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SUMMARY

PART I
HOMOGENEOUS REACTOR EXPERIMENT

Construction of the HRE facility
was essentially complete on November
15, 1951 except for minor revisious
and final testing. A program of en-
gineering and nuclear tests of the
system has been drawn up, and the
tests will be started early in the
next quarter. The only major HRE
items for which design is not complete
are the samplers for the fuel, gas,
and reflector systems. These will be
completed 1n time to be installed
before critical experiments begin;
meanwhile, temporary sampling devices
have been installed for use during the
testing program.

Corrosion

Scouting Studies. Fundamental
studies of the HRE corrosion problems
have been successful in establishing a
plausible series of chemical reactions
involved in the corrosion of type-347
stainless steel by uranyl sulfate
solutions and in demonstrating quali-
tatively that the suspected mechanism
of corrosion attack is correct. It
has been shown that an analysis of the
solution combined with an analysis of
the gas phase is necessary for in-
terpretation of what occurs in the
system. Under certain conditions the

consumption of oxygen and/or the pro-
duction of hydrogen can be correlated
with the corrosion rate and used as a
method for measuring corrosion. A
study of the action of organic corro-
sion inhibitors has not yet yielded
applicable data.

Static Tests. The use of 1% HNO,
at 150°C for pretreating type-347
stainless steel was not found effec-
tive for enhancing corrosion resistance
in 0.17 ¥ uranyl sulfate at 150°C.
Corrosion rates of 0.3 mil/yr were
obtained; identical rates were obtained
on untreated specimeus exposed under
similar conditions.

Titanium metal exhibited the best
corrosion resistance, 0,006 mil/yr, of

a group of untreated metals exposed to
0.17 M uranyl sulfate at 150°C.

Continuous exposure of a CrO,-pre-
treated type-347 stainless steel
specimen for six weeks in 0.17 ¥ uranyl
sulfate at 250°C resulted in a corro-
sion rate of 0.26 mil per year. The
disappearance of the original CrO,-
pretreatment film from the specimen
surfaces during test was pronounced;
however, the specimens remained passive.

The corrosion rate of HNOj-pre-
treated type-347 stainless steel in
the vapor phase above uranyl sulfate
solutions at 250°C amounted to 0.01

mil per year.



Room—temperature exposure Lo oxygen
permitted later exposure of pretreated
stainless steel specimens to air for
periods up to 14 days without loss of
passive characteristics when subse-
quently 1mmersed in 0.17 ¥ uranyl
sulfate at 250°C; without the prior
exposure to oxygen gas, pretreated
stainless steel samples lose their
passivity after exposure in air for
three days. An untreated type-347
stainless steel system containing 0.17
M uranyl sulfate and pressurized with
500 psig of oxygen at room temperature
was operated successfully at 250°C for
268 hours. The calculated corrosion
rate on the stainless steel was 0.3
mil per year.

The corrosion of SAE-1030 carbon
steel as observed in static tests with
heavy water was greater than corrosion
observed in similar tests with natural
water. The addition of 300 ppm of
trisodium phosphate to the heavy water
reduced the corrosion rate for un-
coupled SAE-1030 carbon steel from
13.5t00.4 mil/yr at 200°C and reduced
the corrosion of SAE-1030 carbon steel
coupled to type-347 stainless steel
from 11.3 to 3.1 mils per year. Initial
studies of the effect of dif ferent
partial pressures of oxygen on the
corrosion of SAE-1030 carbon steel in
natural water at 200°C have disclosed
a marked inhibition by the higher con-
centrations (2500 ppm) of oxygen.

Dynamic-Corrosion Studies. The

work of this

further

quarter has

established the stability of oxygenated
uranyl sulfate solution containing
40 g of uranium per liter in contact
with type-347 stainless steel at 250°C.
It appears that an oxygen concentration
of approximately 50 to 100 ppm may be
adequate to assure stability, but re-
finements in the means of adding oxygen
and controlling its concentration are
required to provide more quantitative
information.

A study at 150°C has shown that the
generalized corrosion rate calculated
from the rate of nickel build-up in
the fuel solution can vary substantially
under supposedly constant conditions.
Such results can be rationalized but
it 1s apparent that long-term experi-
ments with careful control of variables
are necessary to the attainment of
meaningful data.

Radiation Stability. Long-time
irradiation experiments in the X-10
graphite pile have confirmed previous
reports of solution stability; after
2900 hr solutions inchromate-pretreated
type-347 stainless steel containers
appear as yet to be unaffected, whereas
solutions in oxygen-pretreated type-
347 stainless steel containers appeared
to decompose at around 1400 hours.

Copper 1ons have been found ex-
tremely effective in causing homogeneous
recombination of hydrogen and oxygen
in solutions of uranyl sulfate. Uranyl
sulfate solutions (93% enrichment,
40 g of uranium per liter) that were




0.009 M in CuSO,; demonstrated equi-
librium pressures (gas and steam) of
700 psi at 250°C when irradiated in a
bomb at a flux of 5 to 8 x 10'' in
hole 12 of the X-10 graphite pile.

A promising method has been de-
veloped through cooperation with the
Chemical Technology Division for de-
contaminating type-347 stainless steel
after irradiation in contact with
enriched uranyl sulfate solution.

Irradiation in the X-10 graphite
pile of D,0 in contact with SAE-1030
carbon steel showed no difference in
corrosion from results obtained in the
absence of radiation.

Plans for radiation experiments at
flux levels up to 2 x10'* are complete
and the experiments are to be initiated
at once.

Engineering Studies of Components

Fuel Test Loops and Pumps. One of
the 100-gpm pump loops was dismantled
and cut up for inspection after 1700
hr of operation. No serious corrosion
effects were noted except at reduced
sections (impeller discharge opening
and a flow-limiting orifice) where
some pitting was found. From an engi-
neering standpoint, operation of all
three circulating loops has been satis-
factory to date. A fourth loop has
been placed in operation to test the
operating characteristics of a new
type of shaft seal that has a Stellite

No.

6 face running against No. 14
Graphitar. Some leakage is occurring
through the seal. It is expected that
two additional test loops will be
placed in operation during the next
quarter. Operation of the Westing-
house 100-A pumps in the loops has
shown the Stellite No. 98M2 journal,
No. 14 Graphitar bearing combination
to be very satisfactory.-

Operation of the HRE Mockup.
effort to keep the mockup as nearly a
replica of the HRE fuel system as
possible, it has been rebuilt with the
addition of several new components.
The system has been cleaned, treated,
and put in operation with natural
uranium fuel solution.

In an

Homogeneous Reactor Cores. A com-
plete analysis of data obtained with
a full-size lucite model of the HRE
core under the variable density con-
ditions prevalent in actual operation
shows that safe performance 1s to be
expected at 250°C outlet temperature
and full power. A program of testing
leading toward the selection of an
optimum core flow pattern for future
homogeneous reactors has been started.
Studies of means of effecting gas
removal from reactor fuel systems at
points outside the core have been
started. Final tests of the HRE re-
combiner with hydrogen and oxygen gas
introduced from cylinders into the
mockup indicate that successful opera-
tion under all conditions of flow, up
to the maximum design value of 15 cfm,
is to be expected.

vii



Chemical Control

Electromagnetic Densitometer. An
instrument for continuously monitoring
uranium concentration in the HRE fuel
by density measurement has been de-
veloped. The instrument operates best
at a solution temperature of 50°C; at
this temperature the analytical error
is * 0.5% in the determination of
uranium in solutions containing about
30 g of uranium per liter. An addi-
tional instrument for use at 250°C has
been ordered.

Q Measurement. The major problem
in the measurement of the Q of a high-
frequency coil as affected by changes
in uranium concentration 1is in de-
veloping a suitably corrosion- and
radiation-resistant electrical insu-
lator for the coil, which will be
immersed in fuel solution at 250°C and
1000 psi pressure. Glazed ceramic
insulators have given encouraging
results.

Paysics. Work has been done on
(1) nonlinear reactor kinetics, (2) re-
actor stability, and (3) criticality
calculations.

Nonlinear Reactor Kinetics. A
moderately ambitious calculation was
performed on the SEAC to explore the
effect of changing excess reactivity,
pressurizer friction, and delayed-
neutron fraction. In general, nothing
strikingly different from expectations
was found. The principal object of

viii

this work was to obtain a reasonable
body of numerical information against
which to check various useful approxi-
mate formulas for peak power, pressure,
etc.

Reactor Stability. Arguments are
reported for the pressurizer modifi-
cation that has been adopted to sup-
press the mechanical instability re-
ported in ORNL-1121.¢(!> Tt now seems
probable that this instability has
been removed for all possible operating
conditions. A preliminary calculation
has been made of the stability of the
complete HRE reactor system. Although
a great deal of idealization has been
made in the calculation, 1t 1s very
probable that the control of the HRE
by power demand will actually lead to
stable operation,

Criticality Calculations. Some
general work has been done to check
the accuracy of the methods reported
in ORNL-1121.¢!? These methods seem
to be quite acceptable and they are
very simple. Best values andestimates
of error are given for the essential
reactor constants. The effectiveness
of the HRE safety plates has been re-
calculated, and it seems Iikely that
they will control less than 3% re-

activity. No serious results seem

UDOT, A, Welton, H. T. Williams, L. H. Thacker,
and P. M. Wood, “Criticality Calculations,”
Homogeneous Reactor Project Quarterly Progress
Report for Period Ending August 15, 1951, 8BNL-

1121, p. 84.




the modification
of the delayed-neutron law by the flow
has been considered as an aid in the
experimental program.

possible. Finally,

Controls. Major emphasis has been
on the installation and testing of
HRE controls. An integrating unit for
registering total reactor energy has
been built and found to operate satis-
factorily. A study of thermocouples
for use in the HRE indicates the best
type to be a special bayonet in a
deep well that is welded to the pipe
in such a way as to project into the
center of the pipe; however, the ob-
jection to such a well on a corrosion
basis may dictate the use of an alter-
nate with a slower response. An im-
proved control and regulating system
for the HRE oxygen supply has been
developed, and other refinements 1n
the control system have been made.

PART 11

ALTERNATE SYSTEMS

Solution Chemistry. Solubility
studies indicate that at 100°C over
90% of the plutonium ion originally
present in 1.26 M uranyl sulfate 1is
precipitated. Solubilities of various
fission products have also been meas-
ured over a wide temperature range.
In connection with the use of the
copper ion as a homogeneous solution
catalyst for the recombination of
hydrogen and oxygen, the solubility of
CuF, in UO,F, solutions was measured.
It was found that adequate amounts for

complete recombination are soluble at
250°C in 0.126 and 1.26 ¥ UQ,F, solu-

tions.

The conductivity of U0,S0, solutions
(=]
at 25°C and vapor pressures at tem-
peratures from 200 to 350°C have also
been measured.

An analytical method has been de-
veloped for the determination of SO,
in production-grade UO0,SO,.

Corrosion. The corrosion of welded
and annealed commercial-grade titanium
metal was less than 0.01 mil/yr after
2000 hr in 0.17 M uranyl sulfate at
250°C. Hot-rolled titanium exhibited
weight gains of 0.01 mg/cm?® after 225
hr and 0.09 mg/cm? after 800 hr in
1.71 M uranyl sulfate at 250°C. 1In
the presence of high oxygen concentra-
tions in 0.17 M uranyl sulfate at
250°C, hot-rolled titanium gained
0.05 mg/cm?® after 100 hours. A slight
galvanic couple effect was found be-
tween titanium and type-347 stainless
steel exposed to oxygen-pressurized
uranyl sulfate systems at 250°C. After
173 hours, the corrosion rate on ti-
tanium was 0.9 mil/yr as compared to
0.2 mil/yr for the stainless steel.

A difference in behavior was ob-
served between Bureau of Mines re-
sistance-melted zirconium contalning
3% and 5% tin additions after 5000 hr
in 0.17 M uranyl sulfate at 250°C.
The 3% tin alloy showed a cumulative
weight gain of 0.37 mg/cm?; the 5%

1x



alloy lost weight at a rate of 0,04
mil per year. Induction-melted zir-
conium containing 5% tin gained 0.06
to 0.08 mg/cm2 after exposure up to
5000 hours. A weight gain of 0.12
mg/cm? was found for arc-melted crystal-
bar zirconium with 5% tin addition
after 4200 hr in 0.17 ¥ uranyl sulfate
at 250°C. Unalloyed, consumable-arc-
melted zirconium from the Bureau of
Mines showed considerably greater
welght gain than zirconium with the
tin alloys; gains of 2.3 to 3.6 mg/cm2
were reported after 1700 hr in 0.17 ¥
uranyl sulfate at 250°C.

Uranyl fluoride solutions (1.26 M)
exposed at 250°C in CrO;-pretreated
type-347 stainless steel bombs were
partially reduced after periods of 5
to 17 weeks. Corrosion rates for the
type-316 ELC and type-347 stainless
steel samples exposed in these tests
for four weeks were 0.95 and 0.73
mil/yr, respectively. Corrosion rates
for types-309 and -321 stainless steel
samples after 9 and 16 weeks of ex-
posure were 0.73 and 0.45 mil/yr,
respectively. In another 12-week
test, a corrosion rate of 0,13 mil/yr
was obtained for HNO;-pretreated type-
347 stainless steel exposed to 1.26 M
UO,F, at 250°C.

A series of tests were run at 150°C
to determine the effect of UO,F, con-
centration on the corrosion resistance
of HNO;-pretreated type-347 stainless
steel. No reduction of 0.42 M uo, F,
was observed for a period of eight

the corrosion rate was 0.82
The stability of 0.84 M
Partial reduction

weeks ;
mil per year.
UO,F, was erratic.
occurred in one test after a period of
whereas 1n another test no
precipitation occurred for a period

one week,

of eight weeks. A corrosion rate of
2.53 mil/yr was obtained for the latter
test. The HNO;-pretreatment was in-
effective 1in inhibiting the reduction
of 1.26 M UO,F, after a period of one

week.

Radiation Stability. Gas produc-
tion from uranyl solutions under pile
irradiation has been studied over a
range of enrichments, concentrations,
and temperatures. The G values ob-
tained have been interpreted in terms
of the probable mechanisms involved.

Homogeneous recombination of hy-
drogen and oxygen in solution has been
demonstrated to take place in the
presence of a variety of substances.
A common characteristic appears to be
the existence of multiple valence
states for metallic ions. Among the
ions showing some activity are uranyl,
copper, iron, chromium, tin, and thal-
lium. Of these, theactivity of copper
is much the highest, being roughly
100,000 times that of uranyl ion.
Studies are under way to establish
details of the kinetics of this re-
action.

Catalytic Recombination. Recombina-
tion of hydrogen and oxygen on aplati-
num catalyst has been shown to take




place at a rate sufficiently high to
handle maximum gas production of the
HRE, and thus an alternate primary
recombiner is available should the
flame recombiner fail.

Slurry Studies, Studies of the
chemistry of uranium trioxide are
directed toward selecting the most
suitable allotropic form for reactor
slurry fuel use. Slurry stabilizing
and antipacking agents have been in-
vestigated without finding any par-
ticularly helpful additive.

Slurry Pumping Studies. Studies of
the viscosities of UOQ; slurries have
been started. Abrasion and slurry
pumping tests indicate that abrasion
1s not a severe problem unless the
clearance between moving parts is small.

Preliminary investigations of the
behavior of slurries during boiling
have been started.

Boiling Reactor Studies. Operation
of the Los Alamos "Supo"” water boiler
under boiling conditions at near atmos-
pheric pressure was encouraging, and
as a result design of a small, boiling
homogeneous reactor, "critical™experi-
ment has been started to determine
operating and control characteristics
at higher power densities and pressures.

Homogeneous Reactor Chemical Proces-
sing. Study of possible processing
methods indicates that the fewest un-
knowns would be encountered in using
the following steps to process the
fuel from a uranyl sulfate-heavy water
plutonium producer: removal of the
fuel from the reactor in one batch;
evaporation to dryness for heavy-water
recovery; conversion toa natural water

system; 18-day decay period for plu-

tonium build-up fromneptunium; separa-
tion of plutoninm, uranium, and fission
products by tributyl phosphate solvent
extraction.
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HRP QUARTERLY PROGRESS REPORT

CONSTRUCTION OF HRE

S. E. Beall, Section Chief

J. J. Hairston
Jio- W HLLL
D. T. Jones
T. H. Mauney
P. M.

The status of the construction work
on the various phases of the Homogeneous
Reactor Experiment is given below.
Photographs of several installations
are shown in Figs. 1 through 7.

Fuel System. Construction of the
fuel system was completed on November
15. Component testing and chemical
pretreatment will begin immediately.

D,0 system. The D,0 system has
been finished, as originally designed,
for several weeks. Revisions requiring
approximately two weeks of work were
begun on November 15.

Instrumentation. The control and
process instrumentation is installed
but must be checked out. Approxi-
mately one week of work will be re-
quired for 100% completion.

Shielding. The mortered block walls
on three faces of the shield and the
removal plugs for the top are complete.
Work on the inner shield and the one
remaining outer wall will continue
for several weeks.

V. K. Pare’
L. H. Thacker
T. H. Thomas
S. Visner
Wood

Steam System. The steam system 1is
100% complete and ready for operation.

Turbine-generator Installation.
Final connections are being made on the
turbine and generator. Testing with
building steam is scheduled for Decem-
ber. Installation was 90% complete on
November 15.

EXPERIMENTAL PROGRAM

The HRE experimental program has
been outlined in three memorandums
covering both nuclear and engineering
tests on the reflector and fuel sys-
tems:

J. W. Hill, Testing of the HRE Re-
flector System, November 14, 1951.

T. H. Thomas, Testing to be Performed
on Fuel System Components of the
HRE, November 14, 1951.

S. Visner, Experimental Physics Pro-
gram for the HRE, ORNL CF-51-11-149,
November 14, 1951.
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Fig. 1. HRE Core and Top Flange Assembly. Fuel inlet and exit lines
control-rod housings are shown.
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Fig. 2. Heat-Exchanger Cell, Fuel-Circulating Pump, and Steam Generator.
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Fig. 3. HRE Reflector Cell. Photograph taken from above.



Fig. 4.

HRE Control Room,

Console and Instrument Panels.
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Fig. 5. Top of HRE Shield. This photograph, taken looking west, shows the main reactor cell in
the center with the top shielding blocks removed.
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Photograph taken from northwest corner.

North Face of HRE Shield.
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HRE Turbine-Generator Installation.
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DESIGN PROGRESS

L. Segaser
C. Zapp
L. Cauble
Chapman

w.

FTI™O

DESIGN STATUS

Almost all the items required for
the initial cleanup procedure and
mechanical testing of the HRE have
been designed, and the necessary work-
ing drawings have been issued for
fabrication. The major items remaining
to be designed are samplers for the
fuel, gas, and reflector systems.
A temporary sampling device for the
fuel system and tentative designs
for the reflector and gas system
samplers have been i1ssued. It 1is
anticipated that these will be ade-
quate during the initial phases of
HRE operation. The efforts of the
entire design group will be devoted
to these problems during the forth-
coming quarter, if necessary, to have
approved sampling devices designed
and constructed before the critical
experiments are started.

During the past quarter designs
have been completed and approved draw-
ings have been issued for construction
of the following units.

ORNL
ITEM DRAWING
NO. DESCRIPTION NO.
98 Surge tank D-10119
2 Pressurizer D-10103
Pressurizer details D-10104
Liquid-level controller D-10117
93
(a &b) Steamer D-10105
7 Fuel cooler D-10107
88 Low-pressure catalytic re-
combiner for fuel gas D-10108

L. Cooper
C. W. Day
R. W. French
A. Strauchman
Terry
1 Revised core-tank assembly D-10113
Core-tank details D-10114
95 Accumulator tank and details D-10121
Oxygen-metering station D-10120
47 Revised assembly of regu-
lating-rod F-10123
Regulating-rod and plate
assembly D-10124
Regulating-rod guide tube
and switch assembly D-10125
Regulating-rod limit switch
details D-10126
18 Reflector-vessel flange
piping and elevations E-8627

Design information for the instal-
lation of the following systems was
issued during the past quarter.

SYSTEM DESCRIPTION

D,0 sampler with pro-
vision for filling
and emptying system

Deuterium-oxygen re-
combiner loop for the
reflector off-gas

Sampler for the high-
pressure helium loop

One-gallon-per-hour
pulsafeeder purge-
pump installation

Main-heat-exchanger
leak-detector system

Steam-turbine and
generator installa-
tion

METHOD OF CONVEYING
INFORMATION

Memo to HRE file
dated 11/7/51, with
sketches

Memo to HRE file
dated 11/14/51, with

sketches

Memo to HRE file
dated 10/31/51, with
sketches

Memo to HRE file
dated 10/24/51, with
ORNL drawing D-8645

Memo to HRE file
dated 10/25/51, with
sketches

OBNL drawings D-8646,
D-8647, and D-8648

11
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(continued)
METHOD OF CONVEYING

SYSTEM DESCRIPTION INFORMATION

ORNL drawings D-9590,
D-9598, and D-9591

Fuel pulsafeeder and
filter assembly

Revised HRE flowsheet  ORNL drawing E-8623

HRE flowsheet line Memorandum to HRE
schedule file

Revisions to the Core Tank. The
core-tank outlet-pipe arrangement was
altered at the request of the Theo-
retical Physics Section to reduce the
pressure drop between the core tank
and the pressurizer when sudden in-
creases 1n reactivity cause some of
the fuel inthe core to be ejected into
the pressurizer. Originally the de-
sign consisted of two concentric pipes.
The inner pipe had an outside diameter
of 1.900 in. and a 0.200-in.-thick
wall, and the outer pipe had an inside
diameter of 2.900 inches. Both pipes
were flared into the core tank to
streamline the flow where fuel leaves
the core. At the bottom of the pres-
surizer an elbow in the inner pipe
passed through the outer-pipe wall and
connected to the piping in the fuel-
circulating system.

In the original arrangement all the
fuel exited from the core through the
inner pipe, and the annulus provided
the relief connection to the pres-
surizer. The physicists requested
either that the elbow in the inner
pipe be removed and the circulating
pipe be teed directly into the outer
pipe or that holes be cut in the inner
pipe communicating to the annulus so
that essentially the entire cross
section was available for flow to the
pressurizer. The inner pipe was to
retained in either case to provide
additional surface for frictional
damping of small oscillations that
might be set up between the core and
the pressurizer.

12

The original request of the physi-
cists was not acceptable to the Ex-
perimental Engineering Section because
their design increased greatly the
diameter of the opening at which the
bulk of the fluid is removed from the
core. This increase in the diameter
reduced the angular velocity of the
forced-liquid vortex in the center of
the core and was expected to affect
adversely the stability of the gas
vortex.

The final compromise is shown in
ORNL drawing D-10113. It contains a
1 3/4-in.-0D by 13-ga concentric tube
in the 3-in. schedule-80 pipe connec-
tion to the pressurizer. The inner
tube is perforated to provide communi-
cation with the annulus. The diameter
was selected so that the hydraulic
radii of the inner channel and annulus
are equal. Where the fluid leaves
the core, the diameter of the 3-in.
outer pipe was reduced by 1/4 inch.
On one hand this reduces the total
cross section of the exit for a short
distance; on the other i1t increases
the cross section through which the
bulk of the fuel passes and may de-
crease the stability of the vortex.
In general, it was the best compromise
considered that proved acceptable to
both the physicists and the engineers.

The 1/4-in. pipe outlet at the
bottom of the core tank was also
altered at the request of the Theo-
retical Physics Section. The change
converted a long sweeping bend into a
bend of the shortest possible radius.
The purpose of the alteration was to
reduce to a minimum the amount of
liquid remaining in the pipe when the
bulk of the line fills with gas formed
by radiation decomposition of the
moderator. Minimizing the liguid
volume minimizes the effect of this
line on pressure oscillations in the
core. ‘

Fuel Cooler. The fuel cooler, Item
7, was redesigned to provide greater

(1)
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cooling area with consequent lower
exit temperature of the fuel. The
lower this temperature, the greaterwill
be the amount of gas retained in solu-
tion and there will be less tendency to
gas-bind the fuel pulsafeeder pump.
Adding 9 ft to the length of the pre-
vious exchanger results in reducing
the fuel exit temperature from the
cooler by approximately 35°F, with 1
liter more holdup of fuel.

Pressurizer. A new design of the
pressurizer, ltem 2, was issued with
the inner steam-heated wall thickened
in order to comply with requirements
of the 1950 ASME Code for Unfired
Pressure Vessels for tubes or pipes
subject to external pressure. In
general, the entire pressurizer design
was reviewed from this point of view
and the vessel was subsequently de-
signed to comply throughout, as nearly
as possible, with the ASME code.

A water-cooled by-pass line from
the liquid-level 1indicator to the
bottom drain connection of the pres-
surizer was added to induce circula-
tion of fluid through the pressurizer.
The type of liquid-level indicator to
use with the pressurizer was decided
upon and drawings were prepared and
issued for construction. The design
of this liquid-level indicator 1is
approved on ORNL drawing D-10117.

Regulating Plate and Drive Assembly.
At the request of the Operating Sec-
tion, design studies were made to
determine the feasibility of adding
more surface area to the proposed
regulating plate. Based on these
studies, the regulating plate area
was 1ncreased to approximately eight
times the previous area. Increasing
the plate area necessitated a redesign
of the drive mechanism to allow access
for maintenance. With the previous
design the width of the regulating
plate was small enough to permit with-
drawal through the hole in the top

1951

pressure-vessel flange when the regu-
lating plate mechanism housing 1is
removed. This procedure is no longer
possible with the widened plate, hence
it is necessary to be able to dis-
connect the plate screw from the
mechanism internally so that only the
mechanism itself is removable. Working
drawings showing the revised design
were subsequently prepared and 1issued
to the field, and on November 15, 1951
fabrication was complete and the plate
was partially assembled. It 1is re-
ported that the new design is satils-
factory.

Low-pressure Catalytic Recombiner
for Fuel O0ff-Gas. Final design for
the low-pressure catalytic recombiner
for the fuel off-gas system was 1ssued
as OBNL drawing D-10108. The specifi-
cations for this recombiner were based
on data furnished by the Experimental
Engineering Section modified to comply
with the 1950 ASME Code for Unfired
Pressure Vessels. The 5-1in.-deep
catalyst bed consists of approximately
1.1 1b of platinized alumina contained
in a 3-in. schedule-40 stainless steel
pipe. Thermocouple wells are inserted
in both ends of the bed for measure -
ment and control of the catalyst tem-
perature. Welded to the recombiner
body adjacent to the catalyst hed 1is
a jacket through which steam may be
circulated for preheating the catalyst
material or which may be used as a
coolant jacket, if necessary. This
Jacket is made from a section of 5-in.
schedule-40 pipe split circumferentially
in the middle with the halves joined
by a corrugated expansion joint. Cal-
culations indicate that without this
expansion joint the shell stresses
may become excessively high because
of differential thermal expansion of
the inner and outer pipes. The re-
combiner was installed essentially
parallel to the off-gas condenser to
minimize the possibility of the catalyst
bed becoming filled with condensate.

13
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Steamer. Two steam generators were
designed for installation in the fuel
off-gas system to provide a diluent
for the hydrogen and oxygen entering
the recombiners. The steamers were
designed to have a vapor rate of ap-
proximately 5 lb/hr at 15 psia. The
heat of vaporization is supplied by
40-psi steam circulated through a
jacket surrounding the vapor space.
The steamers are designed so that
there will be a constant flow rate of
5 to 10 lb/hr of feed water supplied
from the fuel-gas condenser to minimize
sludge accumulation. Design of the
steamer was approved on ORNL drawing
D-10105.

Oxygen Metering System. To inhibit
corrosion in the piping system, it is
desirable to admit from 10 to 1000
ppm of oxygen to the high-pressure
fuel-circulating system. The system
was designed to admit oxygen in these
proportions to the vapor space of a
surge tank (Item 98, ORNL drawing
D-10119) inserted in the high-pressure
fuel-return line from the dump tanks
at a position just before the existing
letdown heat exchanger. The surge
tank was designed to damp pressure

oscillations from the fuel pulsafeeder
pump and to present adequate surface

area for the absorption of therequired
oxygen into the system.

Oxygen is metered through a cali-
brated capillary tube inserted between
two isolation valves, which are inter-
locked so that it i1s impossible to
open both simultaneously. This inter-
locking of the valves 1is necessary
for safety, since 1t 1s essential that
no direct path be established for the
escape of radioactive solution from
the shielding. Also, between the two
valves 1s an accumulator tank of ap-
proximately 0.670 ft*, which is operable
between pressure limits slightly above

the fuel pressure. A Mercoid Pressure
Controller, with the necessary in-
strumentation, determines which of

14

the two valves is open at a particular
time. The valves are located in the
biological shielding, whereas the
accumulator tank is in the fuel cell.
Oxygen is initially supplied from a
manifold located external to the
biological shielding. This system was
approved on ORNL drawings D-9595,
D-9051. D-10119, D-10120, and D-10121.

Deuterium-0xygen Recombiner Loop
for the Reflector 0ff-Gas. A type-347
stainless steel jet exhauster was
installed from the D,0-circulating-pump
outlet to the D,0-return line, so that
it was in parallel with the D,0 cooler
and came before the first flange to
the pressure-vessel inlet nozzle.
With 20% of the total D,0 flow as the
driving medium, this jet is reported
to be capable of exhausting the re-
quired 0.5 cfm of gas-vapor mixture
through the D,0 off-gas recombiner,
provided the back pressure on the jet
discharge is kept as low as possible.
Therefore, to minimize this back
pressure, the exhauster is mounted
14.5 ft above the cell floor and next
to the south wall of the D,0 shielding
compartment. The 20% D,0 flow through
the exhauster may be cooled by jacket-
ing the by-pass line to maintain the
desired reflector temperature and ob-
tain maximum jet efficiency. This
system is described in detail in the
memorandum teo HRE file entitled
Deuterium-Oxygen Recombiner Loop,

dated November 15, 1951.

D,0 Sampler with Provision for
Filling and Emptying System. A sys-
tem has been devised for obtaining
samples of the reflector fluid that
may also be used as a means of filling
or emptying the reflector system.
With this method, a 10-ml sample of
D,0 may be obtained from either the
low pressure or suction side of the
reflector pulsafeeder pump or from
the high pressure or discharge side
of the pump by proper sequential
manipulation of valves. The sampling

=
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system is shielded with lead because
it has been assumed that impurities
present in the D,0 will become radio-
active under reactor irradiation.
This system is described in detail by
the memorandum to HRE file entitled
D,0 Sampler with Provision for Filling
or Emptying System, dated November 7,
1951.

Sampler for the High-pressure
Helium Loop. A design has been sub-
mitted for a device for obtaining a
sample of the helium-gas-vapor mixture
from the reflector-vessel vapor space.
Two types of gas sample containers
capable of containing gas at 1000-psi
pressure are shown. The gas sample is
obtained from the reflector-vessel
vapor line before the catalytic re-
combiner by running a 1/8-in. stainless
steel pipe from this line to a pit in
the top of the shield. To obtain a
sample, the sample holder is purged
by allowing approximately 500 cc of
gas to flow through the system to the
dump tanks. The downstream side of
the sample carrier is then valved off
and the sample brought up to the re-
quired pressure. All valves are then
closed and the carrier removed. This
system 1s described in detail by a
memorandum to HRE file, dated October
31, 1951.

One-Gallon-per-Hour Pulsafeeder
Purge-Pump Installation. The proposed
location for the l-gph pulsafeeder
purge-pump installation has been ap-
proved on ORNL drawing D-8645. The
purpose of this installation is to
supply approximately 1 gph of distilled
water from the fuel-gas condenser to
the fuel-circulating pump. This water
is pumped at sufficiently high pressure
to keep the rotor housing of the cir-
culating pump purged of fuel. Because
of the compressibility of the water in
the connecting water leg of the pulsa-
feeder purge-pump installation, de-
livery of distilled water is reduced
from 1 to approximately 0.417 gallon

1951

per hour. It is not anticipated that
there will be sufficient radiation
damage to decompose enough water 1in
this system to cause the pump to gas-
bind.

Main-Heat-Exchanger Leak-Detection
System. Asystem for detecting leakage
of fuel or boiler water into the leak-
detector space in the tube sheet of
the main heat exchanger has been ap-
proved in the memorandum to HRE file,
dated October 25, 1951. The proposed
system consists of a pressure tap and
remote-reading pressure gage connected
to thesplit tube sheet. If a leak de-
velops, either the fuel or, water side
of the exchanger may be throttled or
shut down. The resulting pressure
readings of the leak-detector pressure
gage will subseguently reveal which
of the two sides is leaking.

Alternate Feed Pumps. A design for
an alternate type of feed pump to re-
place the existing pulsafeeder pumps
has been submitted for approval by the
ORNL Engineering Department. This
design is a simple piston pump with
several innovations that are believed
to be improvements of the commercial
plunger pumps of the same general type.
These innovations consist of the fol-
lowing:

1. Double-ball check valves are
placed in the inlet and outlet pipes
to provide a minimum amount of holdup
in the pump cylinder.

2. The inlet check valves are
built directly into the piston head,
and hence inertia, as well as pressure
differential, is available for actua-
tion.

3. The suction inlet of the pump
is at about the middle of the side of
the cylinder. Fluid is introduced
directly to a grooved annulus turned
in the center of the piston, and hence
leakage of high-pressure fluid is

15
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always back to the pump suction. The
close fit between the lower half of
the piston and cylinder inhibits leak-
age into the lower portion of the
cylinder. Any leakage that does occur
is subsequently flushed back to the
dump tanks through a small check valve
and drain line at the low point of the
pump cylinder.

The pump piston is directly con-
nected by a piston rod through a con-
ventional packing gland to a double-
acting hydraulic cylinder located
vertically and beneath the pump. The
drive fluid for this unit may be oil
or other liquid supplied from an ex-
ternally located source.

This unit is expected to have the
following advantages over the pulsa-
feeder pumps:

1. The thin diaphragms constitut-
ing the pumping units of the pulsa-
feeder pumps are eliminated. If the
pitting type of corrosion described
by the chemists does occur in the HRE
piping system, the lifetime of a thin
diaphragm will be a very random proba-
bility. Also, the total number of
flexures that such a diaphragm can
endure without fatigue failure is
unknown.

2. The loss of pumping efficiency
in the pulsafeeder pumps owing to the
compression of water between heads is
eliminated.

3. The holdup in the pumping head
is lower.

This design is submitted on ORNL draw-
ing D-10171.

Alternate Tube Bundle for the Main
Heat Exchanger. Revised drawings of
an alternate tube bundle for the main
heat exchanger have been prepared.
The new design will have the following
major advantages over the existing
design:
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1. The tube ends are flared into
the tube sheet before welding to pre-
vent weld metal from partially ob-
structing the tube openings.

2. The inlet and outlet pipes have
a gradual transition from 1 1/2-in. to
2 1/2-in. schedule-80 pipe for better
fluid distribution and low pressure
drop.

3. The slightly greater tube-
bundle area will provide higher ca-
pacity.

4. The stay bolts inserted in the
head liner will prevent distortion
during welding and machining.

This design is submitted on ORNL draw-
ing D-10130.

Test of Turbine-generator Set. A
trip was made to the Worthington plant
at Wellsville, New York to witness the
test run of the turbine-generator set.
The unit ran smoothly and the manu-
facturer, on the basis of a "power-
pressure"” test, confirmed his original
guaranteed steam rates. The "power-
pressure" test consisted of the fol-
lowing five steps: (1) calculate the
nozzle areas (other than first stage)
for maximum efficiency, (2) choose the
first-stage nozzle to meet the guaran-
teed load points, (3) determine the
amount of power out of each nozzle
group by calculation, (4) test turbine
with maximum steam possible through
each group ('group"”" implies several
openings in one nozzle), (5) compare
power obtained from 3 and 4, and if
the test power 1s the same or greater
than the calculated power, the turbine
is expected to meet the guaranteed
performance.

The turbine-generator set will be
further tested by several MIT students
during the period from December 3 to
7, 1951. The tests will check the
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manufacturer’'s steam rates and de-
termine the operating characteristics
of the turbine, generator, condenser,
and auxiliary equipment.

Dumping, Purging, and Concentrating
in the Fuel System. A memorandum was
written on the subject, Dumping,
Purging, and Concentrating in the HRE
Soup System, dated October 22, 1951,
which gives the minimum size of charge
necessary for a specific fuel concen-
tration and the minimum concentrations
possible with the present fuel system.

Rupture-Disk Locations. All rup-
ture-disk locations were analyzed from
the standpoint of ease of remote re-
moval, and recommendations were made
to relocate the rupture disk in the
core-tank dump line to facilitate 1its
removal. A decision was made to leave
the letdown valve in its present lo-
cation provided a horizontal access
hole is incorporated in the east wall
of the reactor.

Corrosion Sampler. Two corrosion-
sample retainers will be inserted in
the ends of the removable elbow of
the line adjacent to the main heat
exchanger. The retainer is essentially
a split sleeve held together by two
rings, one of which has a conical
spring section that is compressed by
the ring-joint flange faces to prevent
vibration. The sample holder and a
typical sample are shown on ORNL
drawing D-10128. If a velocity of 15
ft/sec is assumed for normal flow, the
increased flow rate due to the re-
striction in the line will be approxi-
mately 23.6 feet per second. Seven
samples are to be inserted in each re-
tainer. Present plans call for two
retainers made of type-347 stainless
steel, and future plans call for two
made of titanium. The samples are to
be made of the following materials:
types-316, -329, -347, and Carpenter-
20 stainless steel; induction-melted
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zirconium; induction-melted zirconium
plus 5% tin; and titanium. Another
drawing (B-10129) is being made to
show a special flange that 1s really a
reworking of a standard 1 1/2-in.
2500-1b stainless steel flange. The
inside diameter is enlarged to com-
pensate for the restriction, and there-
fore there in flow
velocity.

is no 1lncrease

HRE Flowsheets. The HRE flowsheet
is being redrawn in five sections to
show the available pertinent informa-
tion. The five sections will comprise
the high- and low-pressure fuel and
D,0 systems and the power system. The
final drawings will be reduced to 11
by 17 in. for incorporation 1in the
HRE design data booklet.

