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LEGAL NOTICE

This report was prepared as an account of Government sponsored work. Neither the United States,
nor the Commission, nor any person acting on behalf of the Commission:
A. Makes any warronty or representation, express or implied, with respect to the accuracy,

completeness, or usefulness of the information contained in this report, or thot the use of
any information, apparatus, method, or process disclosed in this report may not infringe
privately owned rights; or

8.  Assumes ony liabilities with respect to the use of, or for damages resulting from the use of
any information, apparatus, method, or process disclosed in this report.

0,As used in the above, "person acting on behalf of the Commission includes any employee or                               1
contractor of the Commission to the extent that such employee or contractor prepares, handles
cr distributes, or provides access to, any infcrmation pursuant to his employment or contract
wi/h the Commission.
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I. SUMMARY

A third test of the mockup of the Zircaloy-2 stainless steel transitionF            joint as used in the HRT reactor vessel was completed. No additional me-
chanical deflections of the bellows were made, but twelve additional thermal
cycles of the unit were carried outo  The joint and bellows functioned prop-
erly and were leak-tight.

Corrosion of stainless steel in 0.04 m U02SO4 containing equimolal beryllium
sulfate was no greater at 10-15 fps and much less at 15-75 fps, than in HRT
solution at 200 and 2250C.  Increasing the beryllium sulfate concentration
to 0.08 m increased corrosion at 2250C and resulted in an unstable solution
at 3000C.

Corrosion of a variety of materials in boiler water at 250'C was determined
at several oxygen concentrations.  Carbon steels showed ·   '=imum in corre-

.ision rate at 250 to 300 ppm oxygen but pitting attact Corrosion
of stainless steels increased with increasing oxygen cofieJUb.....2.,no Zirca-
loy-2, titanium RC-55, and nibbium showed low corrosion rates in all cases.

The effect of loop history was found to have a large effect on corrosion of
stainless steel specimens   in  0.17 m U02S04 containing   0.04  m  H2S04  and   0.03
m CuS04.  The differences previously observed between 10(A..loop results and

in-pile loop results can be explained by this effect.

The· addition of 50 ppm chloride ion to 0.17 m U02$04 produced pitting at
2500C and stress-corrosion cracking at 2000C on type 347 stainless steel

when oxygen exhaustion was allowed to occur.  No pitting or cracking oc-
curred if the stainless steel surface was in contact with oxygen-contain-
ing uranyl sulfate solution.

Bromide concentrations of 100 and 200 ppm in boiling and aerated · 0.04 m U02SO4
solution containing 0.02 m E[2S04, and 0.005 m CuS04 were found to produce
cracking in stressed type 347 stainless steel.  Cracking occurred during the
2000 to 2500 hr period in the 100 ppm bromide test and during the 1000 to
1500 hr exposure period in the 200 ppm bromide test.  Cracking was also ob-
served on stressed type 347 stainless steel exposed in a similar boiling and

aerated uranyl sulfate solution containing 100 ppm chloride; the cracking
took place during the exposure interval between 2000 and 2500 hr.

Pertechnetate concentrations of 60 ppm and less in oxygenated distilled water
at 3000C containing 100 ppm chloride were completely ineffective in preventing
stress-corrosion cracking of solution-exposed type 347 stainless steel U-bends
during exposure periods up to 250 hr.  A significant loss in the initial per-
technetate ion concentration was observed in the tests.  At pertechnetate
concentrations of 510 and 825 ppm, cracking was prevented during 100 and 350

hr runs, respectively.  Some technetium was lost from solution during these
tests.

Zirconium-base alloys with silicon, chromium, molybdenum, nickel, niobium,
and  vanadium were exposed  for  1000  hr  at  3000£ in oxygenated  0004  m  U02S04
solution containing 0002 m HeS04 and 0.005 m CuS04.  Alloys of 007 Cr - 99·3
Zr and 7 Mo - 20 Nb - 73 Zr exhibited corrosion behavior very comparable to
that for Zircaloy-2.

UNCLASSIFIED
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The rate of attack by boiling 5 wt % HNOq solution on deposits of Stellite 6
was reduced.markedly by pre-exposure in Soiling 3 wt % Na3P04 solution.  In
a number of tests, distilled water at 80'C with an oxygen overpressure of
150 psi caused localized attack of Stellite 6 specimens; in other similar
tests, the specimens remained unaffected by the environment.  Hard-chrome
plated stainless steel specimens exhibited satisfactorycorrosion resistance
in distilled water and in simulated HRT core solution at 80'C.

-           Tests to detect porosity of gold plate on type 347 stainless steel bellows

by exposure in boiling 10 wt % HCl solution showed that 0.2 and 2.0-mil
thick gold plates were highly unsatisfactory„  In both cases, severe blis-
tering and cracking of the plate were encountered.

Alsimags 192 (Ti02) and 652 (96 wt % A1203) exhibited superior corrosion
resistance to high-purity Kearfott aluminum oxide in oxygenated 1.33 m U02S04
solution at 2500C.  The apparent corrosion rates for the former were 15 to
17 mpy as tompared with rates of 28 to 30 mpy for the Kearfott alumina after
1000 hr tests.

II. INTRODUCTION

The data presented in the following sections represent the detailed results
obtained during the past quarter (January 31, 1957 to April 30, 1957) by the

out-of-pile solution corrosion group of the Homogeneous Reactor Project.  A
summary of the data has been reported in the Homogeneous Reactor Project
Quarterly Progress Report for the period ending April 30, 19570

It should be pointed out that the data presented below are, for the most
part, preliminary, and the interpretation of the results may change as
further experimentation is completed.

III.  100A LOOP PROGRAM  (J. C. Griess, H. C. Savage, R„ S. Greeley, S. R. Buxton,
W. Co Ulrich,.To H. Mauney)

A. Third Operating Test of the HRT Core-Pressure Vessel Flange and Transition
Joint Mockup„

A third test of the mockup of the Zirealoy-2 - stainless steel transi-
tion and expansion joint as used in the HRT reactor vessel has been made
in 10OA dynamic   loop   F. The first two tests were mentioned previouslyl, 2
and detailed reports were published elsewhere.3,4

Prior to assembly of the flanged joint after the second test, several
components were inspected for cracks by the "Super Pentrex" post-emulsi-
fied fluorescent penetrant method.  The results were as follows:

10-in. oval-ring flanges:     Two  ctacksior sdratchehcon gasket mating
surface:':ofoIower flange (blind end)'greach  about  1/4eing t.long:. 6.:Na:

o                                                                    tracks:ware    observed.on':thezzuppert<dome)'uflange·   surfates:r.

10-in. oval-ring gasket:  One tiny pit and two short cracks or
-

scratches on the flange mating surfaces.  These were not related
in   position   to   the.cracks. or. scratches found   on the flange.

UNCLASSIFIED
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Bellows seam weld: No cracks observed.

Bellows area underneath reinforcing rings:  No cracks observed.
.

Bellows - transition piece circumferential weld:  An inch-long
crack found in weld. "Dy-Ch kif-'inspection failed to reveal this
crack, and thus it may have been present prior to the first test

' of the mockup, since only a "Dy-Chek" and not a "Super Pentrex"
-                    inspection was made at that time.

It should be noted that it is not possible to distinguish for certain
L/ between cracks and scratches without metallographic examination which

would entail destruction of the specimen.

Following the "Super Pentrex  examination, the test unit was washed
thoroughly with water and reassembled.  The loop was filled with water
to the desired volume, brought to 3000C, and concentrated fuel solution
added   to   give a solution   0004   m   U02S04,     0·02   m  82S04,    and   00005 m Cus04 0

In order to determine if the pitting attack observed in the first two
tests5 was caused by the mechanical action of the bellows, no mechanical

deflections were made during the third test.  However, thermal cycling
was performed as before between 3000C at 1550 psig and 1000C at 100
psigo

The test lasted  only 293  hr,  126  hr on water and  167 hr  on fuel solution.
Twelve complete thermal cycles were made.  The test was terminated when
samples of the water from the interior of the bellows contained uranium.
The interior of the bellows was maintained at 45 to 50 psig below the

pressure of the exterior of the bellows so that, if leakage occurred
through the bellows or past the transition joint, samples of the water
from the interior of the bellows would contain uranium.  Thus leakage
was indicated.  However, after disassembly of the flanged joint, the
bellows and transition joint were leak tested with 50 psig of helium
and a mass-spectrograph-type leak detector, and no leakage was detected.
Therefore, it is believed that the uranium in the bellows water came
from carryover of fuel solution from the leop pressurizer into the con-
denser that supplied the bellows water.  Another reason for terminating
the  test was that. oxygen depletion occurred and roughly half  of the urani-
um in the fuel solution precipitated.    The uranium was redissolved by
adding oxygen before the test was terminated.

1

Prior to disassembly, the 10-in. IPS, 1500-lb test vessel oval-ring

joint was leak tested at 200 psig of helium with a mass-spectrograph-
type leak detector.  No leakage was observed.  After disassembly of the

joint and removal of the oval-ring gasket, examination of the flange
grooves showed no leakage of fuel solution into the grooves.

The pitted areas on the bellows5 were examined closely by moving the re-

inforcing rings to reveal the entire crevice area between the rings and
the bellows.  A microscope-dial gauge indicator assembly was used again
to measure the pit depths and the measurements showed no increase in
depth.  However, the run was too short to allow a conclusion to be drawn

UNCLASSIFIED



UNCLASSIFIED page 7

as to the effect of mechanical deflections on the pits„  Several of the
pits broadened slightly and numerous small new pits (less than 1 mil
deep) were observed over much of the transition and bellows area, pos-
sibly because of the oxygen exhaustion during part of the run.

-                The corrosion specimens in the loop and test unit were removed, scrubbed,
and weighed.  They were not defilmed but were replaced in the loop for
further testing.  The type 304L and 347 stainless steel pins at 17 fps
and the type 347 stainless steel coupons at 7 to 64 fps exposed in the
loop by-pass and the type 304L, 309 SCb, and 347 stainless steel speci-

mens exposed to fuel solution inside the test unit at about 2 fps all
lost small amounts of weight.

