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HRP QUARTERLY PROGRESS REPORT

SUMMARY

PART I. HOMOGENEOUS REACTOR TEST

1. HRT Operations

During the past quarter the installation of blanket
and fuel low-pressure systems was completed, and
fewer than 1% of the welds were rejected in a total
of approximately 1500 welds. A difficulty resulting
from excessive tolerances in the specifications
for ring-joint flanges was resolved by remachining
250 flanges. The reactor heat-removal system
was completed by the contractor.

The results of tests conducted on the fuel and
blanket low-pressure assemblies are reported. En-
trainment during dumping was corrected, and en-
trainment during normal operations appears ac
ceptable. Difficulties resulting from flooding of
the recombiner-condenser appear to be correctable
by installation of a valve downstream of the
condenser. The effectiveness of aluminum foil
insulation is less than was expected. As a result,
additional layers of foil are recommended. The
recombiners performed satisfactorily, although back
flashes were not eliminated.

2. HRT Design

During this quarter, designs were completed for
installation of HRT instrument cubicle piping,
oxygen supply system, waste evaporator system,
off-gas system, and electrical conduits. A new
design for fuel and blanket pressurizers was com
pleted, utilizing steam pressurization, and a study
of a gas pressurization system was initiated. Two
additional purge pumps were added to the system,
and other minor revisions were made.

Tests were completed to determine procedures
for placing barytes aggregate—water mixtures in
the thermal shields and in the north wall. It was
found that lateral pressures exerted by the mixture
compare well with values predicted by adding
hydrostatic head to Janssen's pressure based on
submerged weight of the aggregate.

3. HRT Component Development

Thrust-bearing shoes made of cast Stellite were
proved to be satisfactory in HRT fuel solution
in the 400A-1 pump. The thermal-barrier and main-
flange gaskets did not leak. Slight corrosion was

noted on the thermal-barrier gasket and on the
thermal barrier.

After serious leakage, the stainless steel thermal
barrier was welded into the 300A-1 pump. No
indications of trouble were noted during 150 hr
of operation in the mockup.

The four reactor pumps were delivered. They
have passed the thermal cycle and 200-hr oper
ational tests at the factory.

Both heat exchangers were completed, and one
was delivered to the reactor, after final cleaning
at ORNL. The second unit will be cleaned and

leak-tested before delivery to the reactor. Field
inspection of the mockup (80 kw) heat exchanger
indicated that it is in good condition.

The pressure relief valves for balancing pres
sures between the two HRT pressurizers did not
seat properly in tests.

The test model of the HRT purge pump operated
for 3600 hr without difficulty. This pump was then
installed on the mockup.

Operation of the feed pump on the mockup was
not entirely satisfactory. A new feed-pump test
loop is being fabricated for further development
and long-term operation.

A hinged, aluminum foil assembly was developed
for use where insulation must be removed from
pipe by remote means.

Operation of the HRT mockup loop for 375 hr,
using a gas pressurizer, resulted in an average
corrosion rate of 2 mpy. A 145-hr run with the
newly designed steam pressurizer was apparently
satisfactory, but longer operation is needed for
conclusive evidence.

4. HRT Reactor Analysis

The pressure rise within the HRT core was cal
culated as a function of time following complete
stoppage of core heat removal. With no fluid dis
charge from the high-pressure system, the pressure
would reach 2800 psia in 38 sec and continue to
rise until some safety device was actuated. A
letdown rate of 2 gpm appears to be sufficient to
prevent the pressure from reaching 2800 psia.

The core pressure-time relation during an HRT
dump was calculated for various combinations of
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heat-generation, heat-removal, and venting con
ditions. With no initial venting of the core system,
the heat exchanger surface became exposed to
vapor before the initial overpressure was relieved;
this resulted in an extremely rapid drop in pressure
to core saturation conditions. If vapor were in
itially vented from the pressurizer and if the dump
valve opened after the overpressure was relieved,
the maximum rate of core-pressure decrease would
be much lower.

Shielding calculations were made to determine
the protection required for the reactor off-gas
lines, the charcoal adsorbers, the sampler, and
the sample carrier.

Heat production in the thermal shield was re
calculated because of design changes. The cooling
system for the shield is adequate for all con
templated operating conditions.

5. HRT Controls and Instrumentation

The checking and calibration of components prior
to installation are proceeding; tests to date indi
cate performance in accordance with the design
specifications. Two prototype pressurizer-level
controllers incorporating different damping mecha
nisms exhibited stability sufficient for control of
the letdown valve. The documentation of design
and test information is under way.

6. HRT Fuel Processing Plant

The HRT fuel processing plant will rely on the
concentration, by centrifugation, of the insoluble
rare-earth fission-product poisons and corrosion
products precipitated in the reactor fuel and on
a purge of 2 gal per week of reactor fuel to main
tain fission-product poisons at a desirably low
level. Hydraulic cyclones, operated on a small
bypass stream around the reactor heat exchanger,
will centrifugally separate the insoluble particles.
These will be collected in a 2/i-gal accumulation
receiver and discharged once each week; this
represents the purge rate of the reactor fuel. The
discharged purge will be accumulated in shielded
carriers, evaporated to recover heavy water, and
stored for decay, pending transfer to a solvent-
extraction plant for recovery and decontamination
of the associated uranium.

Provision is made in the processing facility for
sampling the accumulation receiver before it is
discharged; however, such sampling will be repre
sentative only if the solid particles are less than
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20 n in diameter. A special, heavily shielded
carrier, provided to receive the contents from the
solids-accumulation receiver, can be transported
to a dissolving facility for solution of all the
solids and for accurate sampling. The analysis
of this sample will be compared with that of the
samples taken from the slurry in the accumulation
receiver to ascertain the representativeness of the
latter sample.

Alternately, a dissolver may be installed in the
chemical-processing cell, and each charge from
the solids-accumulation receiver dissolved, sam
pled, and stored for decay as a solution. This
procedure, however, would present a serious risk
of cross-contamination between the heavy water
of the reactor system and the light water of the
dissolving equipment; furthermore, the corrosion
products (primarily zirconium oxide) are soluble
only with difficulty and the common solvents avail
able (HNO3-HF, H2S04-Ce4+) have not exhibited
satisfactory dissolving rates.

The shop fabrication of process equipment com
ponents is approximately 50% complete. Process
equipment design is approximately 85% complete.
The installation of process services has begun.

PART II. REACTOR DESIGN AND ANALYSIS

7. Reactor Analysis

A study of fuel costs was made on power-only
reactor systems fueled by UO-SO.-LijSO.-DjO
solutions. One-region reactors operating at 330°C
and delivering 1000 Mw of thermal energy and
300 Mw of electricity were considered. Fuel costs
were obtained for both a 12% inventory charge with
a $40-per-pound cost for DjO and a 4% inventory
charge with a $28-per-pound cost for D20. The
minimum asymptotic fuel cost for the higher charge
was 2.5 mills/kwhr, which is about the same as
that found previously for UOg-PuOj-D-O slurry
reactors operating at 280°C. With the lower charge,
the fuel cost was reduced by 0.8 mill/kwhr. The
optimum reactor diameter was about 14 ft for the
higher charge and about 17 ft for the lower charge.
In both cases the optimum uranium concentration
was about 200 g/1 iter, and the poison cross section
was about 5% of the fission cross section.

Two-group nuclear calculations for two-region,
cylindrical thorium breeder reactors were com
pleted for a range of parameter values.

Nuclear calculations were performed for a series
of DjO-moderated thorium breeder reactors by



means of the multigroup, multiregion method. The
results were compared with those obtained by the
two-group, two-region method. The breeding ratios
and critical concentrations obtained by the two
methods were in good agreement down to core
diameters of about 2.5 ft.

The effective extrapolation distance associated
with a pressure vessel was calculated for one-
region reactors containing D20, U235, and U238.
The inside diameter of the pressure vessel, the
pressure-vessel thickness, the operating tempera
ture, and the uranium concentration were treated
as parameters. The range of extrapolation dis
tances found was 5 to 36 cm. The extrapolation
distance decreased with increasing core diameter
and increased with increasing pressure-vessel
thickness. No simple variation with temperature
and uranium concentration was found.

The reactivity change associated with settling
of the Th02 slurry was calculated for the TBR.
For a blanket initially containing 500 g of thorium
per liter, an 8.7% increase in reactivity was ob
tained when the slurry settled to a uniform con
centration of 1000 g of thorium per liter. Experi
mental measurements of settling rates indicate that
no reactor safety problem would be involved; how
ever, appreciable changes in operating conditions
would accompany slurry settling.

Three Oracle codes were completed: one evalu
ates the Bessel functions /„, /,, /„, /,, KQ, K,;
another calculates the Fermi age of mixtures by
use of the energy distribution curve for fission
neutrons; and the third code calculates the time-
dependent behavior of a batch-operated regenerative
reactor and evaluates the economics of the as
sociated system.

PART III. ENGINEERING DEVELOPMENT

8. Development of Fuel-System Components

The high-pressurerecombiner loop was redesigned
and was rebuilt with new pipe. Entrainment sepa
rators were installed in the gas-generating cells
in order to prevent caustic buildup in the boiler.

Assembly of the flange-test system is complete
except for part of the instrumentation.

Battel le Memorial Institute and Syracuse Univer
sity are continuing their investigations on hydrogen-
oxygen reactions.

The 2000-psi, 5-gpm, canned-rotor pump has ac
cumulated over 4000 hr at 300°C with water. A
1000-psi, 5-gpm, canned-rotor pump has operated

for about 11,300 hr at 250°C with water. The
series-wound, 5-gpm, canned-rotor pump has ac
cumulated 6600 hr of operation. The system was
recently altered to permit studies of water injection
to the rotor cavity.

Operation of the 4000-gpm loop with a U02S04
solution containing 5 g of uranium per liter was
interrupted when it became impossible to maintain
the condensate supply for the seal pump.

Specifications were prepared for purchase of a
500-gpm, canned-rotor pump.

The titanium-lined pipe sections and heat ex
changer are in the final design stages. A test
rig to subject the lined equipment to thermal and
pressure cycles is in the preliminary design stage.
A study of the feasibility of roll-cladding titanium
to carbon steel is in progress at Armour Research
Foundation.

9. Development of Blanket-System Components

Construction of the full-scale, high-pressure
blanket mockup is essentially completed.

A statistical analysis of data on the attack of
Th02 slurries on stainless steel circulating loops
indicated that the following factors were important
in attack, roughly in the order listed: particle
size, velocity of the slurry, oxygen concentration,
room temperature pH of the slurry, thorium oxide
concentration, and thorium oxide calcination tem
perature. The results are tentative because of
the limited amount of data available.

Modifications of Westinghouse pump 200A were
made; tests have indicated that they will be
effective in overcoming some of the difficulties
encountered with the original pump, and possibly
all of them.

A hard cake was deposited during operation of
the 200A slurry loop. The characteristics of the
cake have been determined, and the mechanism
of its formation is being sought.

Study of the race-track type of dump tank indi
cated further promise; a model of a simpler, cone
type of dump tank was designed and is being
fabricated.

Very preliminary temperature-profile data indi
cated the presence, under some conditions, of a
central, nonshearing plug in turbulent flow of
Bingham plastics.
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PART IV. CORROSION AND MATERIALS

10. Solution Corrosion

A number of loop runs were made in order to
determine how much sulfuric acid is necessary to
stabilize 0.04 m uranyl sulfate solutions containing
0.005 m copper sulfate at 300°C (HRT conditions)
and to determine the corrosiveness of such solu

tions in the temperature range of 200 to 300°C.
It was demonstrated that 0.01 m sulfuric acid is

not sufficient to prevent hydrolytic precipitation
of copper and uranium and that 0.02 wis sufficient.
Future tests may indicate that less than 0.02 m
sulfuric acid will be adequate. At 300°C corrosion
of stainless steel is not serious, even with 0.02 m
sulfuric acid, up to flow rates of 45 fps. However,
at 200 to 250°C corrosion is more serious, and
critical velocities as low as 15 to 20 fps were
observed.

Preliminary corrosion tests in a uranyl carbonate-
lithium carbonate system showed that the corrosion
rates of austenitic and ferritic stainless steels

were low, in most cases lower than the rates
observed in comparable uranyl sulfate systems.
In addition, carbon steel, which is completely dis
solved by uranyl sulfate solutions, showed low
corrosion rates, 3 to 5 mpy.

Further testing with highly concentrated uranyl
sulfate solutions containing added lithium sulfate
confirmed previous results concerning the bene
ficial effects of the lithium sulfate on the corrosion

of stainless steel. One loop run was with 3.8 m
uranyl sulfate and 3.8 m lithium sulfate at 350°C
and showed the absence of a critical velocity up
to 70 fps. Other runs made in toroids gave results
similar to those obtained in loop runs. One series
of toroid runs demonstrated that cesium sulfate

was at least as effective as lithium sulfate and

perhaps even more effective. However, both loop
and autoclave tests failed to demonstrate the ab

normally low vapor pressure previously reported
for such solutions. At present, there is no ex
planation for the erroneous results given in the
last quarterly report.

Static corrosion tests showed that type 1515N
stainless steel has a corrosion resistance to uranyl
sulfate solutions about equal to that of type 347
stainless steel. On the other hand, an antigalling
type alloy, designated as Waukesha Metal No. 88,
was badly attacked (43 mpy) by uranyl sulfate
solutions at 300°C. In boiling 5% nitric acid,
corrosion was also severe (32 mpy).

Studies with Iso-Elastic spring alloy which had
been gold-plated were carried out. At imperfections
in the gold plate, attack was severe enough to
allow the gold to peel off. Preliminary tests with
another spring alloy, Elgiloy, showed it to be much
more resistant than Iso-Elastic and indicated that

it may be superior to Iso-Elastic for use in the
pressurizer liquid-level controller.

11. Slurry Corrosion

Corrosion data are presented for three slurry runs
nt 300°C on the 100A pump loop; three different
preparations of thorium oxide were used. Average
circulating concentrations ranged from 581 to
1075 g of thorium per kilogram of water. Operating
problems, including some caking and plugging, are
discussed. One water run was also made.

The attack rate by slurries in the pump loop on
pin specimens of type 347 stainless steel appeared
to be proportional to the slurry concentration and
to the square of the flow velocity. Platinum, gold,
Zircaloy-2, and titanium appeared to be attacked
relatively less severely than stainless steel, which
had a pin corrosion rate of 7 mpy at 20 fps and
1000 g of thorium per kilogram of water.

The attack of type 347 stainless steel, titanium
75A, and Zircaloy-2 by circulating slurries pre
pared from thorium oxide calcined at temperatures
from 650 to 1600°C was studied over a range of
slurry velocities in toroids. The study showed no
correlation between oxide calcination temperature
and attack rate.

12. Radiation Corrosion

12.1 In-Pile Loops. — The loop package com
ponents were redesigned so the completed loop
will fit either beam hole (HB-2 or HB-4) by adjust
ment of the lengths of two connecting pipes. The
new design also makes it possible to operate at
pressures up to 2000 psia and at temperatures up
to 300°C.

Loop L-4-12 was completed and is in operation
in the LITR HB-4 facility. The core section of
this loop was fabricated of titanium, type Ti-75A.
Loop L-2-10, designed for operation in the LITR
HB-2 facility, which will be completed next quarter,
was completed and tested.

Approximately two thirds of the components of
an in-pile loop to be fabricated entirely of titanium
were completed.

The fifth in-pile loop experiment, L-4-8, was
completed. The loop operated in-pile for a total



of 1637 hr, during which time the LITR energy
output was 4377 Mwhr. The average fission power
in the loop based on cesium analyses was 622 w
when the LITR was at full power (3 Mw). Based
on oxygen data the generalized corrosion rate for
the first 300 hr was 4.0 mpy; the rate for the
remaining 1337 hr was 0.7 mpy. The nickel data
gave parallel results. The corrosion of the type
347 stainless steel, Zircaloy-2, and Ti-55AX
coupons exposed in the core and in in-line holders
was generally consistent with that observed in
previous in-pile-loop experiments. Some differ
ences were attributed to the fact that this was the

first loop operated with 0.04 m H2SO. present in
the uranyl sulfate charge solution (0.17 mUOjSO.,
0.03 mCuS04).

Stress specimens, madefrom the alloys Zircaloy-2,
17-4 PH, and Ti-C-130-AM, were exposed in core,
in-line, and pressurizer locations. Microscopic
examination and average weight loss gave no in
dication of effects attributable to the stressed
condition of the specimens.

12.2 LITR Bomb Tests. - The results of two

type 347 stainless steel experiments at the LITR
confirmed the results of the similar experiment,
H-85, which was previously reported. For each
experiment the observed rate was less than 1 mpy
over the long periods of exposure. The solution
employed with each of these experiments contained
small amounts of sulfuric acid. Initial oxygen
pressures of about 500 psi in one case and approxi
mately 1500 psi in the other were employed with
the experiments.

A corrosion rate of 5.2 mpy was determined from
weight-loss data for two titanium 75A pins which
were installed in a Zircaloy-2 bomb and exposed
at 280°C and at an estimated power density of
17 w/ml.

The corrosion rate observed for two Zircaloy-2
experiments which employed a 1.4 m uranyl sulfate
solution was appreciably less (8 mpy) than that
observed (15 mpy) for an experiment which em
ployed a 0.17 m solution; the test conditions for
all three experiments were essentially the same,
except for the solution concentration.

12.3 MTR Bomb Tests. — Exposure was com
pleted in the MTR of an experiment designed as
a test of the effect of reactor radiation alone on

the corrosion of Zircaloy-2. The U02S04 enrich
ment was such that the power density in solution
due to fission was less than 0.02 w/ml. The

oxygen data indicate that the corrosion rate at
the test temperature of 280°C was about 11 mpy.

12.4 Supporting Research. —A determination of
the effect of irradiation by Van de Graaff electrons
on the corrosion of Zircaloy-2 by uranyl sulfate
solutions was completed. Weight-loss data indi
cate no significant acceleration of corrosion during
a 104-hr exposure at an estimated power density
of 20 to 30 w/ml in the solution adjacent to the
specimen.

Experiments are in progress to determine the
corrosion of type 347 stainless steel by uranyl
sulfate solutions which are free of soluble corro
sion products of the metal. Data are available
from seven experiments at 250°C for which the
exposure times ranged from 26 to 221 hr. The data
indicate that the corrosion did not decrease from
an initial rapid rate until after 96 hr and a penetra
tion of about 0.1 mil.

13. Metallurgy

Spring-tempered Inconel-X stress-corrosion speci
mens showed no stress corrosion in boiling 42%
MgCI2 (154°C) in 316 hr at 70,000-psi stress fol
lowed by 196.5 hr at 90,000-psi stress. The tests
were terminated by equipment failure.

The results of continued stress-corrosion testing
of types 304L and 347 stainless steels at stress
levels of 20,000 psi and lower showed a great
amount of scatter in fracture times, as much as
from 3.4 to 29.5 hr for type 304L at 16,000 psi and
from 24 to 103 hr at 15,000 psi for type 347.

Zircaloy-2 specimens, cathodically charged in
1 N H2S04 at 250°C for 100 hr, showed a definite
accumulation of H2 of from 50 to 100 ppm.

Metallographic-standard specimens of Zircaloy-2
HRT core-tank material, Zircaloy-2W, crystal-bar
zirconium, and Zircaloy-3A, containing from 5 to
1000 ppm of H2, were prepared. A metallographic
technique (anodizing) for the identification and
location by color of hydrides in the microstructure
was developed. With the use of this technique and
the metallographic standards prepared, it was con
cluded that the hydride forms preferentially in the
grain boundaries of the zirconium alloys investi-
gatedand within the grains in crystal-bar zirconium.

Specimens of the Zircaloy-2 HRT core-tank ma
terial were heat treated to determine the grain-
growth rates in the alpha, alpha-plus-beta, and
beta fields; the effect of quenching rate on the
alpha-prime structure; and the effects of time and
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temperature on the annealing of the alpha-prime
structure. The rate of grain growth of alpha and
of beta is very slow. The beta grain size is ap
parently established during the heating through the
alpha-plus-beta field. The alpha-prime structure is
affected by quenching rate primarily in the size of
the alpha needles formed - the faster the quench
ing, the finer the needles.

Fine-grained and randomly oriented, equiaxed
alpha structure can be obtained by beta-quenching,
cold-rolling, and alpha-annealing. The core-tank
material was, as expected, found to have a very
highly preferred orientation, such that the me
chanical properties are isotropic within the plane
of the rolled sheet, showing good ductility, but
probably with very little if any ductility in the
direction perpendicular to the plane of the sheet.

Subsize tensile specimens of Zircaloy-2, aged
for 500, 1085, and 1585 hr at 250°C, were tested at
room temperature and at 250°C at two different
strain rates (0.01 and 0.1 in./in./min). Results of
these tests do not indicate embrittlement due to

the various aging cycles employed.
A satisfactory system by which titanium may be

welded in air was developed. The protective
blanket is obtained from the inert-gas atmosphere
around the torch and from the internal purging gas.

Tentative procedures prepared for welding type
347 stainless steel permit the use of preplaced
inserts for the root pass and call for the use of a
modified rod which yields a fully austenitic deposit.

A technique yielding high-quality inert-gas-
shielded arc welds in carbon steel was developed.

PART V. CHEMICAL ENGINEERING

DEVELOPMENT

14. Thorium Oxide Slurry Development

Studies of the effect of in-pi le irradiation on the
properties of thorium oxide slurries continued.
Four slurries of thorium oxide, 1000 g of thorium
per kilogram of H20, containing 0.5 mole % of
unenriched UO,, were irradiated at 300°C in the
LITR without apparent damage. Three similar
slurries containing enriched uranium were irradiated
at 300°C in the ORNL Graphite Reactor. One of
these slurries, prepared from oxide previously
circulated in a loop, could not be readily rinsed
from the irradiation bomb, but the other two ap
peared to be unchanged by the irradiation. Rela
tive viscosity measurements are being made of
thorium oxide slurries in the dash-pot irradiation

bomb. For in-pile slurry viscosity measurements
a new model of the irradiation bomb, having a
coaxial cylinder and a viscosity-sensitive, electro-
magnetically operated plunger, is under laboratory
test. Thorium-uranium mixed oxides prepared by
coprecipitation and subsequent thermal decomposi
tion of the tetravalent oxalates had much lower

surface areas than did mixed oxides prepared by
wet-autoclaving, at 300°C, a mixture of the thorium
and uranium oxides.

Oxides of palladium, molybdenum, vanadium, and
cerium were studied as catalysts in thorium oxide
slurries for the recombination of radiolytic gas.
The palladium was the most effective; at 830 ppm
concentration based on thorium it gave combination
rates more than sufficient to recombine the radio

lytic gases expected in the TBR blanket. Molyb
denum and vanadium at 0.1 m concentration also

gave rates sufficiently fast for TBR use. Cerium
oxide showed negligible catalytic activity. Copper
chromite was not significantly better than copper
oxide as a catalyst.

In studies of the effect of pumping selected
oxides, the average x-ray crystallite sizes ap
peared to be relatively unaffected. Particles
greater than 1 /z in size were degraded. The
hindered-settling rate, particle shape, and particle-
size distribution in a slurry of oxide prepared by
the thermal decomposition of oxalate, which had
been precipitated at 10°C, did not appear to be
affected by the pumping.

The function relating crystallite growth to cal
cination time and temperature was evaluated for
the D-16 oxide. The growth results from the
presence of a relic or ordered structure. An oxide
preparation which had been pumped was heated at
elevated temperature; failure of the crystallites to
grow indicated that nearly complete degradation of
the oxide particles to crystallite dimensions had
occurred during pumping.

Slurry hindered-settling rates increased with in
creasing slurry temperature (to 98°C) and increas
ing oxide calcination temperature up to 1000°C.
High-dispersion characteristics were obtained with
oxide calcined at 1300°C.

15. Fuel Processing

Solid particles of neodymium sulfate, suspended
in simulated fuel solution in quartz containers,
showed no tendency to attach themselves to a hot
Zircaloy-2 surface. In high-pressure loops(2000 psi
and 300°C) precipitated neodymium sulfate was



found in both the heater and underflow pot, with
80% of the precipitated solids remaining in the
heater. Praseodymium sulfate behaved like neo
dymium sulfate in that its solubility, at a given
temperature, increased as the amount of uranyl
sulfate in solution increased and decreased as the

praseodymium percentage in the precipitating
solids decreased.

In quartz tubes the solubility of ruthenium in
simulated fuel solution was less than 5 ppm in the
presence of air but was greater than 10 ppm with an
overpressure of pure oxygen.

The solubility of molybdenum in simulated fuel
solution at 265°C was 300 to 400 mg per kilogram
of HjO. In molybdic acid slurries of high con
centration, various solid-phase changes were
observed.

With improved techniques that gave iodine ma
terial balances of 85 to 95%, fuel iodine/iodate
ratios were 9/1 at 250°C and 6/1 at 300°C. The

ratio was lower in the presence of simulated fis
sion and corrosion products. Dilute silver sulfate
solution had a high capacity and an efficiency for
scrubbing iodine from a DO vapor—oxygen gas
stream at 300° C.

Dissolution of solids simulating those expected
from HRT-CP operation required a treatment deter
mined by the composition of the solid and its pre
vious history. For solids containing only fission
products, 70% HNO,-0.1% HF was a good dis
solvent; for "aged ' solids consisting almost
entirely of stainless steel corrosion products, HCI
and HCI-SnCl2 mixtures were better; when stain
less steel and Zircaloy-2 corrosion products con
stituted the major fraction of the solids, 10.8 M
sulfuric acid was the best dissolvent. The effi

ciency of the sulfuric acid solution was not lowered
by heating the solids to 300°C prior to dissolution.

16. Plutonium-Producer Blanket Processing

The rate of plutonium adsorption on Zircaloy-2
and on titanium from uranyl sulfate solutions is
markedly dependent on plutonium concentration and
temperature. The rates of plutonium adsorption on
Zircaloy-2 and on titanium from 1.26 m UOjSO.
containing 100 mg of plutonium per kilogram of H20
at 250°C were 22 and 11 £ig/cm2/rir, respectively.
When the plutonium concentration was 3 to 6 mg
per kilogram of HjO, adsorption rates for both
metals varied between 0.008 and 0.04 jig/cmVhr.
Based on these rates, 0.3 to 1.4% of the plutonium

produced in a two-region reactor would adsorb on
the metal walls. The rate of plutonium adsorption
at 150°C from 1.4 ttzU02S04 containing 4 to 6 mg
of plutonium per kilogram of H20 was 0.008
fig/cm2/hr on titanium and 0.012 ^g/cm2/hr on
Zircaloy-2, but at 80°C the adsorption rates from a
solution containing 13 mg of plutonium per kilogram
of H20 were only 9 x 10~5 /zg/cm2/hr on titanium
and 2 x 10~sfig/cm2/hr on Zircaloy-2. At 150 and
250°C, plutonium adsorption was greater on
Zircaloy-2 than on titanium but at 23 and 80°C it
was greater on titanium.

The nature of plutonium adsorption at room tem
perature was different from that at elevated tem
perature: at room temperature the adsorption reac
tion reached equilibrium, Pu02 was not present,
and the plutonium could be desorbed.

Factors for concentration of Pu02 from a water
slurry at room temperature by centrifugation in a
/^-in.-dia hydroclone with a 35-ml underflow pot

varied from 2.6 to 8.8.

When a 1.4 mU02S04 (0.3% U235) solution con
taining no copper catalyst was irradiated in the
LITR at 250°C, there was no significant buildup
of radiolytic gas.

The solubility of Pu(IV) at 250°C in 1.3 m
U02S04-1.3 mLi2S04 solution in pyrex tubes was
5 to 6 mg per kilogram of H20; this is about twice
the solubility noted in 1.3 mU02S04 solution con
taining no lithium. The solubility of Pu(IV) at
25CPC in 4.0 m Li2SO4-4.0 mU02S04 solution
was 7.8 mg per kilogram of H20.

17. Equipment Decontamination

Since fission products and plutonium are bound
in the oxide corrosion film deposited on type 347
stainless steel by uranyl sulfate reactor solutions
at 250°C, removal of this film is necessary for
adequate decontamination and plutonium removal.
A chromous sulfate solution appears to be the
most applicable of several tested, since it dis
solves the oxide film and effectively removes the
plutonium and does not add objectionable foreign
materials to the reactor system.

Asolution containing0.4 MCrSO4-0.2 MK2S04-
1.0 MH2S04 at 87°C (under 5 psig C02) dissolved
the oxide corrosion film from type 347 stainless
steel in 2 hr and dissolved a heavy golden oxide
film from titanium in 10 hr. Plutonium decontamina

tion factors for type 347 stainless steel, titanium,
and Zircaloy-2 in the chromous sulfate solution at
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87°C for 3 to 4 hr were 1.4 x 103, 1.7 x 103, and
1.9 x 103, respectively. Corrosion rates for type
347 stainless steel, titanium, and Zircaloy-2 in
this solution at 87°C were 10, 7, and 2 mpy,
respectively.

PART VI. SUPPORTING CHEMICAL RESEARCH

18. Aqueous Systems at Elevated Temperatures

18.1 Alkali Metal Carbonate—Uranium Trioxide

Systems. —Data for the solubility of Li2C03 in
water disclosed the fact that the fourth power of
the lithium ion concentration is proportional to the
carbon dioxide pressure over a temperature range
from 40 to 290°C and at C02 pressures from about
200 to 2500 psi. This observation indicates that the
principal ionic species in solution are the lithium
and the bicarbonate ions. The solubility of U03 in
such solutions may be accounted for by assuming
the existence of complex bicarbonate ions such as
U02(HC03)(C03)23- and U02(HC03)2(CO,)24-.

18.2 The Quaternary Systems CuO-U03-S03-H20
and NiO-U03-S03-H20. - The 100°C isotherm for
the base-saturated region of the system CuO-
U03-S03-H20 was completed. All solid phases,
five in number, were identified, and the liquidus
surface was completely defined.

18.3 Stabilization of Th02 Sols - Sol E. - A
study of the physical and chemical properties of
Th02 sols was initiated. A particular sol, 2.5 M
in thorium and stabilized with Th(N03)4, was
characterized by measurement of its pH, density,
and viscosity and by observations based on x-ray
analysis and electron micrographs. The thermal
stability of the sol decreased upon addition of more
Th(NO_)4 solution. In no case was the thermal
stability sufficient to make the sol of interest as a
reactor blanket.

18.4 Adsorption of Water Vapor on ThOj at
Elevated Temperatures. — The determination of

isotherms from 260 to 36G°C for the adsorption of
water on

existence of a stable hydrate.
ThO, disclosed no evidence for the

19. Adsorption on Inorganic Materials

Study of the adsorptive properties of inorganic
materials continued. During the last quarter,
principal emphasis was centered on evaluation
of the stability of the materials under a variety of
conditions and on the development of techniques
for the estimation of their ultimate capacity. Work
is also under way on evaluation of the relative
anion-exchange and cation-exchange properties of
hydrous oxides, principally those of Zr(IV),
Sn(IV), and Th(IV). Application of the hydrated
oxides to the adsorption of fluorides from solutions
appears to be promising, as well as their use for
adsorption of chromates and for chromate analyses.

20. Radiation Studies of Thorium Nitrate Solutions

Preparations for bomb-type experiments for the
reactor irradiation of thorium nitrate solutions are

nearly complete. The back reaction between oxygen
and nitrogen to re-form nitrate will be studied.

21. Protactinium Chemistry

The extraction of tracer Pa from aqueous
solutions of hydrochloric acid by diisobutyl car-
binol was found to be dependent strongly upon the
molarity of the acid. This was also the case for a
previously reported extraction from nitric acid.
Measurements were made of the extraction of Pa233
from various aqueous solutions by di(2-ethyl-
hexyl)phosphoric acid, a good extractant for ura
nium and also an extractant for thorium. In prelimi
nary studies of thecolloidal behaviorof protactinium
at very low concentrations, treatment in four dif
ferent media followed by filtration gave indications
that all particles were less than 0.5 p in diameter.
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1.1 CONSTRUCTION

J. J. Hairston S. I. Kaplan W. L. Morgan

1.1.1 Reactor

A continuous labor force of approximately 60
craftsmen was kept busy installing reactor parts
at the construction site. Approximately 50 other
craftsmen were occupied in shop or test work
directly associated with construction. It appears
that the services of these people will be required
for at least two more months before the first test
phase can begin.

In the three-month period ending January 31, all
the process equipment and service piping in both
the fuel and blanket low-pressure systems was
installed. These systems are complete except for
electrical and thermocouple conduit and wires,
air lines to valve operators, and leak-detector
lines to valves. A total of almost 500 welds was

made in /^ to 3-in. process piping. Although in
spection was on the basis of the rigid HRP speci
fications, only three welds were rejected. Further
more, of the approximately 1000 socket welds
made on J^-in. leak-detector tubing, only 12 were
rejected.

A major difficulty which arose during work on
the process piping concerned the ring-joint flanges.
The flanges for the HRT were purchased to ASA
standards, which permit variations as great as
+0.005 in. in the pitch diameter of the ring groove.

On loan from Babcock & Wilcox Co.

2
On loan from Pennsylvania Power and Light Com

pany.

3
On loan from Union Carbide Nuclear Company, New

York office.

On loan from The Glenn L. Martin Co.

On loan from American Gas and Electric Company.

This tolerance, coupled with the gasket tolerance
(±0.008 in.), made it impossible for many of the
flanges to seal on both groove surfaces as re
quired by the flange leak-detector design.6 In
the course of this work it was determined7 that
flanges would always seal satisfactorily if the
tolerance on the pitch diameters of both ring and
groove was not greater than ±0.002 in. Only
179 flanges of the 427 that were tested were found
to be within this tolerance; the remaining 248
flanges were remachined.

As the low-pressure systems were completed,
attention was turned to the high-pressure equip
ment. The thermal shield which surrounds the

pressure vessel was completed first, and then the
core-pressure-vessel assembly (see also Sec. 2.2)
was prepared for installation. Figure 1.1 is a
photograph which shows the assembly resting on
the roof slabs covering the fuel-system equipment;
in the foreground are the blanket low-pressure
vessels and piping. Figure 1.2 shows the reactor
assembly immediately after it was lowered inside
the 2-ft-thick, cylindrical, thermal shield. The
reactor was followed by the blanket heat ex
changer, Fig. 1.3, and finally the blanket circu
lating pump. Figure 1.4 is a view of the inlet and
discharge lines being welded to the volute of the
pump. The prefabricated pipe lines which inter
connect these components will be mounted next.

1.1.2 Control Area

The major activities in the control area were
the wiring of the control system and installation
of the instrument cubicles and of the refrigeration
system.

6W. R. Gall et al. HRP Quar. Prog. Rep. Oct. 31.
1955. ORNL-2004, p 14-15.

Sealing Characteristics of Ring-Joint Flanges,
memorandum from S. I. Kaplan to S. E. Beall (Jan. 23,
1956).
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The control system wiring is probably 75% com
plete. Much of the remaining work is associated
with the three center panels which were revised
to accomodate late changes in the process flow
sheet.

The instrument cubicles are the 5-ft-dia welded

tanks located in the east and west wings of the
control area. They contain those instruments
which are connected directly to process lines.

Because the instruments may require relatively
frequent attention and because it is not desirable
to open the main reactor tank often, the instru
ments were located in the cubicles, which will be
sealed and shielded to the same requirements as
the reactor tank. Both cubicles were welded in

place, and 60% of the instrument lines were com
pleted.

1.1.3 Reactor Steam System

The reactor heat-removal system was completed
by the contractor, and is pictured in Fig. 1.5.
Although some instrumentation and electrical work
remains to be done by ORNL forces, the checkout
and startup of this system has begun.

1.2 OPERATIONS TESTING

T. E. Haynes
P. N. Haubenreich

J. 0. Kolb

R. Van Winkle

1.2.1 Fuel Low-Pressure Assembly

Testing of the fuel low-pressure dump-tank
assembly installed in its outdoor test stand was
completed early in December.

Listed below are the significant findings from
the test:

1. Moving the discharge end of the dump line
from the entrainment separator to the top of the
dump tanks appears to permit the entrainment
separator to operate without flooding during simu
lated fuel dumps, provided that there is no flow
through line 159 (the /£.irr. dump line bypass that
is provided to drain the low portion of the dump
line). It was observed that when line 159 was
open, jetting action at the end of the line caused
heavy entrainment. Several methods of correcting
this difficulty are being studied.

2. When the performance of the entrainment
separator during normal operation of the dump tank
evaporator was tested with solutions of trisodium
phosphate, and the condensate analyzed for

sodium, the observed decontamination factor, de
fined as the ratio of sodium concentration in the

dump tank to that in the condensate, was in the
range from 1,000 to 10,000 in all runs. There was
considerable scatter of the data, and no clear re
lation was observed between the decontamination

factor and either the evaporation rate or the dump
tank liquid level. More entrainment tests will be
performed with natural-uranium solutions.

3. In a study of condenser performance at
various rates of cooling-water flow during simu
lated dumps, the condenser became flooded with
from 75 to 250 lb of condensate — the amount

varied with heat removal rate — when the pressure
drop between the dump tank and the condenser
prevented the normal gravity return of liquid to
the dump tank. It was recommended that a valve
be installed in line 116 between the condenser

and the cold trap. This valve will close during a
dump to prevent transfer of liquid to the cold trap.

