure 7 shows the relationship between crack propagation rate and

specimen potential, which was increased in steps of about 50 mV from the open

circuit potential of about -190 mV. Evidently, the propagation rate 1s high
and strongly dependent on the potential. At +350 mV, there was a sudden
increase in crack propagation rate. The potential was then decreased quickly
to =300 mV and the potential dependence of crack growth was determined again

by increasing the potential., This time, however, the propagation rate, shown




in the upper curve in Figure 7, was much higher than the initial rate shown by
the lower curve. The test was terminated before the specimen failed com-
pletely, A 3mm long crack, 902 ol which was estimeted to have progressed

during the last 1000 seconds of the test, was observed,

The polarization curve of sensitized Alloy 600 in 0.1 M PMa28203 at
80°C, illustrated in Figure 8, provides some clue to the cause of the rapid
crack growth described above. Tre polarization curve does not show a clear
active-passive transition, but gives rather a gradual change to a passive
state. On cycling the potential, the reverse current was smaller than the
forward current at each potential, typical of a passive surface. However, as
is shown below, the specimen becomes only partially passive at higher
potentials, with isolated areas prone to localized grain boundary attack.
Thus it is quite conceivable that during the controlled potential SCC growth
rate experiment above, the crack walls became completely passive at about +350
mV and presumably remained passive during the remainder of the test, leaving a
narrow and active crack tip with a very unfavorable anode to cathode area

ratio and amenable to extremely rapid crack gcowth,

In Figure 7, the crack propagation rate of 4 Um/s at 0 mV (upper curve)
corresponds to a current demsity of about 11 A/cmZ based on the equation
governed by a dissolution controlled mechanism (6):

iE

Vs

where V is crack propagation rate, i the current density, E the mean equi-
valent weight of the metal, d its density and F the Faraday constant. This
is an extremely high current, unlikely to emanate from the crack tip area in
this environment. Therefore, .n order to account for such a high crack growth
rate, one needs to invoke a grain boundary rupture and associated brittle
fracture, as criginally proposed by Lee and Vermilyea (7) for SCC of semsi-

tized Alloy 600. The lower curve in Figure / perhaps represents a dissolution



controlled crack advancement., A combination of unfavorable electrochemical
potential and high crack tip strain eventually causes the czack to grow in a
brittle fashion (the upper curve in Fig. 7) along the chemically and metal-

lurgically susceptible narrow grain boundary paths.

3.4 Coupon Tests Under Potentiostavic Control

In order to investigate the electrochemical aspects alone of thiosulfate
attack, sensitized Alloy 600 coupons were held pntentiostatically in 0.1 M

thiosulfate a. room temperature without any applied stress.

Figure 9(a) shows the current density vs., time plots for two coupons held
at +100 mV, one for the sensitized, and the other for the mill annealed (as
received) Alloy 600 material which does not suffer SCC in this eovironment
(1). Except for an initial decay, the current for the sensitized sample
increased gradually with time, while that for the mill annealed specimen
docreased with time indicating passivity. The current for the mill annealed
sarple was about two orders of magnitude lower than that for the sensitized
one in about 10 to 12 hours from the commencement of the test. The sensitized
coupon was severely attacked along some grain boundaries giving the appearance
of a propagating crack, with little or no attack in other areas, as shown in
Figure 9(b). The mill annealed sample suffere nc attack. The increase in
current for the sensitized specimen held at +200 mV was even steeper than that
at +100 mV, as illustrated in Figure 10(a). The current in this casc
exhibited periodic oscillations of varying amplitude, originating apparently
from grain boundary nitting shown in Figure 10(b)., There was again very

little or no attack on the remainder of the specimen surface.

A comparison of the variation of the charge with time for the sensitized
specimens at +100 and +200 mV is shown in Figure 1], Initially, the charge
from the specimen at +100 mv was somewhat Ligher than that at +200 mV.

However, with the onmset of pitting, the chrrge at +200 mV began tc increase

rapidly and exceedea that at +100 mV by a large a- “wmt in a few hours. The




most significant information from these coupon tests at controlled potential

is that the SCC initiation mechanism is strongly influenced by potential,
€.8., & stress assisted IGSCC at lower potentials with additionsl

contributions from pitting at more anodic potentials.

4. CONCLUSIONS

(1) In 7 ppm sulfur as thiosulfate in 1.3% boric acid solution at room
temperature, 5 ppm lithiwm as lithium hydroxide provides adequate inhibition

to SCC initiation in U-bends.

(2) The threshold level of lithium hydroxide for SCC inhibitiom in
U~bends seems to coincide with the occurrence of increase in pH and

conductivity of the boric acid solution due to the lithium hydroxide addition.

(3) 1In slow strain rate tests in borated solution at 80°C with 0.7 ppm
lithium as lithium hydroxide, the threshold sulfur level for SCC is less than
30 pph.