J

All of the titanium and zirconium alloys (Ti - 6% Al··4% V, Ti··-,3®Al.'
5%, CS;·Ti - 5% Al 2-1/2% Sn, Ti - 4% Al 4% Mn, Ti - 8% Mil, Ti-RC-55,
crystal bar zirconium, and Zircaloy-2) exposed to fuel solution showed
slight weight gains regardless of flow rate.  As before, no significant
effect of galvanic coupling or crevices was observed on the type 347
stainless steel, titanium 75A, and Zircaloy-2 specimens mounted in con-

.                tact with one another inside the test unite  Also, no significant effect
of stress was observed on type 347 stainless steel, titanium - 6% Al 4% V,

0               and Zircaloy-2 specimens in the test unit.

For the first time since the test unit was constructed, the weld holding1.,
the transition joint in place was cut and the transition joint removed
as a unit for examination.  The joint itself was not disassembled and is
shown in Fig. 1.  The surfaces shown in the figure had been exposed to

< :  oxygen-containing distilled water at 100 to 3000C for 2900 hr and to ap-
proximately 0.02 m U02S04 for about 50 hr.  The stainless steel surfaces
were covered with a rough black film; the Zircaloy-2 surface was covered
with a much smoother, more adherent black film, and the titanium surfaces
showed bluish-green interference colors.  The four type 347 stainless

steel coupons had gained a slight amount of weight (undefilmed).

The removal of the transition joint allowed the interior of the bellows
to be inspected.  Figure 2 is a photograph of the interior of the bel-
lows after removal of the transition joint.  No pits or cracks were

-             found, although a deposit of a red oxide, identified as Fe203 by x-ray
diffraction, on top of a heavy dark scale prevented detailed examination
of the metal surface.

,-

The bellows area between the top convolution and the top circumferential
weld was radiographed with a radium source„  The crack in the circum-
ferential weld, detected by the "Super Pentrex" method, was detected in
the radiographs.  Also, a small void in the same weld showed up and pits

-                in the bellows5 were detected.  No other defects were apparent.

Following the above examination, the transition joint was replaced and re-
welded„  Further testing of the bellows and transition joint to determine
the cause of the pitting attack and to test the long-term reliability of
the unit is planned.  A larger pressurizer has been installed on the loop
to minimize the possibility of carryover of fuel solution into the con-
denser.  Also a tube has been provided to connect the top of the interior
of the bellows with the vapor space of the condenser.  Thermal circulation
of water between the condenser and the interior of the bellows should min-
imize the tendency for oxygen gas to be trapped at the top of the interior
of the bellows.
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B.  Runs With Dilute Uranyl Sulfate-Beryllium Sulfate Solution.

In a previous report6, results from two runs in which 0.04 m U02S04 -

0„04 m BeS04 - 00005 m CuS04 solutions were circulated at 250 and 3000C
were presented.  The solutions appeared stable, although the PH decreased

-                 slightly during the runs.  The corrosion results were similar to those

observed   in  00 04  m  U02S04   -   00 02  m  32$04   -   00 005 m CuS04 solutions    (HRT
fuel solutions) at the same temperature.

During the past quarter, runs were completed at 200 and 225'C in the

0.04  m  U02s04   -   00 04 m Bes04   -   0.005 m CuS04 solution.      Also,   runs   were
made  with   0.03   and   0.08 m BeS04 at 300'C;   and  one   run  was   made   at   2250C,

/3 using the latter solution.  Table I gives the conditions of the runs
with the beryllium-containing solutions.

The corrosion results for type 347 stainless steel obtained with the

0.04  m  U02s04   -   0.04 m Bes04   -   0.005 m CuS04 solution  at   200 and 2250C
are shown in Fig. 3 and are compared with a similar run with the HRT
fuel solution at 225'C.  In the beryllium-containing solutions, the

weight losses of the specimens weTe nearly independent of velocity at
200 and 2250C.  At 2250C, the weight losses of the specimens were about

"                the same as in the HRT solution up to 15 fps and very much lower at

-                higher flow rates.  The stainless steel specimens in the beryllium-

..J
containing solution at 200 and 2250C were not.filmed over at any flow
rate in contrast to those exposed in the HRT solution which were filmed-
over up to about 15 fps. .Longer runs will be necessary to show whether
corrosion continues at a constant rate.  The solution appeared to be
completely stable at 200 and 2250C.

Table I: Conditions of Beryllium Sulfate Runs in Loop "0"

Run BeS04  UO2SOll.  CuS04  Temp  PH at  Time
Noe m m m    OC  280 C hr Remarks

12   0.04 0.04 o0005 225 302 200 pH decreased slightly.

13 0.04 O.04 0.005 200 3.2 199 Solution appeared stable.
-

14   0.03 0.04 0.005 300 3.2 200 PH dropped from 3.2 to 2.2.
Be concentration decreased
by 15% at end of run.

15   0.08 0.04 0.005 225 2·7 197 Solution appeared stable.

16   0„08 0.04 0.005 300 2.7 200 PH decreased from 2.7 to
2.2.  Beryllium concentra-
tion decreased by 20% at
end of run.

.
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Solutions with 0004 m UO2SO4 containing 0.005 m CuS04 and either 0008
(Run."0"-16) or 0003 m BeS04 (Run "ow-14) were not completely stable at
3000C; during each run, 15 to 20% of the beryllium precipitated and the
PH decreased from an initial value of approximately 3 to 2.2. ·The urs=
nium and copper concentrations seemed to remain constant.

The corrosion of type 347 stainless steel in the abpve two solutions is
shown in Fig. 4, as well as the data obtained under the same conditions
with the solution containing 0.04 m BeS04.  It can be seen that the crit-
ical velocities were the same with the solutions containing 0.03 and 0:04

nz BeS04 and that a slightly lower critical velocity was observed in the
presence of the 0008 m BeS04b

Figure 5 compares the corrosion of stainless steel at 225'C in the 6.04 m

U02S04 - O.08.m Bes04 - 0.005 m Cus04 solution with a similar solution
containing 0.04 m BeSO4.  It can be seen that the solution with the
greater concentration of beryllium sulfate was the more corrosive.  Both
solutions were completely stable during the runs.

Future work with the uranyl sulfate-beryllium sulfate system will be
concerned with the stability of dilute solutions both from a considera-
tion of the rate at which hydrolysid occurs and from the reversibility

-                 of the precipitation.

.Co  Corrosion of a Variety of Materials in Boiler Water at 250'C.

A series of tests was made to study corrosion of a number of materials
in water at 2500C as a function of water treatment and oxygen concentra-
tion.  The loop, loop I, was defilmed with chromous sulfate solution7,8

prior to the first water run in order to avoid interference from the
scale formed in previous runs using uranyl sulfate solutions„  The con-
ditions of the runs are given in Table II.

The first water run was made with de-aerated distilled water. De-
aeration was accomplished by heating the water in the loop to 1200C,
circulating for five minutes with 200 psi helium, and venting.  The
de-aeration procedure was repeated sevEral times.  The conductivity

-1
of the water was between 4 and.7 x 10-' (ohm-cm) during the run.

The treated water runs were all made with distilled water containing
-              60 ppm phosphate as tri-sodium phosphate.  This solution has been rec=

commended for the treatment of the HRT boiler water9.  In run I-40,
three 10-ml additions of 85% hydrazine hydrate solution were made to
the water in the loop to remove completely any residual oxygen.  Ekcess
hydrazine evidently decomposed thermally within a few hours at 2500c

'                since chemical analysis showed less than 1 ppm of hydrazine eight hours
after an addition.  In run I-41, the air dissolved in the water upon
loading the loop was allowed to remain in order to have a low concen-
tration (20 to 40 ppm) of oxygen in the water during the runo In runs
I-42 and I-43, oxygen gas was added to give 300 and 1500 Ppm respectively
at 2500c.
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The phosphate concentration remained constant during the runs in which
it was added.  No attempt was made to maintain a constant pH in the water
during a run, and in runs I-42 and I-43, the PH decreased due to the ox-
idation of some chromium·.to chromium(VI) with the resulting production
of hydrogen ions.  Chloride ions were detected only in run I-40; and the
concentration was so low, 3 ppm, that it· may have been due to contamina-
tien of the solution samples during handling or analysis.

Table III is a condensation of the corrosion results. Pins exposed at -
flow rates between 18 and 44 fps were averaged since little velocity
effect was observed on any alloy. Generally, the· specimens were filmed
over and hence it would be expected that corrosion rates would decrease

with time.  Table IV lists the compositions of the alloys used.  The
corrosion observations were as follows:

1.  300-Series Stainless Steels:  The four types tested behaved very much
alike and showed low corrosion rates in all five runs.  There was
little difference between runs I-39 and I-40, showing that the phos-

phate and hydrazine additions produced little effect.. There was also
1  little difference between runs I-40 and I-41, showing that a small

amount of oxygen produced little effect.  However, there were signi-
„ ficant differences   in  runs   I-41,    I-42,   and   I-43   in  that the corrosion
-                     rate was higher the higher the oxygen concentration.  Thus larger

oxygen concentrations appeared to increase the corrosion rates, but
, --r, this effect was probably related to the formation of chromium (VI)

and the simultaneous decrease in PH.

In each run except the first (I-39), five type 347 stainless steel
stressed specimens were exposed at about 3 fps in a special holder

inserted in a standard sample barrel.  The specimens, having a No.
32 machine finish, were stressed beyond their elastic limit over a

double fulcrum.  Microscopic examination of the defilmed specimens
after each run indicated no cracks on any specimen.  Corrosion rates
of the stressed specimens were no greater than the corrosion rates
of the type 347 stainless steel pins except in run I-40„  It is not
known whether the higher corrosion rated of the stressed specimens
in run I-40 were due to the 3 ppm chloride that may have been pres-
ent in solution.