4. The pressure drop was measured as a func
tion of steam flow from the dump tank through the
entrainment separator, line 115, and the catalytic
recombiner to the condenser; the results were
found to be correlated by

AP = 4.1 x ]0~5w2v ,

where AP is the pressure drop (psi), w the steam
flow (Ib/min), and v the specific volume (ft /lb).
According to this result, all the piping between
the dump tank and the condenser has a flow resist
ance equivalent to 111 ft of 3-in., sched-40 pipe.
The actual length of line 115 is about 40 ft.

5. The aluminum foil insulation on the fuel

dump-tank assembly was found to be less effective
than had been predicted from earlier tests. When
six layers of 1.0-mil foil plus two additional
layers of 2.0-mil foil were used, the insulation
heat transfer coefficient was found to lie in the

range 1.5 to 3.5 Btu/hr-ft -F, which permitted a
heat loss of about 48,000 Btu/hr during the out
door tests. It was recommended that additional

layers of 2.0-mil foil be installed after the cell-
equipment installation is completed.

6. During a simulated dump with the relocated
dump line, the recombiner appeared to recombine
radiolytic gas continuously. In an earlier test of
the recombiner during a dump (with the dump line

I. Spiewak, Aluminum Insulation (Report No. 2),
ORNL CF-55-8-121 (Aug. 24, 1955).
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discharging into the entrainment separator), some
hydrogen and oxygen were unrecombined, as evi
denced by two explosions within the system fol
lowed by a very rapid decrease in pressure im
mediately after the dump was stopped. Hydrogen
was being injected into the system at a rate of
7.5 scfm, together with 3.75 scfm of oxygen.

Other testing work completed on the outdoor test
stand included measurement of the evaporation
rate as a function of steam pressure to the heating
jacket of the dump-tank evaporators, calibration of
the dump-tank and condensate-tank weighing mech
anisms, volume measurements of the dump tanks
and condensate tanks, observation of recombiner
bed temperatures as a function of flows of radio-
lyric gas and diluent steam, measurement of head
loss as a function of condensate flow through line
120 (returning condensate to the dump tank from
the condenser), and measurement of off-gas resi
dence time in the fuel low-pressure system as a
function of gas flow, condenser cooling-water flow,
and condenser heat load.

10

1.2.2 Blanket Low-Pressure System

The tests completed in the blanket dump-tank
assembly were measurements of the dump-tank
evaporation rates as a function of steam pressure,
the heat loss from the blanket low-pressure sys
tem (which has aluminum foil insulation), and the
recombination at normal evaporation rates. The
results of these measurements were satisfactory
and were similar to the information reported for
the fuel system.

1.3 OPERATIONS TRAINING

J. W.Hill, Jr.

The training program for the first group of ten
engineers continued along the lines outlined pre
viously. Another group of four engineers was
initiated into the program, and preparations were
completed to train ten technicians, starting Janu
ary 30.

9J. W. Hill, Jr., et al, HRP Quar. Prog. Rep. Oct. 31.
1955. ORNL-2004, p 7.
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2. HRT DESIGN
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2.1 GENERAL STATUS OF DESIGN

The following general items in the design of the
HRT were completed during this quarter:

Instrument cubicle piping
Oxygen metering system
Electrical and thermocouple conduit drawings
Air lines to instruments, valves, and weigh cells
Waste evaporator and associated piping
Charcoal adsorbers and associated piping
Bulkhead penetrations and details
Outer dump-tank support and piping layouts
Injection pump drive unit installation
Pressurizer redesign
Thermal shield fill, vent, and cooling water sys

tems

Approximately 95% of the working drawings for
construction of the reactor have been completed.
In the past quarter, some minor design revisions
were made throughout the system as construction
progressed, and a major redesign of the pressurizer
was finished.

2.2 ZIRCALOY-STAINLESS STEEL

TRANSITION JOINT

The HRT reactor vessel, as received from New
port News Shipbuilding & Dry Dock Co., had
provisions for flanged connections with flat metal
gaskets between the Zircaloy-2 core tank and the
stainless steel portion of the vessel. Gaskets
were not installed before shipment because a pro-

On loan from TVA.
2
On loan from Kaighin and Hughes, Inc.

3
On loan from American Gas and Electric Company.

4
On loan from Maxon Construction Co., Inc.

On loan from General Dynamics Corp.

On loan from Westinghouse Electric Corporation.

On loan from Pioneer Service & Engineering Co.

gram for developing a satisfactory gasket or an
improved joint design was still in progress.

Results of the development program have been
outlined by Segaser.8 The design finally de
veloped for the Zircaloy-to-stainless-steel joint is
shown by Fig. 2.1. It consists of a laminated,
titanium A-55 cylinder fitted into a very closely
confining machined groove in each of the mating
flanges. A gold gasket, 0.005 in. thick, is placed
in the bottom of each groove to effect a seal. The
bolts and nuts are made of a titanium alloy of the
following composition and room temperature prop
erties: 6.18% aluminum, 4.15% vanadium, 0.25%
iron, and the remainder, titanium; 155,000-psi yield
strength (0.2% offset), 163,000-psi ultimate
strength, 47.64% reduction in area.

2.3 STEAM PRESSURIZATION

Because of the unsatisfactory performance of
the previous pressurizer during operation of the
mockup loop, the pressurizer was redesigned to
eliminate contact of uranyl sulfate with heated
surfaces. The new pressurizer, shown in Fig. 2.2,
consists of a surge volume and a separate steam
generator incorporated into one pressure vessel.
The two parts are isolated by baffles to minimize
the transfer of uranyl sulfate into the steam gen
erator, which is supplied with condensate from the
low-pressure system.

Four heated legs are installed on the steam
generator, which has total capacity of 95,000
Btu/hr. This capacity is twice the calculated
heat required to compensate for losses and to
preheat the condensate feedwater at a rate of flow
of 109 Ib/hr. A prototype pressurizer of this

Q

C. L. Segaser, Zircaloy-to-Stainless Steel Transi
tion Pipe Joint Design Study, ORNL CF-55-12-72 (Dec.
5, 1955).

o

C. B. Graham et al., HRP Quar. Prog. Rep. Oct. 31,
1955. ORNL-2004, p 22.
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Fig. 2.1. Zircaloy—Stainless Steel Transition Joint.

design was constructed and is currently under
going tests in the mockup loop.

In addition to the liquid level controller which
maintains the fuel level in the pressurizer, a simi
lar instrument is required to indicate the water
level in the steam generator. The amount of water
retained in the generator is sufficient for about
1 hr of operation after the feedwater supply has
stopped. Feedwater in excess of pressurizing
requirements overflows into the fuel leg and serves
to purge the fuel leg. A liquid level indicator-
controller with magnetic damping was tested in
the shop and operated satisfactorily. At present
the design is being modified to facilitate adjust
ment of the instrument after it is installed in the

reactor.

2.4 GAS PRESSURIZATION

The feasibility of using gas to pressurize the
HRT system is being studied as an alternate to

12

D20 vapor pressurization. A gas pressurizer
would permit operation at temperatures no higher
than the reactor fuel exit temperature and would
allow the reactor to be pressurized faster than
does a steam pressurizer. The major disadvantage
of gas pressurization is the introduction of a
noncondensable gas into the reactor system. If
large quantities of gas were needed for normal
reactor operation, the present off-gas system de
sign would be inadequate.

A contract was awarded to Arthur D. Little, Inc.,
for the design of a gas pressurization system for
the HRT. Their preliminary process flowsheet
was reviewed and the specific problems were
defined. Their present work consists in com
pleting an engineering flowsheet, describing the
equipment and the system operation, and esti
mating the experimental effort necessary to de
velop the information required for complete, de
tailed design of the system.
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The A. D. Little proposal is based on the use of
oxygen, stored at about 3000 psi, as the pres
surizing medium. The oxygen is taken from stand
ard cylinders and compressed by diaphragm pumps
to the storage pressure. Means are provided to
prevent fuel solution from working back into the
oxygen supply system and to prevent accumulation
of explosive concentrations of radiolytic gases in
the pressurizer during normal operation and in the
reactor during a dump. Excess oxygen appearing
in the low-pressure system is removed by burning
it in hydrogen and removing the water formed,
prior to passage of the gases into the charcoal
beds. The presence of a substantial supply of
oxygen to the charcoal beds is considered an
unnecessary hazard, especially if there should be
hot spots in the bed and rapid oxidation, which
might release radioactive gases. By removing
the oxygen with hydrogen, only the latter is used
as a carrier through the charcoal.

2.5 THE OXYGEN-ADDITION SYSTEM

Oxygen will be added continuously to the HRT
fuel systems to replace the oxygen consumed in
the corrosion of metals and to prevent the reduc
tion of uranyl ions. It is planned to add the
oxygen to the low-pressure systems at the inlets
of the high-pressure fuel and blanket feed pumps.
Connections are also provided so that gas can be
supplied to the high-pressure systems if oxygen
concentrations greater than 100 ppm prove neces
sary. The design of the addition system is based
on studies by Youngblood, Visner,'1 and Van
Winkle.12

The oxygen system will consist of: (1) a mani
fold arrangement utilizing standard gas cylinders
for supplying gas at a pressure less than 100 psi
and an oxygen evaporator, Fig. 2.3, for supplying
pressures from 1000 to 3000 psi, (2) an oxygen-
metering and valve station located in the east
instrument cubicle, and (3) the accumulator tanks
and piping to the pump lines within the cell.

°E. Youngblood, Feed Pump Mockup, ORNL CF-55-2-
52 (Feb. 9, 1955).

S. Visner, Oxygenation of HRT Solution, ORNL
CF-54-7-34 (July 14, 1954).

1 2 R. Van Winkle, Specifications for the Fuel Oxygena
tion Systems, ORNL CF-55-7-13 (July 1, 1955).
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Fig. 2.3. Oxygen Converter.

Oxygen will flow from the manifold (located out
side the building) to the accumulator tanks inside
the reactor cell, from there to the instrument cu
bicle for metering and throttling, and then to the
process lines within the cell.

Check valves and block valves have been in

corporated to prevent a direct path for the escape
of radioactive solution in case of an accident. All

the system piping is of type 347 stainless steel.
The accumulator tanks act as an intermediate

storage volume, so that oxygen cylinders can be
replaced during operation or the converter can be
recharged. These tanks are always fully charged
and are interlocked with a pressure switch and
valve. The accumulators serve both the blanket

and fuel systems, but the metering systems and
piping within the reactor are separate.



2.6 PURGE PUMPS

The flow diagram for the HRT process systems,
as reported previously, shows only two purge
pumps, one in the fuel system and one in the
blanket system. Two additional purge pumps have
been added to the reactor systems. Each new
pump will deliver a maximum flow of approxi
mately 3.5 gph at 2000 psi. One will pump con
densate to purge the rotor cavity and bearings of
the fuel circulating pump, and the other will supply
condensate for purging the blanket circulating
pump.

The two purge pumps previously specified have
a capacity of approximately 17 gph each at 2000
psi. They will be used to supply condensate to
the fuel and blanket pressurizers. In this way the
flow of feedwater to the newly designed steam
pressurizers will not be affected by the needs of
the circulating pumps.

2.7 WASTE SYSTEM

One waste evaporator and one entrainment sepa
rator are to be used in place of the two originally
shown on the HRT flowsheets. The evaporator
has a capacity of 1/2 gpm, as compared with /. gpm
for each of the earlier units; the entrainment sepa
rator and associated piping have been enlarged to
handle this flow rate. 4 The revised unit (Fig.
2.4) now has three evaporator legs, and a bayonet-
type heater is incorporated to evaporate the solu
tion to a volume which can be handled by a
shielded waste carrier. Two condensers are to be

connected in parallel to obtain approximately
50 ft2 of condensing area.

2.8 INSTALLATION OF AIR-ACTUATED

VALVES

There are 44 air-actuated valves, ranging in
nominal size from ^ to 1 in., within the vapor-
tight enclosure of the HRT cell. Since such valves
and actuators are subject to failure, provisions
have been made to facilitate their replacement.
The drawing of a typical low-pressure valve in
stallation, Fig. 2.5, illustrates how the mounting
is accomplished in the cell. A fixture consisting
of two steel angle guides is permanently mounted

13R. B. Briggs etal, HRP Quar. Prog. Rep. April 30,
1955. ORNL-1895, p 3-15.

V. L. Carter et aL, Study of HRT-CP Waste Evapo
rator, Entrainment Separator, Condenser and Related
Piping, ORNL CF-55-11-143 (Nov. 25, 1955).
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relative to the flanges to which the valve con
nects. With a stop suitably positioned to limit
horizontal travel, the fixture positions the valve
and actuator assembly in three planes relative to
the cell flanges.

The valves are mounted between two piping
flanges. To remove a valve, it will be necessary
to remove the flange bolts which pass through
slots machined in the valve body and are held by
nuts tack-welded to the bottom flange. The valve-
bellows leak-detector disconnect and the two
valve-actuator air-line disconnects must be dis

engaged from mating members permanently located
in the cell. With a hoist attached to the lifting
bail located at the center of gravity of the valve
and actuator assembly and with the flanges spread
apart to clear the oval ring gaskets, the unit can
be moved horizontally on the guide rails. When
the valve body is clear of the flanges, the as
sembly can be removed vertically from the cell.
The same procedure will be followed in reverse
when a new valve and actuator assembly is being
installed.

It is contemplated that removal and replacement
will be accomplished with the cell flooded with
water. Maintenance personnel will work from plat
forms at the top of the tank, 13 to 24 ft above the
various valve locations. Freezer jackets are
provided on the inlet and outlet piping to limit the
light-water contamination of the system when the
flanged joints are spread. Special tools such as
wrenches, flange spreaders, and disconnect tools
are being developed to facilitate the remote main
tenance of valves. Care has been taken in the

layout of the cell piping, equipment, and supports
to ensure that all valves are accessible from
above.

2.9 HIGH-PRESSURE VALVE JIG

The method of installing high-pressure valves in
the HRT cell is similar to that used for the low-
pressure valves. However, the valve bodies are
welded into the piping instead of being directly
flanged to the piping. Flanges are provided at
some distance from each valve in both the inlet

and outlet piping to facilitate replacement.

There are 16 different configurations of the
valve body with respect to its piping and flanges.
A universal jig has been developed which estab
lishes the proper relation between the flange ring

15
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Fig. 2.4. Waste Evaporator.

grooves and the mounting points on the valve and
actuator which mate with the fixture in the cell.

The initial valve and flange configurations will be
made on this jig. When it becomes necessary to
replace a high-pressure valve, the jig will be
utilized to make a duplicate of the original valve.

2.10 BARYTES AGGREGATE-WATER

PLACEMENT TESTS

A series of tests 5 was conducted to determine
the density attainable by the use of a mixture of

J. E. Kuster, Lateral Pressure and Density of
Barytes Aggregate and Water Mixture, ORNL CF-55-10-
61 (Oct. 14, 1955).
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barytes aggregate and water as a shieldingmedium,
the lateral pressure exerted by such a mixture on
the containing vessel, and practical placement
procedures to be used in the field.

A steel tank (Fig. 2.6) was used in these tests;
it was 2 x 2 x 12 ft high, and it was instrumented
with strain gages. The strain gages, which were
used to measure the lateral pressure (Fig. 2.7),
were calibrated by filling the tank with water to
produce a known pressure on the tank. Density
measurements were achieved by weighing the tank,
empty and full, and dividing the difference by the
volume of the tank. Four tests were conducted in
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which different methods of placement and compac
tion were used. The maximum density obtained
was 222 lb/ft3.

Lateral pressures exerted by the mixture on the
tank were about the same for all the tests and

compared well with the values predicted by adding
hydrostatic head to Janssen's pressure, based on
the submerged weight of the aggregate. Janssen's
pressure is given by the formula.*

whe

wR r
— n •(m'*/K)4]

lateral pressure, lb/ft ,
w = weight of material, lb/ft3,
h = depth at which pressure is calculated, ft,
R = A/U hydraulic radius, ft,
A = area of bin, ft2,
U = perimeter of bin, ft,

fi' = tangent of <j>'i
4>' —angle of friction of material on wall,

k = (1 - sin 9b)/(l +sin 0),
4> = angle of repose of material.

Curves of depth vs lateral pressure are shown in
Fig. 2.7, with curves for a hydrostatic head and
for a fluid medium with a density of 219 lb/ft3. It

M. S. Ketchum, Design of Walls, Bins and Grain
Elevators. 3d ed., McGraw-Hill, New York, 1919.



is evident from these tests that satisfactory design
values can be derived by using the procedure de
scribed above.

As a result of these tests a practical procedure
for field placement of a barytes aggregate and
water mixture may be summarized as follows:

1. The barytes should be mixed in the ratio of
57% coarse barytes and 43% fine barytes, by
weight, plus such additional materials (colemanite)
as are required for the specific application. No
specification of gradation of the barytes is given,
since the barytes as stockpiled at Sweetwater,
Tennessee, will be used in the HRT.

PERIOD ENDING JANUARY 31, 1956

2. The mixture should be thoroughly saturated
with water by mixing either in a mortar box or in a
concrete mixer. This minimizes the amount of

entrained air carried into the fill and reduces the

dusting problem.
3. The mixture should be placed in lifts of not

more than 6 in., and a few inches of free water
should be kept over the surface at all times.

4. The mixture should be placed with special
care along the walls of the container and around
any projections, tie bars, or struts so that no
voids will be left under angles or other members
having flat surfaces or projections.

19
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Fig. 3.7. Analytical Results of Heat Exchanger Cleaning.

3.4 PRESSURE-RELIEF VALVE

A pressure-relief valve was obtained from the
Associated Valve & Engineering Co. for use in
limiting the pressure difference between the core
and blanket systems of the HRT. The valve has a
spring-loaded poppet designed to relieve when the
pressure difference is about 75 psi. In several
tests with steam and air the valve failed to reseat
after a few operating cycles. The leakage, during
an air test, was 12 cc/min at 10 psi and increased
to 1540 cc/min at 79 psi.

3.5 HRT PURGE PUMP

The test model of the HRT purge pump (used to
supply cold condensate to the circulating pump
bearings and the pressurizer) has been operated
for 3600 hr without failure. At the present time,
the drive unit is being modified to run at 30
strokes/min, in order to evaluate the operating
characteristics at a discharge rate of 2 to 5 gph.

3.6 HRT FEED PUMP

Since the operation of the 1.5-gpm feed pump
was not so satisfactory in the HRT mockup as it
was on the original test stand, a new loop is being
constructed to determine the pump performance on
a system more closely duplicating the HRT piping.
The principal trouble appears to be gas binding,
which occurs when, through faulty operation or
control, oxygen is injected into the pump suction
at a rate approximately twice that specified for
HRT operation. After the performance tests and
other developments have been completed, the loop
will be used for long-term endurance tests. The
loop is approximately 60% complete.

3.7 GLASS MODEL OF NEW HRT PRESSURIZER

DESIGN

A glass model of the connection between the
circulating system and the pressurizer was tested
for mixing characteristics. Cold water containing

23
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cracking) below 1 ppm in the two samples checked.
However, the chloride concentration was 2 ppm
in the U02S04, and sampled corrosion products
contained 19 to 400 ppm CI.

3.9.3 New Steam-Pressurizer Test

Following the gas-pressurized operation, the
letdown exchanger was replaced and the pressur
izer rebuilt to conform to the new HRT design
(Fig. 3.8). In this installation, water is pumped
through the electrically heated legs into the pres
surizer drum. Excess water and condensate from

the drum overflow into the pipe which connects the
drum to the circulating loop. As this water flows

UJ
I-

s.
-I

or
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through the connecting pipe, it cools and mixes
with fuel solution. Thus, only water is at the high
temperature (~335°C) of the pressurizer.

The loop was operated with U02S04 for 145 hr;
during this time the average corrosion rate was
5 mpy. Corrosion and fuel stability data are pre
sented in Fig. 3.15. The relatively high corrosion
rate is believed to be due principally to a leak
around the thermal barrier of the circulating pump.

When the pump was disassembled, the O-ring
gasket was found to be partly destroyed and the
metal in the vicinity of the gasket severely at
tacked. The pump was repaired by seal-welding
the barrier to the stator assembly.
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Fig. 3.15. Chemical Analyses of HRT Mockup Fuel During Steom-Pressurization Run with Modified
Pressurizer Design - Dec. 29, 1955, to Jan. 4, 1956. All analyses corrected to a constant sulfate con
centration of 7.6 g/liter.
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The pressurizer system and thecorrosion samples
in it were examined, and no localized attack was
found. A slight precipitate of (U02)3(P04)2-4H20
was observed in the lower half of the horizontal

pipe connecting the pressurizer to the loop. How
ever, the phosphate was present because of con
tamination from a previous cleaning of the loop.
Since no copper or uranium oxides were present in
the solids removed from the pressurizer system,

30

preliminary indications are that the revised pres
surizer design will be suitable for the HRT. The
location of solids indicated that the purge stream-
solution boundary was as shown in Fig. 3.8, con
firming model tests (see Sec. 3.7).

Following repair of the circulating pump and
conversion to an HRT-prototype purge pump, the
test of the revised pressurizer was resumed.
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4. HRT REACTOR ANALYSIS

P. R. Kasten

H. C. Claiborne D. M. Johnson'
P. N. Haubenreich J. 0. Kolb

M. K. Hullings M. W. Rosenthal

4.1 PRESSURE RISE FOLLOWING STOPPAGE

OF HEAT REMOVAL

M. W. Rosenthal H. C. Claiborne

Following sudden and complete stoppage of heat
removal from the core system, energy will continue
to be generated throughout the fuel solution by
fission-product decay and to some extent by the
fission process. This situation would be approxi
mated if the liquid on the shell side of the heat
exchanger were quickly removed or if the core
fluid flow were suddenly and completely stopped.
If there were no heat removal from the system, the
generated energy would raise the temperature of
the fuel solution and cause it to expand. Fluid
expansion would reduce the free volume in the
pressurizer and raise the operating pressure un
less fluid were removed from the core system.

The pressure rise as a function of time was
evaluated for the above situation; calculations
were made for several rates of liquid discharge
through the letdown valve and of vapor discharge
through the pressurizer vent line. The results are
given in Fig. 4.1 for various discharge rates. The
fluid expansion rate as a function of time was ob
tained from calculations by Hill3 in which stop
page of flow was assumed after long-term opera
tion at 5 Mw. The pressure-rise calculation was
based on the assumption of adiabatic compression
of the vapor in the pressurizer.

As shown in Fig. 4.1, with no fluid discharge,
the pressure would reach 2800 psia in 38 sec and
continue to rise until some safety device was
actuated. However, a total discharge rate of
2 gpm appears to be sufficient to prevent the pres
sure from reaching 2800 psia.

On loan from The Glenn L. Martin Co.
2

M. W. Rosenthal and H. C. Claiborne, Effects of Heat
Generation and Heat Removal on HRT Shutdown and
Dump, ORNL CF memorandum (to be issued).

J. W. Hill, Jr., HRT Power and Fuel Temperature
After Fuel Circulation Stops, ORNL CF-54-9-64,
(Sept. 9, 1954).

4.2 HRT DUMP ANALYSIS

M. W. Rosenthal H. C. Claiborne M. K. Hullings

The pressure-time relation during an HRT dump
was calculated for various combinations of heat-
generation, heat-removal, and venting conditions.
The results, presented in Figs. 4.2 and 4.3, repre
sent cases where reactor after-heat and vapor con
densation in the heat exchanger were, and were not,
considered. The results in Fig. 4.2 are based upon
the assumption that the dump valve opened when
the core pressure was initially 2000 psi, while for
Fig. 4.3 it was assumed that vapor was initially
vented from the pressurizer and that the dump
valve opened when the pressure had dropped to
the level corresponding to saturation conditions in
the core.

Since some heat-transfer surface in the heat ex

changer becomes exposed as soon as 28 liters of
liquid has been discharged from the high-pressure
system, it was necessary to consider heat removal
by vapor condensation within the heat exchanger.
Four different models were used to obtain the rate
of heat removal from the core. These were based
on two different heat-transfer coefficients for

vapor condensation inside the heat exchanger
tubes and on two different volume heat capacities
for the heat exchanger. For these cases the
condensing coefficient was assumed to be either
infinite or 1000 Btu/hr-ft2.°F. In both instances a
tube-wall resistance and shell-side boiling coef
ficient were considered. The volume heat ca

pacity was assumed to be either infinite or the
capacity associated with the tube metal plus a
given mass of fluid on the shell side of the heat
exchanger. For both cases the minimum shell-side
pressure was assumed to be 520 psia.

With no initial venting, the pressure decreased
rapidly as the overpressure was relieved, as shown
in Fig. 4.2. When heat removal was considered,
the subsequent high rate of pressure drop resulted
from the rapid condensation of vapor as the heat
exchanger surface was exposed. With heat removal
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Fig. 4.1. Pressure in HRT Following Flow Stoppage in the Absence of Heat Removal or Venting.
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Without Initial Venting. Dump of core system following operation at 5 Mw.

and constant shell-side pressure, the core pres
sure leveled off at slightly above 520 psia. When
the heat exchanger pressure increased with time,
the core pressure curve was displaced upward.

A 30-sec vent period was assumed for those
cases in which venting was considered. Since no
vapor would be exposed to a condensing surface
until the overpressure had been relieved, the pres
sure would not decrease so rapidly (Fig. 4.2 vs
Fig. 4.1). The dashed line in Fig. 4.2 represents
the blanket pressure-time behavior and was based
on calculations by Pasqua4

4.3 MISCELLANEOUS SHIELDING

CALCULATIONS

P. N. Haubenreich J. 0. Kolb D.M.Johnson

A number of shielding calculations were carried
out during the past quarter. Calculations for the
off-gas lines and the charcoal adsorbers were
revised to include the recent information on decay

schemes of some of the fission products involved
and to take into account revised estimates of
delay time of gas inside the reactor cell. Eight
feet of earth, or an equivalent weight of denser
material, will be required over the off-gas line.
Ten feet of earth, or its equivalent, will be placed
over the pit containing the charcoal adsorbers.

The original design of the samplers included a
shield plug 25 in. thick containing lead shot in
water. Because the sample valves are longer
than had been expected, the plug must be somewhat
thinner. Calculations indicate that the thickness
could be safely reduced by as much as 4 in., which
is more than enough to accommodate the longer
valves.

4P. F
from HRT Dump Test. Phase I,
(Oct. 6, 1955).

5W. R. Gall et al., HRP Quar. Prog. Rep. July 31,
1955. ORNL.1943, P 13-15.

Pasqua, Report on Analysis of Data Obtained
' ORNL CF-55-10-14,
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Fig. 4.3. Effects of Heat Generation and Heat Removal on Pressure-Time Relation During HRT Dump
With Initial Venting. Dump of core system following operation at 5 Mw.

The carrier in which samples are to be trans
ported will have 6 in. of lead on the sides, 5.5 in.
on the top, and 5 in. on the bottom. Calculations
show this shielding to be adequate for carrying
5-ml samples from the fuel high-pressure system;
these samples will be the most radioactive ones
taken from the reactor.

4.4 THERMAL-SHIELD TEMPERATURES

P. N. Haubenreich J. 0. Kolb

The diameter and spacing of the cooling-water
passages in the thermal shield were determined by
calculations in which the cooled region was ap
proximated by a cylinder in which there was uni
form volumetric heat source. The cooling system
was designed to maintain temperatures in the
shield at values below the boiling point of water
at the cell pressure at reactor powers up to 10 Mw.

*W. R. Gall et al.. HRP Quar. Prog. Rep. Oct. 31.
1955, ORNL-2004, p 8.
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More detailed calculations of the distribution of

the heat source in the shield indicate that this

shield temperature criterion will be met when the
reactor is operated with a DjO reflector. If,
however, the reactor is operated with a natural-
uranium blanket, the heat production in the inner
portions of the shield will be much more intense
as a result of the fast-neutron leakage from the
blanket. Calculations of temperature distributions
in the side walls by a relaxation procedure indi
cate that the temperature at some points will reach
the boiling point of water if the core power is
above 6 Mw. This is not considered to be a seri

ous limitation, because operation at higher powers
is not planned and, in any case, would only result
in vapor pockets at hot spots; this would not
significantly reduce the average shield density.

P. N. Haubenreich and J. 0. Kolb, Further Calcu
lations of Heating and Temperature Distributions in
HRT Thermal Shield, ORNLCF memorandum (to be issued).
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5. HRT CONTROLS AND INSTRUMENTATION

D. S. Toomb

A. M. Billings L. R. Queries'
J. R. Brown

C. H. Gabbard

J. C. G"ncllach
R. L. Moore

5.1 GENERAL STATUS

The construction of the instrumentation and

control system and the checkout of completed
circuits are continuing. Wiring in the main and
auxiliary control rooms is complete, and the inter
connections are now being made. Valves and
instrument components are being bench-tested as
they are received from vendors; tests, to date,
indicate performance in agreement with the design
specifications.

Materials ordered now total $184,000, of which
$75,000 is for the reactor core- and blanket-system
valves and $29,000 is for steam- and auxiliary-
system valves.

The instrument-application index tabulation,
which relates the process flowsheets to the
instrument specification sheets and the reactor
installation drawings, was issued.

Explosion-proof screw-type cover Condulets have
been selected for the reactor-cell electrical-

conduit installation. Covers and joints will be
seal-welded for final waterproofing.

A heater-thermocouple-type liquid-level alarm
probe was constructed and tested as part of the
liquid-level instrument development program; it
was found to have excessive time lag and poor
reproducibility. A unit utilizing smaller thermo
couple heater assemblies will be built in an effort
to improve this instrument.

5.2 LIQUID-LEVEL TRANSMITTERS

Two prototype pressurizer-level controllers, in
corporating different damping mechanisms, have
exhibited stability sufficient for control of the
letdown valve, which throttles a mixture of reactor
liquids and gases from the high-pressure piping
to the low-pressure dump tanks.

The hydraulically damped model now installed
on the HRT mockup loop is shown in Fig. 5.1.

Consultant, University of Virginia.

R. E. Toucey
W. P. Walker1
K. W. West

Movement of the soft-iron core is sensed through
the wall of the float housing by a differential
transformer. The suspension springs are Iso-
Elastic2 alloy with a 3-mil gold plate. The gold
plate is desirable for corrosion protection but
unfortunately affects the constant-temperature-
modulus characteristics of the alloy. Titanium
plating of Iso-Elastic is being investigated.
Elgiloy3 spring alloy has shown excellent cor
rosion resistance without plating and will be
tested as soon as suitable quantities are received.

With a radial clearance of k, in. around the
damping disks, a vibration of 0.015 in. is reduced
almost to zero in 16 sec. Instrument full-scale
deflection at the test temperature of 636°F was
approximately 0.020 in.

The second type of level controller, which is
magnetically damped, is shown in Fig. 5.2. It
utilizes the same springs and electric motion
transmitter as the hydraulically damped unit. Float
motion is damped by the action of the magnetic
field on a copper ring, which is encased in stain
less steel for corrosion resistance. The field of

the permanent magnets acts through the non
magnetic stainless steel pressure housing, thus
permitting damping action without small clearances
between the housing and moving float extensions.
Damping oscillograms for this unit are shown in
Fig. 5.3. The initial float displacement was
0.040 in., and the vibration decreased almost to
zero in 2 sec with the magnet assembly in place.

5.3 VALVES AND OPERATORS

5.3.1 HRT Low-Pressure Valves

Delivery and testing of the HRT low-pressure
valves are 90% complete. Elimination of leakage
between plug and seat of the air-operated valves
gave some difficulty due to a slight out-of-

2John Chatillon &Sons, New York 38, N. Y.

3Elgin National Watch Co., Elgin, III.
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Fig. 5.3. Damping Action of Assembly Shown in Fig. 5.2.

roundness of the bore of the precision-cast and
•ground Steliite No. 12 seats. However, satis
factorily low leakage rates were achieved by hand-
lapping.

5.3.2 HRT High-Pressure Valves

Sixty per cent of the HRT high-pressure valves
are now on hand, and the remainder should be
delivered by February 1. Radiographs, leak tests,
and hydrostatic tests have all been satisfactory.
An HRT-model letdown valve was installed on the

HRT mockup for performance tests under simulated
reactor-operating conditions.

5.3.3 Dump-Valve Operator

A prototype model of the dump-valve operator
shown in Fig. 5.4 was cycled 20,000 times without
failure. This operator has an effective area of
68 in.2, will operate with air pressures up to
80 psi, and has a maximum stroke of \ in. Its
construction is suitable for high-temperature oper
ation in nuclear radiation fields. Four such

operators are to be delivered by the vendor4 by
February 1.

5.3.4 Small-Valve Operator

The operator for the small valves is shown in
Figs. 5.5 and 5.6. This operator has an effective

Fulton-Sylphon Division, Robertshaw-Fulton Con
trols Company, Knoxville, Tenn.
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area of 48 in. , is
pressures, and has a maximum stroke of k in.
Prototypes have been cycled 60,000 times in the
vendor's plant5 and 20,000 times by ORNL without
failure.

rated to 60-psi operating

5.3.5 Valve-Trim Testing Program

Eight trim-material combinations have been
tested in the valve-trim-material testing program,
utilizing the valve-test loop.6"8 Best performance
was obtained with a set of trim fabricated from

titanium alloy Ti-130A. Leakage before testing
resulted in a pressure-rise rate of 6 jx/min, and,
after 404 "dump" cycles, this had increased to
16 ft/min. Appearance of the trim after testing was
excellent. The plug showed a weight loss of
0.0086 g, and the weight loss of the seat was
negligible. Other samples of trim were obtained
from several manufacturers for testing.

The Annin Company, Los Angeles 23, Calif.

6C. B. Graham et al., HRP Quar. Prog. Rep. Oct. 31,
1954. ORNL-1813, P 109.

D. S. Toomb et al.. HRP Quar. Prog. Rep. Oct. 31,
1955. ORNL-2004, p 31.

a

A. M. Billings, HRP Experimental Valve Program,
ORNL CF-56-2-42 (Feb. 14, 1956).



Fig. 5.4. Dump-Valve Operator.
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6. HRT FUEL PROCESSING PLANT

F. R. Bruce W. E

W. D. Burch

W. L. Carter

G. W. Gray
C. E. Guthrie

P. A. Haas

C. C. Haws

R. 0. Ivins

Although the fuel processing plant for the HRT
has been in the course of design for about a year,
there has not yet been a comprehensive report on
the entire plant. The discussion which follows is
intended to present matters which have not been
completely reported previously and to delineate
and interrelate the various problems.

During operation of the HRT, fission and corro
sion products will be formed and will accumulate
in the fuel solution. In the scheduled demonstra
tion the concentrations of these poisons will not
build up sufficiently to interfere seriously with
reactor operation. However, in a large power-
producing facility, continuous removal of foreign
atoms would be essential for high neutron effi
ciency. The most serious poisons are the rare-
earth fission products, with corrosion and other
fission products being secondary.

The HRT system will be provided with a chemi
cal plant to demonstrate a method for continuous
removal of fission and corrosion products from the
reactor fuel solution. A portion of the circulating-
fuel stream will be bypassed through this plant
(abbreviated HRT-CP) for cleanup and will be
returned to the reactor fuel system. Fortunately,
the solubility of the rare-earth sulfates decreases
as the temperature increases, and at the operating
temperature of the reactor (300°C) they are 500 to
1000 times less soluble than at room temperature.
Some of the corrosion products (zirconium, iron,
and chromium) hydrolyze at this temperature to
form insoluble oxides. This condition is favorable
for use of solid-liquid separation methods on the
bypassed fuel stream.

At 5-Mw power about 1.3 g of insoluble rare-
earth fission products per day would be produced.
Laboratory data indicate that at 300°C a rare-earth
solubility of 0.03 to 0.09 g/liter can be expected.
The reactor will operate from two to four weeks
before the fuel solution is saturated and rare-earth
fission products begin to precipitate.

linger E. 0. Nurmi

R. B. Lindauer

F. C. McCullough
P. E. Novak

A. M. Rom

H. 0. Weeren

H. E. Williamson

R.H.Winget

Corrosion products, being less soluble than fis
sion products, will appear earlier as solids. At
corrosion rates of 10 mpy for the zirconium core
tank and 1 mpy for the stainless steel parts, the
solids accumulated in the reactor fuel will be pre
ponderantly corrosion products (Table 6.1).

TABLE 6.1. PREDICTED SOLIDS PRODUCTION

IN THE HRT

Core power: 5 Mw

Corrosion rates: stainless steel, 1 mpy
zirconium core, 10 mpy

Compound

Expected

Production

Rate

(g/day)

Total Solids

Composition

(wt %)

ZrOj 24 44

Fe2°3 22 41

Cr203 6.8 13

(RE)2(S04)3* 2.6 2

*An approximately equal quantity of insoluble fission
products other than rare earths (alkaline earths, zirco
nium, ruthenium, rhodium, palladium, and probably molyb
denum) is expected to precipitate from the reactor fuel
solution.

The HRT is being installed in Building 7500
(Figs. 6.1 and 6.2), which originally housed the
HRE. Space for the HRT-CP has been provided ad
jacent to and just south of the reactor cells. The
facility consists of an office and operating area
above grade and four cells below grade (Fig. 6.3).
The surrounding earth supplies someof the support
and shielding. Access to the cells is from the top
only. The cells are separated from each other by
4-ft walls of barytes concrete and from the reactor
cell by 5 ft of colemanite-concrete radiation
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shields. Pipe-line connections passing through
the shield will connect the chemical plant area
with the reactor fuel and blanket systems. The
main processing equipment will be in cell C, cells
A and D are for auxiliary equipment and instrumen
tation required by the process, and cell B is re
served for future blanket processing equipment.