PUMP LOOP DESIGN

J. R. McWherter W. L. DeRieux
J. Brown J. D. Maloney
W. L. Ross

Westinghounse Model 100-A Pump Loops.
Drawings have been completed and in-
stallation of eight pump loops along
the south wall of the experimental
area of Building 9204-1 has started.
Six of the eight loops will have
Westinghouse Model 100-A canned-rotor
pumps of the type used in the HRE fuel
system. These six loops will be
fabricated from 1 1/2-in. schedule-80
type-347 stainless steel pipe. A
pressurizer fabricated from 4-in.
schedule-80 type-347 stainless steel
pipe with immersion heaters cast in
aluminum around the pipe will be con-
nected to each loop. During operation
at 1000 psi and 250°C it will be neces-
sary to remove about 3 kw of heat from
each loop. This will be accomplished
by using a water spray on the loop,
since this method has been successful
on similar Model 100-A pump loops.

The loops will be used for testing
fuel stability and the corrosion of
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various metals and alloys. Three
ports for insertion of corrosion sample
pins are located on each loop. Pro-

visions have also been made for in-
sertion of a corrosion sample in a
short length of pipe in the main
stream of the loop.

Westinghouse Model 30-A Pump Loop.
One of the eight pump loops will have
a Westinghouse Model 30-A canned-rotor
pump and the loop will be fabricated
from 1 1/2-in. carbon steel pipe. The
primary purpose of this loop will be
to determine corrosion of hot water on
steel similar to that used in the HRE
reflector vessel.

Westinghouse Model 150-8 Pump Loop.
The remaining loop will be used for
testing a Westinghouse Model 150-B
canned-rotor pump. This pump 1is a
150-gpm pump, and unlike the Model
100-A pump it has a built-in water-
cooling co1il and requires no oil for
cooling the stator. This loop will
be identical to the Model 100-A pump
loops, except that the pump will be
mounted in a vertical position.

Canned-Rotor 4000-gpm Pump Test
Loop. In the long-range homogeneous
reactor program emphasis is shifting
from 4000-gpm circulating pumps to
those of larger capacity, say, 20,000
gpm. However, a considerable amount
of valuable information can be ob-
tained from a 4000-gpm prototype of
the larger pump. Of interest will be
points of major wear or corrosion,
suitability of large water-lubricated
radial and thrust bearings, and ex-
perience 1in handling large equipment.
One 4000-gpm pump test loop will
probably be adequate for this work
and for any component testing that may
be desired.

The present plan for this test

loop includes installation of a 4000-
gpm circulating system made of 10-, 8-,

and 6-in. stainless steel pipe, the
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required flanges and fittings, a
canned-rotor 4000-gpm pump, and the
necessary auxiliaries for satisfactory
loop operation. The loop will be
approximately 25 ft long to accommodate
flow-measuring devices. Procurement
of major 1tems 1s in progress, with
delivery expected in May and June of
1952.

The loop and its auxiliaries are
shown in the accompanying flowsheet,
Fig. 8. This system will operate at
a nominal pressure of 1000 psi and
temperature of 250°C, and 1t will
contain the necessary components to
maintain these conditions as well as
to supply from 1/4 to 1/2 gpm of seal
water to flush loop solution from the
armature and bearing chamber of the
pump. In addition to the above,
provisions are to be made to keep the
dissolved oxygen content of the solu-
tion between 10 and 1000 ppm. The
stability of the solution has been
found to be dependent on this dis-
solved oxygen. A Dumping system
is also included to facilitate filling
and emptying the loop, which holds

120 gal of solution. Two panels
similar to those used on the Model

100-A pump loops will house the in-
struments and controls. Most of the
auxiliaries will be installed so that
they can be easily operated and yet
not interfere with the crane and
equipment necessary for the removal of
any of the heavy components of the
loop.

It is intended that this loop will
operate continuously at a constant
solution concentration. Consequently,
some means of overcoming the con-
tinuous 1/2-gpm flow of water into the
loop from the pump bearing chamber is
necessary. A letdown system is pro-
vided for this purpose in which about
2 gpm 1s relieved to atmospheric con-
ditions through a back-pressure let-
down valve. Approximately one-quarter
of this quantity flashes to steam

§3)
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and 1s condensed. The condensate 1is
then pumped into the 4000-gpwm pump as
the seal water. The remaining three-
fourths of concentrated solution 1is
injected back into the loop with a
high-pressure feed pump. Since this
method provides a closed cycle, the
over-all concentration will remain the
same. The distilled water will be
used for start-up only and therefore
will have only a transient effect upon
concentration.

The high-pressure piston pumps and
letdown valve are also part of a sys-
tem to keep the loop pressurized at
1000 psi. The letdown valve is set
to open at the desired loop pressure
while the seal water and feed pumps
provide flow of ligquid. The accumu-
lator and surge tank are necessary to
modify the pulses set up by these
pumps. A rupture disk designed to
break at 1500 psi will be installed
on the loop proper to provide ultimate
high-pressure protection in case the
regular controls fail. A relief valve
set at 600 to 700 psi will be installed
between the rupture disk and dump tank
to keep the entire contents of the loop
from flashing into the dump tank.
This could happen since the saturation
pressure of the loop solution at 250°C
1s 580 psi.

The circulating pump adds approxi-
mately 260 kw of heat, which must be
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removed from the system in order to
maintain a constant operating tempera-
ture. Although part of this heat 1is
removed by the seal-water condenser,
the majority 1s taken out by a separate
loop cooler. This heat exchanger
consists of 100 ft of 3/4-in. pipe
coiled and submerged in a tank of
water. About 25 gpm of loop solution
is shunted through this coil, and the
heat transfer i1s controlled by the
level of water in the tank. The steanm
boiled off is condensed by a water
spray before being disposed of in the
building drains. Since about 50 gpm
of cooling water 1is required directly
for pump cooling, this ample supply of
water 1s subsequently available to
operate the cooler.

Instruments and controls will be
provided to (1) collect data to be
used in the evaluation of the pump and
other equipment that may be tested 1in
the loop, (Z)waintain automatic opera-
tion of the loop {controls on tempera-
ture and pressure, primarily), (3) as-
sure the safety of operating personnel,
and (4) protect equipment from abnormal
operating conditions.

Layout and detail drawings of the
loop and its auxiliaries are being
prepared. The design should be com-
plete by January 1, 1952,
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CORROSION

SCOUTING STUDIES

Study of Fundamental HRE Corrosion
Problems (J. C. Griess). For the past
few months the general mechanism of
the corrosion process encountered in
the HRE has been under investigation.
The purpose of this study has been to
find a means of determining the extent
of corrosion when passivated type-
347 stainless steel is exposed to
uranyl sulfate solutioms at 250°C. 1In
all the experiments carried out to
date the rate of corrosion has been
comparatively slow and the process of
determining the relative merits of
different protective films has been
time~consuming. Hence, a reliable,
fast method of measuring the effective-
ness of different protective films is
desirable. If the reactants and the
products involved in the corrosion
process were known, it might be
possible to use changes in the con-
centration of either as an accurate
measure of the corrosion damage.
Furthermore, an understanding of the
corrosion mechanism might allow a more
intelligent attack on the corrosion
problem 1itself.

It has previously been pointed out
that in the system uranyl sulfate
solution (30 g of uranium per liter) —
passivated stainless steel-~—air,
changes in pH, uranyl sulfate, iron,
and chromium concentrations do not
give a quantitative estimation of the
extent of corrosion. It i1s possible
for an analysis of a given solution
to show no detectable change in
uranyl, hydrogen, ferric, ferrous, or
chromic ion concentration after heat-
ing at 250°C in a pretreated steel
vessel even though the steel has been
attacked.

The corrosion encountered here is
electrolytic in nature and the reactions

involved in the corrosion process
appear to be as follows:

At the anodic areas

Fe —> Fe'? + 2¢7, (1)
Ni ——> Ni"? + 2¢7, (2)
Cr —> Cr*? + 3¢, (3)

At the cathodic areas
0, + 4H" ——> H,0 - 4¢7,  (4)
Uo,"* —> U0, (or U,0,) - 27, (5)
2H —> H, - 2. (6)

In the presence of oxygen the
cathodic reaction consists primarily
of the reduction of oxygen. The anodic
reactions cannot be identified with
certainty since 1t has not been
established that the elements that
compose the alloy dissolve in the
ratio in which they are present in
the alloy. If chromium is oxidized
it is quantitatively precipitated by
hydrolysis. 1Iron apparently dissolves
as ferrous iron, which, in the presence
of a sufficiently strong oxidizing

agent, is also hydrolytically pre-
cipitated as ferric oxide, If the
nickel in the alloy dissolves, it will

remain in solution unless 1t 1is
carried down with the chromic and
ferric oxides. Hence, anodic reactions
1 and 3 ultimately produce hydrogen
ions (by hydrolysis), whereas cathodic
reactions 4 and 6 consume hydrogen
ions. {(Cathodic reaction 5 produces
hydrogen ions if U;0; is the final
product.) Since nickel is the minor
constituent of the alloy, and since it
should not hydrolyze at the pH values
involved, there should be a very
slight increase i1n the pH of the
solution as the alloy 1s corroded.

21



HRP QUARTERLY PROGRESS REPORT

This change in a uranyl sulfate
solution (pH T 2.5) 1is so small,
however, that it is difficult, 1f not

to detect unless the cor-
rosion damage has been extensive.

impossible,

If the corrosion process 1s slow,
the cathodic reaction consists entirely
of the reduction of oxygen. However,
if the corrosion process is compara-
tively rapid, oxygen may not be able
to diffuse to the cathodic surfaces
fast enough to utilize the corrosion
currents, and reactions 5 and 6 may
take place. 1Indeed, in three cases
where oxygen was present in low con-
centrations and the protective film on
the steel was poor, analysis of the
gas phase showed that hydrogen was
present and that there was a decrease
in the oxygen content. In none of
these cases was there a measurable
change in the uranium, iron, chromium,
or hydrogen ion concentrations of the
solutions. The nickel content varied
between 10 and 20 ppm.

Some additional confirmation of the
preceding statements was obtained
from two experiments that were run at
250°C in the absence of oxygen. In
each case hydrogen was found in the
gas phase and some uranium was pre-
cipitated. Ferrous and nickelous
1ions were found in solution and the pH
decreased. X-ray analyses showed that
in cach case the precipitated uranium
consisted of an equimolecular mixture
of U0, and U;0,. The changes in the
various constituents in solution were
determined by chemical analyses. Since
chromic ions were completely hydrolyzed
and could not be determined by chemical
analysis, it was necessary to assume
some value for the amount of chromium
dissolved from the alloy. It seemed
reasonable to assume that chrowmium
dissolved in the proportion in which
1t was found to be present in the
alloy on the basis of the iron and
nickel analyses. 1If this was done the
material balances were poor. In one
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experiment it was hecessary to assume
that chromium dissolved to the extent
of about 50% its relative proportion
in the alloy and in the other, 70%.
When this was done good material
balances were obtained in each case,
and the equations given above gquanti-
tatively accounted for all changes
observed in the solutions.

It was interesting to note 1in these
two experiments that in the uranyl
sulfate solution the ratio of nickel
to iron was 0.167 in one run and 0.157
in the other. The ratio of nickel to
iron in the steel i1tself was 0.148

+ 0.024. Hence, there was an indi-
cation, at least, that the iron and
nickel in the steel dissolve 1in
approximately the correct ratio, but

that chromium dissolved to a lesser

extent.

At this time it appears that the
corrosion which occurs at a passivated
stainless steel surface on exposure to
uranyl sulfate solutions at 250°C can
be explained in the following manner
The protective film itself is chemi-
cally inert to the uranyl sulface
solution. However, at weak places in
the film, ruptures or crevices develop
and the steel 1tself comes in contact
with the uranyl sulfate solution.
When this happens, local cells with
potential differences as large as 0.3
to 0.5 v are possible. In the presence
of oxygen the cathodic reaction con-
sists of the reduction of oxygen. At
the anodic areas nickelous, ferrous,
and chromic ions enter the solution.
The chromic ions hydrolyze to yield
chromic oxide and the ferrous ions are
oxidized and hydrolyzed to ferric
oxide. Hence, in static systems 1in
the presence of oxygen the pre-
cipitation of chromic and ferric
oxides tends to stifle the attack
before it has proceeded to any appreci-
able extent. This process is probably
repeated many times over the entire
surface. Thus, under the conditions
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given above, the protective film is
self-healing and any corrosion damage
is very slight and uniformly distri-
buted over the surface exposed to the
uranyl sulfate solution.

In a dynamic system the chance of
stifling the attack in the presence of
oxygen is less since the ferric 1omns
may be swept away before they are
hydrolytically precipitated at the
site of corrosion. The above situation
should be especially true in regions
of great turbulence, and in these
regions pitting might result.

In the absence of oxygen, ferrous
ions that dissolve are never pre-
cipitated owing to the ‘basicity of the
ferrous i1ons. Appareéntly the pre-
cipitation of chromic oxide 1is in-
sufficient to stifle the attack of the
uranyl sulfate solution on the steel,
and once corrosion begins at given
locations attack continues at these
areas, whereas the rest of the surface
is cathodically protected from cor-
rosion. Since oxygen is not available
the reduction of hydrogen and/or
uranyl ions constitutes the cathodic
reaction, and any reduced uranium
hydrolyzes and precipitates. Under
the above conditions the corrosion is
localized and pits soon become apparent.

Protective films produced on steel
by different methods are undoubtedly
of different effectiveness, but it
seems that any film will sooner or
later develop breaks or pin holes and
that the film must be self-healing to
mininize corrosion damage and prevent
precipitation of the uranium from
solution.  The presence of oxygen in
the system certainly is desirable in
this respect, but it does not neces-
sarilyrepresent as satisfactory a
condition as might be ultimately
achieved. - For oxygen to be effective,
the ferrous ions first formed mist be
oxidized and then hydrolytically pre-
cipitated. The oxidation is probably
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fast, whereas the hydrolysis appears
to be comparatively slow. Hence, 1f
1t were possible to precipitate the
ferrous 10ons as fast as they were
formed, the self-healing process would

undoubtedly be more effective and
would not depend on the presence of

oxidizing conditions. Similarly an
increase in the rate of hydrolysis of
ferric ions would facilitate the
self-healing process. This approach
will be used for future work.

Preliminary experiments completed
to date indicate that an analysis
of the solution combined with an
analysis of the gas phase 1s. necessary
for the interpretation of the changes
taking place in the system. In systems
that contain uranyl sulfate at a con-
centration of approximately 30 g of
uranium per liter and a reasonable
supply of oxygen, the consumption of
oxygen and/or the production of
hydrogen are directly related to the
corrosion damage. Thus, in these
cases the rate of corrosion can be
followed by determining the changes
in the gaseous phase. With this method
it should then bepossible to determine
the relative merits of different pro-
tective films and the effectiveness of
various inhibitors,

Studies with Organic Inbibitors in
tranyl Sulfate Systems (G, H. Cartledge
and M. D. Silverman). Considerable
data are available in the literature®
concerning theuse of organic inhibitors
for the passivation and protection of
steel surfaces. Most of these data
were obtained at low temperatures and
in systems quite different from those
to be expected in the HRE. Although
some work had been reported(?’ which
showed that inhibition decreases with
increasing temperature, it was believed

. (1DH. Uhlig, Corrosion Handbook, p.
Wiley, New York, 1938.

(2)A, H. Roebuck, Navel Research Report,
NP-1859, Corrosion Laboratory, University of
Texas, Austin, Texas.

905,
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that at least brief experiments should
be made under HRE conditions before
assuming that inhibitors would be
useless. Even though it was recog-
nized that the organic molecules
probably would not be stable under
reactor radiation, the loss of their
ability toprovide corrosion inhibition
does not necessarily follow.,

The compounds selected were a,a-
dipyridyl, phenyl thiourea, ortho-
phenanthroline, dimethyl glyoxime,
S-naphthoquinoline, diisoamyl sulfone,
and diisobutyl sulfone. All these
are known to form strong bonds with
the main metallic components of stain-
less steel, to be thermally stable at
250°C or higher, to contain nitrogen
and/or sulfur linkages that serve as
focal points for chelation, and to
show strong corrosion inhibition.

Type-347 stainless steel samples
were degreased, washed, dried, and
then placed in quartz ampoules con-
taining 0.0l M solutions of the
organics 1in uranyl sulfate (300 g of
uranium per liter), These ampoules
were sealed in air and rocked 1in a
furnace for 40 hr at 250°C. The
solutions were then analyzed and the
steel samples examined,

All the steel samples showed
evidence of corrosion, and analyses of
the solutions substantiated this fact.,
Concentrations of nickel were in the
range 250 to 350 ppm, and correspond-
ing amounts of iron were also found
(1600 to 2500 ppm). A comparison with
blank rums, in which no inhibitor was
used, showed that the inhibitors had
very little effect, i1f any, on the
corrosion rate.

Further experiments were conducted
in an effort to determine whether
failure of the inhibitors was due to
breaking down of the organic molecule
{e.g., oxidation by uranyl ion at
250°C) or to the rupture of a weak
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chelation bond between the metal
surface and the inhibitor. It was
found that the organic compounds were
stable in uranyl sulfate when held at
250°C for at least a week. This
eliminated the first possibility.
Efforts to study the second possibility
by spectrophotometric means were un-
successful because absorption measure-
ments indicated that some complexing
of the organic molecule by uranyl ion
was occurring., Furthermore, inter-
ference in the ultraviolet by the large
excess of uranyl ion present made
interpretation of the spectral data in
this region very difficult.

Additional experiments showed that
the ferrous complexes of a,a-dipyridyl
and orthophenanthroline were partly
unstable and/or insoluble when heated
at 250°C for 24 hr either in water or
uranyl sulfate solutions.

Five-hour bombardments at 250°C in
hole 12 at the full flux of the X-10
graphite pile showed that both pure
compounds and ferrous complexes of
orthophenanthroline and a,a-dipyridyl
are partially decomposed in uranyl
sulfate solutions either in the
presence or absence of stainless
steel,

Fundamental Corrosion Study (G. H.
Cartledge). Further consideration of
the data from the extensive corrosion-
testing program for the HRE has in-
tensified the conviction that there 1is
need for a fundamental study of the
details of the electrochemical processes
in operation in uranium solutions in
contact with metals. There has been
much progress recently in the experi-
mental study of passivity and the
precise steps in the establishmentof
redox potentials 1n electrolytes. This
work has suggested methods that may be
applicable in uranium systems, and a
new project in the fundamental study
of this field is being planned.
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STATIC TESTS

J. L. English
A. R. Olsen

J. Reed
S. H. Wheeler

Uranyl Sulfate Corrosion Studies.
Stagnant corrosion studies during the
past quarter included the following:

1. The corrosion behavior of 150°C
nitric-acid-pretreated type-347
stainless steel in 0.17 M uranyl
sulfate at 150°C,

2. The corrosion behavior of untreated
metals and alloys in 0.17 ¥ uranyl
sulfate at 150°C,

3. The effect of continuous exposure
on chromic-acid-pretreated type-
347 stainless steel in 0.42 M
uranyl sulfate at 250°C,

4. The vapor phase corrosion of type-
347 stainless steel above 0.17 ¥
uranyl sulfate at 250°C,

5. The effect of oxygen treatment on
pretreated type-347 stainless
steel,

6. The effect of oxygen on uranyl
sulfate stability in an untreated
type-347 stainless steel system at
250°C.

Corrosion Behavior of 150°C Nitric-
Acid-Pretreated Type~347 Stainless
Steel in 0.17 M Uranyl Sulfate at
150°C. Investigations were made of
the effectiveness of 150°C nitric acid
pretreatments on type-347 stainless
steel for corrosion protection in
uranyl sulfate solutions at 150°C and
the effect of initial surface con-
dition on the corrosion resistance of
the stainless steel, The tests were
run in type-347 stainless steel
autoclaves with solution capacities
of 150 milliliters., The test specimens

were prepared by lathe-machining cold-
rolled bar stock. Some of the speci-
mens were then abraded on Nos.-80 and
-120 grit papers.

The equivalent metal thickness loss
on the machined specimens after 24 hr
in 1% by weight of HNO3 at 150°C was
0.002 wil; the thickness loss on the
abraded sample was 0.003 mil for
similar exposure. The uranyl sulfate
tests were run for eight weeks at
150°C, The tests were examined each
week and the uranyl sulfate solutions
replaced.

The final corrosion rate on the
machined specimen was 0.25 mil/yr as
compared to 0.3 mil/yr for the abraded
specimen, A slight pitting attack was
observed on the latter, with maximum
pit depths of 0.3 mil. Pitting attack
on the machined specimen was almost
negligible. Partial reduction of the
uranyl sulfate solutions, to the
extent of 18% per week, occurred
during the first two weeks of the
machined-specimen test. A reduction
of about 10% in total uranium content
was reported for the test solution
containing the abraded specimen after
one week of exposure. No further
solution reduction was reported for
any of the test solutions during the
remaining periods of the tests.

The pretreatment of type-347 stain-
less steel at 150°C in 1% HNO, for
subsequent exposure in uranyl sulfate
at 150°C was less effective as a
corrosion protection mechanism than
HNO, pretreatment at 250°C for ex-
posure in 250°C uranyl sulfate. For
example, corrosion rates on type-347
stainless steel pretreated and ex-
posed at 250°C averaged 0.05 mil/yr
and less after eight weeks of test.
The corrosion rate obtained on 150°C-
pretreated and sulfate-exposed stain-
less steel was six times greater 1in
magnitude for similar exposure time.
The effect of machined vs. abraded
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surfaces was not pronounced with
respect to corrosion resistance 1in

0.17 M uranyl sulfate at 150°C.

Corrosion Behavior of Untreated
Metals in 0.17 M Uranyl Sulfate at
150°C. The corrosion resistance of
five different metals and alloys 1in
the untreated condition was determined
in 0.17 M uranyl sulfate at 150°C.
The materials included types-316 and
-347 stainless steels, commercial
grades of titanium and tantalum, and
Carpenter-20 stainless steel. The
stainless steel autoclaves in which
the metals were exposed were initially
pretreated in 1% HNO, at 250°C for 24
hr to minimize the effect of stainless

steel corrosion products on the
behavior of the test specimens. The
tests were run for six weeks, with

weekly replacement of the uranyl
sulfate solutions and examination of
the specimens for corrosion damage.

Titanium metal exhibited the best
corrosion resistance in the group.
The metals tested, listed in order of
decreasing corrosion resistance, had
the following corrosionrates (mil/yr):

Titanium 0.006
Tantalum 0.01
347 stainless steel 0.26
316 stainless steel 0.27
Carpenter-20 stain- 0.32

less steel

No definite tendency was shown by any
of these materials to reduce the
urany]l sulfate solutions under the
test conditions. A few solutions
exhibited a very slight reduction 1in
total uranium content, but the data
were not sufficiently conclusive to
attribute this to actual reduction or
to variations resulting from the
analytical procedures used.

The test data indicated a reverse
trend when sulfate-resistant alloys
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were used in the uranyl sulfate system
at 150°C. After exposure for six weeks
type-347 stainless steel showed a
cumulative weight loss of 0.61 mg/cm?,
type-316 stainless steel containing
an addition of 2% molybdenum for
improved sulfate resistance showed a
loss of 0.63 mg/cm?, and Carpenter-20
stainless steel containing 2% molybdenum
and 3% copper for still further
improvement of sulfate-resisting
properties showed a loss of 0.74
mg/cm?, These differences are within
the realm of experimental error and
are not considered sufficiently sig-
nificant at this time to state any
definite conclusions.

Effect of Continuous Exposure on
Chromic-Acid-Pretreated Type-347
Stainless Steel in 0.42 M Uranyl
Sulfate at 250°C. A test series was
run at 250°C in newly-machined stain-
less steel auntoclaves using 0.42 M
uranyl sulfate (101.4 g of uranium
per liter) and machined samples of
type-347 stainless steel, Six auto-
claves were used so that by removing
one autoclave from test each week
continuous exposure for one to six
weeks was obtained. Prior to the
start of the tests, the autoclaves and
specimens were pretreated for 24 hr in
2% CrO; at 250°C. The weight gains
for the stainless steel specimens
fluctuated from 0.15 to 1.02 mg/em?,
but all specimens were coated with

dull, black-brown films.

A summary of the test results
follows:

1. The 2% CrO, pretreatment
solutions exerted a more selective
attack on nickel in the stainless
steel than had been encountered
previously in 1% HNO, pretreatment
soJutions. A maximum dissolved nickel
concentration of 201 ug/ml was re-
ported in the CrO; solutions as
compared to 170 pg/ml, which is the
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highest value observed thus far in
HNO, pretreatment solutions,

2. A gradual dissolution of the
CrO, pretreatment films from the
specimen surfaceswas visually apparent
during the course of the tests. The
rate of film removal was not time-
dependent; i.e., the magnitude of film
weight losses did not necessarily in-
crease with increased ‘exposure time.
The metal surfaces, after film removal,
were highly lustrous, metallic gray in
color, and remained passive in the
uranyl sulfate test solutions. i

3. The corrosion rates calculated
for those specimens showing actual
weight losses after the pretreatment
films had been completely removed
during test were 0.02 mil/yr after 2
weeks and 0.26 mil/yr after six weeks.
Pitting attack contributed to the
over-all corrosion rate since both
specimens exhibited numerous but
shallow pits. The depths of these
pits ranged from 0.3 to 0.5 mil.

4, The only solution reduction
that occurred took place in the test
that operated continuously for five
weeks; the extent of this reduction
was 8%. All other solutions remained
stable during their respective ex-
posure times, as determined by chemi-
cal analyses for total uranium content.

Vapor Phase Corrosion of Type-347
Stainless Steel Above 0.17 M Uranyl
Sulfate Solutions at 250°C. A test
specimen of type-347 stainless steel
was pretreated in 1% HNO, at 250°C for
24 hr and then suspended in the vapor
phase region above 0.17 M uranyl
sulfate solution. The specimen and
solution were heated to 250°C, and
the test was continued for six weeks.
The specimen was examined and the
uranyl sulfate test solution replaced
weekly.

The final corrosion rate was 0.01
mil/yr, which indicated very little
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damage by exposure to saturated steam
at 250°C. Chemical analyses of the
test solutions disclosed no reduction
in total uranium content for the six
weeks.

Effect of Oxygen Treatment on
Pretreated Type-347 Stainless Steel.
Previous tests determined that the
protective properties of nitric- and
chromic-acid- pretreatment films were
destroyed if the specimens were per-
mitted to remain exposed to air at
room temperature for periods exceeding
three days prior to exposure in uranyl
sulfate at 250°C. After prolonged air
exposure, pretreated specimens reacted
in a manner similar to untreated
specimens in that solution reduction
was instigated. Tt was determined
also that 1f the pretreated specimens
were i1mmersed in water or uranyl
sulfate solution at room temperature,
the air exposure could be extended to
14 days without incurring bad effects
when the specimens were placed in the
sulfate solution at 250°C.

The effect of exposure of both HNO,
and CrO, pretreated type-347 stainless
steel specimens to molecular oxygen
rather than immersion in water or
uranyl sulfate was investigated. The
pretreatment consisted of heating the
specimens for 24 hr at 250°C in either
1% HNO; or 2% CrO;. The oxygen ex-
posure followed immediately for a
period of 24 hr at room temperature.
The specimens were then allowed to
stand in air for 7 to 14 days, after

which time they were placed in 0.17 M
uranyl sulfate solutions and heated to

250°C. The salient facts obtained
from these studies are as follows:

1. Exposure of nitric- or chromic-
acid-pretreated type-347 stainless
steel for 24 hr in oxygen at room
temperature has the same effect on
extending the life-expectancy of the
films for use in uranyl sulfate at
250°C after prolonged exposure in air
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as immersion in water or uranyl sul-
fate at room temperature, In other
words, a room temperature oxygen
exposure 1mmediately after pretreatment
permits air exposures of treated
surfaces for 14 days without loss of
the protective nature of the pre-
treatment film when exposed to uranyl
sulfate at 250°C. The implication of
these data 1s that when uranyl sulfate
is removed from a pretreated reactor
component, the original protective
film could be "stabilized" with oxygen
to guarantee successful operation when
the sulfate solution is returned to
the system. This phenomenon remains
to be demonstrated on a larger-than-
laboratory scale.

2. The corrosion resistance of
nitric- and chromic-acid-pretreated
type-347 stainless steel treated 24 hr
in oxygen, exposed to air for 14
days, and then exposed to 0.17 M uranyl
sul fate at 250°C was nearly identical.
After seven weeks the corrosion rate
on the nitric-acid-pretreated stain-
less steel was 0.13 mil/yr as compared
to the 0,17 mil/yr rate exhibited by
the chromic- acid-pretreated specimen,

3. Dissolution of thechromic-acid-
pretreatment film from the specimen
was pronounced during operation at
250°C. The underlying metal surfaces
were highly lustrous and continued to
remain passive to the uranyl sulfate
solution for the balance of the test.
Thus, additional information is pre-
sented to support the belief that the
bulk oxide films formed by the chromic
acid pretreatment are not the real
agent for imparting passive character-
istics to the stainless steel,

Effect of Oxygen on Uranyl Sulfate
Stability in Untreated Type-347 Stain-
less Steel at 250°C. A type-347
stainless steel autoclave with a total
solution capacity of 1026 ml was
equipped with a 5000-psi pressure gage
and two sample cells (12 and 25 ml
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capacity) constructed of stainless
steel. The autoclave was electrically
heated. The object of the test was to
determine the ability of oxygen to
maintain a stable uranyl sulfate—
untreated type-347 stalinless steel
system under stagnant conditions at
250°C. Also, the corrosion rate of
type-347 stainless steel was to be
determined under these conditions,

Seven hundred and fifty milliliters
of 0.17 M uranyl sulfate was placed in
the autoclave, which was then sealed
and pressurized with 500 psigof oxygen
pressure at room temperature. The test
was run continuously for 268 hr at
250°C, and from time to time solution
samples were removed for gas and
chemical analyses. The results of
these analyses appear in Table 1.

The most important data resulting
from this test were:

1. An untreated type-347 stainless
steel system was operated satis-
factorily for 268 hr in 0.17 M uranyl
sulfate at 250°C with an initial
oxygen pressure of 500 psig. No
solution reduction occurred and cor-
rosion attack was within tolerable
limits,

2. An estimated 8.7 g of oxygen
was consumed in the operation of the
test, which involved a total internal

surface area of 808 cm?.

3. The calculated corrosion rate
on type-347 stainless steel, based
on the final dissolved nickel con-
centration, was 0.3 mil/yr. A
weight gain of 0.15 mg/cm? for 268 hr
was measured on the type-347 stain-
less steel test specimen in the
autoclave.

Reflector Corrosion Studies.
Reflector corrosion studies were
continued during the past quarter with
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TABLE 1

Analyses of Uranyl Sulfate Solution Samples from Test at 250 °C

CUMULATIVE TOTAL
TEST TIME SOLUTION URANIUM NICKEL MANGANE SE DISSOLVED OXYGEN
(hr) pH (g/1) (ug/ml) (ng/ml) (ppm)
0 2.2 39.6 1 1
2 2.2 39.7 3 1 1026
26 2.1 39.8 9 1 609
124 2.1 39.6 20 1 211
148 2.1 39.8 21 2 324
172 2.1 40.5 27 3 999
196 2.1 40.5 27 7 900
268 () 2.0 41.0 44 5 794
274(®) 2.1 39.3 43 4
(G)Test stopped and cooled to room temperature, 28°C.
(bl ggec,
emphasis placed upon stagnant heavy- of oxygen in water under the test

water tests and the effect of oxygen
partial pressure on corrosion re-
sistance., The materials included

were SAE-1030 mild carbon steel un-

coupled and coupled with type-347
stainless steel, and the temperature
of the tests was 200°C, Stainless
steel autoclaves with solution ca-
pacities of 150 ml were used to con-
tain the test solutions and samples.

Heavy-Water Studies. A limited
quantity of heavy water was procured
for stagnant corrosion tests to com-
pare the corrosion behavior of re-
flector materials in heavy water with
results obtained in natural water,
Quartz rods were used to suspend the
test specimens in the autoclaves and
to insulate them from the autoclave
mass. Hydrogen peroxide was added
periodically to the test solutions in
guantities sufficient to produce
approximately a partial pressure of
25 1b in the system. The solubility

conditions was calculated to be 70
ppm. The partial pressure of oxygen,
if actually obtained, was momentary
since oxygen was undoubtedly consumed
in the production of corrosion products.
The dilution effect resulting from the
addition of hydrogen peroxide to the
heavy water was 0.6% per test run,
This effect was cumulative since the
original heavy water was used through-
out the tests. The tests were operated
for a total period of 807 hours.
Every three to four days the specimens
were examined and weighed and the
hydrogen peroxide additions were made,
The test results follow.

1. SAE-1030; 70 ppm oxygen;

Test Data
Initial solution pH 6.2
Average final solution pH 6.6
Cumulative weight loss, mg/cm? 24.8
Final Corroesion rate, mil/yr 13.5
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The specimen was coated with a loosely
adherent, brown-black scale at the end
of each test period. The intensity of
pitting attack progressed with ex-
posure time, and at the end of 807 hr
the attack was quite prolific, with
maximum pit depths reaching 10 mils.
The surfaces of the specimen after
scale removal were dull black 1in
color and etched in appearance.

2. SAE-1030; 70 ppm oxygen; 300
ppm trisodium phosphate;
Test Data

Initial solution pH 10.9

Average final solution pH 6.3

Cumulative weight loss, mg/cm? 0.7

Final corrosion rate, mil/yr 0.4

The specimen had an extremely adherent,
thin, semilustrous film. No bulk
scale formations were observed, and
with the exception of a few, small,
stained areas, the surfaces were free
of localized corrosion attack.

3. SAE-1030 coupled with type-347;
70 ppm oxygen:

Test Data (on SAE-1030 only)

Initial solution pH 6.2
Average final solution pH 7.3
Cumulative weight loss, mg/cm? 20.7
Final Corrosion rate, wil/yr 11.3

The outer surfaces
were dull black in color, with an
etched appearance. The area 1n con-
tack with the type-347 stainless steel
was relatively free of heavy scale
accumulations but was pitted on the
outer circumferential zone of contact.

of the specimen

The pitting attack was nomore intense,
however, than that observed on the
The

uncoupled specimen. stainless
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steel specimen did not show any indi-
cation of corrosion attack other than
a slight weight gain.

4, SAE-1030 coupled with type-347;
70 ppm oxygen; 300 ppm trisodium
plhiosphate:

Test Data {(on SAE-1030 only)

Initial solution pH 10.9
Average final solution pH 8.8
Cumulative weight loss, mg/cm? 5.7
Final corrosion rate, mil/yr 3.1

The carbon steel specimen was lustrous
and bluish-tan in color, with a few
randomly spotted, dull, stained areas.
The area contacting the stainless steel
was dull gray in color but did not
show any significant pitting attack.
The stainless steel specimen exhibited
negligible corrosion attack.

These initial test results with D,0
systems slightly diluted with natural
water show rather heavy corrosion
effects for uncoupled and coupled
SAE-1030 carbon steel. The magnitude
of corrosion attack was drastically
reduced in the case of the uncoupled
specimen by the addition of 300 ppm of
trisodium phosphate — the corrosion
resistance was improved by a factor of
nearly 25. 1In the case of SAE-1030
carbon steel coupled to type-347 stain-
less steel, the corrosion rate was
reduced from 11.3 to 3.1 mil/yr by
the addition of 300 ppm of trisodium
phosphate. An important effect,
however, was the very pronounced
reduction in the intensity of localized
corrosion attack.

A comparison between the corrosion
rates on SAE-1030 carbon steel obtained
in natural water and heavy water under
similar test conditions 1s given 1n
Table 2. 1Initial and final corrosion
rates are listed for the specific test
conditions,
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TABLE 2

Comparison of the Corrosion Rates for SAE-1030 Carbon Steel Exposed in
Natural Water and Heavy Water at 200°C

NATURAL WATER HEAVY WATER
CORROSION CORROSION.
EXPOSURE RATE EXPOSURE RATE
{hr) (mil/yr) (hr) {(m1] /yr)
Uncoupled: 70 ppm oxygen
Initial rate 64 7.4 88 13.3
Final rate 797 3.0 807 13.5
Uncoupled: 70 ppm oxygen; 300 ppm trisodium
phosphate
Initial rate 64 1.4 88 2.5
Final rate 797 0.3 807 0.4
Coupled with type-347 stainless steel: 70 ppm
oxygen
Initial rate 64 4.6 88 15.7
‘Final rate 797 3.0 807 11.3
Coupled with type-347 stainless steel: 70 ppm
oxygen; 300 ppm trisodium phosphate
Initial rate 64 5.7 88 4.4
Final rate 797 1.6 807 3.1

The magnitude of corrosion attack
in the heavy-water solutions was more
intense in almost every instance.
Comparable corrosion rates were
obtained, however, in the case of
coupled specimens with 300 ppm of
trisodium phosphate present in the
test solutions. With coupled speci-
mens and 300 ppmof trisodium phosphate
present, the corrosion rate for SAE-
1030 carbon steel was 3.1 mil/yr in
heavy water as compared with 1.6 mil/yr
in natural water after approximately
800 hr of exposure.

The cause of increased corrosion
attack in D,0 solutions is being fur-
ther investigated.

Effect of Partial Pressures of
Oxygen. Preliminary studies were
started to lnvestigate the effect of
different partial pressures of oxygen
on the corrosion resistance of SAE-
1030 carbon steel at 200°C. The
studies have been confined to natural

water thus far. The general test
procedure was daily inspection of
samples and solutions and addition of
hydrogen peroxide to supply 25- and
200-1b partial pressures of oxygen in
the systems. The solutions were not
changed during these tests, but they
were filtered at the end of each test
run ta remove insoluble corrosion
products. The oxygen concentrations
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corresponding to 25- and 200-1b partial
pressures at 200°C were calculated to
be 70 and 530 ppm, respectively.