2.  Carpenter Alloys:  The Carpenter alloys 10, 20, and 20Nb behaved
3                                    very- much alike,andt:sho d  itowecorrbbioft()Batesjuabout'the. same..as..

the 300-series stainless steels.

3.  Miscellaneous Stainless Steels:  Types 202, 414, 446, Croloy 16-1,
and SRF-1132 stainless steel showed low corrosion rates generally
similar to the 300 serieso  The exception was type 414 in run I-39
which corroded at 21 mpy.

4.  Carbon Steel and Armco Iron:  Carbon Steel ASTM grade A2128 and
Armco iron.behaved similarly.  In run I-39 at PH 4 to 6 in de-
aerated distilled water they corroded at about 30 mpy.  Addition
of phosphate in run I-40 to adjust the pH to 9 to 10 decreased the
corrosion rates by a factor of about five.  A small amount of

UNCLASSIFIED
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oxygen, 20 to 40 ppm in run I-41, was deleterious; but a larger con-
centration, 250 to 300 ppm in run I-42, gave the lowest corrosion

rates observed on A2128 and Armco iron.  The highest concentration
of oxygen, 1500 to 2000 ppm in run I-43, caused slightly increased
rates, possibly because the PH decreased to 5 during the run.

Carbon steel ASTM grade A-7 coupons were exposed in runs I-42 and
I-43.  The coupons a peared to be filmed over and showed weight
losses .of about 1 mg/cm2 between 10 and 100 fps. These weight

-                    losses were slikhtly less than observed on the grade A2128 pins at
the same velocity.

-                   The carbon steel pins and coupons in runs I-42 and I-43 in which
the oxygen concentrations were relatively high had numerous shallow

pits.  These pits appeared to be of the typical oxygen-cell type
usually associated with the corrosion of carbon steel in oxygen-
containing water.  The number and depth of the pits did not seem
to depend on either flow rate or oxygen concentration.

5.  Other Alloys:  Zircaloy-2, titanium RC-55, and niobium showed very
low corrosion rates.

1..

-                 In summary; it was found that the addition of phosphate to oxygen-free
water at 2500C was beneficial to carbon steel and type 414 stainless

y

steel and had little or no effect on the other alloys tested.  The ef-
fect of oxygen concentrations between zero and 2000 ppm in the phosphate-
treated water could not be separated from the effects of chromium(VI)
concentration and pH, but the net effect on stainless steel was an in-
crease in corrosion rate with increasing oxygen concentration.  Zircaloy,
2, titanium RC-55, and niobium were relatively unaffected by oxygen con-
centration changes.  Carbon steels showed a minimum in corrosion rate at
250 to 300 ppm oxygeng but pitting occurred at that oxygen level and at
the 1500 to 2000 ppm level.

Table II:  Conditions of Water Runs at 250'Co  (All Runs 200 Hr)

Phosphate Oxygen Final Concentration of Ions,
Run Solution Conc'no Conc'no ppm
No. Composition .(ppm) (ppm) PH Ni Cr(III) Cr(VI) Fe Cl

-

-    I-39 H20
C  0     0 4-6 <1 <1 <1 <1 <2

I-40 860 + Poll Eu 60     0 9-10 1 <1 <1 <1   3
+ hydrazine

I-41   820 + poll      60 20-40 9-10 <1 <1 <1 2  <2

I-4.2   1 20 + po4 60 250-300 9-->6 <1 <1     21      7    <2

I-43   H20 +.po4 60 1500-2000 9-->5 <1 < 1     19    < 1 <2
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Table III: Average Corvosion  Rate  (mpy) of Alloys
in Water Runs at 2500C in 200 hr

e

Alloy I-39 I-40 I-41 I-42 I-43

304L ss 0.36 0.23 0.32 0.74 2.0
316L ss 0.36 0017 Ooll 0.54 1.8

318 ss 0.30 0.39 Oo 20 1.4 2 o 0

347 SS 0027 O.26 0.17 0.68 2.6
347 SS Stress Specimen          $ 0.73 0.12 0023 0.64

Carpenter 10, SS 0.13 0017 0.13 0.38 1.2

Carpenter 20 SS 0005 Oo 09 0o 05 1.5 0.80

Carpenter 20 Nb SS Oo 20 0.21 0.09 1.4 1.5

202 SS 0.22 0.34 O.09 0.56 0.56
414 ss 21 1.1 0072 1.1 1.3
Croloy 16-1 1.8 0081 Oo 22 1.2 1.6
446 ss 0.22 Oo22 0o 05 1.8 2.2

SRF-1132 SS 1.7 0047 0.39 0.56 2.1
* -'

A-2128 Steel - d «»6   0 6 U:       27 704 11 3.1 5.3
Armco Iron -       1.  »r..                            34 4.8 7·3 3.7 6.1

Zircaloy-2 Oo 09 0.0               +                    +                    +

Titanium RC-55 Oooo 0.35 Oool Oooo 0.16
Niobium -                       + 0034 0.30 Oo 15 O.85

  No stress specimens exposed.
+ Specimen gained weight ,(after defilming).
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Table IV:  Composition of Alloys Exposed in Water Runs at 250'C

Type Metal Cr          Ni                 C Mn Si Mo Fe Other

304L 19536 9.3 0.022 0.60 1. Omax* 6.- bal
316L 17.6. 13.4 Oo 029 1.66 0.45 2.32 bal
318 17.9 14.6 0.06 1.86 0„50 2.69 bal Nb+Ta 0.95
347 18.6 10.0 Oo 07 1·58 0.61 bal Nb+Ta 0.92

Carpenter 10*    16    18       0„08 max    -         - - bal
Carpenter 20* 20    29       0.07 max  0.75 max  1.0 max 2.0 min bal Cu 3 min
Carpenter 20Nb 20„40 27·9 0.07 0.77 0.74 2„41 bal Cu 3.25,

Nb+Ta 0.95
202 18.0 5.18 0.094 7.85 0.51 0.31 bal
414 12.1 lo90 Ooll 0.48 0.38 Ooll bal
Croloy 16-1 15.9 1042 0.018 0.74 0.31 bal Cu 0.90
446*              25       -     0035 max  1.0 max 100 max bal N2 0.25 max
SRF.1132*         12 13.5 0.12 008 005 7.0 bal Cu 5.5

ASTMGrade A212B 0.16 0.58 0.24 bal.S 0.04,.

P 0.02
ASTM Grade A 7 - 0.34 max  0.90 max  0.30 max· bal   S   0.05,

c                             /                                              P 0.04
Armco Iron < 0.05< 0.05 00017 0.032 <0. el < 0.02 bal Cu 0005,

9                                                               S 0.01,
P 0.005

Zircaloy-2. .. 0.05 0.04 0.1 Sn 103
Titanium RC-55 < Ool -    N2  <  0.03
Niobium -         "Puren

* Nominal Analysis.  Actual values not available.

)
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il

D,  Effect of Loop History on Corrosion of Type 347 Stainless Steel.

A number of runs in 'vin-pile" loops have shown that the 'in-line" cor-
rosion specimens (those not exposed to the pile neutron flux near the
lattice)-do not show the same corrosion rates as are observed in 100A
loops operated under similar conditions.  A previous report has discussed
the effects of geometry, steam over pressure, pretreatment, and loop
historylo.  It was shown that the latter three effects were all possible

reasons for the discrepancy between 100A loop and in-pile results, but
that loop history affected the results to the greatest extent.

Therefore, following the construction of the new 10OA type 347 stainless

steel loop J, two identical series of runs were made as nearly like an
in-pile   loop  run as possible (without, of course,  ·the pile exposure) o
The only difference between the two series was, then, that the first
was made in a new loop and the second in a filmed-over loop.  Thus, the
effect of loop history alone was investigated.  Since every win-pile"

loop is a new loop, the results from the first series should agree with
lin-pile" "in-line" results .

The conditions of the two series of runs J-87 and J-88, and of a compari-
-                son in-pile run, L-4-811, are given in Table V.  The weight losses of
-               type 347 stainless steel coupons are plotted versus solution velocity

in Figo 6.

'       The results showed that stainless steel specimens exposed in a new loop
(J-87) had markedly lower weight losses and a higher critical velocity
than specimens exposed in a filmed-over loop (J-88); also, good agree-
ment was obtained between specimens exposed in a new loop (J-87) and
"in-pile" "in-line" specimens (L-4-8)110 The results from run J-88
agreed very closely with those from run E-6712, a previous run made

under similar conditions, except the critical velocity was slightly
higher in run J-88.  The higher critical velocity may have been due to
the slightly higher steam overpressure in run J-88 (about 350 psi) than
in run E-67 (about 250 psi)130

Therefore, it appears conclusive that a large area of film-free metal
which actively corrodes during a run can inhibit corrosion of atainless
steel specimens„ This phenomenon  has been observed previousl!9»;.but  the
mechanism of the inhibition process is not known.

E.  Runs with Uranyl Sulfate Containing Added Chloride.

The effects on corrosion of stainless steel caused by chloride in Uran*l    1
sulfate solution were investigated in several runs.  Previous runs15,10
showed pitting attack with 100 and 200 ppm but not with 50 ppm chloride
in 0.17 m U02S04 at 2500C.  However, the possibility of Btress-corrosion
cracking was not specifically looked for in these particular tests.  The
ggndttions.of the, present  runs are given in Table VI.    Type 347 stainless
M€661 specimdnd mathih'65 from material acceptable by HRP specifications
were stressed over a double fulcrum (four point loading) to 75% of room
temperature yield strength (25,600 psi) and exposed in loop H pressurizer„
The top-most specimen was exposed to vapor only and the other specimens
were continuously wet, either by being:in the spray from the mixing line
outlet near the t6p of the pressurizer or by being below the liquid level

in the pressurizer.
UNCLASSIFIED



UNCLASSIFIED Page-2-0-

Table Vg Conditions· of Runs to Investigate Effect of Loop History on Corrosion

-.