Cells A and B are rectangular tanks fabricated
from 7^-in.-thick steel plate. The lower 4 ft and
the bottom of the tanks are clad with H6-in. type
304 stainless steel. Five coats of Amercoat were

used to protect the steel above the clad portion.
Concrete walls up to 4 ft thick back up the steel
walls structurally and provide shielding.

The main processing cells, B and C, are 24 ft
long, 12 ft wide, and 20 ft deep. Auxiliary cell A
is 27 ft long, 12 ft wide, and 25 ft deep and is
broken into three levels by permanent floors.
Cell D is 40 ft long, 9 ft deep, and 9 ft wide. The
process equipment inside the shielded cells will
be operated from cells A and D; hence, only equip
ment which will not be radioactive is located in

these cells.

Cells B and C are designed for a maximum in
ternal pressure of 50 psia and will normally be
operated at 7.5 psia. The tops of the cells (or
tanks) will be covered with two layers of concrete
plugs similar to the arrangement of the reactor
plugs. Between the plug layers a thin steel mem
brane welded at its periphery to the tank will
hermetically seal the cell. The maximum accept
able leakage rate of air into or out of the cells has
been set at 200 cc/min STP, dictated by the
severity of the radioactivity hazards that would
result from vapor leaks of process solution ex
ceeding this figure.

Access of instrument, cooling water, steam, and
other similar lines to the main cells B and C will

be through 12-in.-dia sleeves cast into the walls.
The sleeves will be prefabricated and installed in
place, and continuation lines will then be run from
each end of the sleeve. Lead shot will be used

for sleeve shielding, and the sleeve itself will be
welded into the tank wall to maintain the leak

tightness. Use of sleeves in this manner allows
flexibility in design and also ease in future
modifications. Some lines connecting the reactor
equipment with the chemical plant and various
drain lines and vent lines were cast into the wall

during construction.

PERIOD ENDING JANUARY 37, 7956

The chemical plant (Fig. 6.4) is divided into
high- and low-pressure sections. A small portion
of the reactor circulating-fuel stream is bypassed
through the high-pressure section, where solids
are concentrated in a small volume of fuel solution

by a solid-liquid hydroclone and then removed, the
bulk of the fuel being returned to the reactor. Op
eration of the high-pressure system is continuous
for a specified period, which is normally two days
each week. At the end of this time the high-
pressure system is isolated from the reactor and
then cooled to reduce its pressure. The con
centrate is sampled, then discharged to the low-
pressure system, where it is stored for decay of
radioactive material.

Only about 1% of the reactor fuel is burned each
week, and each batch removed will contain about
85 gof U235. Recovery of the uranium will require
a dissolving step followed by solvent extraction.
Dissolution of the solids is very difficult because
the chief component, Zr02, resists attack by con
ventional solvents. Fluoride ion appears to be
successful in dissolving Zr02, but materials of
construction resistant to corrosion by fluorides
are largely limited to the noble metals. Nitric
acid containing 1% HF shows promise of dissolv
ing Zr02 ar,d is not intolerably corrosive to type
309 SCb stainless steel. Dissolving equipment
has not been designed, but space for it is re
served in the shielded cell. No difficulty is
anticipated in the solvent-extraction step, which
will be carried out in existing facilities.

6.1 HIGH-PRESSURE SYSTEM

The high-pressure system is composed of a
heater, screen, hydroclone, underflow receiver,
and pump. It operates at reactor temperature and
pressure conditions (300°C and 2000 psia) con
tinuously during any particular period of operation.

From the main circulating loop of the reactor
downstream of the gas separator, 0.75 gpm of fuel
solution is removed and passed through the high-
pressure equipment in the order specified in Sec.6.
The same quantity of purged fuel is returned to the
main circulating loop just upstream of the canned-
rotor pump (type 400A) used to circulate the reac
tor fuel. In its passage through the chemical plant
the fuel bypasses the main heat exchanger. This
provides feed of maximum temperature and takes
advantage of the pressure drop across the reactor
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Fig. 6.4. Schematic Flow Diagram of HRT Chemical Processing Plant.
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heat exchanger to furnish a portion of the energy
needed to move the stream through the chemical
plant. The effect of this bypassed stream on the
power efficiency of the reactor is negligible, since
it is only 0.75 gpm of a total reactor circulation
rate of 400 gpm.

The retrograde solubility of rare-earth solids
with temperature makes it important that the solu
tion be removed from the reactor at the hottest
point. For this reason the take-off point is located
upstream from the heat exchanger and downstream
of the gas separator to obtain a gas-free feed.
There is a possibility that a gas-laden feed might
introduce flow disturbances that would adversely
affect the efficiency of the hydroclone.

Insoluble fission and corrosion products are
separated by the hydroclone and collected in the
underflow receiver. The hydroclone divides the
bypassed stream into an underflow and an overflow
stream, causing solids to report to the underflow.
The concentration of solids in the underflow is
thereby made 25 to 50 times higher than that in the
fuel solution. From the receiver the insolubles
are removed in batches by closing valves to iso
late the underflow receiver from the reactor, then
reducing the pressure to atmospheric by cooling
and draining the contents to the low-pressure
system.

6.1.1 Heater (H-3)

The heater in the high-pressure loop adjusts the
temperature and provides a possible collection
point for particulate matter. A few degrees of
temperature will be lost in the lines between the
reactor and the HRT-CP, and at the lower tempera
ture the solubility of the particulates is increased,
the rare earths being about twice as soluble at
275°C as they are at 300°C.

Loop experiments performed at about 300°C and
2000 psia have shown that both fission and corro
sion products have an affinity for a hot surface.
These products tend to deposit on a hot wall even
though the wall temperature may be only a degree
or two higher than the bulk temperature of the
fluid. It has been theorized that inverse solubility
causes precipitation in the hot film on the wail
surface and that the particles continue to accumu
late at this point. The heater will be used to test
the deposition of solids on a hot surface, and, in
this sense, the heater may serve as a solid-liquid
separator. Reversing the condition - making the

PERIOD ENDING JANUARY 31, 7956

heater walls colder than the bulk of the solution —

causes the precipitate to return to the solution,
although redissolution may not be complete. Pro
visions are made in the design to permit back-
flushing the heater with cold fuel solution to
facilitate solids removal.

At temperatures of 330^ and above, U02SO..D20
solutions at reactor concentrations of 10 g of
uranium per kilogram of D,0 separate into two
liquid phases (Fig. 6.5). Since the heavier liquid
phase contains the bulk of the uranium, it is not
desirable to feed such a stream to the hydroclone
where uranium can be concentrated in the under

flow receiver, and careful control must be main
tained on the heat input to the heater.
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Fig. 6.5. Two-Liquid-Phase Region of Uranyl
Sulfate in HjO and DjO.

6.1.2 Screen (F.I)

The screen, which protects the hydroclone from
plugging, is constructed of a I^-in.-OD, 30-in.-long
titanium tube which has been perforated with a
number of T^-in.-dia holes, slightly smaller than
the smallest opening (0.10-in. dia) in the hydro-
clone. The screen will retain particles larger
than can be accommodated by the hydroclone.
Provisions are made for flushing solids off the
screen.

6.1.3 Hydroclone and Underflow Receiver

The hydroclone is a cyclonic device which
makes use of an induced centrifugal field to sepa
rate solids from liquids. There are no moving
parts in the unit; the centrifugal field is obtained
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by a tangential entry of the feed stream under
pressure into a conical interior. The hydroclone
was selected in preference to a filter, which would
have to be cleaned and maintained remotely, and to
a centrifuge, whose moving parts would introduce
maintenance problems. Further, a centrifuge would
have to be a canned-rotor, continuous-discharge
type to comply with the no-leakage requirement;
such a centrifuge has not been developed. After
operation for 1366 hr in a corrosion test loop the
dimensions of the overflow and underflow ports of
an experimental 0.4-in.-dia titanium-lined hydro-
clone were not detectably changed. The erosion
rate at a point about 7^ in. above the underflow
port was estimated to be about 50 mpy.

In the hydroclone the feed stream is divided into
an underflow and an overflow (Fig. 6.6). The

Reactor Handbook, vol. 2, p 649, TIS, Oak Ridge.
May 1955.

OVERFLOW PORT-

FLANGE

VORTEX FINDER

Fig. 6.6.
Receiver.
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proportion of the feed that reports to each of these
streams affects the efficiency of solids removal
from the clarified overflow and the concentration

of solids in the underflow. In the HRT-CP the

hydroclone design is such that about 2% of the
feed stream reports to the underflow. This pro
vides the necessary high ratio of the concentra
tion in the underflow receiver to that in the feed.

Hydroclones operated with an integral underflow
receiver have no net underflow but an induced

circulating underflow that provides the high con
centration factor desired. The solids content of
the underflow receiver would increase as a loga
rithmic function, approaching a maximum value
which is a function of the feed stream concentra
tion. The unit would be operated long enough to
approach that equilibrium and then shut down to
discharge the underflow receiver contents. The
significance of such an installation in the HRT-
CP is that the unit can be run for extended periods
to process a bypassed stream from the reactor and
that the fuel inventory in the underflow receiver
will be small and constant.

One characteristic of the hydroclone is the large
throughput for even small units. Small-diameter,
| "
4 in., hydroclones remove submicron particles

more effectively than do larger hydroclones; they
have a smaller capacity but a higher pressure drop.
Efficiencies greater than 95% were observed for
separation of particles 1 fi and larger; for the
0.2-/1 particles, efficiencies are about 30%. The
throughput capacity of this device is about 0.25
gpm with a pressure drop of 40 psi. Even this
small capacity is about three times that needed
for the HRT-CP.

The possibility of the hydroclone ports becoming
plugged argues strongly in favor of the largest unit
consistent with adequate efficiency. The 400-
mil-dia by 2.4-in.-long hydroclone can separate
particles of the order of 0.5 p with efficiencies of
about 50%. The capacity of this hydroclone is
0.75 gpm with a 20-psi pressure drop; its port
sizes are three times as large as those of the
/^-in.-dia hydroclone.

The HRT-CP hydroclones are to be operated
intermittently to compensate for their excessive
throughput capacity. A study1 was made which
indicated that it probably would be of little value
to operate more than two continuous days out of
each seven. In the two days of being on stream,
essentially all solids produced in the previous



five days are removed; further operation would only
keep the removal rate the same as the production
rate, which is small. The solids concentration
in the reactor can be lowered by extending the
operating cycle (Fig. 6.7).

UNDERFLOW RATIO = 2%

-250-mil-dio HYDROCLONE

-400-mil-dia HYDROCLONE

UNCLASSIFIED
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HYDROCLONE ON-TIME (% of cycle time)

Fig. 6.7. Solids Concentration in Circulating
Reactor Fuel as a Function of Hydroclone Operating
Time.

The size and shape of the underflow pot also
affect the concentration of solids in the reactor.

As the ratio of underflow to feed increases, the
concentration to which solids in the reactor can

build up also increases (Fig. 6.8).

6.1.4 Pump(P-l)

The only piece of mechanically operated equip
ment in the plant is a canned-rotor pump, which
supplies part of the energy for moving 0.75 gpm
of fuel solution through the plant. A vertically-
installed, canned-rotor pump of ORNL design is
still running smoothly in loop A after 2100 hr of
operation.

The total pressure drop through the high-pres
sure system is of the order of 40 psi, of which
about 16 psi is furnished by the pressure drop
across the main heat exchanger in the reactor fuel
system, with the balance made up by the pump.
Since the high-pressure system operates com
pletely flooded, that is, without any gas space, the
pump may be placed in either the feed or the clari-
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Fig. 6.8. Reactor Solids Concentration as a
Function of Induced-Underflow Ratio. Hydroclone
operated 90% of cycle time.

fied overflow line. The overflow line is preferred
to minimize particle attrition of the pump parts.

The pump is designed to operate from a variable
frequency power supply of 30 to 80 cps for control
of pump speed and thereby fuel throughput through
the plant. In the tests of an ORNL canned-rotor
pump the a-c electrical supply frequency was
varied from 26 to 90 cps. The observed heads can
be represented by

H = 0.0122 Z)1-3/'-6 ,

where

H = output head in feet of liquid for 0 to 2 gpm
flow,

D = impeller diameter, in.,
/ = a-c electrical supply frequency, cps.

6.1.5 Valves, Flanges, and Freeze Plugs

The processing plant will use valves ordered to
the same specifications as those procured for the
reactor for corresponding service. HRP-grade,
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type 347 stainless steel trim on test valves sur
vived 24,000 open-close cycles against a 500-psi
cold-water head before developing a leakage rate
of 100 ml/min; Stellite-6 trim developed that leak
age rate in 10,000 cycles.

Flanges tend to leak at operating temperatures
because of the expansion of the flange bolts.
When the flanges are not insulated, the flange
bolts are cooled by the ambient air, and the threat
of leakage is minimized. Equipment tests are in
progress to ascertain the rate of heat lost from
uninsulated flanges and to ascertain the effective
ness of spring-loading to accommodate the thermal
expansion of the flange bolts.

Freeze plugs will be used in the process plant
to ensure against leakage from high-pressure
valves and, where feasible, to replace a valve that
would otherwise be required. With 0.04 MU02S04
solutions freeze plugs (Fig. 6.9) were pressure-
tight up to 7600 psi. Plugs could be formed in a
/^-in.-IPSpipe under a fluid flow of up to 6 ml/min.
These tests were made on apparatus attached to
loop B, operating at 300°C and 2000 psi.

0.02m UO,SO,
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V4-in.SCH-80 .TYPE 347
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Fig. 6.9. Freeze Plug.

6.1.6 Major Instrumentation

Four types of measurements will be made in the
high-pressure system: flow, temperature, pressure,
and radiation. Whenever an element inside the

cell is required to transmit a signal outside the
cell, an electrical impulse will be used to avoid
the hazard of shield penetration by process lines.
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The flow rate in the high-pressure loop will be
determined by measuring the pressure drop across
the hydroclone, since this is a function of the flow
rate. The pressure drop will be sensed by a dif
ferential-pressure cell, connected between the
feed and overflow lines. The signal from the
differential-pressure cell will control the flow in
the plant by controlling the variable frequency of
the current generator which supplies power to the
canned-rotor pump.

Stainless-steel-jacketed thermocouples are used
throughout the system to measure process pipe
temperatures up to 325°C and freeze plug tempera
tures as low as —35°F. Temperature control is
required in the underflow receiver (T-l) and the
heater (H-3). The underflow receiver is main
tained at 300°C by circulating hot air around the
tank. The air temperature, in turn, is controlled
by electrical heaters operated by a temperature
signal from the underflow receiver. The heater
(H-3) output is controlled by a hand-operated
Variac; however, a temperature signal from the
unit protects against overheating and equipment
damage.

One absolute pressure measurement is made on
the supply line from the reactor system. This
impulse is not used for control but for actuating
certain safety devices protecting against transfers
of fluids and vapors between the reactor and the
chemical plant.

Several radiation measurements are made in the

HRT-CP, but only one instrument, a radiation-
intensity measuring instrument called the "gamma
eye," is specifically for use in the high-pressure
system. It is a pipe set in the shielding wall in
alignment with the underflow receiver (T-l) and
terminating in a radiation chamber. The chamber
will indicate the gamma-radiation intensity of the
underflow receiver.

6.1.7 Sampling

Two samples must be obtained from the HRT-CP
for evaluation of the effectiveness of the plant for
separating solids, one from the hydroclone over
flow stream and one from the underflow receiver.

Sampling of the hydroclone feed is not necessary,
since such a sample would be identical to one of
the reactor fuel samples being taken as part of
reactor operation. The samples will be analyzed
for the entire fission-product spectrum, uranium,



acid, copper, and the corrosion products zirco
nium, tin, iron, chromium, and nickel. Since cor
rosion products are being concentrated in the
chemical plant, analysis of the underflow receiver
contents will indicate the lower limit of the rate

of corrosion of the reactor materials of construc

tion.

The overflow sample is taken while the plant is
operating at 2000 psia and 300°C and is removed
just downstream of the hydroclone overflow port.
Sampling will consist in isolating about 5 ml of a
representative portion of this stream. In this
procedure about 0.2 gpm of the overflow is diverted
through a heat exchanger, pressure-reducing valve,
and isolation chamber. From here the stream is

routed to a dump tank in the reactor low-pressure
system. The stream is allowed to flow in this
manner until representativeness is assured; then a
sample is trapped in the isolation chamber. By
remote means the isolation chamber is emptied into
a sample carrier and transported to the laboratory
for analysis. The overflow stream gradually
changes in solids content during the course of
the two-day operating cycle because of the nature
of the hydroclone operation. The cleanest over
flow is at initial startup, and at shutdown the
overflow solids content approaches that of the
feed. Therefore for overflow sample data to be
significant in measuring hydroclone efficiency,
this sample will be taken concurrently with a
sample of the reactor fuel system.

The underflow sample will be taken only once
during the two-day operating period, at the end of
the run. The sample is a measure of the total
accumulation of fission and corrosion products for
a one-week period. This sample is withdrawn from
the underflow receiver after the high-pressure loop
has been isolated from the reactor, cooled to 90°C
or lower, and reduced in pressure to 1 aim. The
content of the receiver is really a slurry of solids
in uranyl sulfate solution, from which it will be
rather difficult to obtain a representative sample.
Provisions have been made to agitate the tank by
circulating its contents via the pump through the
sampler. A circulation rate of 3 gpm can be main
tained as long as necessary to reach a high degree
of homogeneity. Since the fluid has been circulat
ing through the sample chamber, a small portion
(5 ml) can be isolated at any time.

Since it cannot be said for certain that an under

flow sample obtained by this method will be
representative, the design includes a means of
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removing the entire contents of the underflow
receiver for use as a sample. Connections will
be provided between the underflow receiver and a
shielded carrier of about 3-gal capacity that can
be removed from the area after receiving the under
flow and distilling heavy water for storage. The
approximately 400 g of solids left in the carrier
will be dissolved and an aliquot removed for
analysis. If the analysis agrees with that of the
sample removed before dissolving, the practice of
using the entire receiver contents for the sample
can be discontinued.

6.2 UNDERFLOW POT COOLING SYSTEM

Unlike the other parts of the high-pressure chemi
cal plant system, the underflow pot contains an
appreciable amount of relatively stagnant reactor
solution. The heat generated by the decay of
fission products in this solution is greater than
that lost by the underflow pot to the surroundings,
and, unless the excess heat is removed, the solu
tion temperature will rise considerably above the
system operating temperature. This would lead to
separation of the uranium solution into two phases,
one considerably heavier and much richer in ura
nium than the other. Any such separation of a
heavier uranium phase would, over a period of
time, increase the uranium content in the under
flow receiver. Since the formation of the two

phases occurs at about 330°C, an upper tempera
ture limit of 320°C was selected.

It is almost equally important that the underflow-
pot temperature not be allowed to drop much below
275°C, because most of the precipitated fission
products, which have inverse solubilities, would
redissolve and be carried back to the reactor.
The underflow pot is designed to be maintained at
or near 300°C during a processing run.

The cooling system should also be able to cool
the pot and its contents from operating temperature
to about 90°C before the charge is dumped to the
low-pressure system and to heat the pot from cell
temperature to operating temperature before the
start of the next processing cycle. The cooling
system chosen to perform these functions uses
air as the coolant and regulates the temperature of
the underflow pot by adjusting the temperature of
the air. The underflow pot is so designed that the
air does not come in direct contact with the pot
surface but passes through tubes spaced along the
side of the pot. These tubes are cast in aluminum
billets strapped to the underflow pot. A drawing

51



HRP QUARTERLY PROGRESS REPORT

3/e-in. OD,0.035-in.WALL
TUBING FREEZE COIL-—

3/4-in. SCH.80 PIPE CAP

,-in. SCH.80 OUTLET PIPE
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SECTION A-A

Fig. 6.10. HRT Core Processing Experimental Underflow Pot.
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of the underflow pot is shown in Fig. 6.10. The
air-cooling system and the high-pressure chemical
processing system are separated by two thick
nesses of pipe instead of one so that any leak in
the underflow pot will discharge into the cell rather
than into the air line leading outside the cell.
With the danger of the escape of highly radioactive
process solution through the air lines thus obvi
ated, the heater, blower, and controls of the air
system can be located outside the cell for ease
of operation and maintenance.

The air blower that will be used has a capacity
of 250 Ib/hr of air at 6 psi head. So much area on
the underflow pot is available for heat transfer
that it is necessary at this air flow rate to keep
the inlet air at a fairly high temperature in order
to avoid having a large temperature gradient along
the underflow pot. The exact air temperature that
is necessary will have to be determined by ex
perience during actual operation of the system.
Normal operating conditions should not be far
from those shown in Fig. 6.11, however.

At Ai'%*le'PI0*0*1 the process cycle, the air system
will be used to cool the underflow pot and its
contents to below 200°F. This will be done by
shutting off the heater and blowing outside air
through the system. The sensible heat to be re
moved from the underflow pot and solution is
calculated to be 18,700 Btu; the fission heat that
must also be removed decreases through the cool
ing cycle from 2790 to about 2400 Btu/hr.

The cooling cycle must be relatively short to
eliminate the possibility of an explosion as a
result of ignition of the radiolytic deuterium and
oxygen during the cooling cycle. Most of the
dissolved deuterium and oxygen present at the
end of the processing cycle will be recombined by

494°F

UNDERFLOW POT
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the copper catalyst in the solution in the few
minutes that elapse between the shutting off of
the flow from the reactor solution and any signifi
cant drop in the temperature of the underflow pot.
However, the recombination rate is strongly tem
perature-dependent, and very little of the gases
produced during the cooling cycle will be re-
combined.

Fresh uranium solution will be charged to the
reactor before each processing run by feeding the
solution to the underflow pot, heating the pot and
contents to 300°C, and then opening the reactor
valves and feeding reactor solution to the under
flow pot to displace the feed solution. The air
system will be used to supply the necessary heat.
The heater will heat the incoming air to 700°F.
After some loss of heat to the surroundings the
air should reach the underflow pot at about 640°F.
Over a period of 4 hr the underflow pot will be
heated to operating temperature. Figure 6.12
shows the temperature curves predicted for the
heating operation.

Some design calculations were made for a re
generator which would considerably reduce the
heater requirements by using the exit gas stream
to heat the inlet stream before it is sent to the

heater. The conclusion was reached that a re
generator is feasible but not economical on an
installation of this size.

6.3 LOW-PRESSURE SYSTEM

A storage vessel in the low-pressure area re
ceives the material from the high-pressure loop
after each two-day operating period and stores it
until radioactive materials have decayed suffi
ciently to be acceptable as feed to a so Ivent extrac
tion plant for recovery of the associated uranium.

HEATER

26,300 Btu/hr
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Fig. 6.11. Schematic Flow Diagram of AirSystem for Maintaining Underflow Pot at Operating Temper
ature.

53



HRP QUARTERLY PROGRESS REPORT

700

600

UNCLASSIFIED

ORNL-LR-DWG 12052

500

I
AIR LEAVING

UNDERFLOW POT--.

^ ^"^

— UNDERFLOW POT

TEMPERATURE

L- • -

LJ 400

Ld 300
0_

2

200

100

Fig. 6.12.
During Heati

HEATING TIME (hr)

Temperatures of Underflow-Pot System
ng Cycle.

About one week is required for decay of one batch
from the initial radioactive energy of about 1.7 kw
to one of 0.5 kw (Fig. 6.13). It is planned to col
lect a number of volumes from the underflow re
ceiver in one tank until sufficient material has

been accumulated to justify solvent extraction
processing. If weekly batches are collected for
six months, a second six months of decay will be
required to reduce the activity to 0.5 kw.

In the low-pressure area is also located equip
ment for heat dissipation, D2 and 0, recombina
tion, heavy-water recovery, and off-gas disposal
(Fig. 6.14). Two complete assemblies are pro
vided to permit one storage vessel to be in the
six-month decay cycle while the second is collect
ing batches from the high-pressure system. Each
batch from the underflow receiver is drained into
the carrier, where the solution is allowed to boil
by heat from decay of radioactivity. This energy
is dissipated in the condenser to the cooling water,
and the heavy-water condensate is returned to the
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Fig. 6.13. Rate of Release of Radioactive Decay Energy in Carriers C-l and C-2.
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Fig. 6.14. Typical Low-Pressure-System In
stallation.

carrier as reflux. A large storage vessel is not
required to contain these weekly batches, because
the solution is concentrated by distilling off heavy
water. A water balance is maintained with the

reactor by returning D20 to the fuel system with
fresh fuel makeup.

Normal operating pressure in the low-pressure
system is 1 arm, but all vessels are designed for
500 psia internal pressure to contain possible
explosions.

6.3.1 Storage Vessels (Carrier C-1 and C-2)

The storage vessels, two of which have been
provided, are designed to be critically safe, which
limits their diameter to that of a standard 6-in.

pipe; the total volume is 5 gal. Each tank will be
arranged in the cell layout so that it can be
disconnected remotely from the system, placed in
a lead shield, and removed from the cell for trans
portation of the contents to the solvent extraction
plant. Each vessel is provided with coils on the
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outside so that either cooling water or low-pres
sure steam may be supplied. Sufficient heat
transfer area is available to admit 10,000 Btu/hr
of heat to assist in evaporating heavy water.

6.3.2 Entrainment Separator (S-2 and S-3)

An entrainment separator is provided for each
storage vessel. The platinized alumina catalyst
used for recombination of D, and 0, is rendered
ineffective by moisture and certain foreign metallic
atoms such as uranium, and it is essential to
remove these materials before the vapor reaches
the recombiner. The design provides three methods
of entrainment separation: first, the vapor enters
tangentially to provide a swirling movement and
make use of centrifugal force to throw out parti
cles; second, it passes through a series of baffles
to provide a number of reversals of flow and
impingements; and third, two sections of wire
mesh made of 0.011- and 0.0045-in.-dia wire de-

entrain remaining moisture. As a precaution
against plugging, a small coil condenser is in
serted in the top of the entrainment separating
unit to provide condensate for washing down the
internals. The design of this separator is similar
to tnatiftA«t!MK|eparators on the reactor dump tanks.

6.3.3 Superheater (H-7 and H-8)

Each superheater receives vapor at 210°F from
the entrainment separators and increases the vapor
temperature to 293°F. It ensures that the stream
will be sufficiently above its dew point so that no
condensation will occur in the recombiner. Super
heated vapor feed to the recombiner should not be
required once D2 and 02 recombination has begun,
because sufficient heat of reaction is released to
keep the catalyst dry. Nevertheless, as a safety
measure the superheater will be operated continu
ously. Heat is supplied by 250-psig steam in the
jacket.

6.3.4 Recombiner Condenser (H-l and H-2)

Superheated steam and decomposed water at a
rate of 10.3 Ib/hr are fed to the recombiner to
carry out the reaction 2D2 + 02 -> 2D20. The
reactive gas portion of the mixture is maintained
at less than 1 vol % to preclude flashbacks and
explosive concentrations. Radioactive decay
energy will normally boil enough water to maintain
a safe composition; however, if needed, assist
ance can be obtained from the heating jacket on
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the carrier. Heavy water does not decompose at a
very rapid rate (Fig. 6.15), but, if it were not
recombined, losses could be appreciable over an
extended period of time. Furthermore, the gases
would constitute an explosive hazard in the off-
gas system.

The recombiner chamber is a piece of 3-in.-dia
by 5-in.-long pipe filled with platinized alumina
pellets; the platinum content is 0.3 wt %. A coil,
through which is passed 250-psig steam, supplies
heat to the catalyst bed and will be used to keep
the catalyst dry during periods of inactivity.

Intimately connected with the recombiner is the
condenser which refluxes steam from the recom

biner to the carrier. This unit dissipates the heat
of radioactive decay plus any heat added via the
steam jacket of the decay storage vessel. The
equipment is a conventionally designed shell-and-
tube type of exchanger.

6.3.5 Gage Tank (T-3 and T-4)

The gage tank is sized at 1 liter so that this
quantity of heavy water can be gaged and added to
the carrier. Before the carrier is transported, it
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Fig. 6.15. Rate of Decomposition of D-0 in
Evaporator-Decay Tank in HRT-CP.
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may be necessary to add this small volume of
water to its contents to prevent solidification and
possible fusion.

6.3.6 D20 Receiver(T-2)

The heavy-water receiver is an accumulator for
water that has been boiled off the carriers during
concentration. The vessel is common to the two

storage systems. It is from level measurements
on this tank that an inventory of heavy water is
obtained.

6.3.7 Meter Tank (T-5)

The meter tank measures a specified volume of
D20 into the fuel makeup concentrate. The tank
will be made to the required size after the high-
pressure system has been fabricated and calibrated
and will contain exactly 72.7% of the high-pressure
volume at room temperature. This allows for ex
pansion as the D20 is heated to 280°C. The tank
is located with reference to the D-0 receiver

(T-2) so that it can be flooded as long as the re
ceiver has sufficient inventory.

6.3.8 Sample Carrier (C-3)

The 2-gal carrier and its associated equipment
will be located outside the chemical processing
cell and in the adjacent access cell (cell A) to
avoid the necessity for removing the roof plugs,
cutting the cell membrane, and flooding the cell
for each 2-gal batch. The carrier will be in a
cubicle to shield it from the working area. The
equipment must be partly below the floor level of
the processing cell to permit gravity flow. This
arrangement will permit ready removal of the
sample for dissolution of the solids so that a
homogeneous aliquot may be analyzed. If results
of analyses agree with those of samples of the
underflow receiver contents taken at the end of
each processing cycle, dissolution of the 2-gal
batch may be discontinued. Whether or not the
sample of the underflow receiver contents is repre
sentative of the material depends on the particle-
settling velocity. Calculations indicate that 10-/*
particles will be represented in the sample with
90% accuracy.

The samples will be used to determine such data
as rate of corrosion of the zirconium core tank,
efficiency of the hydroclone, and behavior of the
fission product particles.

It will be necessary to shield the process lines
and the sample can with a considerable thickness



of lead to avoid overexposure of personnel to the
radiation. A calculated thickness of 14 in. will be

needed at all points in line with the sample can; a
lesser thickness can be used to shield the process
lines.

An operational mishap or equipment failure dur
ing processing could divert the reactor solution
directly to the sample station and thereby expose
the sample can to a pressure of 2000 psi. It is
not feasible to design the sample can to withstand
this pressure; therefore, the can and the connect
ing process lines must be enclosed in a leaktight
box that will discharge through a rupture disk to
the processing cell at any pressure in excess of
50 psia.

The cubicle (Fig. 6.16) will be installed partly
above and partly below the floor level of cell A
and will measure 7 ft long by 5 ft wide by 7 ft
1 in. high, 3 ft 5 in. of this being below grade.
The cubicle will contain two main areas, a loading
pit for inserting and removing the carrier and a
loading station where the 2-gal batch will be
charged to the carrier can. The can will be moved
between the two areas on a trolley installed in the
cubicle for the purpose.

When the carrier is to be connected in the

cubicle, the cover will be removed from the load
ing pit. Connecting the cubicle to a vacuum pump
will maintain an inward flow of air and thus pre
vent the escape of any minor contamination from
the cubicle. The carrier will then be lowered into

the loading pit with the cell crane. The carrier
cover will be suspended by lugs in the top of the
loading pit; the bulk of the carrier will be lowered
another 8.5 in. to rest on the trolley in the bottom
of the loading pit. The crane will then be dis
engaged and the cubicle cover will be put back in
place and bolted down. The trolley is next moved
into position beneath the processing lines by
means of a chain drive. With the carrier can in

this position, the flange connections between it
and the processing lines can be made from above
the cubicle by lowering threaded rods through
positioned holes in the shielding and bolting the
flanges together. In a somewhat similar manner
the other necessary connections are made; service
lines are connected to the jacket of the carrier
can, a thermocouple is positioned in the thermo
couple well of the carrier can, and valves on the
process lines and the carrier can are opened. The

holes in the shielding, through which the connec
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tions were made, are then sealed, and the carrier
can is ready to receive a charge.

After the 2 gal of solution has reached the car
rier can from the underflow pot, it is re fluxed for a
time. The reflux condenser is located in cell C;
therefore the vapor from the sample can will be
returned to cell C, condensed, and refluxed to the
carrier can through the process charge line to wash
the process charge line relatively clean. After a
period of refluxing, the solution in the carrier can
will be boiled to dryness and be left to bake for a
number of hours. The baking will remove all
traces of water from the carrier can; otherwise,
during the transit of the carrier to a processing
station, these traces of water would be decom
posed by fission product activity and would pro
duce a considerable gas pressure within the car
rier. Since this gas is explosive, it would represent
a considerable hazard.

The procedure for removing the sample carrier is
the reverse of the procedure for loading it. The
holes in the shielding are unsealed, the various
valves are closed, the service lines are discon
nected, the thermocouple is removed, and the
flanges connecting the carrier can and the process
lines are disconnected. The trolley is then
cranked back into position in the loading pit
beneath the carrier cover. The cubicle cover is

removed and the crane is lowered into the loading
pit to engage the lugs on the carrier. As the car
rier is raised it automatically engages the carrier
cover, which settles into position, and the com
pletely shielded carrier is hoisted from the loading
pit.

The carrier cubicle will contain a sump and
sump jet for drainage, provision for washing down
the cubicle in the event of a spill, and associated
instrumentation. The cubicle will be made of

stainless steel for ease in decontamination. De

sign of the cubicle and carrier is estimated to be
40% complete.

6.4 OFF-GAS DISPOSAL SYSTEM

The inert gases that collect at various points
are vented through a common off-gas system, con
sisting of a cold trap, to remove the bulk of the
D20 vapor, an activated charcoal adsorber to
remove the xenon and krypton, and a seal pot to
prevent outside air from backing into the system.
The cold trap, a 4-ft length of jacketed "/.-in.
pipe, condenses the bulk of the water vapor in the
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off-gases and returns it to the low-pressure sys
tem. This is accomplished by cooling the off-gas
to a low temperature (40°F) by means of chilled
water and allowing the condensate to drain to the
D20 receiver.

The charcoal adsorber is installed primarily to
adsorb the fission-product rare gases xenon and
krypton and to hold them until the isotopes with
short half lives have had time to decay. The
adsorber is identical in design to the reactor beds
and is buried underground to reduce the shielding
requirements. Cooling is provided to remove the
radioactive heat; it is expected that the tempera
ture can be kept below 140°F. The bed can be
regenerated periodically by reducing the pressure
on the adsorber with a vacuum pump until the
gases have been desorbed. The quantity of off-
gas produced by the chemical plant is so low that
such a regeneration will probably not be necessary
during the operating life of the HRT.

The seal pot serves to prevent outside air from
backing into the vent system when the pressure in
the chemical processing system falls below atmos
pheric. The seal pot consists merely of a dip leg
and a mercury seal.

After passing through the seal pot, the off-gases
pass through a filter cartridge for the removal of
particulate matter and thence to the dispersal
stack.

6.5 URANIUM RECOVERY SYSTEM

Associated with each weekly batch of fission
and corrosion products will be about 85 g of en
riched uranium valuable enough to warrant separa
tion from the mixture. The proposed procedure is
to remove the carriers from the chemical process
ing cell at the end of the six-month collection plus
the six-month decay period and then dissolve and
process the contents through an existing ORNL
solvent extraction facility to remove and decon
taminate the uranium. The quantity of uranium
involved is small, and a number of batches will be
accumulated to justify operation of the recovery
plant.

6.6 FUEL ADDITION SYSTEM

At 5-Mw power level the HRT will fission about
6.7 g of uranium per day; more uranium will be
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withdrawn through the chemical plant with the
fission and corrosion products concentrate. Suf
ficient fresh fuel is required to compensate for
these losses, which total about 117 g of uranium
per week. Fresh uranyl sulfate fuel solution will
be prepared,at a concentration of 500 g of uranium
per kilogram of D20, and added to the reactor
dump tank through the fuel addition system. This
system is located outside the shield of the chemi
cal processing facility and connected to it by
pipes through the shield. The two vessels in this
area are a concentrated fuel supply tank and a
heavy-water storage tank; each has a capacity of
300 ml. The prescribed quantity of fuel is gravi-
metrically determined by weighing the fuel supply
tank and its contents before they are drained into
the cell. The heavy-water vessel furnishes flush
water for washing the fuel supply tank. Both
vessels may be pressurized with an oxygen
cylinder.

Alternately fresh fuel for the reactor may be
added through the chemical plant high-pressure
system. In this case, uranyl sulfate concentrate
is allowed to flow from the fuel supply tank into
the high-pressure system (underflow receiver) in
stead of to the reactor dump tanks. Additional
heavy water necessary to dilute the solution to the
reactor fuel concentration, 10.4 g of uranium per
kilogram of D20, is added from the meter tank
(T-5), which is designed so that a flooded tank
supplies the proper volume. The resulting quan
tity of makeup amounts to 2.0 gal in a loop which
contains a total volume of 2.75 gal; the difference
corresponds to the expansion of the fuel when
heated to the reactor temperature of 300°C.

The temperature of the contents of the high-
pressure loop is raised (with an accompanying
increase in pressure) by the hot air system to
300°C. At this point the volume of fresh fuel
charged has increased to fill the entire loop, and
the system is ready to begin another two-day run
of HRT-CP operation as soon as the isolation
valves in the connecting lines between the reactor
and chemical plant are opened. During operation
the fresh fuel in the underflow receiver is dis
placed by the hydroclone underflow into the reactor
system.
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7. REACTOR ANALYS^

P. R. Kasten

H. C. Claiborne

T. B. Fowler

D. C. Hamilton

M. K. Hullings

7.1 FUEL COST OF POWER REACTORS

FUELED BY U02S04-Li2S04-D20 SOLUTIONS
H. C. Claiborne T. B. Fowler

A study of fuel costs was made for power-only
reactor systems fueled by U0.S0.-LLS0„-D,0

I • l t •<- 4 2 4 2
solutions. It was assumed that all plutonium
remained in solution or suspension and was con
tinuously fed back to the reactor. The molar ratio
of Li2S04 to U02S04 was considered to be unity.
The purpose of the study was to compare the fuel
costs of this solution system (stable at temper
atures as high as 350°C) with those obtained for
a U0,-Pu02-D20 slurry system investigated pre
viously.2 The results of this study also com
plement those obtained previously3 for similar
systems in which a premium price was assigned
to plutonium.