For a period of 545 hr, the cor-
rosion rates on SAE-1030 carbon steel
in natural water at 200°C, containing
70 and 530 ppm of oxygen, were 4.9 and
0.4 mil/yr, respectively. A marked
difference in appearance of the test
specimens was apparent at the end of
this time, The low-oxygen-concen-
tration test specimen was coated with
dull-black fi1lm; the 530-
ppm oxygen specimen was a lustrous,
blue-green color, with a few, very
small, stained areas. The addition of
300 ppm of trisodium phosphate to
these types of test solutions resulted
in a corrosion rate of 6.9 mil/yr in
the 70-ppm oxygen solutions as compared
with 0.2 mil/yr in the solutions con-
taining 530 ppm of oxygen., In general,
the same degree of difference 1in
sample appearance was observed as was
found on the specimens exposed in the
absence of the trisodium phosphate.
It should be mentioned that in the
trisodium phosphate tests with the
high oxygen concentrations, the con-
centration of phosphate 10n was
gradually decreased because of the
necessity of adjusting the final
solution volume to 125 ml before the
start of the next test. The increase
in solution volume per run was created

a uniform,

by the addition of the hydrogen
peroxide solution to produce the
desired oxygen concentration. Re-

gardless of the trisodium phosphate
concentration in any particular test
it was very evident that the high
oxygen concentration was sufficient to
greatly minimize corrosion attack.

run,

These tests are being repeated with
both natural and heavy water under
more carefully controlled conditions.
Galvanic couples between SAE-1030 and
type-347 stainless steel will also be
studied.
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DYNAMIC CORROSION STUDIES

J. H. Gross C. G. Heisig
H. C. Savage R. A. Lorenz
R. E. Wacker

Three pump loops have been 1in
operation during this report period.
The mechanical aspects of the con-
struction and operation of these
loops are discussed in the chapter of
this report on"Engineering Studies of
Components.”™ The experimental work
has been primarily directed toward the
determination of conditions for HRE
start-up.

Since previous loop studies had
shown that fuel stability in type-
347 stainless steel at 250°C was
dependent on the presence of an un-
determined, adequate concentration of
oxygen 1in the solution and had indi-
cated that pretreatment had no effect
on corrosionrate (other static studies
do not bear this out), conditions for
start-up with fuel had to be es-
tablished to take these factors into
account,

Fuoel Stability. Nearly 5000 hr of
operation with uranyl sulfate solution
and varying concentrations of added
oxygen have been accumulated, This
experience indicates that the stability
of uranyl sulfate solution is assured
provided a certain amount of oxygen 1is
in solution. The lower limit for
oxygen content has not been established,
although analyses have indicated con-
centrations as low as 20 ppm with-
out concurrent evidence of pre-
cipitation. Also, in one run, daily
oxygen analyses over an eight-day
period showed the oxygen concentration
varying over the range 32 to 112 ppm
without evidence of precipitation.
This suggests that the range of
oxygen concentration is adequate, but
there 1s no assurance that the con-
centration was not higher between
analyses or that precipitation would
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not have taken place after a longer
period. The difficulty is that at the
present time the oxygen is added by
introducing a given pressure of oxygen
gas into the vapor space of the
pressurizer when the loop 1s cold.
The oxygen pressure introduced can be
varied, but the circumstances are such
that this does not necessarily or
consistently affect the concentration
of oxygen found in the circulating
solution, with the result that analyses
have shown concentrations ranging from
20 to 3000 ppm. Means for adequately
controlling oxygen concentration to
make it possible to study its effect
on solution stability and corrosion
are being investigated.

Start-Up Conditions. The con-
siderable number of hours of success-
ful loop operation accumulated with
oxygenated uranyl sulfate solution
(40 g of uranium per liter) suggested
that solution stability in a type-347
stainless steel system was reasonably
assured. However, an examination of
the data on the loop runs that had
been made showed that no new loop had
been started without a precipitation
taking place in the initial operating
period. It seemed desirable to
determine whether this was a necessary
or coincidental circumstance. Also,
the stability studies with oxygenated
fuel had been carried out in loops
that had previously been pretreated;
there was, therefore, a possibility
that the stability observed might
somehow have resulted from these
pretreatments. After run A-8, A
loop was equipped with a new, main-
pipe circuit (the pressurizer was not
changed) so that it would be possible
to start up an essentially new system
using only oxygenation to provide
stability., Since operation of the
old loop had been successful with
only 25 psig of oxygen introduced into
the pressurizer, and since 1t was
desirable to operate at low oxygen
concentration to minimize oxygen
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consumption in mockup and HRE operation,
start-up of the new A loop with 20
psig oxygen in the pressurizer ‘was
attempted. Precipitation occurred
within 5 hours.

In view of the need for pretreat-
ment as shown by the static test
studies, the next attempt to run fuel
in A loop was preceded by a 200-hr run
with 250°C water oxygenated with 20
psig of oxygen introduced into the
cold pressurizer to study the possi-
bility that a similar surface prepa-
ration might be involved. However,
the subsequent attempt to run fuel
containing 40 g of uranium per liter
with 20 psig of oxygen at 250°C
resulted in precipitation in 36 hours,
In this instance the precipitate was
redissolved by running for brief
periods with 50 to 500 psig of oxygen.
Continuous successful operation then
followed for 210 hr with 50 psig of
oxygen pressure,

Thus 1t appears that the fuel
solution is not stable in a new pump
loop at 250°C; however, stable oper-
ation in the presence of 20 psig of
oxygen pressure has been possible
after extended operation at higher
OXygen pressures. Unfortunately
attempts to measure the oxygen con-
centration in the solution by analysis
during the 20-psig tests were un-
successful because the sample bombs
leaked, so it is possible that the
precipitations observed at the lower
oxygen pressure were actually the
result of poor mixing. Further study
of this means of oxygen addition have
shown that the pressure of oxygen
introduced not only has no relation to
the concentration found in the so-
lution, but the results can vary
widely from time to time under what
are supposedly constant conditions.
Agalin oxygen concentration control is
necessary to obtain information on
start-up conditions and to determine
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whether they differ from later operat-
ing conditions. Present indications
are that more oxygen is required
during the initial period, but this
is not necessarily a result of the
condition of the steel surface and may
be caused by a small amount of organic
impurity in the uranyl sulfate.

Operation at Reduced Temperature.
The new C loop was operated at 150°C
with fuel solution containing 40 g of
uranium per liter to provide comparison
data at a lower temperature. The first
test was run with helium pressurization
to test whether oxygenation was as
important at the lower temperature,
It appears that it is not so important
since the loop was operated success-
fully for 127 hr under these con-
ditions -— much longer than in the
comparable run at 250°C with 20 psig
of oxygen. However incipient pre-
cipitation was indicated by pH changes
at the end of the run, suggesting that
oxygen 1s still necessary to solution
stability although the concentration

required might be a good deal less at
the lower temperature. A fact that

is not consistent, however, is that
the general corrosion rate estimated
from nickel build-up was about equal
to the average rate for operation with
oxygen at 250°C.

A second run of 950-hr duration was

then made under a partial pressure of
oxygen of 250 to 360 psig. During this
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run there was no indication of pre-
cipitation., It is of particular
interest to note that the general cor-
rosion rate calculated from the build-
up of nickel concentration in the
solution was quite low during the
first part of the run, but it then
increased. QDuring the last 300 hr the
corrosion rate approached the average
rate for 250°C operation. Thus it 1s
apparent that the corrosion behavior
of a loop may vary considerably with
the age and/or the previous history of
the loop.

Additives. Some short-term studies
have been made of the effect on cor-
rosion of the addition of the principal
fission products (as oxides and sul-
fates) and CuSO, to the fuel solution,
In view of the results obtained in the
150°C experiment in C loop, however,
the results are quite questionable and
therefore will not be discussed in

detail. In both instances the cor-
rosion seemed to be accelerated, but
not markedly so, In fact, while the

corrosion rate was higher immediately
after the fuel containing the additive
was put in the loop, changes of similar
magnitude have been observed in chang-
ing from one batch of simple fuel
solution to another, so the results
are by no means conclusive, Further
studies over extended periods of time
will be required to make the results
more meaningful.
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RADIATION STABILITY
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IRRADIATION EXPERIMENTS IN THE to be in solution. Rather, this de-
X-10 GRAPHITE PILE cline in equilibrium pressure is now
believed to be associated with the
As indicated in the previous quar- presence of fission products (as yet
terly report,(!’ a set of four pre- unspecified) that bring about the

treated type-347 stainless steel bombs
containing uranyl sulfate solutions
(93% enrichment, 40 g of uranium per
liter) was inserted into hole 60 of
the X-10 graphite pile on July 23,
1951 and has been under continuous
irradiation since that time for a
total of 2900 hours. Prior to loading
with uranyl sulfate, two of the bombs
were pretreated with 2% chromic acid
solution and two with 400 psi of oxy-
gen pressure (measured at room tempera-
ture), and all four were heated to

275°C for 18 hours.

Inicvially, all four bombs were
characterized by high equilibrium
pressures of hydrogen and oxygen in
the presence of neutron fluxes of the
order of 5 to 8 x 10'' and required
temperatures of around 290°C to effect
recombination rapidly enough for safe
operation (less than 5000-psi total
pressure). Subsequently, all four
bombs showed gradual declines in equi-
librium pressure, which was compen-
sated for by lowering the temperature.
This phenomenon is now known not to be
assoclated inseparably with solution
instability, since analyses following
similar runs have shown all the uranium

(Depadiation Stability,’ Homogeneous Reactor
Project Quarterly Progress Report for Period
Ending Auguse 15, 1951, 1.-1121, p. 51.

homogeneous recombination of hydrogen
and oxygen in solution. A later sec-
tion of this report discusses hydrogen-
oxygen recombination 1in more detail.

During the eighth week of the present
experiment, at around 1400 hr of total
irradiation, one of the oxygen-pre-
treated bombs showed an abrupt decline
of equilibrium pressure from 1075 to
490 psi. This indicated clearly the
the loss of uranium from solution,
since the whole process took place
within six hours. At the beginning of
the next week, following the regular
pile shutdown, the second of the
oxygen-pretreated bombs failed to re-
turn to its previous equilibrium pres-
sure, which indicated that 1t too had
lost its uranium from solution. The
striking agreement in behavior shown
by these two bombs appears to be sup-
ported by the circulating test loop
results reported by E. G. Bohlman at
the HRP Group Leaders’' Meeting on
November 8, 1951. These test loop
results at 150 and 250°C, with a
partial pressure of oxygen above the
solution to maintain the stability of
the system, showed an accelerating
corrosion process (as measured by the
accumulation of soluble nickel in the
solution), with the corrosion rate
after around 1000 hr becoming quite
high. It seems reasonable that a
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similar process occurring inside the
bombs would, despite the stabilizing
oxygen pressure, eventually become so
rapid as to result in reduction of the
uranium from the hexavalent to the
tetravalent state, with accompanying
precipitation of U;0, and eventual loss
of all uranium from solution.

The failure of both oxygen-pretreated
bombs after eight weeks, although
continuously protected by an oxygen-
containing atmosphere, is in sharp con-
trast to the behavior of the chromate-
pretreated bombs, which, after 17
weeks, are still showing reasonable
equilibrium pressures of hydrogen plus
oxygen. This superiority of chromate-
pretreated bombs has been evident
throughout the whole course of the
radiation testing of HRE fuel, although
not so dramatically as 1n the present
experiments. Moreover, the ampoule
experiments previously reported(?’
demonstrated the superiority of the
chromate-pretreated specimens in that
they withstood the action of uranyl
sulfate solutions for one week at
250°C in the absence of oxygen (de-
gassed ampoules), whereas untreated or
nitrate-pretreated specimens were
attacked after only one day.

Adequate support seems available for
the conclusion that the combination
of chromate pretreatment with a par-
tial pressure of oxygen over the uranyl
sulfate solution during the test
affords very much better surface pro-
tection for type-347 stainless steel,
both in the presence or absence of
pile radiation, than is afforded by
the combination of no pretreatment
with a partial pressure of oxygen over
the solution.

EFFECT OF COPPER IONS ON EQUILIBRIUM
PRESSURES OVER HRE SOLUTION UNDER
X-10 GRAPHITE PILE IRRADIATION

Through the
oxygen recombination

study of hydrogen-
in the absence
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of radiation (see "Catalytic Hecombi-
nation" section in Part II of this
report) it was discovered that small
amounts of dissolved copper (as CuSO,)
would bring about the homogeneous re-
combination reaction in solution at a
very rapid rate and that this reaction
was quite temperature-sensitive. It
immediately became important to learn
whether this effect would be found
when the hydrogen and oxygen were being
continually produced by fission-frag-
ment decomposition of water instead of
being added initially from cylinders.
An in-pile experiment, in which hole
12 of the X-10 graphite pile was used,
was designed to confirm or deny the
implications from the nonradiation
studies.

Two untreated type-347 stainless
steel bombs were used in the experi-
ment. Each was loaded with uranyl
sulfate solution (93% enrichment and
40 g of uranium per liter), and to each
was added a calculated amount of copper
sulfate. The amounts were calculated
from the reaction-rate constants found
in nonradiation studies and from the
initial rates of gas production ob-
served in previous studies with stain-
less steel bombs under neutron irradi-
ation. The calculations were made so
that the amount of copper added would
be enough to give low equilibrium
pressures at the full flux of hole 12.
A temperature of 229°C was chosen for
the initial test even though past
experience with enriched solutions
free from copper and exposed to the
same flux would predict, by extrapola-
tion, equilibrium pressures of 10,000
to 20,000 psi (far above the safe
operating limits of the equipment) if
a temperature as low as 229°C were
used; because out-of-pile studies
indicated that only small amounts of
copper would be required to maintain
low equilibrium pressures.

(2XRadiation Stability,’” Homogeneous Reactor
Project Quarterly Progress Report for Period
Ending May 15, 1951, ORNL-1057, p. 63.



FOR PERIOD ENDING NOVEMBER 15, 1951
TABLE 3
Experimental Data on Recombination Test Runs
Cu TEMP. PRESSURE (psi)
RUN (M) (°c) STEAM TOTAL (obs.) EQUILIBRIUM

363 0.009 194 200 2200 2000
' 209 270 1130 860
229 - 400 700 300
239 475 660 185
249 567 670 1063
259 L 670 730 60
360 0.00625 209 ;270 2200 1930
229 400 1100 700

The results of the initial tests
were extremely gratifying in that the
anticipated low equilibrium pressures
were very closely approached in each
bomb. Table 3 presents pertinent data
concerning these runs, including re-
sults at temperatures other than 229°C.
On Fig. 9 these data are presented to
show their interrelationship as well
as their relationship to pressures
obtained in the absence of copper.
On Fig. 10, which shows data from Run
363, the combined effects of gas
equilibrium pressure plus steam pres-
sure are 1indicated to give a total
pressure whose temperature dependence
shows the presence of a minimum.

This demonstrated ability of small
amounts of copper ion to bring about
the homogeneous recombination of hy-
drogen and oxygen at total equilibrium
pressures of less than 1000 psi in
the temperature region chosen for
operation of the HRE suggests the
possibility of being able to operate
at full power without gas bubble for-
mation or with any desired rate of gas
evolution, depending on the copper
concentration chosen. The significance
of this to the safety and ease of
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Fig. 9. Effect of Temperature and
Copper on Equilibrium Gas Pressure.
Irradiated at full flux in hole 12 of
the X-10 graphite pile.
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Fig. 10. Effect of Temperature on

Pressure for the System Aqueous Uranyl
Sulfate plus Copper Sulfate. Data
from run 363.

operation of homogeneous reactors will
depend on the control problems in-
troduced by bubbles and by the per-
formance of external recombiner systems
under heavy load.

Further studies of this effect are
in progress, including extension to
the higher flux levels of the LITR
and accurate determination of the
roles of concentration and temperature.

DECONTAMINATION OF IRRADIATED
TYPE-347 STAINLESS STEEL

Development of a satisfactory proc-
ess for decontaminating those parts of
the HRE that have been in contact with
uranyl sulfate solution under irradia-
tion is of obvious importance. It
must be possible to remove all ad-
sorbed fission products, uranium, and
surface films without seriously cor-
roding the underlying stainless steel
if the HRE is to be of use over any
extended period of time.
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Through the cooperation of the
Chemical Technology Division(®’ a very
promising decontamination process has
been developed. This process requires
exposure for 1 hr at 25°C to an
aqueous solution of 20% HNO; and 3% HF
(both byweight) with minimal agitation
to avoild stagnation of the liquid.
The corrosion rate for type-347 stain-
less steel is 0.037 mil per hour.

An experiment demonstrating this
process was carried out with a type-
347 stainless steel bomb from Run 288
in which the usual 40 g of uranium
per liter, 93% eunrichment, UO,SO,
solution was exposed to the X-10
graphite pile flux for 12 days. The
solution was then removed and the bomb
rinsed withdistilled water. A cooling
period of 16 months preceded this
decontamination study. It should be
noted that the bomb used had been pre-
treated with 1% HNO; at 250°C for 24
hr and the top of the bomb had been
cut off to expose the interior surface.

Table 4 presents some results of
the decontamination process. In this
process the bomb was placed in a beaker
with 1000 ml of solution (stirred with
a laboratory stirrer). After 2 hr a
second fresh portion of solution was
used for an additional 2 hr of treat-
ment.

It can be seen from inspection of
the table that the decontamination
process was essentially complete after
1 hour. Mild agitation is considered
necessary with respect to pretreated
surfaces, since similar films on non-
irradiated specimens were not removed
by stagnant solutions.

Further studies are under way with
additional type-347 stainless steel
bombs that have been irradiated and
allowed to cool for various periods of

(Dseudies carried out by M., R, Bennett and
F. Rogers.
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TABLE 4
Decontamination of Irradiated Type-347 Stainless Steel Bomb
SECOND
PORTION OF
~FIRST PORTION OF LIQUID LIQUID
Time, min 0 30 60 90 120 120
Radiation from Bomb,* mr/min 1200 550 475 475 475 475
Film Soft Clean, Clean, Clean, Clean,
bright bright bright bright
Alpha Activity Strong Weak None
Solution Beta Activity,
counts/min/ml
Gross 0 |7.37x10° | 8.84x10% | 9.29x10% |9.20x10% | 1.75x10°
TRE 0 |s.71x10% {6.77x10% | 6.77x10° |6.77x10° 112
X 0 25 95 177 177 30
Buthenium 0 248 332 402 402 None
Barium 0 40 150 150 150 72
Strontium 0 82 165 165 165 30
Zirconium 0 341 407 407 407 None
Iron, Nickel, Chromium 0 1.3x10® | 1.5x10%
Solution Concentration, mg/ml
Nickel 0 0.007 0.012 0.022 0.017
Chromium 0 0.0l16 0.045 0.044 0.044
Iron 0 0.12 0.24 0.30 0.37
Manganese 0 0.008 0.10 0.011 0.019

time .

reported above.

*Bomb removed from solution and activity read

Preliminary results indicate
excellent confirmation of the data
This information has

phosphate

at contact with Cutie-Pie

water containing 500 ppm of trisodium

in SAE-1030 carbon steel

been made available to groups working
with the HRE mockup and the HRE itself
for their consideration and use.

RADIATION EFFECTS ON THE
HRE BEFLECTOR SYSTEM

In the previous quarterly report!’
results from the irradiation of natural

bombs indicated low equilibrium pres-
sures. Low corrosion rates had been
reported by other groups.

As a final check D,0 was obtained
from a drum scheduled for use in the
reflector and was used in three ir-
radiation experiments. The effects of
500 ppm of trisodium phosphate and
saturated magnesium oxide were com-
pared with the effect of heavy water
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TABLE 5

Radiation Effects on the HRE Reflector

GAS FINAL
pH COMPOSITION PRESSURE PRECIPITATE

SOLUTE INITIAL FINAL % H, % 0, (psi)
None 6.2 7.35 60 18 32 Yes
500 ppm

Na3PO4 11.2 7.45 91 1.5 200 Yes
Saturated

MgO 10.2 7.52 42 20 0 Yes

alone by using an exposure of ten days
at a flux of 5 to 8 x 10'! and tem-
peratures of 100 to 200°C. Table 5

sets forth pertinent data for this run.

Precipitates were found in each
bomb, as indicated by Table 5, and they
were all magnetic (i.e., iron oxide).
This unmistakable evidence of corro-
sion was confirmed by the excess hy-
drogen present in the two bombs that
showed appreciable final pressure.

Similar experiments with D,0 from
the same drum, carried out by other
groups 1n the absence of radiation,
led to the formation of similar pre-
cipitates. However, the corrosion
rates encountered are considered
tolerable for the HRE (see Table 2).
Thus, no harmful effect of radiation
was found, and the magnitude of the
equilibrium pressure was satisfactorily
low.

EXPERIMENTS AT HIGHER FLUXES
Apparatus for further experiments
in the vertical hole of the LITR was
assembled, and tested during
the previous quarter. Safety circuits
were designed and constructed. Plans
for the experiments were reviewed and

completed,
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approved by the OBNL Pile Experiment
Safety Committee. At the present time
the experiment awaits the completion
of electrical conduit and pipe-line
installation by craftsmen and the
availability of suitable reactor-
control circuits that are now being
installed. It 1s expected that ex-
periments will begin early inDecember.
The use of copper to recombine hy-
drogen and oxygen will provide a full-
scale test of possible HRE operation
and, at the same time, make for greater
safety by keeping the equilibrium
pressure at a low level. Subsequent
experiments are planned to explore the
relationship between temperature and
precipitation of U0, at high fluxes.
The vertical hole in the LITR 1is
visualized as the most convenient
facility for short-term tests.

Mechanical and electrical components
for experiments in the horizontal beam
holes of the LITR have been designed
and tested. Since 1t is contemplated
that long-term radiation-corrosion
tests will be of primary interest in
these facilities, considerable atten-
tion has been focused upon the develop-
ment of safety circuits that will
protect the reactor and experiment,
give adequate information as to source
of trouble, provide for flexibility
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of operations, and eventually not re-
quire continuous attention by a tech-
nical man. Designs for such circuits
have now been tentatively approved,
and construction of the equipment 1is
under way. It is expected that the
choice of experiments in horizontal
holes wi1ll be guided by prior experi-
ments 1n the vertical hele.

PLANS FOR NEXT QUARTER

With specific reference to the
HRE, the following items are under
consideration:

1. Long-term experiments in hole
60 of the X-10 graphite pile will be
continued with replacement of the
present set of bombs by another. The
effects of the use of copper and the
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absence of pretreatment may be evalu-
ated.

2. The amounts of copper required
for HRE operation will be calculated
and checked by experiments in the LITR.

3. The conditions required to
avoid precipitation of UO, at high
flux wi1ll be sought.

4. Long-term radiation-corrosion
tests in the LITR will be initiated.

5. Recovery of uranium from ir-
radiated, enriched, uranyl sulfate
solution by use of 1on exchange will
be explored in connection with dis-
posal of hot solutions from bomb ex-
periments and may provide some data of
interest to HRE operation.
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ENGINEERING STUDIES OF COMPONENTS

C. B.

Graham,

FUEL TEST LOOPS AND PUMPS

C. G. Heisig
Kraig R. A.
D. Schwartz

H. C. Savage
H. I.

Lorenz

Fuel-Recirculating Test Loops. As
previously reported,(l) there
recirculating test loops 1in
All three loops,
structed of type-347 stainless steel
IRE, are being used to de-
termine coOrrosion and the
quirements for fuel stability under
operating conditions of the HRE. These
three loops, designated 4, B, and C,
have Westinghouse Model 100-A pumps
for circulation of fuel at approxi-
mately 100 gpm. With l-an.
40 pipe, this gives flow rates of
approximately 37 ft/sec as compared to
approximately 18 ft/sec in the 1 1/2-
in. schedule-80 pipe of the HRE.

are
three
operation. con-
as 1n the

rates re -

schedule-

After
operation with uranyl sulfate (40 g of
uranium per liter) at 250°C and 1000-
loop A was removed and

approximately 1700 hr of

ps1l pressure,
cut up for inspection of the interior
surfaces. Noserious corrosion effects
were noted except at reduced sections
(the impeller discharge opening and
an orifice of 3/4-in. ID to restrict
flow to approximately 100 gpm), where
some pitting was found. Several pre-
cipitations of the fuel had occurred
during this period. It was not until
after severai hundred hours of opera-
tion of this loop that the present
method of using oxygen to maintain

solution stability was discovered.

Loop A has been rebuilt and en-
closed in a metal safety shield to
allow operation of the loop with the

(1)“En5ineering Component Studies,’” Homogeneous
Reactor Project Quarterly Progress Report for
Period Ending August 15, 1951, OWNL-1121, p. 56.
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Section Chief

mixtures of hydrogen and oxygen gas
that will be present during operation
of the HRE. The effect of hydrogen and
oxygen mixtures on corrosion rates and
solution stability wi1ll be checked.

This loop, with the new recirculat-
ing line, has been operated approxi-
mately 400 hr since the last quarterly
report, and thus there has been a
total of approximately 2100 hr of
satisfactory operation to date with
the pump. The effect of various oxy-
gen pressures inside the loop pres-
surizer has been investigated 1in an
effort to determine the oxygen con-
centration required to malntatn sclu-
tion stability. No definite con-
clusions have been reached;
the experience to date indicates that
1in a new, clean system an oxygen
concentration of about 500 ppm 1is re-
quired at start-up. After a period
of operation with high oxygen con-
centration (approximately 500 ppm),
the fuel stability can be maintained
in the loops with oxygen concentra-
tions of about 20 ppm. The
oxygen requirements for fuel stability

however,

minimum

have not yet been determined.

Loop 4 is now operating under the
following conditions:
Recirculating uranyl sulfate (40

solution g of uranium per

liver
Solution
temperature 250°C
Pressurizer
temperature 250°C
System 1000 psi (steam
pressure plus gas)

50 psi of oxygen
and approxi-
mately 300 psi1
of helium.

Gas
composition
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The present run (No. 16) is being
made to compare corrosion rates with
those obtained in loop C where the
operating conditions are the same
except that all the gas used (approxi-
mately 350 psi) is oxygen. Both loops
A and C are operating with pressurizer
temperatures of 250°C instead of the
usual 285°C (1000-psi steam) tocompare
corrosion rates with previous runs
where a 285°C pressurizer temperature
was used.

The HRE mockup is now in operation
with natural uranyl sulfate. 1In this
system a start-up procedure (cleaning
and passivation) is being investigated.
In addition, the oxygen requirement
and the method of maintaining the
necessary oxygen concentration for
solution stability and the corrosion
rates that might be expected 1n the
HRE are being evaluated under condi-
tions that duplicate the operating
conditions 1in the HRE.

Loop B has been operated for 1000
hr during the past quarter, and cthus
there has been a total of 2875 hr of
satisfactory operation of this loop.
Solution stability is maintained by
keeping an oxygen pressure of 20 to
50 psi in the pressurizer. This oxy-
gen is introduced into the recirculat-
ing line by taking a small amount of
condensed steam, saturated with oxy-
gen, from the top of the pressurizer
and introducing it continuously (at
approximately 0.5 gph) into the rear
of the pump. All operation of thas
loop has been with the following con-
ditions:

Line temperature 250°C
Pressurizer temperature 285°C
System pressure 1000 psi

It is being operated to check corrosion
rates by using the following solutions
in different runs: (1) uranyl sulfate
(40 gof uranium per liter), (2) uranyl
sulfate (40 g of uranium per liter)
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plus simulated fission products,

(3) uranyl sulfate (40 g of uranium
per liter) plus simulated fission

products and copper (approximately
1500 ppm). Copper was added on the
assumption that at some future date
it might be used in the HRE as a
catalyst in the recombination of the
hydrogen and oxygen generated during
operation.

It was possible to maintain solu-
tion stability with small amounts of
oxygen with all the solutions listed.
However, corrosion rates were 1ncreased
with solutions 2 and 3.

Loop C has operated satisfactorily
for 1350 hr since the last quarterly
report. For the initial run of 950 hr
the line and pressurizer were operated
at 150°C with fuel (40 g of uranium
per liter) at 150°C. A
approximately 300 psi
pressure was maintained with oxygen
in the pressurizer. This had a twofold
to ensure solution stability

pressure of

above steanm

purpose:
and tomaintain positive pressure above
the vapor pressure at the pump inlet
to ensure liquid lubrication of the
pump bearings. The 150°C run was made
£0 compare corroslon rates withsimilar

runs at 250°C. The initial corrosion
rates were lower than comparable runs

at 250°C; however, the corrosion rate
increased to a value comparable to
the 250°C runs after approximately
600 hr of operation. For further in-
vestigation of corrosion rates as a
function of time, temperature, and
oxygen concentration, longer runs
under a given set of conditions are

planned (500 to 1000 hr).

Loop C is now operating at 250°C
throughout, with a system pressure of
1000 psi and with solution stability
maintained by adding 350 psi of oxygen
to the pressurizer. The corrosion
results of this run will be compared
with the results from loop 4 in which
only 50 psi of the 350 psi of gas
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pressure is oxygen. Thus an attempt
is being made to evaluate the effect
of excess oxygen on the corrosion rate
in a recirculating test loop.

A fourth loop, D, with a modified
Westinghouse pump that includes a seal
unit between the pump and motor end,
has been operated for short periods
with recirculating water. This loop
is being used at present to check the
operating characteristics of a shaft
designed by the Engineering
Department. The seal is effected by
means of a Stellite No. 6 face running
against No. 14 Graphitar. Positive
seating of the two surfaces 1s main-
tained by spring loading. Water on
the outside of the seal 1s kept at
approximately 50-ps1 pressure above
the recirculating liguid on the inside
by means of a differential pressure
At present there
the shaft-seal
leakage may be

seal

cell and controller.
1s leakage through
unit. Some of this
through the gaskets.

Two additional loops, designated kK
and F, arc being constructed of 1 1/2-
in. schedule-80 type-347 stainless
steel pipe to give a velocity of ap-
proximately 18 ft/sec when pumping
100 gpm. These loops are approxi-
mately 11 ft long instead of the usual
5 ft to provide sufficient length for
the installation oforifice flow meters
in the loops. Other parts of the loop
are similar to those used 1in loops 4,

B, and C.

The initial purpose of these two
loops is to check Westinghouse Model
~100-A pumps to determine the feasi-
bility of pumping high-concentration
fuel (200 to 400 g of uranium per
liter) that has a density of 1.2 to
1.4 for use in the HRE and future test
loops.

Instruments will be provided on
these loops for measuring flow rates
and head and motor characteristics,

44

and anattempt will be made to 1increase
pump output. By
voltage and improving the cooling of
the pump stator, the motor horsepower
may be increased as much as 30%. If
the motor output cannot be 1ncreased
sufficiently,
sacrifice pumping capacity and head.
This can be done by decreasing the
An improved cor-

increasing line

it will be necessary to

impeller diameter.
rosion-testing arrangement has been
provided to allow for more samples
and closer evaluation of flow condi-
tions.

Both of these loops should be com-
pleted by December 15. The two model
100-A pumps are already on hand; how-
ever, one of them has a leak in the
Inconel can separating the rotor
chamber from the stator. At present
this leak has not been located and
the extent of the
will be necessary 1is not known.

repair work that

Present plans call for six addi-
tional fuel-recirculating loops for
corrosion and solution stability test
work. These loops will allow testing
of uranium solutions other than the
sulfate. They will have Westinghouse
Model 100-A pumps for recirculating
the fuel and will be similar to the
present loops A, B, and C. All major
drawings for these loops are complete
and fabrication of all components ex-
cept the fuel systems has begun. The
fuel systems will be fabricated as
soon as loops E and F are completed
(approximately December 15). The
present shipping schedule calls for
the first Model 100-A pump to be
shipped the latter part of December,
and one pump will be shipped every
two weeks thereafter until six pumps
have been delivered. It is felt that
the loops will be ready for installa-
tion of the pumps as they arrive.

Water-Recirculating Test Loop.
This water-recirculating loop will be
used to check corrosion rates 1n
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material used in the HRE D,0-reflector
system. It is constructed of 1 1/2-in.
schedule-80 ASTM A-210 carbon steel
pipe and ASTM A-106 Grade-B steel
fittings, as far as possible. These
steels are very similar to the steel
used in the HRE pressure shell. For
parts for which neither of the above
steels was available SAE-1020 steel
is being used. The loop is approxi-
mately 50% complete and should be
ready for operation by December 15.

This loop will have a Westinghouse
Model 30-A pump like that used for
the reflector system of the HRE for

recirculating the water. This pump
will be equipped with a type-347 stain-
less steel diaphragm in place of the
standard Inconel diaphragm. Thus,
an evaluation of the type-347 stainless
steel diaphragm canbe made todetermine
whether i1t should be used for future
pumps of this type. This pump is
scheduled for shipment from Westing-
house November 15.

Westinghouse Model 100-A Pump.
Seven totally enclosed Westinghouse
Model 100-A centrifugal pumps are now
on hand, and four of these pumps have
been operated for a total of approxi-
mately 6700 hours. About 5200 hr of
this operating time have been accumu-
lated with the pumps equipped with
Stellite No. 98M2 and No. 6 journals

with No. 14 Graphitar bearings. All
these pumps are being used 1n the
fuel-recirculating test loops. One

pump is now operating in the HRE wockup
and another has just been installed

in the HRE.

The pumps have given satisfactory
service excepl in one or two 1nstances

in which thrust loads were excessive.
With the present method of eliminating

thrust loads by hydraulic balance and
the use of tantalum seal rings, no
thrust wear 1s encountered. The
replaced type-347
stainless steel rings that corroded

tantalum rings

and/or eroded and allowed the hydraulic-
thrust balance point to shift.

Pump operation has been under HRE
conditions as far as possible. These
conditions are:

Solution pumped uranyl sulfate

(40 g of
uranium per
liter) '
Solution temperature 250°C
System pressure 1000 psi.

Except in isolated instances 1in
which foreign particles were allowed
to reach the bearings, essentially no
wear of the radial surfaces of bearings
or journals has been found. To reduce
the possibility of foreign particles
(dirt, scale) reaching the bearings,
a small flow of clean feed (condensed
steam saturated with oxygen) is in-
troduced at the rear of the pump.
This 1s dccomplished in the loops by
a small by-pass line that connects the
top of the pressurizer with the rear
of the pump. The steam 1s condensed
and cooled 1n passing through a water-
cooled, jacketed section of the line
before reaching the pump. This feed
serves a dual in that the
oxygen carried over with steam passes
through the pump, in solution, 1into
the recirculating line and maintains
the solution stability.

purpose

In the HRE mockup and the HRE
itself, a l-gph pulsafeeder is used to
feed clean water to the rotor cavity
and thus to the bearings.

On all pumps the thrust load 1is
eliminated by proper location of the
1tmpeller with respect to the welded
pads on the
rear walls of the impeller housing.
it has been {found
essary to increase the clearance be-
tween the impeller hub and seal rings
to achieve balance.
clearance of the rear seal rings tends
to relieve forward thrust. :

inside of the front and

In some cases nec -

Increasing the
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Westinghouse Pump Bearings. Based
on present experience, the Stellite
No. 98M2 journal, No. 14 Graphitar
bearing combination is very satis-
Present bearings, as received
contaln two longi-

factory.
from Westinghouse,
tudinal lubrication grooves and two
radial grooves on the thrust face.
Bearings with and without these longi-
tudinal grooves or with only one
groove have been used in the punps to
date. All have given satisfactory
service, but it 1s believed that a
no-groove bearing, adequately lubri-
cated, might be safer in that 1t would
be less likely totrap foreign particles
that would start bearing wear.

The weak point 1in the bearings is
that they are not capable of carrying
the thrust loads that may be developed
This thrust load 1is
eliminated on each pump by positioning
the 1mpeller as previously mentioned.

in the pump.

since there 1s no long-term
that the thrust load 1is
permanently eliminated - wear around
the 1mpeller hubseal rings will change
the thrust balance - a self-aligning
radial and thrust bearing has been
designed to carry larger loads. This
bearing can be installed in a standard
Model 100-A pump and 1s expected to be
capable of carrying the maximum thrust
loads developed by the pump. All
drawings are complete and have been
sent to the shop for fabrication.
This bearing will be Stellite No.
98M2 against No. 14 Graphitar.

However,
guarantee

The investigation of metal bearings
1s continuing. Stellite No. 98M2
Journals against Stellite No. 98M2
bearings have been used in the Model
100-A pumps with excellent results. It
is felt that a metal-to-metal combina-
tion with hardness greater than Rock-
well C-60, 1f properly designed, will
give longer service than the present
metal-to-No. 14 Graphitar combination.
In addition, chemical tests of uranyl
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sulfate stability indicate that 1t
would bedesirable toeliminate graphite

from the recirculating system, al-
though solution stability has been

maintained in the recirculating test
loops that have Graphitar pump bear-
ings. Approximately 1500 hr of opera-
tion have produced nomeasurable radial
A water-lubricated Stellite No.
98M2

bearing (with no longitudinal lubri-

wear.
6 journal against a Stellite No.

cation grooves) is now running in a
test stand. With a load of approxi-

mately 19 psi, no wear was observed

after 72 hours. It 1s planned to
increase this load to approximately
38 psi.

The metal-to-metal bearings
quite sensitive to any misalignment.

are

For this reason a self-aligning bear-
ing housing for use 1n the present
Model 100-A pump has been designed and
1s now 1in the shop for fabrication.
If thisdevice operates satisfactorily,
Stellite bearings could be used inter-
changeable between various Model 100-A
pumps .