Temperature Steam
COC) Over- Gas (psi at

Run Time . ·   Pres-  pressure .Solution Room
Nop    (hr)   Loop.surizer. (psi)   CCompeaition Temperature) Remarks

J-87 4 100 100 0   3% Tsp 200 psi He New loop.

-              12 100 100 0    5%
BNO  200 psi He

24 250 285 350 Dist.
820

No gas Steam Calibration.

.,24- 250 285 350 Dist. H 0  .,. 150 psi 022...'  r

200 250 285 350 0.17 m U02S04 150 psi 02
0.04  m  H2s04
0°03 m Cus04

j-88 Identical to J-87 Loop filmed over.

 0  L-4-8      3     90     90      0    3% TSP 60 psi He New loop6
'

14 100 100 0    5% HNO 
60 psi He

46 250 280 350 Dist. 820 60 psi 02
..

2 250 280 350 Dist. H 0 60 psi 022
53 250 280 350 0.17 m U02sO4 60 psi 02 Out-of-Dile checkout

0.04 m H2s04
0003  m  Cus04

16 250 280 Dist.
H20 60 psi 02

1637 250 280 0017 m UOpS04 60 psi 02 In-pile exposure
(88.8% u235)
00 04 m HeS04
0003  m  CuS04
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Table VI:  Conditions of Runs to Investi$ate Stress Corrosion
Cracking in Chloride-Containing Uranyl.Sulfate Solution

Run Time Tenip. U02S04 Chloride
'

Oxygen
No. (hr)   (OC)    (m)    (ppm) (ppm) Remarks

..

H-103      98 250 0.17             0         - 1000 Pretreatment

H-104a 143 250 0.17     40    1500-1800
H-104b 250 250 0.17    40 1500-1800 Same solution as H-104a
H-104c 260 250 0.17     60 20-170 New solution
H-104d 111 250 0.17     50 0-40 Oxygen exhaustion occurred and

-uranium precipitated

H-105a 211 200 0017 50 1000-3000
H-105b 200 200'. OQ17 50. '5 0-25 Oxygen exhaustion occurred and

uranium precipitated

H-107      22 250 0o 02 3500 1000-2000 Run interrupted by stress-cracks

»

.
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To see if filmed-over specimens would withstand attack by chloride-con-
taining solution better than new specimens, five stressed specimens were
exposed at 2500C in H-103 to 0.17 m U02S04 containing no chloride and
then were ex osed along with five new specimens in H-104a to 0.17 m UO2SO4
containing 40 ppm chloride.  The pretreated specimens showed a heavier
film than the new specimens after H-104a, but noneshhawed any cracks.

Further exposure to chloride-containing solution in H-104b did not pro-
duce any cracks.

-               To see if cracking might be caused by low oxygen concentration, the run
was continued as H-104c with only 20 to 170 Ppm oxygen.  No cracks were
found after this exposure.

7

The run was continued as H-104d, with no oxygen until precipitation oc-
curred and the PH of the solution dropped from 2.5 to 1.7·  Examination

of the specimens after H-104d showed no cracks; however, all specimens
showed extensive, general pitting.  The pits were shallow, roughly 1 mil
deep, which suggests that the pitting attack·occurred only during H-104d
when oxygen exhaustion occurred.    Fig.  7  is a photomacrograph of the  sur-
face of one of the stressed specimens exposed to spray in H-104, showing
the dark pits.  Fig. 8 is a photomicrograph of several of the pits show-

-               ing the absence of cracking.

A similar series of runs was carried out at 200'C without, however, the
pretreatment run since the pretreatment at 2500C did not appear to have
influenced the results significantly.  After H-105a, in which 0.17 m
U02S04 containing 50 ppm chloride and 1000 to 3000 ppm oxygen was cir-
culated at 2000C, one crack was found on a type 347 stressed specimen.

The crack occurred not in the region of maximum applied stress but un-
derneath the head of the bolt used to fasten the specimen.  Figures 9

and 10 are a photomacrograph and photomicrograph, respectively, of this
crack and show the transgranular cracking typical of chloride stress-
corrosion cracking.  After H-105b, in which 0.17 m UO2SO4 containing

50 ppm chloride was circulated without oxygen, all of the stressed spe-
cimens were cracked. Most of the cracks occurred where the identifica-
tion numbers were stamped on the specimens.  Several cracks, one of
which is illustrated in Figures 11 and 12, occurred parallel to the
applied tensile stress.  All of the cracks were transgranular and typ-
ical of chloride stress-corrosion cracking.

In all of the above runs, annealed stainless steel pin and coupon spe-
cimens were exposed.  No large effect of the added chloride ion was ob-
served„

Thus it was shown that 50 Ppm chloride ion need not produce stress-cor-
rosion cracking   in   0.17 m U02S04   if a sufficient concentration of oxygen
is maintained.  In the absence of oxygen at 2509(, pitting but not crack-

ing was produced, although cracks might have developed from the pits
after longer exposure.  At 2000C loss of oxygen, either in a crevice or
generally throughout the solution, produced cracks.
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(T 11976) Figure 11
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One other run with added chloride was attempted. In connection with
another test, 3500 ppm chloride as 0.05 m Cu(12 was added to 0.02 m
U02S04 and circulated  with  1000  to  2000 ppm oxygen  at  2500C   (run  H-107) 0 \
After 22 hr, a stress-corrosion crack developed in a 3/8-in. type 347

stainless steel pipe and solution slowly leaked out, forcing termination
of the run.  Therefore, there does appear to be a level of chloride con-
centration above which cracking will occur even in the presence of large
concentrations of oxygen during short exposure periods.

F.  Titanium and Stainless Steel Inserts Exposed to 1.3 m UOPS04 at 250'C·

17
The previous report described the appearance of two titanium inserts

-               exposed to a variety of solutions in loop N for 9900 hr.  These inserts
were replaced by two new titanium inserts and two stainless steel in=
serts.

The design of the inserts was as follows:

1. -A flanged titanium- 5A insert identical to the flanged insert de-
scribed previouslyll.

2.  A sleeve titanium-75A insert 4-in.-long machined from 1-1/2-in.-OD
pipe   to fit snugly   into a stainless steel pipe section  androlled.
to prevent movement.  The insert iM shown in Fig. 13. Ten series
of holes were drilled along the length of the insert - two series
each 1/4, 1/8, 1/16, 1/32, and 1/64 in. in diameter - to determine
the largest diameter hole that would prevent the highly turbulent
solution from reaching the stainless steel surface and thereby min-
imize corrosion of the stainless steel.  Two 1/4-in. holes in the
previously discussed inserts did not prevent corrosion of the under-
lying steell8.  Upon rolling this insert into the piping section, it
cracked as shown in Fig. 13.

3. Two sleeve-type 347 stainless steel inserts identical   to the titanium
sleeve insert but without the holes.  The purpose of the stainless
steel inserts was to observer corrosion in the crevice thus formed.

-              The two titanium inserts were placed in one section of piping, and the
two stainless steel inserts were placed in another, and the sections of
piping were mounted in the loop as shown in Fig. 14„  To give the in-
serts a severe initial  test,   1.3  m  U02S04 was circulated  for   200  hr  at
250'C with a bulk solution flow rate of about 40 gpm or 7 fps over the

titanium inserts and 10 gpm or 2 fps over the stainless steel inserts.

At the end of the initial test, the titanium inserts were covered with
a black film and had suffered no apparent corrosion.  The flanged insert
was loose enough to be easily removed and inspection of the underlying
stainless steel showed no apparent corrosion.  A sample of loose oxide
from  beneath the flanged insert was analyzed   by x-ray diffraction; bat*:
except for a small percentage of Fe207,could not be identified.  There-
fore, it is not known whether oxygen depletion occurred in the crevice

between the insert and the stainless steel piping as occurred previous-
ly17.  The stainless steel piping areas exposed by the holes in the
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L:.t titanium sleeve insert were covered with a black film and the steel
showed no apparent corrosion.  However, this titanium sleeve insert was

-                  not exposed to the severe turbulence immediately downstream from the 18
corrosion sample holders that the previous insert had been exposed to  .

The stainless steel sleeve insert in the same relative position as the
titanium sleeve insert was also not apparently corroded and was covered
with a black film„  However, the stainless steel sleeve insert immedi-
ately downstream from the corrosion sample barrel was severely corroded.
For about 1/2 in. downstream from the corrosion sample barrel, there was
no apparent corrosion and the insert was covered with a black film. Then
very sharply, the insert was corroded the remainder of its length to a
depth of about 5 mils (a corrosion rate of about 200 mpy).  The stainless

steel piping at the end of the insert was also severely attacked.  The
critical velocity observed on type 347 stainless steel coupons was 15

to 20 fps, yet the bulk solution velocity past the stainless steel in-
sert was only 2 fps.  This fact illustrates the effect of turbulence on

-          the critical velocity.  The stainless steel inserts were not removed at
this time for inspection of the crevice ared.

IV.  LABORATORY CORROSION STUDIES  (J. L. English, J. C. Griess, D. N. Hess,
P. D. Neumann)

A.  Stress-Corrosion Cracking of Type 347 Stainless Steel:
-

1.  Effect of Halides in Uranyl Sulfate Solutions: Tests to determine
the susceptibility, of type 347 stainless steel to stress-corrosion
cracking in aerated and boiling 0.04 m UO2SO4 solution containing
0.02 m H2S04, 0· 005 m CuS04, and various concentrations of halide
ions have been continued.  Although it has been reported19 that

cracking was not observed in boiling uranyl sulfate solution con-
taining bromide ions, studies during the past quarter have demon-
strated that: br6mide   ions are capable of inducihksapoarent   ''
stress-corrosion cracking in type 347 stainless steel.  In boiling

and aerated uranyl sulfate solution containing 100 ppm bromide,
cracking occurred during the exposure interval between 2000 and
2500 hr on the tension side of a simple beam-type specimen stressed

-                   at 15,000 psi.  A companion specimen in the same environment that
was stressed at 30,000 psi showed no cracks during the entire 2500-
hr tast.