As a result of plutonium feedback, the equi
librium concentrations of the plutonium isotopes
were high enough for resonance absorptions and
fission to have an appreciable effect. A six-group
method' was therefore used for the nuclear calcu
lations in an effort to account properly for the
resonance effects in uranium and plutonium.

The results, shown in Figs. 7.1 through 7.3, are
for spherical one-region reactors operating at an
average temperature of 330°C, producing 1000 Mw
of thermal energy, and delivering 300 Mw of elec
tricity to a power grid. All cost results in the
figures are shown in terms of the asymptotic fuel
cost, which includes only a minimum Purex
processing charge, calculated for a central proc
essing plant serving a very large number of
reactors.

H. C. Claiborne and T. B. Fowler, Fuel Cost of
Power Reactors Fueled by UO2SO ,-LiSO ,-D JO Solu
tion, ORNL CF-56-1-145 (Jan. 30, 1956).

o

R. B. Briggs, Aqueous Homogeneous Reactors for
Producing Central-Station Power, ORNL-1642 (May 4,
1954).

3H. C. Claiborne, HRP Quar. Prog. Rep. Oct. 31.
1955. ORNL-2004, p 53.

C. W. Nestor, Jr.
M. W. Rosenthal

M. Tobias

In all cases the optimum fission-product poison
concentration, which is a function of the chemical
process cycle time, was very close to the
equivalent of 5% of the macroscopic fission cross
section.

The optimum uranium concentration was about
200 g/liter; it was slightly lower with a 12%
inventory charge and $40-per-pound D20 (Fig. 7.1)
and slightly higher with a 4% inventory charge
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Fig. 7.2. Effect of Uranium Concentration on
Fuel Cost.

and $28-per-pound D20 (Fig. 7.2). The study of
a plutonium-producing power reactor3 had indicated
that the optimum concentration occurred around
500 g/liter. The main factor contributing to the
higher optimum uranium concentration in that study
was the premium credit of $40 per gram taken for
the plutonium produced, which permitted the in
vestment of larger fuel inventories to increase the
production of plutonium.

Figure 7.3 indicates that the optimum diameter
is approximately 14 ft for the higher inventory
charge and DjO cost and 17 ft for the lower charge.
The difference in fuel cost due to the use of the

lower inventory charge and D_0 cost was found
to be about 0.8 millAwhr.

Table 7.1 lists results for several reactors near
optimum conditions as determined in this study.
A cost of Li7 as high as $1000 per pound was
found to add only 0.1 to 0.2 millAwhr to the power
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cost, even with the higher inventory charge. The
minimum cost of power was about 7.6 millsAwhr
for the higher inventory charge and D_0 cost and
6.8 millsAwhr for the lower charge. If the fixed
charge on plant investment were lowered from 15%
to 10.5%, a 1.1 millsAwhr reduction in cost would
result.

The minimum asymptotic fuel cost of 2.5
millsAwhr (12% inventory charge and $40 per
pound for DjO) was about the same as that found2
for U03-Pu02-D20 slurry reactors operating at
about 280°C. Within the limitations of this study
(no exact evaluation of the effect of reactor size
and pressure on the investment cost and net
efficiency was made here), it was concluded that
the addition of Li2S04 to U02SO.-D20 fuel so
lution apparently would make the solution-type fuel
reactor operated at 3.30°C economically com
petitive with the slurry-fuel reactor operated at
280°C.
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TABLE 7.1. RESULTS FOR SEVERAL REACTORS* NEAR OPTIMUM CONDITIONS

Process characteristics

Reactor diameter, ft

U concentration, g/liter

Feed enrichment, wt % U23S
Feed rate, g/day of U235
Chemical processing cycle, days

Poisons, %

Reactor volume, liters

Total system volume, liters

Power density, kw/liter

Isotope concentration, g/liter

U235
236u

Pu

Pu

Np

Pu

239

240

239

241

Conversion ratio

Constant unit costs, mills/kwhr

Reactor plant investment

Turbogenerator plant investment

Fixed chemical processing

Operation and maintenance

Total

Asymptotic fuel cost, millsAwhr

For 12% inventory charge; $40 per pound for D.O

Net feed

Variable chemical processing

Fuel inventory

D.O inventory

D20 losses
Lithium losses and inventory

Hydroclones

Total

For 4% inventory charge; $28 per pound for D.O

Net feed

Variable chemical processing

Fuel inventory

D.O inventory

D.O losses

Lithium losses and inventory

Hydroclones

Total

12 14 16 18 20

200 200 200 200 200

2.11 1.72 1.48 1.33 1.22

1078 988 923 874 838

359 371 408 466 543

5 5 5 5 5

25,620 40,680 60,730 86,470 118,610

88,120 103,180 127,230 148,970 181,110

39.0 24.6 16.5 11.6 8.4

2.11 1.70 1.47 1.31 1.21

0.37 0.30 0.26 0.23 0.21

0.97 0.91 0.88 0.85 0.84

0.51 0.50 0.50 0.50 0.49

0.03 0.03 0.02 0.02 0.02

0.52 0.48 0.45 0.44 0.43

0.667 0.697 0.718 0.733 0.745

0.79 0.79 0.79 0.79 0.79

2.78 2.78 2.78 2.78 2.78

0.87 0.87 0.87 0.87 0.87

0.71 0.71 0.71 0.71 0.71

5.15 5.15 5.15 5.15 5.15

1.42 1.25 1.12 1.03 0.96

0.11 0.11 0.11 0.11 0.10

0.29 0.27 0.27 0.28 0.31

0.49 0.57 0.68 0.82 1.00

0.20 0.24 0.28 0.34 0.42

0.014 0.017 0.020 0.024 0.029

0.04 0.04 0.04 0.04 0.04

2.56 2.49 2.52 2.64 2.86

1.42 1.25 1.12 1.03 0.96

0.11 0.11 0.11 0.11 0.10

0.10 0.09 0.09 0.09 0.10

0.11 0.13 0.16 0.19 0.23

0.14 0.17 0.20 0.24 0.29

0.006 0.006 0.008 0.009 0.011

0.04 0.04 0.04 0.04 0.04

1.93 1.79 1.73 1.71 1.75
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TABLE 7.1. (continued)

Total cost of power, mills/kwhr

For 12% inventory charge, $40 per pound for D.O

For 4% inventory charge, $28 per pound for D.O

Relative neutron absorptions

235U

Pu249 (thermal)
249Pu *7 (resonance)

Pu241
Pu240 (thermal)
Pu (resonance)

Np239
U236

U238 (thermal)
U (resonance)

Sulfur

Lithium

D20
Poisons

Nonthermal leakage

Slow leakage

7.71 7.64 7.67 7.79 8.01

7.08 6.94 6.88 6.86 6.90

0.1685 0.1540 0.1436 0.1360 0.2445

0.2107 0.2237 0.2328 0.2395 0.2445

0.0363 0.0348 0.0338 0.0332 0.0328

0.0908 0.0949 0.0979 0.1001 0.1017

0.0310 0.0347 0.0373 0.0392 0.0407

0.0598 0.0603 0.0607 0.0609 0.0611

0.0003 0.0003 0.0003 0.0003 0.0002

0.0004 0.0004 0.0003 0.0003 0.0003

0.0675 0.0763 0.0828 0.0876 0.0912

0.1799 0.1825 0.1842 0.1855 0.1864

0.0237 0.0267 0.0289 0.0306 0.0319

0.0110 0.0125 0.0135 0.0143 0.0149

0.0029 0.0032 0.0035 0.0037 0.0039

0.0182 0.0182 0.0181 0.0181 0.0180

0.0751 0.0573 0.0451 0.0364 0.0299

0.0239 0.0203 0.0171 0.0145 0.0124

*1000 Mw of heat; 300 Mw of electricity; average reactor temperature, 330°C

7.2 CYLINDRICAL-REACTOR STUDIES

D. C. Hamilton

Nuclear calculations for 63 thorium breeder

reactors were made on the Oracle, by means of
the two-group, two-region cylindrical-reactor code.
All calculations were made for a mean reactor

temperature of 300°C and a thorium concentration
in the blanket of 1000 g/liter. The fuel and
moderator used were U233 and D20, respectively.
The parameters were varied over the following
ranges: core radius, 2 to 4 ft; blanket thickness,
1 to 3 ft; zirconium-core-tank thickness, \ to
1 in.; length, 10 to 40 ft; fuel concentration in
the blanket, 1 to 5 g of U233 per kilogram of
Th232; core poisons, 0 to 6% of core fission cross
section. The results are being tabulated for use
in an evaluation of cylindrical-reactor systems.

7.3 MULTIGROUP, MULTIREGION REACTOR

CALCULATIONS

C. W. Nestor, Jr.

Critical concentrations and breeding ratios were
calculated, by means of the Eyewash Univac
program,4 for a series of DjO-moderated thorium
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breeder reactors. The purposes of this study were
(1) to determine the trends in breeding ratio and
critical concentration with varying reactor di
mensions and blanket compositions; (2) to de
termine how well the two-group, two-region
calculation,5 currently used for a large number
of economic survey calculations, indicates these
trends; and (3) to find, if possible, the maximum
conversion ratio for a reactor with a U23S-D_0
core, a Th02-D20 blanket, and a pressure shell
of fixed diameter and thickness.

The reactors studied in the multigroup calcu
lations had the following characteristics:
1. pressure-vessel inside diameter of 6 ft;
2. pressure-vessel thickness of 6 in.;
3. core-tank thickness of approximately \ in.;
4. four regions: U235-D20 or U233-D20 core, Zr

core tank, Th02-D20 slurry blanket, and Fe
pressure shell;

5. core diameters of 2.5, 3, 3.5, 4, and 4.5 ft;

J. H. Alexander and N. D. Given, A Machine Multi-
group Calculation. ORNL-1925 (Sept. 6, 1955).

T. B. Fowler, Oracle Code for a General Two-Region,
Two-Group Spherical Homogeneous Reactor Calculation,
ORNL CF-55-9-133 (Sept. 22, 1955).



6. blanket concentrations of 250, 500, and 1000 g
of thorium per liter of slurry;

7. reactor computations both for no core poisons
and for boron added to the core as a simulated
poison.

For comparison purposes, four "clean" reactors
with U235 in the core were computed by the two-
group, two-region methods. Their characteristics
were the same as those of the reactors studied in
the multigroup calculation, that is, diameters of
2.5, 3, 4, and 4.5 ft and blanket concentration of
1000 g of thorium per liter.

The results for the clean cores were analyzed
and are presented in Figs. 7.4 through 7.7. For
all reactors, critical concentrations decreased with
increasing core sizes and decreasing thorium con-

25

^

- 15
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27-GROUP-4-REGION ("EYEWASH")
250°C
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CORE DIAMETER (ft)

1000 g of Th per
ter

Fig. 7.4. Critical Concentration vs Core Diam
eter for U235-Fueled Reactors.
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ce«*i<ati0M*|r For the U233 reactors, the breeding
ratio decreased with increasing core size and
decreasing thorium concentration; for the U235

0.6

0.4

6-ft-ID REACTOR

ZERO PER CENT POISONS

• "EYEWASH" RESULTS

O TWO-GROUP RESULTS

ORNL-LR-DWG 12061

,1000g of Th per liter

3 4
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Fig. 7.5. Conversion Ratio vs Core Diameter
for U235-Fueled Reactors.
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Fig. 7.6. Critical Concentration vs Core Diam
eter for U233-Fueled Reactors.
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Fig. 7.7. Breeding Ratio vs Core Diameter for
U233-Fueled Reactors.

case, however, the reactors with blanket con
centrations of 1000 g of thorium per liter showed
an apparent maximum in conversion ratio (of about
0.98) at a core diameter of 2.7 ft. The decrease in
conjjgmi—t*ratios at smaller core diameters was
caused by an increase in energy of the fast-neutron
leakage spectrum. Although not shown in the
graphs, the maximum in conversion ratio occurred
at a smaller core diameter and was displaced
downward when poisons were added to the U235
reactors.

Results obtained from the two-group, two-region
calculations are given in Figs. 7.4 and 7.5. The
agreement in critical concentration was excellent
for core diameters larger than 3 ft; the agreement
in conversion ratio, as shown in Fig. 7.5, was
fair for the same core sizes.

7.4 EXTRAPOLATION-DISTANCE ESTIMATES

FOR REACTOR CALCULATIONS

M. Tobias

The effective extrapolation distance associated
with a pressure vessel was calculated for one-
region reactors containing D20, U235, and U238.
The reactor parameters were varied over the
following ranges: inside diameter of pressure
vessel, 3 to 15 ft; pressure-vessel thickness, 3
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to 20 in.; reactor temperature, 250 to 320°C; U238
concentration, 1 to 400 g/liter.

Two-group, two-region calculations were per
formed in which the pressure vessel was con
sidered a separate region. These results were
interpreted on the basis of a bare reactor model
so as to give an effective extrapolation distance.6

The range of extrapolation distances found was
5 to 36 cm (2 to 14 in.). The extrapolation
distance decreased with increasing core diameter
and increased with increasing pressure-vessel
thickness. The variation of extrapolation distance
with temperature and U238 concentration was more
complex, and no simple interpretation was available
for the results obtained.

Since the extrapolation distance is merely a
measure of the reflection effect of the pressure
ves££l*afcfete» results can be used to estimate the
extrapolation distance associated with the pressure
vessel of a two-region spherical reactor. If fuel
and fertile materials other than U235 and U238
are considered, the results can be used if pa
rameters such as reactor size, resonance escape
probability, and thermal absorption cross section
are matched with those considered here.

7.5 REACTIVITY CHANGES ASSOCIATED

WITH SLURRY SETTLING IN THE TBR

H. C. Claiborne P. R. Kasten

The reactivity change associated with settling
of the Th02 slurry was calculated for the TBR7
by means of a numerical two-group, two-region,
two-dimensional calculation method.8 The results

shown in Table 7.2 are for a 5-ft-dia core, a
2/-ft-thick blanket, and an average temperature
of 280°C. Cylindrical geometry (cylinder within
a cylinder) was used in the calculations, with the
heights of the cylinders equal to their diameters.

Although the reactivity additions obtained were
quite large, such additions would not occur instan
taneously. Rather, they would be a function of
time, the rate of reactivity addition being con
trolled by the rate at which the slurry settled.
Settling data for Th02-slurry systems9 indicate

M. Tobias, Extrapolation Distance Estimates for
Reactor Calculations, ORNL CF-55-12-97 (Dec. 9, 1955).

7R. B. Korsmeyer et al., HRP Quar. Prog. Rep.
April 30, 1955, ORNL-1895, p 48-65.

C. L. Bradshaw, manuscript to be published.

yS. A. Reed, HRP Quar. Prog. Rep. Jan. 13. 1955.
ORNL-1853, p 83.

8
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TABLE 7.2. REACTIVITY CHANGE AS A FUNCTION OF SLURRY SETTLING

Initial Thorium Concentration

in Blanket

(g/liter)

Percentage of Reactor

Height Slurry Has Settled

Calculated Reactivity

Change

(%L\k )

1000

1000

500

500

that, at 300°C, the free settling rate of the slurry
containing 1000 g of thorium per liter is nil and
that of the slurry containing 500 g of thorium per
liter is about 0.18 cm/sec. Such settling rates
correspond to rates of reactivity addition of less
than 0.02% Mg per second. These rates are well
within the permissible rates of reactivity addition,
and no reactor safety problem is apparent. How
ever, if appreciable settling took place over a long
period of time, the reactor temperature and pressure
would eventually reach the point where the fuel
system would have to be diluted.

7.6 MATHEMATICS AND COMPUTATIONS

7.6.1 Bessel-Function Code

M. K. Hullings

An Oracle code10 was written for evaluating the
Bessel functions /„, /,, /Q, /,, KQ, Kv The code
is valid for arguments between 0.02 and 50 for
/q and /,, between 0.02 and 15 for /Q and /., and
between 1 and 50 for Kfl and Kp It is being used
in two-group, two-region cylindrical-reactor calcu
lations.

7.6.2 Estimation of Fermi Age by Numerical
Integration

M. Tobias

An Oracle code was prepared for the estimation
of Fermi ages by numerical integration. The
calculation consists in the evaluation of the

integral:

x 11

30

50

30

50

2.8

10.2

2.1

8.7

where

D = diffusion constant,
t = Fermi age,
£; - logarithmic energy decrement per col

lision,
2^. = total cross section,

Z(u) = number of neutrons born per unit lethargy
at lethargy u,

u,u' = lethargy = In 107/E,
uth = tnerma' lethargy.

The lethargy interval between 107 ev and the
thermal energy corresponding to 250°C was divided
into 27 groups whose widths are those used by
the Eyewash Univac code for multigroup reactor
calculations. Most of the cross sections used are

those employed by the Eyewash code. Provision
is made for change of cross sections as improved
data become available. The present method makes
no provision for special treatment of hydrogen or
of inelastic scattering.

7.6.3 Time-Dependence Studies

T. B. Fowler

An Oracle code for obtaining the time-dependent
behavior of a batch-operated regenerative homo
geneous reactor was completed. Quantities con
sidered as parameters include feed enrichment,
hydroclone cycle time, chemical processing cycle
time, and unit costs. Cost data or nuclear data
or both can be obtained at specified time intervals.

M. K. Hullings, Oracle Code for Evaluating Bessel
Functions, ORNL CF-56-1-63 (Jan. 10, 1956).
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8. DEVELOPMENT OF FUEL-SYSTEM COMPONENTS

C. B. Graham

R. Blumberg
C. H. Gabbard

L. F. Goode

B. A. Hannaford

P. H. Harley
P. P. Holz

8.1 RECOMBINER DEVELOPMENT

8.1.1 High-Pressure Recombiner Loop

The high-pressure recombiner loop was re
designed and was rebuilt with new pipe. All old
piping was removed to eliminate physically those
regions shown by earlier tests to have been
stress-corroded.

During the last runs with the old loop, entrain
ment caused depletion of caustic in the gas-
generating cells and caustic buildup in the boiler
used to keep the system at pressure. Entrainment
separators have been installed to prevent such
a buildup from occurring in the future. Also, a
small amount of liquid will be returned continuously
from the boiler to the electrolytic cells during
operation of the loop.

Figure 8.1 shows the new loop. The main changes
from the previous system are as follows:

1. The boiler pressurizing the system has been
placed directly above the electrolytic cells.

2. The inlet of the ORNL pump used indirectly
to circulate steam diluent has been attached to

the condensate tank.

3. An 0.080-in.-ID recycle line has been installed
to prevent caustic buildup in the condensate tank.

4. The condenser has been lengthened to give
better temperature control.

The system passed its hydrostatic and helium
leak tests. Operation will begin shortly with
Ba(OH)2 electrolyte in an effort to obtain a long-
term chloride-free run. It is believed that chloride

was responsible for the corrosion observed pre
viously.

8.1.2 High-Pressure Flange Test

The purpose of the high-pressure flange test is
to determine the effects of thermal and pressure

I. K. Namba

W. L. Ross

I. Spiewak
D. S. Toomb

H. D.Wills

cycling on oval, ring-joint flanges and to develop
the techniques of flange assembly (e.g., bolt
stresses, gasket loads, leak detection) which
assure good performance. The test system in
cludes a 4-in., 1500-psi flange; a 4-in., 2500-psi
flange; heaters; a vacuum leak-detection system;
and control instruments. The cycling will begin
at rates comparable to those expected in the HRT
and will increase in severity until leaks occur.

Assembly of the test system is complete except
for part of the instrumentation. The torque—bolt
stress relationships are being determined for the

2C. B. Graham et al., HRP Quar. Prog. Rep. April 30,
1954, ORNL. 1753, p 54.

CONDENSER
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'C. B. Graham et al, HRP Quar. Prog. Rep. Oct. 31, F,a' 8*1,
1955. ORNL-2004, p 64. Model III.

High-Pressure Recombiner Loop,
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flange bolts. After the flanges pass their 3000-psi
hydrostatic tests, they will be thermally cycled.

8.1.3 Battelle and Syracuse Subcontracts

Battel le Memorial Institute continues to report
low explosion limits of electrolytic gas (2H2 + 02)
in steam when spark-ignited in a 3-in. autoclave.
This phase of the investigation will receive future
emphasis, such as the following:

1. The reaction limits will be determined pre
cisely by chemical analysis of the vapor.

2. The reaction limits will be obtained over

the temperature range 300 to 550° F.
3. The ignition limits will be determined with

hot-wire igniters as well as sparks.
Syracuse University is continuing its investi

gations of detonation pressures, damping of
explosion waves, transient loading, and vapor
viscosity. The results of the pressure and vis
cosity work will probably be available during the
next quarter.

8.2 SMALL REACTOR COMPONENTS

8.2.1 20-cfm Canned-Rotor Blower

A 20-cfm gas circulator, suitable for operation
in the HRT or larger reactors to supply forced
circulation in high-pressure recombiner systems
(or possibly for blanket stripping), is being built
by the Allis-Chalmers Mfg. Co. This unit is
designed with pressurized bearings and for "top
maintenance." Design of a test loop for this
blower was started, and material is on hand or on
order. It is anticipated that the blower will be
shipped to Oak Ridge in March and that testing
will start in May.

8.2.2 Small Circulating Pumps

The 2000-psi, 5-gpm, canned-rotor pump has
accumulated over 4000 hr at 300°C with water.

Examination of pump parts revealed no excessive
wear, defective parts, or corrosion.

A 1000-psi, 5-gpm, ORNL canned-rotor pump has
operated for about 11,300 hr at 250°C with water
and has accumulated about 6400 hr since the stator

was repaired following an electrical failure.
The 5-gpm, canned-rotor pump, with series-

connected windings, has accumulated 6600 hr
of operation. The system was recently altered

3C. B. Graham et al., HRP Quar. Prog. Rep. Oct. 31,
1955, ORNL-2004, p 66.
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to permit studies of water injection to the rotor
cavity. The information obtained is applicable
to 300- and 400-gpm pumps because of the simi
larity of the labyrinth seals. Water was injected
with the pump in both horizontal and vertical
positions and rates of L to 1 gph were sufficient
to purge the motor chamber during operation. Little
difference was noted between vertical and hori

zontal mounting. An injection rate of 1 to 3 gph
was required to prevent mixing during startup.

8.3 LARGE REACTOR COMPONENTS

8.3.1 4000-gpm Loop

Operation of the 4000-gpm loop with a solution
of UOjSO^ (5 g of uranium per liter) was inter
rupted when it became impossible to maintain the
condensate supply for the seal pump. Condensate
is normally obtained from the letdown stream, but
the letdown stream flow was reduced for two

reasons: the drain valve was leaking because of
an undersized valve operator, and the supply of
solution injected by the feed pump was inadequate
due to excessive corrosion of the Hastelloy D
ball checks in this pump. To remedy this situation,
Hastelloy C ball checks were installed in the
feed pump, pumping rates of the seal pump and
feed pump were reduced, and a larger drain-valve
operator was installed. To ensure an adequate
condensate supply under all operating conditions,
a small pump and heat exchanger were added to
the loop auxiliary system. These components will
also eliminate the necessity of adding water to
the system at startup and shutdown.

A short shakedown run on water will be made

after installation of the new components (Feb. 1).
Completion of the run with UOjSO. solution, to
obtain corrosion data on large systems, will be
followed by disassembly and inspection of the
Byron Jackson pump and the loop.

8.3.2 500-gpm Pump

Specifications were prepared for purchase of a
500-gpm, canned-rotor pump which will be used to
evaluate pressurized (all-metal) bearings and "top
maintenance" in solution or slurry systems. The
capacity of the pump can be reduced to 400 gpm
by use of a small impeller. The fabrication will
be reactor grade so that the pump may be used in
the HRT, or in a similar application, after testing
has been completed.
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8.4 TITANIUM-LINED EQUIPMENT designs are approved. A study of the feasibility
of roll-cladding titanium to carbon steel has been

The titanium-lined pipe sections and heat ex- in progress at Armour Research Foundation since
changer, which are to be fabricated by the Crane November 1955. A test rig, to subject the lined
Co. and The Pfaudler Co., are in the final design equipment to thermal and pressure cycles, is in
stages. Construction will proceed as soon as the the preliminary design stage.
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9. DEVELOPMENT OF BLANKET-SYSTEM COMPONENTS

P. R. Crowley
D. G. Davis

R. B. Gallaher

W. Q. Hullings
A. S. Kitzes

R. N. Lyon

C. G. Lawson

L. E. McTaggart
I.M.Miller

R. H. Nimmo

L. F. Parsly

M. Richardson

A. N. Smith

D. G. Thomas

R. P. Wichner

9.1 SLURRY BLANKET MOCKUP

L. F. Parsly R. H. Nimmo L. E. McTaggart

Construction of the blanket mockup was sub
stantially complete at the end of this report period.
Calibration of the flow elements and testing of
the equipment components are under way.

9.2 ATTACK OF CIRCULATING AQUEOUS

Th02 SLURRIES ON STAINLESS STEEL
SYSTEMS

D. G. Thomas

Data on the rate of iron accumulation in thorium

oxide slurries when the slurries were circulated

in the 100A loops S and T were examined by the
use of multiple regression analysis. Combining
these results with those from early Chicago ex
periments and with some preliminary results from
the toroid tests ' gave the trend of the effect of
certain variables on the attack rate of circulating
thorium oxide on stainless steel and permitted
an estimate of the relative contributions of the

different variables. Thus it should be possible
to set the operating conditions for a slurry system
to give a minimum attack rate. If, as is entirely
probable, conditions giving minimum attack rate
are not those found most desirable to minimize

the handling or caking problems, the attack rate

]R. N. Lyon et al., HRP Quar. Prog. Reps, for
Oct. 31, 1953, ORNL-1658; Jan. 31. 1954, ORNL-1678,
April 30, 1954, ORNL-1753; July 31, 1954, ORNL-1772,
Oct. 31, 1954, ORNL-1813; Jan. 31. 1955, ORNL-1853,
April 30, 1955, ORNL-1895; and July 31, 1955, ORNL-
1943.

D. G. Thomas, Attack of Circulating Aqueous—ThO-

Slurries on Stainless Steel Systems, ORNL CF-56-1-21

(Jan. 5, 1956).

C. F. Hiskey et al., The Heavy-Water Homogeneous
Pile: A Review of Chemical Researches and Problems,
CO 1383, A-2024 (Feb. 28, 1944).

D. G. Thomas, Comments on the Erosiveness of Th00
Slurries. ORNL CF-55-4-36 (April 5, 1955).

G. E. Moore and E. L. Compere, HRP Quar. Prog.
Rep. July 31, 1955, ORNL-1943, p 147.
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for various compromise conditions can be estimated
and the most satisfactory one chosen.

In a system where the velocity, V, and particle
diameter, D , are variables, the attack rate can
be expected to vary as (VD2)", where the most
likely value of n is 2 to 3. There is also a value
of the term (VD ) below which attack is negligible.
For the 100A loops S and T, the volumetric flow
rate was not varied, and the size of the slurry
particles was for the most part unknown, although
most of the oxides probably contained 95 wt % of
particles less than 25 \i in diameter. Therefore
the variables considered in the multiple regression
analysis were pH, Th02 concentration, Th02
calcination temperature, sulfate concentration,
and oxygen concentration. It was assumed that
the log10 of the attack rate was, to a first approxi
mation, related linearly to these five variables
and that it could be expressed by an equation of
the form

y -b

+ b

where

y.12345 + feyl.2345Xl + fey2.1345X2

y3.1245X3 + fey4.1235*4 + foy5.1234X5

y = log,- (attack rate),

X., ... ,X_ = variables,

b 12345 = *"e mean value of y minus the con
tribution to y of the variables X.,
X2, X,, X ., X. at their means;

d &yi#2345 measures *ne rate of increasing y
itb increasing X,; X2, ... ,X5 being constant;

£> 2.1345 measures the rate of increasing y with
increasing X* X,, X3, X^, X, being constant; etc.

The six coefficients which gave the best general
fit to the data were determined. This required the
solution of six sets of six simultaneous equations.
The matrices were inverted on the Oracle, and

an

w

A. W. Kimball of the Biometrics Group of the Mathe
matics Panel arranged for inversion of this matrix on
the Oracle.



both an arithmetic relation and a parabolic re
lation between the attack rate and time were used.

The range of variables is given in Table 9.1, and
the results of the analysis are presented in
Table 9.2.

For the particular conditions under which loops
S and T were operated, the following tentative
conclusions for stainless steel can be drawn from

the results, and even their qualitative confirmation
will depend on tests planned specifically to give
corrosion-erosion information:

1. The attack rate by aqueous thorium oxide

PERIOD ENDING JANUARY 31, 1956

slurries decreases as the oxygen concentration
increases, the effect apparently being more im
portant in the first 20 to 300 hr of the run than in
times after that.

2. The attack rate by aqueous thorium oxide
slurries increases with increasing pH, the effect
apparently being more important after the first
20 to 300 hr of the test.

3. The attack rate by aqueous thorium oxide
slurries increases with increasing thorium oxide
concentration and with thorium oxide calcination

temperature.

TABLE 9.1. RANGE OF VARIABLES IN CORRELATIONS

Varia ble M nimum Mean M jximum

[Log (10 X linear attack rate)] X 10 y\ 1 13.9 23

LLog (parabolic attack rate)J X 10 y-i 13 36.6 47

pHx 10 x^ 44 59.9 92

Th concentration, g/kg/10 X2 22 51.8 108

Calcination temperature, C/10 X3 65 73.3 95

SO^ concentration, ppm/100 *4 1 22.4 81

O- concentration. ppm/1000 *5 0 5.1 10

TABLE 9.2. RESULTS OF STATISTICAL ANALYSIS

Linear Attack Rate Parabolic Attack Rate

Coefficient
Coefficient

Si gnif icance

Level
Coefficient Significance

Level

by.12345 -5.35 12.78

hy 1.2345 0.17 +0.18 0.082 0.16 ±0.25 0.228

fey2.1345 0.04 ±0.08 0.361 0.10 ±0.13 0.083

6y3.1245 0.14 ±0.22 0.219 0.24 ± 0.30 0.127

fey4.1235 0.005 ±0.13 >0.50 -0.06 ±0.18 0.50

fey5.1234 -0.62 ±0.71 0.097 -1.38 ±0.97 0.01

by2.1345 + fcy4.1235 >0.20

by1.2345 + fcy4.1235 0.155

Total correlation 0.10 0.02
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4. The attack rate by aqueous thorium oxide
slurries is independent of sulfate concentration
except as the sulfate affects the pH of the medium.

Examination of the data from loop tests also
showed that (1) the ratio of the weight losses of
the impeller to the weight loss of the orifice was
a constant and was essentially the same whether
the combination was titanium-titanium or stainless

steel-stainless steel; (2) the attack rate of aqueous
thorium oxide slurries was from two to four times

as great on stainless steel as it was on titanium.
The details of the multiple regression analysis

and a survey of experimental results of previous
investigators were reported.

9.3 SLURRY COMPONENT DEVELOPMENT

AND LOOP OPERATION

A. S. Kitzes

P. R. Crowley C. G. Lawson
R. B. Gallaher M. Richardson

W. Q. Hullings A. N. Smith
I. M. Miller R. P. Wichner

9.3.1 Westinghouse Slurry Pump 200A

W. Q. Hullings

Three basic difficulties have been encountered

in the operation of the Westinghouse 200A pump
with slurry at 3uU°C: failure to effect a good seal
of the pump flanges, leakage around the thermal
barrier, and failure of the Kingsbury bearing. To
eliminate the first two difficulties, the pump
flanges and thermal barrier will be seal-welded
for all slurry runs at 300°C. The pump flanges
are designed to be sealed by a weld; the thermal
barrier was modified for welding. To facilitate
pump disassembly, a custom-made seal weld cutter
with an attachment to cut the barrier weld was

ordered for delivery February 1.
Failure of the Kingsbury bearing under normal

operating conditions is believed to have been
due to erosion of the Graphitar ring by thorium
oxide slurry. Mixing of the main circulating slurry
stream with liquid in the rotor cavity was demon
strated by the presence of thorium oxide in the
thermal-barrier and rotor cavities (see Fig. 9.1)
at the end of each run, in spite of the injection of
a continuous purge of clean condensate at the top

D. G. Thomas, Attack of Circulating Aqueous—ThO-
Slurries on Stainless Steel Systems, ORNL CF-56-1-21

(Jan. 5, 1956).
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of the rotor cavity. Slurry is believed to have
passed behind the thermal barrier from the outer
edge where the pressure was high, circulated
through the thermal-barrier cavity, and passed out
through the labyrinth at the hub of the impeller
where the pumping action of the ribs on the back of
the impeller caused the pressure to be low. Some
of the thorium oxide in the thermal-barrier cavity
is believed to have been drawn into the lower

suction ports in the pump shaft and discharged
into the rotor cavity by the secondary impeller.
Tests with water containing chromic acid con
firmed this circulation of part of the main pumped
stream.

In tests with the chromic acid in the circulating
stream, with the lower suction ports welded closed,
and with the condensate injected at the top of the
rotor cavity, but with the thermal barrier unwelded,
chromate was found in samples of liquid withdrawn
from the thermal-barrier cavity but was not detected
in samples taken from the rotor cavity. When the
thermal barrier is seal-welded, it is expected that
a flow of condensate at 100 cc/min into the top
of the motor will be sufficient to prevent the
pumped fluid from entering either cavity.

After one slurry run some of the thrust bearing
components were found to have been distorted to
an extent which implied either total thrust loads
above 1000 lb or improper operation of the bearing
(possibly caused by packing of thorium oxide
around the linkages). There are no pressure
equalization holes through the hub of the impeller,
but the ribs on the back of the impeller were
designed to reduce the thrust. It was found in
preliminary tests with water at Westinghouse that
the total thrust load was 150 lb. Extension to

a pumped fluid with a density of 2 led to a pre
dicted thrust load of 300 lb. Westinghouse tech
nicians at ORNL confirmed these loads by meas
urements with water and slurry.

Although the loads are considered to be per
missible, the length of the impeller ribs has been
increased from 31/, to 4\ in. to reduce the thrust
load to 120 lb with slurry. Lengthening the ribs
also reduces the pressure in the rotor cavity; the
lower pressure is expected to result in improved
control of injection of condensate.

The feasibility of substituting Al203 surfaces
for Steliite and Graphitar is being investigated.
A full set of pads, runners, journals, and radial
bearings with Rokite A (sprayed AljOg) surfaces
was ordered for pump 200A for testing purposes.
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9.3.2 Caking During Operation of
Slurry Loop 200A

W. Q. Hullings

During the third 200-gpm slurry loop run, approxi
mately 50% of the circulated solids deposited on
the pipe walls as a hard, intractable cake from
/£ to \A in. thick and with a density of 5.4 g/cm .
A single determination of the modulus or rupture
(the bending stress at rupture) of a bar of cake
\ x \ x 2 in. gave a value of 360 psi compared
with an average value of 2850 psi found for
samples of Tennessee marble having similar
dimensions. Chemical analyses of cakes ob
tained from various parts of the loop system showed
the usual contaminations of iron, nickel, chromium,
and sulfate to be present. In addition, aluminum
and silica were found. Several steps have been
taken to determine the cause of this unprecedented
and serious phenomenon.

9.3.3 Dump-Tank Evaporator Tests

M. Richardson A. N. Smith

Two dump-tank systems for use in the HRT
blanket being investigated with the use of small
steel or glass models are described below.

(a) Combination Race Track—Vertical Gas
Lift. — Results with the combination race track-

vertical gas lift dump tank continue to look
promising. Slurries containing 1000 g of thorium
per kilogram of HjO were circulated for periods
of several days to two weeks without an appreciable
change in concentration. The system was shut
down for varying lengths of time up to ten days
and restarted with no difficulty in redispersing
the solids.

After the ten-day shutdown, with the bed in each
riser leg approximately 18 in. deep, a steam
pressure of 3 psig was required to set the bed in
motion. Once in motion, 3-psig steam was needed
to keep the solids suspended in 100 liters of
slurry to evaporate water at the rate of 1 Ib/min.

Auxiliary heat, to compensate for heat losses
and to maintain concentration, was supplied by
a steam coil which was inserted in one of the

downcomer legs. In each run, regardless of concen-

o

R. N. Lyon and D. G. Thomas, Preliminary Investi
gation into Cake Formation During Slurry Test 200A-3,
ORNL CF-55-12-32 (Dec 6, 1955).

9R. N. Lyon et al., HRP Quar. Prog. Rep. Oct. 31,
1955, ORNL-2004, p 68-71.
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tration, a viscous sludge of density 3.7 g/cm
was deposited between the steam coil and the
downcomer wall, perhaps due to surface boiling
in that low-velocity region of the downcomer.
Various schemes for supplying the auxiliary heat
without sludge formation are being tested.

Slurries containing 1200g of thorium per kilogram
of H20 were also circulated for 168 hr with no
change in concentration. After a 72-hr shutdown,
5-psig steam was required to set the 2-ft-deep bed
in motion. Once in motion, only 3-psig steam was
needed to keep the solids suspended.