One-gpm Pulsafeeder Pump. The
test of the pumping heads of a Lapp
1-gpm pulsafeeder pump has been dis-
continued. The all-welded pumping
head on this unit has now been 1in-
stalled on the HRE mockup. This head
was operated for 2200 hr under HRE
conditions of approximately 0.8 gpu
agalnst a discharge head of 1000 ps1
with uranyl sulfate (40 g of uranium
per liter) at 80 to 120°C as the re-
circulating liquid. No leakage was
detected through the diaphragm of this
unit. Fuel stability was maintained
throughout the entire operation,
although no oxygen was used. It ap-
pears that at this temperature (80 to
120°C) solution stability is maintained
without oxygen or that the decompo-
so low that a much
longer operating time would be needed
to detect instability.

sitlion rate 1is



FOR PERIOD ENDING NOVEMBER 15,

OPERATION OF THE HRE MOCKUP

J. S. Culver C. W, Keller
Stability of the Letdown System.

An excellent discussion of the vortex-

stability problem has been prepared by

Smith and Katz.(?) Data for this
report were collected from tests with

the mockup. Also, a fairly complete

discussion of the testing and develop-
ment of the letdown system was pre-

sented 1in the last quarterly progress
report. (1)

The surge tanks and 1/8-in. con-
strictions previously included in the
systems were removed to simplify
the systems, even though it meant a
slight increase 1n minimum tolerable
liquid flow for stability in the let-
dowu stream. This increase is per-
missible, 1f the flow of the
pulsafeeder pump does not fall below
1.0 gpm, the letdown system will be
stable at all gas-flow and temperature
conditions expected to be encountered
in the reactor. Normal reactor condi-
tions atre considered to be an operating
temperature of 250°C and a gas flow
of 200 cc/sec at 1000 psi. This 1is
based on 50 ev per molecule at 1000-kw
power level.

since,

To confirm the reproducibility of
the data collected from tests
the mockup,

with
the actual letdown heat
exchanger to be used in the reactor
was tested in the mockup and found to
have the same performance character-
istics as the one previously tested
in the mockup.

A recommendation by the Physics
(3)

Group o change the core outlet
design was tested to observe the
effects, 1f any, oun the stability of

the letdown system.
minimum liquid flow

Here again the
for stability in

(2D, M. Smith and D. L. Katz, Performance of
the Letdown System of the HRE, CORNL CF 51-8-287.

Ip. Al Welton, Pressurizer Design, ORNL
CF 51-8-31.
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the letdown system increased slightly
but did not exceed the 1.0-gpm toler-
The pulsafeeder now delivers
about 1.5 gpm, which gives a large
safety factor.

ance .

Revisions of the Mockup for Opera-
tion with Fuel. In an effort to keep
the mockup as nearly a replica of the
reactor fuel system as possible, 1t
was rebuilt and several new components
were added. Figure 1l shows a schematic
layout of the apparatus. Pressure
and level controllers, as well as the
boiler control circuits, are essentially
identical to those on the reactor.
The oxygen system is new to the mockup
and the gas bleed valve that
relieves gas from the pressurizer.

S0 18

The present oxygen absorber 1is de-
signed for 100 ppm by weight in the
during
start-up the present procedure calls
for 500 ppm. This large flow causes
oxygen to be forced back into the

pulsafeeder head, the check valves be-

circulating stream. However,

become very moisy, and the pumping
ceases. I{f these large flows are
found necessary, the absorber or its

connections will have to be redesigned
to correct this coundition.

The gas bleed valve is intended to

remove gas from the pressurizer and
i1s controlled by a thermocouple in the
top of the pressurizer and a tempera-
ture controller. When gas 1s present,
the temperature drops below the 285°C
steam temperature. When this occurs,
the valve opens and bleeds off the gas
until the temperature

set value of 285°C.

returns to the

In a test the system was brought up
to 1000 psi by admitting the helium to
the steam space 1n the pressurizer.
The gas supply was then shut off, and
the water in the pressurizer was brought
up to 285°C.
top of the pressurizer
temperature of 210°C.

The thermocouple in the
indicated a
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With the bleed valve open, the
temperature reached 280°C in 4 hours.
On this basis, the instrument group
is considering a larger valve for the
reactor.

Operation of the Rebuilt Mockup.
The entirely new system was started up
and, after some "debugging" of the
components, operated successfully with
water. This was followed by a series
of chemical washings to remove dirt,
scale, etc.

The cleaning process involved al-
ternate washes with 3% trisodium
phosphate at 150°C for 3 hr and 5%
nitric acid at 80°C for 4 hours.
Analyses of these solutions were made,
and the treatment was finished with a
distilled water rinse at 250°C.

The cleaning process was followed
by a distilled water run with about
400 ppm of oxygen at 250°C. This was
continued for about 72 hours. On
November 20 uranyl sulfate solution
(600 g of uranium per liter) was added
gradually to the distilled water to
bring the concentration in the cir-
culating stream up to40 g of uranium
per liter over a period of 12 hours.
Oxygen was added continuously to main-
tain 400 to 500 ppm during this period.
After one week of continuous operation,
the oxygen 1s being reduced progres-
sively to ascertain the minimum flow
necessary to maintain solution sta-
bility.

HOMOGENEOUS REACTOR CORES

I. Spiewak J. I. Lang

J. A. Haford R. H. Wilson
Flow in the HRE Core. An evalua-
tion has been made of the mixing to
be expected in the HRE core. This
work was carried on in a transparent
lucite model of the spherical core
tank. Observations were made by

1951

studying dye concentration changes in
various portions of the sphere.

The outstanding characteristic of
the flow distribution is a stagnant
region in the shape of a cylindrical
annulus coaxial with the sphere ontlet.
This from top to bottom of
the sphere at an average diameter of
8 inches. A more complete description
of the flow pattern is found in ORNL-
990, (*)

extends

A complete analysis of the data
obtained in the model for the variable
density conditions prevalent in actual
operation shows that safe performance
is probable at250°C outlet temperature
and full power.
were made with various concentrations
of methanol hot
The temperature 1b
the stagnant region is estimated at
275.6°C. The major cooling mechanisms
were found te be liquid mixing, con-
vection caused by density differences,
and the effect of gas bubbles. This
work has been reported elsewhere.(®’

These observations

solutions and with

water. maximum

The stagnant region has been elimi-
nated successfully with the
cylindrical tapered rods based on the
sphere wall and extending through the

use of

stagnant region in horizontal planes.
An objection to their use 1n the HRE
is the possibility of failure caused
by stress-corrosion or fatigue. The
use of these rods is being investigated

They
(6)

only as a possible alternative.
are described more fully elsewhere.

A sample rod made of type-347 stain-
less steel has been tested in one of

My, Spiewak and J. 0. Bradfute, “Mixing in
the HRE Core,” Homogeneous Reuctor Project Quar-
terly Progress Report for Period Ending February
28, 1951, ORNL-990, p. 31.

oy, Spiewak and J. O. Bradfute, Eggect of
Density Differences on Flow in the H Core,

ORNL CF 51-10-165, Oct. 17, 1951. :

(837, Spiewak and J. O. Bradfute, Use of
Baffles in the HRE Core Tank, ORNL CF 51-8-232,
Aug. 29, 1951.

49



HRP QUARTERLY PROGRESS REPORT

the pump loops for 282 hr under flow
conditions more rigorous than those
anticipated in the HRE core. There is
no evidence to date of incipient fail-
There was some erosive damage
near the tip of the rod during the
first 100 hr of the test when a pre-
cipitation occurred in the fuel.
Further damage is not visible under

ure.

the microscope. There appears to be
no corrosion thus far at the base of
the maximum bending
stresses The number of vibra-
tory cycles thus far is about 10%,
whereas the conventional endurance
limit exists at about 10% cycles (if
Thus, there
1s i1ndication that a fatigue failure
i1s highly improbable.

the rod where
ex1lst.

corrosion does not occur).

Intermediate Core Development. A
program 1s being 1initiated for testing
models of intermediate reactor core
connections. The two basic types of
flow proposed are the HRE-type rota-
tional flow and straight-through flow
from bottom to top of the rcactor.

The first type of flow 1s being
studied 1in detail at the University of
Tennessee. Some tests are planned at
OBNL with a 12-in. sphere equipped with
four tangential inlets and two polar
outlets. This sphere will have plastic
windows for flow-pattern studies, and
extension of the University of Tennessee
work on pressure drop is planned. It
1s expected that the four 1nlets will
give better insight into the effect
of the number of inlets on flow and
pressure drop. To date, only one or
two 1nlets have been used on models.

The straight-through type of flow
will be studied in a 12-in. cylindrical
model with conical entrance and exit
sections. this sort of
design is known to produce stagnant
regions, the inlet cone will be pro-
vided with a number of baffles de-
signed to eliminate stagnation. It 1is
also planned to try to obtain a velocity

Inasmuch as

distribution that would approximate
the flux in a reactor. The i1deas for
baffling that will be tried are:

1. Entry through a number of small
holes drilled in a plate mounted normal
These holes can
desired

to the cylinder axis.
be arranged to produce a
velocity distribution and may be
tileed 1f a rotational component 1is
desired.

2. Entry through a number of con-
centric cones mounted 1in the
conical inlet to the cylinder.
it 1is hoped, will provide uniform flow
through the test section. If a rota-
tional component is desired, sheet
metal strips can be mounted between
or an

maln
These,

cones, airfoil section can be

inserted before the cones.

3. Tangential entry close to the
apex of the inlet cone or at a pipe
preceding the 1inlet. It is hoped that
this mode of entry will
stagnant areas.

eliminate

It 1s believed that these model
studies, coupled with the University
of Tennessee work, will allow a de-
cision to be made as to the best core
flow pattern for future homogeneous
reactors.

Gas Sepavators. The straight-
through type of core in the inter-
mediate and large-scale homogeneous
reactors will have gas present outside
of the core 1in the circulating system.
Even 1f the liquid-phase catalyst 1is
used, it will probably be necessary to
effect some separation 1in the external
system.

Preliminary work has been carried
out with models in the 100-gpm flow
range, and two basic designs that have
been examined appear promising. The
first type 1s basically a pipe with
axial flow and tangential inlets and

outlets. The gas 1s centrifuged
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toward the center, where it collects
in a vortex and is withdrawn.  An
attempt is made to recocver the ro-
tational energy in the outlet. This
pipe gas 'separator is summarized in a
memorandum that will be issued soon.
The second design is merely a loop in
which the gas is again thrown toward
the center and withdrawn from pipe
taps. This was investigated by an
MIT Practice School group, and their
report 1is being prepared.

RECOMBINERS

J. A. Ransohoff R. Van Winkle
The flow sheet for the fuel off-gas

recombiner has been modified during the
ast quarter, and a mockup of the mnew

system has been tested and operated
with gas flows of 0.025 to 15 e¢fm of
the mixture 2H, + O, STP. The princi-
pal changes in the flow sheet
(1) installation of auxiliary steam
generators to supply about 5 1b/hr
(1.6 scfm) of steam to the gas lines
between the first condenser and the
burner and between the burner chamber
and the catalytic recombiner and
(2) elimination of the unsatisfactory
control method that regulated the
steam and gas flow to the burner nozzle
by controlling the amount of cooling
water sent to the first condenser.

are.

This system has been found to re-
combine 2H, + O, at all flow rates
between 0.025 and 15 ¢fm in the burner
chamber. It has also been demonstrated
that flash-backs from the burner to

the first condenser no longer occur
when gas flow is suddenly reduced from

te 0.25 cfm. Such flash-
backs had been observed frequently
in the previous equipment, but it has
since been shown that they occurred
because the recombiner system being
tested then was open to the atmos-
phere with little restriction of
flow between the outside atmosphere
and the burner nozzle.

the maximum

19351

A program of explosion testing has
been started for the purpose of ob-
serving peak pressures reached when
explosions of hydrogen and oxygen
various closed vessels at
various ambient pressures and atmos-
pheres of explosive gas.

occur in

The feasibility of recombining hy-
drogen and oxygen by bubbling through
copper sulfate solutions is being in-
vestigated in preliminary tests.

Tt is well known that the gas
velocity through the burner nozzle
must be kept greater than some miaimum
value, approximately 30 ft/sec, to
prevent the flame from striking back.
In the original flow sheet of the
recombiner system 1t was proposed to
keep the flow of gas to the burner
above this minimum by allowing some
steam to pass through the firsc con-

denser when gas flows were low. This
was to be accomplished by using an
air-operated valve to regulate the

amount of cooling water sent to the
condenser. The valve was operated
automatically by a differential pres-
controller that measured the
pressure drop across a flow nozzle
in the gas line between the condenser
the burner. {found that
this system worked well for steady
flows of gas, but zxn the where
gas flow was reduced very rapidly from
15 ¢fm tol cfm several minutes elapsed
after the cooling water was throttled
before the condenser heated suffi-
ciently to pass through encugh steam
to dilute the gaos :and maintain the
desired minimum flew: through the burner
nozzle. At such times, several back-
flashes would occur before the minimum
flow through the nozzle was restored.
Although these back-flashes were always
quenched 1in the condenser, the over-
heating of the burner nozzle during
the brief periocd of low flow caused
warpage and partial closing of the

sure

and Tt was

case

51



HRP QUARTERLY PROGRESS REPORT

holes of the burner nozzle by oxida-
tion.

By installing auxiliary steam gen-
erators that continuously inject a con-
stant flow of about 1.6 scfm of steam
(5 1b/hr) into the gas leaving the
first condenser and the burner chamber,
the need for controlling the composition
of the gas leaving the first condenser

has been eliminated. This system op-
erates smoothly at all flows of hydro-

gen and oxygen up to the maximum de-
sign value of 15 cfm. At very low
flows (0.025 to 0.1 cfm) the burner
does not operate continuously, be-
cause the mixture of gas and steam
flowing through the nozzle is non-
combustible at these flows. Since the
burner walls are cold, the mixture
becomes combustible 1n the burner
chamber when steam condenses. The
intermittent burning causes small
pulsations the burner
chamber when it 1s operating at very
low gas flows. It has been found
that when excess oxygen is present 1in
the atmosphere of the buruner chamber,
the mixture of 2H, + O, + steam is
burned much more smoothly at the nozzle.
in the

in pressure 1in

This condition will prevail
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HRE,

the fuel solution.

because oxygen will be added to

Although the burner will recombine
the gas at all flows,
more desirable to turn off the spark
plugs and react the gas 1in the cata-
lytic recombiner, which can be used
to handle flows from 0 to 0.12 cfm
without having the catalyst tempera-
ture exceed 400°C. Gas going to the
catalytic recombiner is diluted by
steam from the second auxiliary steam
generator to prevent the formation of
localized hot spots in the catalyst.

1t 1s sometimes

Operating experience on the mockup
indicates that the HRE fuel off-gas
recombiner systemwill operate smoothly
and safely with little attention from
the operators. A test program has
been outlined for the HHE recombiner
systems in which the flow nozzle for
measuring gas flow will be calibrated
and the whole recombiner system will

be operated as a unit to test its
performance at various flows from
0.025 cfm to 15 c¢fm. In addition, the

the performance of the D,0 catalytic
recombiner system will be tested.
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CHEMICAL CONTROL

W. H. Davenport

ELECTROMAGNETIC DENSITOMETER

The most suitable point in the HRE
for the installation of a Densitrol
instrument for continuous specific-
gravity measurement appears to be
across the main heat exchanger. Flanges
have been provided on the lines entering
and leaving the heat exchanger at
points close to the exchanger so that
the instrument, after adequate testing,
may be connected to the system.

Two instruments are being developed;
one for use at an average operating

R. H. Powell

temperature of 50°C and one for use
at 250°C. The lower temperature
instrument might be installed as shown
in Fig. 12. A swall heat exchanger
would be required to cool the stream
before it entered the Densitrol, and
a restricting valve placed after the
Densitrol would be required to limit
the flow to the range 0.1 to 0.3 gpm.
There 1s a drop 1n pressure across
the heat exchanger of 40 psi. The
instrument designed for use at 250°C
would be installed in a similar manner,
except that the small heat exchanger
would not be necessary.

UNGLASSIFIED

DOWG. 13937
Mo v
2 WIRE
s RESTRICTION
DENSITROL CONTROL
prROWN BOX 01 T0 0.3
RECORDER 4 1 apm
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| BRI 3 WIRE .
ot MTAX . 250 1 — e ] DENSITROL
2 WIRE 26in. X Bi/zin.
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Mﬁ

100-A PUMP
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bl " HEAT
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Proposed Densitrol-Insfallation Flow Diagram.
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The advantages of using a low-
temperature instrument are: (1) the
lower temperature-density coefficient
at lower temperatures permits greater
fluctuations in operating temperature,
(2) the bigher solution densities at
low temperatures permit greater weight
in the plummet and, hence, more rugged
construction, (3) the development and
testing are nearer completion for the
low-temperature instrument than for
the high, owing chiefly to the more
rugged construction. The chief dis-
advantage is that an additional heat
exchanger is required to cool the
stream. This results ingreater holdup
and also cuts down on the already
limited space that is available around

the HRE.

The advantages and disadvantages
are exactly reversed if a high-tem-
perature iustrument 1s considered,
that is, the disadvantages are: higher
temperature-density coefficient, lower
solution density, etc. The develop-
ment of a high-temperature instrument
has been delayed chiefly by the diffi-
culty of fabricating a satisfactory
plummet at ORNL and partly by a holdup
in fabrication of the position-detect-
ing coil by a subcontractor of the
Precision Thermometer and Instrument
Company.

The instruments are being fabricated
by Precision Thermometer and Instru-
ment Company, with modifications sug-
gested by ORNL to meet the HRE condi-
tions. The status of development and
testing of these instruments 1s given
in the following sections.

Development of a Densitrol for Use
at an Average Operating Temperature
of 50°C. Two instruments with pyrex
plummets were received from the manu-
facturers. One instrument, which was
used for laboratory testing, is wired
at several points with plastic insu-
lated wire and could not be used in
a radiation field. The second has
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glass-insulated wiring. Both instru-
ments have differential transformers
wound on Bakelite forms. A substitute
transformer wound on a lavite form has
been ordered.

The sampling chamber, with the
plummet removed, has been tested hy-
draulically to 2000 psi. Pyrex plummets
had been tested to at least 4000 psi,
previously.(!) Laboratory testing
was carried out by using a small test
loop in which 2 liters of a uranyl
sulfate solution was circulated at
atmospheric pressure by using a small
centrifugal pump. A 2-liter flask
heated by a spherical mantle was in-
cluded in the system to provide tem-
perature control. Separate studies
of each of the solution
variables —~ flow rate, concentration,
temperature, and bubble content.

were made

Flow was varied from 0.1 to 0.33
gpm, and temperature was varied from
40 to 60°C, with the instrument set
for an average operating temperature
of 50°C and the automatic temperature
compensator set for the temperature -
density coefficient of uranyl sulfate
at 50°C. VUranium concentration was
changed by dilution from about 40 to
about 26 g of uranium per liter.
Densities were checked at each con-
centration by using a pyciiometer.

In every case the specific gravity
recorded by the Densitrol deviated
from the expected value by no more
than = 0.0002 g/ml. This would amount
to an error of plus or minus 0.5% in
the determination of uranium in solu-
tions with a concentration of 30 g of
uranium per liter.

Volumes of air were introduced into
the line entering the sampling chamber.
When there was no throttling on the

(W, H. Daven ort, Jr., and R. H. Powell,
“Chemical Control;’’ Homogeneous Reactor Project
Quarterly Progress Report for Period Ending
August 15, 1951, ORNL-1121, p. 75-83.
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outlet side of the chamber, a 15-cc
volume of air caused the plummet to
assume false positions that led to
erroneous results. These errors, for
the same volume of air, were reduced
to momentary pulsations by throttling
on the outlet side of the chamber.
The flow was reduced a factor of 3 by
the restriction. The operation of the
instrument in the laboratory was con-
sidered satisfactory.

The low-temperature instrument is
being installed in the mockup. If
the mockup tests indicate that the
operation of the instrument is satis-
factory, a low-temperature Densitrol
will be considered feasible for use
in the HRE. Before installation,
however, the Bakelite-form, differen-
tial transformer will have to be re-
placed with the lavite-form trans-
former that is now on order.

Development of a Densitrol for Use
at an Average Operating Temperature of
250°C. One high-temperature Densitrol
is on order. The high-temperature
instrument differs from the low-tem-
perature instrument, primarily, in the
choice of material used in plummet
construction. Components in the
control box have different electrical
values, but these changes present no
difficulty. Pyrex is not a satis-
factory plummet material, since it
is attacked markedly by uranyl sulfate
solutions at 250°C. The development
of plummets fabricated from other
materials has been undertaken at ORNL.
Stainless steel and titanium have been
considered, with titanium appearing to
be more favorable owing to its higher
tensile strength-to-weight ratio. The
difficulty in fabrication stems from
the fact that the wall of the plummet
must be sufficiently thin to give the
plummet an over-all density comparable
to the uranyl sulfate solutions through
which it moves. The wall must also
be heavy enough to withstand external
pressures as high as 2000 psi.

Increased collapse strength has been
gained by pressurizing the instrument
internally with an inert gas. A
type-347 stainless steel plummet with
a collapse pressure of 300 psi has
been pressurized internally to 900
psi.

It seems possible that the permissi-
ble differential between external and
internal pressure would be increased
by increasing the internal pressure,
since the higher internal pressure
would give the wall a greater spring
factor. An experiment is under way
to see whether this is the case. A
dummy type-347 stainless steel plummet
has been fabricated. After pres-
surization to 1000 psi with nitrogen,
the dummy will be inserted in a bomb
constructed from 1 1/2-in. schedule-
80 pipe. The testing bomb can then
be attached to a dead-weight pressure
tester to determine the collapse
pressure of the plummet.

As a preliminary to the fabrication
of a titanium plummet, two dummy
assemblies with 0.025-in. cylindrical
wall thickness and 1-in. OD were made
by R. J. Fox of the Research Shops
for tests of welds. The welding of
each of these experimental dummies was
undertaken by P. Patriarca of the
Metallurgy Division. A successful
weld was made on the second one by
employing the heliarc technique and
using a helium atmosphere in a dry-box
equipped with a rotating stage. The
weld withstood an internal hydraulic
pressure up to 4000 psi; however, the
test dummy ruptured at a point near,
but not at, the weld. Subsequently,
the titanium plummet, Figs. 13 and 14,
which had been machined at the Research
Shops, was successfully welded at the
rim. The titanium plummet has been
hydraulically tested for bursting
strength up to 2500 psi at room tem-
perature and will be tested for callapse
strength after pressurizing. Both
argon and carbon dioxide are being
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Fig. 13. Component Parts of Titanium Fig. 14. Component Parts of Titanium
Plummet Before Welding. Unassembled. Plummet Before Welding. Assembled.
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considered for pressurizing. After

these tests have been completed a
successful weld must be made at the

filling point. The filling point is
at the screw nut shown in Fig. 13.
The wall thickness of the end hemi-
spheres is 0.020 in.; walF thickness
of the long cylinder is 0.025 1inch.
The titanium and stainless steel
collars for weight adjustment are not
shown. The 4000-psi rupture strength
of the dummy assembly indicates the
possibility of pressurizing a titanium
plummet to a higher pressure than had
been originally contemplated.

The titanium was fabricated from
the purest titanium available com-
mercially; however, the use of titanium
alloys 1s being considered to provide
even greater strength.

Q MEASUREMENT

The major problem in the measure-
ment of the Q of a high-frequency coil
as affected by changes in uranium con-
centration is in developing a suitably
corrosion- and radiation-resistant
electrical insulator for the coil,
which will be immersed in the high-
pressure, high-temperature fuel solu-
tion.

The bomb(?) designed for testing
material strength and performance of
various Q-coil and insulator units has
been altered touse independent gasket-
ing (2 gaskets) of the ceramic with
18-gage platinum O rings. Also the
shape of the ceramic collar of the
Q-coil base has been revised to fit
the bomb 1llustrated in Fig. 15.

Of the glazes tested by gasketing
the glazed Q-coil unit, none has been
found that will not crack during
gasketing with either 3/16-in.-thick
gold O rings or with 0.040-1in.-thick

Dy, g, Davenport, Jr., and R. H. Powell,
“Q Measurement,’’ Homogeneous Reactor Project
Quarterly Progress Report for Period Ending
May 15, 1951, ORNL-1057, p. 90.

platinum O rings. The 0.040-in. -
platinum O rings were used in the bomb
illustrated in Fig. 15, whereas 3/16-
in.-thick gold O rings had been used
in the previous bomb,(?)

The failure of the glazes during
gasketing in the most recent tests has
lead to the necessity of examining
materials other than true ceramics.
The prospective use of high-temperature
fused material, such as spinels,
corundum, or any of the synthetic
minerals, obviously presents new
problems. It was hoped that these
problems could be avoided by the use
of powdered, compressed, fired materials
that could be satisfactorily glazed
and gasketed. However, 1t 1s now
deemed advisable to consider the use
of synthetic materials. To date, the
following materials have been cor-
rosion-tested in boiling 0.17 ¥ uranyl
sulfate for the purpose of eliminating
those materials not possessing chemical
stability in the fuel solution at
relatively low temperature. J.
English®? of the Reactor Experimental
Engineering Division has reported the
results shown in Table 6.

Stupalith 2209 is now being tested
in contact with 0.17 M uranyl sulfate
solution at 250°C under a steam pres-
sure of 565 psi by English.

In addition, synthetic corundum
and synthetic spinels are being ex-
amined for their chemical corrosion
stability in beiling 0.17 M uranyl
sulfate. These materials are normally
thought to be extremely difficult to
dissolve 1n common mineral acids,
they possess a hardness of 8 on Mohs’
scale, and they are highly infusible.
If any of the corundum and spinels
have the requisite chemical (and
radiation) stability in the fuel, it
may be possible to secure a specially
formed thimble with a collar suitable

(3)Personal Communication, November 12, 1951,
from J. L. English to R. H. Powell.
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TABLE 6

Corrosion Studies im Boiling 0.17 ¥ Uramyl Sulfate

TIME OF TEST | CORROSION RATE SAMPLE
MATERIAL (hr) (mils/yr) CONDITION

Stupalith 2209* 276 0.8 No change from original
Petalite (fused

natural mineral) 105 17.3 Slight etched effect
Cordierite** 127 47 Relatively unaffected
Zirconium Oxide 65 15 Yellow, powdery surfaces
Chromite** 127 255 Black, flaky surfaces
Cordierite {natural) 127 302 White, powdery surfaces
Barium mica™* 190 500 Crumbly surfaces
Stupalith 2417* 43 611 Yellow and powdery
"Spinel" Cordierite™* 85 1131 White and flaky
Fosterite** 85 1285 Yellow, powdery surfaces
Boron mica**® 71 Sample disintegrated

*Obtained from Stupakoff Ceramic and Manufacturiag Company, Latrobe, Pa.

**Synthetic material supplied by Dr. Robert A. Hatch, U. S. Bureau of Mines,

Electrotechnical Laboratory, Norris, Tenn.

for gasketing. Such a thimble might
be made in the shape of a small beaker
with a gasketing lipor collarattached,
so that a suitable metallic coil could
be inserted into the annular space of
the object and the fused spinel or
fused corundum used as the electric
insulator for the Q coil in the meas-
urement of the @ relationship with
the fuel system. It is recognized
that many of the synthetic spinels
and synthetic corundum (ruby and
sapphires) have high mechanical
stresses formed during their syntheses.
H. H. Willard has been consulted on
this matter and is contacting Linde
Air Products Co., New York on the
feasibility of the manufacture of such
a thimble. If 1t 1s feasible and if
this laboratory’s test for chemical
and radiation stability are favorable,
an attempt will be made to secure
suitable forms and gasket the forms
to a metal pipe section.

the following synthetic
the Guardian

At present,
materials obtained from

Manufacturing and Supply Cowmpany in
New York are being corrosion-tested
under boiling fuel conditions by
English: ruby, white sapphire, golden
sapphire, blue spinel, titania,
tourmaline.

Hoom-temperature, normal-pressure
experiments are being conducted to
measure the O to uranyl sulfate con-
centration relationship at higher con-
centrations than hitherto employed.
Measurements up to the concentration
of 400 mg of uranium per milliliter
are planned.

The glazed Q-coil units recently
made by E. Cantrell of the Chemistry
Research Shops are being used for
these experiments. These glazedQ-coil
ceramic units differ from the earlier
Q-coil units¢*? in that they are con-
structed 1n two parts. The

My, §. Davenport, Jr., and B. H. Powell,
“Analytical Chemical Control of the Homogenecous
Reactor Solution,’' Homogeneons Reactor Experi-

ment Quarterly Progress Report for Period Ending
November 30, 1950, ORNL-925, p. 273.

base
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collar and plug, which serve to en-
close the 'two electrical leads con-
necting the resonating Q coil, are
machined from naturd]l 1137-grade Lava.
The Q coil is encased by a moulding
technique in a cylinder with open
ends through which liquid may flow in
and around. The electric leads emerge
from the outside wall of the cylinder
and fit into two holes provided in
and base plug and collar. The present
cylinder is 1 1/16-in. long and has
a 1/4-in.-diameter annular space
centrally traversing the long axis of
the open-end cylinder. The cylinder
walls are 1/4-in. thick. Both pieces,
that 1s, the base and the cylinder
encasing the electrical coil, are
united and bonded by the glaze used.
Accordingly, great strength has been
incorporated in the ceramic base, and
the @ "quality” of the electric coil
has been greatly improved (a Q of
135 in air was obtained with 20 mega-

cycles r-f in contrast to values of 60
to 80 in earlier Q-coil units). The

entire unit was glazed in one operation.
The collar glaze cracked during gasket-

ing but the ceramic withstood the
gasketing pressure applied the
sealing of the bomb head.

in

RADIATION-RESISTANT GLASSES

Neutron-absorbing, cadmium boro-
fluosilicate, optical glasses®?) have
been examined for changes in the opti-
cal spectrum after exposure in the
X-10 graphite pile. The findings
after the first radiation exposure
have been reported,(’? and a second
irradiation of the glasses 1s con-
tinuing in their former position 1in
hole 60. Measurement of any further
changes following a second radiatipn
exposure will be made when the glasses
are removed from the pile.

TABLE 7

Chemical Composition of Neutron-Absorbing Glasses

GLASS CODE 1M 2 M I M 4 M
Melting temperature, °C 1300 1400 1250 1400
Density, g/cm® 3.365 4.632 4.288 4.278
Cationic %

CaF, 10.0 10.0 10.0 10.0
Cdo 8.0 46.0 27.0 37.0
510, 10.0 40.0 20.0 40.0
Al10, 2.0 4.0 3.0 3.0
BO, 70.0 0.0 40.0 10.0
Weight %
CaF, 21.2 8.5 12.6 9.5
Cdo 27.9 64.3 55.7 58.1
Si0, 16.3 26.1 19.3 29.4
A10, 1.4 1.1 1.2 0.9
BO, 33.1 0.0 11.2 2.1
Composition by Analysis
Weight %
CdO 60.0 55.6 54.3
Sio, 27.6 19.2 30.1
BO, 10.3 1.9
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TABLE 8

Corrosion Tests in Boiling 0.17 ¥ Uranyl Sulfate

TIME OF TEST CORROSION RATE
GLASS CODE (hr) (mils/yr) SAMPLE CONDITION
1M 162 Sample disintegrated
2 M 162 538 Yellow with powdery surface
3 M 162 187 Flaky surfaces
4 M 162 186 Powdery surfaces

The glasses(!? heretofore identified
as Glasses 1, 2, 3, and 4 (OBRNL Identi-
fication code) can now be characterized
chemically by the information given in
Table 7 which was furnished by Melnick
et al. (%)

A corrosion test(3) has been per-
formed on unirradiated glasses cut
from the melt described by chemical
analysis in Table 7. These tests were
also performed by English by boiling
the glass specimens in 0.17 ¥ uranyl
sulfate solution. The specimens were
checked for weight loss, and prior to

). M. Melnick, H. W. Safford, K. W. Sun,
and A. Silverman, “Neutron-Absorbing Glass:
Cd0-5i02-Bf() System,’” J. Am. Ceramn. Soc. 34,
84 (March 9§1).

each weighing they were washed thor-
oughly in distilled water and dried to

constant weight. The original uranyl
sulfate test solution was used through-

out each individual test. The corro-
sion data are summarized in Table 8.

The results of the boiling corro-
sion tests clearly removed all the
glasses tested from consideration for
possible use in contact with 0.17 #
uranyl sulfate solutions. One of the
glasses (Code 2 M) might be useful if
not in contact with fuel solutions;
however, its resistance to further
change in the characteristics of its
spectrum under radiation will not be
known until after the completion of
the second irradiation test, which 1is
under way.
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PHYSICS

T. A. Welton, Leader

NONLINEAR HRE KINETICS WITH GAS

PRODUCTION

P. K. Kasten

Some experimental data concerning

the gas holdup volume to be expected
in the core of the HRE for various
gas-production rates has been presented
in previous HRP quarterly reports, and
an analytic study of the gas residence
time has been made by F. N. Peebles
of the University of Tennessee. The
purpose here is to present the mathe-
matical system describing the dvnamics
of the reactor when gas is generated
throughout the core volume and, on
the basis of the above, to evaluate
the parameters associated with gas
formation.

To obtain an over-all picture of
the response of the reactor to re-
activity changes, the relations be-
tween power, temperature, reactivity,
gas volume, rate-of gas generation,
pressure, and fluid density must be
known. As reported previously,(!) the
time-dependent nuclear power and
temperature equations are

do

R LISV RN L Ay, (1)

de
1 N ey = N Bk (2)
dat
Z :Bi = /B’ (23)
i
(1)« Reactor Physics,” Homogeneous Reactor

Experiment Quarterly Progress Report for Period
Ending November 30, 1950, ORNL-923, p. 78.
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dT
= S o - 1], (3)
dt

where o is the power relative to base
power, or P/P,, and the other symbols
have the same meaningas in ORNL-925.¢(1)

The effects of gas bubbles and
pressure on the reactivity will be
considered here, therefore,

k, =k, ¥ AT - Ty)
telv, - v (0)] +glp - pg),  (4)
where
p = absolute pressure within the

reactor vessel, lb/in.?

T = temperature, °C,

v, = vapor-gas fraction of reactor
volume,
g = coefficients for the above

variables, or °0k/9x, where x 1is
the variable.

Since the total volume of the bubbles
is the volume of the dry gas divided
by the partial pressure of the dry
gas within the bubbles,

v = fraction of reactor volume
composed of gas and vapor,

Vdg = volume of dry gas at T(°C) and
p (1b/in.?),
reactor

V. = volume of core,
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Pig = partial pressure of the dry
gas at 1 and p

= 1 - (partial pressurc of water
vapor at 1).

The vapor pressure of water, p,, can
be approximated near 232°C by

p, = 7.75 T - 1376, (6)

with p in 1b/in.? when T is in °C;
hence, with V= 50 liters,

273 + T 1000
p

505  p
‘e "V (p - 7.151 + 1376)

V(273 + T)
£.0000396 —, (7)
(p - 7.75T + 1376)

il

where V 1s the volume in milliliters

of the dry gas in the reactor at
1000 psi and 232°C.

V is a time-dependent function
determined by the rate at which gas
is generated within and removed from
the reactor vessel, or

dV @ ,
v = [ FG) ot -9 ds, (8)
dt
0
where
a = average reciprocal time a

bubble stays in the vessel,

b = rate at which bubbles are
produced when the reactor 1is
operating in the steady state
at P, power,

F(s)

normalized distributed delay
function for bubble formation.

If the liquid flow rate in the gas
letdown line doesnot vary appreciably,
any decrease in fluid density within

1951

the reactor core must be accompanied
by a net emission of liquid, or

------ - , (9)
dt v,
where
o = fluid density, 1b/f¢3,
A = area of pressurizer pipe, ft?,
V. = volume of reactor, ft3,

P, = density of liquid forced into
pressurizer, 1lb/ft3,

v = variation of fluid velocity in
pressurizer pipe from normal
value, ft/sec.

The velocity variation v of the liquid
in the pressurizer pipe is dependent
upon the driving and resisting forces,
or

m  dv
S = Ap - cv|v| - dv, (10)
Ag, dt
where
m = mass of liquid in pressurizer
pipe = ALp,,

A = area of pipe,

L = length of pipe,

g, = conversion factor, 32.2 ft-lb
mass per lb force*sec?,

Ap = variation of pressure drop
across pressurizer pipe from
steady-state value, psi,

t = time, sec,

c,d = constants.

To complete the system, a relation

of the form p = f(p,T,v

g) is required.

With v _(0) small, T, = 232°C, and
p, = 1000 psi, this relation is
p=p,(1-v,), (11)
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where

51.1 + (p - p,) [(4.74 X 107° T)
- (7.05 x 10°%)]
- 0.0898 (T - T,) .

py =

(12)

The parameters will be evaluated

for reactor operation at 1000 kw,
1000 psi1, and mean flow temperature
of 232°C. When v_ 1s small, the
coefficients in Egqg. become

o =

0.001,
€ = 0.0224 T - 3.36,
g = 1.113 x 10°% (0.0474 T - 7.05) .

On the basis of 50 ev per water mole-
cule decomposed, 155 cc/sec of dry gas
or 272 cc/sec of saturated gas will be
formed. From data presented previ-
ously,{1!) the above corresponds to
about 200-cc gas holdup distributed

throughout the core liquid. Hence,
a = 1.36/sec, b = 155 ml/sec, V(0) =
114 ml, and vg(O) = 0.0040. In the
above, bubbles were introduced at the
circumference of the sphere. Peebles

performed some analytical studies on
gas residence time, assuming uniform
bubble formation throughout the liquid,
and his computations indicated the
percentage gas holdup to be from
0.1 to 0.3. Assuming 0.25% gas hold-
up, a = 2.18/sec, vg(O) = 0.0025, and
V(0) = 71 ml.

The bubble-time delay function,
F(s), inEq. 8 1is not known accurately,
so three cases will be presented. If

there 1s no time delay in bubble
formation, Eq. 8 resolves to
dv
et gV = b o(t) (13)
dt

If there is some average time T that
can be associated with delay in bubble
formation, then
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dV
——+t gV = b o(t - T).

(14
dt )
Probably F(s) 1s of the form

A [eHs - e'V;1,
where v > 1, in which case Egq. 8 can

be represented by the following three
first-order equations:

W av = bA [glt) - q(6)]

— = t) - q(t)],

dt a g q

°e . () (15)
e aa— - t

Tt HE o ’

d

.-dft]m+_ vqg = (T(t) .

The remaining constants have been
given elsewhere and appropriate values
are summarized in the feollowing:

Ny 10*/sec,
Koﬁkco - 75.5/sec,
SP, = 5.13°C/sec,

¢ = 0.00496 psi-sec?/ft?
0.212 psi*sec/ft,

= 0.0238/1{¢,

m L
= 2P 0.000863 p, psi-sec?/ft.

Ag, 8.