The single crack on the 15,000 psi stress specimen was located in

the region of the initially-applied maximum stress and extended a-
cross. the full width of the s$ecimen, 3/4-in.  However, there were
indications that the crack was not completely continuous over this
distance.  A mild pitting attack was closely associated with the
orientation of the crack, but it was not possible to determine
whether the crack was initiated at pit sites or whether the pits
formed after propagation of the crack.  Metallographic examination
will be performed on the specimen to ascertain if the crack Mas
transgranular or intergranular in.character.*

* A preliminary metallographic examination received after writing this report has
indicated  that   the   "crack"  ' is actually a break   in the metal surface caused  by

' severe sub-surface attack   and   is   not a typical stress-corrosion crack.
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A second occurrence of bromide-induced stress-corrosion cracking in
type 347 stainless steel was observed on specimens exposed in boiling

and aerated uranyl sulfate solution containing 200 ppm bromide.  Nu-
merous severe cracks were found on the simple-beam specimen stressed
at 15,000 psi during the 1000 to 1500-hr exposure interval.  The

cracks were located near the region of maximum stress.  An incipient
cracking was also noted on a companion specimen stressed at 30,000
psi after the 1000 to 1500-hr interval.

The presence of bromide ions in the uranyl sulfate solution accelerated
the general rate of attack of type 347 stainless steel„  With 100 ppm
bromide, the stainless steel corroded at an average rate of 2 to 3
mpy during the 2500-hr test period.  With 200 ppm bromide, average
corrosion rates were 3 to 5 mpy during the 1500-hr*test,  The corro-

sion rates were independent of stress level and were increasing
slightly with exposure time.  In the same solution free of bromide
ions, corrosion rates of less than 0.1 mpy are observed.

-                    Previous experience with the effect of chloride ion on stress-corro-
sion cracking of type 347 stainless steel in boiling and aerated
0.04  m U02s04 solution containing  00 02  m  H2S04   and   0,005 m CuS04

-                    showed that cracking was produced on.specimens stressed at 15,000
and at 30,000 psi during the 100 to 200-hr exposure interval in the

=                    presence of 25 and 50 ppm chloride ion concentrations20.  Cracking

was also suspected to have occurred in solutions containing 200 ahd
500 ppm chloride during the initial 500 hr of test.  No cracking was
reported on specimens exposed in solutions containing 0, 5, 10, and

100 ppm chloride after 2000 hr of testo

Continuation of the chloride tests-·during the past quarter has resulted
in additional information on the sensitivity of type 347 stainless
steel to chloride-induced cracking. In the solution containing 100
ppm chloride, a large crack developed near the region of maximum
stress on a specimen initially stressed at 15,000 psi.  The crack-
ing occurred during   the   2000 to 2500-hr exposure interval    in   the
boiling and aerated uranyl sulfate solution.  The crack was approxi-

-                  mately 1/2-in. in length and the orientation was unique in that rather
than propagating in a plane normal to the direction of the applied

stress as is generally the case, the crack - based upon outward
-                  appearance - extended in a direction that was parallel with the

direction of applied stress o A second specimen atressed   at   30,000
psi exhibited no tendency toward cracking during the entire 2500-
hr exposure period„  The defilmed corrosion rate for the 15,000 and
the  30,000 psi stress specimens after  2500  hr  was   6  mpy„

19The suspec2ed cracking previously reported   of stressed type 347
stainless steel after 500 hr in boiling and aerated uranyl sulfate
solutions containing 200 and 500 ppm chloride was confirmed by the
appearance of well-defined cracks on the specimens at the suspected
sites during a subsequent 500-hr exposure period.  With one exception,

cracking occurred in both environments on specimens stressed at 15,000
and at 30,000 psi during the 500 to 1000-hr exposure interval.  No
cracks were found on the 30,000 psi specimen exposed in the 500 ppm
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chloride-containing solution..  However, three small cracks were
noted on the stress specimen support (base) plate which was under
some undetermined magnitude of stress.  Generalized corrosion rates
for the stress assemblies exposed in the two media ranged from 5 to
18 mpy after 1500 hr; the rates were decreasing with increased ex-

.

posure time„

A. total of 2500 hr has been accumulated with stress specimens of
type 347 stainless steel exposed in boiling and aerated 0.04 m UO S04

_                  _ 0.02 m E[2S04 - 0.005 m CuS04 solution containing an initial iod de

concentration of 100 ppmo  No cracking was observed on specimens
stressed at two levels, 15,000 and 30,000 psi; the defilmed corro-
sion rate for both stress specimens at completion of the 2500-hr
test was 1 mpy. Difficulty vas experienced in #laintaining a constant
iodide concentration during test because of losses due to volatili-
zation from the solution.  Accordingly, the iodide concentration
was adjusted to 100 ppm by the addition of potassium iodide to the
solution at the start of each 500-hr run.  At completion of the 500-

hr runs, the analyzed dissolved iodide content was generally less-                    than 10 ppm.
-

A summary of the presently-known information on the susceptibility
of type 347 stainless steel to stress-corrosion cracking in boiling

                     and aerated halide-containing uranyl sulfate solutions is included
in Table VII. It should be noted that chloride concentrations as
low as 25 ppm, and perhaps even lower, in the solution to be used
in the HRT are capable of producing cracks in even moderately
stressed type 347 stainless steele  Thus, the necessity of keeping

the chloride concentration in the HRT dump tank very low is evident.
While the cracking of stainless steel in the bromide-containing en-
vironment was unexpected, bromide ions are an unlikely contaminant,

-  and the control of bromide ions should represent no particular prob-
lem.  Similarly, the presence of an appreciable iodide concentration
is not likely since iodide ions are oxidized to iodine in the pres-
ence of uranyl sulfate and are volatilized from the solution„

2.  Special Studies on Stress-Corrosion Cracking Behavior in Chloride-
Containing Uranyl Sulfate Solutions.  A number of exploratory-type
laboratory. tests to study the effects of several variables on the
stress-corrosion cracking behavior of type 347 stainless steel in
boiling and aerated chloride-containing uranyl sulfate solutions
was initiated.  It is felt that such tests will provide information
on the mechanism of the stress-corrosion cracking process, and there-
by be useful in resolving certain problems in stress-corrosion crack-

ingo

The initial tests on the stress-corrosion cracking behavior of type
347 stainless steel were concerned with the effect of oxygen and with

the effect of coupling the stainless steel with a noble metal of low
hydrogen overvoltage.  For these tests, a boiling solution containing
0004 m U02s04, 0002 m Hes04, 00005 m Cuso4 and approximately 50 ppm
chloride ions was used.
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Table VII:  Stress-Corrosion Behavior of Type 347 Stainless Steel in Boiling
and Aerated 0.04 m UOBS06 - 0.02 m HAS04 -"'0•005 m CuS04 Solution

-                      Containing Chloride, Bromide, and Iodide Additions

- Test Additive Total Applied
Noo Species Conc'n(ppm) Hr Stress(psi) , Incidence of Cracking

P-9 None       0 2500 15,000 No cracking observed
30,000 No cracking observed

P-10 cl-         5 2500 15,000 No cracking observed
30,000 No cracking observed

P-11 Cl- 10 2500 15,000 No cracking observed
30,000 No cracking observed

P-12 Cl-       25 1000 15,000 Cracking during 100 to 200-
hr exposure interval

30,000 Cracking during 100 to 200-
hr exposure interval

P-13 cl         50 1000 15,000 Cracking during 100 to 200-
hr exposure interval

30,000 Cracking during 100 to 200-
hr exposure interval

p-14 Cl- 100 2500 15,000 Cracking during 2000 to
2500-hr exposure interval

30,000 No cracking observed

S-25 Cl- 200 1500 15,000 Cracking during 200 to 500-

hr exposure interval
30,000 Cracking during 200 to 500-

hr exposure interval

S-26 Cl- 500 1500 15,000 Cracking during 200 to 500-

hr exposure interval
30,000 Cracking during 200 to 500-

hr exposure interval (a)

-

S-27 Br-        50 1500 15,000 No cracking observed
30,000 No cracking observed

P-15 Br- 100 2500 15,000 Cracking during 2000 to
2500-hr exposure interval

30,000 No cracking observed

S-28 Br- 200 1500 15,000 Cracking during 1000 to
1500-hr exposure interval

30,000 Cracking during 1000 to
1500-hr exposure interval

P-16       I- 100(b) 2500 15,000 No cracking observed
30,000 No cracking observed

(a) No cracking on stress specimen; cracks occurred on stress' specimen support
plate-stressed at an undetermined value.

(b) Initial iodide concentration adjusted to 100 ppm at start of each 500-hr run;
iodide level at end of 500-hr runs approximately 10 ppm and less.
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Effect of Oxygen.  Reference has been made in the literature to the
role of oxygen as a promotsr of the stress-c6rrosion cracking process

in austenitic stainless steels by high-temperature high-purity water
containing chlorides21,22.       It   has been stated Ii*na= e  KE
dissolved oxygen at a value below one ppm (and preferably below 0.5

ppm) will provide reasonable assurance against cracking failures at
chloride levels likely to be encountered in the operation of steam
generation equipment.        Even though there   was no reason to expect
uranyl sulfate solutions to behave like a pure water system, it was

-                   of interest to determine if cracking could be eliminated by the com-
plete removalof oxygen from chloride-containing uranyl sulfate solu-
tions.

The removal of.dissolved oxygen from a high-temperature homogeneous
reactor uranyl sulfate fuel system as a means for controlling stress-
corrosion cracking of type 347 stainless steel in·the presence of
chlorides    is    not   feas ible since    in the absence .of oxygen, the uranyl
sulfate-stainless steel system is not compatible.  However, a study
to determine the effectiveness of oxygen removal fer mitigation a-
gainst chloride-induced cracking in uranyl sulfate solution at tem-
peratures up to the boiling point is feasible since under these con-=

ditions, there is no apparent problem with solution instability.