(b) Conical Dump Tank with Vertical Gas
Lift. — An inverted-cone-shaped steel tank,
approximately 3 ft high and 3 ft in diameter at
the top, is being fitted with a gas lift as shown
in Fig. 9.2. It is hoped that this type of system
will combine the simplicity and effectiveness of
the simple gas lift and the capacity of the race
track model. If tests prove successful, it is
believed that this type of dump tank can be adap
ted to handle both large and small amounts of
slurry.

STEAM LIFT SUPPLY FROM GENERATOR

GUIDE VANES

UNCLASSIFIED
ORNL-LR-DWG 12065

DRAFT TUBE

Fig. 9.2. Experimental Dump Tank for ThO.
Slurry.



9.3.4 Heat-Transfer Studies

C. G. Lawson I. M. Miller

The extent and nature of transitional flow from

the laminar to the fully turbulent regions for a
typical Bingham-plastic thorium oxide slurry are
being determined by means of radial temperature
profiles. Preliminary data indicate that plug-type
flow, characteristic of laminar flow with Bingham
plastics, persisted into the turbulent region for
velocities twice those required to initiate measur
able turbulence ' for the system studied.

PERIOD ENDING JANUARY 3 7, 7956

Measurements were made in a 1-in. pipe, 50 pipe
diameters downstream from the exit from a 10-ft-

long steam-jacketed section. The slurry had a
yield stress of 0.15 lb/ft and a modulus of rigidity
of 4.5 centipoises as determined in a pipeline
viscometer.

C. G. Lawson, A State-of-the-Art Survey on Engi
neering Calculations for Slurry Systems, ORNL CF-55-
9-165 (Sept. 22, 1955).

nB. 0. A. Hedstrb'm,/«<i Eng. Chem. 44, 651 (1952).
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10. SOLUTION CORROSION1

J. C. Griess H. C. Savage

S. R. Buxton R. M. Pierce2
J. L. English J. A. Russell
R. S. Greeley R. M. Warner
G. E. Moore D. B. Weaver2

10.1 PUMP LOOPS

J. C. Griess H. C. Savage

S. R. Buxton J. A. Russell

R. S. Greeley R. M. Warner
R. M. Pierce D. B. Weaver

Tests in the 100A pump loops showed that, if
solutions containing 0.04 m uranyl sulfate and
0.005 m CuSO. are to be maintained at temper
atures as high as 300°C, sulfuric acid must be
added to prevent hydrolytic precipitation of copper
and uranium. It now seems certain that at least

0.015 m HjSO. will be necessary to stabilize the
solution at 300°C. Runs with less acid showed

that copper and, to a lesser extent, uranium slowly
precipitate from the solution. At 300°C with
0.015 m sulfuric acid, corrosion of stainless steel
was not excessive even at flow rates as high as
45 fps. However, corrosion became much more
severe in the above solution in the temperature
range of 200 to 250°C, and, in this range, critical
velocities as low as 15 to 20 fps were observed.
If the critical velocity is not exceeded, corrosion
rates of no more than 1 mpy can be expected.

The circulation of 0.04 m UOjSO. solutions
containing 0.005 m CuS04 with 0.020 m H2S04
and with 0.015 mH2S04 at340°Cwas accomplished,
but in both cases two liquid phases were present.
Laboratory tests confirmed the loop data and
showed that the heavy phase represented no more
than 0.1% of the total volume of the solution and

that it contained copper. In the loop run the
heavy phase was not circulated but apparently
collected in crevices or dead ends of the loop.
As the temperature was lowered, the two phases
became miscible, as evidenced by an increase in
the uranium and copper concentrations of the
solution. Under the above conditions corrosion

damage to stainless steel, titanium, and Zircaloy-2
was minor up to 70 fps.

This work has been reported in greater detail in
ORNL CF-56-1-167 (to be issued).

On loan from TVA.

Other loop runs showed that the presence of
copper in 0.04 m UOjSO. solutions had no effect
on the corrosion rate of stainless steel below the

critical velocity; above the critical velocity
copper accelerated the corrosion rate. For ex
ample, in a 0.04 m UOjSO. solution containing
0.02 m H2S04 and 0.005 m CuS04, the film-free
corrosion rate of type 347 stainless steel was 100
mpy at 250°C. Under identical conditions, but
with 0.05minstead of0.005 772 CuS04, the corrosion
rate was 300-mpy.

A solution containing 0.03 m UO, and 0.17 772
Li .CO,, with partial pressures of 600 psi CO. and
400 psi oxygen, was circulated in two runs at
250°C, and the solution demonstrated a low degree
of corrosiveness. The ferritic stainless steels,
carbon steel, and nickel, all of which are corroded
heavily by uranyl sulfate solutions, showed low
corrosion rates in the carbonate system. The
average corrosion rate for carbon steel was 5.7
mpy for a 200-hr exposure. For a 537-hr exposure
the corrosion rate was 2.5 mpy, which shows that
the corrosion rate was very low after the first
200-hr period. The austenitic stainless steels in
all cases showed corrosion rates at least as low

as, and in most cases even lower than, in a com
parable sulfate system. The Stellites were heavily
corroded by both the carbonate and the sulfate
system.

Further corrosion tests with uranyl sulfate
solutions containing an equimolar concentration
of lithium sulfate were completed. The tests
made with solutions containing between 300 and
680 g of uranium per liter verified previously
reported results. One run made at 350°C with
3.8 772 U02S04 showed the absence of a critical
velocity up to 70 fps; all stainless steel corrosion
specimens developed smooth, adherent films
which protected the steel from heavy attack. The
average corrosion rate for type 347 stainless steel
specimens was 25 mpy for a 143-hr run and un
doubtedly would have been lower had the run
continued.
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Solutions containing 300 g of uranium per liter and
half the molar equivalent of lithium sulfate were
circulated at 300°C. The results obtained in dupli
cate runs were not in complete agreement, but
generally the results indicated that the critical
velocity was between 15 and 30 fps. Below the
critical velocity, a protective film formed, which
minimized the corrosion damage to the stainless
steel; above the critical velocity, corrosion was
severe, with corrosion rates as high as 1500 mpy.
In uranyl sulfate solutions of all concentrations,
both with and without added sulfate salts, titanium
and zirconium and some of their alloys showed
very little corrosion attack.

Loop runs with the highly concentrated U02S04-
Li2S04 solutions failed to demonstrate the low
vapor pressure reported in the last quarterly report.3
Additional autoclave tests also failed to verify
the early results. Reasons for the discrepancies
have not been obtained.

10.2 TOROIDS

G. E. Moore J. C. Griess

Toroid runs with solutions containing 0.16 772
U02S04, both with and without 1.0 m Cs2S04,
showed that the corrosion of stainless steel was

markedly suppressed by the added cesium sulfate.
In identical runs (except for the presence or
absence of cesium sulfate) at 250°C, the average
corrosion rate of type 347 stainless steel in the
solutions without the cesium sulfate was 66 mpy,
compared with 3.5 mpy for the solutions with the
cesium sulfate. Similar toroid runs with 3.8 772

U02S04, both with and without 3.3 772 Li2S04,
demonstrated a beneficial effect of the added

lithium sulfate. In essence, results obtained with
the toroids substantiated the loop data, which
showed that the addition of sulfate ions to uranyl
sulfate solutions reduced their corrosiveness
considerably.

10.3 LABORATORY TESTS

J. L. English J. C. Griess

Preliminary static tests with type 1515N stain
less steel showed the alloy to have a corrosion
resistance similar to that of type 347 in uranyl
sulfate solutions. The alloy was developed by
The Babcock & Wilcox Co. specifically for high-

H. C. Savage, J. C. Griess, et al., HRP Quar. Prog.
Rep. Oct. 31. 1955, ORNL-2004, p 98.
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temperature steam service in the range of 650 to
800°C. The nominal composition of the alloy is
15% Cr, 15% Ni, 1.5% Mo, 1% Nb, 1% W, balance
iron. At boiling temperature all specimens showed
very slight weight gains in 1.3 772 U02S04 and in
0.04 772 U02S04 containing 0.02 772 H2S04 and
0.005 772 CuS04. In the latter solution at 300°C
the corrosion rate was 0.3 mpy.

Corrosion studies with an antigalling type of
cast alloy, designated as Waukesha Metal No. 88,
showed the alloy to have a reasonable corrosion
rate, about 0.5 mpy, in boiling 0.04 772 U02S04
containing 0.02 772 H2S04 and 0.005 772 CuS04; in
the same solution at 300°C, however, the alloy
corroded at a rate of 43 mpy. The test samples
were supplied by the Allis-Chalmers Mfg. Co. and
had a nominal composition of 0.03% C, 12% Cr,
4% Sn, 3.5% Bi, 5% Fe, 3% Mo, 0.8% Mn, balance
nickel. In boiling 5% nitric acid, corrosion was
severe and averaged 32 mpy for duplicate speci
mens. Significant pitting attack was apparent.

Studies with Iso-Elastic spring alloy, a material
considered for use in the pressurizer liquid-level
controller of the HRT, showed the metal to have
very poor corrosion resistance to uranyl sulfate
solutions, even at room temperature. Corrosion
tests with gold-plated specimens showed that if
the gold plate contains pinholes corrosion will
be severe at these locations, usually severe
enough to undercut the gold and allow it to flake
off.

In an effort to find a more resistant alloy suit
able for use as a spring at 300°C, tests were
initiated with Elgiloy, an alloy with a nominal
composition of 40% Co, 20% Cr, 15% Ni, 7% Mo,
2% Mn, 0.04% Be, 0.15% C, balance iron. Pre
liminary tests indicated a corrosion rate of 0.02
mpy in boiling 0.12 772 U02S04 and 1.6 mpy in 0.17
rn U02S04 at 150°C. In 0.04 mU02S04 containing
0.02 772 H2S04 and 0.005 772 CuS04 at 300°C, the
corrosion rate was only 3.5 mpy, and the rate
appeared to be decreasing with time. A specimen
exposed in the vapor phase at 300°C, which more
closely represents the actual service environment,
showed negligible corrosion.

Results of preliminary corrosion tests with
niobium-zirconium alloys were reported in the last
quarterly progress report.4 Further static testing

J. L. English and J. C. Griess, HRP Quar. Prog.
Rep. Oct. 31, 1955, ORNL-2004, p 103-105.



with cast alloys containing 2, 5, and 7.5% niobium
and with wrought alloys containing 2 and 15%
niobium was carried out. During a 500-hr test, in
a solution of 0.04 m U02S04 with 0.02 m H2S04
and 0.005 m CuS04 at 300°C, the cast alloys
containing 2 and 5% niobium exhibited corrosion
rates of 37 and 10 mpy, respectively; the 7.5%
niobium alloy showed a weight gain corresponding
to a corrosion rate of about 4 mpy (assuming no
loss of oxide from the specimen). The wrought 2%
alloy corroded at a rate of 3.3 mpy, whereas the
15% alloy showed a weight gain, equivalent to a
corrosion rate of 2.4 mpy. It should be noted that
all alloys contained oxide on their surfaces and
that the reported corrosion rates would have been
higher had the oxide been removed. All the
zirconium-niobium alloys investigated to date have
shown a corrosion resistance inferior to Zircaloy-2.

The corrosion rate of sintered aluminum oxide

in 0.17 rn U02S04 was found to range between 0.5
and 2 mpy in the temperature range of 150 to
250°C. At 300°C the rate ranged between 2.9 and
4.4 mpy and appeared to be increasing with time.
It was noted that in 0.17 m U02S04 containing
0.01 772 CuS04 a corrosion rate of less than 1 mpy
was observed at 200°C; at 250°C, the rate was
increasing with time, amounting to 1.1 mpy during
the first 100-hr exposure period and 5.3 mpy after
1700 hr. Corrosion tests with three different

types of Coors porcelain demonstrated them to be
completely unsuitable in 0.17 772 U02S04 at 250°C.
Corrosion rates between 87 and 200 mpy were
observed.

Corrosion tests in which titanium, gold, and
Zircaloy-2 were coupled to type 347 stainless
steel showed the complete absence of galvanic
attack both in boiling 5% HNO. and in boiling
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0.04 772 U02S04 containing 0.005 m CuS04 and
0.02 772 H2S04.

Stressed specimens of type 347 stainless steel
were exposed for 7630 hr both in and above boiling
0.04 772 U02S04 containing 0.004 772 H2S04 and
0.005 772 CuS04> No cracking of the specimens
was observed either in the vapor or in the solution,
and generalized corrosion rates were of the order
of 0.01 mpy. At the end of the 7630-hr period 60
ppm of chloride ion as potassium chloride was
added to the solution, and the test was continued.
In addition to the specimens previously exposed,
one new stress assembly of type 347 stainless
steel was included in the vapor phase, and one
was immersed in the solution. At the end of 500

hr the new specimen exposed in the solution ex
hibited incipient cracking at several points near
the area of maximum applied stress (20,000 psi).
The edges also showed random pitting attack and
at one point, a blistering of the metal. All pre-
exposed specimens and the new specimen exposed
in the vapor showed neither cracking nor pitting.
A separate, more extensive investigation previous
ly reported5 showed that specimens of type 347
stainless steel exposed above UO.SO. solutions
containing as little as 5 ppm chloride ion can be
severely pitted and cracked at areas of residual
stresses. These investigations demonstrated the
damage that can be done to austenitic stainless
steel by low concentrations of chloride ion (or
chlorine) either in solution or in the vapor phase.

G. E. Moore, Summary of Laboratory Corrosion Tests:
The Solution and Vapor Phase Corrosion of Type 347
Stainless Steel, Titanium 75A and Zircaloy-2 Exposed
to 0.14 m Uranyl Sulfate in the Absence and Presence
of Chlorine or Iodine, ORNL CF-55-12-70 (Dec. 12.
1955).
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11. SLURRY CORROSION

E. L. Compere

S. R. Buxton

G. E. Moore

R. M. Pierce1

11.1 PUMP LOOPS

Four short-term runs in 100A loop CS were made
during the quarter.2 Three of the runs were made
with thorium oxide slurry; for these runs the loop
was charged initially to a concentration of approxi
mately 1200 g of thorium per kilogram of water.
Average circulating concentrations ranging from
581 to 1075 g of thorium per kilogram of water
were observed. Three different batches of thorium

oxide were used. Each of these was a thorium

oxalate calcination product, finally calcined at
800°C. One run with water was made to check

over-all loop performance. All runs were made at
300°C, with the addition of oxygen to the system.

The first slurry run, CS-18, at a temperature of
300°C in the loop and about 325°C in the pressur
izer, was terminated because of excessive pump-
bearing wear after 97 hr of operation. The feed of
water to the pump rotor cavity was insufficient to
keep slurry flushed out of the bearings, and this
caused the excessive wear.

Following this run, the condensate system was
modified to increase the flow of water to the pump
cavity. A water run was then made, and it indi
cated that the flow had been improved. Subsequent
operation with thorium oxide slurry revealed, how
ever, that the condensate system did not operate
reliably under all conditions of loop temperature,
pressure, and flow. Further revisions to the con
densate system and an increase in the size of the
bypass line from the pump to the pressurizer have
been made.

For run CS-20 the calculated charge concen
tration was 1180 g of thorium per kilogram of
water. The oxide used was produced at the Feed
Materials Processing Center at Fernald, Ohio, and
was recalcined at 800°C at ORNL. The loop
operating temperature was 300°C. Loss of con
densate flow, which occurred after 3 hr of oper
ation, required shutdown 3 hr later to avoid pump

On loan from TVA.

The material in this section has been reported in
greater detail in ORNL CF-56-1-168 (to be issued).
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R. M. Warner

damage. Subsequent attempts to resuspend the
slurry failed, indicating plugging of a sample
barrel.

When the loop was dismantled, two kinds of
thorium oxide cakes were found. One was a glassy
translucent film on many of the pins, the pin
holders, and parts of the pump impeller. This hard
cake, along with an earlier chalky deposit on the
pin holder, appeared to have been formed through
out the course of the run. A softer plug was also
noted in a sample barrel. This plug may have
resulted from settling of slurry in the pin holder
after the aforementioned hard cake constricted the
channel. The hard cake probably resulted from
impurities in the particular batch of oxide used.
No other 100A loop runs with other thorium oxide
preparations have produced deposits of this charac
ter. Figure 11.1 shows one half of the pin holder.

Run CS-21 was charged with relatively pure
ORNL-produced thorium oxide, precipitated by
oxalic acid at 70°C and calcined at 800°C. The
charge concentration was 1200 g of thorium per
kilogram of water, and the loop was operated at
300^.

A sample barrel, which was restricted downstream
so that it allowed a flow rate of 16 fps, apparently
was plugged in the upstream header from the
beginning of the run. The material of the plug
resembled the oxide used in the previous run,
CS-20; presumably, the oxide had not been com
pletely washed out after that run.

After 1 hr of operation at 300°C, temperature of
the 1-in. bypass mixing line leading from the
pump discharge to the top of the pressurizer began
to fall, indicating a plug. No subsequent indication
of flow was noted for the rest of the run, which
had a total duration of 30 hr. During the twenty-
second hour of operation, carbon dioxide was added
to the loop to a partial pressure of 50 psi in an
effort to relieve the plugging, but no effect was
noted.

After the loop was water-rinsed, it was opened.
The bypass mixing line was found to be entirely
open and clear. One sample barrel and its up-
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exhibited a similar temperature effect and a
stronger dependence on concentration and velocity.
Gold, platinum, and the Stellites appeared to be
sensitive to particular batches of oxide, and the
Stellites appeared to be undergoing attack by
water alone, as well as by flowing slurry.

11.2 TOROIDS

The major portion of the available toroid oper
ating time was devoted to solution runs involving
additions of lithium and cesium sulfates to uranyl
sulfate solutions. Results of these runs3 are
given in Sec. 10.2.

Replacement variable-speed d-c motors for the
remaining three toroid rotators arrived, and instal
lation has begun. Two such motors were in use
during the past quarter and proved to be reliable
and capable of operating satisfactorily at rotational
speeds permitting tests in the range from 5 to
40 fps, where other apparatus strength factors
appear to become limiting.

Presently available results permit a consider
ation2 of the effects of oxide calcination temper
ature and flow velocity in toroids on the slurry
attack rate on several materials. Interest in

aqueous thorium oxide slurries prepared from oxide
calcined at high temperature (1000°C or greater)
stemmed from observations that at room temperature
such slurries handle more easily (i.e., are more
fluid) after circulation than slurries prepared from
oxide calcined at lower temperatures. The attack
of type 347 stainless steel, titanium 75A, and
Zircaloy-2 by circulating slurries prepared from
thorium oxide calcined at temperatures from 650 to
1600°C was studied over a range of slurry ve
locities in toroids.

ORNL-produced thorium oxide (batch D-17) origi
nally calcined at 650^ was recalcined at temper
atures from 800 to 1600PC. Only a very slight
change in the particle-size distribution was ob
served, as estimated by gravitational sedimentation.
In the 1600°C thorium oxide 91 wt % of the material

was less than 10 /x in diameter, and the average
particle diameter was 2.3 \£ in the original 650^
oxide 85 wt % was less than 10 \i in diameter, and
the average diameter was 2.2 /*.

Aqueous slurries of these unsized oxides were
circulated at charge concentrations of 1000 g of

5ORNL CF-56-1-167 (to be issued).
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thorium per kilogram of water in type 347 stainless
steel toroids at 250*^ and with excess oxygen
pressure. Corrosion pin specimens of type 347
stainless steel, titanium 75A, and Zircaloy-2 were
used to determine the attack rates at 5, 15, and
26 fps relative slurry velocities. The runs lasted
approximately 200 hr at 26 fps and 400 hr at the
lower velocities.

The results showed that, for any particular
velocity up to 26 fps, the attack rate of any one
of the materials by the slurries was independent
of the calcination temperature of the oxide. Thus,
for example, at 26 fps the attack rates of type 347
stainless steel varied randomly between 2 and 6
mpy for oxides calcined at 650, 800, 1000, 1200,
1400, and 1600°C. Under similar conditions the
rates for titanium varied between 0.2 and 8 mpy,
while Zircaloy-2 gave rates up to 2 mpy. As a
first approximation these rates should probably
be doubled in order to put them on the same basis
as results from loop tests (due to slug flow in the
toroids).

On a few occasions, the attack rates were
significantly greater than those generally found.
These higher values may be due to inhomogeneities
in these particular samples of oxide and emphasize
the presence of factors that have not been de
termined and controlled.

In any event it seems possible to obtain slurries
of thorium oxide calcined at high temperature that
yield attack rates comparable to those obtained
with slurries of oxide calcined at much lower

temperatures. The variation in character of the

circulated slurries after circulation was pronounced
in these experiments. At slurry concentrations of
1000 g of thorium per kilogram of water, the oxides
calcined at 650 or 800^ produced a very thick
slurry at room temperature after circulation at 15
and 26 fps, whereas slurries of oxides calcined
at 1200^ and higher were much more fluid under
similar conditions.

Attack rates for both type 347 stainless steel
and titanium 75A followed an approximately 1.5-
power dependence on the slurry velocity up to
26 fps relative velocity. Approximate values for
the stainless steel and titanium, respectively,
were: 0.3 and 0.4 mpy at 5 fps, 2.1 and 1.7 mpy
at 15 fps, and 3.8 and 3.8 mpy at 26 fps. The
rates for Zircaloy-2 were uniformly low for all
velocities studied.
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12. RADIATION CORROSION
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12.1 IN-PILE LOOPS
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12.1.1 Development and Construction

(a) General. — In-pile loop assemblies for
radiation-corrosion studies are now being built for
operation in beam holes HB-2 and HB-4 at the
LITR. Each beam hole has a slightly different
geometry as to over-all and tapered section di
mensions. In an effort to provide a more versatile
in-pile loop package and to reduce the number of
components required, a component package suitable
for use in either LITR beam hole, through adjust
ment of the length of two connecting pipes, has
been provided.

The loop package previously used in beam hole
HB-4 was designed for operation to 1000 psia.
The new composite loop is designed for operation
to 2000 psia so that radiation-corrosion studies at
higher temperatures (up to 300°C) can be made.

(b) HB-4 Mockup. - The fabrication and the
performance testing of in-pile loop L-4-12 were
completed during the past quarter. This loop was
installed and is in operation in beam hole HB-4
of the LITR. The core section2 of loop L-4-12
was fabricated from titanium, type Ti-75A, and was
coupled to the stainless steel loop by means of
two special couplings as shown in Fig. 12.1.
Results of thermal cycling and pressure tests had
indicated that these joints were satisfactory for

]On loan from TVA.
G. H. Jenks et al., HRP Quar. Prog. Rep. April 30,

1954. ORNL-1753, p 83-84, Figs. 62 and 63.

use at 250°C and 1000 psia. This is the first
loop in which such an arrangement has been
attempted. All previous in-pile loops were fabri
cated entirely of type 347 stainless steel with
all-welded construction.

The titanium, tapered-channel, corrosion speci
men holders, used in the core and line positions
of loop L-4-12, contained corrosion coupons of
type 347 stainless steel, Zircaloy-2, and titanium
type 55AX. Impact specimens of titanium, type
RC-A-40, and Zircaloy-2 are included in both the
core and line position. Stressed specimens of
several titanium alloys, as well as type 17-4 PH
stainless steel, were included in the core, line,
and pressurizer.

Frequent leak checks with a helium leak detector
were made on loop L-4-12 during the operational
checkout, particularly after each thermal cycle of
the loop, to ensure that the special stainless-
steel-to-titanium couplings were satisfactory.
These couplings remained leaktight during the
checkout and apparently are continuing tight in
operation in beam hole HB-4.

(c) HB-2 Loop Package. - In-pile loop L-2-10,
designed for operation in beam hole HB-2 of the
LITR, was completed and tested. The loop is
now ready for installation and operation as soon
as facilities at the LITR are completed.

(d) Titanium In-Pile Loop (L-2-14). - The
unusual corrosion resistance of titanium to uranyl
sulfate solutions, both in and out of nuclear radi
ations, was demonstrated under a wide variety of
conditions. One model 100A dynamic corrosion
test loop has already been fabricated of titanium,3
as have numerous other component parts such as
Westinghouse model 100A pump impellers and

E. G. Bohlmann et al., HRP Quar. Prog. Rep. March
31. 1953, ORNL-1554, p 47.
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Specimen Type and Position

Pressurizer stress

specimen assemblies

(one each in vapor and

liquid)

Number and Material

2 zircaloy-2

2 titanium C-130-AM

2 stainless steel,

type 17-4 PH

2 stainless steel,

type 347

Corrosion coupons in Zircaloy-2 tapered holders
were installed in both the in-line and core po
sitions. These coupons were of three materials:
type 347 stainless steel, Zircaloy-2, and titanium
55AX. The arrangement of the coupons in the
holders was identical with that of the coupons for
loop EE described previously.6 Two rod-and-
sleeve assemblies containing uncoupled coupons
of types 347 and 309 SCb stainless steel were
installed in the core position, replacing the
coupled specimens used in loop EE. These
assemblies were mounted around the coupon holder
in the core position along with stressed specimens
of Zircaloy-2, hardened type 17-4 PH stainless
steel, and type C-130-AM titanium. The type
C-130-AM titanium and hardened type 17-4 PH
stainless steels are materials with high yield
strength that were under consideration for use as
bolting material for the fuel-contacting joint be
tween the HRT core and pressure vessel.

In addition to the usual core and in-line corrosion

specimens, loop L-4-8 contained stressed speci
mens in a second in-line holder for comparison
with the stressed specimens in the core. This
second in-line holder contained three stressed-

specimen assemblies: one each of Zircaloy-2,
hardened type 17-4 PH stainless steel, and type
C-130-AM titanium. A third set of eight stressed-
specimen assemblies — two each of Zircaloy-2,
type 347 stainless steel, type 17-4 PH stainless
steel, and type C-130-AM titanium - was installed
in the pressurizer. The assemblies were so
arranged that one stressed assembly of each
aforementioned material would be exposed to the
liquid and one to the vapor phase in the pres
surizer. The temperature in the pressurizer is
280°C, whereas the in-line and core temperature
is 250°C.

The methods, equipment, and procedures em
ployed in this experiment were similar in most

G. H. Jenks et al., HRP Quar. Prog. Rep. Jan. 31,
1955. ORNL-1853, p 86-87.
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respects to those reported for previous loop experi
ments.7,8 The pump employed with the loop was
equipped with journals and bearings of sintered
alumina. The operating performance of the bearings
appeared to be excellent, even though the experi
ment was terminated by pump failure. Remote
examination of the pump indicated that the failure
was caused by the pump becoming stalled due to
a movement forward of the rear bearing.

The solution charged to the loop for in-pile
operation was of the following composition:

.0.17 m(U23S/total U=0.888)uo2so4

CuSO.
4

H2S04

0.031 m

0.04 m

A solution of the same composition was used to
replace liquid withdrawn from the loop during
sampling operations. This is the first loop experi
ment which has been equipped with stainless steel
specimens and at the same time has employed a
solution of such high acidity. Sulfuric acid con
centrations which were smaller by a factor of
approximately 5 were previously employed.8

Both the total circulating time and the radiation
time for this experiment were longer than for any
previous experiment. The loop operated in-pile
for a total of 1637 hr. The energy output of the
LITR during this time was 4377 Mwhr. The
average fission power in the loop, as determined
from cesium analyses, was 622 w when the LITR
was at 3 Mw". As for the previous loop, the power
density at a given location in the core was de
termined from measurements of the induced ac

tivities of the Zircaloy and type 347 stainless
steel specimens. The power densities thus de
termined were about the same as those reported
for the previous loop, ranging from about 5 w/ml
at the position of the forward specimens to about
0.7 w/ml at the rear position.

The nickel and oxygen data obtained during
operation indicated the same general corrosion
behavior as that observed for previous experiments:
a high initial corrosion rate which leveled off to
a much lower and fairly constant rate after the
first 300 hr of exposure in the reactor.7'8 As
calculated from oxygen data, the corrosion rate

7G. H. Jenks et al.. HRP Quar. Prog. Rep. July 31,
1955. ORNL-1943, p 109.

G. H. Jenks et al., HRP Quar. Prog. Rep. Oct. 31,
1955, ORNL-2004, p 123.
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during the first 300 hr was 4.0 mpy. During the
final 1337 hr, the average rate was 0.7 mpy.

12.1.3 Qualitative Results of Inspection
and Evaluation of Loop L-4-8

As with previous loop experiments, all stainless
steel surfaces outside the core were covered with
a heavy, rustlike scale with no apparent localized
attack on any of the components inspected. The
quantity of scale in the gas phase of the pres
surizer was less than that in the solution phase.
There was no visual indication in the pressurizer
region of any changes in the scale character other
than quantity.

All coupons in the in-line position were covered
with a heavy, flaky scale. The stressed specimens
in the special in-line position were similar in
appearance. Considerable difficulty was again
encountered in defilming the in-line coupons by
the standard cathodic treatment in an inhibited

5% sulfuric acid solution. The titanium coupons
were defilmed more readily than the stainless steel
and much more readily than the Zircaloy-2 coupons..
The Zircaloy-2 coupons, in fact, were never com
pletely defilmed, as weight gains were recorded
after the final defilming. The defilming character
istics of the stressed specimen from the special
in-line position and from the pressurizer were
similar to those of the in-line coupons.

All stainless steel surfaces in the core were
covered with a rustlike scale similar to that in

the rest of the loop. With the exception of the
core-holder coupons, the apparent thickness of
this scale varied inversely with the intensity of
radiation to which the surface was exposed. Those
core-holder coupons which were in the regions of
highest velocity were coated with a thin film.
The two rod-and-sleeve stainless steel coupon
assemblies were somewhat difficult to disassemble
remotely, apparently because an accumulation of
corrosion products tended to seal the sleeves to
the rod. This sealing was particularly pronounced
for the type 309 SCb assembly. After defilming,
the stainless steel coupons which were in the
higher flux regions of the core holder exhibited a
severely pickled appearance. This was particularly
true for those which were in the high-velocity
regions. The sleeve specimens of type 347
stainless steel which were in the highest flux
were marked with longitudinal grooves so that the
surface resembled in appearance the bark of a

94

hickory tree. No such grooves were found in the
309 SCb sleeves.

The Zircaloy-2 stress assemblies in the core
were covered with a thin, dark film on all surfaces.
The coupons in the holder array were coated with
a heavier dark film. All titanium coupons in the
highest flux regions were coated with a similar
dark film, with the exception of the coupon in the
highest flux position; this coupon was essentially
free of scale. The titanium coupons exposed in
the low-flux end of the core array were covered
with a rust-colored scale typical of the remainder
of the loop. All specimens from the core were
defilmed with little difficulty.

12.1.4 Quantitative Results of Inspection
and Evaluation of Loop L-4-8

Corrosion-rate values reported in the following
were calculated from weight-loss data, with the
exposed specimen areas and total radiation time
used as a basis for the calculations.

(a) Stress Specimens. - Microscopic examination
of the various stress specimens revealed no
surface evidence of any stress-corrosion cracking.
In addition, there was no evidence from weight-loss
determinations that the average corrosion rate of
any of the different materials was adversely
affected by the stress.

(b) Zircaloy-2. - The corrosion results obtained
for Zircaloy-2 in this experiment were nearly in
agreement with those obtained in previous loops.7,8
As before, the corrosion rates of the core specimens
were flux-dependent. The corrosion rate for a
specimen exposed at a given fission-power density
was nearly in agreement with previously determined
values. As mentioned above, the Zircaloy-2
specimens which were exposed in portions of the
loop outside the core could not be defilmed com
pletely, and, in each case, weight gains were
recorded after the final defilming.

(c) Titanium 55AX. - The average corrosion rate
of specimens from the core holder was 0.5 mpy;
the maximum rate for any specimen was 0.8 mpy.
There was no evidence of an effect of solution
velocity on the attack of the core specimens.
There was also no clear evidence for an effect of
power density, although the highest rate found
was for the specimen which was in the forward
position and, hence, exposed to the highest in
tensity of radiation. The average corrosion rate
for the in-line specimens was 0.2 mpy; the



maximum for any specimen was 0.5 mpy. There
was no apparent effect of velocity on the attack
of the in-line specimens. The corrosion rates of
both the in-line and core specimens are in close
agreement with those determined in the previous
experiment.8

(d) Stainless Steel, Type 347. - The corrosion
results for the components fabricated of stainless
steel are given below.

(1) Core-Holder Coupons. — The pattern of cor
rosion among the different stainless steel speci
mens from the core array of the loop was more
complex than that observed for the identical array
of specimens in the previous loop.8 The ac
celerating effect on corrosion of high-radiation
intensities was less pronounced than for the
previous loop. However, in contrast with the
previous results, the present results indicate a
strong accelerating effect of velocity. In this
experiment the average corrosion rate determined
for each of the three specimens located nearest
the front of the core and exposed to a maximum
solution velocity of about 17 fps was about 10 mpy.
However, the rates determined for the next two
steel specimens in the array were 20 and 40 mpy,
respectively. The average solution velocities past
these specimens were about 29 and 39 fps, re
spectively. In the previous experiment the cor
rosion rates determined for the first three specimens
were, in each case, about 60 mpy. The rates for
the remainder of the specimens were all below
3 mpy.

It can be tentatively postulated that the higher
acidity of the solution employed in this experiment
was responsible for both differences noted between
the results of this and the previous loop-. The
reduction of the radiation-induced corrosion at low

velocities is consistent with the results of in-pile
bomb experiments (see Sec. 12.2), and an increase
in the velocity effect on corrosion by the addition
of sulfuric acid to uranyl sulfate solutions is
commonly observed in out-of-pile tests. However,
as discussed below, the type 347 stainless steel
specimens from the in-line holder did not show
any velocity effect. Hence, it is indicated that
the observed velocity effect is also dependent on
the power density.

(2) Core Sleeve Specimens. — As mentioned
previously, it was apparent from visual inspection
that most of these specimens were marked with
longitudinal grooves and were not uniformly at
tacked.

PERIOD ENDING JANUARY 31, 7956

The results of weight measurements indicated
that the degree of attack of these specimens
increased with increasing power density. The
average corrosion rate for all specimens, as de
termined from weight-loss data, was 2.0 mpy.
The maximum average rate for a given specimen
was 7.7 mpy, and the minimum rate was 0.1 mpy.
The maximum rate, which was for the specimen
exposed at the highest power density, was out of
line with the rates for the other specimens. The
rate for the adjacent specimen, which wcs exposed
at a slightly lower power density, was 3.2 mpy.
It is interesting to note that the average rate of
2.0 mpy determined for these specimens was only
slightly higher than the average rate of 1.5 mpy
determined for the type 347 in-line holder speci
mens.

(3) In-Line Holder Coupons. —The average cor
rosion rate determined for these specimens was
1.5 mpy. The highest rate found for any specimen
was 3.5 mpy, and the lowest was 0.2 mpy. There
was no apparent correlation between the solution
velocity to which a specimen was exposed and the
corrosion rate exhibited by that specimen.

(e) Stainless Steel, Type 309 SCb, Core Sleeve
Specimens. —The average corrosion rate for these
specimens was 1.6 mpy. The highest rate for any
specimen was 3.0 mpy, and the lowest rate was
0.8 mpy. As mentioned above, the surface of this
specimen appeared to be more uniformly attacked
than were the similarly located type 347 sleeve
specimens. However, the average corrosion rate
was only slightly lower than that for the type 347
specimens.

(f) Correlation Between Nickel and Weight
Data. —The total amount of steel oxidized during
the loop operation, according to nickel data, was
19.5 g. From the specimen weight data it may
be estimated, with certain assumptions as a basis,
that the total amount of steel oxidized was 27.4 g.

The basic assumptions are as follows: (1) All
steel surfaces in contact with high-temperature
solution, excluding the core, corroded uniformly
and at an average rate equal to that for the in-line
specimens; (2) the attack of a steel surface, which
was at a given flux in the core, was the same as
that measured for those sleeve specimens which
were located outside the core holder and in the

same given flux. The rough agreement of the
values determined by the two methods suggests
that these assumptions are approximately correct.
The average corrosion rate for the area in the core
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loop was assumed to be twice that determined for
the type 347 sleeve specimen which was in the
highest flux.

12.2 LITR BOMB TESTS

G. H. Jenks

H. 0. Day J. A. Russell
H. A. Fisch F. J. Walter

D. T. Jones K. S. Warren

L. F. Woo

Investigations of the effect of radiation on the
corrosion of Zircaloy-2 and type 347 stainless
steel by uranyl sulfate solutions continued. Since
the last report, two Zircaloy-2 bombs, Z-14 and
Z-16, have undergone in-pile exposure, and a third,
Z-17, is in progress. An in-pile stainless steel
experiment, H-94, was completed, and another one,
H-95, is in progress. In addition, a number of
previously irradiated bombs, such as Z-15 and
H-93, were opened, and the pins from them were
inspected for weight loss; they were also employed
in the determination of the neutron flux to which

the given bomb was exposed by comparing the
induced radioactivity of the pins with that of a
control specimen which had been irradiated to
a known nvt.

A summary of the data which were obtained is
presented in Table 12.1. In many cases calcu
lations of the flux from the induced activity data
have not been completed. For these cases the
value for the power density in solution during
exposure, which is calculated from the estimated
flux, is indicated by an approximate sign. Values
for radiation time are those obtained by setting
3 Mwhr of LITR energy equivalent to 1 hr. All
corrosion rate values were calculated with radi

ation time as a basis. Each HB-5 bomb was

equipped with six pin corrosion specimens, and
each HB-6 bomb was equipped with four. Unless
otherwise noted, the pin material was the same
as the bomb material. The plus-minus value
assigned to a given corrosion-rate or power-density
value is the most probable error in the usual
statistical meaning and is not to be taken as a
measure of the absolute accuracy. Some of the
data listed in Table 12.1 repeat those given in
earlier reports, but are given for convenience and
clarity.