(4) 1In the constant load test in the borated thiosulfate solution at
80°C, cracks, once initiated, continue to grow until fracture inspite of
controlled progressive dilution of the bulk solution, giving lithium and
sulfur concentrations of 9.6 ppb and 1.5 ppm respectively, i.e., & Li/S of
ab,ut 156,

(5) The crack growth rate is strongly influencd by the electrochemical
potential which is primarily governed by the local crack tip chemistry. In
this context, the sulfur and lithium concentration of the bulk enviromment is

not as critical as that in the crack tip region.

(6) A combination of unfavorable potential and high crack tip strain may
give an extremely high crack propagation rate which can be explained only via

a partially brittle failure mechanism,



5. RELEVANCE OF THE WORK TO TMI-1's FUTURE OPERATION

The results of our tests indicate that the threshold sulfur as thiosuvlfate
for propagation of SCC in sensitized Alloy 600 is very low. Thus, in the
primary water containing 0.7 ppm lithium and in the presence of air, the level
of sulfur as thiosulfate must be less than 30 ppb. Alsc, from the point of
view of inhibition of crack propagation, the threshold value of lithium to
sulfur ratio is very high. Thus, if # crack is initiated in a relatively high
concentration of thiosulfate, it will continue to propagate in an aerated
environment inspite of subsequent dilution of thbe bulk envirocment giving a
lithium to sulfur ratio of about 156, However, our tests were conducted in a
simulated faulted enviromment which included thiosulfate and air, none of
which are likely to be present in the steam generator during future operation,
Admittedly, some sulfur is currently present in the surfece film of the steam
generator tubes. But, the licensee has proposed a chemical cleaning
process(1l) involving ammoniacal peroxide treatment aimed at converting the

sulfur to an innocuous species and then removing it from the steam generator.

One should also note that crack initiation is the critical etep in the
thiosulfate SCC of sensitized Alloy 600, and from an initistion point of view,
lithium hydroxide is very effective in the inhibition of SCC. For a few ppm
of thiosulfate, a ’ithium to sulfur ratio of about 10 by weight seems to be a
reasonable value for inhibition, Therefore, if the steam generator is
operated with a water chemistry outlined in the NRC guidelines(l), no
unusual SCC problem is envisaged.

The authors wish to thank J, R, Weeks for his continuing encouragement and

C. Schnepf for assistance in the experimental work,
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TABLE 1

Chemical Composition (wt.Z) of Alloy 600 Tubing and Plate

Heat No. Cr Fe C Cu 3i Al Ti Mn Co S Ni

1 (Tubing) 14.62 9.41 0.04 0.40 0.32 0.29 0.22 0.17 0.02 0,001 balance

2 (Plate) 14,57 9.04 0.05 0.29 0.07 - - 0.25 - 0.004 balance
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Figure 1 Relationship between time to failure of sensitized U-bends (SAS) of
Alloy 600 in borated thiosulfate solution comtaining 7 ppm sulfur
(1.1 x 10-4 M Na28203) at room temperature and concentration
of lithium added as LiOH.
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Figure 2 a) Variation of conductance of a borated thiosulfate solution

containing 7 ppm sulfur (1.1 x 10~4 M Na25203) with lithium
hydroxide at room temperature.



_91_

Gl G d kg T T T 17707 T Ty
6.7
6.1
x
Q
5.5
4.91
[S]=7 ppm
” "
43 Lo do sk il ol bl biid S S N
0.0l 0.l I 10
[Li], ppm

Figure 2 b) Variation of room temperature pH of a borated thiosulfate

solution containing 7 ppm sulfur (1.1 x 10-4 M Na28203) with

lithium hydroxide.
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specimen after a slow
strain test in borated
thiosulfate solution at
80YC with 30 ppb sulfur
and without any lithiun

hyvdroxide.

LiOH.
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Figure 6 Rate of change of displacement signal of an MTS servo hydraulic

machine with lithium to sulfur ratio in a constant lcad test on a
sensitized (SAS) Alloy 600 specimen at 80°C in borated thiosulfate
solution and held initially at a nominal stress equal to the yield
strength of the material.
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Figure 7 Relationship between specimen potential and crack propagation rate
in a conetant load test on a sensitized (SAS) Alloy 600 specimen in
a 0.1 M sodium thiosulfate solution at 80°C.
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Figure 9 a) Variation of current density with time of a sensitized (SAS)

and a mill annealed coupon of Alloy $00 held potentiostatically at
100 mV vs. S.C.E. in 0.1 M thiosulfate at room temperature.
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Figure 10 a) Current oscillations from a sensitized (SAS) coupon of

Alloy 600 held potentiostaticaly at 200 mV vs. S.C.E. in 0.1 M
thiosulfate at room temperature.
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Variation of electric charge with time of sensitized (SAS)
Alloy 600 coupons held potentiogtatically at 100 and 200 mV vs.
S.C.E. respectively iu 0.1 M thiosulfate at room temperature o
(100 mV); o (200 mV).
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