X, The solution, '0004 m U02SO4, 0002 m E[2S04, 00005 m CuS04, and 50 ppm
chloride (as KCl), had a PH of 1.65.  Prior. to the start of the test,
the solution - while at the boiling temperature of approximately
1010C - was sparged for one to two hr with tank helium gas (contain-
ing nominally from 2 to 6 ppm.of oxidizable gases. 02,  CO,  C02,  etc.23
to  reduce the dissolved oxygen  to  a   negligible · level. The sparging
process was repeated'at the start of each test period before the in-
troduction of specimens in the solution and was maintained on a con-
tinuous basis during operation of the test*  A similar environment
with air bubbled into the solution rather than helium was found to
produce cracks in mechanically-abraded simple beam-type specimens of
type 347 stainless steel stressed at 38,°°0 and at 30,000 psi within
200 hr from the start of the *xposure  o

The present tests used stress specimens that were made by cold-forming
pickled 0.020-in. thick type 347 stainless steel'strip into a U-bend.
An elastic stress was then applied to the U-bend by .means of a type
347 stainless steel tie red inserted through the open ends of the U-
bend.  Duplicate specimens were exposed.in the solution.  Frequent

examinations were made during the test for crack detection.

No cracking was observed during. the first 200 hr; specimens were ex-
amined six times microscopically in this period.  At the end of the
seventh exposure period which was of 100 hr duration, one of the U-

-                    bend specimens exhibited a single crack originating from an edge sur-
face   near the region   of   maximum   stress o. No cracking was observed   on
the companion specimen during the entire 300-hr period.  The helium-
sparged test will be continued for a reasonable time to follow ex-
tension of the observed crack and to determine if new cracks are
initiated.
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The time required for cracking to occur in the absence of oxygen was
considered in good agreement with the time required for cracking to"                      occur in a similar environment in the presen6e of oxygen.  In the
former case, cracking took place during the exposure interval between
200 and 300 hr; in the latter case, the cracking took place during

"                    the 100 to 200-hr exposure period.  The agreement in time to crack=
ing was considered especially good in view of the fact that two dif-
ferent geometries of stress specimens were used in the two tests and
that two different types of surface finish were present on the stress

specimens, mechanically-abraded and pickled.

With regard to the effect of surface condition on susceptibil ty ofaustenitic stainless steel to cracking, it has been reported2  that
in  boiling  42  wto   % NEC]*, · no cracking occurred on pickled surfaces
of type 302 stainless steel specimens stressed at 90 per cent of the
yield point after 21 hr, whereas, 200 cracks were found on similar
specimens with mechanically-abraded surfaces after an exposure peri-
od of 30 hro  These data in effect corroborate the present findings
in that the time required for cracking to occur on a pickled surface

-                                     can be- apprebiably longer than that required for cracking to take
place on a mechanically-abraded surface. The residual stresses in-
troduced into the metal surface by the abrading operation, or any
other cold-working operation, appear to be a contributing factor
for increasing the susceptibility of austenitic stainless steel to - stress-corrosion cracking in chloride-containing environments.

Previously-unreported information from laboratory tests indicated
that the presence or the absence of a<ygen in boiling (1540c) 42 wt
% MgC12 had no effect ·on the incidence of cracking of stressed type
347 stainless steel.  Tests were run.3'ith stressed U-bends of the
stainless alloy exposed in the boiling magnesium chloride solution.
In one test, the solution was aparged thoroughly for 30 to 45 min with
hydrogen gas before the start of the test and was continued during
operation of the test.  In the second test, operating conditions
were normal atmospheric boiling with no hydrogen sparging.  After
an accumulated exposure period from 2 to 5 hr, numerous cracks were
observed on stress specimens in both environments.

Although the oxygen-removal test results must necessarily be regarded
as preliminary at the present stage of the investigation, the experi-

-                  mental indications are that in boiling acidic uranyl su]fate solution
or in boiling 42 wt. % MgC12, the obeurrence of sttess-corrosion
cracking in type 347 stainless steel is entirely independent of the
bresence or the absence of' dissolved oxygen in solution. Cracking
vas produced in the two environments when oxygen removal was effected
by either helium or hydrogen gas sparging within times that were not
appreciably different from the times required to produce cracking in
the presence of oxygen.

Effect of Coupling with Platinum.  The general phenomenon of stress-
corrosion cracking is, at least partially, an electrolytic process.
The metal at the tip of the crack presumably serves as anode and the
walls of the crack and/or the surface of the metal adjacent to the
crack serve as cathode of the corrosion cell. It is generally the
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cathodic reaction that limits the current in the corrosion cell as
is shown by the fact that cathodic protection-will usually elimi-
nate cracking in most environments when cracking would occur in its
absenceo

From the results in the preceding section, it is clear that the pri-
I mary cathodic reaction is not the reduction of oxygen.  It thus

seemed plausible that the cathodic reaction was the reduction of
hydrogen ions to hydrogen gas.  If the cathodic reaction were the

1

-

discharge of hydrogen, then coupling the stainless steel with a
-noble metal of lower hydrogen overvoltage than stainless steel

i should facilitate cracking.  That is, a metal such as platinum
should polarize much less than stainless steel, thereby allowing
a greater corrosion current and consequently, an accelerated crack-
ing rateo

To determine whether the coupling of platinum to stressed stainless
'

steel would shorten the time to cracking, U-bends of stainless steel
coupled with platinum metal were exposed to a boiling uranyl sulfate
solution containing 0004 m U02504, 0002 m H2S04' 00005 m CUSO49 and
50 ppm chloride.  The bends were placed under elastic stress by a

-                    stainless steel tie rod through the legs of the U.  Platinum metal
was mechanically-coupled to each leg of·the U-bend on one specimen;
on a second specimen, the platinum metal was tack-welded to each leg
of the U to obtain a good. electrickl contact with the stainless steelo
The two specimens were exposed for 25-hr runs in the boiling and aer-

ated uranyl sulfate solution of the composition described above.  With-
out the platinum coupling, cracking was usually observed in 100 to
200 hr20.

No cracking was observed on either specimen during the initial 25 hr.
At the end of the second 25-hr run; a small crack was found on the
U-bend with the tack-welded platinum couple.  The. crack originated
from an edge surface near one of the pieces of platinum metal.  By
the end of the fourth 25-hr run, a second crack appeared on the spec-
imen near the location of the first crack.  Both cracks exhibited
pronounced extension during an accumulated exposure time of 300 hre
The companion specimen with mechanically-coupled platinum did not
show any susceptibility to cracking during the entire 300-hr test
period.  The absence of cracks in the latter was attributed.tenta-
tively  to  the  fact  that  good   electrical ·contact  was not achieved  by
mere mechanical coupling with the stainless steel.  The specimen
will undergo further exposure, hawever.

In view of the fact that the coupling of platinum to stainless steel
did accelerate the cracking process, it was of interest to determine
whether the addition of platinum chloride to the solution would pro-
duce a similar effect.  'Since platinum is a noble metal, it should be
selectively plated at the cathodic sites and present a cathodeof low
hydrogen overvoltage.

Therefore, tests were run in which the chloride in the 0.04 m U02S04 -
0002 m E[2S04 - 00005 m CuS04 solution was added as platinum chlorideo
The initial concentrations of platinum and chloride in solution (by
chemical analysis) were 50 and 40 ppm, respectively; the PH of the
solution was 1055«
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With air passing into the boiling solution, cracking was produced
on duplicate elastically-stressed U-bendi of type 347 stainless steel
during the fitst 25 hr of exposureo The cracks were located in the
region of maximum stress on both specimens. Chemical analysis of
the solution after the 25-hr run showed the dissolved platinum con-
tent to be less than 5 ppmo  From the physical appearance of the
specimens which were randomly-spotted with dull gray-colored patches,

it was strongly suspected that the platinum ion had undergone re-
duction to metallic platinum at these sites.

The effect of oxygen removal on the sensitivity of stressed type 347

stainless steel U-bends to cracking in the boiling uranyl sulfate
-                    solution containing platinum and chloride ions was examined also.

The test solution, similar in composition th that previously de-
scribed, was aparged thoroughly with tank helium gas for one hr

before the introduction of the stressed U-bends; helium sparging
was continued during operation of the test.  At the completion of
the first 25 hr, a total of five cracks WBee observed on the speci-

mens, two on one and three on the second specimen.  The cracks were
-                     located in the region of maximum stress.  The dissolved platinum

content after the 25 hr was found to be approximately 15 ppm, and
-

again, the indications were that platinum metal plated out on the
surface of the stainless steel.

1-

Thus, the above experiments clearly showed that the presence of
platinum chloride in the uranyl sulfate solutions greatly influenced
the rate at which cracks appear on stressed type 347 stainless steelo
Probably the reason why platinum in the solution was more effective
than coupling platinum to the stress specimen was because the platinum

in solution plated on cathodic sites which were closely associated
with the development of cracks, whereas   the platinum mechanically
coupled with the stainless steel was farther removed from the anodic
sites.  Furthermore, the experiments again showed that in the parti-
cular environment, the presence of oxygen was not necessary for the
development and propagation of cracks„

3.  Inhibition of Stress-Corrosion Cracking. A number of tests to deter-
mine the effectivenss of the pertechnetate ion as an inhibitor of
stress-corrosion cracking in type 347 stainless steel has been com-
pleted.  The environment for the tests was oxygenated distilled water
containing 100 ppm of chloride .(as NaCl and. HCl) at a PH of 2.8.
The test temperature was 3000Ce  In the absence of the pertechnetate
ion, the environment was found to produce cracks consistently in
stressed U-bends of type 347 stainless steel within periods of 100
to 340 hr250

Pertechnetate concentrations of 6, 15, 30, 60, 510, and 825 ppm added

as potassium pertechnetate were examined in the present tests; the
results are summarized in Table VIII.  With the exception of the. 6

ppm test which.was operated for a period of 100 hr only, pertechnetate
concentrations of 60 ppm and less failed to inhibit· stress-corrosion
cracking of the solution-exposed stainless steel U-bends during ex-
posure periods up to 200 and 250 hr.  Furthermore, appreciable loss
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of the initial pertechnetate ion concentration occurred in every
test.      Midroscopic   examinatioh  of   the specimen surfaces disclosed
that in cobcdntrations up to and including 60 ppm, the pertechnetate
ion  i.ras -not-an 6ffective inhibitor of pitting attack.. Pitting  was
foufid  td   rEinge   from moderate'to heavy   in both frequency and inten-

.

sity- uith  the most severe damage being along the edges  of  the   spec-
imenSB'   in - the-  region of maximum applied stress.       Most    of the cracks
appeared to originate in the pits.