Although many of the experiments are incomplete,
some preliminary discussion is worth while.

The results of the steel experiments H-93 and
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H-94 confirm the result of the similar experiment
H-85, which was previously reported.9 For each
experiment the observed rate was less than 1 mpy
over long periods of exposure, and there was no
indication of a marked change in rate during
exposure. In contrast, early steel experiments,
which contained no added acid and were generally
at an initial oxygen pressure of 250 to 350 psi at
the test temperature, exhibited an increase in the
rate of attack after one to seven days of ex
posure.10 The lowest initial oxygen pressure
employed with the present experiments was roughly
500 psi, measured at 250°C, in experiment H-94.
The observed corrosion rate for H-94 was little
different from that of H-93, for which the initial
oxygen pressure was greater by a factor of about 3.
These results indicate that the high oxygen
pressures have little effect on the corrosion. An
experiment is planned at a lower oxygen pressure
to enable a more direct comparison with the
previous experiments.

The steel experiment H-95 which is in progress
is, in part, designed to furnish information nec
essary to the design of a test of a stainless steel
bomb at high power density in the MTR.

The results of experiments Z-14, Z-15, and
Z-16 demonstrate that the solution concentration

may strongly influence the degree of attack of
Zircaloy-2 by uranyl sulfate solutions under irradi
ation. The test conditions for each of these three
experiments were essentially the same except for
the uranyl sulfate concentration employed; with
Z-15 it was 0.17 772, and with Z-14 and Z-16 it
was about 1.4 772. The corrosion rate observed

for both Z-14 and Z-16 was about 8 mpy, but that
observed for Z-15 was about 15 mpy; for all three
experiments these rates occurred at the exposure
temperature of 280°C. The explanation for the
difference in corrosion rate between the two so
lutions is unknown.

In experiment Z-15 the corrosion rate determined
from weight-loss measurements for the titanium
75A pins, which were mounted along with pins of
other materials in the rack, was 5.2 mpy. This
value represents an appreciably greater rate of
attack than the 1.5 mpy determined for the same
material in experiment H-76, in which the exposure

G. H. Jenks et al., HRP Quar. Prog. Rep. July 31,
1955. ORNL-1943, p 129.

S. F. Clark et al. HRP Quar. Prog. Rep. July 31.
1954. ORNL-1772, p 161.



TABLE 12.1. LITR BOMB CORROSION STUDIES

Bomb

No.

LITR

Beam

Hole

Bomb Material
Solution Compos

uo2so4
tion (m)

CuS04 H2S04
Enrichment

(% U235)

Starting 02
Pressure at 100°C

(psi)
Before Pretreatment

Exposure
Temperature

(°C)

Fission

Power

Density
(w/ml)

Irradiation

Time

(days)

Corrosion Rate

(mpy)
From 02 Data

Over-all Corrosion

Rates (mpy) for Pins;
Includes Pretreatment

H-76 HB-6 Titanium-75A 0.178 0.021 0.046 93.2 452 250 -10" 26.0 1.7 ±03 1.49 ± 0.09

H-57 HB-6 Zircaloy-2 0.162 0.020 0 93.2 171 250 5.9 ± 0.1 4.4 10.4 + 0.1 9.6

H-58 HB-6 Zircaioy-2 0.154 0.019 0 93.2 336 250 5.3 ± 0.1 11.1 8.3 ± 0.1 8.5 + 0.2

Z-5 HB-6 Zircaloy-2
(with two
Zircaloy-3 type pins)*

0.173 0.021 0 44.1 487 250

280

4.5 ± 0.1

4.3 ± 0.1

17.8

2.9

4.8 ± 0.1

10.8 ± 0.8

(over-all = 5.6)

5.6 (Zr-2)
6.0 (Zr-3)*

Z-8 HB-6 Zircaloy-2 0.178 plus 0.004 mO03 0.021 0.046 93.2 420 250 -10" 15.3 5.0 + 0.1

5.6 + 0.5C

6.4 ± 0.1

Z-9 HB-6 Zircaloy-2
(with two
Zircaloy-3 type pins)**

0.172 0.007 0 93.2 310 250

280

— 9.7"

— 9.1"

4.3

2.5

8.3 ± 0.3

15.8 ± 0.5

(over-all = 11.5)

11.1 ± 0.0 (Zr-2)
10.9 + 0.0d(lr-3)

Z-10 HB-6 Zircaloy-2 0.173 0.021 0 44.1 489 225

250'
280

290

5.0 ± 0.1

4.8 ± 0.1

4.5 ± 0.1

4.4 ± 0.1

7.9

4.6

6.6

1.7

3.1 + 0.2

5.7 ± 0.1

10.1 ± 02

12.2 + 0.2

(over-all = 6.6)

5.8 ± 0.1

Z-12 HB-5 Zircaloy-2 0.043' 0.050 0.020 93.2 580 280

300

4.2 ± 0.1

4.0 + 0.1

9.7

5.4

10.3 + 0.2

10.3 + 0.2 ^
9.0 ± 0.1

Z-13 HB-5 Zircaloy-2 0.170 0.020 0 0.054 540 250

280

300

250

~0.01«

~0.01

-0.009

-0.01

23.5

11.7

12.5

19.6

3.2-1.2

4.3 -0.7

1.9-1.2

0.1 -0.8

(over-all - 1.5) \
Z-14 HB-5 Zircaloy-2 1.363 0.043 0.043 14.0 303 250 -17.1* 0.1

1
7.8 ± 0.1i

280 ~16.4 4.3

Z-15 HB-5 Zircaloy-2
(with two
titanium-75A and

two platinum pins)

0.173 0.041 0.040 93.2 313 280 -17* 4.2 14.6 + 0.1'

(Zr-2)
15.6 ± 0.7 (Zr-2)
5.2 (titanium)
0.4 (platinum)

\
rn

Z-16 HB-5 Z ircaloy-2 1.355 0.043 0.043 14.0 312 250

280

-17.0*
~16.3

5.2

1.7

6.1 ± 0.1

7.5 + 0.2 ,
o
o

rn
z.

(over-all = 6.5) j
Z-17 HB-5 Zircaloy-2 0.169 0 0.040 6.0 302 250 -1.2« Continuing

/

H-93 HB-6 Type 347
stainless steel

0.174 0.010 0.030 93.2 ~830 250 -9.8" 38.4 0.7 0.87 + 0.03

5
H-94 HB-6 Type 347

stainless steel

0.167 0.010 0.030 93.2 ~300 250 -9.4" 32.9 / 0.69 + 0.02
o

>

H-95 HB-6 Type 347
stainless steel

0.042 0.049 0.039 93.2 333 250

280

-2.4"

"-2.3

24.2

6.6

Continuing
-0.3

z
c
*>•

-<

flEstimated from the flux measured in Z-5 and Z-10.
^The Zircaloy-3 pins contained 0.45% Snf 0.72% Fe, and 0.73% Cr besides Zr.
cThis rate occurred after a long reactor shutdown and prevailed for 106 radiation hours.

The Zircaloy-3 pins contained 0.50% Sn and 1.50% Cr besides Zr.
^Solution analysis at the end of the experiment indicated that UCLSO. concentration was about 0.03 i

and that CuSO. was about 0.03 m.

'To be determined and/or evaluated.

^Estimated from the flux obtained in Z-12.

Estimated, assuming flux = 1.0 x 1013 neutrons/cm2/sec
'Average of five pins; the sixth pin had pits and a corrosion rate of 14.2 mpy.
'Calculated, assuming that the titanium area corroded 2.0 mpy and that the platinum surface

had no attack.

in
OS
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temperature and the power density were lower than
in Z-15. These results indicate that the radiation
corrosion of titanium 75A increases with increasing
power density and/or system temperature. Further
experiments with titanium are planned.

The Zircaloy-2 experiment Z-17, which is in
progress, is designed as a determination of cor
rosion under irradiation in the absence of copper.

12.3 MTR BOMB TESTS

G. H. Jenks

R. J. Davis J. R. McWherter

D. T. Jones

R. A. Lorenz

A. R. Olsen

H. H. Stone

Experiments ORNL-15-3 and -4 have been com
pleted at the MTR. These experiments were of
the same general type as ORNL-15-1 and -2, which
were previously reported.1'»12 The operating
power at the MTR has been increased from 30 to
40 Mw. This increase took place between the
15-2 and the 15-3 experiments.

Experiment 15-3 employed a titanium autoclave,
which was charged with a solution 0.04 m in
U02S04 (93.2% enriched), 0.05 m in CuS04, and
0.02 m H_S04. The autoclave was exposed in
the high-flux region for approximately 41 hr. The
estimated exposure temperature was 290°C, and
the estimated total power density in solution due
to the absorption of radiation was 48 w/ml. The
results of the pressure measurements for this
experiment are not unequivocal. However, the
best estimate of the maximum corrosion rate based

on the pressure data is 7 mpy. It is expected that
a better value for the corrosion will be available
after the autoclave and specimens are inspected.

Experiment 15-4 was designed as a test of the
effect of reactor radiations alone on the corrosion

of Zircaloy-2. The autoclave for this experiment
was of Zircaloy-2. The solution employed was
0.04 m in U02S04 (0.03% enriched) and 0.02 m
in H2S04. No copper was added. The enrichment
was such that the contribution of fission fragments
to the total intensity' of radiation was less than
0.02 w/ml. The estimated average power density
in the solution due to the absorption of fast
neutrons and gamma-ray energy was 8 w/ml — 4

nG. H. Jenks et al, HRP Quar. Prog. Rep. July 31,
1955. ORNL-1943, p 130.

,2G. H. Jenks et al. HRP Quar. Prog. Rep. Oct. 31,
1955. ORNL-2004, p 152.
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w/ml from neutrons and 4 w/ml from gamma rays.
Exposure to radiation was for a period of 50 hr
at the test temperature of 280°C. The average
corrosion rate during this time, based on measure
ments of over-all oxygen consumption, was 11 mpy.
This rate is about the same as that observed in

the LITR experiment Z-12, in which the fission
power density in solution was about 4 w/ml but
the neutron and gamma-ray intensities were rela
tively small. The other test conditions for Z-12
were the same as those described for this MTR
experiment, except that the solution was 0.05 m
in CuS04 (see Sec. 12.2).

12.4 SUPPORTING RESEARCH

G. H. Jenks

A. L. Bacarella B. 0. Heston

M. D. Silverman

12.4.1 Van de Graaff Accelerator Tests

A determination of the effect of fast electrons

from a Van de Graaff accelerator on the corrosion
of Zircaloy-2 by uranyl sulfate solutions has been
reported. 3 The equipment and techniques em
ployed in this study were previously used and
reported by Ghormley and Hochanadel14 for a
similar study of stainless steel. Three foil-type
specimens of Zircaloy-2 were positioned vertically
in the small thermal-convection loop and exposed
to a circulating U02SG"4 solution. Only the center
specimen was irradiated. The other specimens
served as up- and downstream controls. The loop
was constructed of type 347 stainless steel, and
the solution employed was 0.17 m U02S04 and
0.02 m CuS04. Irradiation was carried out inter
mittently for a total of 104 hr with the test temper
ature at 250°C. During irradiation the estimated
power density in the solution adjacent to the
exposed specimen was 20 to 30 w/ml.

The specimens were examined and weighed after
32 hr of irradiation and then examined again after
54 hr; at the termination of exposure they were
removed and weighed and examined in a detailed
manner. They were then submitted for electron
diffraction and electron microscopy studies. Fol
lowing these studies the irradiated specimens were

1 3 B. 0. Heston and M. D. Silverman, Van de Graaff
Accelerator Tests of the Radiation Induced Corrosion of
Zircaloy-2. ORNL CF-56-2-2 (in press).

J. A. Ghormley and C. J. Hochanadel, Chem.
Semiann. Prog. Rep. Dec. 20. 1953. ORNL-1674, p 76.



stripped by cathodic defilming in a corrosion-
inhibited 5% solution of sulfuric acid. No

significant weight change was observed for any
of the specimens as removed from the loop. A
small weight loss for the irradiated specimen
resulted from the defilming. If uniform corrosion
of the specimen is assumed, a penetration of
0.007 mil is calculated from the weight loss. The
estimated probable error of the weight determi
nation corresponds to a probable error in this
penetration value of ±0.004 mil. This value is
comparable with values of 0.005 to 0.01 mil which
have been determined for the penetration of
Zircaloy-2 during similar exposure periods and
under similar conditions in out-of-pile bomb
tests.15

These weight data indicate that the beta irradi
ation effected no significant increase in the
corrosion of Zircaloy-2 in this experiment. How
ever, the results of the electron microscope obser
vation suggest a greater attack of the irradiated
specimen than of the unirradiated downstream
specimen.

In order to eliminate the possibility that stain
less steel corrosion products in solution would
affect the corrosion of Zircaloy-2, a titanium
thermal-convection loop was fabricated and will
be used for further beta-irradiation studies.

12.4.2 Corrosion of Stainless Steel by Uranyl
Sulfate Solutions Free of Stainless Steel

Corrosion Products

The corrosion of metals of interest to the HRP

has been investigated in the loop, rocking bomb,
and static autoclave facilities. These are closed

systems; in them the concentrations of the products
of corrosion increase with time. There has been

much speculation concerning the role of the cor
rosion product Cr6+ in the corrosion behavior of
stainless steel. This product will probably not
be present with in-pile systems because Cr^ in
acid solution under irradiation is in general
reduced to insoluble Cr3+. Experimental confir
mation of this expectation is available from the
in-pile loop experiments. In general, only traces
of chromium are detected in the loop solutions
after exposure.16-19 The out-of-pile rocking-bomb

15G. H. Jenks et al, HRP Quar. Prog. Rep. Oct. 31,
1954. ORNL-1813, p 83.

16G. H. Jenks et al, HRP Quar. Prog. Rep. April 30,
1955. ORNL-1895, p 102.
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experiments have demonstrated that the total cor
rosive penetration at 250°C is decreased and also
that the initial rate of corrosion is substantially
lessened by the addition of Cr04~~ to the UO SO.
solution.20 Loop experiments21 have also demon
strated an inhibition of corrosion by Cr6+. A study
of the corrosion of stainless steel in a system in
which the products of corrosion do not accumulate
was initiated to determine to what extent the

soluble products affect the corrosion behavior.22

Equipment for this study has been designed and
constructed; it permits a rod-type corrosion speci
men to be continuously exposed to fresh solution
by passing fresh solution from a reservoir through
a titanium capillary and then through a titanium
sleeve, inside which the type 347 stainless steel
specimen is positioned in a Teflon holder. The
reservoir is at room temperature, and the solution

is heated to the test temperature as it passes
through a section of the capillary directly upstream
from the sleeve.

Initial experiments were carried out with uranyl
sulfate solutions with a concentration in the
neighborhood of 40 g of uranium per liter. The
solutions contained dissolved oxygen at an ap
proximate pressure of 400 psi at the test temper
ature of 250°C. The solution flow rates employed
were adequate to maintain the concentrations of
nickel and chromium in solution in the sleeve at
less than 2 ppm.

A total of seven experimental exposures at these
conditions was completed. The exposure time for
a given experiment ranged from about 26 to 221 hr.
Specimen weight data from these experiments were
obtained. Values for the corrosion penetration
calculated from these data are plotted in Fig. 12.2.
The numbers adjacent to each experimental point

17G. H. Jenks et al, HRP Quar. Prog. Rep. July 31,
1955, ORNL-1943, p 112.

18G. H. Jenks et al, HRP Quar. Prog. Rep. Oct. 31,
1955, ORNL-2004, p 127.

1 9 G. H. Jenks et al, In-Pile Loop Experiment L-4-8,
ORNL-2042 (in press).

20S. F. Clark et al, HRP Quar. Prog. Rep. July 31,
1954, ORNL-1772, p 161.

21J. C. Griess and R. S. Greeley, HRP Quar. Prog.
Rep. Jan. 31. 1955. ORNL-1853, p 76.

22A. L. Bacarella, Corrosion of Stainless Steel by
Uranyl Sulfate Solutions Which Are Free of Stainless
Steel Corrosion Products, ORNL CF-56-2-3 (in press).
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Fig. 12.2. Corrosion of Type 347 Stainless Steel at 250°C in U02S0. Solution Free from Corrosion
Products.

indicate the order in which the experiments were
run. For comparison, a representative plot for the
corrosion of type 347 stainless steel in the out-of-
pile rocking-bomb facility is also given.

In the rocking-bomb experiment the corrosion was
inhibited after 10 to 12 hr with a total penetration
of about 0.01 mil, but the corrosion in this system

100

did not decrease until after 96 hr and a penetration
of about 0.1 mil.

These results are regarded as preliminary.
Further experiments are required before it can be
established that the concentration of corrosion

products is responsible for the effect, and not
some other solution variable.
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the relatively large cold reduction is necessary.
X-ray determinations of the preferred orientation of
the annealed specimens will be made.

The x-ray group of the Metallurgy Division com
pleted the determination of the preferred orienta
tion of the core-tank material. The highly perfected
texture is such that the most preferred crystallo-
graphic direction of the rolling direction is 14 deg
from the {1010} poles and 18 deg from the {1120!
poles. The normal direction is 14 deg from the
{0001 { poles and 80 deg from the {1210! poles.
The transverse direction is 90 deg from each of
the above positions. Analysis of the slip and
twin planes available for deformation suggests
that the mechanical properties, in the plane of the
rolled sheet, will be quite similar, regardless of
direction, and will show good ductility. However,
there will probably be only very little ductility in
the direction normal to the sheet. Thus it is ex

pected that the yield strength in a direction
perpendicular to the sheet will be close to the
ultimate strength; brittle fracture would be ex
pected to occur for any deformation perpendicular
to the plane of the rolled sheet. These properties
are not particularly detrimental in the core tank,
since any expected tensile forces will be tangent
to the surface of the tank.

13.1.3 Nature of Zirconium Oxide Films

A final report was received from the Battel le
Memorial Institute on their study of the nature of
Zr02 films. All the selected corroded alloys were
examined; cubic ZrO_ was found only on the 10
wt % Mo and the 6, 8, and 10 wt % Nb binary
zirconium alloys. The major phase in all cases
was monoclinic. No further work with BMI samples
is planned. All BMI samples tested were corroded
to "failure" in high-temperature water and steam.

13.1.4 Stress-Corrosion Testing

Stress-corrosion testing of spring-tempered
Inconel-X in boiling 42% MgCL (154°C) was com
pleted. Specimen No. 1 was stressed at 70,000
psi in MgCL for 194.5 hr. Specimen No. 2 was
stressed at 70,000 psi for 316 hr and then at 90,000
psi for 196.5 hr. Both tests were terminated by
equipment failure. No evidence of stress corrosion
of the specimens was found, and neither specimen
failed.

C. M. Schwartz, letter to M. L. Picklesimer, dated
Dec. 9, 1955.
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Previous reports s have presented evidence
that a safe threshold stress exists below which

there is no stress-corrosion cracking of types 309
and 310 stainless steel in magnesium chloride.
The same apparatus has been used in an effort
to find similar safe levels for types 304L and 347
stainless steel. The results are indicative only
of a wide scatter in fracture times at the neces

sarily low stress levels. These results are
summarized in Table 13.1. This scatter was not

eliminated by changes in specimen preparation,
such as different electropolishing techniques or
annealing treatments.

TABLE 13.1 VARIATIONS IN TIME-TO-FAILURE IN

STRESS-CORROSION TESTING OF STAINLESS STEELS

Type of Stress Time-to-Failure

Stainless Steel (psi) (hr)

304L 16,000 3.4 to 29.5

304L 14,000 6.6 to 56.5

347 20,000 24.9 to 33.4

347 15,000 24 to 103

13.2 MECHANICAL METALLURGY OF

TITANIUM AND ZIRCONIUM AND

THEIR RESPECTIVE ALLOYS

W. J. Fretague

13.2.1 Commercial Titanium

Two specimens of C-130-AM titanium alloy (4%
Mn, 4% Al, balance titanium), a proposed bolting
material for use in the HRT, were tested in tension
at room temperature and at 600° F. A crosshead
speed of 0.05 in./min was used for these tests.

Results of the room-temperature test show a
yield strength (0.2% offset) of 153,500 psi, a
tensile strength of 156,400 psi, and an elongation
of 22.5%. The specimen tested at 600°F had a
yield strength of 102,600 psi, a tensile strength
of 120,900 psi, and an elongation of 15%.

J. I. Federer et al, HRP Quar. Prog. Rep. Oct. 31,
1955, ORNL-2004, p 159.

4W. 0. Harms, J. I. Federer, and G. B. Wadsworth,
HRP Quar. Prog. Rep. Jan. 31, 1955, ORNL-1853,
p 155-157.

5W. 0. Harms, J. I. Federer, and G. B. Wadsworth,
HRP Quar. Prog. Rep. April 30, 1955, ORNL-1895, p 161.



13.2.2 Zircaloy-2

To determine whether the embrittlement found in

Zircaloy-2 impact samples irradiated in the cor
rosion loops could be due simply to aging, a
series of subsize tensile and impact specimens
were aged for various times at 250°C. The tensile
specimens, 0.180 in. in diameter with a lk-in.
gage length, were pulled at strain rates of 0.01
and 0.1 in./in./min at 250°C and at room temper
ature. No systematic variations were found in
yield strength, tensile strength, or elongation of
samples aged for 0, 500, 1085, and 1585 hr. The
impact samples were aged, along with the tensile
specimens, but they have not yet been broken.

13.3 WELDING DEVELOPMENT

W. J. Leonard

13.3.1 Titanium Welding Development

In conjunction with the welding departments at
the X-10 and Y-12 sites, welding procedures for
titanium sheet and plate (up to \ in. in thickness)
and pipe (up to 3 in. in diameter with a 7,-in. wall)
have been developed. Three different welding
methods were tried: (1) inert-atmosphere or dry-
box welding; (2) protective trailers enclosing the
torch and heated area; and (3) air-welding, or no
protection other than that provided by the torch
and the purging gas. Successful welds with es
sentially the same high quality were made by all
three methods. Representative samples of each
type were checked both by metallography and by
mechanical testing.

If titanium is to be used for a reactor system, it
is highly advisable, and possibly even necessary,
that procedures for welding it in air be developed.
The major effort was therefore placed upon the
air-welding techniques. By use of this method an
all-titanium loop was fabricated at X-10 for the
Chemical Technology Division; a canned-rotor
pump and a pressurizer for an all-titanium in-pile
corrosion loop were fabricated at Y-12. At both
sites air-welding was used, and the welds appear
to be of high quality. From the experience gained
on these loops, a titanium welding procedure is
being prepared.

6W. J. Fretague, HRP Quar. Prog. Rep. July 31, 1955,
RNL-1943. d 167.

Tie «f • • i u iwuuef

ORNL-1943, p 167.
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13.3.2 Welding of Stainless Steel By Using
Preplaced Inserts for the Root Pass

A method of welding stainless steel by using
preplaced inserts and the inert-gas-shielded arc-
welding process were modified for HRP welding.
The insert or ring is suitably placed in the root of
the weld groove, and the root pass is made without
adding filler metal. The balance of the weld is
completed by using standard HRP welding pro
cedures. The advantages of this method of making
root passes over the conventional method of
adding filler metal by hand are a closer geometrical
control of the resulting weld bead and the high-
quality root passes, which are obtained with less
welding skill required of the operator. A tentative
HRP welding specification was written for this
process.

13.3.3 Inert-Gas-Shielded Arc Welding of
Type 347 Stainless Steel with Fully

Austenitic Filler Metal

To minimize weld-cracking, most inert-gas weld
ing procedures, including HRP-2, using type 347
filler wire, are designed to produce a deposit con
taining 5 to 10% ferrite. In highly corrosive
conditions the presence of this second phase may
be harmful. A modified type 347 welding wire is
now available which will produce sound, fully
austenitic, weld deposits. A tentative HRP weld
ing specification was developed to permit the use
of this rod where service requirements are so
severe that an austenitic deposit is desired.

13.3.4 Inert-Gas-Shielded Arc

Welding of Carbon Steel

The composite structures of carbon steel and
stainless steel found in most HRP designs re
quire the development of suitable carbon-steel
welding procedures. Inert-gas-shielded arc weld
ing of carbon steels usually results in a weld that
is poor because of its excessive porosity. This
difficulty was also encountered in sigma welding
procedures but was overcome by modifications in
the filler wire. An inert-gas-shielded arc-welding
procedure that will produce acceptable welds was
worked out by using the wire from the sigma weld
ing method. This wire is a fully killed steel
which contains small amounts of silicon and

chromium. Satisfactory welds were made in a
T^-in. carbon-steel plate.
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13.4 EFFECTS OF RADIATION ON

STRUCTURAL METALS AND ALLOYS

R. C. Berggren J. C. Wilson

Construction of an apparatus for irradiation of
impact and tensile specimens at temperatures
below 300°F in a beam hole of the MTR was

completed, and the experiment Was shipped to the
MTR. Design of an elevated-temperature apparatus
for use in the MTR was completed, and construction
will start soon. Redesign of the specimen chamber
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of an apparatus for use in the MTR was started to
permit, at an early date, irradiation at 575°F of
RC-A-40 titanium, Zircaloy-2, Zircaloy-3A, Zirc-
aloy-3B, and Zircaloy-3C. All the components,
except the specimen chamber, were fabricated,
and the completed apparatus should be ready
within three months.

Impact tests are in progress on irradiated steels
that are on hand; the results will be reported when
this series of tests is completed.
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14. THORIUM OXIDE SLURRY DEVELOPMENT

D. E. Ferguson

V. D. Allred

A. R. Jones

E. V. Jones

N. A. Krohn

14.1 THORIUM OXIDE SLURRY

IRRADIATION STUDIES

A. R. Jones J. P. McBride

N. A. Krohn C. E. Schilling
W. M. Woods

14.1.1 Slurry Irradiations in the LITR

Four thorium oxide slurries containing 0.5 mole%
U03 were irradiated in the LITR at 300°C and at
a thermal-neutron flux of 3 x 1013 neutrons/cm2-see
in the dash-pot-stirred irradiation bomb. The
irradiation times were 151, 68, 172, and 200 hr.
The slurries were stirred without difficulty while
under irradiation. The irradiated slurries were

readily removed from the bombs and appeared to
be visually unchanged by the irradiation.

The slurries each contained 1000 g of thorium
per kilogram of HjO; the thorium oxide had been
calcined at 650°C, wet-autoclaved at 300^ with
the uranium as UO-.HjO, and then recalcined at
900°C. One thousand parts of PdO per million
parts of thorium was added to each slurry as a
catalyst for radiolytic-gas recombination. All
slurries were mixed before insertion in the bombs,
and the experimental setups were pretested at
300°C. During the last irradiation an oxygen over
pressure was used (300 psi at room temperature).

14.1.2 Slurry Irradiations in the Graphite Reactor

Three ThOj slurries (1000 g of thorium per kilo
gram of H20) containing 0.5 mole % of 93.14%
U23S as the oxide were irradiated in the ORNL
Graphite Reactor at 300^ and at a thermal-neutron
flux of 7 x 10 neutrons/cm2«sec. One slurry
was prepared (as described above) from a 650°C
calcined thorium oxide which had been pumped as
an aqueous slurry for 200 hr at 250 to 300°C and
then dried at llO^C. The other two slurries were

prepared from unpumped 650°C calcined oxide.
One thousand parts of PdO per million parts of
thorium was added to each slurry before the irradi
ation. The irradiation times were 318, 313, and
480 hr, respectively, the last irradiation being

J. P. McBride

L. E. Morse

C. E. Schilling
W. M. Woods

carried out with an oxygen overpressure (250 psi
at room temperature). The stirrer ceased operating
in the slurry prepared from pumped oxide after
only 8.5 hr of irradiation. No difficulty was en
countered with stirring one slurry prepared from
unpumped oxide, but stirring ceased in the other
slurry after 187 hr of irradiation. No gas pressure
in excess of steam was observed in any of the
experiments. The slurry prepared from the pumped
oxide could not be rinsed from the irradiation
bomb. The other two slurries were readily removed
and appeared to be visually unchanged by the
irradiation.

Drying of the pumped oxide at 110°C, previous
to its use in preparing the slurry for irradiation,
resulted in a grainy solid. This physical charac
teristic was retained in the mixed oxide prepared
from it and may account for the difficulties en
countered in handling the slurry of mixed oxide
during and after the irradiation.

14.1.3 Postirradiation Examination of Slurries

All slurries irradiated to date have been re

covered for at least visual determination of any
irradiation effect. Contamination of the laboratory
now in use has precluded more precise determi
nations of radiation damage, except in a limited
number of cases. The data are summarized in
Table 14.1. Within the limitations of the measure

ments, no gross changes in the physical charac
teristics of the slurry solids appear to have taken
place.

A cell of the High-Radiation-Level Analytical
Facility is being modified for use in the post-
irradiation examination of slurries.

14.1.4 Slurry Viscosity Measurements
in the Irradiation Bombs

A Thyratron-operated timer obtained for use with
the dash-pot-stirred irradiation bombs (Fig. 14.1)
has made it possible to obtain relative viscosity
measurements on thorium oxide slurries in these

bombs. In the irradiation bomb the stirrer is
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TABLE 14.1. SUMMARY OF EFFECT OF IRRADIATION ON THORIUM OXIDE SLURRIES

X-Ray Crystallite

Size (A)

Average Particle

Size (fi)
Settled Concentration

(g of Th per liter) Final pH

Slurry

Experiment Oxide** Preparation Concentration

No.* (from Thorium Oxalate) (g of Th per

kg of H20) Original Control Irradiated Original Control Irradiated Original Control Irradiated Slurry Supernatant

GR-1

GR-3

GR-4

650°C calcined

Pyrohydrolyzed + 8%
235

U

Pyrohydrolyzed + 8%

750

500

500

IT" + 1% Cu

GR-5 650°C calcined (D-12) 500 110

GR-6 650°C calcined (D-16) Settled 123

GR-7 650°C calcined + 3400

ppm Ag

Settled

GR-8 900°C calcined (D-30,
pumped)

Settled

250

205

220

200 180

230

175

120

410

900

200 195

LITR-2 900°C calcined

(Lindsay 8)
500

LITR-3 650°C calcined (D-16) 500

LITR-4 650°C calcined (D-16) 500

LITRES 900°C calcined (D-16) 500

LITR-8 650°C calcined (D-16) 500

LITR-9 900t calcined (D-30,
pumped)

500

474 650 285

260

200450

2

2

0.6

0.6

5

2

1

0.5

1300

900

1300

500

400

1100

1200

1250 9.0

1400 9.0

1200

9.1

9.2

1 1000 1500

1600

1 1500 1100 1400 9.5 9.5

2 9.3 9.3

0.6 900 800 1100 9.3 9.3

*GR, Graphite Reactor: flux = 7 X 10 neutrons/cm2«sec; LITR: flux = 3 X 10 neutrons/cm2-sec; all experiments carried out at 300*^0.
**D-oxides prepared from Thorex-product thorium nitrate.
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actuated by two solenoids, which are alternately
energized to pull the stirrer up and down. The
Thyratron power supply is so designed that the
solenoid current, stirring cycle frequency, and load

PRESSURE CAPILLARY

SOLENOIDS

THERMOCOUPLE
WELL

UNCLASSIFIED
ORNL-LR-DWG 7885A

PICKUP COIL

STIRRER

Fig. 14.1. Dash-Pot Irradiation Bomb No. 5.
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division between the two solenoids (fractional
cycle time on upper coil) can be varied inde
pendently. Hence, if any two of these variables
are kept constant, the third may be calibrated
against solutions of known viscosities and then
used in obtaining an estimate of the viscosity of
a thorium oxide slurry.

Four calibration curves were prepared from a
75% glycerol—water mixture and a Dow Corning
200 fluid, for which the viscosity-temperature
curves are known. They were: (1) the minimum
current required to stir the fluids at 50% load
division and 4-cps stirring rate; (2) the maximum
frequency at which the fluids could be stirred at
50% load division with 8 amp of current to the
solenoid; (3) the minimum per cent load on the
top coil required for stirring at 4 cps with a sole
noid current of 8 amp; and (4) same as curve 3,
except with a solenoid current of 10 amp. From
the calibration curves the viscosity, in centistokes,
of a 900°C calcined thorium oxide slurry (1000 g
of thorium per kilogram of H20) was measured at
several different temperatures and for various
pretreatments of the oxide. A measurement was
also obtained for a slurry of a 900°C oxide which
had been pumped for 100 hr at 250°C (X-28). The
results are summarized in Table 14.2. The last
column shows the average of the viscosities ob
tained by use of the four calibration curves. The
limits are based on a 95% confidence interval.

The slurry viscosity does not appear to change
markedly with increasing temperature up to 200*^
and increases only moderately with prolonged
stirring in the radiation bomb. Particle degradation
causes a significant increase in viscosity, as
shown by the data for the pumped slurry.

While the precision of the method is not good,
it does permit the relative measurement of slurry
viscosity at high temperatures and pressures and
the detection of viscosity changes that may occur
in slurries under irradiation. A new model of

the irradiation bomb for in-pile slurry viscosity
measurements, having a coaxial cylinder and a
viscosity-sensitive, electromagnetically operated
plunger, is under laboratory test with slurries.
The slurry is caused to flow back and forth through
the outer annulus, and relative viscosity is measured
by determining the stirring frequency of the plunger
for a given electrical load.
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TABLE 14.2. VISCOSITIES OF THORIUM OXIDE SLURRIES

Slurry concentration: 1000 g of thorium per kilogram of H«0

SI urry

900°C D-16

900°C D-16

900°C D-16

900°C D-16

900°C D-16

900°C D-16

900°C D-16

X-28

History

Freshly prepared

Freshly prepared

Freshly prepared

Stirred 4 hr in bomb

Stirred 23 hr in bomb

Stirred 32 hr in bomb

Stirred 32 hr in bomb

Pumped slurry

Temperature Average Viscosity'

(°C) (centi stokes)

30 5.9 ± 4.1

100 6.9 ± 3.5

190 6.4 ± 3.6

190 9.3 ± 4.1

190 18.1 + 8.8

170 15.1 ± 7.5

90 16.9 + 7.1

200 57 ± 9

*Average of viscosities obtained by use of the four calibration curves (see text); the limits are based on a 95%

confidence interval.

14.1.5 Preparation of Thorium-Uranium
Mixed Oxides

Thorium-uranium mixed oxides were prepared by
two different methods in attempts to simulate
material which would result from neutron irradiation

of a thorium oxide slurry under actual breeder
blanket conditions. In one method an aqueous
suspension of thorium and uranium oxides was
autoclaved at 300°C to give a cream-colored solid
in which the uranium was apparently homogeneously
distributed; in the second, thorium and uranous
oxalates were coprecipitated and the recovered
solids calcined to the oxide. The materials pro
duced by the two methods had a characteristic
orange color after firing but differed in their
specific surface areas, average x-ray crystallite
sizes, and time-temperature dependence for crystal
lite growth.

In the autoclave preparation method a mixture of
D-16 oxide and 0.5% uranium as U03»H20 was
autoclaved as a slurry for 19 hr at 300°C. The
material was then dried and was calcined in air

at 900°C from 1 to 67 hr. A log-log plot of the
crystallite size vs calcination time gave a straight
line with a slope identical to that of the D-16
curves (Fig. 14.3). Specific-surface-area-crystal
lite-size relations were similar to those obtained

with pure oxide (Table 14.3). The amount of
uranium leached in 17 hr by tumbling with 8 M
HNO, decreased linearly with calcination time
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from 36.8% at 1 hr to 8.0% after 16 hr. Only 4.3%
of the uranium dissolved after 67 hr calcination.

The amount of tetravalent uranium in the calcined

solids varied from 0 to 15% of the total uranium

but showed no relation to calcination time. In a

similar mixture of Th02 and U0--H20 which had
not been autoclaved, a decrease in the amount of
tetravalent uranium with calcination time was

noted. An attempt to reduce the uranium in the
dried solid (not calcined at 900°C) with hydrogen
at 700°C was only partially successful. Only 50
to 60% of the uranium was reduced in 8 hr, and no
further reduction was noted after an additional

5hr.

The thorium and uranous oxalates (0.5 to 5
wt % uranium based on thorium) were coprecipitated
by adding to a thorium nitrate solution an oxalic
acid solution containing tetravalent uranium. The
oxalic acid solution was prepared by adding to it
a saturated ammonium oxalate solution of uranous

oxalate1 just prior to its use in the precipitation
step. The first precipitation was carried out at
room temperature in 0.3 to 0.6 M Th(NO-). so
lution. About 40% of the uranium failed to pre
cipitate because of oxidation by nitric acid. In
subsequent precipitations uranium losses were
minimized: first, by diluting the thorium nitrate

'l. E. Marchi, "Uranium(IV) Oxalate," p 166 in
Inorganic Syntheses, Collective Vol. Ill, ed. by L. F.
Audrieth, McGraw-Hill, New York, 1950.
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TABLE 14.3. CHARACTERISTIC PROPERTIES OF THORIUM-URANIUM MIXED OXIDES

Calcination Conditions
Surface

Area, S

(m2/g)

Crystallite

D

(A)

Preparation Method Uranium

(mole %) Time

(hr)

Temperature

(°C)

Size,
a

S x D*

(xlO-3)

D-16 Th02-U03'H20 wet-autoclaved
at 300°C

Oxalates coprecipitated at 25°C;
calcined at 375, 500, 650°C

0.5

0.29

18

1

8

15.5

29

18

21

750

900

900

900

900

1000

800

18.9

19.1

13.5

11.7

11.3

5.8

4.7

195

222

306

335

362

483

375

3.69

4.24

4.13

3.92

4.09

2.80

1.76

Oxalates coprecipitated at 250°C;

calcined at 375°C

0.57 3

3

16

500

650

800

23.0

8.0

5.5

74

173

243

1.70

1.38

1.34

Oxalates coprecipitated at 40 C

(0.3 MH2NNH2); calcined at 375°C
0.42

5.6

3

3

16

64

3.4

20

500

650

800

800

500

800

20.5

9.5

3.0

2.0

17.3

1.8

84

100

239

354

54

123

1.72

0.95

0.72

0.71

0.93

0.22

*S X D= 3.6 X 10 for oxides prepared by thermal decomposition of thorium oxalate (V. D. Allred and S. R. Buxton,
HRP Quar. Prog. Rep. July 31, 1955, ORNL-1943, p 186).

solution and, second, by adding 0.3 M hydrazine
when the precipitation temperature was increased
to 40°C.