The above equations describe the
complete mathematical system. While
an analytic solution of the above
cannot be obtained for an impressed
Ak on the system, the equations
readily integrable numerically, so the
time behavior of the variables can be
plotted 1f the need arises.

are
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CGVER-ALL STABILITY OF THE HRE

T. A, Welton

Calculations strongly indicate
that the HRE possesses no instability
that can assert itself in a time
shorter than a few seconds. For
the delayed neutrons strongly
damp any power oscillations, and the
friction in the pressurizer pipe
damps the mechanical oscillation of
the core-pressurizer system, at least
in the range of possible operating
powers. In all these investigations,
a model with constant heat removal has
been used. This is presumably valid
for investigation of the short-time
behavior but gives no description of
actual operation with heat removal by
a boiler. The question of the sta-
bility of the complete HRE system
(nuclear-thermal-mechanical) is of
considerable interest, when 1t is
considered that in normal operation
the turbine inlet valve will act as
a control rod for the reactor. Although
it is clear that such a system has
an equilibrium operating point,
detailed investigation is required to
find the conditions under which the
equilibrium 1s stable.

example,

The complete set of equatiens
describing the time variation of the
variables of the system 1s a very
complicated arrayof nonlinear integro-
differential equations. In making a
stability analysis it 1s almost es-
sential that the equations be written
as differential equations, and the
total number of time derivatives
entering must furthermore be made
rather small (ten being a large number)
if great complication is to be avoided.
The following set of assumptions
gives a simple, yet moderately reason-
able, approach:

1. The effects of decomposition
gas are ignored (presence of a homo-
geneous catalyst assumed).

2. The reactivity of the reactor
is simply proportional to the core
temperature. This, of course, neglects
inertial effects in the pressurizer,
as well as the variation of statistical
weight over the core volume.

3. The temperature of the fuel,

while inside the reactor, rises at
a constant rate when the reactor
power 1s constant.

4. The temperature of the fuel

entering the reactor 1is equal to the
temperature of the steam in the boiler
plus a constant temperature difference,
which arises from the heat-transfer
requirements in the boiler plus the

pump losses.

These conditions are described by
the following equations:

-t .s-an e+ LE, ()
T T
T =T+ A, (2)
T(¢) + At) '—:fu:is F(s) T(t - s)

0 [¢+]

s ef ds G(s) P(t - s),(3)
0

T+ fA = -MA + cP. (4)

The symbols used in these equations
are defined as follows:

P = instantaneous reactor power,
7T = prompt-generation time,
3 = fraction of delayed neutrons,

8 = excess reactivity under ex-
ternal control,

a = temperature coefficient of
reactivity,

T = mean, instantaneous,
temperature,

reactor
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P = average over past of reactor
power with the delayed-neutron
distribution function,

T = reactor inlet temperature,

A = instantaneous temperature
rise between inletand outlet,

€ = coefficient for converting
from energy input to tem-

perature rise,

f = fraction of A that must be
added to T to obtain the mean
core temperature,

F(s) = probability per unit range of
s that fluid entering the
core has residence time s,

(e2)

G(s) :‘l‘ ds' F(s + s'),
0
A = replenishing rate for the
1
core - .
x

f s ds F(s)
0

Equation 1 1s the usual power

equation; Eg. 2 defines mean reactor
3 gives outlet tem-
perature as a linear operation on the
past of the inlet temperature as well
as the power history while the fluid
was traversing the reactor; and Egq. 4
1s the continuity equation for energy.
It expresses the fact that the mean
reactor temperature must“rise at a
rate determined by the difference of
power produced and power extracted.
Some additional simplification can be
gained by the following plausible
assumptions: (1) the flow in the core
can be assumed to provide complete
mixing, (2) the transit time through
the boiler will be neglected. These
assumptions do not change Eqs. 1 and 2.

temperature; Egq.

The assumption of complete mixing
yields

66

F(s) = Ae™ %,
G(s) = e'xs, (5)
Fe1.

Egs. 3 and 4

3 will hence-

Under this assumption,
become identical and Egq.
forth be 1gnored.

The deseription of this simpli-
fied reactor system requires for
completion a relation between power
removed from the fuel in the boiler
and the power removed from the boiler
in the form of steam. Since AA/€ 1s
the net power leaving the reactor and
hence removed in the boiler,

; A
T = nﬂg ~~~~~ - B], (6)

where T is the reciprocal heat capacity
of the boiler contents (analagous to
€ for the core), and R is the rate of
removal of heat energy from the boiler
in the form of steam.

The law of variation of K must also
be specified to complete the descrip-
tion. Four simple possibilities are
presented.

1. R = M\/e so that 1 T, = con-
stant, obtained by venting the boiler
to atmospheric pressure, for example.

2. R =P, = constant, obtained by
properly changing the setting of the
turbine inlet valve as T varies.

3. R =Py + [(BR/3T), (T - T,
obtained by using a fixed setting of
the turbine inlet valve, with (aB/aT)v
being the rate of increase of steam
power with temperature for a fixed
valve setting.

4. R =Py + [(OB/¥T), (T - Ty)],
obtained by controlling the turbine
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inlet valve for constant electrical-
power output, with (OR/3T), being the
appropriate derivative.

Although case 3 is the procedure
planned for the normal operation of
the HRE, cases 1 and 4, which are easy
to try, and case 2, which 1s easy to
calculate, are included.

A further simplification and some
numerical values are required at this
point. Egquation 1, for reactor power,
can be considerably simplified because
the generation time 7 is extremely
short in comparison with the period of
any possible unstable motion, and the
term P can therefore be neglected.
The HRE system with D,0 reflector,
230°C mean core temperature, 100-gpm
flow rate, and power P, (in megawatts)
will be assumed. Under these conditions

il

B =8 X103,

a = 6.5 X 10°*/°C,

A =0.125 sec”?!,

€ = 5.7 °C/megawatt’°second,
7 = 1.0 °C/megawatt second .

The turbine tests
complete, butit is clear
is a positive number and (OR/3T), is a
negative number. Simple thermodynamic
arguments yield the following plausible
values:

[BR ) lo_fg_(aﬂ - 10 P,
or) ~ 1, aT] T,
v P

are not yet

that (9R/9T)

where the first factor of 10 arises
from the variation of vapor pressure
with temperature according to the
Clawsius-Clapeyron equation, and the
second factor of -10 is essentially
the reciprocal mechanical efficiency
of the HRE system. The quantity P, is

1951

considered to be 1 megawatt and T, is
the operating steam temperature {(abso-
lute). With T, = 500°K, the values
become

(BR] = {BR = 2 X 1072 /°C
BTJ = - BTP- megawatts .
v

One further simplification is
possible. The quantity P will be
related to P by the assumption of a
single group of delayed neutrons with

a mean decay constant g, This defi-
nition would then be:
P+ oup = pp (7)

A very reasonable value for u would
be of the order of 0.1 sec”!. The
results cannot be drastically affected
by taking # = A = 0.125 sec”!, and,
for simplicity, this assumption has
been made.

The reactor system has now been
completely defined, and the final
step is to linearize the equations of
motion (Eqs. 4, 6, 7, and 1) with P
omitted. Equilibrium values of vari-
ables are dencted by a subscript 0,
and deviations of the variables from
equilibrium are denoted by a prefixed
8. All terms containing the product
of two deviations are dropped. The
resulting equations are (power in

megawatts, temperature in °C):
aP, (8T + 8A) = -B(8P - 8P)
ST + 5A = -ASA + €8P (8)

SP + ASP = ASP
Y
ST = L sA - musT
€

where ¥ = ©,0,2 X 10°% and -2 X 10 "%,
respectively, for the four cases.
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If the possible exponential time

variations (eP?!) are sought, the
quantity p must satisfy
aP, aP, 4 -3
p ptA -€ 0
=0, (9)
0 0 N p+>\
p + v -A7 0 0
€
or
pd + ap? + bp + ¢ = 0, (10)
with
A
a = M SSAL fffﬁg
€
3 +
b= Ay + ale * ) Poh | a€mPo
B B
a€ePyAn A
¢ =0ty + =,
yél €
For the first case, Eq. 1 de-

generates to a quadratic with roots

a€el, N

» A (11)
B

p =

so that the case of constant inlet
temperature always yields stability.
For the other three cases, the usual
condition for stability is that a, b,
and ¢ be positive that ab be
greater than ¢. In the following
table, the values of a, b, ¢ are given
for the three cases:

and

Case a b c ab
2 0.610 0.068 0.00127 0.0415
3 0.630 0.080 0.00243 0.0504
4 0.590 0.056 0.00011 0.0330
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Each case is stable, but in case 4
stability 1s marginal because of a
near cancellation occurring 1n the
value of ¢. A slightly larger value
of |v| would yield instability. 1In
general, case 1 is certainly stable;
cases 2 and 3 are stable by a large
margin, withno possibility of negative
values for e, b and c¢; and case 4 1is
either definitely unstable or margin-
ally stable. Further studies are
planned with a more realistic reactor
system, but the work described here
indicates strongly thata fixed opening
of the turbine inlet valve (which will
actually be achieved by the turbine
governor when the alternator is synchro-
nized with the 60-cycle supply) will
lead to stable operation. At the
same time, an attempt to operate the
turbine inlet valve 1in such a way as
to hold the delivered power constant
is very likely to lead to unstable
operation unless suitable anticipation
is incorporated in the governing
mechanism.

KINETIC CALCULATIONS FOR HOMOGENEQUS
REACTORS

W. C. Sangren

The systems of equations that
arise in the study of the kinetics of
the homogeneous reactor contain one
or more nonlinear equations, and it
has been necessary to resort to non-
analytical methods to obtain detailed
approximate solutions. Three methods
(1) numerical inte-
gration with desk computers, (2) nu-
merical integration with the SEAC
(the National Bureau of Standards’
Eastern Electronic Digital Computer),
and (3) a semianalytical method in-
volving a perturbation technique.
The following sections indicate the
types of results that have been ob-
tained by the three methods used. It
is planned to present the detailed
results in a separate report. In
the conclusion and results

have been used:

general,
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obtained by J. M. Stein{?’ are con-
firmed. A table of symbols is given
at the end of this section.

Hand Computations. Five systems of
differential equations have recently
been integrated with the aid of desk
computers. The following system was
the first one investigated:

T =8P -P,),

C = -AC +'E"P,
T

. a 5 - 8

P=-—(T-T,) P+ P+ XC,
T

T

where A\ = 0.08, a = 0.001, & = 0.01,
B = 0.0075, = = 0.0001, P, = 1000, and
S = 0.00573. These results appear in
ORNL-1121,¢%)

The following system:
T =8P - Py)

5 - <
To) ¥ ”““””f§'+ fE_P

- a
P = _~——~('] -
T T T

o]

in which the constants given previously
used, was integrated partly to
compare the assumption of a constant
source due to delayed neutrouns with
the assumption of one averaged group
of delayed neutrons. The comparative
results for power appear in Fig. 16.
It is apparent that a constant source

are

due to delayed neutrons is, for this
&, a good assumption.
(2, M. Stein (ed. ), “ Physics,” Homogeneous

Reactor Experiment Report for the Quarter Ending

February 28, 1950, ORNI 630, ‘ Reactor
Physics,” Homogeneous Beactor Experlment Feasi-
bility Report ORNL-730, ‘“ Reactor
Physics,” Homogeneous Beactor erzment Quarterly

Progress Report for Period Fn ing November 30,
1950, ORNL-925, p. 50.

(g, c. Sangren, L. H. Thacker, H. T.
Williams, and P. M Wood, * Numerical Calculation
of a Power Surge,’” Homogeneous Reactor Project
Quarterly Pragress Report for Period Ending
August 15, 1951, ORNL-1121, p. 102.
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Systems 1 and 9, as listed under
SEAC computations, were calculated
with both the SEAC and desk computers.
The hand computations were carried
out before the SEAC computations,
since it was desirable to have these
results both as a means of checking
the machine results and as a method
of estimating magnitudes.

The most recent hand computation
was carried out on System 14 (listed
in the following section). In this
case it was thought desirable to
shock the pressurizer system only and
follow the early motion of the neutron
and pressurizer systems. The results
brought out nothing unexpected.

The five systems of differential
equations listed in this section were
integrated by the Runge-Kutta method.
For the more difficult systems, such
as Systems 1, 9 and 14, one computer
can calculate at about the rate of
0.3 sec per system per month.

SEAC Computations. The following
set of equations dealing with the
thermal, nuclear, and pressurizer
systems form the basis for the compu-
tations performed on the SEAC:

1. T=S(P-pP,)

2 ﬁ RN ( Y+ & -8 P +£ip
o7 dp £ =FPo ) T 0
Ap,
3. 5 = - U
P %

4. U = A ( ) B U £ Ul
’ - - P Fo -M M
r r

L (p-py) (a”] T-T,)
=(pmpo) - L5l [ (T-T,

s

. PPy =
v

From the computational viewpoilnt it
1s desirable to replace Egs. 1 through

69
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5 by a corresponding set with fewer where

constants or parameters. By using Azp
Egq. 5 in Eg. 4 and letting a@2 = VMO USZ,
= L@ -1)
y SPO( o)
. 1 |ok sp
x = P/P, “n T RT T
1 (3k) 4P
AR P VA B
T a = —
I 1 7y
7 - 1 |9k ( )
B 7 B £ A0 1
a, =-— _———
the following set of equations 1is MoTv Bk}
obtained: Eii

6. y==x -1

Thirteen such systems were computed

. z=-v on the SEAC. Eqs. 6 and 7 and the

initial conditions x(0) = 1, 2(0) = 0,

6 L.+l B B y(0) = 0, and v(0) = 0 are used in all

T T the systems. The systems were com-

pleted by adding one of the following

9. v = -a,v - a2v|v|+wH2(z+wn2y) pairs of differential equations:
(8), x = 375x + zx (9), v =2.5(10*)z + 1.25(10%)y

(8), x = 300x + zx + 75 (9), v = -0.3v + 2.5(10*)z + 1.25(10°)y
(8), x = 300x -2x - 75 (9); v = -0.0lvlw] + 2.5(10%)z + 1.25(10%)y

(8), ¥ =300x + zx + 75  (9), v = -0.3v - 0.0Lv|w| + 2.5(10%)z + 1.25(10%)y

(8), x = 100x + 2x (9)g v = 2.5(10*)z + 1.25(10°%)y

(8), % = 25x + 2x + 75 (9 v = -0.1v + 2.5(10*) 2 + 1.25(10%)y

(8), x = 25x + 2x + 175 (9), » = -0.3v + 2.5(10*)z + 1.25(10°)y

(8), x= 25x + zx + 75 (9)g v = 0.01v|w] + 2.5(10%)z + 1.25(10%)y

(8)y % = 25x + zx + 175 (9)g v = -0.3v - 0.01v|v| + 2.5(10%)z + 1.25(10%)y
(8),, » = -25x + zx + 715 (9),,v = -0.3v - 0.0Llv|w| + 2.5(10%)z + 1.25(10°)y
(8),, x = -5x + zx *+ 15 (9),,% = -0.3v - 0.0Lvlw| + 2.5(10%)z + 1.25(10%)y
(8),, x = 50x + zx + 75 (9),,v = -0.3v - 0.01lv|v]| + 2.5(10%)z + 1.25(10°)y
(8),, x = 100x + zx + 75  (9),,0 = -0.3v - 0.0lv|w| + 2.5(10%)z + 1.25(10%)y
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where
Fﬁﬂ = 0.0074,
9p)
v = 1.75,
L =5.9,
A = 0.037,

v.? = 7.05(10%),

w? =50,

wy? = 2.5(10%)
T = 10°*%
B =0 or 0.75(10°%) |

a;= 0 or 0.1 or 0.3,

a,= 0 or 0.01,

or 10-2 or

or 1.75(10°2) or

8§ = 0.50(10°2)
1.25(10°2)
3.75(10°2).

For convenience in identification each

according to the
a subscript for its
equation (Eq. 8 or 9).

system 1s named

number which 1is

A fourteenth system with

(8),4 » =-75x + zx + 75

and
(9),, v = 2.5(10%)z + 1.25(10%)y,

and the initial conditions x(0) = 1,
z2(0) = 0, y(0) = 0, and v = —105, was
computed with a desk cémputer.

The general system 6, 7, 8, 9 with
initial conditions was programmed for
solution by the Heun method on the
SEAC. the

integration interval (of order 10°*

The parameter values,

72

sec), and the interval at which the
results were to be printed out were
read into the machine independently

of the main routine. Since it was
not necessary to change the maun
routine from system to system, there
1s the possibility of using, in the

future, the main routine with differ-

ent values of the parameters. The
range of integration was either from
t =0 tot = 0.3 sec or t = 0 to

0.4 second. The total machine
including 1 hr for checking the
programming and coding, was about 5 hr
for all thirteen However,
the actual computation time per system
was less than 20 seconds. The re-
maining machine time was taken up by
the printing out of the results and,
to a small extent, by reading the
routine and parameter values into
the machine. One hundred values of
x and 50 values for each of y, v and
z were printed out. Typical results

17 through 22.

t e
time,

systems.

are shown in Figs.

Analysis. Since Egs. 6 through 9
along with the initial conditions form
the basis for the SEAC computations,
1t is desirable to obtain amnalytic
to the solutions of
this general system and then to compare
them with some of the computed results.
Since the initial value of z is zero
and the damping due to velocity proves
to be relatively unimportant, a first
approximation can be obtained by
solving the linear system consisting

approximations

of Egqs. 6 and 7, and
. o -
x :J§*+--£ix,
T T
v o= wHZ(z + wnzy).

It 1s easy to see that x, = All¢t t 4,
= B, cos wyt * B, sin wyt +

B, + Byt + B, 1%, where ¢ = (8§ - B)/7

and the 4’5 and B's

depending on the paramcters.

and z,

are constants
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Fig. 17. Power as a Function of Time for a 6 Step Function of 0.01 for

Various Damping Coefficients.
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Fig. 18. Temperature as a Function of Time for a 6 Step Function of 0.01

for Various Damping Coefficients.
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UNCLASSIFIED
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Fig. 19. Density as a Function of Time for a 6 Step Function of 0.01 for
Various Damping Coefficients.
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Fig. 20. Velocity as a Function of Time for a & Step Function of 0.01 for
Various Damping Coefficients.
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UNCLASSIFIED
. 1394
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Fig. 21.
Various Damping Coefficients.
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Fig. 22. Power as a Function of

Time with 6 Step Functions of 0.005
and 0.007.

It is apparent that such first ap-
proximations canbe useful only for the
early rise in x before the z has any
importance. A second and better ap-
proximation can be obtained by substi-
tuting x; and z; into the right-hand
side of Eq. 8 and then integrating to
obtain z,. By using Egs. 6, 7, and

|
0.24 0.32 040

Pressure as a Function of Time for a 6 Step Function of 0.01 for

v = wﬂz(z + wnzy),

second approximation formulas can be

. - _ 2
derived for y, 2z, v and p = z *+ @, "y.
The formulas for x,, y, and z, take
the forms:

23 = fy * fat t fyd 4 fsl¢t

L LR L
Y, T 9 t a,t + aat2 + a4t3

t 2yt t

€ a TP+ G 1PV v g gl?

L 2 3 Yt
Zy = 0y T gt ¥t LA T e csl

-+

2yt Gt
cgl t cytl t cg cos wyt
* €y s3N wyt

where the f, @ and ¢ are constants
that depend on the parameters.

The formulas for x, y, z, and v
and p have been evaluated by using the
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constants that were used with SEAC
computations. The formulas with
subscript 1 lead to numbers that are
close to the SEAC numbers only during
the time from the beginning of the x
rise to about half the total x rise.
The formulas with subscript 2 lead to
numbers which are close to the SEAC
numbers during the time from the

UNCLASSIFIED

DWG. 13946
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,‘ 1
Z 100 =
2 3
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(o] 0.0100 0.0200 0.0300

Fig. 23. Power vs. 6 Step Functions.
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beginning of the x rise to slightly
beyond the maximum x rise. This time
proves to be long enough to also
obtain maximum p values. The SEAC
results and the formula results are
compared in an over-all fashion in

Figs. 23 and 24.
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3
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Fig. 24. Pressure vs. 0 Step Func-
tions.



FOR PERIOD ENDING NOVEMBER 15, 1951

TABLE OF CONSTANTS AND VARIABLES

P = power level of reactor, kw 1 [ok
, 7z = — ?;— (p - po)
P, = initial (and equilibrium) T Lep
power level, 1000 kw d = step change in reactivity
x = P/P, p = pressure in core, lb/in.?
T = temperature, °C p, = initial pressure, 1000
o B
T, = initial temperature, 240°C 1b/in.
Tg = equilibrium temperaéure V' = volume of core
S = reciprocal heat capacity, A = areaof relief pipe opening
oC/kw* sec to pressurizer
1 v, = velocity of sound in core
¥ = 5 -AF = T}
¢ : M = mass of coolant in core
) :_35.: temperatufe Gom M, = mass of coolant in relief
91 pipe
ficient of reactivity, 4
-3 /o
10°3/°¢ ot 20003, 05 x 10
7T = lifetime of prompt neu-
trons, 10°* sec B,E = constants determined by
pipe flow losses
2 _ aSP,
Wa =T U= velocity of fluid in re-
lief pipe
B = bulk or average fraction
of delay neutrons, 0.0075 1 [akl APOU
g =
A = delay constant for assumed g B
single group of delayed B
neutron emitters, 0.08 a, :]7
C = lumped concentration of =
delayed neutron emitter E 4P, [ak
a, =——— |—
k = material multiplication M7V (3p)
constant
_ 3. o3 ak]
p = density of core fluid, pP=z te y= S—
1b/ £t o X LR
p, = initial density, 50 1b/ft? " (p - py)
Pg = equilibrium density g = § - B
T
(ok/9p) = density coefficient of
reactivity, ft3/1b, 0.0074 L = length of pressurizer pipe

19







MODIFICATION OF THE PRESSURIZER DESIGN
TO ELIMINATE MECHANICAL INSTABILITY

R. E. Avenand G. T. Trammell

It has been pointed out previ-
ously‘*) that at zero power the core
vessel plus the pressurizer constitute
a system in which damped density
oscillation 1n the core can occur.
The core density satisfies the follow-
ing equation:

B4 KA+ wyp = 0 (i)
where wy is the frequency of the
resonator and K is the damping coef-
ficient due to fluid friction. How-
ever, if the HRE 1s operating at
power, the reactivity variation as-
sociated with the density oscillation
has the effect of introducing an
antidamping term in the above motion
with coefficient

2
ﬁ Q)n

I3
K 7

I'a)H

and unless K > K' the density oscil-
lations will build up to a limiting
amplitude that may be troublesome.

Some modifications have been made
in the pressurizer design that will
insure that K > K'. The pressurizer
and the main outlet pipe have been
made common up to the turn-off of the
main flow line to the heat exchanger.
By this procedure, the "eddy viscosity"
associated with the turbulent main
flow greatly increases the damping
of the pressurizer flow compared with
that possible with laminar flow. In
addition, 2 damper in the form of a
perforated cylinder has been inserted

MR, §. Aven, “ Fluid Friction Coefficients
in the Pressurizer Tube and Their Effects on the
Reactivity of the Core Materials,’” Homogeneous
Reactor Project Quarterly Progress Report for
Period Ending August 15, 1951, ORNL-1121, p. 107.

in this common flow line to further
increase the pressurizer damping.
These modifications do not 1ncrease
the friction losses of the main circu-
lating flow or adversely affect the
ability of the pressurizer to limit
large power and pressure excursions.

Under these conditions, it 1s easy
to show that

L'

K = o A%(x)

bodx
pf A(x)
[H]

(2)

where
S = main flow rate (volume per
unit time)
x = distance along pressurizer
pipe, measured from core edge
L' = distance from core edge to
turn-off of main flow
L = distance from core edge to
liquid surface in pressurizer
A(x) = cross-sectional area of pipe
at position x
© = fuel density

The quantity F(x) is defined by

op
Ox

= -F(2) U¥(x) , (3)

where 9p/9dx 1s the pressure gradient
at x and U(x) is the mean fluid ve-
locity at x. It has been assumed 1in
obtaining Eq. 2 that for small high-
frequency variations of fluid velocity
about some mean value the friction
factor does not change, but that the
factor in the pressure drop, pv?,
actually changes instantaneously as
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v changes. An explicit expression for For the purpose of calculation,
F(x) 1is the pressurizer tube has been divided
into the following ten sections:
2]

K :'Ezu (4) 1. Entrance region from the core

to the pressurizer pipe.

where f is the usual friction factor 2. Angular area between the pres-
and U is the equivalent diameter. surizer pipe and the gas-pipe
nose.
For the calculation of K', the 3. Vaned sectionof the vaned nose.
following gquantities are needed: 4. Lower 1 3/4-1in.-tube section.
2 5. Lower supporting-web section.
c
L2 ) _ . . . .
/B I V.= core volume, 6. Middle 1 3/4-in.-tube section.
“dox
V‘f A 7. Upper supporting-web scction.
0 8. Upper 1 3/4-in.-tube section.
o o2 =
Yhe;e i squared sound speed 9. Section of pipe 1including the
n fue . .
et gas-pipe take-off and the
B = fraction of delayed neutvrons, 1 1/2-in.~elbow fuel outlet
T = prompt generation time 10. Pressurizer tube from section
!

9 to the pressurizer.

aw2 = rate of decrease of prompt-
rise rate when heat removal 1is The following table shows the
discontinued. dimensions of these sections:
TABLE 9
Dimensions of Pressurizer Tube Sections
SECTION A (ftz) LENGTH (ft) De (ft) f
1 0.0179 0.0834 0.0606 0.0255
2 0.0262 0.0834 0.0834 0.0233
3 0.0412 0.279 0.112 0.0218
4 0.0425 1.26 0.0974 0.0225
5 0.0386 0.115 0.098 0.0225
6 0.0425 1.72 0.0974 0.0225
7 0.0386 0.115 0.098 0.0225
8 0.0425 0.333 0.0974 0.0185
9 0.0252 0.188
10 0.0459 1.73
Average Area 0.03555
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The following results were ob-

tained:

= K’

b

CpenT 15 4B)V ol ods
T 2 0.84 2 u{ A

w H c 0

where

V = volume of the reactor core,
1.767 fi3,

¢? = velocity of sound in the fluid,

10,670,000 ft?/sec,

L;

L gy 10
I
i=1 i

o

= 144 feo !,

Thus

- K' = 0.102, (5)

L'F
zsf LAC2

A2
K = 0 ,

L

o dx
I
0

0.2228 ft*/sec (100 gpm),

1

where S =

$ R s 8 Jilyr
------ :[.~m£i~ ds = — F R 69.8,
A? Poi=1 20,47

K = 0.972. (6)

These calculations show the damping
to be well above the amount needed to
counteract the effects of the anti-
damping.

1951

CRITICALITY CALCULATIONS FOR
HOMOGENEGUS REACTORS

L. C. Biedenharnand P. M. Wood
The reactivity calculations re-
ported previously(®? and in other
sections of this report were based on
the following approximate formula,

which is derived in LA-524.¢%)

Kegg = mof - (1 +vpy, (v - 1]

Here v, and v, are eigenvalues of
one-velocity critical systems or,
more precisely, the number of neutrons
requitred to be emitted per absorption
in the core to achieve criticality;
the subscripts 1 and 2 refer to fast
and slow groups, respectively. The
constants for group one are taken
to be the same for reflector and core
(if both are at the same temperature)
and are completely specified for our
purposes by the Fermi age-in-water 7.
For group two the transport mean free
path 1s assumed to be the same for
core and reflector, and 1t 1s es-
sentially that of water. The thermal
sections of the core and re-
flector then serve to determine v.
The gquantity v, is the eigenvalue of
a one-velocity critical problem, with
core constants of proup two and re-
flector absorption adjusted to match
the diffusion length to that of group
Aside from 2, which is the
macroscopic reflector absorption cross

Crass

one.

G, A, Welton, H. T, Williams, L. H. Thacker,
P. M. Wood, -“ Criticality Calculations,” Homo~
%eneous Reactor Project Quarterly Progress
Report for Period Ending August 15, 1951,
ORNL-1121, p. 84.

(®)g. p. Feynman and T. M. Welton, Calculations
of Critical Masses Including the Effect of the
?és;;ibutiankof‘Neutron Energies, LA-524 (Jan. 21,
1947).
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section for group two, the other
constants have their usual signifi-
cance. In the terminologyof LA-524,6(%)
this equation represents the first
lower two-group approximation; the
lower here refers to a lower bound
criticality in the limit of
inelastic scattering.

Zero

To get some estimateof the accuracy
of this approximation for water-
moderated systems, the critical con-
centration of 93.4% enriched uranium
(in the form of uranyl sulfate) in a
spherical 'water-moderated infinite-
water-reflected reactor at 20°C has
been calculated by this and other
methods and the results compared.
The other methods

employed were:
the upper two-group approximation,
the two-group diffusion theory, and
the method of Greuling.(”> In ad-

dition, various three-group approxi-
mations (extensions of the technigues
of LA-524¢(%)) were used, but the rte-
sulting increase of accuracy did not
compensate for the much larger effort
required. Greuling’s method is the
most accurate of all the
(particularly for the low
concentrations of interest here)
and was regarded as the standard of
accuracy. The value of 7 {for the
other two methods was, 1n fact, taken
to be the mean square slowing-down
distance given ky Greuling’'s three-
group slowing-down kernel.

methods
uranium

The results are presented in Fig. 25.
It can be concluded from this work
that the approximate formula given
here was of sufficient accuracy for
the previous calculations®3) and is
the best simple approximation to use.
Although the excellent agreement of
the results of tHis method with the
results of Greuling’s method 1s to
some extent the result of
lation of errors,

a cancel -
1t seems recasonable

(D, Greuling, Theory of Water-Tamped Water
Boiler, LA-399 (Sept. 27, 1945).
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to expect that this cancellation may

persist for other similar systems.
any event, small

inaccuraclies of the

The errors are, in
compared with the
constants,

EFFECT OF CIRCULATION ON THE INHOUR
RELATION FOR THE HRE

R. E. Aven

If U(A,) is defined as the ratio
of delayed-neutron reactivity contri-
bution of the ith group in a circu-
lating-fuel reactor to its contribution
in a static-fuel type, then U(A;) is
given by

At
by = ]
v At
11
@
T.S
‘]‘ F(s) (1 - ¢ ) ds
0
(1)
Aot @ s
e v ? -jn F(s) ¢ ' us
0
where

t, = residence time 1n reactor,

t, = residence time 1in outside
loop,

A, = natural-decay constant of
the ith delayed-neutron
group,

F{s)as = probability that the
residence time, s, of a

particle 1s 1in

ds.

the range

In deriving the equation for U(A;),
the following assumptions have becn
made:
core
loop,

(1) uniform activation inside
and zero activation 1n outside
and (2) uniform effect of emitted
neutrons zero effect

of emitted neutrons 1n outside loop.

inside core and
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Fig. 25. Uranium Concentrations Required for Criticality as a Function of

Core Radius.

Let

N —

then

number of fragments per second
being produced per unit volume,

core volume,

rate of flow,

- number of fragments per unit

volume at inlet with decay
constant Ki-

L

0

c. + KiC

i

-}\i(s-s')
[

H,0 core, infinite H,0 reflector, 20°C, 93.4% enriched uranium.

=N, (2)

A m “ALs
1 € if2 *‘I’ [F(s)le * ds } C;

I3

ds s

83



HRP QUARTERLY PROGRESS REPORT

where s’ = time a particle spends in
the reactor, and

A
$oNes-sTy 1-e¢e !
fe ds' =S .
0 M
Solving for C,,
’ Y
.]‘ (F(s)] (1 - e ls) ds .
N ©°

i

A ®
AL AL
’ e‘t2 -f F(s) e if ds
0

The total production of fragments is
NV per second, which is also equal
to the total decay per second. The
decay per second outside the core is

ALt

ALt
C.et 2?2y (l-e 17

c.v
E....;f.._(e}\‘t? -1

3

If U(Ki) is defined as the ratio of
the decay rate inside the core to the

total decay rate, then
C.V sy
NV - —— (e P2 2 1)
ty
UMY =
! NV
Mot
_1 Cl 812_1’
N 1
but
«
‘o f F(s) (1 - ¢ %) ds
i 1Y
NN x ® A
"e‘t2 -fF(s)e tods
0
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Therefore,

T 2 -
UA) = 1 -~ !
Nt
“ s
F(s) (1 - e ') ds
0
. . (1)

At % AL
e 2 -f F(s) e ‘Sa's
0

If complete mixing 1s assumed, then
1 -s/t
F(s) = e !
ty
By substituting for F(s) in Eq. 1 and

solving for U(A;), the following
equation 1s obtained:

U = 1 - (3)

where B = t,/t, = 0.29 for the hono-
If slug flow 1s

geneous reactor.
assumed then

F(s) = 8(s - t,).
J. M. Stein and E. R. Mann have shown

that for slug flow the equation for

U(Ki) =1
et 1( St
+ . . )
Aty | Bt S'Aitl

FEguations 3 and 4 are plotted for
B = 0.29, with U(A;) as ordinate and
A;t, as abscissa (Fig. 26).
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289!

16 1 0 - 00

Fig. 26. Ratio of Becay Rate in
Core to Total Decay Without Circulation.

Residence time in the reactor may
be calculated from the relation

V 13
t, = = (5)
where V = volume of core, ft*,
v’ = rate of flow, ft*/sec.

Table 10 gives residence times for

1951

TABLE 10

Residence Time in the Reactor vs.
Rate of Flow

RATE OF FLOW (gpm) RESIDENCE TIME (sec)

130 6.09
160 7.93
80 9.92
60 13,22
40 19.83
30 26.44
10 79.30
5 158.7
0 0

By determining the value of Kitl,
the corresponding value of U(A.) may
be read from Fig. 26. The product of
U(A;) and the percentage of delayed-
neutron reactivity contribution of
the static fuel gives the percentage
of delayed-neutron reactivity contri-
bution for the ith group. The sum of
the contributions from all delavyed-
neutron groups gives the total re-
activity contribution at the corre-
sponding flow rate. These values are

various rates of flow. tabulated in Table 11 for a flow rate
TABLE 11
Total Reactivity Contribution of Delayed-Neutron
Groups at a Flow Bate of 100 gpm
HEACTIVITY CONTRIBUTION REACTIVITY CONTRIBUTION
Ai Aitl FROM STATIC FUEL FROM CIRCULATING FUEL
(sec-l) t, = 7.93 sec U(Ki) (%) (%)
3

14.0 111.1 0.990 0.0283 0.0280
1.61 12.8 0.930 0.0963 0.0896
0.45¢6 3.62 0.846 0.2730 0.2310
0.154 1.22 0.802 0.2411 0.1934
0.0315 0.250 0.780 0.1880 0.1466
0.0122 0.097 0.776 0.0283 0.0219
Total 0.8550% 0.7105

*The value of 8 = 0.855% is based on the delayed neutron activity of the water boiler.
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of 100 gpm. In Table 12 are listed
the delayed-ncutron contributions for
various flow rates, and Fig. 27 shows
this graphically. Tables 11 and 12
give values calculated with complete
mixing assumed.

The assumption of complete mixing
is probably the best simple assumption
Lut for purposes of com-
parison the calculated values for the

to make,

TABLE 12

Delayed-Neutron Contributions at
Various Flow Rates

TOTAL REACTIVITY CONTRIBUTION

RATE OF FLOW OF DELAYED NEUTRONS

(gpm) (%)
130 0.7020
100 0.7105
80 0.7169
60 0.7261
40 0.7409
20 0.7678
10 0.7899
5 0.8114
0 0.855
0.86 - T T 1= T T 1392
§ .
%mau B
z3
Q E -
Za
'éz 078 i
] CURVE ASSUMING COMPLETE MIXING
§ y 074 \\ -
% L S B J
ozol- CURSVLEUgSFSLUowNG/ T :j:::f
IR NN WO S S O S DU NS WU SO
0 26 a0 0 80 100 120
RATE OF FLOW (gpm)
Fig. 27. Percentage of Total Con-

tribution of Delayed Neutrons as a
Function of Flow Rate.
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percentage contribution of the delayed
neutrons, assuming slug flow,
also plotted on Fig. 27.

are

The equation for the excess re-
activity of the system, &,
of rise rate p may be derived by a
slight extension of the previous
derivation.

in terms

o =7p * - L BNt
v

1

BT ()

”1 tp tA Dt -e

where 7 =

prompt generation time,

total fraction of delayed neu-
trons (assumed equal to 0.00855),

1/T where T

reactor.

period of the

R~}
|

For various values of p the excess

reactivity has been calculated and

plotted (Table 13 and Figs. 28 and 29).

The rate of change of reactivity
at criticality (i.e., p = 0) 1is given
by the equation:

A, B,
5/(0) =7 Y o Y
P M N
b 1
LD VIRSFATE P )

i 1 - e vt 1+ At

e-B>\i ty

TN
(1 + A ty)

e-B}\l‘tl

1+'Kit

1



'FOR PERIOD ENDING NOVEMBER 13, 1951

TABLE 13

Excess Reactivity as a Function of the Beciprocai of the Reactor Period

p 8 FOR 0-gpm FLOW 8 FOR 60-gpm FLOW 5 FOR 100-gpm FLOW
0 (criticality) 0 0.00127 0.00145
0.01 0.00079 0.00190 0.00206
0.02 0.00131 0.00230 0.00246
0.04 0.00201 0.00285 0.00301
0.06 0.00250 0.00324 0.00339
0.08 0.00288 0.00354 0.00369
0.10 0.00319 0.00378 0.00393
1 0.00654 0.00668
10 0.00893 0.00893
100 0.01688 0.01688

D!G 13952

00175 T

0.01257~ /

00075

0.003

8¢

0.002}-

160

8(#)

7 (sec™")

Fig. 29. Excess Reactivity.
0.0010}- :

TABLE 14

ol ] ! I ! | I J ! Rate of Change of Reactivity at

© ooz oo4 p(wgge 008 010 Criticality as a Function of

Flow Bate
Fig. 28. Excess Reactivity.

FLOW RATE (gpm) 83" (0)
130 0.0815
100 0.0816
80 0.0816
60 0.0817
where_A =1 - U(X): Values for 3'(9) 30 0.0823
are given for various flow rates in 5 0.0867
Table 14, and Fig. 30 shows a plot 0 0'1052

of 6'(0) vs. flow rate.
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Fig. 30. Rate of Change of Re-

activity at Criticality.