Tablu VIII.  Effect of Pertechnetate Ion as a Stress-Corrosion Cracking
Inhibitor for Type 347. stainless. Steel U-bends at 3000C in
OXYgenated Distilled Water Containing 100 ppm Chloride Ion

Puirtechnetate
c6nc'n (ppm)a Total Specilhen

Initial Final Hr Number Incidence of Cracking

6·       1      100      1      No cracks in 100 hr
-                                                   2      No cracks in 100 hr

-                        15        2      250      1      Cracked between 100 and 250 hr
2      Cracked'between 100 and 250 hr

1.

30        2      250      1      Cracked between 100 and 250 hr
2      Cracked between 100 and 250 hr

60        6      200      1     ·Cracked before 100 hr
2      Cracked between 100 and 200 hr

510 447 200      1      No cracks in 200 hr
2      No cracks in 200 hr

825  590 350      1      No cracks in 350 hr
2      No cracks in 350 hr

a S61utions analyzed for pertechnetate ion polarographically.
-                     b  Estimated initial concentration.

-                    At the higher Pertechnetate levels, 510 and 825 ppm, no cracking
was found on stressed stainless steel U-bends exposed in the solu-
tion after 200 hr in the 510 ppm test nor after 350 hr in the 825

ppm test.  The nature of.the corrosion attack was generalized.  How-
ever,·a few random areas on edge surfaces of the specimens exhibited
fairly-severe ·pitting attack„

The analytical data indicated a possible loss of 30 per cent of the
initial pertechnetate concentration in the 825 ppm test during the
350-hr exposure. In view. of the fact that the initial concedtration
6< 825 ppm was a calculated value determined from a weighed quantity

of potassium pertechnetate, it is possible that the actual loss of
pertechnetate from solution may have been less.  In the test with
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510 ]>pnf Be technetate, about 12% of the technetium was  lost from so-
lution-during the 200 hr test.  Thus it appears that in the solution
undef   test,- the pertechnetate   ion   is not completely stable.       It   is
pr66 ble-that   in   the acid solution, the pertechnetate   ion is slowly
raduEad -and precipitated as technetium dioxide.      However,   in   the
presehc -of  500  to  800 -ppm of peltechnetatep stress-corrosion crack-
ing  Of-€yjpe  347 stainleis steel does appear  to be inhibited  for  pe=
riods as long as 350 hr.

-                     Soluti6ns from the above two tests contained voluminous quantities
of insoluble corrosion products at completion of the respective
runs.  CheAical analysis of the residues showed only trace quanti-

-                       tied of techbetium, less than 0.1 wt per cent„ The major constitu-
ents wdre found to be iron and chromium.  Converted to the anhydrous

oxidel, ' the residues contained approximately 13% Fe203 and 14% Cr203,
The balance, 73 per cent, was presumably, moisture.

Teits are now in progress to determine the effectiveness of the per=
t chhetit6 ion in reducing the susceptibility of type 347 stainless
steel-to-cracking in chloride environments in neutral or basis  so-
lutions and to determine the chemical stability of such solutions.

B.       Corrosion of Zirconium Alloys by Uranyl Sulfate Solutions.

A  s6cond- roup  of corrodion tests with zirconium-base alloys  was  com-         -
pleted -dutifig-the past quarter; thg corrosion results   for the first
group -of t6-s€6 have been repotted20.   The test program is a cooperative
effort With the-HRP Mutallurgy Group to evaluate the general corrosion
beha,tior of- 6 diiinber of  binary, ternary, and quarternary alloys of  zin-
codium-in:diyg6hat2d ulanyl sulfate solution at 3000C.  As a second ob-
jectife; -tlid -Bfogiam il planned to provide corrosion specimens for study
of the-itfudfule of the oxide films by both x-ray and electron diffrac-
tion techniques.

The specific Znvironment employed in the zirconium alloy study was 0 =
genated-0.04-*-u02S04 solution containing   0.02 m H2S04   and   0.005 m cuS04 0
The alloy spdFilitens were generally exposed for 1000 hr at a temperature
of 30000.- Included in the second group of alloys were the following

combiflati6ns:  -    Si-Zr,    Cr-Zr,   Mo-Zr,   Mo-Nb=Zr,    Ni-Nb=Zr, and V-Nb-Zr.
The compodition of the alloys in weight per cent and the corrosion data
from the fresent tests are included in Table IX. The observed corro-
sion rate -were determined from as=scrubbed weight losses;.no attempt
was made to defilm the specimens.

Of the entire group of alloys undergoing test, two alloys exhibited a
corrosion resibtance that was comparable with that for Zircaloy-2 ex-
posed under similar conditions„  One of the two alloys, 0.7 Cr - 99.3
Zr, was corroded at a near-negligible rate of 0.1 mpy during the 1000
hr„  The second alloy, 7 Mo-21 Nb-73Zr, exhibited a slight weight gain
of 0.1 mg/cm2 during the same period.  The alloys containing 1Ni-20Nb-
79Zr and 3V-15Nb=82Zr also exhibited good corrosion resistance, although
the specimens showed slightly higher weight gains than the 7Mo-20Nb-73Zr
alloy.
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Table IX:  Corrosion of Zirconium-Base Alloys by Oxygenated 0.04 m U02S04 -

0.02 m H2S04 - 0.005 m CuS04.Solution After 1000 hr at-3000C,---

Alloy Spe-
Lab Materal Composition Surface cimen Corrosion R
No. Identity (Wt. %) Heat Treatment Condition  Number RaRate(mpy) .Specimen. Appearance  ...

T-52 Zr-59 0.5si-9925Zr* As cast Abraded - 1 -'....,095
A Dull gray-brown·:mottled film;

2 0.3 Foughened surfaces

T-55 zr-61   0.5Si-99 . fIZr As cast Abraded        1 0.6 Dull uniform gray film;
roughened surface

T-53 zr-60 2Si-98Zr* As cast Abraded        1 10.1 ·

Dull   gray  film with bilack   stains'
2 8.9. heavily-roughened surfaces

T-54 Zr-62 2si=98Zr As cast Abraded        1 3.1 Dull grgy with brown staihs;
moderately-roughened surfaces

T-56: Zr-65 0.7Cr=99.3Zr Cast; hotirolled Abraded        1 0.1 Lustrous thin dark gray- film
at 7000C; ground,

etched, and filed
to 0.093-in.     -

s=98' Zr-18 10Mo-90Zr Cast; hot-rolled
' Chemically-    1 306 Mottled green-brown film;at 7000C' to 0.1 in„; polished        2 4.5 roughened surfaces

cold-rolled to
0.070 in.

S-BI.  Zr-47   .™0-20Nb-73Zr   Cast; cold-rolled   Chemically-   1 (+0.lmg/cm2) Lustrous metallic gray film with
polished ye116w stains-

S-82 Zr-48 1Ni-20Nb-79Zr Cast-; cold-rolled Chemically- 1 (+0.8mg/cuP) Lustrous dark gray-blown film,

polished with small black deposits..r

s-83 Zr-68 3v-15Nb-82Zr Cast* cold-rolled Chemically- 1 (+1.ling/cm2) Lustrous dark black film with
pblished      2 (+1.lmg/cmc) yellow streaks

-

* Alloy prepared directly from zirconium sponge; all other alloys prepared from crystal bar zirconium. '.d
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The eff€Bt-Of  incteasing the  silicon  content  in the  zirconium waa to
lower the corrosion resistance of the alloy.  In_the case of the alloys

=                                                   where-the -zirdodiub metal source was sponge zirconium, instead  of   crys-
»

tal bar,-the observed corrosion rates were increased from approximately
0.4- mpy to -between  9   and   10   mpy   as the silicon content was increased

'.

from  0.5 -to   2.0  per- cent,   respectively. When crystal bar zirconium  was
used  as  the  metal- source, the effect of increasing the silicon- content
was not-quite 60 detrimental.   The 0.5 per cent silicon alloy corroded
at a r*tiE 6f 0:6 mpy, whereas the 2.0 per cent silicon alloy corroded
at a rate-of 301 mpy.

The lOM0290Zr alloy also exhibited. mediocre corrosion resistance to the
high=tel®etature uranyl sulfate environment„  In a hot-rolled condition,
the alloy corroded at rates of 3.6 and 4.5 mpy for duplicate specimens.

Additional zirconium-base alloys will be tested in high-temperature
uranyl 6illfate aolution during 'the next quarter. The alloying elements
will ihclude chlomium, indium,.iron, manganese, niobium, palladiump
platinum, silver, tin, titaniuf, uranium, and yttrium.

C.  Miscellaneous Corrosion Tests.

1.  Corfoliofi of Stellite 6. RRdcently in the HRT and in related engi-

neering test equipment, various components such as valve seats and
trijii that- were fabricated from Stellite 6 have failed during ser-
Ficeope tion with distilled water and other solutions.     In  parti=
culat)-leaks have developid in valves where the Stellite 6 was de-

pohitld-ftom veld rod by an inert-arc welding technique and inpulsafeed6•r pumps where the seats were ground Stellite 6 castings„
A  tdat -Brbgram was initiated to examine the behaviar· of Stellite   6
und  doriditions of exposure corresponding to those ·encountered in
practice.