The mixed oxides prepared by calcining the
coprecipitated oxalates had much smaller surface
areas than would be predicted from their x-ray
crystallite sizes, based on the experience with
pure oxide. In addition, the specific-surface-
area-crystallite-diameter products obtained with
these mixed oxides were lower than those obtained
with the pure oxide or the autoclaved mixed oxide
and were not constant for a given preparation
carried through a multistage firing (Table 14.3).

It may be concluded from the above that, in the
mixed oxides prepared by simple autoclaving of
the thorium-uranium oxide, the uranium, although
seemingly homogeneous with the thorium, is prob
ably only on the thorium oxide surface.

•'V. D. Allred and S. R. Buxton, HRP Quar. Prog. Rep.
July 31, 1955, ORNL-1943, p 186.

14.2 GAS-RECOMBINATION STUDIES

L. E. Morse J. P. McBride

Development of a catalyst for use in thorium
oxide slurries to recombine the radiolytic gases
has continued, with further work being done on
oxides of palladium, molybdenum, vanadium, and
cerium and on copper chromite. The palladium
was by far the most effective; at 830 ppm concen
tration based on thorium it gave a combination
rate morethan sufficient to recombine the radiolytic
gases expected in the TBR blanket. Molybdenum
and vanadium at 0.1 m concentration also gave
rates sufficiently fast for TBR use. Cerium oxide
showed negligible catalytic activity. Copper
chromite3 was not significantly better than copper
oxide as a catalyst.

The experiments were carried out with slurries

A. H. Blatt (ed.). Organic Syntheses, p 142, Col
lective Vol. II, John Wiley, New York, 1944.
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of 900°C calcined thorium oxide containing 660
to 1000 g of thorium per kilogram of HjO. The
slurry solids were mixed and tumbled dry for 1 hr
before they were formed into an aqueous suspension
and then heated for 3 hr at 285°C in the reaction

bombs under an oxygen overpressure. Experimental
details and methods of analysis have been de
scribed previously. ' The observed reaction rate,
k , and the rate of hydrogen combination with
oxygen in moles per hour per liter of slurry are
listed in Table 14.4; these rates were obtained
from the observed decrease in gas pressure with
time, perfect gas behavior being assumed.

4D. E. Ferguson et al, HRP Quar. Prog. Rep. Oct. 31,
1954. ORNL-1813, p 143-144.

5H. F. McDuffie et al. Reactor Sci. Technol. 4, No. 2,
23 (1954), TID-2013.

The palladium oxide used in the catalytic study
was prepared by precipitating the hydrous oxide
from nitrate solution and drying it at 120°C. At
830 ppm palladium concentration and 116°C in a
slurry of thorium oxide (1000 g of thorium per
kilogram of H20) containing 0.5% uranium, the
combination rate was 12 moles of hydrogen per
hour per liter of slurry at a hydrogen partial
pressure of 500 psi (Table 14.4). As in previous
studies, it was necessary to preheat the slurry
containing the PdO to a temperature above 120°C
in the presence of the stoichiometric gas mixture
to obtain the high catalytic activity. With 550 ppm
of palladium, based on thorium, high combination
rates were obtained above 120°C, but below this
temperature the catalyst appeared to be poisoned
readily.

The molybdenum oxide catalyst was prepared by
calcining ammonium molybdate in a covered crucible

TABLE 14.4. COMBINATION RATES OF STOICHIOMETRIC HYDROGEN AND OXYGEN MIXTURES

IN THORIUM OXIDE SLURRIES CONTAINING VARIOUS CATALYSTS

900°C calcined oxide

660 to 1000 g of thorium per kilogram of H_0

Heated as slurry 3 hr at 285°C under oxygen (250 to 300 psi at room temperature)

Catalyst

PdO

MoO,

V2°5

CeO„

CuCr204

Catalyst

Concentration

830 ppm

1000 ppm

0.1 m

0.1 m

0.1

0.1

Conditions

As prepared

\s prepared

As prepared

Heated under H2 at 250°C*

Reheated reduced slurry under O-

at 250°C**

As prepared

Heated under H2 at 280°C*

Reheated reduced slurry under O-

at 285°C**

As prepared

As prepared

*1000-psi H» at room temperature.

t*500-psi 0- at room temperature.

114

H_ Combination Rate,
Temperature

(°C)
KIT

(hr"1) (mo

= 500 psi
2

es/hr/liter)

116 17 12

115 26 21

255 67 25

135 16 12

158 33 22

280 0.3 0.1

182 31 17

195 10 5

275 0.1 0.03

280 18 5



at 480°C for 18 hr. Although a very active catalyst
(25 moles of hydrogen per hour per liter at 255°C
and a PH of 500 psi) was obtained by simply

adding the oxide at 0.1 m concentration to the
slurry solids, the activity was markedly increased
by heating the slurry containing the molybdenum
oxide at 250°C with a hydrogen overpressure.

The vanadium was precipitated with peroxide
from an aqua regia solution, dried, and calcined
at 300 to 350°C. As-prepared vanadium oxide
showed negligible activity as a catalyst at 0.1 m
concentration in a thorium oxide slurry. Subjecting
the slurry containing the vanadium to a hydrogen
overpressure (1000 psi at room temperature) at
280°C resulted in a partial reduction of the va
nadium (probably from V2Og to V20,) and a con
siderable increase in catalytic activity (17 moles
of hydrogen per hour per liter at 182*^ and
PH = 500 psi; Table 14.4). Reheating the reduced

2icatalyst at 285°C with oxygen (500 psi at room
temperature) decreased its catalytic activity by a
factor of about 3.

The rate of hydrogen consumption with the 0.1 m
copper chromite catalyst was 5 moles/hr per liter
of slurry at 280°C. The presence of soluble
chromate in the aqueous phase at the completion
of the experiment and the color of the solid phase
of the slurry suggested that the copper chromite
had been partially oxidized and hydrolyzed.

14.3 LABORATORY STUDIES ON THORIUM

OXIDE SLURRIES

V. D. Allred E. V. Jones

J. P. McBride

14.3.1 Properties of Pumped Oxides

The effect of pumping (at 250°C for 100 hr in
the 5-gpm loops) upon the average crystallite size,
sedimentation particle-size distribution, hindered-
settling rate, and settled concentration of three
different oxide preparations was determined. The
oxides were prepared by firing at 900°C for 24 hr
(1) the standard pilot-plant oxide, D-16 (D-16-900-
24); (2) an oxide prepared by a multistage calci
nation of thorium oxalate precipitated at 10°C
(TO-10-900-24); and (3) an oxide prepared by the
pyrohydrolysis,6 at 300°C, of this precipitated
thorium oxalate and a multistage calcination of

6D. E. Ferguson et al, HRP Quar. Prog. Rep. Jan. 31,
1954, ORNL-1678, p 87.
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the product (PO-10-900-24). The data are sum
marized in Table 14.5, which shows the charac
teristic properties of the oxides before and after

pumping. The effect of pumping on the particulate
properties of the oxides is further illustrated by
electron micrographs (Fig. 14.2).

The average x-ray crystallite sizes appear to be
only slightly affected, if at all, by the pumping.
The larger particles (>1 p.) in all preparations
were degraded, with a pronounced decrease in
the hindered settling rates of the slurries pre
pared from the standard oxide and the pyro
hydrolyzed material. The hindered settling rate,
except at 27°C (Table 14.5), and the particle-
size distribution of the slurry of oxide prepared
by thermal decomposition from oxalate precipi
tated at 10°C were relatively unaffected by the
pumping. The electron micrographs of this
material also show relatively little change in
the shape of the particles. The lack of change
in these characteristics when the slurry was
pumped may be desirable in a blanket slurry.

14.3.2 Crystallite Growth in Thorium Oxide

In a previous report it was shown that the
average x-ray crystallite diameter of an oxide
prepared by the thermal decomposition of thorium
oxalate increases exponentially with both calci
nation time and calcination temperature. Growth
curves have now been evaluated for the standard

D-16 oxide, a series of oxides prepared in the
laboratory, and two oxides prepared at the Feed
Materials Processing Center at Fernald, Ohio
(Fig. 14.3).

The crystallite diameter of a D-16 oxide is
related to time and temperature of calcination
by the equation

D % t0AA e10-3513 - (5482/T)

where D is the average crystallite diameter in
angstroms, t is the time in hours, and T is the
absolute temperature in degrees Kelvin. The
time-dependent variable, t , appears to be
characteristic of thorium oxide prepared by the
thermal decomposition of the oxalate. The
temperature-dependent function, e ~(B'T>i on

*7V. D. Allred and S. R. Buxton, HRP Quar. Prog. Rep.
July 31, 1955. ORNL-1943, p 181.

8W. H. Carr, HRP Quar. Prog. Rep. July 31. 1955,
ORNL-1943, p 198.
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TABLE 14.5. EFFECT OF PUMPING ON PROPERTIES OF THORIUM OXIDE SLURRIES

X-Ray Specific Mean

Crystallite Surface Particle

Size
Material

Size Area

(A) (m2/g)

D-16-900-24"2 618; 680 6b

D-16-900-24 pumped 613

100 hr at 250°C, X-28

D-l6-900-24+ 1000 ppm 653

SO . pumped 100 hr

at 250°C, X-27

TO-10-900-24C 536 5.2

TO-10-900-24 pumped 660

100 hr at 250°C, V-8

PO-10-900-24d 228 18.3

PO-10-900-24 pumped 243

100 hr at 250%, U-37

Hindered Settling Rate, 500 g of

Th per kg of H-0 (cm/sec)
Settled

Concentration

27°C 50°C 75°C 98°C (g of Th per liter)

pH of

Supernatant

2.8 0.064 0.085 0.116 0.146

0.8 0.004 0.010 0.014 0.018

0.8 0.013 0.014 0.020 0.032

1480

1165

1310

10.1

8.0

6.0

0.7 0.0001 0.009 0.033 0.047

0.8 0.010 0.015 0.025 0.025

0.9 0.005 0.022 0.131 0.205

0.6 0.0003 0.0006 0.0010 0.0014

1090 9.8

1170 7.0

985 10.1

975 8.0

'Prepared by refiring D-16 standard oxide at 900 C for 24 Hr.

Estimated.

cPrepared by a multistage calcination of 10 C precipitated thorium oxalate, with the final firing at 900 C for 24 hr.
Prepared by autoclaving an aqueous suspension of 10% precipitated thorium oxalate at 300 C for 24 hr and a multistage

calcination of the product, with the final firing at 900 C for 24 hr.

the other hand, must be evaluated for a given
source material.

Oxides prepared by the wet-autoclaving of
thorium oxalate at 250 to 300°C (pyrohydrolysis)
are unique in that they do not show crystallite
growth even upon prolonged heating at tempera
tures up to 900°C. This phenomenon most
probably results from the absence of an ordered
or relic structure (random orientation of the
crystallites) and the small size of the ultimate
particles.

Mechanical or chemical degradation, such as
that which an oxide undergoes when it is pumped
as a slurry, could also result in a loss of relic
structure. The crystallite-growth characteristic
should give an indication of the degree of degra
dation which has occurred. To test this hy
pothesis, aliquots of the original charge (800°C
oxide), the pumped slurry, and the cake from
the 200A-3 loop run at Y-12 were heated for

9V. D. Allred, HRP Quar. Prog. Rep. Oct. 31, 1955,
ORNL-2004, p 172.
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24 hr at 900°C. The original charge showed the
normal crystallite growth expected in an oxide
with relic structure (Fig. 14.4). The crystallites
in the pumped and caked oxide increased only
slightly in size, indicating nearly complete
absence of relic structure and that, on pumping,
degradation of the oxide particles to crystallite
dimensions had occurred. Electron micrographs
of the pumped slurry and the cake substantiated
this conclusion. Since the average particle size
of the pumped oxide, as measured by sedimen
tation, was between 0.5 and 1 p., it may be further
concluded from the above that the sedimenting
particles were agglomerates of fine particles.
Furthermore, it follows that those properties
which depend on the nature and the shape of the
"working particle," such as hindered settling,
viscosity, and abrasion, will be different in the
pumped slurry than in the slurry as originally
prepared. A possible exception may be the oxide
prepared by the thermal decomposition of oxalate
precipitated at 10°C, whose particulate and
slurry properties appear to be slightly affected,
if at all, by pumping (see Sec. 14.3.1).
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TYPICAL CURVE FOR CRYSTALLITE GROWTH

(D-16 REFINED FOR 24-hr PERIODS)

14.3.3 Hindered-Settling Properties of
Thorium Oxide Slurries

Studies of the hindered-settling properties of
thorium oxide slurries have continued, with further
work on the effect of sulfate on the settling rate
of slurries of the 800°C fired oxide and an investi

gation of the temperature dependence, up to
98°C, of the hindered-settling characteristics of
slurries fired at 650 to 1300°C. The objective
is to determine the effect of various chemical

environments on the dispersion properties of
thorium oxide, to develop hindered-settling
techniques as a means of characterizing thorium
oxide preparations, and to provide background
information for settling studies to be carried out
at 300° C.

The hindered-settling characteristics of Th02
slurries, containing 500 g of thorium per kilogram
of H20, of an 800°C fired oxide to which 0.005 M
Na20-3Si02 and 0 to 20,000 ppm of sulfate as
HjSO. had been added showed a pH dependence

600

a 200

100

TYPICAL 24-hr FIRING FOR ,

PYROHYDROLYZED OXIDE'

700 800 900

TEMPERATURE (°C)

Fig. 14.4. Effect of Pumping on Crystallite
Growth in Thorium Oxide (Original Oxide Fired at
800°C; Pumped and Unpumped Material Refired at
900°C for 24 hr).
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similar to that obtained with HjSO. alone in
a 900°C fired oxide slurry10 (Fig. 14.5). The
data are summarized in Table 14.6. The use of

an 800°C oxide precludes a direct comparison
with a similar study carried out with 0.005 M
Na4P207 and a 900°C fired oxide,10 but the
markedly higher settling rates and lower bulk
densities obtained in the present study indicate
that the silicate is less effective than the pyro
phosphate as a dispersant in slurries containing
sulfate.

Hindered-settling studies were carried out at
27, 50, 75, and 98°C on slurries (500 g of thorium
per kilogram of H20) of D-16 oxide (650°C fired)
and oxides prepared by refiring the D-16 oxide
at 800, 900, 1000, and 1300°C. In general, the
settling rate increased with increasing slurry
temperature and increasing temperature of calci
nation up to 1000°C. Unusually high dispersion
characteristics were obtained at the higher slurry
temperatures for the oxide calcined at 1300°C.
These have not been satisfactorily explained as
yet but tend to substantiate the conclusion that
oxides calcined at 1000°C or above have slurry
properties markedly different from those of oxides
calcined at lower temperatures.

The hindered-settling data are summarized in
Table 14.7, where UQ is the hindered-settling

10E. V. Jones, HRP Quar. Prog. Rep. Oct. 31, 1955,
ORNL-2004, p 172-178.
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i

1000 ppm*' |
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i'2500 ppm
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4 6 8

pH OF SUPERNATANT

Fig. 14.5. Effect of Sulfate on Settling Rates of
ThO, Slurries.

TABLE 14.6. EFFECT OF H2S04 PLUS 0.005 MNa20«3Si02 ON SETTLING PROPERTIES
OF Th02 SLURRIES

Sulfate

Concentration

(ppm)

pHof

Supernata

0 11.4

200 11.3

500 11.2

1,000 11.1

2,500 9.8

3,000 8.9

3,500 8.1

5,000 6.5

10,000 2.5

20,000 1.6

'Too slow to be read.

Hindered Settling Settled

Rate, UQ Concentration

(cm/sec) (g of Th per liter)

0.0135 1800

0.0149 1785

0.0143 1770

0.0173 1695

0.0204 1680

0.0154 1710

0.0105 1725

0.0091 1695

* 1785

0.0105 1850
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TABLE 14.7. EFFECT OF SLURRY TEMPERATURE AND OXIDE CALCINATION TEMPERATURE

ON SETTLING CHARACTERISTICS OF Th02 SLURRIES

l/q = hindered settling rate, cm/sec

Slurry Viscosity

of H20, p
(centipoises)

Settling Cr aracter sties of 0 xides Calcined at Indie:ated Te mperatui e

Temperature 650°C 800°C 900°C 1000°C 1300°C

(°C)
"o V U0 V uo V uo V U0 V

27 0.8545 0.031 0.029 0.038 0.032 0.06 0.05 0.10 0.08 0.032 0.027

50 0.5494 0.045 0.025 0.07 0.036 0.09 0.047 0.15 0.08 0.07 0.041

75 0.3799 0.07 0.027 0.12 0.044 0.12 0.044 0.27 0.10 0.16 0.06

98 0.2899 Q.10 0.028 0.16 0.048 0.15 0.042 0.34 0.10 0.20 0.06

0.027 0.040 0.047 0.09 0.046

rate and p is the viscosity of water at the tempera
ture of the settling slurry. From theoretical
considerations the product V0p should remain
constant for an oxide over a series of settling
temperatures, provided that no change has occurred
in the particulate or dispersive characteristics.
As shown by data in Table 14.7, UQfi does remain
fairly constant over the temperature range 27 to
98°C. Changes do occur in oxide properties with
increasing calcination temperature up to 1000°C,
as shown by the progressive increase in the UQp
product. The trend reverses with the 1300°C
material, which shows a high dispersive charac
teristic (low value of l/nfi) and marked changes
in U~0p with increasing slurry temperature.

An apparent particle diameter, D , in microns,
corresponding to that obtained by usual permea
bility techniques, was calculated from U^fi by
the equation

120

D, = 13

U 0^ \ -

^pgr

1/2

when Ap is the difference in the densities of the
oxide and the water, g is the gravitational
constant, and e is the porosity factor. For a
ThOj slurry containing 500 g of thorium per
kilogram of HjO, the equation becomes

Ds = 3.73 x ]0-3W0p)U2 .
The calculated diameters are given in Table 14.8,
along with other characteristic properties of the
oxides used in the hindered-settling studies.
Data obtained with the slurries in the pumping
studies reported in Sec. 14.3.1 are also sum
marized in Table 14.8.

11 J. M. DallaValle, private communication.
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TABLE 14.8. CHARACTERISTIC PROPERTIES OF VARIOUS THORIUM OXIDES

AND THEIR AQUEOUS SLURRIES

Slurry concentration: 500 g of thorium per kilogram of H_0

Oxide

D-16 calcined at 650°C for 4 hr

D-16 calcined at 800°C for 24 hr

D-16 calcined at 900°C for 24 hr

D-16 calcined at 1000°C for 24 hr

D-16 calcined at 1300°C for 24 hr

D-16 calcined at 900°C for 24 hr

plus 1000 ppm SO . , pumped

100 hr at 250°C, X-27

D-16 calcined at 900°C for 24 hr

pumped 100 hr at 250°C, X-28

TO-10-900-24**

TO-10-900-24 pumped 100 hr at

250°C, V-8

PO-10-900-24**

PO-10-900-24 pumped 100 hr at

250°C, U-37

Average

X-Ray

Crystallite

Size (A)

110

263

619

745

1483

613

653

Sedimentation

Particle

Size (p)

2-3

2-3

2-3

2-3

2-3

0.8

0.8

Particle Size

Calculated*

from Settling

Rates (jj.)

6.1

7.3

8.1

11.4

8.0

2.6

3.6

Settled

Concentration

(g of Th per liter)

1215

1355

1480

1735

1840

1165

1310

pH of

Supernatant

8.4

9.8

10.1

9.2

7.5

8.0

6.0

536 0.7 4.3 1090 9.8

660 0.8 3.5 1170 7.0

228 0.9 8.6 985 10.1

243 0.6 0.7 975 8.0

♦Calculated from 3.73 X 10 (U0p) , where t/n = hindered settling rate and p is the viscosity of water (see
Table 14.7 and ref. 11).

**See footnote c, Table 14.5.

121



HRP QUARTERLY PROGRESS REPORT

15. FUEL PROCESSING

15.1 FISSION- AND CORROSION-PRODUCT

CHEMISTRY

D. E. Ferguson

R. W. Horton

S. S. Kirslis

E. 0. Nurmi

R. P. McNees

S. Peterson

15.1.1 Rare Earths

(a) Praseodymium. — The effect of various sol
utes on the solubility of praseodymium sulfate was
similar to that previously reported for neodymium
sulfate. In 0.02, 0.04, and 0.05 m U02S04 the
praseodymium sulfate solubility was 160, 190, and
320 mg per kilogram of hLO, respectively, when
it was the only rare earth present. When other
rare earths were present, so that praseodymium
sulfate was only 32, 11, and 6% of the total rare
earths, the praseodymium sulfate solubility in
0.02 m UO2SO4-0.005 m H2S04 at 280°C de
creased to 48, 16, and 13 mg per kilogram of HLO,
respectively. With other fission and corrosion
products present, the solubility dropped further to
6 mg per kilogram of H20.

Extrapolation of these and similar data for cerium
and neodymium indicates that some of the heavier
rare earths, which will be produced in only very
small amounts, will be scavenged from the reactor
fuel by the other materials precipitating.

(b) Neodymium. — In loop A the apparent solu
bility of neodymium sulfate in simulated fuel solu
tion (0.04 m U02S04)at 325°C was 65 to 70 mg per
kilogram of H20. The amount of neodymium sulfate
added above that required to maintain this con
centration precipitated in the preheater; about 80%
of the precipitate remained in the heater and filter,
while 20% went to the underflow pot of the hy
droclone attached to the loop. The loops were
operated at 2000 psi and 300°C.

In quartz tubes the behavior of precipitating
neodymium sulfate from 0.02 m UO2SO.-0.005 m
H2S04 in the presence of a Zircaloy-2-clad iron
pin was not reproducible. In some cases a large
part of the precipitating salt adhered to the metal
surface, but in others it remained suspended in
the solution as finely divided solids. In the Iartel-
case there was no marked tendency for the solids
already formed to adhere to the hot metal surface.

D. E. Ferguson et al, HRP Quar. Prog. Rep. Oct.
31, 1955. ORNL-2004, p 186.
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In these experiments the solution was heated by
the metal pin, which was in turn heated by hyster
esis effects (3000 kc).

15.1.2 Zirconium

In high-temperature loop studies with simulated
fuel, containing fission and corrosion products
approximately as expected in the HRT-CP, zir
conium sulfate hydrolyzed to the oxide. Seventy-
five per cent of the oxide accumulated in the pre
heater and the rest in the hydroclone underflow
pot. Underflow-pot zirconium concentrations, of
the order of 30,000 mg per kilogram of HLO, were
higher than the loop concentrations by factors of
about 4000. Of the total weight of oxide and
sulfate solids recovered, 45 and 75% were found
in the preheater and filter and the rest in the
underflow pot. When the hydroclone was cleaned
at the end of the tests, about half the solids were
removed from the underflow pot by draining; the
rest adhered so tightly that vigorous agitation
with rinse water was required for their removal.

15.1.3 Ruthenium

When 0.02 mUO2SO4-0.005 m H2S04 solutions,
containing 5 and 10 mg of ruthenium, as ruthenium
sulfate, per kilogram of H20, were heated to 300°C
in quartz tubes with air present, a black precipitate
rapidly formed. The precipitate did not redissolve
on cooling; it presumably was an oxide of tetra
valent ruthenium. When the solutions were satu

rated with oxygen and an atmosphere of oxygen
was maintained in the quartz tubes, no precipitate
formed. In one case, in which an oxygenated
solution contained a small fleck of cellulose, a
small amount of ruthenium precipitated on the
cellulose.

The ruthenium sulfate for these experiments
was prepared by fuming ruthenium tetrachloride
with sulfuric acid to dryness several times. The
black solid formed was soluble in water, was
hygroscopic, and corresponded in composition to
Ru(S04)2.H2S04.

15.1.4 Molybdenum

The solubility, at room temperature, of molybdic
acid in 0.02 m UO2SO4-0.005 m H2S04 is less
than 100 mg of molybdenum per kilogram of HjO.
At 265°C the solubility is between 300 and 400



mg per kilogram of H20. When a uranyl sulfate
solution containing 900 mg of molybdenum per
kilogram of HUO, as a molybdic acid slurry, was
heated to 265°C, the flocculent particles rapidly
agglomerated and then changed into a crystalline
material of indefinite structure. This crystalline
material was slowly transformed into massive
crystals of definite, although unrecognizable, form.
When cooled, the massive crystals disintegrated
into a fine granular material. Precipitates heated
to 250 to 300°C, but not held there long enough
for the massive crystals to form, were granular
when cooled, in contrast to their flocculent nature
before being heated.

15.1.5 Iodine

Improved techniques increased the material bal
ances usually obtained in iodine studies from
40-60% to 85-95%. With the new techniques the
elemental/oxidized iodine ratio was shown to be

9/1 at 250°C and 6/1 at 300°C. The data were
obtained in a stainless steel system. Preliminary
results indicated that the presence of precipitating
fission and corrosion products lowered these values
markedly.

Laboratory studies are under way to evaluate
various possible solutions as a means of scrubbing
iodine from a circulating gas stream of D_0 vapor
and oxygen. Water shows an efficient absorption
for a limited amount of iodine, but its capacity
is so low that its use in a plant operation seems,
at this time, inadvisable. A dilute solution of
silver sulfate proved to be an efficient absorbing
solution with a capacity, before any iodine broke
through, probably in excess of 10% of the stoichi
ometric amount of iodine. Using such a solution
at 300°C has the advantage of efficiently trapping
iodine in a fixed form, which permits a simple
concentration process, but the disadvantage of
being a potential source of neutron poison for the
reactor if any solution should be carried to the
fuel system by the recirculating gas stream.

Engineering and design efforts were directed
toward the development of a liquid jet ejector to
serve the dual purpose of a single-stage contactor
for pumped fuel solution and stripping gas (D.O
vapor and oxygen) and a high-capacity, low-head
compressor for circulating the stripping gas through
an iodine absorption cycle. A working model of

This work done by Vitro and reported in more detail
in KLX-10020.
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such an ejector was fabricated and was installed
in a 5-gpm, 1000-psi loop. Installation of heaters
and other auxiliaries is in progress.

15.2 REACTOR SOLIDS DISSOLUTION

Dissolution of the fission-product and corrosion-
product solids expected from the operation of the
HRT and collected in the chemical processing
plant will be desirable in order to obviate the need
for handling radioactive solids and to provide a
representative sample. Since the exact compo
sition of the solids to be encountered is not known,
the dissolution of materials of various compositions
was studied.

Solids simulating those expected from reactor
operation, provided that excessive corrosion is
not encountered, were prepared by heating, to
285°C, a uranyl sulfate solution containing various
metal sulfates in the proportions expected from
fission. These solids could be dissolved almost

completely (>98%) by 70% HN03 containing 0.1%
HF, provided that the solids had not been heated
excessively while dry. The reactivity of solids
heated to 300°C was less than that of unheated

solids, while solids heated to 900°C were attacked
only slightly (less than 10% dissolved) by the
above treatment.

Solids simulating those expected in the case of
extensive corrosion to the reactor system were
prepared. These solids contained 90% stainless
steel and Zircaloy-2 corrosion products and 10%
mixed fission products. Larger amounts of HF in
nitric acid were needed and dissolutions were

slower and less complete than when only fission
products were present. The adverse effect of
heating the dry solids was again noted.

Stainless steel corrosion product solids obtained
from the corrosion test loops have been studied.
These solids differ from those prepared in the
laboratory in that they have been "aged" for
several hundred hours at the operating temperature
of the loops. These solids showed extreme re
sistance to attack by HN03 and HNO--HF mixtures;
better dissolution (70—83%) was obtained when
HCI and HCI-HF mixtures were used. A solution

of stannous chloride in concentrated HCI gave
better dissolution (87%), and when followed by
nitric acid, a total dissolution of 93% was obtained.

Sulfuric acid, 10.8 M, at 165 to 170°C has proved
to be the best solvent thus far tried for various

synthetic reactor solids. It is equally effective
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for solids consisting of fission products only, for
solids which contain as much as 90% by weight
of Zircaloy-2 and stainless steel corrosion prod
ucts, and for "aged" solids from the corrosion
test loops. The efficiency of the sulfuric acid
solution was not appreciably lowered by heating
the solids to 300°C prior to dissolution. This
same treatment sharply reduced the dissolving
power of the other acids tested. In one test 0.5 g
of a high Zr02 content sample which had been
fired at 900°C for 16 hr was 70% dissolved in a

single treatment with 30 ml of 10.8 Al sulfuric acid.

15.3 TEST EQUIPMENT

15.3.1 Irradiation Bombs

A theoretical treatment indicated that, in the
LITR with downflow cooling air, the plug closure
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at the bottom of a standard irradiation bomb would

be the hottest part of the system. Temperatures
measured in such a bomb in the LITR agreed with
those theoretically predicted. A new irradiation
bomb was designed which should allow the movable
metal pin in the bomb to be the hottest part of
the system.

15.3.2 Circulating Loop

The heat-transfer coefficient of the preheater in
experimental loop A was dependent on the amount
of deposited fission and corrosion products. The
coefficient, based on internal surface area, dropped
to as low as 200 Btu/ft2»hr -°F at the end of the
precipitation runs but consistently returned to
about 400 Btu/ft2-hr.°F after each cleanup.
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tigrmam 16. PLUTONIUM-PRODUCER BLANKET PROCESSING

D. E. Ferguson E. 0. Nurmi

J. M. Chilton

P. A. Haas

The study of plutonium chemistry during the last
quarter continued to include adsorption of pluto
nium on metals, concentration of Pu02 by a hydro-
clone, effect of Li2S04 on plutonium solubility,
and in-pile studies.

16.1 ADSORPTION OF PLUTONIUM ON METALS

Since previous studies had indicated that pluto
nium adsorption on Zircaloy-2 and on titanium from
uranyl sulfate under simulated reactor conditions is
essentially nonreversible, the rate of adsorption
must be known for the amount of plutonium ad
sorbed per day on the walls of the reactor system
to be calculated. Both plutonium concentration
and temperature have large effects on the rate of
plutonium adsorption.

From 1.26 mU02S04 containing 100 mg of pluto
nium per kilogram of HjO, the rates of plutonium
adsorption on Zircaloy-2 and on titanium at 250°C
were 22 and 11 pa/cm /\\r, respectively (Fig. 16.1).
Several rates determined in the same equipment at
250°C but with 1.4 mUOjS04 containing 3 to 6 mg
of plutonium per kilogram of H20 were not consist
ent but varied from 0.008 to 0.04 fig/cm2/hr for
both titanium and Zircaloy-2. Based on these rates
of adsorption, 0.3 to 1.4% of the plutonium pro
duced in a two-region reactor would adsorb on the
metal walls. Since the latter conditions are ex

pected in the blanket of the plutonium producer,
emphasis will be placed on a more thorough study
under these conditions.

The adsorption rate was also affected by tem
perature. The rate of plutonium adsorption at
150°C from 1.4 mU02S04 containing 4 to 6 mg of
plutonium per kilogram of HjOwas 0.008 /*g/cm /hr
on titanium and 0.012 ^g/cm /hr on Zircaloy-2.
Adsorption rates at 80PC from 1.4 mU02S04 con
taining 13 mg of plutonium per kilogram of H.O
were only 9 x 10 ^g/cm /hr on titanium and
2 x 10~5 ^g/cmVhr on Zircaloy-2 (Fig. 16.2). As
can be noted, at 150and 250°C, plutonium adsorp
tion was greater on Zircaloy-2 than on titanium, but
at 80°C it was less.

D. E. Ferguson, R. E. Leuze, and R. H. Rainey,
HRP Quar. Prog. Rep. Oct. 31. 1955, ORNL-2004, p!89.

R. E.

R. H.
Leuze

Rainey

The nature of plutonium adsorption at room tem
perature was different from that at elevated tem
peratures. At room temperature, titanium and
Zircaloy-2 in contact with uranyl sulfate solutions
exhibited equilibrium adsorption values that de
pended on the plutonium concentration in solution.
At 80°C, metal in contact with 1.4 mU02S04 con
taining 13 mg of plutonium per kilogram of H20
showed no indication of approaching an equilibrium
value in 1000 hr (Fig. 16.2). At 23°C, plutonium
adsorption on Zircaloy-2 from 1.4 mUOjS04 con
taining 12, 60, and 110 mg of plutonium per kilo
gram of H20 reached equilibrium values of 0.007,
0.048, and 0.18 pa/cm1, respectively, but pluto
nium adsorption on titanium from these same solu
tions reached equilibrium values of 0.007, 0.12,
and 0.31 pg/cm , respectively. The time required
to reach equilibrium was dependent on the pluto
nium concentration. For uranyl sulfate solutions
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Fig. 16.1. Rate of Plutonium Adsorption at 250°C
on Zircaloy-2 and Titanium from 1.26 m UO.SO.
Solution Containing 100 mg of Plutonium per kilo
gram of HO.
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Fig. 16.2. Rate of Plutonium Adsorption at 80°C
on Zircaloy-2 and Titanium from 1.4 m U02S04
Solution Containing 13 mg of Plutonium per Kilo
gram of HjO.

containing 12, 60, and 110 mg of plutonium per
kilogram of H20, the times required to reach equi
librium were 22, 100, and 500 hr, respectively. It

Tt>.ll '">> I \i ' r-
can De seen in Fig. 16.3 that after an initial rapid
adsorption the plutonium adsorption behaved as a
first-order reaction.

X-ray diffraction analysis of plutonium adsorbed
at room temperature gave no indication of Pu02, as
was found in adsorption at 250°C. Uranyl sulfate
solutions, containing 720 plutonium, partially de-
sorbed plutonium that had been adsorbed previously
at room temperature but did not desorb plutonium
previously adsorbed at 250°C.

16.2 SEPARATION OF Pu02 BY A HYDROCLONE

Studies of the concentration of PuO, in water
slurries at room temperature by centrifugation in a
A-in.-dia hydroclone with a 35-ml underflow pot

were encouraging; however, material balances were
consistently low. When plutonium slurries of about
1 liter were circulated through the hydroclone at
0.2 gpm until steady-state conditions were reached,
the concentration factor in seven tests varied from

2.6 to 8.8, and material balances were 40 to 72%.
Greater concentration factors can be expected at
250°C. The Pu0„ used in these experiments had
been precipitated from uranyl sulfate at 250°C,

126

Fig. 16.3. Rate of Plutonium Adsorption at 23°C
on Titanium and Zircaloy-2 from 1.4 m U0.S0.
Solution Containing 60 and 110 mg of Plutonium
per kilogram of H,0.

centrifuged, washed free of uranyl sulfate, and
res lurried in water.

For comparison, the concentration of ThO_ (with
a particle-size distribution of 100 wt % less than
26 p, 50 wt % less than 7 fi, and 18 wt % less than
0.6 ft) was determined under the same conditions.
In 14 tests, concentration factors varied from 21 to
32, and material balances were 67 to 85%.

16.3 IN-PILE CHEMISTRY OF PLUTONIUM

AND NEPTUNIUM

When a 1.4 m UO2S0. (0.03% U235) solution
containing no copper catalyst was irradiated in the
LITR at 200 to 250°C, there was no significant
buildup of pressure as a result of radiolytic gas
formation; nor was there evidence of radiolytic gas
buildup when 1.4 m U02S04 (0.3% U235) was
irradiated at 250°C. Since an overpressure of
hydrogen and oxygen is required to obtain the
proper reduction-oxidation conditions for studying
plutonium chemistry, the use of slightly enriched
uranium for in-pile studies will be investigated.

16.4 SOLUBILITY OF PLUTONIUM IN URANYL

SULFATE-LITHIUM SULFATE SOLUTIONS

The solubility of tetravalent plutonium in 1.3 m
U02S04-1.3 m Li2S04 solutions under 50 psi H2



and 25 psi 02 at 250°C was 2 to 3 mg per kilogram
of H20 when determined in gold tubes and was 5 to
6 mg per kilogram of H20 when determined in pyrex
tubes. A control test with 1.3 m U02SO, solution
in pyrex showed the previously determined solu
bility of 3 mg per kilogram of H20. Apparently the
addition of lithium sulfate approximately doubled
the solubility of Pu(IV).

When a solution containing 4.0 m UO.SO., 4.0 m
Li2S04, and 4.77 g of Pu(IV) per kilogram of H20
was heated for 12 hr under air in a pyrex tube,
only 7.8 mg of Pu(IV) per kilogram of HO remained
in solution. When a fivefold excess of chromate

was added to the feed solution at room tempera
ture, the plutonium was oxidized to Pu(VI). When
this solution was heated at 250°C for 12 hr, 415 mg
of Pu(VI) per kilogram of H20 remained in solu
tion. Both tests were made in a sealed, pyrex
glass tube with an air overpressure.