NUCLEAR CONSTANTS FOR THE HRE
H. T. Williams

It seemed desirable to recalculate
the "nuclear constants" that are
useful in the work on the kinetics of
the HHKE in order to assign the "best
possible"™ values and estimate the
limits of error. Since it appears
probable that the HRE will eventually
be operated with a natural-water
reflector, the quantities of interest
were calculated for that case also.

The approximate method described
in LA-524¢%) yas used for the solution
of the two-group problem.

In estimating the limits of error
the following facts were considered:

1. Two-group theoryisnot strictly
valid for an HZO—DZO system; the size
of the error is uncertain. The error
arising from this factor 1s probably
of the same order as that resulting
from the uncertainty in the ratio of

the fast-diffusion constants for
heavy and natural water. (For the
purpose of estimating errors, this

ratio was allowed to range from 0.5

to 1.5.)

88

2. Certain of the two-group con-
stants and nuclear constants used 1n
the calculations are not known with
sufficient accuracy. For example, a
1.4% error in 7 {(number of neutrons
produced per neutron absorbed in fuel)
changes the critical concentrations
by about 3 grams per liter. These
uncertainties i1n fuel concentrations
in turn affect the other constants to
be calculated.

3. No clean-cut, accurate method
is known for determining the over-all
effect of the steel core tank. All
the constants calculated were found
to be quite sensitive to the various
types of boundary conditions that were

tried at the core-reflector interface.

In tabulating the results, the
conditions for which the calculation
was made appear on the right. The

notation is as follows:

C = fuel concentration, grams of
uranium per kilogram of 1,0,

K = effective multiplication con-
stant of reactor (K = 1 for
criticality),

T = average temperature in core,
OC,

Tp = average temperature 1in re-
flector, °C,

f = average density of R,0 in core,

3

g/cm”,

7T = prompt generatlon tlme, Ssec.

Operation with 020 BReflector

Amount of excess reactivity needed to
overcome the poisoning effect of the
steel core vessel:

— = (4.5 + 1.5)%
P ( ) %

~
I

230°C
l64°C.

>}
It



FOR PERIOD ENDING NOVEMBER 15,

Critical concentration:

C (Critical) =43.0%6.1 gof U
of H,0

=35.4 + 5 g of U
liter of H,0

per kg

per

1l

T
TR

230°C
164°C.

i

Density coefficient of reactivity at
constant temperature, averaged from

e = 0.823 to o = 0.883:

€K
[;_J = 0.65 + 0.07 cm’/g

0P|
T
T = 230°C
Tp = 164°C
C = 43 g/kg.

Temperature coefficient of reactivity
at constant density, averaged from

T = 230°C vo T = 180°C:

K
{—*] = -(7.7 £0.83) x 10°° °Cc!
a7 |
el
[s — [sFa
T, = 164°C

C = 43 g/kg.
Prompt neutron generation time:

7= (7.0 +0.7) X 10°% sec

T = 230°C
Tp = 164°C
C = 43 g/kg.

Amount of reactivity controlled by
the reflector (or reactivity change
made by dumping reflector at operating
temperature%

MK

X {(24.5 + 3)%
T = 230°C
Tp = 164°
C = 43 g/kg.

1951

Reflector temperature coefficient of
reactivity at constant core temper-

ature, averaged from Tp = 164°C to
Tp = 100°C:
)
qu = -(l.4 £0.5) x 107% °c?
o
T
T = 230°C
C = 39.4 g/kg.
or

A(Critical mass)

ATy

= 0.84 + 0.30 g of U per °C.

Operation with H20 Reflectior

Amount of excess reactivity needed to
overcome the polsoning effect of the
steel core vessel:

pont + A
X (5 £1)%

[k

230°C
164°C.

T
Tp =
Critical concentrations:

C (Critical) 34.1 + 2.7 g of U per

i

kg of H,0
T = 20°C
Tp = 20°C.
C (Critical) = 54.2 + 4.3 g of U per
kg of H,0
T = 230°C
Tp = 164°C.

Density coefficient of reactivity at
constant temperature, averaged fron

p = 0.854 to p = 0.794:
BK]
[5* = 0.81 cm’/g
¢)
/JT
T = 250°C
(No estimate of error)
Tp = 175°C

C = 59.8 g/kg.
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Temperature coefficient of reactivity
at constant density,

T = 250°C to T = 260°C:

averaged from

K|

—! = 5.3 X 1075 °¢c-!
31)

P
T, = 175°C
C = 59.8 g/kg.

Prompt-neutron generation time:

7 = (4.97 £0.31) X 10°% sec
T = 230°C
Tp = 164°C
C = 54.2 g/kg.

Amount of reactivity controlled by
reflector (reflector dumped at oper-
ating temperature):

Jav’s
*;T = (19.3 £+ 2.5)%

T = 230°C
Tp = 164°C

C = 54.2 g/kg.

EFFECTIVENESS OF HRE CONTROL PLATES

P. M. Wood

The reactivity controlled by the
HRE control plates in both heavy and
natural water was calculated using
ordinary two-group diffusion theory.
The method used was the following.

The reactivity of the reactor with
48.73 g of uranium per kg of H,0 and

90

a heavy-water reflector was calculated
{with a reasonable choice of con-
stants) without taking into account
the core vessel.

K 1.02417

eff =

The presence of the steel core vessel
was found previously to lower the
reactivity about 4%. Subtracting
this,

K,;p = 0.98417.

The reactivity of the rteactor with
the core completely surrounded by a
shell that absorbs all thermal neutrons
but no fast neutrons was calculated
letting the fast flux go to zero at
the reflector boundary and the thermal
flux go to zero at the core boundary.

K,z = 0.89632
M pp = 0.98417 - 0.89632 = 0.08785.

The fraction of the core surface
covered by the two control plates 1is
~0.328. Assuming that the effective-
ness of the plates
to the fraction
area

is proportional
of the core surface

they cover, their effect 18

0.328 X 0.08785 X 100% = 2.88% Keff
for both plates or 1.44% per plate.
A similar calculation for the

natural~-water reflected reactor at
52.90 g of uranium per kg of H,O
(42 g/1) gave the result of 1.31% K, r¢
per plate. The results for the two
cases are surprisingly close.
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CONTROLS

L. R. Quarles, Leader

D. G. Davis
L. P. Inglis
E. E. Mason

w. P.

Major emphasis for the quarter has
been on adjustment and calibration of
instruments for installation in the
reactor, but some development work has
also been done. TInstallation of in-
struments 1in the HRE i1s virtually
complete and the system is now being
checked.

The integrating unit for register-
ing total reactor energy was built and
operated satisfactorily. The unit is
basically a watt-hour meter with the
appropriate proportionality factor to
connect the meter reading with reactor
power and time. The current coil of
the meter is supplied with a constant
current from the regulated instrument
supply, and the voltage coil is con-
nected to the arm of a potentiometer
across the same source. The reactor
energy will be obtained from either of
two detectors — one detects the flux
level and the other the temperature
differential across the heat exchanger.
These guantities are recorded on
regular strip-chart instruments, and
the potentiometers used with the
integrators are connected to the
balancing motors of the recorders.
Thus, the voltage fed to the integrator
is proportional to flux or temperature
difference, as the case may be, and
hence the register of the watt-hour
meter will be proportional to flux
and time or temperature difference and
time (since the flow is constant, this
is proportional to power extracted and
time).

Since the watt-hour meter runs too
slowly at low voltages, a switch is

automatically c¢losed and the current

C. A. Mossman

J. E. Owens
D. Toombs

Walker

increased when the instrument indicates
below 10% of the full scale. An
accuracy of 3% i1s maintained over 98%
of the instrument scale, but the
integrator fails to operate accurately
on the low 2% of the instrument scale.

A series of tests were run to
determine the most satisfactory type
of thermocouple and installation for
use with the reactor, since for
efficient operation it is necessary to
determine temperatures accurately and
guickly. Several different types of
thermocouples were installed in a
short length of 1-in. stainless steel
pipe covered with 1 in.
insulation,

of asbestos
Steam. at atmospheric
pressure was run through the pipe, and
the temperature of the various thermo-
couples was measured against time., As
a reference, a bare thermocouple was
inserted into the center of the pipe
to give the actual steam temperature,

From this experiment (Fig. 31) it
could be seen that the silver-soldered
and spot-welded thermocouples gave the
fastest determination of temperature.

However, this type of thermocouple
would be difficult to replace after
the reactor had been running. There-

fore the most feasible thermocouple 1is
the special bayonet in a deep well,

The deep well for the bayonet is
welded so that it projects down the
center of the pipe. The special

bayonet ts a 20-gage iron-constantan

thermocouple with fittings to hold it

in the well.

The thermocouples must be electri-
cally insulated from the well if two
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Fig. 31. Thermocouple Transiemt Response.

thermocouples that buck are used for
an instrument. A thin layer of in-
sulating cement on the end of the
special bavyonet gave good results

(Fig. 31).

The oxygen system of the reactor is
provided to replace the oxygen in
solution that is lost through the let-
down system. If the oxygen in solution
1s 500 ppm by weight and the flow of
fuel through the letdown
1% gal/min,
supplied i1s 20 cc/min at a working
pressure of 1200 psi.

valve 1is
the amount of oxygen to be

The oxygen flow is controlled by

valve 712R, which 1is controlled by
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FRCA-88, and FRCA-88 is actuated by
the air output of the differential
pressure cell across the capillary
(Fig. 32). To ensure a continuous flow
of oxygen and at the same time prevent
an open path from the hot fuel to the
outside of the shield, it 1s necessary
to use two valves, intermediate
oxygen tank for a reservoir,
single-pole, double-throw pressure
switch (PC-86). Under normal flow
conditions valve 7T12A would be closed
and the reservoir would have oxygen
at about 1300 psi discharging through
the capillary tube, at the point where
the pressure drop across the capillary
is measured by a Foxboro differential

to valve 712B,

an
and a

pressure cell, and on
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to the pulsafeeder surge tank. When
the reservoir pressure drops to 1200
psi, the single-pole, double-throw
pressure switch closes valve 712B and
opens 712A. Then the reservoir charges
back up to 1300 psi in a few seconds,
causes the pressure switch to close
712A, and gives the controller per-
mission to open valve 712B so that
flow can continue.

Under normal operating conditions
the oxygen flow and pulsafeeder oper-
ations are interlocked so that one
operation . will not continue without
the other. When the single-pole,
double-throw pressure switch operates
to charge the reservoir the oxygen
flow stops. However, it is not desir-
able to shut down the reactor every
time this recharging takes place, so a

timer is placed in the interlock

Oxygen-Supply Flow Diagranm.

clrcuit to prevent the short-time
stoppage of the oxygen from shutting
down the reactor. The timer will not
prevent shut down of the reactor for
a prolonged stoppage. Provision is
made for pressurizing the system with
oxygen before start-up by a push-
button that by-passes the pulsafeeder
interlock contact. A pressure switch
(PA-87) is provided at the oxygen
supply tanks to give an alarm when the
oxygen pressure gets too low,

The control circuits have been
modified slightly toprovide flexibility
more safely. Since it 1is possible
that the turbine condensate may be
mildly active, an added interlock 1is
desirable. This interlock prevents: the
operator from returning turbine con-
densate to the building feed-water
storage tank, during a crossover from
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reactor power to building steam, until
a safe time interval has elapsed., This
time interval 1s defined as the time
required to flush the condenser hot
well, On the reverse process, the
building condensate return line 1is
closed immediately upon the opening
of the reactor steam line,

There 1s a possibility that pulsa-
feeder pump stoppage may cause rather
violent fluctuations in the vortex as
the letdown valve starts letting down
pure gas. To prevent this, an inter-
lock has been provided to start the
D,0 timer if the fuel pulsafeeder
stops while the reactor is operating.
Since the fuel circulating pump is a
convenient way of determining reactor
operation, shutdown is initiated if
the pulsafeeder stops while the circu-
lating pump is running. This control
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may be transferred to a fuel-flow
indicator on the pulsafeeder line if
experience shows such an instrument
advisable,

For convenience of the operator in
flushing out the high-pressure system,
a valve has been added in the line
from the fuel dump tank to the fuel
pulsafeeder. This enables the operator
to pump pure water from the condensate
weigh tank into the high-pressure
system for flushing or rapid dilution,

The sepavate pulsafeeders pre-
viously planned for the reflector
system have been replaced by a dual-
head unit., These heads operate in the
same manner as the two pumps, both
pump on initial filling and one cuts
out (by means of an o0il by-pass valve)
when the reflector level is up.









SOLUTION CHEMISTRY

W. L. Marshall
R. D. Brown
H. 0. Day

H. W.

STABILITY OF PLUTONIUM SULFATE IN
URANYL SULFATE SOLUTION

An investigation of the stability
of plutonium sulfate in an aqueous
solution of 1.26 M uranyl sulfate has
been conducted over temperatures
ranging from 25 to 240°C. A stock
solution that contained 0.386 g of
plutonium per liter of the concentrated
uranyl sulfate was used for all the
work to date. The method of prepar-
ing this stock solution is given in
some detail in the following section,

Preparation of Plutonium Sulfate
Stock Solution. A 5-ml aqueous
solution that contained 0.132 g of
plutonium as the nitrate was received
as the end-product of the Hanford
purification process., This amount of
material was made 4 M with respect to
nitric acid and extracted twice with
5 ml of TBP solvent,(1) After washing
the TBP phase with 10 ml of 4 M HNO,,
the plutonium was extracted with 1 ¥
H,30,. Heating the resulting acid
extract with excess H_ SO, served to
precipitate Pu(S0,),, and after the
liquid was decanted off, the residue
was heated to fuming until the solid
had assumed a uniform coral-pink color,
The solid was taken up in a minumum
amount of water, precipitated with 30%
H,0,, washed, and redissolved in
sulfuric acid. The peroxide pre-
cipitation was repeated twice, and the
precipitate was redissolved each time.

(I)TBP solvent consisted of 15 vol % of
tributy]l phosphate and 85 vol % of a petroleum
fraction designated as AMSCO-123-15 (boiling
range 368 to 400°F, American Mineral Spirits
Company).

J. 8. Gill

E. V. Jones

K. S. Warren
Wright

The solid was then precipitated with
concentrated sulfuric acid. Careful
evaporation to near-dryness of the
residue was followed by complete
solution in 10 ml of distilled water.
This solution was 0.15 M in HZSO4, as
determined by free-acid analysis. One-
half milliliter of the solution was
added to 9.0 ml of aqueous uranyl
sulfate (333.3 gofuranium per liter),
and the mixture was diluted to 10.00
milliliters. The resulting plutonium
sulfate stock solution contained 461 g
of uranyl sulfate and 0.695 g of
plutonium sulfate per liter. The
resulting free acid in this stock
solution, as calculated from the
dilution ratio employed, was 0.0075 ¥
and the solution could be considered
essentially neutral.

Apparatus and Procedure. The heat-
ing oven for the small samples of
plutonium sulfate-—uranyl sulfate
stock solution was a cylindrical
block of aluminum heated by aNichrome-
ribbon spiral wrapped around the
block, with adequate insulation
enclosing the unit. A number of 1/8-
holes were drilled near the center
and parallel with the axis of the
cylinder for receiving the sealed
tubes containing the samples. The
sealed tubes were prepared from
3-mm-OD pyrex tubing and were vibrated
in a vertical position in the oven by
fastening the ends to the armature of
a buzzer. Continuous shaking was
maintained during arun in this manner,
and the desired oven temperature was
controlled within +£1°C by means of a
thermocouple and a Brown Electronik.

in,

About 0.03 m! of the stock solutien
of plutonium—uranyl sulfates was drawn
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TABLE 15

Stability of Plutonium Sulfate in 1.26 M Urasyl Sulfate Solutiom

TEMPERATURE TIME OF HEATING A¥MOUNT OF PLUTONIUM REMAINING IN SOLUTION (g/1)
(°C) (hr) SAMPLE 1 SAMPLE ¢ AVERAGE
25 not scaled 0.385 0.385
80 18 0.360 0.354 0.357
90 19 0.342 0.302 0.322
110 45 0.030 0.016 0.023
165 96 0.015 0.029 0.022
195 20 0.0048 0.0058 0.0053
240 22 0.0062 . 0.0077 0.0069
up in a 120-mm length of 3-mm-0OD phases, snuch as solid particles, and
tubing, sealed at the end on both other phenomena by either transmitted

sides of the drop, and inserted in the
oven, shaker unit. After equilibrium
was established, as determined by
experimentally varying the time of
the tube was centrifuged and
opened. About 80% of the liquid was
removed with a medicine dropper; care
was taken not to disturb the remainder
of the centrifuged solution at the
bottom of the tube. A 20-ul portion
of the solution was diluted to 10.0
milliliters. Determination of the
plutonium still held in solution was
finally made on an aliquot by using

heating,

standard procedures and counting

techniques.

Supplementing the analytical method
for stability determinations just
direct, visual-
observation technique in which a
buzzer was used for shaking a single
horizontal, glass tube in an electri-
cally heated, thick-walled, capillary
tube. During heating, the use of a
telescope permitted continucus visual
scanning of the sample for changes 1n
color, the appearance of additional

described was a
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or reflected light. The rapidity of
the formation of a tan-yellow pre-
cipitate could be noted, and this
information greatly facilitated sub-
sequent work with the cylindrical
aluminum heater.

Results. Work with a stock solution
that contained 0.386 g of plutoniunm
ion per liter of a practically neutral
uranyl sulfate solution (300 g of
uranium per liter) produced the data
in Table 15.

These data indicate that in the
neighborhood of 100°C over 90% of the
plutonium ion originally present in
solution is precipitated, The data
are 1n agreement with those obtained
by W. E. Tomlin¢(2?) at approximately
165 and 250°C with plutonium sulfate
prepared by an ion-exchange method.

Dy, . Tomlin, “Chemical Processing,”
Homogeneous Reactor Project Quarterly Progress
Report for Period Ending August 15, 1951,
ORNL-1121, p. 171.
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FISSION-PRODUCT SOLUBILITIES IN URANYL
SULFATE SOLUTIONS AT HIGH TEMPERATURES

Lanthapum Sul fate and Yttrium
Sulfate. By using the well-known
silica-tube synthetic method described
previously,(3) the work of Lietzke and
Stoughton(*? on the solubilities of
lanthanum sulfate and yttrium sulfate
in aqueous uranyl sulfate solutions
has been extended to higher concen-
trations of uranyl sulfate.

The solubility data are given in
Tables 16 and 17 and are shown along
with those of Lietzke and Stoughton

TABLE 16§

Solubility of Lanthanuwm Sulfate in
1.26 ¥ Uranyl Sulfate

TEMPERATURE La,(50,),
°cy (we %)
78 4.39
91 and 149 3.97
{Double point)
148 3.80
150 3.75
150.5 3.70
151 3.60
152 3. 46
154 3.25
160 2.69
168 2.30
178 1.85
202 1.22
222 0.88
Two liquid layers 0. 57
at 291°C
3¢, H1 Secoy, ““The System of Uranyl Sulfate—

Water. II. Temperature-Concentration Relation-
ships Above 250°,” J. 4m. Chem. Soc. 72, 3343
(1950).

(*)M. H. Lietzke and R. W. Stoughton, The
Measurement of the Solubility of Fission Product
Sulfates at High Temperatures and Pressures,

ORNL-970 (March 13, 1951).

1951

in Figs. 33 and 34, Compiled data at
250°C, including extrapolation values,
are given in Table 18.

TABLE 17

Solubility of Yttrium Sulfatein .88
and 1.26 ¥ Uranyl Sulfate Solutions

IN 1.08 # UO,S0, IN 1.26 ¥ U0,S0,
TEMPERATURE | Y,(S0,), | TEMPERATURE | Y,(S0,),
(°C) (wt %) (°c) (wt %)
208 4.32 212 4.31
215 3.41 221 3.62
217 3.44 224 3.43
230 2.78 231 2.99
245 2.12 237 2.74
(a) 1.43 (&) 2.34
(a) 1.08 (b) 2.14

(a)Two liquid layers at about 277°C. No crys-
tals up to 320°C. Held at 320°C for two hours.

(b)Two liquid layers at about 270°C. No crys-
tals after several hours above 280 to 310°C for
2.14 wt % YZ(SO4)3 solution.

TABLE 18

Comparative Solubilities of Yttrium
Sulfate and Lanthanum Sulfate at 250°C

¥,(80,), La, (S0,),
UO2SO4 SOLUBILITY UOst4 SOLUBILITY
(#) (wt %) (M) (wt %)
0.126 0.16 0.126 0.015
1.26 2.34 1.26 0.57

As indicated by the data, lanthanum
sulfate and yttrium sulfate show
negative temperature coefficients of
solubility., These sulfates also have
strong tendencies to supersaturate, and
the temperatures recorded are those at
which the crystals dissolved completely

upon very slow cooling.
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Cesium Sulfate. The solubility of
CSQSO4 in 1.26 M U0,50, was studied in
the same manner., The solubility data
are given in Table 19, along with the
data of lietzke and Stoughton for the
solubility of Cs,S0, in water,(*) and
Fig. 35. Cesium sulfate shows a
positive temperature coefficient of
solubility, and the temperaturesre-
corded are those at which the crystals
dissolved upon very slow heating. The
data showa surprisingly low solubility
in 1.26 M UO,SO, in comparison with
that in water. At 190°C the solu-
bility is about 196 times greater 1in
water, Possibly there is no complex-
ing of cesium sulfate with uranyl
sulfate but compound formation of low
solubility.

TABLE 19

Solubility of Cesium Sulfate

IN WATER IN 1.26 M U02804
TEMPERATURE C.szSO4 TEMPERATURE CSISO4
(°c) (wt %) (°c) (vt %)
23 63.5 170(?) 0.30
175 71.8 181 0.33
211 73.5. 190 0.37
270 75.0 218 0.44
292 75.5 249 0.49
290 0.54
Two liquid 0.78.
layers at
B iSioTued

Ceric Sulfate. Preliminary tests
showed that ceric sulfate hydrolyzed
rapidly in hot water but was somewhat
soluble in 1.26 ¥ UOZSO4, with little
or no hydrolysis, and showed a negative
temperature coefficient of solubility,
Further investigation indicated that
the solubility is less than 0.014% at
This low solubility
and the negative temperature co-
efficient of solubility make the
silica-tube synthetic method unsuited

room temperature,
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Fig. 35. Solubility of Cesium
Sulfate in 1.26 ¥ Uranyl Sulfate.

for this study, and it was discontinued.
This problem will be attacked in the
future by using the filter-bomb method.

Molybdenum fxide. Preliminary tests
showed that MoO, is appreciably soluble
in 1.26 ¥ U0,SO, at room temperature.
Two samples of 0,014 and 0.97 wt %
were heated in the rockers
tubes., There was little,
change up to 70°C. Above this temper-
ature a white precipitate slowly
formed, 1In the latter sample the
precipitate of unknown composition was
very bulky. At about 190°C the
solution was clear and two liquid
layers formed at 300°C. On cooling,
the bulky, white precipitate re-
appeared at about 115°C. At 250°C
1% or more of MoO, is completely
soluble in 1.26 ¥ U0,SO,.

in silica

if any,

Zirconium Sulfate. Zirconium sul-
fate was prepared from c.p. zirconyl
chloride by double precipitation with
concentrated hydrochloric acid, final
washing with the same acid, and bring-
ing to dryness and to constant weight
with an excess of sulfuric acid.
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Two solutions of Zr(S0,), contain-
ing 6.53 and 11.15 wt % in 1.26 M
U0,S0, remained stable when heated up
to about 280°C, but at that tempera-
ture an irreversible change began that
yielded a considerable mass of white
precipitate, which remained when the
tubes cooled to room temperature,

Cadmium Sulfate. Cadmium sulfate
shows a negative temperature co-
efficient of solubility and considera-
ble supersaturation, The evidence
seems conclusive that solutions with
up to 20.0 wt % of CdSO, 1in 1.26 M
U0,80, give the two liguid layers at
about 310°C, with no crystals forming.
Another sample with 25.83 wt % of
Cd30, dissolved at 263°C.

SOLUBILITY OF CUPRIC FLUORIDE IN
URANYL FLUORIDE SOLUTION

A study of the solubility of cupric
fluoride in uranyl fluoride solution
at 100 to 300°C was undertaken to
determine the phase stability of an
agueous uranyl fluoride solution by
utilizing cupric ion as a catalytic
recombiner for hydrogen and oxygen.(5)
Preliminary tests confirmed the results
of earlier investigations that showed
appreciable hydrolysis of cupric
fluoride in water at 100°C. However,
a more stable system might be expected
in agueous uranyl fluoride owing to
complex formation.

Solutions were prepared by adding
Baker’s technical grade CuF2'2H20
(containing stoichiometric cupric and
fluoride ions and very few spectro-
graphic impurities) to solutions of
high-purity Harshaw UOze- These
solutions were run in silica tubes in
the usual manner.(®) Cupric ion was

(5)See “Radiation Stability’ in Part II of this
report.

A(ﬁ?See previous section in this chapter on
“Fission-Product Solubilities in Uranyl Sulfate
Solutions at High Temperature.”

determined after the runs for each
sample, which was completely soluble
at room temperature, to check the
reversibility of the systems.

The data given in Table 20 indicate
solubility values of cupric fluoride
well in excess of the limits necessary
for catalytic recombination of hydrogen
and oxygen at 250°C in 0.126 and 1.26
M UO,F, solutions. The solubility
processes involved are reversible and
possess a negative temperature co-
efficient of solubility in the 100 to
300°C range. There was some slight
attack of the silica tube at about
250°C, which was evidently due to
cupric fluoride since no attack
occurred in runs containing only
uranyl fluoride solution.

CONDUCTIVITY OF URANYL SULFATE SOLUTION

The conductivity of uranyl sulfate
solution has been investigated at 0°C
in concentrations ranging from 0.0005
to 0.0974 N and at 25°C in concen-
trations ranging from 0.0025 to 2.5 N.

Conductivity data have been calcu-
lated from resistance measurements
made in a standard conductivity cell
having a cell constant of 1.,1135 by
means of a Leeds and Northrup Jones
conductivity bridge. The accessory
equipment consisted of a Hewlett-
Packard sine wave,
ator,

audiosignal gener-
a General Radio null detector,
and a Dumont 208-B oscilloscope. The
bridge was well shielded to reduce the
inductance and capacitance effects of
stray current; however, it was not
possible to control room humidity and
temperature as recommended by the
manufacturer of the conductivity
bridge.

The cell was immersed in an oil-
filled constant-temperature bath con-
trolled by a mercury-type thermo-
regulator and mercury-to-mercury
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TABLE 20

Solubility of Cupric Fluoride in Uranyl Fluoride Solutions

uo, F, &F, SOLUBILITY
() (we %) At 150°C 4 hr at 220 to 260°C 16 hr at 270°C 2 hr at 300°C
0.126 0.20 Soluble Soluble
0.126 0.33 Soluble Borderline solubility
0.126 0.59 Incomplete Much crystalline pre-
solubility cipitation
1.26 0.59 Soluble Soluble Soluble Soluble
1.26 0.92 Soluble Soluble Soluble Borderline solu-
bility
1.26 1.37 Soluble Much crystalline pre-
cipitation
1.26 2.16 Soluble Much crystalline pre-
cipitation
relay. Cooling for 0°C measurements saturated with Cl, prepared from c.p.

was accomplished by using a small
refrigerating unit operating through a
copper coil suspended in the o1l bath,
Measurements were made at the specified
temperature to +0.005°C, as measured
by a leeds and Northrup thermohm, with
a Bureau of Standards certificate used
in conjunction with a Mueller type of
resistance bridge and high-sensitivity
galvanometer.

The standard KCl solutions of 0.1
and 0.01 demal were prepared {from
recrystallized KCl according to the
data of Jones and Bradshaw.¢’) Baker
and Adamson reagent-grade KCl was
further purified by dissolving 1in
conductivity water and filtering to
remove any insoluble matter; 1t was
then crystallized out by evaporating
again dissolved 1in con-
and the solution

and cooling,
ductivity water,

(7)G. Jones and B. C. Bradshaw, “The Measure-
ment of the Conductance of Electrolytes. V. A
Predetermination of the Conductance of Standard
Potassium Chloride Solutions in Absolute Units,”
J. Ar. Chem. Soc. 55, 1780 (1933).
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HC1 and KMnO,. The solution was then
boiled vigorously to remove the Cl,,
and the KCl was precipitated with HCI
prepared from ¢.p. sulfuric and
hydrochloric acids. The solution was
then evaporated to dryness,
in conductivity water, and,
recrystallizations, dried and fused in
a platinnm dish in an inert atmosphere,

taken up
after two

The solutions of UO_S0, were pre-
pared by dilution from a pure stock
solution (available in the laboratory)
containing 298 g of uranium per liter,
After this was done a question arose
regarding the accuracy of the U/SO,
ratio in this sample and a new sample
of uranyl sulfate was prepared by
precipitating the uranyl sulfate from
the stuck solution with c.p. acetone
and redissolving in conductivity
water, again precipitating with re-
distilled (middle fraction) acetone,
and redissolving in conductivity water
after several evaporations to remove
the acetone resulting from the decom-
position of the acetone complex. This



FOR PERIOD ENDING NOVEMBER 15,

sample will be used to check some of
the results already obtained.

Tables 21 and 22 show the equivalent

conductivity of uranyl sulfate at 0
and 25°C. Figure 36 shows a plot of
Jc vs. A at the temperatures indicated.

TABLE 21

Equivalent Conductivity of Uranyl Sul fate

CONCENTRATION A A

(eq./liter) (0°C) (25°C)
0.0005 62.90 - -
0.001 54.54
0.0025 43.63 78.71
0.0125 26.54 45.65
0.025 20.91 33.80
0.06974 13.26 21.37
0.250 16.838
2.504 6.1

* .
See Table 22 for values at lower concentrations.

TABLE 22

Equivalent Conductivity of Uranyl
Sulfate and Nickel Sulfate

CONCENTRATI ON A % wiso, A% vo,s0,
(eq./liter) (25°¢)(® (25°¢)¢®)
0.0005 N 118.7 120.0
0.001 113.1 95.9
0.005 93.2 64.2
0.01 82.7 49.6
0.02 72.3 37.0
0.05 59.2 26.2
0. 10 50.8 21.2

(a%{. Murata, “Electrical Conductance of Nickel
Sul fate Solution and Ionic Conductance of Nickel,”
Bull. Chem. Soc. Japan 3, 47 (1928).

(b)VaJues taken from graph and work of Dittrich
on conductivity of uranyl sulfate. C. Dittrich,

“Die Uranylsalze vom physikalisch-chemischen Stand-

punkte aus betracket,” Z. physik. Chem. 29, 449

(1899).
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Uranyl sulfate behaves as a weak
electrolyte at these temperatures. No
anomalies appear in the curves; the
conductivity increases with dilution
in a continuous fashion. It 1is
interesting to compare the conductivity
of this solution with that of nickel

sulfate.

that
U0,50, 1s similar in equivalent con-
ductance to NiSO4 at higher dilutions,
but 1t is a weaker electrolyte than
the latter since 1t shows a much
lower equivalent conductivity at higher
concentrations.

From this data i1t appears

Pecause it is a weak electrolyte 1t
has not been possible to calculate the
equivalent conductance at infinite
dilution, A,, by application of the
Onsager equation, nor are sufficient
data available to calculate A, by
empirical means,

VAPOR-PRESSURE STURIES OF
SALT SOLUTIONS

URANYL

The vapor-pressure measurements of
uranyl
were made with

sulfate and uranvyl
a 3000-psu1
that had been

agqueous
nitrate
Baldwin pressure gage
calibrated against a dead-weight
piston gage, The accuracy of the
Baldwin pressure gage was about 2 to
3 psi; therefore for higher accuracy
of future work, a 2000-psi Raldwin
gage was obtained and calibrated. The
temperatures at which the pressure
measurements were measured
with a platinum resistance thermometer
and controlled by a nickel resistance
thermometer and a Teeds and Northrup

made were

duration-adjusting type of controller,
Details of the thermostat and control
instruments are given in the previous
report in this series.(8)

(&, o. Day, Jr., “Vapor Pressures of Uranyl
Salt Solutions,” Homogeneouns Reactor Quarterly
Progress Report for Period Ending August 15, 1951,
ORNL- 1121, p:. 122.
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A given solution was placed in a
silica tube that fitted firmly into a
standard, American Instrument Company,
stainless steel, pressure bomb. Only
vapor came in contact with the steel,
and apparently very little corrosion
occurred, The vapor-pressure measure-
ments given in Table 23 were made on
6.84 (0.198 M) and 32.82 (1.248 M)
wt % uranyl sulfate solutions, 37.81
(1.378 M) wt % uranyl nitrate so-
lutions, and dissolved water for

comparison,

Unfortunately, no degassing equip-

ment was available at the time the
measurements were made and, conse-
quently, all samples contained dis-

solved air. This factor led to some
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Conductivity of Uranyl Sulfate.

erratic results since the amount of
alr 1in a sample 15 a function of
sample concentration,
and room tewpera-

sample volume,
external pressure,
ture,

The pressures that are reported to
one decimal are the average of several
readings and do not imply that accura-
cy. Temperature was controlled to
t0.02°C.

After maintaining the solutions at
temperatures above 200°C for six-day
periods and observing no pressure in-
crease, a very slight, yellow, crys-
found in the 6.84 wt
identified

talline solid was
% solution., This solid was
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TABLE 23

Vapor Pressures of Uranyl Sulfate and Uranyl Nitrate Sclutions

VAPOR PRESSURE  (psi)
TEMPERATURE WATER WATER 6.84 wt % | 3282 wt % U050, |37.81 we % UOy(NO3),

°c) (literature) | (experimental) | 10,50, RUN 1 RUN 2 RUN 1 RUN 2
200 225. 54 250. 247 252[5 239. 237. 4 221,
225 369.90 393.4 391, 395 385. 371, 365. 4
250 576.91 601.., 602.., 602.., 585 562, 572,
275 862.80 893. 898 891, | 876., 8364 865. 4
300 1246.12 1275.., 1272 1275., | 1261, 1224.., 1246,
325 1748.68 1778, , 12, 174, | 1725.4(9)| 17044

350 2398. 39 2429., 2418 2428

*
All experimental samples contained air.

by X-ray diffraction as uranyl ortho-
silicate(?) or some similar structure,
No precipitation ccecurred in the more
concentrated solution.

Tt is known that uranyl nitrate
solution decomposes at elevated temper-
atures, and it was considered of
interest therefore to measure the
vapor pressures of uranyl nitrate
solution to determine the effect of
this decomposition upon the pressure.
The results given in Table 23 are very
erratic owing to dissolved air but,
in any case, are surprisingly low
compared to the values of uranvyl
sulfate solution,

The vapor pressure differences be-
tween water and the various solutions
are rather small as expected and of
practically no consequence from an

(%)w. L. Marshall and J. S. Gill, “X-Ray-
Diffraction Data for the Compound Uranyl Ortho-
silicate Trihydrate,”’ Chemistry Division Quarterly
Progress Report for Period Ending December 31,
1950, ORNL-1036, p. 15.

engineering viewpoint. Apparatus for
degassing the solution has been
provided so that more accurate vapor
pressure data can be obtained..  In
hopes of nobtaining data accurate enocugh
for the determination of activity co-
efficients, adynamic type of apparatus
is being considered. Details will
appear in a future report. For' the
present, however, effort will be
concentrated on the degassing and
measurements of pressure at the
higher temperatures and on the com-
pound manometer system described in a
previous report for vapor pressures
measured up to approximately 150°C.

SULFATE ANALYSIS OF PRODUCTION-GRADE
URANYL SULFATE

Alternate methods for sulfate
analysis of production-grade uranyl
sulfate have been studied in an effort
to eliminate the nncertainties involved
in the standard, barium sulfate,
gravimetric procedure and to determine
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sulfate within 40,15%. After a con-
sideration of the various methodsthat
might be investigated, the following
conclusions were reached:

1. None of the methods involving
initial removal of uranium were to be
considered, since preliminary analyses
gave results 10% below the standard.
(These low values were due to ammonium
sulfate occlusion and subsequent subli-
mation upon drying at 900°C,)

2., Gravimetric methods invelving
other reagents or precipitates would
be postponed, since these alternates
might introduce as many variables as
the current method.

3. Initial concentration of effort
would be on an 1on-exchange method in-
volving a cation exchanger and on
removal of uranium bulk with hydrogen
peroxide and subsequent titration or
gravimetric analysis for sulfate,

Use of Hydrogen Perexide. The use
of hydrogen peroxide for the initial
removal of uranium before barium
sulfate precipitation has been 1in-
vestigated to a small extent. Uranium
was precipitated using both a large
excess
three

of 3% hydrogen peroxide and
times theoretical hydrogen
peroxide., Attempts
titrate directly the
produced; however, erratic results
were obtained, possibly owing to the
small amount of uranyl! 10n still
present in the filtrate or to the
peroxide present after slight boiling
of the filtrate. The standard gravi-
metric method was used on the remain-
ing filtrates and comparative results
with those obhtained by the direct
precipitation from uranyl sul fate
solution are given in Table 24.

were made to
sulfuric acid

An examinaticn of the data indz1-
cates insufficient agreement between
the various analysts and therefore the
lack of agreement is probably a matter
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of individual technique. Further
exploration of the use of hydrogen
peroxide would still involve the bulk
of the barium sulfate uncertainty and,
for that reason, will not be
vestigated further.

in-

TABLE 24

Comparative Sulfate Analyses of a
Uranyl Sulfate Soclution

S0,”
METHOD (%)
Standard gravimetric precipitation from 8.553
lDQSO4 solution (Thomason})
Standard gravimetric precipitation from 8.962
UOst4 solution (Stephens) 8.952
Standard gravimetric precipitation from 8.275(?)
U0,50, solution (Day, Gi]?) 8.375
8.414
Use of excess H 0, precipitation from 8.437
filtrate (Jone&) 8. 449
Use of three times theoretical H,Q,, 8.384
precipitation from filtrate {(Jones) 8.367
8.399
Use of Dowex 50, titration of zluent 8.497
(Day, Gill)= 8.503

*See following section on “Ion-Exchange Method.”’