Th]i'ee types of specimens were tested: (1) .polished sections of ae=
redei*ed Meld rod; (2) small cylinders.of machined and polished de-
posits that were prepared by the inert-arc melting of the weld rod;
and, (3) an actual pulsafeeder valve seato The environments in-
cluded diitilled water   at  .two   temperatures,    800C   and   boiling,    and
boiling- solutions of 3 wt % NajP04 and 5 wt % HN03.  Results of the
testi indicated that Stellite 6 specimens of weld rod and inert-arc
de]>osits were seriously affected b#· the boiling 5 vt % HN03 solu-
tiob -dnd by distilled water at 800C with an overpressure of 150 psi
of 6xygen.  No measurable corrosion attack was observed on Stellite
6 exposed in boiling and aerated distilled water.  In the 5 wt %
HN03 solution, specimens were corroded uniformly at rates of ap-
proximately ll.impy, whereas in the oxygenated distilled water at
8000, the attack was localized resulting in average corrosion rates
of about 2 mpy.

The tests also showed - in some cases - that pre-exposure of speci-
mens in boiling 3 Wt % Na. P04 solution for periods of 100 hr dimin
ished the adverse effects experienced in the two fore-mentioned en-

vironments.  For example, a deppsit corroded at a rate of 11 mpy in
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the bdilihg  5 wt  % HNO3 solution; however,  a.similar  specimen  that
                                                                      was   pre26*0osed    or   100   hr   in  the

  boiling trisodium phosphate   so-
lutioii   corrod'ed.at   a   rate. of.less,than.  4 mpy during a subsequent
800.-hf'-idit - in boiling   5   wt   %  :HNO3   solution.       In   one   experiment,

                       the Borrosion rate in boiling 5 wt % HN03 solution was less than
1 mpy-after 500 hr on a trisodium phosphate - pretreated specimen.
Similarly, after the trisodium phosphate.pretreatment, specimens
of-Stellite-  6  were  

completely unreactive   in the oxygen-pressurized
distilled water environment.

On - th6 other   hand, some experiments gave results   that   were   not    Con-
sistent  with the apparent: enhancement  of the .corrosion resistance
of Stellite 6 as a result of pre-exposure in boiling trisodium

phosphate solution.  In one test, a deposit was exposed to the
boiling   5   wt   % HNO3 solution for approximately    500    hr.        It   was
then placdd in boiling 3 vt % Na O4 solution for 150 hr.  After
bdifig r turned to the boiling nitric acid solution, it proceeded
to - torrode   at the original  rate.      In  other  words, the trisodium
phosphatd-treatment was ineffectual in diminishing the corrosion
iat6. -Ahother- experiment consisted in determining how abrasion   of
a  retreated deposit would affect its reactivity in the oxygenated
distilled  Water-at 800C„ Since un-pretreated specimens were found
td-beha-ve.pborly  in  the .environment, the removal  of a protective

4                                                                 firm   thit- iIiajr have formed during the trisodium phosphate exposure
by'aotisioft of the surfaces should result in a similarly-poor be-
ha.*ibio    Ilowdver,  when a pretreated specimen was abraded to remove
lii"i,9  iot&8tive rilm, the corrosion resistance in the distilled water-
6**6n $-9§€eA-Was found to be entirely satisfactory. No measurable
Wdi&]it loss octurted.  A third bit of evidence which discounted the
the6ry 6*' a-protective phosphate-induced film was the fact that a]r
though-on-most-occasions bdth weld rod and deposit specimens showed
e /iden66 of localized attack in the distilled water-oxygen environ.
Mitl - 6iid -weld i·od specimen  was completely unaffected. Finally,   a
pu].stif66der - check valve seatp..iinyoe%aihibhthattnqeteriorated during
uteP-6ei'vice in, component testing, was subjected to the same envi=
tonmeht and in 100 hr, no indications of corrosive attack were ob=
served.

A sibgle test was conducted to determine whether small concentra-
tiohs Of chromate ion in distilled water would affect the corrosion
behavior of Stellite 60  The test was operated with aeration at 800C
and with 10 ppm of chromate (as Croj) present in the water.  After
500 hr, no measurable weight loss was found on weld rod or deposit-
type specimens„

.

The possibility exists that adverse effects observed on certain of
the Stellite 6 specimens may.simply have been the result of non-
homogeneities   such as inclusions, gas podkets,    etc..in   the   speci-
mens themselves.  Further experiments will be necessary to resolve
the  problemo
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2.  Corrosion of Hard-Chrome Plateo As a means for circumventing some
of the difficulties encountered in using Stellite alloys in pulsa-

                      feeder pumps, the proposal was made to substitute hard chromium--
plated austenitic stainless steel check-valve balls for the Stel-
lite Star J balls presently used. In consideration of the appli-
cation, it was decided to examine the corrosion behavior of the
hard-chrome plate   in two media  at 800C: aerated  Oe 04 m U02S04   SO-
lution containing 0002 m HeS04 and 0.005 m CuS04, and aerated dis-
tilled water.

Three hard-chrome plated type 304 stainless steel balls were tested
for   approximately   500   hr    in the above environments.        In the course
of the tests, certain changes occurredion the surfaces 6f the balls

-                    that warranted commento  Otherwise, no measurable weight losses
were  observed  in  any  of the tests. The' distilled water-exposed
ball developed a mottled, greenish-brown stained appearance during
the 500-hr exposure period, whereas the ball exposed in the simu-
lated HRT core solution remained bright and shiny throughout the
test.  When placed in distilled water, the latter ball developed
a blue discoloration of intensity considerably less than had been

-                        observed on the original water-exposed ball.

-'                       The third ball after a 90-hr exposure in disti116d water during
which period it acquired fall r-heavy staining and discoloration
was placed in the uranyl su]Ate sol#tion for 400 hr.  At the end

14: of the latter exposure, the surfaces'of the hard-chrome plate were
bright and shiny with no indications of staining.  Thus, the stain
was soluble in the acidified uranyl sulfate solution, but its iden-
tity remains unknown.

3.  Porosity Tests on Gold-Plated Bellows. As a protective measure a-
gainst early failure of. stainless steel bellows due to excessive
corrosion attack that could result under certain operating condi-
tions from an oxygen-deficient HRT uranyl sulfate fuel solution,
some consideration has bedn given to the possibility of plating the
type 347 stainless steel 1;ellows with go*l. To assess the practi-
cability of using such equipment in corrosive environments, it was
first decided to examine the integrity of the gold plate by suitable

-                    tests.

Two   bellows   were   used   for   the   tests o The first bellows was plated
-                   with several tenths of a mil of gold; the second bellows was endowed

with a considerably thicker plate, 2. mils (0.002 ine)„  A ferroxyl
test27 run on the first bellows indicated extreme porosity of the

plating.  The bellows was then inserted in boiling 10 wt % HCL so-
lution,   and   in a matter of minutes, bubbles   of   gas - presumably  'hy-.

drogen from attack on the base metal - appeared along the gold-plated
surface.  After 10 min of exposure, the bellows was removed from the
hydrochloric acid solutiono  Extreme blistering, cracking, and flak-
ing of the gold plate were evident, and it was also readily apparent
that the underlying stainless steel was badly pitted as a result of,
attack by the acid solution.

The second bellows plated with 2 mils of gold was immersed in 10 wt.
%  HCL  solution  at room temperature, and apin, within minutes, hydro-
gen gas was copioualy evolved from the surface of the bellows.  After
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aupe pd of 48 hr, the acid solution had acquired a deep blue-green
color.  Visual examination of the plated bellows disclosed no direct
evidence of having undergone attacko However,   with ih  2 hr after  re-
turning the bellows to the -hydrochloric acid-solution at boiling
temperature, the plating was sufficiently undercut and cracked to      -
give visual proof of the unsuitability. of the plate.

t.

Thus, the results of the above tests and other related tests carried
out during the past few years shaw the impracticability.of relying
on noble electrodeposits for protection of the less noble base metals.

-                   4.  Corrosion of Sintered Alumina and Titania. Many corrosion tests
-                                           have  been. run with high-purity sintered alumina produced by Kearfott

and presently used in 100A and 5-gpm-in-pile-loop pumps.  Comparison
-

tests have recently been run with a commercial-grade sintered aluminum
oxide designated as Alsimag 652 and with a sintered titanium dioxide,

Alsimag 192; both materials are produced by the American Lava Cor-
porationo

TO.  evaluate the merits of the Alsimag materials as a possible re-
placement material for the Kearfott material presently used, speci-
mens of the three materials were subjected to test in oxygenated
1.33. m UO,S04 at 2500Co The results of the tests are presented*
in Table XT

From the data, it appeared that the Kearfott alumina was initially4

more resistant than the Alsimag *umina; but as the test continued,
the situation was reversed.  At the end of 1000 hr, the cumulative
corrosion rates based on weight losses for the duplicate specimens
of the Kearfott material were approximately twice as great as for
the Alsimag material.  Both the polished and the unpolished titanium

dioxide (Alsimag 192) showed corrosion rates approximately equal to
the Alsimag alumina.

'

Thus, Alsimag 192 (Ti02) and Alsimag 652 (A1203) have better corro-
sion resistance than the Kearfott high purity alumina under the
cohditions of this testo While the above data Adicate the possible
usefulness of the Alsimag materials in pump bearings, they do not
necessatily mean the Alsimag materials would be better bearing ma-

-

terials than the Kearfott alumina.

.-
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Table X:  Corrosion of Sintered Alumina and Sintered Titania
in: 16:33.·m UOpS04 at 25.ooc,-

t Total Specimen Cumulative Corrosion Rate, mpy
Hr Number Kearfotta Alsimag 1920 Alsimag 192( Alsimag 652d

1            47           111            75            9184             65              692                         124                          81

1                         68                         66
98           2                        70                         63...

1.          48           2,           46
171

2            51                          43

1            30                           30337 2            31

1 29 21 22           17500
2           30           21                         12

1 28 13           13           161000
2           26

4                                                    13                           13

a High-purity A1203

b  Unpolished-Ti02

c  Polished. Ti02

d A1203' 96% min.

-
-'

.,
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