Further experiments are planned for studying
plutonium valence and solubility in these solutions
in the presence of chromium, oxygen, and hydrogen.

PERIOD ENDING JANUARY 31, 7956

16.5 TEST EQUIPMENT

16.5.1 Loop T-l

Shop fabrication of loop T-l, which is to be used
for plutonium-producer-reactor equipment develop
ment studies, was completed; field installation is
expected to be completed by February 1. All
components that contact high-temperature fuel,
except the labyrinth backup plate and a small part
of the scroll case in the pump, are titanium. The
low-temperature parts of this loop, including valves
and the back of the pump, are type 347 stainless
steel.

16.5.2 Loop P-l

Loop P-l for the out-of-pile study of the chemical
processing required for the removal of plutonium
from concentrated uranyl sulfate solutions (300 g
of uranium per kilogram of H20) will be constructed
of type 347 stainless steel. This loop will use a
Westinghouse A-150 canned-rotor pump with the
simplest piping configuration possible for installa
tion in a pressure tank of about 3 ft in diameter and
5 ft in height. The large pump will give heating
without external heaters and will thus avoid pos
sible hot-wall precipitation.
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17. EQUIPMENT DECONTAMINATION

D. E. Ferguson
R. D. Baybarz R. E. Leuze

The object of the equipment-decontamination
program is to develop methods for removing fission
products and plutonium deposited on metal surfaces
under reactor conditions. Strong inorganic re
ducing agents were tested for removal of oxide
film and plutonium from type 347 stainless steel,
titanium, and Zircaloy-2.

17.1 OXIDE SCALE REMOVAL

Strong reducing agents such as chromous sulfate,
titanous chloride, stannous chloride, and nascent
hydrogen effectively removed the oxide film de
posited on type 347 stainless steel by 1.4 m
U02S04 at 250°C. A solution of chromous sulfate
in dilute sulfuric acid appears to be the one best
suited for decontamination of homogeneous reactor
and process equipment, since it converts the
oxide to a soluble form and does not add foreign
materials to the reactor system.

Chromous sulfate solutions were prepared by
reducing CrK(S04)2 solutions with zinc amalgam.
A solution containing 0.4 Al CrS04—0.2 MK2S04-
1.0 Al H2S04 (under C02) at 87°C effectively re
duced and dissolved the oxide corrosion film from

type 347 stainless steel in 2 hr. At 23°C, the
oxide film was converted to a loosely held oxide
in 4 hr and was completely dissolved in 24 hr.

Oxide films deposited on titanium and Zircaloy-2
by uranyl sulfate at 250°C are more difficult to
remove than the oxides on type 347 stainless
steel. Several types of oxide films were observed
on titanium, varying from a heavy golden oxide to
a thin bluish coloration. The heavy golden oxide
film was removed from titanium by 0.4 M CrSO.—
0.2 Al K2SO4-1.0 M H2S04 (under C02) at 87°C
in 10 hr. No effort has yet been made to remove
the thin bluish film.

17.2 PLUTONIUM REMOVAL FROM

METAL WALLS

It may be necessary to remove plutonium peri
odically from the walls of the plutonium producer
blanket system, since laboratory tests indicate
that plutonium continues to be adsorbed indefinitely
under operating conditions. Plutonium has been

D. E. Ferguson, R. E. Leuze, and R. H. Rainey,
HRP Quar. Prog. Rep. OcU 31, 1955, ORNL-2004, p 189.

128

effectively removed, from the oxide film deposited
on type 347 stainless steel by U02S04 solutions
at 250°C, by three different solutions: 3.0 Al
HNO3-O.I M(NH4)2Ce(N03)6; 3.0 Al HNO3-0.0025
MHF; and 0.4 Al CrSO4-0.2 Al K2SO4-1.0 Al H2S04
under COj. A solution containing 0.2 Al CrS04-
0.1 MK2SO4-0.5 Al H2S04 was not very effective
as a removal agent. Of the three solutions re
moving plutonium effectively, the 0.4 M CrS04
solution appears to be the most applicable for
homogeneous reactor and process equipment, since
it completely dissolves the oxide film and does
not add foreign materials to the reactor system.
This solution was also effective in removing plu
tonium from titanium and Zircaloy-2 oxide films.

With stainless steel, the nitric acid—cerate
solution at 87°C gave a plutonium decontamination
factor of 8 x 102 in 4 hr and 2 x 103 in 24 hr. The
nitric acid—hydrofluoric acid solution at 71°C
gave a plutonium decontamination factor of 3 x 10
in 24 hr. The 0.4 M CrSO4-0.2 M K2SO4-1.0 M
H2S04 solution at 87°C (under a C02 pressure of
5 psig) gave plutonium removal factors from type
347 stainless steel of 1.4 x 103 in 3 hr and 6 x 104
in 7 hr, from Zircaloy-2 of 1.9 x 10 in 3 hr, and
from titanium of 1.7 x 10 in 4 hr. The solution

containing 0.2 Al CrSO4-0.1 Al K2SO4-0.5 Al H2S04
in 7 hr removed only 60% of the plutonium from
type 347 stainless steel at 87°C and only 32% at
23°C.

Neither the nitric acid—cerate nor the nitric

acid-hydrofluoric acid solutions dissolved the
iron oxide corrosion film, but they both caused
considerable flaking of the film. The chromous
sulfate solution reduced the iron oxide films to a

soluble form.

Scouting tests showed that 3 M HNO3-0.1 M
(NH4)2Ce(N03)6 is moderately corrosive to type
347 stainless steel. Corrosion rates determined

by weight loss were 50 mpy at 23°C and 75 mpy
at 87°C. However, there was evidence of pitting
and intergranular corrosion. Titanium and Zircaloy-
2 corrosion rates were low in this solution: 1 and

0.4 mpy, respectively, at 23°C and 1.4 and 0.6
mpy at 87°C. Corrosion rates for type 347 stain
less steel, titanium, and Zircaloy-2 in 0.4 M
CrSO4-0.2 Al K2SO4-1.0 MH2S04 at 87°C were
10, 7, and 2 mpy, respectively.
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18. AQUEOUS SYSTEMS AT ELEVATED TEMPERATURES

C. H. Secoy

F. E. Clark D. M. Richardson

J. S. Gill R. Slusher

F. J. Loprest F. H. Sweeton
W. L. Marshall

18.1 ALKALI METAL CARBONATE-URANIUM

TRIOXIDE SYSTEMS

W. L. Marshall F. J. Loprest

The investigation of the system lithium oxide-
uranium trioxide-carbon dioxide-water was con

tinued during the quarter. Experimental methods
were the same as those described previously,1
except for the analytical technique for determining
lithium, which consisted in removing the uranium
and carbonate quantitatively by means of Dowex
A-l ion exchange resin in the hydroxide form and
determining the eluent lithium hydroxide by acid-
base titration. This method was found to be

considerably more precise than the flame spectro-
photometric method used previously.

Seven new experiments were completed which
were designed to fix with greater certainty the
liquid phase solubility surfaces when lithium car
bonate is the stable solid phase and when a lithium
uranyl carbonate complex is the stable solid phase.
These experiments confirmed the finding that,
at 250°C and with 1000 to 2000 psi total pressure,
the two solubility surfaces are very close to each
other and the suspicion that maintenance of an
unsaturated solution with more than about 10 g of
uranium per liter would be difficult (see Fig. 18.1).

Additional experiments were performed on that
portion of the system in which Li-CO- is the solid
phase. These experiments involved the measure
ment of the solubility of LijCO, in water and in
UO,-C02-H20 solutions as a function of tempera
ture and carbon dioxide pressure. A study of the
data from these experiments and from previous
experiments disclosed the following relationships:

1. A straight line is obtained if the molality of
lithium in the saturated solution is plotted as a
function of the molality of uranium at a fixed
carbon dioxide partial pressure. Furthermore, the
family of lines obtained by plotting several such
isobars all have the same slope equal to 3.37 at

F. J. Loprest, W. L. Marshall, and C. H. Secoy, Chem.
Semiann. Prog. Rep. Oct. 10,1955, ORNL-1940, p 70-79.

250°C (Fig. 18.2). These isobars terminate by
intersection with the isobaric invariant, which is
also approximately linear with a slope of about 4
at 250°C.

2. From the data for the solubility of LiHCO, in
water, plots of the logarithm of carbon dioxide
pressure as a function of the logarithm of the
lithium concentration, expressed as molality of.
LiHCOg, at each of several temperatures yield
parallel straight lines with a slope of 4 (Fig. 18.3).
The linearity does not hold at low C02 pressures,
presumably because of the hydrolysis of the car
bonate ion. Thus the quotient, m /P__ , is a

constant at a constant temperature. This relation
follows readily from the solubility product constant
of Li2C03, the carbonate-bicarbonate equilibrium
constant, and Henry's law constant for C02 if it
is assumed that the lithium ion concentration and

UNCLASSIFIED
ORNL-LR-DWG 1I342A

Fig. 18.1. The System LijO-UOj-COj-H^O at
250°C and 1500 psi Total Pressure, Where Pfofa, -
PH,0 + Pco2« Janecke projection; A, B= invari
ant points; f « Li2C03 solid; II, III = lithium-
uranium solids.
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Fig. 18.2. Variation of Li2C03 Solubility (Ex
pressed as Molality of LiHC03) with U02C03 Con
centration at Constant C02 Pressure (250°C).

the bicarbonate ion concentration are equal. Figure
18.4 shows the dependence of the quotient,
m L"HCO ^CO (ca"e^ ^a)/ on temperature.

From these observations the principal ionic
species existing in solution may be postulated

3-to be Li+, HCO, UO,(HCO,)(CO,)
U02(HC03)2(CO_)2 . The presence of these ions
would account for all the observed facts, and their
existence does not seem to be unreasonable.

Exploratory studies were made with several
cations other than lithium. The results indicated

a negligible solubility of uranium in the thallous,
magnesium, and ammonium systems at 250°C. The
solid phases appear to be uranates in these cases
rather than carbonates, and, presumably, much
higher C02 pressures would be required to attain
an appreciable uranium solubility. In the rubidium
system, however, solutions containing about 2.5%
U03 at a rubidium-to-uranium mole ratio of about
15 were obtained at 250°C and total pressures
between 1200 and 1900 psi.
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18.2 THE QUATERNARY SYSTEMS

CuO-U03-S03-H20 AND NIO-U03-S03-H20

F.E.Clark J.S.Gill

R. Slusher

The 100°C isotherm for the base (CuO and/or
U03) saturated region of the system CuO-U03-S03-
H20 was completed. The identity and range of
stable existence for all solid phases which occur
were established, with the possible exception of
those appearing from very dilute solutions (low
S03 content). The liquidus surface was quanti
tatively defined, thus making possible the pre-
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Fig. 18.4. Variation of K with Temperature.

diction of any precipitation phenomena if CuO
or U03 or any mixture of the two is added to a
homogeneous unsaturated solution at this tem
perature. Details of the work and the experimental
data will appear in a forthcoming ORNL report.

The determination of higher temperature iso
therms was postponed in deference to a noniso-
thermal exploration of the very dilute solution
region of more immediate interest to the reactor
project. This work has not advanced sufficiently
to permit any general conclusions to be made.

A study of the base-saturated region in the sys
tem NiO-U03-S03-H20 at 100°C has continued
but has not yielded unambiguous data. Combined
analytic, microscopic, and diffraction studies of
solid phases indicated the probable existence of
several complex nickel-uranyl basic sulfates or
several hydrates of such a complex. A reasonably
pure sample of any one of these has not been
obtained. It would appear that the probability of
obtaining a complete unequivocal phase diagram
at 100°C is slight, since various techniques have
been tried without success.

PERIOD ENDING JANUARY 31, 1956

18.3 STABILIZATION OF Th02 Sols - Sol E

F. H. Sweeton

A general study of the stabilization of Th02 sols
was started. One sample, designated as sol E,
was prepared and some of its properties were
determined.

18.3.1 Preparation

The method used was, in general, that outlined
by Szilard.2 Hydrous Th02 was precipitated by
the addition of an excess of a solution of NH.OH

to a solution of Th(N03)4. The precipitate was
washed by several decantations in order to remove
the resulting NH4N03 and the excess NH40H.
Some of the hydrous Th02 suspension was heated
to boiling during two of the decantations in an
effort to get more effective removal of the im
purities. Peptization was carried out by adding
this washed hydrous Th02, in steps, to a hot
solution of Th(N03)4. After each addition the
hydrous oxide slurry went into suspension within a
few minutes, giving a sol that looked like water
except for a slight amount of opalescence.

18.3.2 Composition

Analysis of sol E by the Analytical Chemistry
Division showed that its total concentration of
thorium was 2.5g M(moles per liter) and that the
total concentration of nitrate radical was 0.9t M.

This concentration of nitrate was higher byapproxi
mately 0.4-j Mthan that equivalent to the Th(N03)4
used for peptization; the difference was supposedly
due to adsorption of nitrate radical on the washed
hydrous Th02 used to prepare the sol. The total
concentration of NH3, according to analyses, was
below 0.006 M, showing the effectiveness with
which the hydrous ThOj used in preparing the sol
was washed.

18.3.3 Description

The pH of the sol appeared to be about 3.3, but
theoretical problems involved in measuring such
a sol make this value uncertain by 0.5 or possibly
more. An x-ray analysis was performed (by the
Metallurgy Division) directly on the sol in its
liquid state; Th02 was the only crystalline material
found. The width of the Th02 lines corresponded
to an average crystallite size of 56 A, with a
relative uncertainty of about 5 A and an absolute

'B. Szilard, J. chim. phys. 5, 488-494 (1907).
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uncertainty several times as large. Electron micro
graphs prepared by the Analytical Chemistry Di
vision showed that the sol particles were small,
and gave an indication that the average particle
size was probably in the range of 50 to 100 A.
The specific gravity of the sol was found to be
1.64ij at room temperature (25°C). The viscosity
of sol E relative to water was found to be 1.4g
at 25°C.

18.3.4 Properties

It was found that when the sol was diluted with

water to one-hundredth its original concentration
it could be precipitated by the addition of an equal
volume of 0.0035 MNa2S04 solution or of 0.0075 M
(NH4)2S04# In the first case analyses showed
that not all of the thorium was precipitated, the
soluble amount corresponding within experimental
error to the thorium nitrate used in preparing the
sol. With (NH4)2S04, however, all the thorium in
the sol appeared to be precipitated.

In order to study the thermal stability of sol E
as a function of the addition of further Th(N03)4,
several portions of the sol were diluted to two-
thirds their original concentrations by the addition
of thorium nitrate solutions of various concentra

tions. The samples were then sealed in small
pyrex glass tubes and were heated at a rate of
about 6°C per minute in an apparatus designed and
assembled by W. L. Marshall and described else
where. The temperature was noted at which each
sample started to turn yellow by transmitted light.
These transitions occurred very sharply; within
an interval of only 3 to 5°C the color would change
from clear to yellow, then to dark brown, and so
on until the sample was opaque. Figure 18.5 gives
the results of these tests. It can be seen that the

addition of Th(N03)4 reduced the thermal stability
of the sol throughout the range covered.

18.3.5 Discussion

That the so-called "sol E" is actually a true
sol is believed to be firmly established. The sol
has the slight opalescence to be expected of a
sol with particles that are considerably smaller
than a wave length of light, and the x-ray analysis
proves the presence of crystalline Th02. From
x-ray data and electron micrography it appears
fairly well established that the individual sol

°W. L. Marshall, H. W. Wright, and C. H. Secoy, /.
Chem. Educ. 31, 34 (1954).
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particles contained, at most, only a relatively few
crystallites. The relative viscosity of this sol
(1.4g) is definitely less than that of several prepa
rations described by Dhar and Mittra,4 who report
sols that were similar but with lower concentra
tions of total thorium and of nitrate radical.

The fact that Na2S04 and (NH4)2S04 precipitated
the thorium in the sol to varying degrees demon
strates the specificity of the reactions of the sol.
Although the Na2S04 appeared to precipitate only
that fraction of total thorium corresponding to the
hydrous Th02 used in preparing the sol, it seems
best to regard this correspondence as coincidence
until more such data are available.

The thermal stability of this particular sol was
found to be far below that necessary for a reactor
blanket. The method used in the test is thought
to be general for studying sol stability; it has the
advantage that the more stable sols are tested at
higher temperatures and thus closer to the desired
operating conditions. Since the further addition
of Th(N03)4 to this sol decreased its stability,
sols with a smaller original concentration of
Th(N03)4 might be expected to be more stable.

The fact that this sol will repeptize after being
slightly flocculated and recooled is of interest
because it emphasizes the admitted incomplete
ness of the theory of stabilization as outlined by

*N. R. Dhar and R. N. Mittra, Kolloid-Z. 71, 172-6
(1935).



Verwey and Overbeek5 for application to floccu
lated colloid systems.

Work will continue on determining the properties
of this particular sol preparation. The preparation
of other sols having lower concentrations of
Th(N03)4 will be attempted.

18.4 ADSORPTION OF H20 BY Th02 AT
ELEVATED TEMPERATURES

D. M. Richardson

The experimental method employed to measure
the adsorption of water by thorium dioxide was
described in previous reports.6'7 Tentative iso-

E. J. W. Verwey and J. T. G. Overbeek, Theory of
the Stability of Lyophobic Colloids, Elsevier, New York.
1948.

PERIOD ENDING JANUARY 31, 1956

therms from 260 to 360°C can be drawn based on
the present experimental data. There is no evi
dence that a hydrate (Th02.*H20) exists. The
slow rise in pressure observed at temperatures
above 300°C is attributed to small amounts of
C02 and HjO present in the thoria studied. In
the volumetric method used, these impurities would
also have the effect of lowering the apparent
amount of H20 adsorbed. The present status of
this study is reported in greater detail elsewhere.8

D. M. Richardson, HRP Quar. Prog. Rep. April 30,
1955, 0RNL-1895, P 195-196.

D. M. Richardson, HRP Quar. Prog. Rep. July 31,
1955, ORNL-1943, p 244-245.

o

D. M. Richardson, Adsorption of H20 by ThOj at
High Temperatures, ORNL CF-56-1-109 (Jan. 20, 1956).

135



HRP QUARTERLY PROGRESS REPORT

19. ADSORPTION ON INORGANIC MATERIALS

K. A. Kraus

T. A. Carlson

D. J. Coombe

19.1 CATION-EXCHANGE PROPERTIES OF

ZIRCONIUM TUNGSTATE

19.1.1 Adsorptive Properties as a Function
of Drying Temperature

The effect of drying or firing temperature on the
adsorbability of cesium (tracer) by zirconium tung
state was investigated. The material was pre
pared in the usual way by precipitation of Zr(IV)
with a large excess of sodium tungstate solution
previously adjusted to pH 1.2. After being dried
at room temperature, the material was washed with
0.2 MHCI, rewashed, dried, and fired overnight at
various temperatures up to 950°C. The room-
temperature-dried material had a distribution coef
ficient D « 60 for cesium tracer in 0.1 MNH4CI.
When the material was fired at temperatures above
about 110°C, the values of D became first negli
gibly small but became appreciable again (D « 20)
for firing temperatures above about 600°C. The
decrease in distribution coefficients with firing
temperature was accompanied by a decrease in
uptake of cesium, which became less than about
1% of the uptake of room-temperature-dried ma
terial (0.45 mole of cesium per kilogram) when
firing was carried out above about 110°C. Ma
terials fired above about 600°C showed cesium
uptake amounting to about 2% of the uptake of
room-temperature-dried material.

19.1.2 Acid-Base Titrations: Uptake of Cesium
and Stability as a Function of pH

It had been observed earlier that the uptake of
cesium on zirconium tungstate is dependent on the
acidity of the solutions; this behavior is reminis
cent of weak-acid cation exchangers. Acid-base
titrations of the materials were therefore carried

out in an attempt to estimate the "capacity" for
cations. At the same time, the stability of the
tungstate was investigated, since loss of tung
state from the precipitate was expected at high
pH. Zirconium tungstate was prepared in the usual
manner, except that it contained W85 to permit

]K. A. Kraus et al, HRP Quar. Prog. Rep. Oct. 31,
1955. ORNL-2004, p 208-212.
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J. S. Johnson

H. 0. Phillips

radiometric determination of dissolution of tung
state in the various media. Small portions of the
tungstate were treated with varying amounts of
ammonia solutions in 1 MNH4CI. After /2 hr of
shaking, the pH was measured, dissolved tung
state in the solution was determined radiometri-

cally, and cesium uptake was determined by re
peated equilibration with 0.1 M CsCI solutions
containing tracer Cs 34. The results are sum
marized in Fig. 19.1. It may be noticed that loss
of tungstate is essentially negligible up to about
pH 6 but becomes relatively serious at higher pH.
Further, cesium uptake, which is about 0.65 mole
per kilogram near pH 2, rises considerably with

UNCLASSIFIED
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Fig. 19.1. Zirconium Tungstate - Acid-Base
Titration and Cs+ Uptake.



increasing pH and reaches about 1.5 moles per
kilogram near pH 7. Since loss of tungstate ap
pears at about the same pH where cesium uptake
levels off, the capacity of the material is pre
sumably larger than the maximum uptake deter
mined here, although present data do not permit
unambiguous determination of this capacity.

19.2 CATION-EXCHANGE PROPERTIES OF

ZIRCONIUM PHOSPHATE

19.2.1 Stability in a Number of Media

The stability of zirconium phosphate was deter
mined in a number of acidic and basic media by
the use of a radiometric method of analysis. In
the preparation, a solution of Zr(IV) was added to
3.4 MH3P04 containing P. The precipitate was
dried at 120°C overnight, washed with 1 Al HCI,
with water, and again dried at room temperature.
It contained 6.1 moles of phosphate per kilogram
and a P043~/Zr(l V) ratio of about 2.

Portions of this material were shaken in various

media for usually 21 to 24 hr, and the supernatant
was analyzed for phosphorus. Essentially negli
gible attack of the solid occurred in the following
media: 1, 4, and 12 M HCI; 1, 4, and 15.7 M
HN03; 1, 4, and 17.4 MHOAc. In these media
less than 2% of the phosphate activity appeared in
solution. Although this might imply some attack,
it could also arise from insufficient washing of
the original phosphate. Similarly, little attack
was shown in 1 and 4 MH2S04, although severe
attack occurred in 18 MH2S04 (33% of phosphate
appeared in solution).

Severe attack occurred in fluoride solutions.
The solid lost 62% of the phosphate in 1 M KF,
1 MHF, and 1 M HF - 1 M HCI. In 5 and 10 M KF
essentially all the phosphate was lost from the
solid. Even in 0.1 MHF almost 10% of the phos
phate was lost, although in this case the fluoride-
to-phosphate ratio was only 0.2.

The phosphate was found to be surprisingly
stable in ammonia solutions, with phosphate losses
of 2, 5, and 7% occurring in 0.1, 1, and 3.8 MNH3
solutions. Severe phosphate losses occurred in
carbonate solutions (50% in 1 M Na2C03) and
sodium hydroxide (50 to 90% in 1 Al NaOH). Only
moderate loss occurred in bicarbonate solutions

(less than 10% in 1 MNaHC03).
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19.2.2 Acid-Base Titrations: Cation Uptake and
Stability as a Function of pH

In an attempt to evaluate the inherent cation-
exchange capacity of zirconium phosphate and its
stability with respect to loss of phosphate as a
function of pH, acid-base titrations of the zirco
nium phosphate, containing tracer P , were car
ried out. Approximately 2^ moles of sodium hy
droxide could be added per kilogram of the phos
phate before pH 4 was reached in 1 M NaCI
solutions. At this pH, loss of phosphate was
essentially negligible (less than 2%). At higher
pH, loss of phosphate became serious: At pH 7
about 0.9 mole of phosphate was liberated per
kilogram of solid; this value rose essentially
linearly with pH to 3.1 moles P043- per kilogram
at pH 11. This latter value represents more than
50% of the phosphate in the solid. It thus appears
that a large fraction of the phosphate can readily
be displaced by hydroxide ions in what might be
termed a typical anion-exchange manner, or me
tathesis.

19.3 HYDROUS ZIRCONIUM OXIDE

19.3.1 Apparent Solubility in a Number of Media

The stability of hydrous zirconium oxide, which
earlier had been shown to have interesting anion-
exchange properties, was determined in a number
of media. The hydrous oxide, containing Zr95
tracer, was prepared in the usual manner by am
monia precipitation and dried at 200°C overnight.
Apparent solubilities were determined radiometri-
cally by counting the supernatant after 27 hr of
shaking. Surprisingly high "solubilities" were
found in acidic solutions. They were: 18, 32, and
63% in 1, 2, and 4 MH2S04; 4, 8, and 17% in 1, 2,
and 4 M HCI; and 4, 6, and 11% in 1,2, and 4 Al
HN03. At present it is not clear whether these
data represent dispersions of the solid or actual
dissolution. Stability in basic solutions was ex
cellent, less than 0.05% "dissolving" in 1 M
NaOH.

19.3.2 Stability in Fluoride Solutions:
Fluoride Uptake

In order to evaluate the usefulness of hydrous
zirconium oxide as an adsorbent for fluoride, the
preparation containing tracer Zr 5 was treated
with various HF and KF solutions. The results,
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summarized in Table 19.1, indicate that the ma
terial is reasonably stable in HF solution, pro
vided that the amount of fluoride added per kilo
gram of solid remains moderate. On the other
hand, excellent stability was found for the oxide
in KF solutions even at very large ratios of fluo
ride to zirconium oxide.

TABLE 19.1. STABILITY OF HYDROUS ZIRCONIUM

OXIDE (FIRING TEMPERATURE 200°C)
IN FLUORIDE SOLUTIONS

Medii

0.1 M HF

0.1 M HF

0.1 AJ HF

0.1 Al HF

1 M HF

1 M HF

0.5 Al KF

1.0 Al KF

2.5M KF

(moles/kg)

1.16

1.01

0.83

0.72

12

10.4

4.24

8.5

21

Tijne

(hr)

%

Dissolved

0.25 2.2

1.0 1.8

20 2.7

44 3.2

0.25 34

1.0 38

8 0.05

16 0.05

16 0.05

Hydrous zirconium oxide was found to have an
enormous "capacity" for fluoride. This was
illustrated by the following experiment. A small
column was prepared containing 0.635 g of the
oxide (firing temperature 200°C). The column
was prewashed with ammonia and water, after
which a 0.1 Al HF solution was added. Fluoride

breakthrough occurred only after addition of 49 ml
of this solution; this addition corresponds to an
uptake of 7.7 moles F~ per kilogram. Only when
fluoride breakthrough occurred did the effluent
also contain zirconium, as determined radiometric
cally.

19.3.3 Use of Hydrous Zirconium Oxide
in Chromate Analysis

It had been found earlier' that chromate adsorp
tion on zirconium oxide is rapid, that the apparent
capacity is high, and that, furthermore, chromate
can be eluted relatively efficiently with base. In
a typical experiment, 2 ml of a 0.01 Al Cr(VI) solu
tion in 1 Al HCI was added to a 0.12 cm2 x 2.2 cm
column of hydrous oxide. Chromium(VI) adsorbed
in a relatively narrow, sharp, yellow band at the

138

top of the column. After washing with water,
elution was carried out with 1 Al NaOH. Within

0.7 ml of effluent more than 95% of the Cr(VI) was
removed. It might therefore be expected that
hydrous zirconium oxide would be an acceptable
adsorbent for chromates and that it could be used

in chromate analysis. The an ion-exchanging
oxides such as hydrous ZrO. might have some
advantages over standard organic anion exchangers
in chromate analyses, since they should be in
sensitive to attack by this oxidizing agent and
errors from reduction of Cr(VI) to Cr(lll) should be
small. Further, they should also withstand attack
from more powerful oxidizing agents which might
be added to effect oxidation of Cr(lll) to Cr(VI) in
preparation for the analysis.

The problem of analyzing for Cr(VI) in the
presence of large amounts of Zr(lv') was presented
by the Analytical Chemistry Division. The use of
hydrous zirconium oxide for this analysis was
investigated. Using 0.1 Al Zr(IV) solutions con
taining 0.01 Af Cr(VI), it was found that in 1 Al HCI
all the Cr(VI) could be adsorbed, together with
considerable amounts of Zr(IV). However, the
Zr(IV) did not elute with base, affording a clean
separation of Cr(VI) from Zr(IV). More than 95%
of the Cr(VI) could be recovered in 3 column vol
umes of 1 M NaOH. There was tailing of the re
maining Cr(VT).

Preliminary work with hydrous titanium and tin
oxides showed similar results: good separation
from Zr(IV), good elution of the bulk of the Cr(VI),
and tailing of the last few per cent of Cr(VI). At
present, these oxides show no obvious advantage
over zirconium oxide in the analysis for chromate.

19.3.4 Acid-Base Titrations: Anion-Exchange
and Cation-Exchange Properties

As shown in earlier quarterly reports, ' zirco
nium oxide shows interesting anion-exchange
properties in acidic solutions and cation-exchange
properties in basic solutions. In an attempt to
evaluate the importance of these two phenomena
as a function of pH, acid-base titrations of the
oxides were carried out, together with radiometric
measurements of sodium uptake (Na22). At the
same time it was hoped that this type of titration
might become useful for the characterization of
various oxides. It was found that the uptake of

K. A. Kraus et al, HRP Quar. Prog. Rep. July 31,
1955. ORNL-1943, p 246-251.



chloride ions decreased relatively rapidly with
increasing pH and essentially vanished near pH 8.
Sodium uptake, on the other hand, became notice
able near pH 6 and increased continuously to
pH 12, the highest pH investigated. Near pH 7
sodium uptake and chloride uptake appeared to be
approximately equal, although small, suggesting
that this is the i soelectric point of the solid.

19.4 HYDROUS STANNIC AND THORIUM OXIDES

19.4.1 Acid-Base Titrations: Anion-Exchange
and Cation-Exchange Properties

Acid-base titrations in the presence of sodium
tracer were also carried out for hydrous oxides of
Sn(IV) (firing temperature 105°C) and Th(IV)
(firing temperature 105°C). The technique was
essentially the same as that described for zirco
nium oxide. The results for Sn02 were very simi
lar to those for Zr02; that is, there was decreas
ing adsorption of chloride ions with increasing pH
and increasing adsorption of Na+. However, the
curves differed in significant detail, most striking
being the fact that chloride uptake became equal
to sodium uptake near pH 4.8 for Sn(IV), in con
trast to pH 7 forZr(IV).

The titration curves for thorium oxide differed
widely from those for the oxides of Zr(IV) and
Sn(IV). Loss of chloride with increasing pH was
slower for Th(IV), and sodium uptake was quite
small, even at pH 12. Presumably this type of
titration curve reflects the differences in the
amphoteric properties of these oxides; the results
are in agreement with the usual assumption that
Th(IV) tends much less towards amphoteric char
acter than either Zr(IV) or Sn(IV).

19.4.2 Dispersions of Hydrous Thorium Oxides:
Degree of Polymerization

In an earlier quarterly report,3 preparation of a
Th(IV) oxide quite soluble in water (of the order

K. A. Kraus et al, HRP Quar. Prog. Rep. April 30,
1955. ORNL-1895, p 197-200.
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of 1 kg or more of Th(IV) per kilogram of water)
was discussed. The material was prepared by
precipitating hydrous thorium oxide from thorium
chloride solutions, filtering with little washing,
and heating the precipitate overnight at 300°C.
Heating at higher or lower temperatures (e.g.,
200 or 400°C) or modifying the procedure in other
ways (e.g., precipitating from excess thorium
chloride) drastically decreased dispersibility.
Similar materials can be prepared from Th(IV)
nitrate solutions at somewhat lower drying tem
peratures. Although none of these dispersions
was stable under prolonged heating at 250°C,
further study seemed warranted.

Equilibrium ultracentrifugations of "solutions"
[0.025 Al Th(IV)] containing the very soluble ma
terial prepared from chloride were carried out in
water and 1 Al NaCI. The results indicated a
polydisperse distribution of polymers, the average
degree of polymerization being in the neighborhood
of 700. Since results were only slightly higher in
the NaCI solution, the charge on the polymer does
not seem to be great. Preliminary light scattering
measurements in 0.6 Al NaCI indicated a weight
average degree of polymerization of about 1200, in
better agreement with equilibrium ultracentrifuga-
tion than could be expected at this time.

It seemed of interest to compare the molecular
weight of the soluble material with the molecular
weights of oxides which were less readily dis
persed. Comparisons were made by velocity ultra
centrifugations. The sedimentation constant of
the "soluble" material was compared with those
of oxides (1) prepared from the nitrate, heated to
250°C, and (2) prepared in the presence of excess
thorium chloride and heated to 300°C. All sedi

mentation constants were found to be about the

same (about 5 x 10"12). The range of error iin
this figure is large, since these systems are not
ideal for this type of study, but there does not
seem to be any great dependence of dispersibility
on average molecular weights.
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20. RADIATION STUDIES OF THORIUM NITRATE SOLUTIONS

C. J. Hochanadel

J. W. Boyle H. A. Mahlman

Gas yields ' of hydrogen, oxygen, and nitrogen
from reactor-irradiated thorium nitrate solutions

have been reported previously. The extent of the
radiation-induced back reaction between nitrogen
and oxygen to re-form nitrate is now under study
with the use of a metal bomb similar to the bombs

used by the HRP Radiation Corrosion Group. If a
steady-state pressure exists below 3000 psi, it
will be evident from the measurement of the total

pressure during the first week of reactor irradiation.
Studies will be made at 150, 200, and 250°C to
determine the effect of temperature on the back
reaction.

The bomb will be platinum-lined, with platinum-
rhodium tubing leading from the bomb to eliminate
corrosion. The platinum also serves as a catalyst

J. W. Boyle and H. A. Mahlman, Chem. Semiann,
Prog. Rep. Dec. 20. 1954, ORNL-1832, p 69.

J. W. Boyle and H. A. Mahlman, Chem. Semiann.
Prog. Rep. June 20. 1955, ORNL-1940, p 61.

F. H. Sweeton, "Effect of Reactor Radiation on the
Corrosion of Stainless Steel by Fissioning Solutions,"
Radiation Damage Conference, March 23—24, 1953,
ORNL-CF-53-3-276, p 144.
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for the recombination of hydrogen and oxygen
arising from the radiation decomposition of water.
The solution used will be 7 m Th(N03)4-2HN03.
The excess nitric acid is required to prevent
hydrolytic precipitation at the temperatures
contemplated.

The necessary measurements5 of density as a
function of temperature and thermal recombination
of hydrogen and oxygen in a platinum-lined bomb
were completed. Solutions of 7 mTh(N03)4>2HN03
are thermally unstable. Red oxides of nitrogen
were visible above the liquid when the solution
was heated in a sealed glass container. This
thermal decomposition resulted in pressures
greater than the pressure of pure water and seemed
to be reversible on cooling back to room temper
ature. Additional experiments are necessary to
determine the extent of the thermal decomposition.

M. H. Lietzke and W. L. Marshall, Present Status of
the Investigation of Aqueous Solutions Suitable for Use
in a Thorium Breeder Blanket, ORNL-1711 (May 15,
1954), P 2.

J. W. Boyle and H. A. Mahlman, Chem. Semiann,
Prog. Rep. Dec. 20, 1955, ORNL-2046 (in press).
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21. PROTACTINIUM CHEMISTRY

B. Weaver F. M. Scheitlin

21.1 EXTRACTION OF PROTACTINIUM

Extraction of tracer Pa233 from HCI solutions
by diisobutyl carbinol was compared with previous
data, as shown in Table 21.1, for extraction from
HN03 solutions.

Data were obtained for the extraction of tracer
Pa233 from various aqueous solutions by 0.1 Al
di(2-ethylhexyl)phosphoric acid in kerosene, which
is a good extractant for uranium and also an
extractant for thorium; the distribution coefficients
are shown below:

Aqueous Solvent

0.1 M HNO

2.0 MHN03

1.0 Al AI(N03)3 (pH 1.7)

0.5 M citric acid

2.0 M citric acid

D (org/aq)

31.8

111

267

77

3.9

21.2 COLLODIAL BEHAVIOR

OF PROTACTINIUM

Preliminary work was done on investigating the
collodial behavior of protactinium at very low
concentrations. The concentration levels at
tainable with tracer Pa233 may be too low for
separation of colloidal particles. Therefore it
may be necessary to use small quantities of Pa231

TABLE 21.1. DISTRIBUTION COEFFICIENTS

[D (orq/aq)] PROTACTINIUM INTO DIBC
(100%) FROM HCI AND HN03

id

D (org/a q)
Molarity of Ac

HCI HN03a

1 0.005 0.9

3.5 0.86 32

6 105 160

A. T. Gresky et al, Progress Report: Laboratory De
velopment of the Thorex Process, 0RNL-1367, p 77(Dec.
17, 1952).

for this investigation. One series of experiments
involved filtration of various solutions of tracer
Pa233 through millipore HA filter papers, which
are supposed to retain all particles of greater than
0.5-^t diameter. The following media were used:
(1) 0.04 MTh and 0.1 Al HNO at room temperature;
(2) solution 1 heated at 80°C for 1 hr and cooled;
(3) 1 Al HCI at room temperature; and (4) solution 3
heated at 80°C for 1 hr and cooled. In no case
was there any significant retention on the filter,
but in every case there was considerable ad
sorption of Pa233 on glassware.
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