Ion-Exchange Method. The 1o0omn-
exchange method involves the selective
adsorption of uranyl 1on on a cation
exchange resin and subsequent titration
of sulfuric acid in the element. Some
of the first work invoelving other
cations was done by Samuelson(!%) and
more recently work has been described
by MacNevin_ et al.('1) The method
has been extended to include the
urany} cation and offers much promise
in that a single acid-base titration

. (1030, Samuelson, ““On Avandnigen av basutbytande
amnen 1 den analytiska kemien III,” Kem. Tid. 53

115-125 (1940).

(113w, N. MacNevin, M. G. Riley, and T. R.
Sweet, “On Yon-Exchange Experiment for Quantita-
tive Analysis,” J. Chem., Education 28, 389 (1951).
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and the
faster than a
gravimetric A detailed
report of the procedure has been
written and will be distributed upon
A summary follows.

of the

procedure 1is

eluent 1s involved,
much

process.

request.

Clear Dowex 50, 12% crosslinkage,
200 to 400 mesh, was treated with a
large excess of 3 M H,S0, and then
washed free of acid. Analytical
results indicated that 1t was un-
necessary to go through an extensive
preparation of resin involving alternate

washes of HCl, NaOH, and ethanol.

The column used for the final runs
consisted of an 18-cm-long, 2-cm-diam.,
pyrex tube containing a No. B Corning
sintered-glass filter disk near the

bottem. The tube was reduced in
diameter just below the filter and
connected to an 18-cm-straight, 2-mm-
ID, capillary tube. A %-in.-long

rubber tube, with a pinchcock, was
attached to the end of the tube for
flow control of the solution. No
stopcock was included since sulfate
might have adsorbed on the grease.
About 16 cc of wet resin was added to

each column,.

A diluted sample was prepared by
dissolving a known amount of water-
washed {(dried at 350°C) Mallinckrodt
U0, (HNO, < 0.033 mole %) in a standard

amount of HZSO4. A sample was run
through a column at 8 cc/min, the
column was washed free of S0,%, and
the total eluent was titrated for
HQSO4. At this flow rate the resin

capacity was about 3 to 4 milli-
equivalents per cubic centimeter of
wet resin. A sample could be run
-in about 20 min, not including titration

times, and about six samples could

1951

be run per column before regeneration

with 3 ¥ H,S0,.

Eight exploratory samples contain-
ing known amounts of sulfate were run
in order to test the method and
determine ideal column size. Analyti-
cal deviations, sometimes as much as
0.3%, were probably due to development
of technique and to the different
type of columns employed.

The final results are given 1in
Table 25, and they indicate agreement
within #0.,15%, with exception of the
samples containing a high deficiency
in sulfate, Even in these latter
cases it is guestionable whether the
+0.2% deviation is greater than
titration accuracy. The bulk of this
work was done with one type of resin
in order to expedite the program;
however, other resins such as Dowex
50, 12% crosslinkage, 60 to 100 mesh,
might be equally or more efficient.

TABLE 25

Titration Analysis for Sulfate after
Ion-Exchange Removal of Uranium

Exploratory runs arenot included

S0,” IN SAMPLE (mmoles)
SAMPLE | RATIO ANALYTICAL | DEVIATION
NO. S0,/U ADDED RESULT (%)

1 1.0 2. 441 2.439 -0.08
2 1.0 2.403 2.404 +0.04
3 1.0 2.569 2.566 -0.12
4 1.2 2.283 2.282 -0.04
5 1.2 2.691 2.691 0
6 1.2 2.315 2.316 +0.04
7 0.8 2.582 2. 587 +0.19
8 0.8 2.670 2.676 +0.22
9* 0.8 2.825 2.830 +0.18

*Using Dowex 50, 8% crosslinkage, 60 to 100 mesh.
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CORROSION

J. L. English
A. R. Olsen

URANYL SULFATE CORRBOSION STUDIES
Two alternate metals that have shown
excellent corrosion
uranyl sulfate solutions at elevated
temperature are titanium and Bureau of

resistance in

Mines zirconium containing approxi-
mately 5% of tin. One
advantage in the use of either of
these materials is that an initial
pretreatment in dilute HNO, or CrO, at
250°C is not required to ensure So-
lution stability in the system. Dur-
ing the past guarter studies were made
of (1) the corrosion of titanium metal,
including welded titanium tubing,

lmportant

titanium in concentrated uranyl sul-
fate, effect of oxygen on the cor-
rosion of titanium, and galvanic cor-
rosion effects between titanium and
type-347 stainless steel; (2) thecor-
rosion of Bureau of Mines zirconium,
including resistance-melted zirconium-
tin alloys, induction-melted zir-

conium-tin alloy, crystal-bar zir-
conium-tin alloy,

melted

and consumable-arc-
zirconilum,

Titamium Metal. The scope of the
titanium corrosion-testing progran
has been somewhat limited 1n the past
owing to the unavailability of suf-
ficient metal for testing purposes.
Work thus far has been conducted with
sample quantities of hot-rolled sheet
and bar and extruded andwelded tubing.
More recently, suitable material was
procured to permit the fabrication
of a 25-ml capacity all-titanium test
autoclave, As a result of the con-
tinued success of titanium as a cor-
rosion-resistant material in uranyl
sulfate solutions, orders have been
placed for metal in quantity sufficient
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J. Reed
S. H. Wheeler

to fabricate liners and autoclaves
approaching 1000 ml in capacity. In
the interim, most of the stagnant
titanium corrosion tests, of necessity,

have been conducted in pretreated
stainless steel autoclaves of 150-ml
solution capacity.

Welded Titanium Tubing. A 2000-hr

test was completed with a specimen of
welded and annealed Y%-in,-OD titanium
procured from the Rem-Cru
After welding
drawing to size the tubing was annealed
at 1200°F., The corrosion test con-
sisted of exposing the specimen 1in
0.17 ¥ UO0,S0, at 250°C in a CrO,-
pretreated stainless steel autoclave,
At the end of the 2000-hr period, in
which the specimen was examined weekly,
the corrosion rate was determined to
be less than 0.01 mil/yr. The sample
was lustrous and had a pink-bronze
color, Examination at high magnifi-
cation disclosed no signs of corrosion

tubing,

Corporation. and

damage.

Titanium in Concentrated Uranyl
Sulfate. A titanium autoclave of 20-ml
total capacity,
commercial -grade,

fabricated from
hot-rolled, titanium
B. Zemel of the

A machined speci-

bar, was obtained from
Chemistry Division.
men from the same material was used 1n
the corrosion test. The test solution
was 6 ml of 1.71 M UOQ,S0, containing
407.2 g of uranium per liter. The pH
of the solution was 1.0. After 227 hr
of operation at temperature, the sample
showed a weight gain of 0,014 mg/cm?.

No reduction in total uranium content
was reported by chemical analyses on
the solution before andafter the test.
The specimen developed a pale-blue,
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highly lustrous, color during the
exposure, and final examination at
200X revealed complete freedom from
corrosion damage.

A titanium autoclave of 25-ml
total capacity was fabricated from a
9-in.-0D, hot-rolled bar of Alloy RC
130A cobtained from the BRem-Cru Corpo-
ration. The alloy designation indi-
cates the addition of approximately
7% manganese to the titanium. The
corrosion test specimen was machined
from ¥%-in.-0D, commercial-grade, hot-
rolled titanium bar that was procured
from the Allegheny Ludlum Company.
The specimen and 15 ml of 1.71 4
U0,80, were placed in the autoclave
and heated to 250°C. After 800 hr of
operation, during which the specimen
was examined and the solution replaced
weekly, a weight gain of 0.09 mg/cm?
was observed., No reduction in total
uranium concentration has been detected
thus far. The specimen was a lustrous,
pale-blue color with a few scattered
deposits of fine, white oxides. The
test is being continued,

Effect of Oxygen. An electrically
heated, stainless steel autoclave of
1-liter capacity was partially filled
with 750 ml of 0.17 ¥ U0,S50,. A test
specimen of Y%-in.,-0D, commercial-
grade, hot-rolled titanium bar was
suspended in the solution by means of
The sealed system was
500 psig of
at room temperature, after
which the autoclave was heated to
950°C. Solution samples were with-
drawn periodically and analyzed for
total uranium content. At the end of
100 hr, the specimen showed a weight
gain of 0.05 mg/cm?, Microscopic
examination at 200X disclosed no signs
of corrosion attack. The appearance
of the specimen did not change through-
out the test; the original metallic
luster was retained.

a quartz hook.
then pressurized with
oxygen

Galvanic Corrosion Effects. A
bimetallic corrosion test specimen was

1951

prepared by fittiog a solid, titanium-
metal insert into a type-347 stainless
steel ring. The titanium insert was
machined from %-1in., hot-rolled,
commercial-grade tltanium supplied by
the Allegheny Ludlum Company. The
total exposed area of the steel
specimen was nearly five times greater
than that of the titanium. The
assembled specimen was suspended by a
gnartz hook in 350 ml of 0.17 ¥ UQ,S0,
contained in a stainless steel auto-
clave. After sealing, the autoclave
was pressurized with 500 psig of
oxygen at room temperature and heated
to 250°C, During operation of the
test solution samples were withdrawn
daily for total uranium analyses., At
the end 0f 173 hr the test was stopped.
No reduction

in uranyl sulfate so-

lution occurred during this time. The
corrosion specimen was taken apart,
and weights of the individual com-

ponents were determined. The titanium
specimen lost 0.2 mg/cm? and the cor-
rosion rate was 0.9 mil/yr. The steel
sample lost 0.1 mg/em? during the run,
corresponding to a corrosion rate of
0.2 mil/yr. Thus, under the conditions
of the test, titanium metal
slightly anodic to the steel.

was
The
steel specimen was highly lustrous and
gray-black in appearance at the end of
the test. The titanium
retained its original metallic luster
except for one small ‘area adjacent to
the stainless steel that was pale
purple in color. No indication of
crevice ‘corrosion was visible to the
naked eye. However, at 200X, there
were indications of mild, localized,

specimen

corrosion attack on the titanium
immediately adjacent to the steel.
This attack evidenced itself by the
presence of shallow, clean-appearing
pits, located predominantly on the
edges of the specimen. Tests of this
type are being repeated,

Zirconium. A limited amount of
work was completed ‘during the past
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guarter with zirconium-tin alloys
exposed to uranyl sulfate solutions at
250°C. The materials investigated
included Bureau of Mines zirconium
containing 3 to 5% tin additions and
crystal-bar zirconium containing a
nominal 5% tin addition. As in the
case of the titanium corrosion tests,
these stagnant zirconium corrosion
studies were conducted in pretreated
stainless steel autoclaves of 150-ml
solution capacity.

Very recently, approximately 100 1b
of zirconium and zirconium-tin alloy
metal 1ngots, rod, and plate were
Bureau of Mines 1in
Fifty pounds of this
material was a 5% tin alloy of zir-
conium. Aside from use of the material

from
Albany, Qregon,

received

for regular corrosion test specimens,
1t 1s planned to fabricate all-zir-
conium autoclaves and liners in order
to conduct corrosion tests with so-
lution volumes approaching 500 milli-
liters.

Results of recently completed
corrosion tests on the Bureau of Mines

zirconium-tin alloys
below.

are presented
Resistance—Melted Zirconium-Tin
Alloy. Samples of resistance-melted
zirconium containing 3 and 5% tin
additions were run for 30 weeks in
0.17 ¥ urany]l sulfate at 250°C. The
alloys were hot-forged and rolled after
melting. The cumulative weight changes
on the specimens are given in Table 26.

The corrosion behavior of the two
specimens was entirely different. The
3% tin alloy showed a progressive
weight i1ncrease with time, whereas the
5% tin alloy lost weight steadily.
The corrosion rate on the 5% specimen
0.04 mil/yr after 30 weeks of
Both specimens were coated
semilustrous, thin

wa s
operation,
with dark brown,
films.

Induction-Melted Zirconium-Tin
Alloy. Two samples of
melted zirconium containing a nominal

induction-
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TABLE 26

Corrosion of Resistance-Melted
Zirconium-Tin Alloy

CUMULATIVE WETGHT CHANGE
CUMULATIVE EXPOSURE (mg/en?)

TIME (weeks) 3% Sn 5% Sn
1 +0.03 -0.02
2 +0.05 +0.03
3 +0.06 +0.02
4 +0.07 20.03
5 +0.10 -0.05
6 +0.13 -0.05
7 +0. 11 -0.12
8 +0.14 0. 12
9 +0. 12 0. 17
10 +0.13 -0.15
11 +0.14 0. 17
12 +0.18 0. 17
13 +0.20 -0.19
14 +0.21 -0.20
15 +0.16 -0.24
16 +0.21 -0.25
18 +0.22 -0.32
20 +0.23 -0. 46
29 +0. 26 -0. 44
24 +0.31 -0. 47
26 +0.28 -0.39
28 +0.33 -0. 45
30 +0.37 -0.37

5% tin addition were tested in Q.17 M
U0,S0, at 250°C. Sample 1 was
duction-melted sponge metal that was
forged and hot-rolled at 1800°F. The
sample was etched in 5% hydrogen
fluoride before test exposure. Sample
2 was Bureau of Mines sponge metal
that was induction-melted and forged
at MIT. This specimen was also etched
in 5% hydrogen fluoride before testing.
Corrosion data for the two samples
appear in Table 27,

in-

reduction
specimen was

In cases where solution
occurred, the test
untreated, to a newly-
pretreated autoclave and the test

returned,
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TABLE 27

corrosion of Induction-Melted
Zirconium-Tiu Alloy

CUMULATIVE WEIGHT CHANGE
CUMULATIVE EXPOSURE (mg/cm?) ~
TIME (weeks) SAMPLE 1 SAMPLE 2

1 0.04 -0.02

2 0.00 +0.02

3 -0.03 +0.06

4 -0.02 +0. 14

5 -0.02 +0. 10

6 +0.21
7 -0.03 +0.06

8 -0.02 +0.08

9 -0.02 +0.06
10 +0.01 +0.06
11 0.00 +0.08
12 -0.01 +0.08
13 0.00 +0.06
14 +0.01 +0.06
15 - +0.79* +0.02
16 +0.04
17 +0. 59+

18 -1.75
19 +0.06
21 +0.08
23 +0.08
25 +0.08
27 +0.12
29 +0.04
31 +0.08

*
The test solution precipitated.

continued. The abrupt weight loss on
Sample 2 after 18 weeks was
explained; no reduction in the uranyl
sulfate test solution was reported at
this time nor in the following week
when the sample reverted toits original
trend of slight weight increase. Both
specimens exhibited thin, uniform,
dark-brown films at the end of their
respective exposure times. In general,
the behavior of these specimens was
better than that of the resistance-
melted zirconium containing 5% tin,

un -
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Arc-Melted Crystal-Bar Zirconium-
Tin Alloy. A specimen of arc-melted
crystal-bar containing
approximately 5% tin has been exposed
to 0.17 M U0,S0, for 25 weeks at 250°C,
This material was forged and rolled at
1450°F after melting and was identified
as BMT 927. The specimen was etched
in 5% hydrogen fluoride before the
test was started. Corrosion data
accumnlated thus farappear in Table 28.

ZiTrconium

The specimen was coated with a
mottled, gray and black film at the
end of the test. When solution

reduction occurred during the seventh
week, the sample was returned to new
uranyl sulfate test solution without
an initial cleaning to remove adhering
uranium oxides. The final corrosion

behavior of this specimen was similar

TABLE 28

Corrosion of Arc-Melited Crystal-Bar
Zirconium-Tin Alloy

CUMULATIVE EXPOSURE | CUMULATIVE WEIGHT CHANGE
TIME (weeks) (mg/cmz)
1 -0.04
2 0.00
3 -0.04
4 -0.02
5 -0.02
6 -0.03
7 +0.05*
8 -0.02
9 0.00
10 -0.02
11 0.00
12 -0.01
13 +0.06
15 +0.05
17 +0.086
19 +0.06
21 +0.09
23 +0.06
25 +0.12

* . .
leduction of test solution.
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to that of the induction-melted zir-

conium containing 5% tin addition.
g

Consumable-Arc-Melted Zircontium.
Stagnant corrosion tests were conducted
on two samples of unalloyed consumable-
arc-melted zirconium to determine the
effect of changing the uranyl sulfate
test solution weekly, as compared to
using the original sulfate solution
throughout the test. The zirconium
was melted from Grade-C sponge metal
by the consumable-arc process. The
ingot was then forged and swaged in
air at 7T00°C. Prior to testing the
specimens were etched 1in 10% HNO, -- 5% HF
The uranyl sulfate test
solutions were 0,17 M; the tempera-
ture of the tests was 250°C. The
corrosion data obtained thus far are
listed in Table 29.

mixtures.

The specimen exposed with weekly
solution changes gradually developed
a white-colored layer of surface
oxldes that was uniform on all areas,
In the test using the original
lution throughout the
semilustrous with no bulk oxide for-
mations. The greater magnitude of
weight increase on the former sample
was attributed to the fresh supply of

so-
sample was

TABLE 29
Corrosion of Cenpsumable-Arc-pelted
Zirconiun
CUMULATIVE | CUMULATIVE WEIGHT GAIN (mg/em?)
EXPOSURE SAME WEFKLY SOLUTION
TIME (weeks) SOLUTION CHANGE
1 1.15 0.51
2 0.91 0.95
3 1.06 1.21
4 1.25 1.50
5 1.35 1.88
6 1.61 2.20
7 1.86 2.75
8 2.04 3.01
9 2.20 3.38
10 2.32 3.60
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oxygen obtained weekly in the new test
solutions,

URANYL FLUORIDE STABILITY ANB
CORROSION STUDIES

During the past quarter static
corrosion tests were continued using
0.17 to 1.26 ¥ UO,F, contained in
type-347 stainless steel bombs to
determine the effect of CrO,;- and
HNO,-pretreatment films on the cor-
rosion resistance of stainless steel
and the effect of dissolved oxygen on
the solution stability of Uo,F,.

Corrosion Resistance of Pretreated
Stainless Steels. Specimens of CrO, -
pretreated types-309, -316 (ELC), -321,
and -347 stainless steel were exposed
at 250°C in 1.26 M UO,F, contained in
CrO,-pretreated bombs. The solutious
in the bombs were changed and the
specimens inspected and weighed weekly.
The tests were continued for a period
of one week after initial uranmium

reduction was observed. Ian all
instances further reduction occurred,
accompanied by a decrease 1in pH.

Partial uranium reduction occurred
in the tests containing types-316 and
-347 stainless steel samples after
five weeks of exposure, Partial

uranium reduction occurred in the
tests containing types-309 and -321
samples after 10 and 17 weeks of
exposure, respectively. The fact that
precipitation occurred over a wide
range of exposure periods (5 to 16
weeks) was possibly influenced by the
initial condition of the bomb sur-
faces or faulty pretreatment films
rather than differences in test
specimen types. A gradual diminution
of the bulk oxide films was observed
on all the samples as exposure time
was increased, Corrosion data are
given in Table 30.

A sample of HNO, -pretreated type-

347 stainless steel was exposed at
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TABLE 30

Data for CrOB-Pretreated Stainliess Steels Exposed to

1.26 M Uo,F, at 250°C

CUMULATIVE WEIGHT CHANGE (mg/dmz/mo)* CORROSION RATE (mil/mo)
CUMULATIVE
EXPOSURE " STAINLESS STEEL TYPE STAINLESS STEEL TYPE
TIME (weeks) 309 316 321 347 309 | 316 321 347

1 0.0 +8.03 -6.52 +4.65 0.0 0.0032

2 -3.26 -1.99 -14.10 -10. 40 0.0016 | 0.0001 | 0.0070 | 0.0052
3 -22.60 -9.65 -21.00 -70.50 0.0112 | 0.0048 { 0.0103 | 0.0349
4 -34.50 -160.8 ~19.93 -123.7 0.0171 1 0.0795 | 0.0099 | 0.0612
5 -62.30 -23.40 0.0309 0.0116

6 -131.8 -24.90 0.0652 0.0123

7 -166.8 -22.60 0.0824 0.0112

8 -184.0 -20.60 0.0910 0.0102

9 -123.5 ~22.65 0.0610 0.0112

10 -23.80 0.0118

11 -22.60 0.0112

12 : -26.70 0.0132
13 -29.1 0.0144

14 -32.0 0.0158
15 ~37.2 0.0184
1o -76.3 0.0376
*Mg/dmz/mo = milligrams per square decimeter per month.
250°C to 1.26 M U02F2 contained in a TABLE 31

HNO, -pretreated bomb. The solution
was changed every two weeks and the
sample inspected and weighed. Chemical
analyses indicated that no uranium
reduction occurred in the test so-
lutions for 12 weeks of cumulative
exposure, The bulky, pretreatment
film partially flaked off and exposed
isolated areas of bare metal. Cor-
rosion data are given in Table 31.

Another series of tests was run
at 150°C to determine the effect of
UO,F, concentration on the corrosion
resistance of HNO,;-pretreated type-
347 stainless steel samples. Two
tests were run in HNO;-pretreated
type-347 stainless steel bombs at each
of the following UO,F, concentrations:

Corrosion of HNOavPretreated Type-347
Stainless Steel by 1.26 # U02F2

at 250°C

(UMULATIVE CUMULATIVE CORROSION

EXPOSURE TIME WEIGHT LOSS RATE
(weeks) (mg/dmz/mo) (m1l/mo)

2 4.95 0.0025

4 5.55 0.0027

6 4.52 0.0022

8 1.23 0.0006

10 2.21 0.0011

12 2.26 0.0011
0.42, 0.84, and 1.26 M. The bombs

were opened weekly for inspection and
solution sampling. The tests were run
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TABLE 32

Corrosion Data for HN@s-Pretreated Type-347 Stainless Steel Exposed
to ¢.42 a2nd 0.84 M vo r, at i58°C

CUMULATIVE WEIGHT CHANGE
CUMULATIVE EXPOSURE (mg/dm?/mo) CORROSION PATE (mil/mo)
TIME (weeks) I* 11+ 11~ I 11~ IIr*

1 97.1 72.0 191.5 0.048 0.036 0.095

2 103.8 98.8 209.0 0.051 0.049 0.104

3 112.0 94.8 212.0 0.056 0.047 0.105

4 125.0 103.5 292.0 0.062 0.051 0.145

5 111.8 101.8 296. 1 0.056 0.051 0.147

6 112.0 104.8 362.2 0.056 0.052 0.179

7 115.5 119.0 420.0 0.057 0.059 0.208

8 138.5 136.0 426.1 0.069 0.068 0.211

*Samples 1 and I1 were exposed to 0.42 M UO,F,. Sample IIT was

until uranium reduction occurred or
until a total of eight weeks of ex-
posure time was accumulated, Uranium
precipitation occurred in three of
the tests after one week of exposure;
two of the bombs contained 1.26 M
UO,F, and one bomb contained 0.84 ¥

UO,F,. No uranium reduction occurred
in the other three bombs during the
entire eight weeks of exposure. Cor-

rosion data for the samples exposed to
solutions in which no reduction
occurred are given 1n Table 32. The
average corrosion rate for the two
samples exposed for eight weeks to
0.42 M UO,F, was 0.07 mil/mo; the

corrosion rate for the sample exposed

to 0.84 M U02F2 was 0.21 mil/mo.
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exposed to 0.84 ¥ UO,F,.

Effect of Dissolved Oxygen on the
Solution Stability of Uranyl Fluoride.
Preliminary tests are being run at 150
and 250°C to determine the effect of
dissolved oxygen on the solution
stability of 0.17 and 1.26 M UO,F,
contained in type-347 stainless steel
bombs., Partial pressures of oxygen
varying from 10 to 500 psi are main-
tained in the bombs by the addition of
hydrogen peroxide. Visual inspection
of several short-time tests indicate
that dissolved oxygen may be beneficial
in stabilizing the uranyl fluoride
solutions, Chemical analyses of test
solutions are incomplete, and quanti-
tative results will be reported-at a
later date.
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BADIATION DECOMPOSITION OF HOMOGENEOUS
REACTOR FUEL SOLUTIONS

Initial Yields of Gas from Pile-
Irradiated Uranyl Solutions. The
effects of enrichment, concentration,
temperature, added solutes, and radia-
tion dose {nvt) on the production of
gases by the decomposition of water
are being determined for uranyl sul-
fate and uranyl fluoride. The tech-
nique being used involves irradiation
of a sample of the solution contained
in a small diameter silica ampoule
and subsequent determination of the
hydrogen and oxygen gas produced.
Irradiations are carried out in hole
12 of the X-10 graphite pile. Small
amounts of a gas that is condensable
at ligquid nitrogen temperature are
usually observed. The amount is in-
dependent of dose, and the gas has
been identified as CO, that was proba-
bly formed from impurities present in
the solution,

Initial yields of hydrogen in terms
of G moles H, formed per 100-ev energy
absorbed in the solution, are presented
in Table 33.

As can be seen, these G values are
low when compared with the reported (1)
yields of 2 to 3 molecules of H, per

(Vg ¢. Lanning and S. €. Lind, “Chemical
Action of Alpha Particles from Radon on Aqueous
Solutions,” J. Phys. Chem. 42, 1229 (1938).

100 ev for alpha particle decomposi-
tion of water, and they are also lower
than previously reported values of 2
to 2.5 for enriched uranyl sulfate
solutions. The broader scope of the
present studies and the good agreement
between data from two separate teams
of investigators presently engaged in
this work suggest that values in the
neighborhood of 1.5 are maximal for
uranyl sulfate solutions (40 g of
uranium per liter, 93% enrichment) at
250°C. Probably the most striking
feature of the table is the effect of
KBr (bromide ion) in raising the G
value for unenriched solutions. It
is believed that this effect is the
result of suppression of a back re-
action (recombination to H,0) rather
than any direct effect on water de-
composition. The data indicate that
G values for unenriched solutions tend
to be lower at higher temperatures,
as shown by Table 33. Furthermore,
Fig. 37 indicates that the apparent G
values are dependent upon the type and
amount of radiation received. These
effects appear when more than 5% of
the energy input comes from sources
other than fission recoils {(i.e., fast
neutrons and gamma rays). For highly
enriched solutions, where more than
95% of the energy input comes from
fission recoils, there does not appear
to be a temperature dependence and
bromide ion does not raise the G values.
All these observations are consistent
with a temperature-dependent (gamma-
induced?) back reaction proceeding via
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TABLE 33

Initial Yields of H, from Pile-Irradiated Uranyl Solution

ENRICHMENT G VALUES .
g of U | g of UP3S ADDED
SOLUTE per liter | per liter SOLUTE 30°C 100°C} 120°C| 150°C | 250°C
U0,S0, (Depleted) 202 0.6
00,30, (Natural) 38.1 1.0
44.6 0.316 0.98 | 0.94 0.76
44.6 0.316 |0.01 ¥ KBr | 1.23 1.17 .
227 0.94
297 2.11 0.87
297 2.11 1.01 |0.95
437 0.725
U0,S0, (Enriched) 40.7 37.75 1.50
102 37.75 1.35
202 37.75 1.12
40.7 37.8 1.56 | 1.44
40.7 37.8 0.02 ¥ KBr 1.68
204 190 1.03
UO,F, (Natural) 44.6 0.316 1.03 | 0.71 0.64 -
44.6 0.316 |0.01 M KBr 1.32
297 2.11 1.16 | 0.97 1.05 | 0.48
297 2.11 0.02 ¥ KBr 1.0

a radical mechanism (H + 0,) that is
suppressed by bromide 1on. Further
investigation of these details is in
progress.

Examination of Fig. 38 shows further
a marked lowering of the apparent G
value as the concentration of uranium
is increased and the U?3% content is
maintained constant. This decrease in
G values may also be understood as
resulting from a change in the rela-
tive energy input from fission recoil
as compared with fast neutrons and
gamma rays.

With irradiation at low temperatures,
the amount of oxygen gas found is too
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low to balance the hydrogen, as illus-

trated by Figs. 39 and 40. It 1is

believed that the deviation from a -
2:1 ratio is caused by the presence in

the solution of hydrogen peroxide that

is undecomposed because of the low -
temperature.,

”

Hzovﬂxr\ﬂvpﬂ + OH

H,0—~~=H + OH

y

H, H,0, — H,0+%0,
Traces of organic impurities can also
react with the OH radicals or H,0, to
bring about a deficiency of oxygen
gas.
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DWG. 13956

l

3 37% ENRICHED ,

Hy- 20, {cc GAS PER mi SOLUTION)

0.04 —

0.02

GAS STO{CHIOMETRICAL UNBALANCE

I 93.2% ENRICHED, 40.7 g U/I
2 18.6% ENRICHED, 202 .5 g U/I
102.1g U/l

4 NOT ENRICHED (0.719% UZ3%)
® 227g U/I
© 297 g U/I
® 436.8g U/I

- 10

15 20

ENERGY INPUT (evx10'%/mI)

Fig. 37.

In one experiment a solution con-
taining 44.6 g or uranium per liter
was irradiated for 15 min at 30°C and
then titrated with ceric sulfate. The
peroxide found was approximately equiva
lent to the excess hydrogen. '

Measurement of Rate of Energy Ab-
sorption in Water and in Uranium
Soluftions Irradiated in The X-10
Graphite Pile. In order to calculate

Hydrogen-9xygen Unbalance in Irradiated Uranyl Sulfate Solu-
tions as a Function of Energy Input.

a yield for products obtained by ir-
radiating uranyl solutions in the
X-10 graphite pile, it is necessary
to know the total energy absorbed in
solution from gamma rays and neutron
scattering and the energy contributed
by the fission process. The rates of
energy absorption in water and in
solutions containing three concentra-
tions of U??% were measured by using
an adiabatic calorimetric method. The
calorimeter and method were similar to

119



HRP QUARTERLY PROGRESS REPORT

L
] ] OWG. 13957
®
fo l I
P ey B
» 0
5 Z
(@]
>
=
&
@<=
b S~
9 ® 20
1 10 - O— Py _
w *“%hWQh“‘*““““”“ﬂﬁﬁgx
® T @
8 ¢ \\‘\
- ® "\\
x ﬁé\\\
o o
= ¢
»w 05 L J
u ® — CONSTANT UZ®® CONTENT (CONCENTRATION 37.75 * 0.5% mg/ml)
2 O ~ CONSTANT [SOTOPIC ENRICHMENT (93.2 % ENRICHED IN U23%)
w ® — CONSTANT ISOTOPIC ENRICHMENT (NATURAL URANIUM, 0.719% u%39)
2 © — CONSTANT ISOTOPIC ENRICHMENT (DEPLETED URANIUM, 0.031% U23%)
(G}
0 | | L l
100 200 300 400
URANIUM CONCENTRATION {mg/ml)
Fig. 38. Hydrogen Yield per Unit Energy Input as a Function of Con-
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those used previously for gamma rays. (2’
The results are listed in Table 34.
The fission energy absorbed in solu-
tion was also calculated from the
thermal flux determined by using a
manganese monitor and the following
equation:
Total ev/ml = specific activity of
monitor x [3.446 x 10'%
ev (mgof U235 per ml)]
+ 0.5804 x 10'° ev.

(2)«Radiation Chemistry,” Chemistry Division
guarterly Progress Report for Period Ending
eptember 30, 1950, ORNL-870.
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The specific activity of Mn®® was
measured in a l-mg sample of a 0.70%
Mn alloy of Al-Mn-Co obtained from the
Analytical Chemistry Division. The
values obtained by this method were
found to be 6 to 11% lower than those
based on calorimetric data, and a cor-
rection is included in the equation to
give values consistent withcalorimetric
data.

The value measured for the enriched
solution is ~ 25% below that obtained
by extrapolation of the values measured
for the natural uranium solutions.
This can be accounted for in part by
self-shielding in the solution and 1in
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TABLE 34

Energy Absorption in Uranyl Solutions Irradiated im the Maximum
Flux in Hole 12 in the X-10 Graphite Pile

URANYL URANYL URANYL
WATER SULFATE SULFATE NITRATE
Uranium per liter, g 0.0 44.6 297.0 42.32
Uranium?3% per liter, g 0.0 0.316 2.11 39.44
Temperature, °C 38 37 33 38
Solution(®) density, g/ml 1.00 1.06 1.39 1.06
Solution'®) specific heat, cal/g/°C| 1.00 0.95 0.73 0.95
Rate of temperature rise, °C/min 0.076 0.201 0.888 12.8
Pile power, mw 3.85 3.65 3.55 3.80
Rate of energy absorption in
solution, cal, ml™!, mw.-min~! 0.0202 0.0582 0.266 3.55

(G)Data from Lietzke, Wright, and Marshall (August 1951).

(b)Data from Project Handbook, Vol. I, CL-697. The sulfate solutions were assumed
to have the same specific heat as the nitrate solution.
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Fig. 40. Gas Production From Pile-

Irradiated U0,S0, Solutions containing
287.0 g Natural Uranium per Liter.
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part by a precipitate that was observed
when the calorimeter was opened. The
value obtained for water is close to
that reported by Ghormley, (37 0.0202
cal, ml™ !, mw . min™ ' and that of
Richardson, *7 0.0209 cal, m17?, mw.

min~t.

HOMOGENEOUS RECOMBINATION OF
HYDROGEN AND OXYGEN

In the previous report{®) the two
reactions -~ homogeneous reduction of
uranyl sulfate by hydrogen gas and
reoxidation of reduced uranium by

(3)Report of the Chemistry Division for the
Months March, April, and May 1947, Mon-N-311.

Mp . u. Richardson, Calorimetric Measurement
of Radiation Energy Dissipated by Various Ma-
terials Placed in the Oak Ridge Pile, ORNL-129
(October 1, 1948).

OH, F. McDuffie et al., “Radiation Stability,”
Homogeneous Reactor Project Quarterly Progress
Report for Period Ending August 15, 1951, ORNL-
1121, p. 51.



FOR PERIOD ENDING NOVEMBER 15, 1951

oxygen — were demonstrated, and plans
for experiments to demonstrate hy-
drogen-oxygen recombination by uranyl
sulfate were given.

During the last quarter these ex-
periments have been carried out with
great success. Preliminary kinetic
data have been included in the latest
Chemistry Division gquarterly progress
report(®’ and results of tests under
pile-irradiation have been discussed
in the chapter on "Radiation Sta-
bility" in Part I of this report.
Further kinetic studies to establish
accurately the effects of temperature,
ion concentration, gas composition,
and pressure are in progress and will
be reported later.

In summarizing the present knowledge,
the following points can be made:

1. A 2:1 mixture of hydrogen and
oxygen reacts smoothly and homogeneously
with uranyl sulfate solution from
0.0625 to 2.5 M in concentration at
temperatures from 200 to 290°C and
at gas pressures up to. 1500 psi 1in
excess of steam pressure.

2. The rates of recombination in
the presence of 0.17 M4 UO,50, at
temperatures of 250 to 290°C are rapid
enough to account for recombination of
all the gas formed when solutions of
93% enrichment are exposed to the
full flux of the X-10 graphite pile
(5 to 8 x 10*') and, under these con-

($)padiation Stability,” Chemistry Division
guarterly Progress Report for Period Ending
eptember 30, 1951, ORNL-1153.

ditions, to provide equilibrium pres-
sures in the range of 1000 to 5000 psi.
This provides a satisfactory explana-
tion for the temperature dependence
observed in all past irradiation
studies.

3. A number of substances other
than uranyl sulfate have been found
somewhat effective in promoting re-
combination, including ions of Cu,

Sn, Tl, Fe, and Cr.

4. Copper appears outstandingly
effective in that it shows a recom-

‘bination rate in the neighborhood of

100,000 times that shown by uranyl
sulfate alone at the same temperature.

5. The variety of substances that
have been shown capable of effecting
homogeneous recombinations has sug-
gested the hypothesis that certain
fission products (unspecified - possi-
bly including iodine) will also be
found effective. The gradual accumula-
tion of these substances would ac-
count for the slow, downward drift of
equilibrium pressures observed in
radiation experiments but not con-
nected with loss of uranium from solu-
tion.

6. A valuable by-product of the
kinetic studies on recombination has
been the development of a simple
equation that appears to describe
satisfactorily the time dependence of
pressure for uranyl sulfate solutions
in the metal bombs being irradiated.
This equation is of the same form as
that for the so-called "secular equi-~
librium"™ in radiochemistry.
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CATALYTIC RECOMBINATION

D. W. Kuhn

A. 0. Ryon

A. A. Palko

FULL-SCALE CATALYTIC RECOMBINER

Recombination of hydrogen and
oxygen on a platinum catalyst has
been effected at a rate of 14 scim of
hydrogen-oxygen mixture. The capacity
of this recombiner is therefore suffi-
cient to handle the maximum gas pro-
duction of the HRE, and it thus pro-
vides an alternate primary recombiner
should the flame recombiner fail.

The reactor consisted of a 4-in.
pipe jacketed by a 5-in. pipe and
contained 1.9 1lb of catalyst in a bed
4-in. deep. Cooling water was passed
through the jacket at the rate of 4.1

1b/min. Flow rates were: steam,
92 scfm; hydrogen-oxygen mixture,
13.8 scfm. This gave a mixture con-

taining 13.1% hydrogen-oxygen and a
space velocity of 216,000 hr™'. The
percentage of conversion was 99.96,
Other data on this run are as follows:

Temperatures, °C

Gas 1in 160
Catalyst
Head 295
Center 700
Tail 715
Reactor wall, catalytic
recombiner side 415
Gas out 563
Cooling water
In 27
Out 98
Pressure at head of catalytic
recombiner, psig 17.2
Pressure drop across catalytic
recombiner, psi 6.6

About 20% of the heat of reaction
was transferred to the cooling water,
and the remainder served to raise the
temperature of the off-gas. The heat
liberated by the reaction for the feed
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rate given above was 160,700 Btu/hr or
47.1 kw. The energy could be con-
verted to useful work at reasonably
good thermodynamic efficiencies, since
the steam leaves the catalyst at high
temperature.

It should be made clear at this
point that the dimensions,
velocities,
mended figures for the alternate HRE
catalytic recombiner. The unit that
was used 1n this test 1s somewhat
undersize but was extended to the full-
scale flow conditions just to see
what the ultimate capacity of such a
small unit might be. Apparently the
capacity of the unit is even greater
than 14 c¢fm of hydrogen-oxygen, but
two undesirable features in the above
data are the high pressure drop across

space

etc., are not the recom-

the catalyst and the high space velocity.

Both these factors may be improved by
using a larger diameter reactor. For
example, 1f an 8-in. pipe 1s packed
with a 4-1n. bed, the pressure drop
would be reduced to less than 1
and the space velocity would be about
50,000 hr-', which isquite reasonable.
Further,
move part of the heat of reaction by
a water-cocled jacket, the reactor
could be made adiabatic and the maxi-
mum temperature within the unit con-
trolled by using sufficiently dilute
gas mixtures. A discussion of tem-
perature control is presented in the
next section.

ps1,

1f 1t 1s desired not to re-

REMOVAL OF HEAT FROM THE CATALYST
Three series of experiments have
been completed that furnish information
concerning the control of temperature
in a catalytic reactor and the removal
of heat of reaction. As a result of
this work, it has been shown that the
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heat of the hydrogen-oxygen recombina-
tion can be removed from a catalytic
reactor without difficulty.

One set of results was obtained
with the jacketed, 4-in. pipe reactor
described above. A second experiment
was carried out in a jacketed 1/2-in.
pipe, whereas the third reactor was a
tube-and-shell heat exchanger con-
taining seventeen 1/4-in. pipes with
catalyst packed inside the 1/4-in.
pipes and coolant circulated through
the shell. The results of these tests
are given in Table 35.

From these data it is seen that a
1/2-in. pipe reactor, jacketed in this

1951

case with a 1 1/2-in. pipe, is easily
cooled and that the temperature of .the
off-gas can, if desired, be held to a
low value even when the temperature in
the center of the bed reaches 650°C.
If it is desired to prevent the in-
terior of the catalyst bed from
reaching high temperatures, this may
be accomplished by diluting the gas,
as shown in Table 35.

It may also be noted from the table
that some work has been done by using
a catalyst very low in platinum con-
tent, 0.01% Pt rather than 0.3% Pt.
Measurements of catalyst conversion
efficiencies with these two catalysts
have not yet been completed, but it 1is

TABLE 35

Operational Data for Experimental Recombiners

TEMPEBATURES (°C)
COOLING COCLING WATER | GAS FLOW RATES SPACE
[o]

RUN | GAS MAX. GAS WATER FLOW RATE (ctm)(0°C, laem) |H, t % 0, { VELOCITY
NO. IN | IN CAT.} OUT | IN ouT (lb/min) STEAM |H, + % O, (%) (hr™ 1)
4-in. pipe reactor; 856 g of 0.3% Pt-on-A1,0;; 4-in. bed
83 Al | 156 170 150 | 85 I 115 1.47 94 0.46 0.49 194,000
83 A2 | 156 171 160 | No cooling 0 94 0.46 0.49 194,000
83 B1 | 153 338 282 | 63| 130 3.0 93.6 4.2 4.3 200,000
83 B2 | 156 336 319 ] No cooling 0 93.6 4.2 4.3 200,000
83 C1 | 159 609 493 | 25 | 82 4.1 96 10.2 9.6 217,000
83 C2 | 162 606 568 | No cooling 0 96 10.2 9.6 217,000
83 D1 | 160 715 563 | 27 l 98 4.1 92 13.8 13.1 216,000
1/2-in. pipe reactor; 14.5 g of 0.3% Pt-on-Al1,0;; 4-in. bed
76 A 152 292 175 {127 132 0.81 2.10 0.11 5.0 244,000
76 B | 143 474 170 | 118 124 0.93 0.98 0.11 10.1 120,000
76 C | 144 652 210 [122 137 0.81 1.07 0.21 16.4 141,000
1/2-in. pipe reactor; 14.5 g of 0.01% Pt-on-Al,0;; 4-in. bed
75 A | 140 448 135 {116 123 1.06 1.00 0.11 2.9 122,000
75 B | 143 650 172 {123 147 0.93 1.08 0.21 16.3 142,000
Seventeen 1/4-in. pipes inbundle; 294 gof 0.3%Pt-on-A1,0; mixed with 3005 of A1,0,; 24-in. bed
70 A | 102 150 99 | 93 130 3.0 6.83 0.93 12.0 20,000
67 A | 117 180 102 | 94 148 1.82 0.46 20.2 6,200

125



HRP QUARTERLY PROGRESS REPORT

indicated that at low space velocities
(of the order of 50,000 hr™') the
percentage conversion is egually good
by using either catalyst. If a low-
platinum catalyst could be substituted
for the 0.3% Pt catalyst, a considerable
saving on catalyst cost would be
realized.

COMPARISON OF PLATINUM WITH PALLADIUH
The question of the relative merits
of platinum and palladium as catalysts
for the hydrogen-oxygen reaction has
been raised. A few simple tests have
been conducted oneach type of catalyst
to compare activity at room tempera-
ture when the catalyst is dry with
activity when the catalyst is wet,

TABLE

The catalysts, purchased from Baker
and Company, Inc., Newark, New Jersey,
werc each in the form of cylindrical
Al,0; pellets, 1/8 in. diam by 1/8 in.
long, with the noble metal coated on
the surface of the pellets. Chemical
analyses of these catalysts were: 0.3%
Pt, 0.020% Cl; and 0.3% Pd, 0.025% C1.
Thirty grams of catalyst was packed
inside the inner tube of a pyrex con-

denser to form a bed 6 1/2 in. long
by 5/8 in. in diameter. A mixture of
180 cc/min of electrolytic gas

(2H, + 0,) and 2670 cc/min of helium
was passed through the catalyst under
various conditions, as indicated 1in
Table 36. The temperatures shown were
taken at the hottest point within the
catalyst, which was 1/4 in. from head
of bed.
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Compzrison of Platinum and Palladium as Recowmbination Catalysts

PLATINUM
RUN 2, RUN 4,
DRY CAT. RUN 3, | WATER DRIP-
TIME AFTER | RUN 1, | (cooling [CAT. WET|PING ON CAT. PALLADIUM
STARTING |DRY CAT. water run AT START{ THROQUGHOUT RUN 5 RUN ¢ BRUN 7 RUN 8
Fi.OW OF GAS (no through jacket|{ (cat. RUN (cat. | (same as |(same as|(same as|(same as

(min) cooling) | of condenser) | cooled) cooled) Run 1) Run 2) Run 3) Run 4)

0 22°C 21°C 12°C 19°C 29°C 18°C 18°C 19°C

1 170 148 13 19 80 16

2 204

3 306 217 15 19 180

4 312 14

5 214 28 19 191

7 60 19

8

9

10 358 208 150 19 192 14

15 368 25 19
17 55

20 370 208 198 19 134

25 166

30 370 196 19
60 19 198 19
90 19 19

st
r
o)
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From these parallel experiments on
the two types of catalyst, it is seen
that both catalysts are active at room
temperature when dry and that the re-
action begins immediately. In Runs 3
and 7 the catalyst was initially flooded
with water, but no more water was
added after starting the gas mixture
through the bed. Here no reaction
occurred until portions of the catalyst
became dry, after which the heat of
reaction quickly dried a large portion
of the bed. The wet, platinum catalyst
responded more rapidly than the pal-
ladium. Reaction on the wet platinum

catalyst became evident after 7 min
had elapsed, whereas 17 min were
required for comparable reactivity in
the palladium. Finally, 1f by some
means the catalyst is maintained wet,
no reaction will occur for an indefinite
period of time.
only by the absence of any temperature
rise but also by measurement of the
volume of gas mixture entering and
leaving the reactor. These measure-
ments showed zero per cent conversion
in Runs 4 and 8 and 100% conversion in
all other runs once the reaction had
begun.

This was shown not
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SLURRY

F. R, Bruce
J. 0. Blomeke

Interest in slurries as reactor
fuels 1s centered 1n the development
of an aqueous uranium trioxide slurry
suitable for use at temperatures near
250°C and containing 100 to 300 g of
uranium per liter. The objective of
this program in the past has been the
attainment of a stable slurry that
would not settle out when the reactor
is shut down. It now appears that the
objective will bedifficult to achieve,
and the goal of the program has been
shifted toward obtaining an easily
redispersed slurry without regard to
stability.

URANIUM TRIOXIDE CHEMISTRY

trioxide 1is stable as the
monohydrate in water between 60 and
300°C, and this hydrate can exist in
any one of at least four different
crystalline modifications, depending
on its mode of preparation and the
temperature under consideration. Two
of the modifications, the alpha and
beta, are stable at temperatures
below 185°C and the others,
delta, are formed in water at tempera-
tures above 185°C. The crystal
structure of the alpha and beta forms
is orthorhombic, the gamma is rhombic,
and the delta is triclinic.

Uranium

gamma and

Since the alpha and beta modifi-
cations of uranium trioxide monohydrate
are only stable at temperatures below
185°C, they are ruled outas equilibrium
the contemplated con-
ditions of reactor operation. These
however, of considerable

states under
materials are,
interest since they represent the
starting point for preparing the stable
gamma and delta forms. During the
past quarter slurries made from both
the gamma and delta modifications of
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STUDIES

L. E. Morse
J. P. McBride

uranium trioxide monohydrate have been
prepared and their properties studied.
It was found that slurries prepared
from the
tendency toward packing,
than those prepared from the delta
form. At present it i1s felt that
gamma uranium trioxide monohydrate
represents a very promising starting
material for the preparation of slurry
fuels., Figure 41 summarizes the
methods of preparing gamma and delta
uranium trioxides,

gamma form exhibited less
on heating,

Alpha UOa'H20, the starting ma-
terial for the preparationof 7y U0,-H,0,
is formed by decomposing uranium
peroxide, UO,-2H,0, in air at 300°C,
to "amorphous" U0, and then hydrating
the product 1n water at a temperature
between 77 and 185°C. UO,*2H,0 exists
in two forms, depending on its method
of preparation from uranyl nitrate
When uranyl nitrate 1s
hydrogen peroxide

solution,
added to excess
solution, a very viscous precipitate
that is difficult to filter and con-
sists of microcrystalline, nesedle-like
crystals 1s obtained. On the other
hand, the addition of 1nsufficient
hydrogen peroxide for complete pre-
cipitation to uranyl nitrate yields

an easily filterable, rapidly settling,
precipitate consisting of large

agglomerates of microcrystalline
cubes. Either of these materials on
firing at 300°C and hydration at 90°C
yields a UO,-H,0, which appears as
large agglomerates of small, irregular-
shaped particles under the microscope.
The heating of a UO,-H,0 in water at
250°C for about 60 hr yields ¥ UO;-H,O.
This material 1s yellow-orange 1in
color and appears under the microscope
as rtods about 1 & 1in diameter and
10 to 20 @ long. This material shows
no tendency to agglomerate, pack, or



FOR PERIOD ENDING NOVEMBER 15, 1951
H,0 H,0
0 to 61°C 77 to 185°C

> a 10, - 21,0 R 4 a/UOa "H,0

/20
325°C

U0, *xH,0 ———————3y 10, H,0 —> 10,41,

Air Air
100°C 300°C
10, -2H,0 ——>10,- 20,0 ——> 10,
amorphous

IgO

185 to 300°C
H,0
300°C 0 vo 61°C
Fig. 41.

grow in particle size on heating at
250°C. Slurries prepared from this
material have a viscosity and surface
tension equal to that of water. These
properties suggest the possible value
of ¥ UO;*H,0 of small particle size as
a starting material for stable slurry
preparation.

Beta UO,-H,0, the starting material
for the preparation of § U0, H,0, is
obtained from "Mallinckrodt," or
microcrystalline UO,;, which, in turn,
is prepared by calcination of uranyl
nitrate. The B UO,+H,0 on heating at
250°C yields & UO,-H,0. Under a
microscope the particles of & UQ,-H,0
appear as thin, seemingly transparent
platelets. Slurries made from this
material settled rapidly on heating at

H,0
325 to 350°C

H,0
77 to 185°C

> LU0, M0 > 10, H,0 ——> U0, H,0

Formation of Gamma and Delta Uranium Trioxide Monohydrates.

250°C but could be redispersed by
vigorous shaking. At present the
indications are that slurries prepared
from v U0, H,0 are more easily re-
dispersed than those prepared from
S U0, H,0. Table 37 summarizes recent
data that have been obtained on the
various uranium oxides,

A new allotropic form of UO,, pre-
pared by passing nitrogen dioxide over
U,0, at 300 to 350°C, has been reported
by Katz and Gruen. This material 1s
best characterized by 1ts red color.
One preparation was made by treatment
of U,0, with nitric acid vapor in air
at 325°C for 40 hr, which gave a 99.8%
yield of the red UO,. It was found
that this material did not hydrate
readily when cold, hydrated slowly at
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TARLE 37

Summary of Uranium QOxides

BEHAVIOR OF SLURRY (250
pH OF SLURRY | SOLUBILITY iIN g of U per “tefg o
(250 g of U H,0 (mgofU | HYDRATIGN NUMpER | HEATING AT 2507C
COMPOIND CRYSTAL SHAPE COLOR per liter) per liter) (n) AGGLOMFRATES CAKES
|
a U03- nH,0 Irreguler Yellow ]‘ 6.4 8.7 2.09 Unstable Unstable
£ UO3‘nH20 Irregular Yellow 3.6 unwashed 9.0 2.08 Unstable Unstable
5.8 washed
a or B U0y nH,0 Irregnlar 6.4 1.5 0.81 to 1.06 Unstable Unstable
¥ U0, - 1,0 Rods Orange- | 6.3 1.4 at 25°C 0.83 to 0.90 No No
yellow | 1.0 at 90°C
8 U0, nH,0 Platelets Dack 6.1 2.6 at 24°C 1.06 No Slightiy
brown 4.5 at 95°C
UO4-n}120 Needles or Creas 0 at 30°C Unkrown Unstable J; Unstable
cubes 1.4 at 80°C i
>, and alwost completely at 250°C has been reported that small awounts
100°C, d al T letel t 250

in The material formed
on hydration at 250°C did not resemble
cither the v or & UO,-H,0 and is being

studied furthcr as a possible fuel,

a short time,

Bentonite, kaolin, and bismuth
oxide investigated slurry
stabilizing and antipacking agents.
None of these materials seemed to
stabilize slurries of § UO; *H,0, mnor
did they appreciably alter the packing

were as

characteristic, No effect on in-
hibiting crystal growth has been
observed (Table 38). An attempt was
made to improve the properties of

6 UO; *H,0 as a fuel waterial by heat
treating it at 600°C for 48 hours.
This had only a slight effect on the
properties of a slurry prepared from
the material. These
summarized in Table 39.

results are

The preparation of a stable uranium
slurry requires that the solids present
be of very small particle sizes. It

ey
g
P}

of beryllium and zirconium oxide have
the property of stabilizing aluuminum
oxide crystals with respect to growth,
The applicability of these materials
for inhibiting growth of heated uranium
slurries was investigated by 1gniting
a mixture of uranyl nitrate and beryl-
lium nitrate at 600°C. The
was ground in a ball mill
fines collected by sedimentation and
dried. This material, which has a
ratio of 0.3 mole BeD to 1.0 mole
of UO,, was used to prepare a slurry
containing 250 g of uranium per liter,
After heating for 60 hr at 250°C and
settling for 24 hr,
settled solids volume
was 0.4%. This
stable, high-uranium-concentration
slurry prepared to date.

material
and the

mole

the rtatio of
to total volume

represents the most

BMAGNESIUM URANATE STUDIES

Magnesium uranate was considered

briefly as a desirable fuel, since
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TABLE 38

1951

Stability of UO3 Slurries Containing Additives

Slurry:

Heating cycle:

250 g of uranium per Jiter as [0,

250°C for 60 hr in sealed quartz tubes, without agitation

Sedimentation time: 24 hr
RATIO OF SETTLED
SOLIDS VOLUME
URANIUM OXIDE ADDITIVE TO TOTAL VOLUME REMARKS
5 UVO,-H,0 None 0.15 Settled rapidly without packing
5 UOa-HZO None 0.36 Settled rapidly without packing
Heat treated at|30 g of dialyzed bentonite 0.28 U02++ reduced to U(IV); settled
600°C for 48 of particle size below 25 rapidly without packing
hr mp
30 g of kaolin of particle 0.32 Settled rapidly without packing
size below 200 mu
Bismuth oxide 0.26 Formation of bismuth uranate

indicated; settled rappdly
without packing

TABLE 39

Effect of Heating and Kaolin Addition
on Slurry Particle Size

Composition: 250 g of uranium per liter as U0,
Heating: 60 hr at 250°C
PERCENTAGE OF U0, LESS THAN
PARTICLE STATED PARTICLE SIZE
DIAMETER | UNHEATED | HEATED HEATED SLURRY
(microns)| SLURRY | SLURRY | CONTAINING KAOLIN
2.5 10.0 5.0 5.0
5 37.5 11.0 8.0
10 64.0 25.0 22.5
15 78.5 39.0 37.5
20 85.5 49.5 42.5
25 91.5 55.0 50.0

slurries of this material should
possess a high pH. An attempt to
prepare magnesium uranate by addition
of ammonia to a solution of magnesium
chloride resulted in a compound con-
taining 72.6% uranium and 1.6% mag-
nesium rather than the 72.9 and 7.5%
calculated for magnesium uranate.
Heating slurries of this material
resulted ‘in color and pH changes. At
room temperatures the substance had a
solubility of 14 mg of uranium per
liter.

A study was made of the possibility
of increasing the pH of uranium tri-
oxide slurries by addition of mag-
nesium oxide, A uranium trioxide
slurry with a pH of 5.8 was spiked
with magnesium oxide 1in the ratio of
1 mole of MgO to 20 moles of uranium
trioxide., This increased the pH to
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10, but after boiling for 1 hr the pH
fell to 6.6. Successive additions of
magnesium oxide raised the initial pH,
which gradually decreased on boiling,
Up to a 1:5 mole ratio of magnesium
oxide to uranium trioxide, the pH
finally dropped to close to the
original on boiling; at higher mag-
nesium oxide concentrations the pH

132

dropped more slowly and became constant
at 8.5. On being heated to 250°C, the
pH of this slurry dropped to 7.5 and
bad caking of the solids occurred.
Because of the caking that takes place
with magnesium uranate slurries, this

1s not considered to be a
in-

material
promising fuel and will not be

vestigated further,
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SLURRY PUMPING STUDIES

CIRCULATING SLURRY EXPERIMENTS
A. S. Kitzes

Apparent Viscosity of U, Slurries.
Equipment has been constructed for
measuring the apparent viscosity of
various UO; slurries. Conventional
rotational viscometers could not be
used because the UD, slurries settle
too rapidly. Comnsequently, the equip-
ment consists of a length of tubing
through which the slurries are forced
from a reservoir by air. The pressure
drop across the tube 1s measured for
various rates of flow at constant
temperature. The apparent viscosity
can then be determined from a plet
of the shear diagram. Agitation is
provided to keep all the particles
suspended. The equipment 1s now being
calibrated by using glycerine and
various sucrose solutions.

Abrasion Tests. In ORNL-1121,¢(1)
it was reported that dry UO,;*H,0
abraded types-347 and -321 stainless
steel at the rate of 0.5 mil/hr when
allowed to fall freely between a
stationary metal specimen and a softer

metal rotating disk separated by
0.005 1inch,

Results of a test in which a slurry
containing UQ,*H,0, 100 g of UQ; per
liter, was pumped between the station-
ary specimen and rotating disk in-
dicated that type-347 stainless steel
is abraded at the rate of 0.2 mil/hr
or approximately one-third of the rate
at which the specimen was abraded by
dry oxide.

These gqualitative tests have been
discontinued since the data proved

(1A, 5. Kitzes et al. ‘ Slurry pumping
Studles, Homogeneous Reactor Pro] ect Quarterly
Progress Report for Period Ending August 135,
1951, ORNL-1121, p. 156.

conclusively that oxide slurries will
abrade stainless steel if the clearance
between moving parts 1is small.

Temperature Cycle Loop. Several
runs were made in the temperature
cycle loop described in ORNL-1121.(??
Slurries, containing as high as 200 g
of oxide per liter of water, were
pumped through the stainless steel
loop at a velocity of 10.5 {ft/sec
with a centrifugal pump. Results of
periodic heat-transfer measurements
indicated that the over-all heat-
transfer coefficient was independent
of the oxide cencentration in the
slurry and approximated within the
experimental error the value obtained
when pumping distilled water through
the loop. The heat-transfer coef-
ficient did not drift with time,
indicating no film formation on the
heat transfer surfaces.

Chemical analysis of samples drawn
off periodically showed a build-up
of iron and U™ in the solids, no
change in the nickel or chromium
content of the solids, and a slight
increase in the pH of the slurry.
Data are too meager to draw any defi-
nite conclusions. No evidence of
erosion of the pump volute and rotor
was found by visual inspection of
these parts. Tests are being con-
tinued with a slurry of pH greater
than 6.

BOILING EXPERIMENTS

A. S. Kitzes
R. B. Gallaher

W. Q. Hullings
C. A. Gifford

A boiling-slurry reactor has a
major advantage over the companion
circulating type 1n that there are no
pumping problems. An experimental

Drbid., p. 160,
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program was initiated this guarter to
determine qualitatively some of the
problems associated with boiling a
slurry. It is anticipated that diffi-
culties may arise from three sources:
(1) lack of stability of the slurry
with resulting lack of uniformity,
(2) foaming, (3) nonuniform bubble
formation. Preliminary results have
been obtained only on the first two
problems.

Stability and Uniformity of Boiling
Slurry. In order to determine to
what extent the slurry becomes in-
homogeneous while boiling, a glass
system was set up in which UO,'H,0
slurries of varying concentrations and
particle sizes were refluxed without
agitation at 100°C and atmospheric
pressure.

In these early tests, samples
taken periodically from the flasks
indicated no change 1n particle size,

no variation 1in solids

content, @no

foaming, and fairly uniform bubble
formation, provided there was no
settling of the particles. In those

cases where the boiling rate was too
slow because of insufficient heating
capacity to keep the particles sus-
pended, the settled particles caked
and caused "bumping" and erratic
bubble formation.

Slurries, concentrated up to 250 g

per liter, were boiled successfully
for days.
Foawing. No foaming was evidenced

in boiling several different hydrated
uranium oxide slurries at 100°C and
except 1n one
Apparently this one oxide had
pickedup some grease during processing
that caused the foaming. Additional
tests are being planned to determine
the effect of other
initiating foaming.

atmospheric pressure,
case.

impurities 1in
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BOILING REACTOR STUDIES

R. N. Lyon, Section Chief

B. B. Briggs
p. C.

Further investigations were under-
taken this quarter to determine the
feasibility and possible operating
characteristics of a boiling homo-
geneous reactor. These investigations
include actual reactor tests as well
as non-nuclear experiments.

"Supo", at los Alamos, was operated
under boiling conditionsin cooperation
with Dr., King and his Los Alamos
group. Boiling was accomplished by
shutting off the water flow through
the internal cooling tubes so that
the reflux condenser removed most of
the heat generated. The unit was
operated at atmospheric pressure to a
power of 6 kw,
power density of approximately 0.5
kw per liter.

which corresponds to a

The results of this "Supo"” ex-
periment are guite encouraging, since
they clearly demonstrate thata boiling
homogeneous reactor is not inherently
unstable. A comprehensive analysis
of the data obtained has not yet been
completed but will be presented as
soon as possible.

The Department of Engineering of
the University of California at Los
Angeles is engaged in an analytical
and experimental research program,
under Atomic Energy Commission comn-
tract, for the investigation of factors
governing transient density changes
in a heated liquid subjected to heating
fluctuations. Their experimental
system consists of a dilute agueous
electrolyte heated throughout its
volume by resistance heating. The
power applied to the liguid is pulsed
and a transient density change takes

F. R. Kasten
Zmola
place. The objectives of the ex-

periment are to obtain a record of
this transient density change, to
establish limits for an analytical
expression describing density as a
function of time, and to control the
time lag associated with given density
change.

Some experiments have already been
perfermed at atmospheric pressure,
and the design of equipment foxr high
pressure studies {(up te 1000 psi) has
been completed. A steady power density
of 0.5 kw per liter with pulses to
5 kw per liter was used for the atmos-
pheric tests,

The design of a small, boiling
homogeneous reactor for a short-term
experimental study has been initiated.
Present plans call for a power output
of up to 100 kw (2 kw per liter) with
the unit operating over a range of
pressures up to 150 psi. A vertical
thimble, inside of which may be placed
a movable boron red that can be
oscillated, or a flux measuring instru-
ment will pass through the center of
the reactor.

This experiment 1is expected to
yield information that will indicate
possible maximum power densities,
height of the liguid level, and flux
distribution in a boiling homogeneous
reactor. Oscillating the boren rod
will provide data for obtaining the
ratio of the percentage of delayed
neutrons to the prompt neutron gener-
ation time and will give an indication
of the mean density variation with
power and time.
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Most of the required equipment has
been assembled for an experiment to
obtain information on vapor formation
and liquid entrainment. The liquid
under observation is heated in a
sealed pressure vessel (designed for
2000-ps1i operation) to the desired
pressure, whereupon a rupture disk
releases the pressure and allows the
fluid to flash through an orifice.
The pressure and temperature of the
liguid will be recorded against time
during the escape period, and the
total amount of liquid entrained will
be measured. Water will be used
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during the preliminary tests, but
eventually the working fluid will be
uranyl sulfate solution.

A small qualitative experiment has
been planned to assess the effects of
fission fragments on bubble formation.
Liguid containing fissile material,
either supersaturated with gas or in
will be

Visual
observation will determine whether
fission fragments are effective as
nuclei for bubble formation.

a superheated condition,
placed 1n a beam of neutrons.
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HOMOGENEOUS REACTOR CHEMICAL PROCESSING

Bruce
Ellison
W. E.

F. R
C. V.

The chemical processing involving
the fewest unknowns for treating a
homogeneous plutonium producer, which
uses a uranyl sulfate-heavy water
fuel, would consist of the following
steps: removal of the fuel from the
reactor in one batch, evaporation of
the fuel solution to recover heavy
water, conversion to a natural water
system, 18-day decay of neptunium to
plutonium, and finally, separation of
plutonium, uranium, and fission
products by tributyl phosphate solvent
extraction.

HEAVY-WATER RECOVERY

The first step in the chemical
processing of a homogeneous plutonium
producer would consist of heavy-water
recovery. The alternate procedure of
carrying out solvent extraction for a
heavy-water system 1s not desirable,
since the inventory of heavy water
would be greatly increased and ex-
cessive heavy-water losses would be
encountered unless elaborate pre-
cautions were taken. It 1is now
proposed that heavy-water recovery
be accomplished by evaporating the
uranyl sulfate to a slurry and drying
the slurry for removal of residual
water. This drying operation is being
studied in the laboratory to determine
the optimum drying temperature and
time. ‘

Preliminary data for heavy-water
recovery upon drying uranyl sulfate
at temperatures of 200 to 400°C have
been obtained. It was found that
about 1%, by weight, of water remained
with the uranyl sulfate after drying
at 200°C for 6 hours. The water
content of the uranyl sulfate was

D. E. Ferguson
R. G. Mansfield
Tomlin

then reduced to 0.1% by drying at
400°C for only 3 hours. However,
partial decomposition of the sulfate
ion occurred at the higher temperature.

The apparatus for this work con-
sisted of a tube furnace and a vitreo-
si1]l combustion tube in series with
an absorption train. A l-g sample of
uranyl sulfate was used. A dry,
inert gas was used as a sweep, and
the moisture lost by the uranyl
sulfate was determined by direct
weighing after absorption 1in an
anhydrone-pack absorption tube. A
packing of silver ribbon at the outlet
end of the combustion tube served to
absorb the oxides of sulfur resulting
from the decomposition of uranyl
sulfate.

PLUTONIUM CHEMISTRY

The type of chemical process
selected for a homogeneous plutonium
producer will depend to a large
extent on whether the plutonium in
the reactor is present in solution or
as a precipitate. The behavior of
trivalent and tetravalent plutonium
in the system uranyl sulfate-sulfuric
acid-water, at various temperatures,
has been previously reported. During
this period the behavior of plutonyl
ion was investigated.

A stock solution of plutonyl
nitrate was prepared: and added to 1 ¥
U0,S0, to a concentration of 0.46
mg/ml. In these experiments the
sul furic acid concentration was varied
and the solutions heated at 250°C for
68 hours. Table 40 summarizes the
data obtained in the experiments.
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TABLE 40

Solubility of Plutonium in 1 MU0,80,~
H,S0, on Heating at 250°C

Solution: 1 M UO,SO, containing

0.46 mg of Pu(VI) per

ml
Heating: 68 hr at 250°C
o, T
0.024 0.065
0.28 0.079
0.60 0.162
0.93 0.354

This table shows that the plutonyl
state exhibits a higher solubility
than the tri- and tetravalent states,
The x-ray-diffraction pattern of the
precipitates formed showed the ma-
terial to be plutonium dioxide.
Further, a valence state analysis of
the supernatant from one of the
solubility determinations showed the
plutonium in solution to be 82%
plutonium(VI) and 18% plutonium(III)
and plutonium(IV)., From this analysis
it is concluded that plutonyl ion 1is
reduced to tetravalent plutonium at
elevated temperatures in uranyl
sulfate, and that the tetravalent
plutonium precipitates. Accordingly,
the values indicated in Table 40 are
a measure of the solubility of tetra-
valent plutonium and not plutonyl ion.
The conditions of this experiment
are not representative of those
prevailing in a homogeneous recactor,
since no partial pressure of oxygen
was maintained. It is conceivable
that oxygen would oxidize plutonium
to the hexavalent state under the
conditions of reactor operation.
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In these experiments plutonvyl
sulfate was prepared by oxidizing a
stock solution of plutonium nitrate
with an excess of silver peroxide.
The silver was then precipitated with
hydrochloric acid and separated by
The oxidized plutonium
was placed on a Dowex-50 resin column
and after washing with water and
0.5 N H,S0,, the plutonium was eluted
with 6 N H,80,.

centrifuging.

SOLVENT EXTRACTION

Although it is not yet known how
plutonium will behave in an aqueous
homogeneous plutonium producer, it is
definite that plutonium and uranium
must be isolated and decontaminated
from the fuel solution after it is
discharged for re-enrichment. Even
if plutonium precipitates and 1is
completely removed from the reactor
by filtration, the discharged fuel
solution will contain appreciable
quantities of neptunium?®®. This
neptunium will be allowed to decay
to plutonium, which must then be
isolated from the uranium and fission
products.

At present, solvent extraction is
the optimum method of isolating the
plutonium and decontaminating the
uranium for return to a diffusion
plant. It would be desirable to make
the separation after only 15 to 20
days of cooling instead of the present
cooling period of 90 days. The 15-
to 20-day cooling period i1s necessary
to permit the decay of neptunium to
plutonium, 1s not
recovered by the solvent extraction
process.

since neptunilum

A study of the solvent extraction
of short-time cooled material has been
initiated. Samples of natural uranium
were irradiated in the X-10 graphite

pile, and one test was made of the
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efficiency of solvent extraction after
15 days of cooling. The results of
this test indicated that the present
Purex process will not give adequate
decontamination from neptunium. A
decontamination factor of only 10 was
obtained for this element over one
cycle of solvent extraction.

It is not yet known what effect
the presence of short half-lived
fission products, not present after
90 days of cooling, had on the de-
contamination, but certainly nothing
followed the uranium and plutonium
to the extent of the neptunium break-
through.

139












BEARING OPERATION AT LOW VALUES OF THE SOMMERFELD NUMBER

W. K. Stair (Universityof Tennessee)

An investigation concerning the
operation at low values of the Sommer-
feld number of bearings made of unusual
materials was begun on August 26,
1951 at the University of Tennessee by
the Department of Mechanical Engi-
neering under Subcontract No. 392 for
the Cak Ridge National Laboratory.

The fuel circulating pump 1s a
most important and critical piece of
equipment in a homogeneous nuclear
reactor system. In the form most
generally envisioned for the pump, the
journal bearing 1is an essential ele-
ment. Journal bearing design normally
and lubricants
proven by long experience and is based
on hydrodynamic theory. Operation at
relatively high values of the Sommer-
feld number¢??

calls for materials

1s usually expected.

In a homogeneous reactor the leak-
age problem makes the canned-rotor
type of pump highly desirable. The
use of this type of pump, however,
introduces problems of bearing design.
The circulating fuel mixture,
normally would be the lubricant in a
canned-rotor pump, 1s highly corrosive.
This limits the choice of materral
for the bearing to a relatively small
group,
known to be

which

and the materials presently
satisfactory from the
standpoint of corrosion resistance

where

= Sommerteld number,

S
n
Z = absolute viscosity,
N = journal speed,
P = unit besring load,
r = journzl radius,

¢

= radial clearance.

have physical properties that make
them generally undesirable in normal
bearing practice. The lubricants
generally used for the bearings 1n a
canned-rotor pump have low viscosities
of the order of 0.25 centipoise at
operating temperatures that may ap-

proach 150°C.

The objectivesof this investigation

include, but are not limited to, the
following four problems.
1. The life-expectancy of bearings

constructed of unusual materials ac-
cording to the design presently used
for the Westinghouse 100-A pump 1s to
be determined.

2. Basic data on the character-
istics of submerged bearings are to be
obtained, with emphasis upon improve-
ment of bearing performance in the
Westinghouse 100-A and similar pumps
through better design. This effort
is to include studies of the effect
of radial clearance on lubricant flow
in submerged bearings and the extent
of hydrodynamic film development;
resistance to [ailure owing to. ab-
rasive particles that may contaminate
the lubricant; the effect of bearing
surface finish and precision on the
minimum Sommerfeld number; and the
effect of the presence of the thrust
face of a composite bearing on the
performance of the radial section of
of the bearing.

3. Studies will be made of pateri-
als that are satisfactory from the
standpoint of corrosion, with emphasis
on the improvement of bearing per-
formance in the Westinghouse 100-A
and similar pumps through the use of
This

is to include studies of the

more satisfactory materials.

problem
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relative compatibility 1in and re-
coverability from boundary lubrication
conditions of various material combi-
nations, and the relative resistance
to abrasion from particles that may

contaminate the lubricant.

4. An evaluationof the findings of
1, 2 and 3 will be made in an effort
to extend the hydrodynamic theory of
lubrication to include the more elusive
variables outlined.

SCHEDULE OF EXPERIMENTAL STUDIES

The experimental work to be con-
ducted with this in-
vestlgation 1s to be divided into two
phases. Phase 1T will include the
following series of tests.

1n connection

Test Series No. 1. Tests will be
made to evaluate the life-expectancy
of bearings constructed of Stellite
Nos. 3, 6, and 98M2 and type-18-8W
stainless steel designed for use 1in
the Westinghouse 100-A pump.

Test Series No. 2. An evaluation
will be made of the relative com-
patibility between various combi-
nations of the materials to be used
in Test Series No. 1. Stellite No.
98M2 against No. 14 Graphitar will be
used as a basis for comparison.

Test Series No. 3. The effect of
the surface finish and surface finish-
to-clearance ratio on the minimum
Sommerfeld number will be determined.

Phase II will include the following
series of tests.

Test Series No. 4. Studies will be
made of the lubricant flow character-
istics in bearings with a longitudinal
flow path., This series of tests will
include the effect of groove ar-
rangement and thrust face geometry.
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Test Series No. 3. Experiments
will be designed to study the per-
formance of the integral thrust face
of a composite hearing.

Test Series No. 6. A study will be
made of the bearing life as 1t 1is
affected by contamination of the
lubricant. The size and hardness of
abrasive particles and the ratio of
particle size to the radial clearance
will be investigated, and the relative
abrasion resistance of the materials
listed in Test Series No. 1 will be
determined.

EXPERIMENTAL FACILITIES

Two test stands have been designed
for these studies. One test stand
has been completed and 1s being cali-
brated, and the second unit 1s about
60% complete. These units are based
on the equipment design used by the
General Electric Engineering and
Consulting Laboratory, with modifi-
cations to improve accuracy of measure-
ment and i1ncrease component life.

The test stands were designed to
permit experimentation at atmospheric
temperature and pressure.
experiments have

Recent
shown that the tem-
perature coefficients of static fric-
tion of metals are rather swmall and
the harder the surface the lower the
temperature coef{icient.(?)
of the
canned-rotor pump bearings, 1t 1s
felt that the expense and lack of
flexibility associrated with high-
pressure and high-temperature bearing
tests 1s not jJustified in the im-
mediate investigation. The test
equipment has been designed to permit
a speed range of 466 to 4660 rpm and
total bearing load of 400 1b, and the

In view
materials being proposed for

(21, Simon, H. 0. McMahon, and R. J. Bowen,
“ Dry Metallic Friction as a Function of Tem-
perature Between 4.2°K and 600°K," J. dpplied
Phys. 22, 177-184 (1951).



Sommerfeld number in tests can be
made to equal that expected in a pump
by adjustment of these two variables.

The tests units, which were designed
tfor the studies 1included in Phase I,
will require alteration in load ap~-
plication and instrumentation for the
studies scheduled 1n Phase I1.

A Brush Surface Analyzer has been
procured for the determination of
surface finish. This equipment permits
an exploration of the surface finish,
plots the actual asperity height, and

gives a rms roughness value. This 1s
felt to be necessary because 1t has
been observed that the ratio of the

actual asperity height to the ruwms
roughness may vary over a rather wide
range, depending on the procedure and
technique used to finish the bearing
surfaces. Thus, a group of surfaces
with the same rms roughness may ex-

G. NOVEMBER 15, 1951

hibit a rather wide deviation in
maximum asperity height.

Considerable time has been spent on
experimentation in finishing Stellite
bearing surfaces to establish a tech-
nique of finishing the bearing surfaces
with as low a maximum asperity height
as practical.

ESTIMATED SCHEDULE OF ACTIVITIES

Construction of test unit No. 2
should be complete by January 5,
1952. Test work previously outlined

is tentatively scheduled as follows:

January 30

Test Series No. 1 January 1

Test Series No. 2 January 21 February 16
Test Series No. 3 February 18 March 22
Test Series No. 4 March 14 April 12
Test Series No. 5 April. 14 May 10 -
Test Series No. 6 May 12 June T
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